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Geology in the Vicinity of the TYBO and BENHAM
Underground Nuclear Tests, Pahute Mesa, Nevada Test Site

DOE/NV/11718--305

ABSTRACT

Recent radiochemical evidence from groundwater characterizaion and monitoring wellsin
the vicinity of the TYBO and BENHAM underground nuclear testsin Area 20 of the Nevada
Test Site, suggests that migration of radionuclides within groundwater beneath this portion of
Area 20 may be more rapid than previously thought. In order to gain a better understanding
of the hydrogeologic conditionsin the TYBO-BENHAM area for more accurate flow and
transport modeling, a reevaluation of the subsurface geologic environment in the vicinity of
the two underground tests was conducted. Eight existing drill holes provided subsurface
control for the area. These holes included groundwater characterization and monitoring
wells, exploratory holes, and large-diameter emplacement holes used for underground
nuclear weaponstests. Detailed and consistent geologic descriptions of these holes were
produced by updéing existing geolog ¢ descriptions with data from petrographic, chemical,
and mineralogic analyses, and current stratigraphic concepts of the region. The updated
descriptions, along with surface geologic data, were used to develop a detailed geologic
model of the TYBO-BENHAM area. Thismodel is represented by diagrams that correlate
stratigraphic, lithologic, and alteration intervals between holes, and by isopach and structure
maps and geologic cross sections. Regional data outside the TYBO-BENHAM areawere
included in the isopach and structure maps to better evaluate the geology of the TYBO-
BENHAM areain aregional context. The geologic modd was then evaluated with regard to
groundwater flow and radionuclide migration to assess the model’ s implications for flow and
transport modeling. Implicationsinclude: 1) confirmation of the general hydrogeology of the
area described in previous studies; 2) the presence of two previously unrecognized buried
faults that could act as zones of enhanced permeability within aquifers; and 3) secondary
ateration within tuff confining units that is much more complex than previously described.
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1.0 Introduction

Recent radiochemical evidence suggests that migration of radionuclides within groundwater
in the vicinity of the TYBO and BENHAM underground nuclear tests is more rapid than
previously thought (Thompson, 1998). This has led to areevaluation of the hydrogeologic
conditions in the area, including a reevaluation of the subsurface geologic environment in the
vicinity of the two underground tests. This report presents results of a detailed subsurface
geologic analysisof the TYBO-BENHAM area, and provides new information with
important implications for modeling groundwater flow and radionuclide migration on and
near the Nevada Test Site (NTS). Work presented in this report confirms the existence of
several shallow aquifersthat likely underlie the entire area. The recognition of subunits
within the Calico Hills Formation using precise petrographic and mineralogic analyses
allowed for detaled correlation of tuff confining units and lava-flow aquifers within this
lithologically complex and hydrogeologically important formation. Also, two previously
unrecognized buried faults wereidentified that could act as zones of enhanced permeability
within the agquifers. In addition, alteration within tuff confining units was found to be much
more complex than previously described, consisting not only of zones of zeolitic ateration
but also of zones having substantial quartzo-feldspathic secondary alteration.

The TYBO-BENHAM study area lies on the southern edge of Pahute Mesa in southwestern
Area 20 of the NTS (Figure 1-1). The study area encompasses 13.7 square kilometers

(5.3 square miles), and was the siteof five underground nuclear wegpon tests conducted in
the years 1968 to 1986 (Table 1-1). The areais of paticular interest with regards to
environmental restoration because underground nuclear tests in the area were conduded near
or below the water table (use of the term, “water table” in this report refers to the upper level
of saturation in alocal area, and does not necessarily imply detailed knowledge of the nature
and extent of any perched or semi-perched aquifers). These tests might be located up-
gradient from groundwater discharge and extradtion sites located goproximately

24 kilometers (km) (15 miles [mi]) to the southwest.

This study was conducted for the U.S. Department of Energy, Nevada Operations Office
(DOE/NV) Underground Test Area (UGTA) remedial investigation, and is part of the studies
associated with the development of models for groundwater flow and radionuclide migration
within the Westem Pahute Mesa Corrective Action Unit at the NTS.
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Nuclear Tests Conducted in the TYBO-BENHAM Study Area

Table 1-1

Date Announced D;pth ?f Waltjeer I;:vel Working
Hole Name TestName of Yield uria P Point
Test | (inkibtons) | ™Meers meters Medium
(feet) (feet)
U20ag MOLBO 1982 20 to 150 638 614.8 Lava
(2,093) (2,017)
U20ao GOLDSTONE 1985 20 to 150 549 596.5 Lava
(1,801) (1,957)
U20as BELMONT 1986 20 to 150 605 613.6 Bedded Tuff
(1,985) (2,013)
U20c BENHAM 1968 1150 1,402 639.2 Bedded Tuff
(4,600) (2,097)
U20y TYBO 1975 200 to 1,000 765 630.0 Welded Ash-
(2,510) (2,067) Flow T uff

Sources: DOE, 2000; IT, 1995; O’'Hagan and Laczniak, 1996.

1.1  Background
Areas 19 and 20 of the northwestern portion of the NTS have been the site of 85 underground
nuclear tests conducted from 1966 to 1992 (DOE, 2000; Allen et a., 1997). Dueto the
remote location of the area, tests were generally larger than those at other testing sites within

the NTS. These larger tests required deeper burial to assure that no radioactive by-products
of the explosion were released to the atmosphere. Thus, many tests were conducted below

the water table, resulting in the introduction of radionuclides into the groundwater system.

In 1995, DOE/NV began drilling a series of groundwater characterization wells near sites of

selected underground nuclear tests in Area 20 to obtain data on the nature and extent of

radionuclide migration in groundwater. One of these near-field drilling projects was

performed near emplacement hole U20y, the site of the TY BO underground nuclear test in
1975. Thedrilling project, designated Well Cluster ER-20-5, consisted of three holes drilled
approximately 278.1 meters (m) (912.5 feet [ft]) west-southwest and presumably down-
gradient from U20y (DOE, 1997). Radiochemical analysis of groundwater samples from one
of the wellsin the cluster indicated the presence of radionuclides from the BENHAM
underground nuclear test detonated in 1968 in emplacement hole U20c, located
approximately 1,372 m (4,500 ft) north-northeast of Well Cluster ER-20-5
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(Thompson, 1998). The presence of radionuclides from U20c in groundwater samples from
Well Cluster ER-20-5 suggests that the migration of radionuclides away from U20c has been
more rapid than previously thought. This has resulted in areevaluation of the hydrogeologic
conditions in the area to better understand and model groundwater flow and radionuclide
migration.

1.2  Objectives
The objectives of the study are listed below:

* Provide consistent and detailed geologic descriptions of area drill holes by updating
existing geologic descriptions using existing data, additional |aboratory analyses, and
current stratigraphic concepts;

* Develop adetailed subsurface geologic model of the area based on the updated
descriptions; and

» Evaluate the hydrogeol ogic implicaions of the geologic model.

1.3 Methodology

Eight drill holes provide subsurface control for the study area (Table 1-2). These holes
include emplacement holes U20y and U20c, the sites for the TY BO and BENHAM
underground nuclear tests, respectively; nearby emplacement holes U20ag, U20a0, and
U20as; exploratory hole UE20c; and nearby groundwater characterization wells ER-20-1 and
WEell Cluster ER-20-5. Holes were chosen on the basis of their proximity to emplacement
holes U20y and U20c, as well as the amount, quality, and availability of datafrom each hole.
Several post-shot and instrument holes are within the study area, but these were deemed
inappropriate for use due to the limited amount and poor quality of the available data from
these holes. Well Cluster ER-20-5 consists of three very closely spaced drill holes, for which
lithologic data were combined to produce one composite log (see Section 2.2.1).

A variety of drilling and geologic daais available for the TYBO-BENHAM area. These
include drilling records, stratigraphic and lithologic logs of the drill holes selected, and
results of laboratory analyses for samples from these drill holes. These data were compiled
from both published and unpublished sources. Table 1-3lists sources of previous geologic
descriptions of drill holesin the TYBO-BENHAM area. Drilling records and containment
evaluation documents from the Weapons Testing Program provided information on drilling,
sampling, logging, and geology of the drill holes. U.S. Geological Survey (USGS) Technical
L etters provided additional background and geologic information on older drill holes,
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Table 1-2
Drill Holes in the TYBO-BENHAM Area Utilized for this Study

Surface Elevation Total Depth Year
Hole Name Type of Hole Drilled
meters feet meters feet rifte
Groundwater
ER-20-1 characterization 1,883.9 6,181 629.4 2,065 1992
and monitoring
ER-20-541| Croundwater 1,902.6 | 6,242 860.5 2,823 1995
characterization
well Groundwater
Cluster| ER-20-5#2 L 1,902.6 6,242 819.6 2,689 1995
characterization
ER-20-5
ER-20-5#3|  CGroundwater 1,902.6 | 6,242 | 1,308.8 | 4,294 1996
characterization
U20ag Emplacement 1,900.1 6,234 670.6 2,200 1980
U20ao Emplacement 1,913.8 6,279 655.3 2,150 1985
U20as Emplacement 1,897.9 6,227 640.5 2,100 1986
U20c Emplacement 1,914.4 6,281 1,463.0 4,800 1965
UE20c Exploratory 1,915.1 6,283 1,630.1 5,348 1964
U20y Emplacement 1,907.1 6,257 793.1 2,602 1974

Sources: DOE, 1997; RSN, 1990; unpublished data, BN Geology/Hydrology files.

Table 1-3
Sources of Geologic Descriptions of Drill Holes in the TYBO-BENHAM Area
Drill Hole Sources for Geologic Descriptions
ER-20-1 McCall, 1992 BN Geology/Hydrology files Warren et al., 1999
WE'FL_C;S'_?” DOE, 1997 Warren et al., 1999 -
U20ag Howard, 1981 Ferguson et al., 1994 Warren et al., 1999
U20ao Howard and Wagoner, 1985 Warren et al., 1999 --
U20as Wagoner and Clark, 1986 Ferguson et al., 1994 Warren et al.,, 1999
U20c Orkild, 1965 Orkild and Jenkins, 1978 Warren et al., 1999
UE20c Santos, 1964 Orkild and Jenkins, 1978 Warren et al., 1999
u20y Orkild and Jenkins, 1978 Warren et al.,, 1999 -




including U20c, UE20c, and U20y. Information for Well ER-20-1 and Well Cluster ER-20-5
was compiled fromvarious UGTA reports. All previous gratigraphic and lithologic data
(some modified by laer work) and all known laboratory analyses are available in eledronic
form in Warren et a. (1999), an extensive database of subsurface geologic information for
the southwestern Nevada volcanicfield. Surface geology of the areais from USGS geologc
maps (Byers and Cummings, 1967; Christiansen and Noble, 1968; Ekren et a., 1966;

O’ Connor et a., 1966; Wahl et al., 1997).

After existing drilling and geologic data from the area were compiled and reviewed,
preliminary litholagic logs were produced for each hole. These logs provided a meansto
evaluate the quality and consistency of existing data and previous interpretations, identify
critical gapsin the data, and determine where significant uncertainties still remained. Based
on this preliminary analysis, 29 samples were collected for additional |aboratory analyses. In
addition, highly precise analyses were generated for 35 existing thin sections to replace
questionable or less precise analyses. Highly precise laboratory analyses are reported by
experienced analysts, and provide data free of serious errors that can compromiseaccurate
geologic interpretations.

Laboratory analyses for samples collected specifically for the TY BO-BENHAM study
include petrographic, chemical, and mineralogic analyses. Data from the analyses and
descriptions of analytical methods are available in the petrographic/geochemical database of
Warren et al. (1999). Table 1-4 summarizes analytical methods used for these analyses.

The additional |aboratory analyses prompted revisions of the preliminary lithologic logsto
produce final detailed lithologic logs for al eight holes. The final logs, along with surface
geologic data, were used to develop a detailed geologic model of the TYBO-BENHAM area.
Thismodel is represented by diagrams that correlate stratigraphic, lithologic, and alteration
intervals between holes, and by isopach and structure maps and geologic cross sections.
Regional data outside the immediate area of the eight drill holes were included in the isopach
and structure maps to better evaluate the geology of the TYBO-BENHAM areain aregional
context. This geologic model was evaluated with regard to groundwater flow and
radionuclide migration to assess its implications for flow and transport modeling.
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Table 1-4
Description of Analytical Methods Used for the TYBO-BENHAM Study

Analvsis Number References for
T ye Method of Description Description of
yp Samples Analytical Method
Modal analysis of polished thin
section for felsic, mafic, and Warren et al., 1999
Petrographic Detailed 15 accessory minerals, and Warren et al., 1989
preparation for microprobe Warren et al., 1984
analysis.
Modal analysis of glass-covered
Petrographic Standard 35 thin section for felsic and mafic Byers and Moore, 1987
minerals.
Analysis for 20 major and trace
Chemical X-ray 17 eIe_ments and_ Loss on Ign!tlon Broxton et al., 1995
fluorescence using fused disk and matrix-
correction computations.
20% corundum internal standard
using powder from agate mil
Mineralodic X-ray 24 ground to <5 microns. X-ray Bish and Chipera, 1988
9 diffraction source is CuKa. Data reduction Bish and Chipera, 1989
from library of in-house reference
intensity ratios.

1.4 Geologic and Hydrogeologic Setting

The study areaislocated within theburied Silent Canyon caldera complex of Orkild et al.
(1969) (Figure 1-1). The calderacomplex consists of at least two partidly nested calderas,
the Grouse Canyon and younger Area 20 calderas (Ferguson et al., 1994; Sawyer and
Sargent, 1989). These calderas were formed and then subsequently filled by voluminous
eruptions of almost entirely rhyolitic tuff and lava between approximately 13 and 14 million
years ago. Most of the caldera complex is buried by thick and extensive out-flow sheets from
the nearby Timber Mountain and Black Mountain calderas located south and west of the
study area, respectively. Welded ash-flow tuff assigned to the Trail Ridge Tuff forms most
of the surface within the study area (Figure 1-2).

The water table within the study areais approximately 610 m (2,000 ft) below ground
surface, and approximately 1,280 m (4,200 ft) in elevation. Groundwater flows south or
southwest within aguifers formed by fractured lavaand welded ash-flow tuff units
(Blankennagel and Wier, 1973). Zeolitic units, particularly bedded tuffs, act as confining
units. Table 1-5 summarizes geologic and hydrogeologic relationships within the study area.
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Table 1-5

Summary of Geologic and Hydrogeologic Relationships in the TYBO-BENHAM Area

(Page 1 of 3)

Stratigraphic

Stratigraphic

. - b Stratigraphic . Dominant Hydro-
Sourcea Re_latlonshlp to Group Unit ®¢ (Map Symbol) nglnant Hydrogeologic stratigraphic
Caldera Silent Canyon (Map [Age in Millions of Years] 2 Lithology Unit ¢ Unit ©
Caldera Complex® Symbol) 9
Trail Ridge Tuff (Ttt) [9.6]
. Pahute Mesa Tuff (Ttp) [9.6]
Black Silent Canyon C-Zr;:‘;(?l/’] _ Welded ash-
Momlentaln caldera—_?urylng Group crystal-rich (Ttpr) flow tuff WTA
caldera units (TY)
crystal-poor (Ttpp)
Rocket Wash Tuff (Ttr) [9.6]
Within Volcanics of Beatty Wash Formation (Tfb)
Timber Silent Canyon ; -
Mountain caldera-burying FCO ;t%/ rrglrlle rhyolite of Chukar Canyon (Tfbr) Vltrlctggdded VTA
caldera units (T¥) Timber
complex rhyolite of Beatty Wash (Tfbw) [11.2] Mountain
aquifer
Ammonia Tanks Tuff (Tma) [11.4]
mafic-rich (Tmar)
mafic-poor (Tmap)
bedded (Tmab) Welded ash- WTA
Timber Silent C Timber Rainier Mesa Tuff (Tmr) [11.6]
Mountain rient Lanyon Mountain
caldera-burying _
caldera units Group mafic-rich (Tmrr)
complex (Tm)
mafic-poor (Tmrp)
rhyolite of
Fluorspar Canyon (Tmrf) [11.6] | Vitric bedded Paintbrush
and L
tuff of Holmes Road (Tmrh) nonwelded VTA vitric-uff
tuff aquifer
rhyolite of Windy Wash (Tm) [12.3]
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Stratigraphic

Stratigraphic

. - b Stratigraphic . Dominant Hydro-
Sourcea Rglatlonshlp to Group Unit ®¢ (Map Symbol) memant Hydrogeologic stratigraphic
Caldera Silent Canyon (Map A a Lithology o d e
b [Age in Millions of Years] Unit Unit
Caldera Complex Symbol)
Uncertain rhyolite of Benham (Tpb) [12.7] | Rhyolite lava LFA Ba?qTJri]faeT
tal-poor tuff of Pinyon Pass (T Zeolitic TCU Paimbrush
Claim crystal-poor tuff of Pinyon Pass (Tpcyp) bedded tuff aintbrush
Canyon confining unit
caldera . . .
Silent Canyon Paintbrush Pahute Mesa lobe of the Welded ash- WTA Tiva Canyon
caldera-burying Group Tiva Canyon Tuff (Tpcm) [12.7] flow tuff aquifer
units (Tp)
rhyolite of Black Glass Canyon (Tpg) Zeoliti Lower
b d?jo('j'f f TCU Paintbrush
rhyolite of Delirium Canyon (Tpd) [12.7] edded tu confining unit
Uncertain
Pahute Mesa lobe of the Welded ash- WTA Tgpo_pah
Topopah Spring Tuff (Tptm) [12.7] flow tuff a pring
quifer
Calico Hills Formation (Th) . .
Rhyolite lava LFA szﬂgzlict)i?elgs
mafic-poor (Thp) and zeolitic ;
bedded tuff TCU Compc.’ts'te
mafic -rich (Thr) [12.9] uni
rhyolite of Inlet (Tci) Rhyolite lava LFA Inlet aquifer
Area 20 caldera-
filling units Welded tuff,
Area 20 . rhyolite lava,
caldera tuff of Jorum (Tcj) ar):d zeolitic WTA
bedded tuff Crater Flat
LFA composite
Crater Flat unit
Group (Tc) Rhyolite lava TCcu
rhyolite of Sled (Tcps) and zeolitic
bedded tuff
Area 20 caldera- Zeolitic Bullfro
Bullfrog Tuff (Tcb) [13.25] nonwelded TCU 9

forming unit

ash-flow tuff

confining unit
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Table 1-5

Summary of Geologic and Hydrogeologic Relationships in the TYBO-BENHAM Area

(Page 3 of 3)

Stratigraphic

Stratigraphic

OO0 T

. - b Stratigraphic . Dominant Hydro-
Sourcea Rglatlonshlp to Group Unit ®¢ (Map Symbol) memant Hydrogeologic stratigraphic
Caldera Silent Canyon (Map A a Lithology o d e
b [Age in Millions of Years] Unit Unit
Caldera Complex Symbol)
Rhyolite lava
Grouse Canyon .
Grouse caldera-filling unit Belted Dead Horse Flat Formation (Thd) [13.5] and \t/:/;feflded LFA Belted Range
Canyon Range Group aquifer 9
Caldera Grouse Canvon (Th) WTA q
nyon Grouse Canyon Tuff (Thg) [13.7] Welded tuff
caldera-forming unit
Welded ash- WTA Pre-Belted
; pre-Grouse Canyon ; o flow tuff, lava, Range
Uncertain caldera units Older Volcanics, undivided and zeolitic LFA composite
bedded tuff TCcu unit

from Sawyer et al., 1994
after Ferguson et al., 1994
after Warren et al., 1999

WTA = welded-tuff aquifer; VTA = vitric-tuff aquifer; LFA = lava-flow aquifer; TCU = tuff confining unit;

Prothro et al., 1998
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2.0 Drill Holes

This section summarizes construction and geologic datafor the eight drill holes examined for
this study. Construction data are from the RSN Drilling and Mining Summary (RSN, 1990
and later updates by BN). Geologic data for these holes came from a vaiety of sources
mainly the DOE weapons testing program as supported by the Lawrence Livermore and Los
Alamos National Laboratories. Some data were also produced in support of the UGTA
program. Sources of lithologic data were given in Table 1-3. Warren et al. (1999) compiled
lithologic, stratigraphic, and mineralogical data from these and other sources, and serves as a
central repository of such data. Drill cuttingsfor all drill holes are stored at the USGS Core
Library in Mercury, NV; geophysical logs for the boreholes are held by BN in Mercury, NV.

2.1 Well ER-20-1

Well ER-20-1 is a groundwater characterization and monitoring well for the UGTA program.
It was drilled in 1992 to a depth of 629.4 m (2,065 ft). Table 2-1 provides hole construction
information for ER-20-1. No completion strings have been installed in the borehole to date.

2.1.1 Geologic Data for Well ER-20-1

During the drilling of ER-20-1, samples of drill cuttings were collected at 3.0-m (10-ft)
intervals from 36.6 to 627.2 m (120 - 2,060 ft) (Table 2-2). These are the only samples
available for the hole. Table 2-3lists the wireline geophysical logs used during this study to
help evaluate the geology of ER-20-1. Laboratory analyses were performed for samples of
drill cuttings from two depthsin ER-20-1 (Table 2-4). These analyses include thin-section
petrography, x-ray diffraction, and x-ray fluorescence. No laboratory analyses had

previously been performed on lithologic samples from the hole. Stratigraphic, lithologic, and
alteration assignments for each sample analyzed are provided in Appendix B. Analytical data
for each analysis are available in Warren et a. (1999).

2.1.2 Geology of Well ER-20-1

Well ER-20-1 was drilled completely within Area 20 caldera-burying rocks, and reached total
depth (TD) in moderately welded ash-flow tuff of the Pahute Mesa lobe of the Tiva Canyon
Tuff at 629.4 m (2,065 ft). Stratigraphic units encountered are typical for this portion of
Pahute Mesa, consisting, in descending order, of units assigned to the Thirsty Canyon,
Timber Mountain, and Paintbrush Groups. Figure 2-1 shows that the hole encountered
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Table 2-1
Hole Construction Data for Well ER-20-1

LOCATION DATA

Coordinates: Central Nevada State Planar: Northing (N) 900,001 ft
Easting (E) 551,000 ft

Universal Transverse Mercator: N 4,119,467.6 m

E 545,112.9m
Ground Elevation: 1,883.9 m (6,180.9 ft)
DRILLING DATA
Spud Date: 08/06/1992 (Surface Hole)
08/25/1992 (Main Hole)
Total Depth (TD): 629.4 m (2,065 ft)
Date TD Reached: 09/08/1992
Hole Diameter: 121.9 cm (48 in.) from surface to 33.8 m (111 ft); 76.2 cm (30 in.) to 591.3 m

(1,940 ft); 52.1 cm (20.5 in.) to 629.4 m (2,065 ft)

Drilling Techniques: Dry-auger drilling to 33.8 m (111 ft). Air-hammer drilling with direct circulation
using air-foam and a 30-in. bit to 591.3 m (1,940 ft). Dual-string reverse
circulation drilling using air and water and a 20%2-in. button bit from 591.3 to
629.4 m (1,940 to 2,065 ft).

Fluid Depth: 605.9 m (1,988 ft) on 06/10/1996

CASING DATA 36-in. conductor casing from the surface to 33.2 m (109 ft). 24-in. surface
casing set at 590.4 m (1,937 ft).

Source: BN Geology/Hydrology files.

Table 2-2
Lithologic Samples Available for Well ER-20-1

Sample Type Sample Intervals and Recovery @

From 36.6 to 627.2 m (120 - 2,060 ft) at 3.0 m (10 ft) intervals.

Drill Cuttings Missing sample at 134.1 m (440 ft) depth.

a Sample depth represents base of sample interval.

ash-flow tuff and bedded tuff above 321.3 m (1,054 ft), rhyalitic lava and flow brecciafrom 321.3
to 513.6 m (1,054 - 1,685 ft), and nonwelded tuff and welded ash-flow tuff below 513.6 m
(1,685 ft). Rocks encountered are mainly vitric or devitrified above 513.6 m (1,054 ft), becoming
zeolitic or devitrified below. A detailed lithologic log for ER-20-1 is provided in Appendix A.
Fluid leve in the open borehole was measured at 605.9 m (1,988 ft) within devitrified moderately
welded ash-flow tuff of the Tiva Canyon Tuff.
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Table 2-3
Geophysical Logs Used to Evaluate the Geology of Well ER-20-1

Type of Log Run Number Date Interval Logged
1 09/09/1992 15.2-621.2 m (50 - 2,038 ft
6-Arm Caliper/ m ( ' )
Gamma Ray 2 09/10/1992 14.3-596.8 m (47 - 1,958 ft)
_ 1 09/11/1992 21.9-599.5m (72 - 1,967 ft)
Dual Induction/
R
Gamma Ray 2 09/11/1992 20.7-601.4 m (68 - 1,973 ft)
Compensated Densilog/ 1 09/14/1992 18.6 -591.0 m (61 - 1,939 ft)
Gamma Ray
Epithermal Neutron 1 09/15/1992 14.6 -592.2 m (48 - 1,943 ft)
Porosity/ Gamma Ray
Spectral Gamma Ray 1 09/11/1992 24.1-604.4m (79 - 1,983 ft)
Total Magnetic Intensity 1 09/14/1992 35.1-605.6 m (115- 1,987 ft)
Downhole Video 1 09/10/1992 0-602.0 m (0 - 1,975 ft)

Table 2-4
Laboratory Analyses for Samples from Well ER-20-1
Analyses Performed °©
Depth ? Sample . . . .

meters (feet) Type b Petrogra phic Mineralogic Chemical

GM TS MP XRD XRF NAA ES
570.0 (1,870) DA - v - v v/ - -
624.8 (2,050) DA - v - v v/ - -

Depth represents base of sample interval.

DA = Drill cuttings that represent lithologic character of interval

¢ v = Analysis performed; -- = analysis not performed; GM = grain mount; TS = thin section;
MP = electron microprobe; XRD = x-ray diffraction; XRF = x-ray fluorescence; NAA = neutron
activation analysis; ES = emission spectroscopy.

(o]

Note: Stratigrap hic, lithologic, and alteration assignments for each sam ple are provided in
Appendix B. Analytical data for each analysis are available in Warren et al. (1999).
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Stratigraphic and Lithologic Columns for Well ER-20-1

2.2  Well Cluster ER-20-5
Well Cluster ER-20-5 was drilled in 1995 and 1996 as part of an UGTA near-field drilling

project. The purpose of the well cluster was to evaluate hydrogeol ogic conditions and

radionuclide migration in the immediae vicinity of the TY BO underground nuclear test
conducted in emplacement hole U20y. The well cluster consists of three holes: ER-20-5#1,
ER-20-5#2, and ER-20-5#3. The three holes are located within 45.7 m (150 ft) of each other,
and were drilled to various depths ranging from 819.6 m (2,689 ft) for ER-20-5#2 to 1,309 m
(4,294 ft) for ER-20-5#3. The well closest to U20y, ER-20-5#1, is approximately 278 m
(912 ft) west-southwest and presumably hydrologically down-gradient of the TYBO test.
Tables 2-5, 2-6, and 2-7 provide additional hole construction information for the three holes

comprising the well cluster.




Table 2-5
Hole Construction Information for Well ER-20-5#1

LOCATION DATA

Coordinates: Central Nevada State Planar: N 899,134 ft
E 555,174 ft

Universal Transverse Mercator: N 4,119,208.3 m

E 546,385.9 m
Ground Elevation: 1,902.5 m (6,241.8 ft)
DRILLING DATA
Spud Date: 10/15/1995
Total Depth (TD): 860.5 m (2,823 ft)
Date TD Reached: 11/02/1995
Hole Diameter: 91.4 centimeters (cm) (36 inches [in.]) from surface to 3.4 m (11 ft);

66.0 cm (26 in.) to 63.1 m (207 ft); 44.5 cm (17% in.)to 64.9 m
(213 ft); 31.1 cm (12% in.) to 860.5 m (2,823 ft).

Drilling Techniques: Dry auger-drilling to 3.4 m (11 ft). Rotary driling with dry air using a
12%-in. hammer bit and conventional circulation to 11.3 m (37 ft).
Rotary drilling with mud (and lost circulation m aterial as ne eded) to
63.1 m (207 ft). Reaming with 24-in. bit to 63.1 m (207 ft).
Reaming with 26-in. bit to 63.1 m (207 ft). Rotary drilling with
17%-in. mill-tooth bit through cement in casing at 55.5 m (182 ft) to
64.9 m (213 ft) with conventional circulation and mud. Rotary
drilling with 12%-in. button bitto TD at 860.5 m (2,823 ft) using air-
foam with conventional circulation.

Fluid Depth: 626.4 m (2,055 ft) on 11/03/1995

CASING DATA
76.2-cm (30-in.) conductor casing from surface to 3.4 m (11 ft).
50.8-cm (20-in.) surface casing set at 62.2 m (204.1 ft). No
intermediate casing.

Source: DOE, 1997.



Table 2-6

Hole Construction Information for Well ER-20-5#2

LOCATION DATA

Coordinates:

Ground Elevation:

Central Nevada State Planar: N 899,038 ft
E 555,096 ft

Universal Transverse Mercator: N 4,119,178.9 m
E 546,362.2 m

1,902.6 m (6,242.2 ft)

DRILLING DATA
Spud Date:
Total Depth (TD):
Date TD Reached:

Hole Diameter:

Fluid Depth:

Drilling Techniques:

11/17/1995
819.6 m (2,689 ft)
11/30/1995

91.4 cm (36 in.) from surface to 3.4 m (11 ft); 61.0 cm (24 in.) to
106.1 m (348 ft); 31.1 cm (12% in.) to 819.6 m (2,689 ft).

Dry auger drilling to 3.4 m (11 ff). Rotary drilling with mud (and lost
circulation material as needed) using 24-in. bit and conventional
circulation to 106.1 m (348 ft). Rotary drilling with 12%-in. button bit
through cement in casing at 91.4 m (300 ft) to 104.2 m (342 ft) with
conventional circulation and mud. Rotary drilling with 12%-in.
button bit to TD at 819.6 m (2,689 ft) with air-foam and conventional
circulation, reaming tight spots as necessary. Bit stuck at 808.6 m
(2,653 ft) due to severe hole sloughing after brief shutdown to
tighten clamp on rotating head. Fishing operations to recover drill
pipe unsuccessful. Leave bottom hole assembly, drill pipe, and one
joint of wash-over pipe in hole. Top of fish at 552.6 m (1,813 ft).
Bottom of hole and fish cemented in to 500.8 m (1,643 ft). Hole
filled with uncontaminated cuttings to 19.8 m (65 ft). Top of hole
cemented to ground level.

Not measured

CASING DATA

76.2-cm (30-in.) conductor casing from surface to 3.4 m (11 ft).
40.6-cm (16-in.) surface casing set at 105.4 m (345.8 ft). No
intermediate casing.

Source: DOE,1997.




Table 2-7

Hole Construction Information for Well ER-20-5#3

LOCATION DATA

Coordinates:

Ground Elevation:

Central Nevada State Planar: N 899,031 ft
E 555,170 ft

Universal Transverse Mercator: N 4,119,177.0 m
E 546,384.7 m

1,902.5 m (6,241.9 ft)

DRILLING DATA
Spud Date:
Total Depth (TD):
Date TD Reached:

Hole Diameter:

Fluid Depth:

Drilling Techniques:

12/13/1995
1,308.8 m (4,294 ft)
02/05/1996

91.4 cm (36 in.) from surface to 3.4 m (11 ft); 66.0 cm (26 in.) to
252.1 m (827 ft); 44.5 cm (17%in.) to 9555 m (3,135 ft); 31.1 cm
(12%in.) to 1,308.8 m (4,294 ft).

Dry auger drilling to 3.4 m (11 ft). Rotary drilling with mud (and lost-
circulation material as needed) using a 26-in. bit and conventional
circulation to 252.1 m (827 ft). Rotary drilling with a 17%-in. button
bit and mud to 269.1 m (883 ft). Rotary drilling with a 17 %-in. bit
and air-foam (and polymer as needed) in conventional circulation to
955.5 m (3,135 ft). Rotary drilling with a 12%-in. button bit and air-
foam in conventional circulation to TD.

627.9 m (2,060 ft) on 02/07/1996

CASING DATA

30-in. conductor casing from surface to 3.4 m (11 ft); 20-in. surface
casing to 250.9 m (823.2 ft); 13%-in. intermediate casing to 950.0 m
(3,116.8 ft).

Source: DOE,1997.

2.2.1 Geologic Data for Well Cluster ER-20-5

Samples of drill cuttings were collected during the drilling of al three of the well cluster
holes (Tables 2-8, 2-9, and 2-10). Drill cuttings were collected from surface to TD of the
holes and at intervals ranging from 3.0 to 6.1 m (10 - 20 ft). Twenty-one sidewall core
samples were collected from the 963.2- to 1,304.5-m (3,160 - 4,280-ft) depth interval in
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Table 2-8
Lithologic Samples Available for Well ER-20-5#1

Sample Type Sample Intervals and Recovery a

From 0 to 860.5 m (0 - 2,823 ft) at 3.0 m (10 ft) intervals.

Missing samples at: 6.1 m (20 ft) 143.3 m (470 ft)
9.1 m (30 ft) 146.3 m (480 ft)
12.2 m (40 ft) 414.5 m (1,360 ft)
39.6 m (130 ft) 438.9 m (1,440 ft)
42.7m (140 ft) 448.1 m (1,470 ft)
45.7 m (150 ft) 496.8 m (1,630 ft)
48.8 m (160 ft) 499.9 m (1,640 ft)
51.8 m (170 ft) 743.7 m (2,440 ft)
54.9 m (180 ft) 746.8 m (2,450 ft)
57.9 m (190 ft) 755.9 m (2,480 ft)

Drill Cuttings

Hole sloughing degraded the quality of the cuttings below
807.7 m (2,650 ft).

Source: DOE, 1997.

a Individual sample depths represent base of sample interval.

Table 2-9
Lithologic Samples Available for Well ER-20-5#2

Sample Type Sample Intervals and Recovery a

From 0 to 106.7 m (0 - 350 ft) at 3.0 m (10 ft) intervals; from
106.7 to 609.6 m (350 - 2,000 ft) at 6.1 m (20 ft) intervals; and
from 609.6 to 819.6 m (2,000 - 2,689 ft) at 3.0 m (10 ft)
intervals.

Missing samples at: 6.1 m (20 ft) 499.9 m (1,640 ft)
12.2 m (40 ft) 597.4 m (1,960 ft)
432.8 m (1,420 ft) 603.5 m (1,980 ft)
493.8 m (1,620 ft) 728.5 m (2,390 ft)

Drill Cuttings

Hole sloughing degraded the quality of the cuttings below
807.7 m (2,650 ft).

Source: DOE, 1997.

a Individual sample depths represent base of sample interval.



Table 2-10
Lithologic Samples Available for Well ER-20-5#3

Sample Type Sample Intervals and Recovery a

From 0 to 610.0 m (0 - 2,000 ft) at 6.1 m (20 ft) intervals and from 610.0 to
1,308.8 m (2,000 - 4,294 ft) at 3.0 m (10 ft) intervals.

Missing samples at: 30.5 m (100 ft) 855.0 m (2,805 ft)
36.6 m (120 ft) 864.1 m (2,835 ft)
115.8 m (380 ft) 870.2 m (2,855 ft)
121.9 m (400 ft) 963.2 m (3,160 ft)
. . 128.0 m (420 ft) 1,051.6 m (3450 ft)
Drill Cuttings 643.1 m (2,110 ft 1,063.8 m (3490 ft)
646.2 m (2,120 ft) 1,069.8 m (3510 ft)
806.2 m (2,645 ft) 1,106.4 m (3,630 ft)
809.2 m (2,655 ft) 1,127.8 m (3,700 ft)
827.5m (2,715 ft) 1,204.0 m (3,950 ft)
833.6 m (2,735 ft) 1,210.1 m (3970 ft)
839.7 m (2,755 ft) 1,216.2 m (3,990 ft)
Core Depth Recovery
963.2 m (3,160 ft) 25cm (1.0in.)
973.8 m (3,195 ft) 1.9cm (0.75in.)
973.8 m (3,195 ft) 1.9cm (0.75in.)
990.6 m (3,250 ft) 25cm (1.0in.)
1,005.8 m (3,300 ft) 3.8cm (1.5in.)
1,033.3 m (3,390 ft) 5.1cm (2.0n.)
1,040.6 m (3,414 ft) 3.2cm (1.25in.)
1,048.7 m (3,440.5 ft) 5.1cm (2.0 in.)
1,053.4 m (3,456 ft) 1.3cm (0.5in.)
1,066.8 m (3,500 ft) 3.2cm (1.25in.)
Sidewall Core
1,085.1m (3,560 ft) 5.1cm (2.0in.)
1,112.5 m (3,650 ft) 2.9cm (1.13in.)
1,143.0 m (3,750 ft) 3.8cm (1.5in)
1,185.7 m (3,890 ft) 5.1cm (2.0in)
1,204.0 m (3950 ft) 3.2cm (1.25n.)
1,219.2 m (4,000 ft) 4.4cm (1.75n.)
1,243.6 m (4,080 ft) 4.4cm (1.75n.)
1,275.6 m (4,185 ft) 4.4cm (1.75n.)
1,283.2 m (4,210 ft) 29cm (1.13n.)
1,304.5 m (4,280 ft) 4.4cm (1.75n.)
1,304.5 m (4,280 ft) 3.8cm (1.5in)

Source: DOE, 1997.

a Individual sample depths represent base of sample interval.
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Well ER-20-5#3. Tables2-11, 2-12, and 2-13 list the wireline geophysical logs used during
this study to help evduate the geology of the well cluster holes. Due to drilling problems
caused by severe sloughing of the ER-20-5#2 borehole, only a caliper log covering the 91.4-
to 504.4-m (300- 1,655-ft) depth interval is available for the hole. Laboratory analyses were
performed on samples of drill cuttings from nine depthsin Well ER-20-5#3 (Table 2-14).
Analyses performed included thin-section petrography, x-ray diffraction, and x-ray
fluorescence. No laboratory analyses had previously been performed on lithologic samples
from any of the holes. Stratigraphic, lithologic, and alteration assignments for each sasmple
are provided in Appendix B. Analytical datafor each analysis are available in Warren et al.
(1999).

Because of insufficient data for portions of all three holes, it was impossible to produce a
detailed high-quality lithologic log for each hole in the well cluster. Instead, data from each
hole that were judged to be of sufficient quality were used to compile asingle detailed
lithologic log for the well cluster. This approach was deemed appropride due to the close
proximity of the three holes. Geophysical logs from ER-20-5#1 were usad to help evaluate
the geology of thewell cluster from the surface to gpproximately 823.0m (2,700 ft). Drill
cuttings from ER-20-5#2 were used to describe lithologic intervals of the well cluster from
3.0t0658.4 m (10 - 2,160 ft). Drill cuttings, sidewall core samples, and geophysical logs
from ER-20-5#3 were used to describe the geology of the well cluster from 658.4 to
1,308.8 m (2,160 - 4,294 ft).

Comparison of the detailed lithologic log for the well cluster with datafrom all three holes
showed no major differences between the compositelog and the geology encountered within
each hole. However, minor differences in the depth of lithologic and stratigraphic contacts
can be expected among the three holes. Because the ER-20-5#3 borehd e departs
significantly from the vertical below 789.7 m (2,591 ft), it was necessary to calculate true
vertical depths for lithologic and stratigraphic contacts below 789.7 m (2591 ft). For the rest
of thisreport, al depthslisted for Well Cluster ER-20-5 are true vertical depths. Also, unless
otherwise specified, the well cluster will be refered to as ssimply ER-20-5. In Warren & al.
(1999), contacts for the compositelog are assigned to ER-20-5#1 to its TD, and contacts
below this depth are assigned to ER-20-5#3.
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Table 2-11
Geophysical Logs Used to Evaluate the Geology of Well ER-20-5#1

Type of Log Run Number Date Interval Logged
4-Arm Caliper/lGamma Ray 1 11/02/1995 0.6 -835.2m (2 - 2,740 ft)
Dual Induction/
3-Arm Caliper/Gamma Ray 1 11/02/1995 626.4 - 833.3 m (2,055 - 2,734 ft)
Compensated Densilog/
Compensated Neutron/ 1 11/03/1995 62.2-826.0 m (204 - 2,710 ft)
Gamma Ray
Digital Acoustic
Compensated/3-Arm 1 11/03/1995 626.4 - 824.2 m (2,055 - 2,704 ft)
Caliper/Gamma Ray
Spectral Gamma Ray 1 11/03/1995 0.6-814.4m (2-2,672ft)
Total Magnetic Intensity 1 11/04/1995 64.0 - 824.2 m (210 - 2,704 ft)
Borehole Televiewer/ 1 11/03/1995 626.4 - 826.0 m (2,055 - 2,710 ft)
Gamma Ray
Downhole Video 1 11/03/1995 0-701.0 m (0 -2,300 ft)
Directional Gyroscope 1 11/09/1995 0-789.4 m(0-2,590 ft)
Table 2-12

Geophysical Logs Used to Evaluate the Geology of Well ER-20-5#2

Type of Log

Run Number

Date

Interval Logged

6-Arm Caliper

12/05/1995

91.4 - 504.4 m (300 - 1,655 ft)
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Table 2-13
Geophysical Logs Used to Evaluate the Geology of Well ER-20-5#3

Type of Log Run Number Date Interval Logged
6-Arm Caliper/Gamma Ray 1 01/08/1996 234.1-955.2 m (768- 3,134 ft)
4-Arm Caliper/Gamma Ray 1 02/08/1996 950.1 - 1,307.0 m (3,117 - 4,288 ft)
Gamma Ray 1 01/08/1996 234.7 - 953.4 m (770- 3,128 ft)
Dual Laterolog/
4-Arm Caliper/Gamma Ray 1 02/07/1996 627.6 - 1,303.6 m (2,059 - 4,277 ft)
Compensated Densilog/ ) )
Epithermal Neutron/Gamma Ray 1 02/08/1996 627.6 - 1,306.7 m (2,059 - 4,287 ft)
Digital Ful-wave Acoustic/ 1 02/07/1996 627.6 - 1,303.6 m (2,059 - 4,277 ft)
Gamma Ray
Spectralog 1 02/07/1996 613.3-1,293.3 m (2,012 - 4,243 ft)
Borehole Televiewer/Gamma Ray 1 02/07/1996 740.7 - 1,306.7 m (2,430 - 4,287 ft)
Directional Gyroscope 1 02/13/1996 7.6 -1,1930 m (25 - 3914 ft)
Table 2-14

Laboratory Analyses Performed on Samples from Well ER-20-5#3

Analyses Performed ©

me?grgu(:‘:et) S_rayr::If Petrographic Mineralogic Chemical

GM TS MP XRD XRF NAA ES
618.7 (2,030) DA - v - v - - -
676.7 (2,220) DA - v - v/ - - -
900.7 (2,955) DA -- v -- Ve v -- --
915.9 (3,005) DA - - - v/ v/ - -
972.3 (3,190) DA -- -- -- v v - -
1185.7 (3,890) DA - - - v 4 - -
1207.0 (3,960) DA - - - v/ v/ - -
1255.8 (4,120) DA - - - v/ v/ - -
1295.4 (4,250) DA - - - v/ v - -

a Depth represents base of sample interval.
b DA = Dirill cuttings that represent lithologic character of interval.
¢ v = Analysis performed; -- = analysis not performed; GM = grain mount; TS = thin section;
MP = electron microprobe; XRD = x-ray diffraction; XRF = x-ray fluorescence; NAA = neutron activation
analysis; ES = emission spectroscopy.
Note: Stratigraphic, lithologic, and alteration assignments for each sample are provided in Appendix B.
Analytical data for each analysis are available in Warren et al. (1999).
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2.2.2 Geology of Well Cluster ER-20-5

Weéll Cluster ER-20-5 penetrated 826.9 m (2,713 ft) of Area 20 caldera-burying rocks
consisting of ash-flow tuff, bedded tuff, and lava (Figure 2-2). Below 826.9 m (2,713 ft),
ER-20-5#3 encountered 467.3 m (1,533 ft) of Area 20 caldera-filling bedded tuff and lava of
the Calico Hills Formation, before reaching TD in bedded tuff of the mafic-rich Calico Hills
Formation at 1,294.2 m (4,246 ft). Above 437.4 m (1,435 ft), the rocks encountered are vitric
or devitrified. Below 437.4 m (1,435 ft) to the base of the Topopah Spring Tuff at 826.9 m
(2,713 ft), the less dense units, such as bedded tuffs, are mostly zeolitic, whereas the denser
formations, such as the welded ash-flow tuffs, are mostly devitrified. Rocks of the Calico
Hills Formation encountered below 826.9 m (2,713 ft) show diverse zones of alteration,
including vitric (unaltered), devitrified, zeolitic, silicic, and potassic. The detailed lithologic
log for the well cluster is provided in Appendix A. Thefluid level in Well ER-20-5#3,
before installation of the completion strings, was measured at 627.9 m (2,060 ft) (DOE,
1997) within zeolitic bedded tuff of the rhyolite of Delirium Canyon.
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(in meters)
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— 1200

Stratigraphy

Lithology

Thirsty Canyon Group

Ammonia Tanks Tuff

Ash-Flow Tuff and Bedded Tuff: Nonwelded to partially welded;
vitric or devitrified.

Rainier Mesa Tuff

Ash-Flow Tuff: Nonwelded to densely welded; vitric or devitrified.

rhyolite of Fluorspar Canyon

Bedded Tuff: Vitric.

rhyolite of Benham

crystal-poor tuff of Pinyon Pass

Lava and Flow Breccia: Vitric or devitrified.

Bedded Tuff: Zeolitic.

Pahute Mesa lobe of the
Tiva Canyon Tuff

Ash-Flow Tuff: Partially to moderately welded; devitrified.

rhyolite of Black Glass Canyon

rhyolite of Delirium Canyon

Bedded Tuff: Zeolitic.

Pahute Mesa lobe of the
Topopah Spring Tuff

Ash-Flow Tuff: Nonwelded to moderately welded; devitrified
and potassic.

mafic-poor Calico Hills Formation

Bedded Tuff: Zeolitic, potassic, or silicic.

Lava: Vitric, devitrified, or zeolitic.

mafic-rich Calico Hills Formation

Bedded Tuff: Zeolitic, silicic, or potassic.
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I

I

I

I

I

1800

1600

1400

1200

1000

800

Figure 2-2

Stratigraphic and Lithologic Columns for Well Cluster ER-20-5
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2.3 Emplacement Hole U20ag

U20ag is alarge-diameter emplacement hole drilled in 1980 to a depth of 670.6 m (2,200 ft).
The hole was the site of the MOLBO underground nuclear test conducted in 1982. The test
had an announced yield between 20 and 150 kilotons (DOE, 2000) and was conducted at a
depth of 638 m (2,093 ft), approximately 23.2 m (76 ft) bdow the water table, within
devitrified lava of the rhyolite of Benham. Table 2-15 provides hole construction
information for U20ag.

2.3.1 Geologic Data for U20ag

During the drilling of U20ag, drill cuttings were collected from 24.4 to 670.6 m (80 -

2,200 ft) at 3.0-m (10-ft) intervals and are the only lithologic samples collected from thehole
(Table 2-16). Table 2-17 lists the wireline geophysical logs used during this study to help
analyze the geology of the hole. Results from previous laboratory analyses of drill cuttings
from 22 depths in U20ag were available, and no additional laboratory analyses were
performed for this study (Table 2-18). Existing analysesinclude x-ray diffraction and
carbon-dioxide content. Stratigraphic, lithologic, and ateration assignments for each sample
analyzed are provided in Appendx B. Analytical daafor each andysisare availadein
Warren et a. (1999).

2.3.2 Geology of U20ag

Rocks encountered at U20ag consist entirely of Area 20 caldera-burying units assigned to the
Thirsty Canyon, Timber Mountain, and Paintbrush Groups (Figure 2-3). The hole bottomed
in devitrified lava of the rhyolite of Benham. Above 333.8 m (1,095 ft), the hole penetrated
ash-flow tuff and bedded tuff. Below this depth to the bottom of the hole at 670.6 m

(2,200 ft), only rhyalitic lava was encountered. Rocks are vitric or devitrified above 304.8 m
(1,000 ft), and vitric, devitrified, or zeolitic below. A detailed lithologic log of U20agis
provided in Appendix A. Fluid level in the open borehole was measured at 614.8 m

(2,017 ft) (F&S, 1980) within lava of the rhyolite of Benham.
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Table 2-15

Hole Construction Data for Emplacement Hole U20ag

LOCATION DATA

Coordinates:

Ground Elevation:

Central Nevada State Planar: N 900,700 ft
E 559,400 ft

Universal Transverse Mercator: N 4,119,893.8 m
E 547,670.8 m

1,900.1 m (6,234 ft)

DRILLING DATA

Spud Date:

Total Depth (TD):
Date TD Reached:

Hole Diameter:

Fluid Depth:

Drilling Techniques:

03/20/1980 (Surface Hole)
04/06/1980 (Main Hole)

670.6 m (2,200 ft)
05/31/1980

3.1 m (122 in.) from surface to 2.6 m (8.5 ft); 3.0 m (120 in.) from
2.6t019.2m (8.5-63ft); 2.4 m (96 in.) from 19.2 to 6706 m (63 -
2,200 ft).

Dual string with reverse circulation using air and water, and lost
circulation material as needed.

614.8 m (2,017 ft) on 06/21/1980

CASING DATA

2.5 m (98 in.) inner diameter (id) from surface to 18.3 m (60 ft);
1.9m (74 in.) id from 597.7 to 655.6 m (1,961 - 2,151 ft)

Source: F&S, 1980.

Table 2-16

Lithologic Samples Available for U20ag

Sample Type

a
Sample Intervals and Recovery

Drill Cuttings

From 24.4to 670.6 m (80 - 2,200 ft) at 3.0 m (10 ft) intervals.

Missing sample at 472.4 m (1,550 ft) depth.

a Sample depth represents base of sample interval.
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Table 2-17
Geophysical Logs Used to Evaluate the Geology at U20ag

Type of Log N:nl:lr)‘er Date Run Interval Logged
1 06/06/1980 6.1 to 609.6 m (20 - 2,000 ft)
Caliper 2 09/05/1981 9.1t0596.8 m (30 - 1,958 ft)
3 09/05/1981 578.5t0 653.5 m (1,898 - 2,144 ft)
Gamma Ray 1 09/05/1981 18.3t0597.4 m (60 - 1,960 ft)
Electric (wet hole) 1 06/07/1980 614.5t0 670.6 m (2,016 - 2,200 ft)
Electric (dry hole) 1 06/07/1980 15.2t0 611.1 m (50 - 2,005 ft)
Density 1 06/06/1980 15.2t0669.6 m (50 - 2,197 ft)
Epithermal Neutron 1 06/08/1980 14.0 to 671.8 m (46 - 2,204 ft)
Porosity
Magnetometer Survey 1 06/13/1980 21.3t0671.5m (70 - 2,203 ft)
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Table 2-18
Laboratory Analyses for Samples from U20ag

Analyses Performed °
me[t):rr')sﬂ(]f;et) STayr::Ibe Petrographic Mineralogic Chemical
GM TS MP XRD | XRF [ NAA ES Co,

24.4 (80) DB1 - - - - - - - v
33.5(110) DB1 - - - - - - - v/
70.1 (230) DB1 - - - - - - - v/
79.2 (260) DB1 - - - - - - - v/
82.3 (270) DB1 - - - v/ - - - -
88.4 (290) DB1 - - - - - - - v/
97.5 (320) DB1 - - - - - - - v/
115.8 (380) DB1 - - - - - - - v/
134.1 (440) DA - - - - - - - v
140.2 (460) DA - - - v/ - - - -
143.3 (470) DA - - - - - - - v/
189.0 (620) DA - - - - - - - 4
204.2 (670) DA - - - v - - - -
207.3 (680) DA - - - v/ - - - -
249.9 (820) DB1 - - - - - - - v/
280.4 (920) DB1 - - - - - - - v
289.6 (950) DA - - - v - - - -
301.8 (990) DA - - - - - - - v/
307.8 (1,010) DA - - - v - - - -
320.0 (1,050) DA - - - v - - - -
329.2 (1,080) DB1 - - - - - - - v/
356.6 (1,170) DA - - - Ve - - - -

a Depth represents base of sample interval.

b  DB1 = Drill cuttings enriched in hard components; DA = drill cuttings that represent lithologic character of
interval.

c v = Analysis performed; -- = analysis not performed; GM = grain mount; TS = thin section; MP = electron
microprobe; XRD = x-ray diffraction; XRF = x-ray fluorescence; NAA = neutron activation analysis;
ES = emission spectroscopy; CO, = carbon-dioxide content.

Note:  Stratigraphic, lithologic, and alteration assignments for each sample analyzed are provided in
Appendix B. Analytical data for each analysis are available in Warren et al. (1999).
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Depth Stratigraphy Lithology Elevation

(in metegs) (in meters)
Thirsty Canyon Group Ash-Flow Tuff and Bedded Tuff: Partially to moderately welded;
vitric or devitrified.
+ Ammonia Tanks Tuff — 1800
Rainier Mesa Tuff Ash-Flow Tuff: Nonwelded to densely welded and vitrophyric;
- 200 vitric or devitrified. L

rhyolite of Fluorspar Canyon Bedded Tuff: Vitric, zeolitic in lower part.

i tuff of Holmes Road — 1600

— 400 r

rhyollte of Benham Lava and Flow Breccia: Vitric, devitrified, or zeolitic.
r — 1400

— 600 r

Figure 2-3
Stratigraphic and Lithologic Columns for U20ag

2.4 Emplacement Hole U20ao

U20ao0 is alarge-diameter emplacement hole drilled in 1985 to a depth of 655.3 m (2,150 ft).
The hole was the site of the GOLDSTONE underground nuclear test conducted in 1985. The
test had an announced yield between 20 and 150 kilotons (DOE, 2000) and was conducted at
adepth of 549 m (1,801 ft), approximaely 47.5 m (156 ft) above the water table, within
devitrified lava of the rhyolite of Benham. Table 2-19 provides hole construction
information for U20a0.

2.4.1 Geologic Data for U20ao

During the drilling of U20a0, samplesof drill cuttings were collected at 3.0-m (10-ft)
intervals from 9.1 to 655.3 m (30 - 2,150 ft), and these are the only lithologic samples
available from the hole (Table 2-20). Table 2-21 lists the wireline logs used during this study
to help evaluate the geology of the hole. Information from existing x-ray diffraction analyses
of drill cuttings from four depths in U20a0 was utilized (Table 2-22). No additional
laboratory analyses were performed on samples from the hole during this study.
Stratigraphic, lithologic, and alteration assignments for each sample analyzed are provided in
Appendix B. Analytical datafor each analysis are available in Warren et a. (1999).
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Table 2-19

Hole Construction Data for Emplacement Hole U20ao

LOCATION DATA

Coordinates:

Ground Elevation:

Central Nevada State Planar: N 905,600 ft
E 556,450 ft

Universal Transverse Mercator: N 4,121,383.8 m
E 546,766.6 m

1,913.8 m (6,279 ft)

DRILLING DATA

Spud Date:

Total Depth (TD):
Date TD Reached:

Hole Diameter:

Fluid Depth:

Driling Techniques:

10/08/1984 (Surface Hole)
10/25/1984 (Main Hole)

655.3 m (2,150 ft)
03/03/1985

3.5 m (136 in.) from surface to 6.1 m (20 ft); 3.0 m (120 in.) from
6.1 to 655.3 m (20 - 2,150 ft).

Dual string with reverse circulation using air and water, and lost
circulation material as needed.

596.5 m (1,957 ft) on 07/08/1985

CASING DATA

3.1 m (122 in.) from surface to 5.9 m (19.5 ft).

Source: F&S, 1985.

Table 2-20

Lithologic Samples Available for U20ao

Sample Type

a
Sample Intervals and Recovery

Drill Cuttings

From 9.1 to 655.3 m (30 - 2,150 ft) at 3.0 m (10 ft) intervals.

Missing samples at 12.2 m (40 ft),173.7 m (570 ft), 350.5 m
(1,150 ft), 353.6 m (1,160 ft), and 374.9 m (1,230 ft) depths.

a Individual sample depths represent base of sample interval.
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Table 2-21
Geophysical Logs Used to Evaluate the Geology at U20ao

Type of Log Nllfmuger Date Run Interval Logged
1 11/08/1984 2.4 t0 203.9 m (8 - 669 ft)
Caliper 2 02/02/1985 1.5t0539.2m (5- 1,769 ft)
3 03/06/1985 1.5t0 653.8 m (5 - 2,145 ft)
Gamma Ray 1 04/07/1985 18.3 to 654.7 m (10 - 2,148 ft)

1 04/04/1985 594.4 to 653.8 m (1,950 - 2,145 ft)
Electric (wet hole)

2 05/07/1985 595.0 to 652.3 m (1,952 - 2,140 ft)

1 04/07/1985 7.6 t0 591.3 m (25 - 1,940 ft)
Electric (dry hole)

2 05/08/1985 5.8 t0 591.3 m (19 - 1,940 ft)

1 04/07/1985 3.4t0652.6 m (11 - 2,141 ft)
Big Hole Density

2 08/17/1985 3.0 t0 598.6 m (10 - 1,964 ft)

1 04/07/1985 7.6 t0 652.3 m (25 - 2,140 ft)
Special Density

2 05/08/1985 2.1t0651.7 m (7 - 2,138 ft)

1 04/04/1985 260.3 to 654.4 m (854 - 2,147 ff)

Epithermal Neutron Porosity 2 04/07/1985 220.4 to 258.8 m (723 - 849 ft)
3 08/14/1985 3.0 t0 600.2 m (10 - 1,969 ft)

Table 2-22
Laboratory Analyses for Samples from U20ao
Analyses Performed °

mel:::rg,tl(}(:et) STayr:L)Ibe Petrographic Mineralogic Chemical
GM TS MP XRD XRF NAA ES
152.4 (500) DB1 - - - v/ - - -
326.1 (1,070) DB1 -- -- -- v -- -- -
390.1 (1,280) DB1 -- -- - v -- - -
417.6 (1,370) DA - - - v - - -

a Depth represents base of sample interval. ) ) ] )

b DB1 = Drill cuttings enriched in hard components; DA = drill cuttings that represent lithologic character
of interval.

¢ v = Analysis performed; -- =analysis not performed; GM = grain mount; TS = thin section;

MP = electron microprobe; XRD = x-ray diffraction; XRF = x-ray fluorescence; NAA = neutron activation
analysis; ES = emission spectroscopy

Note: Stratigraphic, lithologic, and alteration assignments for each sample analyzed are provided in
Appendix B. Analytical data for each analysis are available in Warren et al. (1999).
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2.4.2 Geology of U20ao

Rocks penetrated at U20a0 represent stratigraphic units assigned to the Thirsty Canyon

Group, Volcanics of Fortymile Canyon, Timber Mountain Group, and Paintbrush Group, all
Area 20 caldera-burying units. Above 425.5 m (1,396 ft), the hole encountered ash-flow tuff
and bedded tuff (Figure 2-4). Rhyolitic lava and flow breccia were encountered from
425.5 m (1,396 ft) to the bottom of the hole at 625.1 m (2,150 ft). Rocks above 414.5 m
(1,360 ft) are mostly vitric or devitrified. Below 414.5 m (1,360 ft), the rocks encountered
are vitric, devitrified, or zeolitic. A detailed lithologic log of U20aois provided in
Appendix A. Thefluid level in the open borehole was measured at 596.5 m (1,957 ft) (F& S,
1985) within vitriclava of the rhyolite of Benham.

Depth
(in meters)
—O0

— 200

— 400

— 600

Stratigraphy Lithology

Thirsty Canyon Group

Volcanics of Fortymile Canyon vitric or devitrified.
Ammonia Tanks Tuff

Ash-Flow Tuff and Bedded Tuff: Partially to moderately welded;

Ash-Flow Tuff: Nonwelded to densely welded and vitrophyric;

Rainier Mesa Tuff vitric or devitrified.

rhyolite of Fluorspar Canyon
Bedded Tuff: Mostly vitric, zeolitic at base.

tuff of Holmes Road

rhyolite of Benham Lava and Flow Breccia: Vitric, devitrified, or zeolitic.

Elevation
(in meters)

— 1800

— 1600

— 1400

Figure 2-4
Stratigraphic and Lithologic Columns for U20ao
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2.5 Emplacement Hole U20as

U20as is a large-diameter emplacement hole drilled in 1986 to atotal depth of 640.5 m
(2,100 ft). The hdewasthe site of the BELMONT underground nuclear test conducted in
1986. The test had an announced yield between 20 and 150 kilotons (DOE, 2000) and was
conducted at a depth of 605 m (1,985 ft), approximately 8.5 m (28 ft) abovethe water table
within zeolitic bedded tuff of the rhyolite of Benham. Table 2-23 provides hole construction
information for U20as.

Table 2-23
Hole Construction Data for Emplacement Hole U20as

LOCATION DATA

Coordinates: Central Nevada State Planar: N 899,201 ft
E 559,699 ft

Universal Transverse Mercator: N 4,119,437.4 m

E 547,763.5m
Ground Elevation: 1,897.9 m (6,227 ft)
DRILLING DATA

Spud Date: 11/25/1985 (Surface Hole)
02/13/1986 (Main Hole)

Total Depth (TD): 640.5 m (2,100 ft)

Date TD Reached: 04/12/1986

Hole Diameter: 4.3 m (168 in.) from 2.4 t0 8.2 m (8 - 27 ft); 3.6 m (142 in.) from 8.2
to 22.3 m (27 - 73 ft); 2.4 cm (96 in.) from 22.3 to 640.5 m (73 -
2,100 ft).

Drilling Techniques: Dual string with reverse circulation using air and water. Hole

sloughing at 235.6 m (773 ft) and again at 384.3 m (1,261 ft).

Fluid Depth: 613.6 m (2,013 ft) on 06/06/1986 (O’Hagan and Laczniak, 1996)

CASING DATA:
2.5m (98in.) id from surface to 21.0 m (69 ft)

Source: F&S, 1986.
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2.5.1 Geologic Data for U20as

During the drilling of U20as, samplesof drill cuttings were collected at 3.0-m (10-ft)
intervalsfrom 21.3 t0 640.1 m (70 - 2,100 ft) (Table 2-24). Table 2-25 lists the wireline logs
used during this study to help evaluate the geology of the hole. Information from existing
laboratory analyses of drill cuttings from 15 depthsin U20as were also available and utilized
for this study (Table 2-26). These analyses included grain-mount petrography and x-ray
diffraction. Additional laboratory analyses, consisting of thin-section petrography, were
performed during this study on drill cuttings from two depthsin the hole. Drill cuttings from
one of these depths (365.8 m [1,200 ft]) had previously been analyzed by x-ray diffraction.
Stratigraphic, lithologic, and alteration assignments for each sample analyzed are provided in
Appendix B. Analytical datafor each analysis are available in Warren et al. (1999).

Table 2-24
Lithologic Samples Available for U20as

Sample Type Sample Intervals and Recovery a

From 21.3to 640.1 m (70 - 2,100 ft) at 3.0 m (10 ft) intervals.
Drill Cuttings
Missing sample at 198.1 m (650 ft) depth.

a Sample depth represents base of sample interval.

Table 2-25
Geophysical Logs Used to Evaluate the Geology at U20as
Type of Log Run Date Run Interval Logged
Number

Caliper 1 04/14/1986 9.8t0 638.6 m (32 - 2,095 ft)
Gamma Ray 1 04/14/1986 6.1 t0 638.9 m (20 - 2,096 ft)
Electric (dry hole) 1 05/01/1986 14.9to 605.6 m (49 - 1,987 ft)
Big Hole Density 1 0507/1986 18.3t0 633.4 m (60 - 2,078 ft)
Special Density 1 05/07/1986 12.2t0 634.0 m (40 - 2,080 ft)
Epitherm al Neutron Porosity 1 05/07/1986 12.8t0 637.9 m (42 - 2,093 ft)
Epithermal Neutron Special 1 05/06/1986 9.81t0634.9m (32 -2,083 ft)
Total Magnetic Intensity 1 04/15/1986 30.2t0640.4 m (99 - 2,101 ft)
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Table 2-26
Laboratory Analyses for Samples from U20as

Analyses Performed ©

me[t):r")sﬂ(};et) S_rayr;zlk? Petrographic Mineralogic Chemical

GM TS MP XRD XRF NAA ES
304.8 (1,000) DB1 - - - v/ - - -
310.9 (1,020) DB1 -- v -- -- -- -- -
335.3 (1,100) DB1 - - - v/ - - -
365.8 (1,200) DB1 -- v -- v -- -- -
460.2 (1,510) DB1 -- -- - v -- - -
472.4 (1,550) DA v - - - - - -
478.5 (1,570) DA v -- -- v -- -- -
478.7 (1,600) DA v - - v - - -
518.2 (1,700) DA v -- -- v -- -- -
548.6 (1,800) DA v -- -- - - - -
563.9 (1,850) DA - - - v/ - - -
579.1 (1,900) DA v -- -- - - - -
606.6 (1,990) DA v -- -- v -- -- -
624.8 (2,050) DA v -- - - - - -
634.0 (2,080) DA - - - v/ - - -
640.1 (2,100) DA v -- - - - - -

Depth represents base of sample interval.

DB1 = Drill cuttings enriched in hard components; DA = drill cuttings that represent lithologic character

of interval

v = Analysis performed; -- = analysis not performed; GM = grain mount; TS = thin section;
MP = electron microprobe; XRD = x-ray diffraction; XRF = x-ray fluorescence; NAA =neutron activation

analysis; ES = emission spectroscopy.

Appendix B. Analytical data for each analysis are available in Warren et al. (1999).

2.5.2 Geology of U20as
U20as was drilled completely within Area 20 caldera-burying rocks, and reached TD in
zeolitic bedded tuff of the rhyoliteof Benham at 640.1 m (2,100 ft). Stratigraphic units
encountered include, in descending order, units assigned to the Thirsty Canyon, Timber
Mountain, and Paintbrush Groups. Figure 2-5 shows that the hole encountered ash-flow tuff
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and bedded tuff aove 370.9 m (1,217 ft), rhyolitic lava and flow brecaa from 370.9 to
485.9 m (1,217 - 1,594 ft), and bedded tuff below 485.9 m (1,594 ft). Rocks encountered are
mainly vitric or devitrified above 352.0 m (1,155 ft), becoming vitric, devitrified, or zeditic
below. A detailed lithologic log for U20asis provided in Appendix A. Fluid level in the
open borehole was measured at 613.6 m (2,013 ft) (O’ Hagan and Laczniak, 1996) within
zeolitic bedded tuff of the rhyoliteof Benham.

Depth Stratigraphy Lithology Elevation
(in meters) (in meters)
—O0

Thirsty Canyon Grou
y v P Ash-Flow Tuff and Bedded Tuff: Nonwelded to moderately

Volcanics of Fortymile Canyon welded,; vitric or devitrified.
Ammonia Tanks Tuff

— 1800

Rainier Mesa Tuff Ash-Flow Tuff: Nonwelded to moderately welded; vitric or devitrified,
— 200 r
rhyolite of Fluorspar Canyon

Bedded Tuff: Vitric in upper part, zeolitic below. 1600
tuff of Holmes Road

rhyolite of Windy Wash

— 400 r
Lava and Flow Breccia: Vitric, devitrified, or zeolitic.

L rhyolite of Benham — 1400

Bedded Tuff: Zeolitic.
— 600 r

Figure 2-5
Stratigraphic and Lithologic Columns for U20as

2.6

U20c i siyipagecliet aovd agepent hole drilled in 1964 to a depth of 1,463.0 m (4,800 ft).
The hole was the site of the BENHAM underground nuclear test conducted in 1968. The test
had an announced yield of 1.15 megatons (DOE, 2000), and was conducted in a mined
chamber at a depth of 1,402 m (4,600 ft), approximately 762.0 m (2,500 ft) below the water
table within zeolitic bedded tuff. Table 2-27 provides hole construction information for
U20c.
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Table 2-27

Hole Construction Data for Emplacement Hole U20c

LOCATION DATA

Coordinates:

Ground Elevation:

Central Nevada State Planar: N 903,296 ft
E 556,215 ft

Universal Transverse Mercator: N 4,120,681.5 m
E 546,697.5 m

1,914.4 m (6,281 ft)

DRILLING DATA
Spud Date:
Total Depth (TD):
Date TD Reached:

Hole Diameter:

Fluid Depth:

Drilling Techniques:

06/26/1964
1,463.0 m (4,800 ft)
04/02/1965

305 cm (120 in.) from surface to 3.7 m (12 ft). 182.9cm (72 in.) to
TD.

182.9 cm (72-in.) flat-bottom bit and reverse circulation method with
air, water, soap and infrequent lost-circulation material used from
surface to 632.4 m (2,075 ft). Dual-string reverse circulation with
air, water, and soap used to TD. 182.9 cm (72-in.) button bit used
from 696.75 m (2,286 ft) to TD. Six intermittent cores were center-
punched from 1,386.5 m (4,549 ft)to TD.

639.2 m (2,097 ft) on 02/25/1965 (O’'Hagan and Laczniak, 1996)

CASING DATA

121.9 cm (48 in.) id from surface to 1449.3 m (4,755 ft)

Source: F&S, 1966.

2.6.1

" Geologic Data for U20c _
Drill cuttings were collected at 1.5-m (5-ft) intervals from 1,112.5 to 1,307.6 m (3,650 -

4,290 ft), and at 3.0-m (10-ft) intervals from 1,307.6t0 1,463.0 m (4,290 - 4,800 ft). Six
continuous intervals of conventional core were taken intermittenly from 1,386.5 to 1,463.0 m
(4,549 - 4,800 ft). Coreintervalsranged from 4.9to 7.0 m (16 - 23 ft) in length, and the total
amount of core recovered was 36.6 m (120 ft). Available lithologic samples are summarized

in Table 2-28. Only afew wireline geophysical logs were run at U20c, and only caliper logs
were run through the interval above 661.4 m (2,170 ft). Table 2-29 lists the logs used during
this study to help evaluate the geology of the hole. No existing laboratory analyses were

available from U20c, however during this study, laboratory analyses were performed for five
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Table 2-28

Lithologic Samples Available for U20c

Sample Type Sample Intervals and Recovery #
From 1,112.5 to 1,307.6 m (3,650 - 4,290 ft) at 1.5-m (5-ft) intervals.
Missing samples at 1,179.6-m (3,870-ft) and 1,190.2-m (3,905-t)
Drill Cuttings depths.

From 1,307.6 to 1,463.0 m (4,290 - 4,800 ft) at 3.0-m (10-f) intervals.
Missing sample at 1,344.2-m (4410-ft) depth.

Core Amount Cored Amount

Interval Recovered
1,386.5-1,393.5m 7.0m 7.0m
(4,549 - 4,572 ft) (23 ft) (23 ft)
1,399.3-1,404.2 m 49 m 49 m
(4,591 - 4,607 ft) (16 ft) (16 ft)
. 1,414.3 - 1,420.7 m 6.4m 6.4m
Conventional Core (4,640 - 4,661 ft) (21 ) (21 )
1,429.5-1,435.6 m 6.1m 6.1 m
(4,690 - 4,710 ft) (20 ft) (20 ft)
1,445.1-1,451.2 m 6.1m 6.1m
(4,741 - 4,761 ft) (20 ft) (20 ft)
1,456.9 - 1,463.0 m 6.1m 6.1 m
(4,780 - 4,800 ft) (20 ft) (20 ft)

a Individual sample depths represent base of sample interval.

Table 2-29
Geophysical Logs Used to Evaluate the Geology at U20c
Type of Lo Run Date Run Interval Logged
yp 9 Number 99
1 10/14/1964 010 907.7 m (0 - 2,978 ft)
2 12/15/1964 0to0 1,202.7 m (O - 3,946 ft)
Caliper
3 01/01/1965 4.6101,261.9 m (15 - 4,140 f)
4 04/06/1965 3.0t0 1,463.0 m (10 - 4,800 ft)
Electric (WELEX) 1 02/22/1965 1,383.8 to 1,462.7 m (4,540 - 4,799 ft)
Electric (Birdwell) 1 02/04/1966 661.4 to 1,371.6 m (2,170 - 4,500 ft)
Big Hole Density 1 02/22/1965 1,386.8 t0 1,461.8 m (4,550 - 4,796 ft)
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lithologic samples (Table 2-30). These analyses include thin-section petrography, x-ray
diffraction, x-ray fluorescence, and emission spectroscopy. Stratigraphic, lithologic, and
alteration assignments for each sample analyzed are provided in Appendix B. Analytical data
for each analysis are available in Warren et a. (1999).

Table 2-30
Laboratory Analyses for Samples from U20c
Analyses Performed ©
me[t):rzﬂ(}(:et) S.rexslbe Petrographic Mineralogic Chemical
GM TS MP XRD XRF NAA ES
1,303.0 (4,275) DA - - - v v
1,387.5 (4,552.3) C v - v
1,402.1 (4,600) C v
1,418.4 (4,643.7) C v v
1,461.2 (4,794) c v

a Depth represents base of sample interval.

DA = drill cuttings that represent lithologic character of interval; C = conventional core

¢ v = analysis performed; -- = analysis not performed; GM = grain mount; TS = thin section;
MP = electron microprobe; XRD = x-ray diffraction; XRF = x-ray fluorescence; NAA =neutron activation
analysis; ES = emission spectroscopy.

o

Note: Stratigraphic, lithologic, and alteration assignments for each sample analyzed are provided in
Appendix B. Analytical data for each analysis are available in Warren et al. (1999).

2.6.2 Geology of U20c

Because limited data exist above the661.4 m (2,170 ft) depth in U20c, the geologic
descriptions for this portion of the hole are based onlithologic descriptions from nearby hole
UEZ20c, and correlation of geophysical logs from the two holes. U20c penetrated 937.3 m
(3,075 ft) of Area 20 caldera-burying rocks consisting of ash-flow tuff, bedded tuff, and lava,
before encountering 525.8 m (1,725 ft) of Area 20 caldera-filling bedded tuff and lava of the
Calico Hills Formation (Figure 2-6). The hole reached TD in bedded tuff of the mafic-rich
Calico Hills Formation at 1,463.0 m (4,800 ft). Above 617.2 m (2,025 ft), the rocks
encountered are vitric or devitrified. Below 617.2 m (2,025 ft) to the base of the mafic-poor
Calico Hills Formation lava at 1,333.8 m (4,376 ft), the rocks are vitric, devitrified or
zeolitic. The bedded tuff below the Calico Hills lava shows diverse zones of alteration,
including zeolitic, silicic, and quartzo-feldspathic (potassic), based on petrographic analysis.
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The detailed lithdogic log for U20cis provided in Appendix A. Thefluid level in the hole
was measured at 639.2 m (2,097 ft) (O’ Hagan and Laczniak, 1996) within welded ash-flow

tuff of the Tiva Canyon Tuff.

Depth Stratigraphy Lithology
(in meters)
—O0
Thirsty Canyon Group
Ash-Flow Tuff and Bedded Tuff: Nonwelded to moderately
L ; welded; vitric or devitrified.
Ammonia Tanks Tuff
L 200 Rainier Mesa Tuff Ash-Flow Tuff: Nonwelded to densely welded and vitrophyric;
vitric or devitrified.
rhyolite of Fluorspar Canyon Bedded Tuff: Vitric.
— 400
rhyolite of Benham Lava: Vitric or devitrified; partly zeolitic within pumiceous top.
— 600 Bedded Tuff: Mostly zeolitic, partially vitric,
Pahute Mesa lobe of the Ash-Flow Tuff: Partially welded to densely welded and
- Tiva Canyon Tuff vitrophyric; devitrified.
rhyolite of Delirium Canyon Bedded Tuff: Zeolitic.
— 800
Pahute Mesa lobe of the Ash-Flow Tuff: Nonwelded to moderately welded; devitrified
Topopah Spring Tuff or zeolitic.
— 1000
Bedded Tuff: Zeolitic.
mafic-poor Calico Hills Formation
— 1200
Lava and Flow Breccia: Vitric, devitrified, or zeolitic.
— 1400 Bedded Tuff: Zeolitic, silicic, or potassic.
mafic-rich Calico Hills Formation

Elevation
(in meters)

I

1800

I

1600

I

1400

I

1200

I

1000

— 800

— 600

Figure 2-6

Stratigraphic and Lithologic Columns for U20c
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2.7 Exploratory Hole UE20c

UE20c is a 24.5-cm (99s-in.) diameter exploratory hole drilled in 1964 to evaluate the
suitability of the site for the underground testing of nuclear weapons (Santos, 1964). The
hole had a planned total depth of 1,828.8 m (6,000 ft), but drilling stopped at 1,630.1 m
(5,348 ft) because of severe caving of the borehole. Table 2-31 provides hole construction

information for UE20c.

Table 2-31

Hole Construction Data for Exploratory Hole UE20c

LOCATION DATA

Coordinates:

Ground Elevation:

Central Nevada State Planar: N 903,204.33 ft
E 556,762.61 ft

Universal Transverse Mercator: N 4,120,654.1 m
E 546,864.5 m

1,915.0 m (6,283.0 ft)

DRILLING DATA
Spud Date:
Total Depth (TD):
Date TD Reached:

Hole Diameter:

Fluid Depth:

Drilling Techniques:

02/07/1964
1,630 m (5,348 ft)
03/17/1964

66 cm (26 in.) from surface to 10 m (33 ft); 44.5 cm (17.5in.) to
198 m (650 ft); 24.45 cm (9% in.) to TD.

44.5 cm (17% in.) bit with dual string reverse circulation method
using airto 30.5 m (100 ft). 31.1-cm (12%-in.) bit with like method
to 198.1 m (650 ft). 44.5cm (17% in.) widener to 198.1 m (650 ft).
Thirty-five 15.56-cm (6's-in.) cores were collected intermittently
from 137.2 - 1573.0 m (450 - 5,161 ft) with generally good recovery.
Used 24.45-cm (9%s-in.) widener where cored and same size bit
where not cored using dual-string reverse circulation method with
airto 635.2 m (2,084 ft) and air, water, and soap to TD.

648.0 m (2,126 ft) on 02/28/1964 (O’Hagan and Laczniak, 1996)

CASING DATA

32.04 cm (12.615 in.) id from surface to 198 m (650 ft).

Source: F&S, 1967.
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2.7.1 Geologic Data for UE20c

Both drill cuttings and conventional cores were collected during drilling of UE20c

(Tables 2-32 and 2-33). Drill cuttings were collected at 3.0 m (10 ft) intevalsfrom 12.2 to
1,627.6 m (40 - 5,340 ft). Thirty-five conventional cores were taken intermittenly from 137.2
t0 1,573.1 m (450 - 5,161 ft). Total core recovery was84.7 m (278 ft). Because of borehole
instability, two caliper logs were the only wireline logs run at UE20c (Table 2-34).
Numerous laboratory analyses have been performed for lithologic samples from UE20c
(Table 2-35). Prior to thisstudy, a variety of analyses had been performed for samples from
46 depths. During this study, highly precise petrographic analyses were generated for 35
existing thin sections from these samples to replace questionable or less precise analyses.
Also, during this study, thin-section petrography, x-ray diffraction, and x-ray fluorescence
analyses were performed for samples from five additional depths. Stratigraphic, lithologic,
and alteration assignments for each sample analyzed are provided in Appendix B. Analytica
data for each analysis are available in Warren et al. (1999).

Table 2-32
Lithologic Samples Available for UE20c: Drill Cuttings

Sample Intervals and Recovery ®

Drill cuttings samples at 3.0-m (10-t) intervals:

12.2t0 1,627.6 m (40 - 5,340 f)

Missing samples at:

140.2 m (460 ft)

161.5 m (530 ft)

164.6 m (540 ft)

362.7 m (1,190 ft)
365.8 m (1,200 ft)
387.1 m (1,270 ft)
524.3 m (1,720 ft)
545.6 m (1,790 ft)
646.2 m (2,120 ft)
713.2 m (2,340 ft)
716.5 m (2,350 ft)
780.3 m (2,560 ft)
795.5 m (2,610 ft)
810.8 m (2,660 ft)
826.0 m (2,710 ft)
841.2 m (2,760 ft)
856.5 m (2,810 ft)
871.7 m (2,860 ft)
887.0 m (2,910 ft)
902.2 m (2,960 ft)
911.4 m (2,990 ft)

914.4 m (3,000 ft)

954.0 m (3,130 ft)

960.1 m (3,150 ft)

978.4 m (3,210 ft)

1,008.9 m (3,310 ft)
1,039.4 m (3,410 ft)
1,069.8 m (3,510 ft)
1,100.3 m (3,610 ft)
1,130.8 m (3,710 ft)
1,191.8 m (3,910 ft)
1,252.7 m (4,110 ft)
1,295.4 m (4,250 ft)
1,383.8 m (4,540 ft)
1,417.3 m (4,650 ft)
1,420.4 m (4,660 ft)
1,444.8 m (4,740 ft)
1,502.7 m (4,930 ft)
1,505.7 m (4,940 ft)
1,569.7 m (5,150 ft)
1,572.8 m (5,160 ft)

a Individual sam ple de pths represent base of sample interval.
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Table 2-33
Lithologic Samples Available for UE20c: Conventional Cores

Core Amount Amount Core Amount Amount
Interval Cored Recovered Interval Cored Recovered
137.2-138.7m 1.5m 1.1 m 899.2 - 902.2m 3.0m 3.0m
(450 - 455 ft) (5 ft) (3.5 ft) (2,950 - 2,960 ft) (10 ft) (10 ft)
198.1-199.6 m 1.5m 0.9 m 911.4-915.9m 4.6 m 4.6 m
(650 - 655 ft) (5 ft) (3 ft) (2,990 - 3,005 ft) (15 ft) (15 ft)
249.9 - 253.0 3.0m 0.0m 944.9 - 947.9m 3.0m 3.0m
(820 - 830 ft) (10 ft) (0 ft) (3,100 - 3,110 ft) (10 ft) (10 ft)
361.2 - 364.2m 3.0m 3.0m 975.4 - 978.4m 3.0m 3.0m
(1,185 - 1,195 ft) (10 ft) (10 ft) (3,200 - 3,210 ft) (10 ft) (10 ft)
411.5-413.9m 2.4m 1.8m 1,005.8 - 1,008.9 m 3.0m 3.0m
(1,350 - 1,358 ft) (8 ft) (6 ft) (3,300 - 3,310 ft) (10 ft) (10 ft)
457.2 - 459.6 m 2.4m 2.3m 1,036.3 - 1,039.4 m 3.0m 3.0m
(1,500 - 1,508 ft) (8 ft) (7.5 ft) (3,400 - 3,410 ft) (10 ft) (10 ft)
523.0 - 525.5m 2.4 m 0.9m 1,067.7-1,070.8 m 3.0m 3.0m
(1,716 - 1,724 ft) (8 ft) (3ft) (3,503 - 3,513 ft) (10 ft) (10 ft)
586.7 - 588.6 m 1.8 m 1.8m 1,097.3-1,100.3 m 3.0m 3.0m
(1,925 - 1,931 ft) (6 ft) (6 ft) (3,600 - 3,610 ft) (10 ft) (10 ft)
647.7 - 650.1 m 2.4m 1.8m 1,127.8-1,130.8 m 3.0m 3.0m
(2,125 - 2,133 ft) (8 ft) (6 ft) (3,700 - 3,710 ft) (10 ft) (10 ft)
712.6 - 715.7m 3.0m 3.0m 1,188.7 -1,190.5 m 1.8m 1.8m
(2,338 - 2,348 ft) (10 ft) (10 ft) (3,900 - 3,906 ft) (6 ft) (6 ft)
777.2 - 780.3m 3.0m 3.0m 1,251.2-1253.9m 2.7m 0.5m
(2,550 - 2,560 ft) (10 ft) (10 ft) (4,105 - 4,114 ft) (9 ft) (1.5ft)
792.5-795.5m 3.0m 3.0m 1,292.4-1293.0 m 0.6 m 0.6 m
(2,600 - 2,610 ft) (10 ft) (10 ft) (4,240 - 4,242 ft) (21) (2 1)
807.7 - 810.0m 2.3m 2.3m 1,293.0 - 1,294.5 m 1.5m 1.5m
(2,650 - 2,657.5 ft) (7.5 ft) (7.5 ft) (4,242 - 4,247 ft) (51 (51
823.0 - 826.0m 3.0m 3.0m 1,382.9-1385.3 m 2.4m 2.4m
(2,700 - 2,710 ft) (10 ft) (10 ft) (4,537 - 4,545 ft) (8 ft) (8 ft)
838.2 - 841.2m 3.0m 3.0m 1,444.8 - 1447.2 m 2.4m 2.4m
(2,750 - 2,760 ft) (10 ft) (10 ft) (4,740 - 4,748 ft) (8 ft) (8 ft)
853.4 - 856.5m 3.0m 3.0m 1,504.2 - 1507.2 m 3.0m 3.0m
(2,800 - 2,810 ft) (10 ft) (10 ft) (4,935 - 4,945 ft) (10 ft) (10 ft)
868.7 - 871.7m 3.0m 3.0m 1,570.0 - 1573.1 m 3.0m 3.0m
(2,850 - 2,860 ft) (10 ft) (10 ft) (5,151 - 5,161 ft) (10 ft) (10 ft)
883.9 - 887.0m 3.0m 3.0m
(2,900 - 2,910 ft) (10 ft) (10 ft)
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Table 2-34
Geophysical Logs Used to Evaluate the Geology at UE20c

Type of Log Nllfmuger Date Run Interval Logged
1 02/14/1964 0to 196.6 m (0 - 645 ft)
Caliper
2 04/10/2964 187.8t0 279.5 m (616 - 917 ft)
Table 2-35 (Page 1 of 2)
Laboratory Analyses for Samples from UE20c
Analyses Performed ©

me?eegtl(};et) STayr:(r:lf Petrographic Mineralogic Chemical
GM TS MP XRD | XRF | NAA | ES
363.0 (1,191) C -- v -- -- -- -- -
412.4 (1,353) C -- v -- -- -- -- v
459.3 (1,507) C -- v -- -- -- -- -
523.6 (1,718) C -- v -- -- -- -- -
588.3 (1,930) C -- v -- -- -- -- v
648.0 (2,126) C - v -- -- -- -- -
650.1 (2,133) C -- v - - - - -
713.8 (2,342) C -- v -- -- -- -- -
731.5 (2,400) DA -- v -- -- -- -- -
778.2 (2,553) C -- v -- -- -- -- -
780.0 (2,559) C - v v - - v -
793.1 (2,602) C -- v -- -- -- -- -
795.4 (2,609.5) c - v v - v v -
808.3 (2,652) C -- v -- - - - -
808.9 (2,654) C -- v - -- - - -
823.6 (2,702) C -- v -- - - - -
826.0 (2,710) C -- v v -- -- v -
840.3 (2,757) C -- v -- - - - -
853.4 (2,800) C -- - - -- - Vs -
854.0 (2,802) C -- v - -- - - -
871.1 (2,858) C -- v - -- -- - -
884.2 (2,901) c . v v -- v/ v/ -




Table 2-35 (Page 2 of 2)
Laboratory Analyses for Samples from UE20c

Analyses Performed ©

Depth ? Sample

meters (feet) Type b Petrographic Mineralogic Chem

ical

GM TS MP XRD XRF NAA ES

884.5 (2,902)
899.8 (2,952)

901.3 (2,957)

AN

914.7 (3,001)

915.9 (3,005)

947.6 (3,109)

947.9 (3,110)

978.1 (3,209)

1,005.8 (3,300)

1,036.9 (3,402)

1,039.4 (3,410)

1,070.5 (3,512)

1,097.4 (3,600.5)

1,098.8 (3,605)

ANIAN NN NN BN N N N N N

1,100.3 (3,610)

1,189.6 (3,903)

AN
N

1,189.9 (3,904)

N

1,251.2 (4,105)

N

1,252.7 (4,110)

1,294.2 (4,246)

1,383.2 (4,538)

1,383.5 (4,539)

1,446.3 (4,745)

ololoflololo]lolololofo]lolo]lolofo]lofo]lolo]olo|O O

1,446.6 (4,746)

1,496.6 (4,910)

o]
vs]
N
AN
AN

1,505.1 (4,938)

1,506.8 (4,943.7)

1,571.2 (5,155)

olo|lo|o
N
N

1,573.1 (5,161)

b Be-—p@orﬁ\%ﬁ%ﬂ%ﬁ 88?& gﬁgﬂﬂ‘%ﬁrtﬁw@%'thm represent lithologic character of interval

cuttings from interval different from that drilled.

; DB2 =drill

¢ v = Analysis performed; -- =analysis not performed; GM = grain mount; TS = thin section;
MP = electron microprobe; XRD = x-ray diffraction; XRF = x-ray fluorescence; NAA =neutron activation

analysis; ES = emission spectroscopy.

Note: Stratigraphic, lithologic, and alteration assignments for each sample analyzed are provided in

Appendix B. Analytical data for each analysis are available in Warren et al. (1999).
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2.7.2 Geology of UE20c

The geology encountered at UE20c (Figure 2-7) isvery similar to that encountered at U20c
(Figure 2-6). Although both holes bottomed in bedded tuff of the mafic-rich Calico Hills
Formation, because UE20c is deeper, it encountered 133.5 m (438 ft) more of the formation.
Also, abundant fragments of mudstone, including black silty shale and gray siltstone, are
present intermittently in drill cuttings ssmples from 1,438.6 to 1,630.1 m (4,720 - 5,348ft) in
UE20c. The mudstone fragments do not represent lithic fragments from tuffaceous units, and
evidence strongly suggests that these sedimentary fragments are not from UE20c. Three
conventional cores taken within the interval all consist of bedded tuff. The correlative
interval in nearby U20c is bedded tuff, and no other holes at Pahute M esa have encountered
similar rocks. Well ER-19-1, located just west of Rainier Mesa, did encounter intervals of
black phyllite, however, the intervals were within Early Paleozoic to Late Proterozoic rocks
well below the contact with Tertiary volcanic rocks(Cole, 1997). Petrographic data suggests
the shale and siltstone in the UE20c samples are Mississippian Chainman Shale The nearest
occurrence of Mississippian rocks iswell outside the Silent Canyon caldera complex along
the northern and western margins of Y ucca Flat, approximately 25 to 30 km (16 - 19 mi) east
of the TYBO-BENHAM area (Barnes et al., 1963; Gibbons et a., 1963; Orkild, 1963). The
most plausible explanation for the presence of shale and siltstone within the UE20c samples
isthat they were introduced into the UE20c circulation system during drilling by equipment
that had not been thoroughly cleaned from previous drilling operations. A likely source of
the shale and siltstone in UE20c is exploratory hole UE1b. This hole, which was drilled at
the same time as UE20c, encountered 163.1 m (535 ft) of Chainman Shale in western Y ucca
Flat (Cole, 1997).

The detailed lithologic log for UE20c is provided in Appendix A. Thefluid level in the open

borehole was measured at 648.0 m (2,126 ft) (O’ Hagan and Laczniak, 1996) within welded
ash-flow tuff of the Tiva Canyon Tuff.
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Stratigraphic and Lithologic Columns for UE20c
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2.8 Emplacement Hole U20y

U20y is alarge-diameter emplacement hole drilled in 1971 to atemporary depth of 586.7 m
(1,925 ft). The hole was deegpened to afinal depth of 793.1 m (2,602 ft) in 1974. U20y was
the site of the TYBO underground nuclear test conducted in 1975. The test had an
announced yield in the range of 200to 1,000 kilotons (DOE, 2000) and was conducted at a
depth of 765 m (2,510 ft), approximately 135.0 m (443 ft) below the water table within
partially welded ash-flow tuff of the Topopah Springs Tuff. Table 2-36 provides hole
construction information for U20y.

Table 2-36
Hole Construction Data for Emplacement Hole U20y

LOCATION DATA

Coordinates: Central Nevada State Planar: N 899,402 ft
E 556,046 ft

Universal Transverse Mercator: N 4,119,494.7 m
E 546,650.2 m

Ground Elevation: 1,907.1 m (6,257 ft)

DRILLING DATA

Spud Date: 04/12/1971 (Surface Hole)
06/05/1971 (Main Hole)

Total Depth (TD): 586.7 m (1,925 ft) Temporary TD
793.1 m (2,602 ft) Final TD

Date TD Reached: 08/31/1971 Temporary TD
12/16/1974 Final TD

Hole Diameter: 3.0 m (120 in.) from surface to 15.9 m (52 ft); 2.4 m (96 in.) from
15.9to 793.1 m (52 - 2,602 ft).

Driling Techniques: Vacuum system from surface to 339.8 m (1,115 ft). Hole caved at
78.6 m (258 ft). Dual-string with reverse circulation using air and
water from 339.8 to 793.1 m (1,115 - 2,602 ft). Hole caved at
790.6 m (2,594 ft).

Fluid Depth: 630.0 m (2,067 ft) on 02/18/1975 (O’'Hagan and Laczniak, 1996)

CASING DATA
2.5m (98 in.)id from surface to 15.8 m (52 ft); 1.8 m (72 in.) id from
551.7 to 787.6 m (1,810 - 2,584 ft).

Source: F&S, 1971.
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2.8.1 Geologic Data for U20y

During the drilling of U20y, drill cuttings were collected at 3.0-m (10-ft) intervals from 79.2
to 792.5 m (260 - 2,600 ft) (Table 2-37). Table 2-38 liststhe wireline logs used during this
study to help evaluate the geology of the hole. Information from existing laboratory analyses
of drill cuttings from 19 depths in U20aswas also utilized for this study (Table2-39). These
analyses included grain-mount and thin-section petrography, and x-ray diffraction.
Additional laboratory analyses, consisting of thin-section petrography, x-ray diffraction, and
x-ray fluorescence, were performed during this study on drill cuttings from three additional
depthsin the hole. Thin-section petrography was also performed on drill cuttings from
460.2 m (1,520 ft) which previously had been analyzed by x-ray diffraction only.
Stratigraphic, lithologic, and alteration assignments for each sample are provided in
Appendix B. Analytical datafor each analysis are available in Warren et al. (1999).

Table 2-37
Lithologic Samples Available for U20y

Sample Type Sample Intervals and Recovery a

From 79.2to 792.5 m (260 - 2,600 ft) at 3.0-m (10-ft) intervals.

Drill Cuttings Missing samples at 118.9-m (390-ft), 621.8-m (2,040-t), and

789.4-m (2,590-ft) depths.

a Individual sample depths represent base of sample interval.

Table 2-38
Geophysical Logs Used to Evaluate the Geology at U20y
Type of Lo Run Date Run Interval Logged
yp 9 Number 99
1 07/19/1971 3.0t0338.9m (10 - 1,112 ft)
2 07/28/1971 0to 465.1 m (0 - 1,526 ft)
Caliper
3 08/12/1971 3.0t0 561.4 m (10 - 1,842 ft)
4 08/26/1971 3.0t0585.2 m (10 - 1,920 ft)
Big Hole Density 1 10/22/1971 15.2 to 556.9 m (50 - 1,827 ft)
Epithermal Neutron 1 01/17/1975 3.0to 788.2 m (10 - 2,586 ft)
Porosity
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Table 2-39
Laboratory Analyses for Samples from U20y

Analyses Performed ©

me?:rr')stz:et) S_rayr;zlk? Petrographic Mineralogic Chemical

GM TS MP XRD XRF NAA ES
341.4 (1,120) DA -- v -- - -- -- -
374.9 (1,230) DA -- v -- -- -- -- -
384.0 (1,260) DA v - - - - - -
426.7 (1,400) DA v - - - - - -
442.0 (1,450) DA -- v -- v -- -- -
454.2 (1,490) DB1 -- -- -- v -- -- -
457.2 (1,500) DA v - - - - - -
460.2 (1,510) DA -- v -- v -- -- -
463.3 (1,520) DA -- -- -- v -- -- -
466.3 (1,530) DB1 v -- -- v -- -- -
472.4 (1,550) DA v - - -- - - -
490.7 (1,610) DA - v - - - - -
493.8 (1,620) DA -- v -- -- -- -- -
521.2 (1,710) DA - v - - - - -
560.8 (1,840) DA -- v -- -- -- -- --
570.0 (1,870) DA - v - - - - -
640.1 (2,100) DA - - - v/ v - -
762.0 (2,500) DA -- v -- - - - -
768.1 (2,520) DA -- v -- -- -- -- --
771.1 (2,530) DA - - - v/ - - -
774.2 (2,540) DA -- v -- v -- -- -
783.3 (2,570) DA - v/ - v v/ - -

a Depth represents base of sample interval.

b DA = Drill cuttings that represent lithologic character of interval; DB1 = drill cutting that are enriched in
hard components

¢ v = Analysis performed; -- = analysis not performed; GM = grain mount; TS = thin section;
MP = electron microprobe; XRD = x-ray diffraction; XRF = x-ray fluorescence; NAA = neutron activation
analysis; ES = emission spectroscopy.

Note: Stratigraphic, lithologic, and alteration assignments for each sample analyzed are provided in
Appendix B. Analytical data for each analysis are available in Warren et al. (1999).



2.8.2 Geology of U20y

U20y was drilled completely within Area 20 caldera-burying rocks, reaching TD in partially

welded ash-flow tuff of the Pahute Mesa lobe of the Topopah Spring Tuff at 793.1 m

(2,602 ft). Figure 2-8 shows that the hole encountered ash-flow tuff and bedded tuff above
195.1 m (640 ft), rhyalitic lavafrom 195.1 to 374.9 m (640 - 1,230 ft), and bedded tuff and
welded ash-flow tuff below 374.9 m (1,230 ft). Rocks encountered are mainly vitric and
devitrified above 374.9 m (1,230 ft), becoming mostly zeolitic and devitrified below. A
detailed lithologic log for U20y is provided in Appendix A. Fluid level in the hole was
measured at 630.0 m (2,067 ft) (O’ Hagan and Laczniak, 1996) within zeolitic bedded tuff of

the rhyolite of Delirium Canyon.
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Stratigraphic and Lithologic Columns for U20y
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3.0 Geology of the TYBO-BENHAM Area

This section presents results of a detailed subsurface geologic analysis of the TYBO-
BENHAM area based mainly on data from the updated geologic descriptions of drill holes
presented in Section 2.0. Information from the surrounding region, including drill hole data,
surface geology, and information from other subsurface studies, was also incorporated into
the analysis to asaure that results and conclusions were consistent with regional geologic
trends. Section 3.1 describes the naure and extent of stratigraphic units encountered in drill
holesin the TYBO-BENHAM area. Both local and regional structural features recognized
during the study are discussed in Section 3.2. Section 3.3 describes the type and distribution
of alteration mineralsin the area. Finally, in Section 3.4, the hydrogeol ogic implications of
the geologic feaures presentedin the previous sedions are considered, particulady with
regards to modeling groundwater flow and radionuclide migration. Figure 3-1 showsthe
locations of various geologic feaures and drill holesin the TYBO-BENHAM region, and is
provided as areference map for al the discussionsin Section 3.0.

3.1  Stratigraphic Units

Stratigraphic units encountered in drill holes within the TY BO-BENHAM area are described
in this section, in descending order from youngest to oldest. Pairs of west-east and north-
south cross sections of stratigraphic and lithologic units are provided for referencein

Figures 3-2 through 3-5. A chart showing the relationships of all units was provided in
Table 1-5.

3.1.1 Thirsty Canyon Group

The Thirsty Canyon Group was erupted from the Black Mountain caldera west of the TYBO-
BENHAM area 9.6 million years ago (Ma) (Sawyer et d., 1994). Three units within this
stratigraphic assemblage, all ash-flow sheets, occur inthe TYBO-BENHAM area: the Trall
Ridge, Pahute Mesa and Rocket Wash Tuffs. Each of these units has a distinctive magnetic
and petrographic signature. The Trail Ridge Tuff, which forms the surface in much of the
study area, is moderately crystal-rich and has anomal ous reverse magnetic polarity (Sawyer
et a., 1994). Pahute Mesa Tuff is strongly zoned, with a crystal-rich top and crystal-poor
base, and anomal ous reverse magnetic polarity that differs from that of Trail Ridge Tuff.
Rocket Wash Tuff is less crystal-rich than Trail Ridge Tuff and has atypical reverse
magnetic polarity. The Thirsty Canyon Group iswidely exposed at the surface of Pahute
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Mesa, and thus provides extensive structural data within the region, particularly for the upper
surface of Pahute Mesa Tuff. Unfortunately, the Thirsty Canyon Group is generally very
poorly sampled in drill holes, so no laboratory analyses have been performed, and the
uncertainty of stratigraphic data from drill holes within this stratigraphic assemblageis large.

All drill holesin the TYBO-BENHAM area encountered rocks of the Thirsty Canyon Group.
Typically, each unit of this group consists of partialy to moderately welded ash-flow tuff
overlying bedded tuff. Thus, the Thirsty Canyon Group as a whole can be characterized
within the study area as consisting lithologically of three partially to moderately welded ash-
flow tuff units withintervening bedded tuff. Each of the ash-flow tuff unitsis about 15.2 to
30.0 m (50 - 100 ft) thick, but the bedded tuffs are considerably thinner. The Thirsty Canyon
Group rangesin total thickness within the study areafrom 51.8 m (170 ft) at U20y to 87.8 m
(288 ft) at U20as

3.1.2 Beatty Wash Formation

Two subunits of the Beatty Wash Formation occur within the TY BO-BENHAM area:
rhyolite of Chukar Canyon and the underlying rhyolite of Beatty Wash. The rhyaolite of
Beatty Wash was erupted from the Timber Mountain Moat south of the TYBO-BENHAM
study area 11.2 Ma(Sawyer et a., 1994). It occursinthisregion asapumicefal that is
distinctive from the Thirsty Canyon Group above by its conspicuous biotite, and from the
Ammonia Tanks Tuff below by alack of quartz. The rhyolite of Chukar Canyon is a bedded
or massive nonwelded tuff distinctive for its brown cdor, calcareous nature, quartz
phenocrysts, and great variety of tiny mafic minerals, a petrographic assemblage typical for
alluviaand reworked tuff. Like the Thirsty Canyon Group, samples of drill cuttings from the
Beatty Wash Formation are generally very poor, and the unit lies well above depths of
importance for hydrologic modeling. Consequently, no laboratory analyses have been
performed, and the uncertainty of stratigraphic data for thisformation islarge. Considering
that this unit was recognized at U20as, in the southern portion of the area, and in U20ao, the
northernmost hole, it islikely that the Beatty Wash Formation occurs as a thin sheet
throughout the TY BO-BENHAM area, though it was not recognized in most holes.

3.1.3 Ammonia Tanks Tuff
Ammonia Tanks Tuff was erupted from the Timber Mountain caldera south of the TYBO-
BENHAM area11.4 Ma (Sawyer et a., 1994). Ammonia Tanks Tuff consists of ash-flow



tuff underlain by bedded tuff. The presence of quartz distinguishes Ammonia Tanks Tuff
from overlying Beaty Wash Formation, and the presence of sphene and anormal magnetic
polarity distinguishesit from underlying Rainier Mesa Tuff. The upper part of the ash flow
ismafic-rich, and the lower partis mafic-poor. Within the TYBO-BENHAM area, Ammonia
Tanks Tuff ash flow isrelatively thin (less than 61 m [200 ft]) and is, thus generally poorly
welded and vitric, resulting in poor samples of drill cuttings. Stratigraphic data within the
Ammonia Tanks Tuff are somewhat uncertain, particuarly regarding the bedded interval,
because no petrographic or chemical analyses ae available. Thereis also some smdl
uncertainty in theposition of the lower contact with Rainier Mesa Tuff, as described in
Section 3.1.4. Fewe data are available for these and overlying units a Pahute Mesa because
they were not as important to the wegpons testing program as deeper units, and they also lie
well above depths of importance for hydrologic modeling.

3.1.4 Rainier Mesa Tuff

Rainier Mesa Tuff was erupted from the Timber Mountain caldera south of the TYBO-
BENHAM area11.6 Ma (Sawyer et a., 1994), and isfound in all holesin the study area.
The unit consists of nonwelded to densely welded ash-flow tuff and exhibits a typical
welding profile for ash-flow tuff: nowelded and partially welded zones at the top and base,
and amoderately to densely welded interior.

Rainier Mesa Tuff is a distinctive compound ash-flow cooling unit that is very well classified
throughout the Pahute Mesa subsurface into a mafic-rich upper part and mafic-poor lower
part. The absence of sphene and areversed magnetic polarity distinguish Rainier Mesa Tuff
from overlying Ammonia Tanks Tuff, and its lithic-poor, welded, ash-flow lithology
distinguishesit from underlying rhyolite of Fluorspar Canyon. The ash-flow tuff of the
Rainier Mesa Tuff typically is overlain by bedded tuff, but no Rainier Mesa bedded tuff has
been recognized in drill holesin thestudy area. Thislithology can readly be confused with
overlying Ammonia Tanks bedded tuff. Also, the bedded tuffs of both units are vitric and
friable, and provide poorly representative samples of drill cuttings, asistypical throughout
Pahute Mesa subsurface. Thusit islikely that bedded Rainier Mesa Tuff is present but
unrecognized in the TYBO-BENHAM area.

The Rainier Mesa Tuff thickens northward from less than 61 m (200 ft) at ER-20-1 and
ER-20-5 to ailmost 152 m (500 ft) at U20a0. Because this unit isrelatively thinin the TYBO-
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BENHAM area, thelithologic and petrographic distinction between upper and lower parts,
dramatically evident where the unit is thick, was recognized only in U20ag and U20a0.
Although petrographic and/or chemical analyses could be used to define mafic-rich and
mafic-poor Rainier Mesa Tuff, no such analyses are avail able because the unit lies well above
depths of importance for nuclear testing and for hydrologic modeling. Except for structural
uncertainties at the top of the unit (related to recognition of Rainier Mesa bedded tuff),
structural data for the ash flow of Rainier Mesa Tuff are very accuraely defined without need
of petrographic or chemical analyses. Within the Western Area 20 structural block of Warren
(1994) the unit thickens markedly away from its source within the Timber Mountain caldera,
as the base decreases in elevation northward more abruptly than the top (Warren et d., 1985).

3.1.5 Pre-Rainier Mesa Units of the Timber Mountain Group

Three units of the Timber Mountain Group are recognized beneath the Rainier Mesa Tuff in
the TYBO-BENHAM aea: rhyolite of Huorspar Canyon, tuff of Holmes Road, and rhyolite
of Windy Wash. Rhyolite of Fluorspar Canyon is the only Timber Mountain Group unit
below the Rainier Mesa Tuff encountered in all holes of the study area. The underlying tuff
of Holmes Road was recognized in four holes, and rhyolite of Windy Wash was identified
only in U20as. The thickness of the pre-Rainier Mesa Timber Mountain Group units varies
considerably in the area, from approximately 30 m (100 ft) at U20y to more than 152 m
(500 ft) at U20as. Thisvariation in thicknessis dueto infilling of paleotopographic lows.
Pal eotopography also controlled the distribution of the units, with the older units, tuff of
Holmes Road and rhyolite of Windy Wash, occuring where the top of the underlying lavais
the lowest, such as at U20as, U20ag, U20a0, and ER-20-1.

In the Pahute M esa subsurface west of the Boxcar fault, rhyolite of Fluorspar Canyon
consists of massivenonwelded and bedded tuff that is petrographically and lithologically
similar to the basd, nonwelded portion of mafic-poor Rainier Mesa Tuff, from whichiitis
distinguishable only by a generally much higher content of lithic fragments. Rhyolite of
Fluorspar Canyon consists of pale-colored pyroclasts that contain rare biotite as the only
mafic mineral. Thisdistinguishesit from underlying tuff of Holmes Road, a brown,
nonwelded tuff with great variety of tiny mafic minerals, a petrographic assemblage typical
for alluviaand reworked tuffs. Mafic mineral include generally altered biotite, and unaltered
hornblende, clinopyroxene, orthopyroxene, sphene, and occasionally olivine. The occurrence
of such alithology reflects the large time gap in eruptive activity between the rhyolite of
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Windy Wash (12.3 Ma) and the rhyolite of Fluorspar Canyon (11.6 Ma). Rhyolite of Windy
Wash is digtinctive by its extremely high content of phenocrysts, which include biotite,
hornblende, and sphene. Rhyolite of Fluorspar Canyon was erupted from a source now
buried beneath the Timber Mountain caldera south of the TY BO-BENHAM area, and from
areas outside this caldera and southwest of the TYBO-BENHAM area 11.6 Ma. Rhyalite of
Windy Wash was erupted 12.3 Ma (Sawyer et al., 1994) from a source, probably close to the
later-formed rim of the Timber Mountain caldera.

3.1.6 Post-Tiva Canyon Units of the Paintbrush Group

Inthe TYBO-BENHAM area, rhyolite of Benham is the sole representative of this group of
units that crop out along the southern face of Pahute Mesa, coincident with the rim of the
Timber Mountain caldera. The rhyolite of Benham was encoutered in all holes of the area,
but only five holes completely penetrated the formation. The dominant lithology of the
rhyolite of Benham in the TYBO-BENHAM areais lava; however, athick interval of bedded
tuff was penetraed below the lavaat U20as, indicating the construction of a tuff coneprior to
extrusion of lava (Wagoner and Clark, 1986). The lava shows atypical distribution of lava-
flow lithologies, with relatively thin intervals of flow breccia and pumiceous lava
surrounding a much thicker interior of stoney and vitrophyric lava. Rhyolite of Benhamis
readily distinguished from overlying units by its paucity of quartz phenocrysts, and from
underlying Tiva Canyon Tuff by its occurrence as rhyolitic lava and associated bedded tuff.
The unit has an argon-40/argon-39 (“°Ar/ *Ar) isotopic age date of 12.7 Ma, (Fleck et al., in
review) indistinguishable from that of underlying Tiva Canyon Tuff (Sawyer et al., 1994).

The unit is more than 305 m (1,000 ft) thick on the downdropped, western sideof the West
Boxcar fault, but thins rapidly away from the fault on the upthrown, eastern side. Some lava
of this unit crops out east of the Boxcar fault, near the Pahute Mesa Road. Lava of the
rhyolite of Benham is thinner where the underlying bedded tuff is the thickest, such as at
U20as where only 114.9 m (377 ft) of lava overlies more than 154 m (500 ft) of bedded tuff.
At UE20c, 320 m (1,050 ft) of lava overlies only 12.2 m (40ft) of bedded tuff. This
indicates that, as would be expected, the lava flowed away from the prexisting tuff cone and
into the surrounding lowlands.
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3.1.7 Tiva Canyon Tuff

The Pahute Mesa lobe of Tiva Canyon Tuff occurs in the subsurface throughout the TY BO-
BENHAM region west of the West Boxcar fault, but is thin or absent for some distance east
of this structure (Figure 3-6). Tiva Canyon Tuff was found in all the holes in the study area
that penetrated through the rhyolite of Benham (ER-20-1, ER-20-5, U20c, UE20c, and
U20y), although the Tiva Canyon Tuff is absent in Well ER-EC-6, located approximately
2.5 km (1.6 mi) south of the study area (Prothro and Warren, 1999). The unit consists of
bedded tuff and partially welded ash-flow tuff overlying a much thicker interval of
moderately to densely welded ash-flow tuff. The unit is approximately 110 m (360 ft) thick
throughout the study area, though regionally it systematically thickens southwards,
presumably towards its source caldera now mostly buried by the Timber Mountain caldera.
Tiva Canyon Tuff is distinctive by a nearly complete lack of quartz phenocrysts, presence of
sphene, and distinctive ash-flow lithology. The unit is strongly zoned from a crystal-rich top
to a crystal-poor base, although areverse zonation occurs in the TYBO-BENHAM area.
Here, an uppermost crystal-poor zone overlies crystal-rich tuff, although chemistries of both
zones are similar. This reverse perographic zonaion occurs in outarop within the Thirgy
Canyon NW quadrangle, and may be a general feature of Pahute Mesalobe of Tiva Canyon
Tuff. The zonation may have been overlooked previously due to a paucity of continuous core
or because of erosional stripping of thisthin, crystal-poor zone, which is generally no more
than afew metersthick. The overlying, petrographically identical tuff of Pinyon Passis
regarded as a “regurgitant” of Tiva Canyon magma, and isincluded within the unit. Tiva
Canyon Tuff has an “°Ar/ *°Ar isotopic age of 12.7 Ma (Sawyer et al., 1994).

Petrographic analyses of Tiva Canyon Tuff listed in Table 3-1 suggest that the base of the
unit lies 34 + 9 m (110 + 30 ft) below the bottom of ER-20-1. This estimate is based on a
comparison of total felsic phenocryst content for sample ER20/1-2050D with those for
samples from U20y and UE20c. At UE20c, the total felsic phenocryst content of

5.21 percent for ER20/1-2050D interpolates in linear fashion to a height above base for the
Tiva Canyon Tuff of 48 percent (tha is, near the middleof the unit), and & U20y, it
interpolates to 65 percent above the base. Using the average value from these two
comparisons, 57 percent height above base, yields abase at 662.9 m (2,175 ft) depth in
ER-20-1. The combined thickness of 112.2 m (386 ft) calculated by this procedure for tuff of
Pinyon Pass and the Pahute Mesa lobe of Tiva Canyon Tuff is consistent with the isopach
map for Tiva Canyon Tuff.
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Table 3-1
Total Felsic Phenocryst Content of Tiva Canyon Tuff:
Comparison of Sample from Well ER-20-1 with Samples from U20y and UE20c

Felsic
Drill Hole Samn;?;sn(:eitt? ) ST?r:Z'e Sample Split ID Préeonn"t‘::':t
(percent) ©
ER-20-1 624.8 (2,050) DA ER20/1-2050D (3 5.21
U120y 493.8 (1,620) DA U20Y-1620D (2 15.37
U20y 521.2 (1,710) DA U20Y-1710(1 4.82
UE20c 650.1 (2,133) c UE20C-2133(A 6.60
UE20-c 713.8 (2,342) c UE20C-2342(A 4.02

a Depthrepresents base of sample interval.
b DA =drill cuttings that represent lithologic character ofinterval; C = conventional core.
¢ Values are in volume percent from point count, uncorrected for differential porosity.

3.1.8 Pre-Tiva Canyon, Post-Topopah Spring Units of the Paintbrush Group
Several units occupy the stratigraphic interval between the Tiva Canyon and Topopah Spring
Tuffs east of the West Greeley fault, but only bedded tuffs of rhyolite of Black Glass Canyon
and rhyolite of Delirium Canyon are presently recognized in the TYBO-BENHAM area.
Outside this areg, these units occur as rhyolite lava domes with pyrocladic bases. At Pahute
Mesa, the combined thickness of these two units increases southward, and so they probably
represent distal tephra from domes buried beneath the Timber Mountain caldera. They are
distinguished from other units of the same stratigraphic interval asrelatively crystal-poor,
with hornblende accompanying biotite as a primary mafic mineral. Rhyolite of Delirium
Canyon occursin Well ER-20-5#3 as arelatively quartz-rich subunit near the baseof the
bedded tuff between the Topopah Spring and Tiva Canyon Tuffs, and rhydite of Black Glass
Canyon as a quartz-free unit near the top. These units are confidently distinguished by
sanidine compositions, which are markedly more sodium-rich in rhyolite of Black Glass
Canyon. Within the study area, the units range in combined thickness from 27.4 m (90 ft) at
U20c to 76.8 m (252 ft) at ER-20-5. Rhyolite of Delirium Canyon has an “°Ar/ *Ar age of
12.7 Ma(Sawyer et a., 1994).
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3.1.9 Topopah Spring Tuff

The distribution of the Pahute Mesa lobe of Topopah Spring Tuff isvery similar to that for
Pahute Mesa lobe of Tiva Canyon Tuff. Topopah Spring Tuff occurs in the subsurface
throughout the TYBO-BENHAM region west of the West Boxcar fault, but is thin or absent
east of this structure, where it occurs only as a bedded tuff that is absent where ash-flow tuff
occurs. Therefore, bedded Topopah Spring Tuff of the Pahute Mesa subsurfaceis laterally
equivalent to the ash flow, rather than overlying it as at Y ucca Mountain (see data for bedded
Topopah Spring Tuff in Warren et al., 1999). Topopah Spring Tuff generally thickens
southwards, presumably towards its source caldera, which is now mostly buried by the
Timber Mountain cddera. The Topopah Spring Tuff isdiginctive by a paudty of quartz
phenocrysts, lack of sphene, and distinctive ash-flow lithology. Topopah Spring Tuff, zoned
from aweakly to moderately crystd-rich top to a crystal-poor base, is much less strongly
zoned in the Pahute Mesa subsurface than at Y ucca Mountain (Warren et al., 1989).
Topopah Spring Tuff has an “°Ar/ *°*Ar age of 12.8 Ma (Sawyer et a., 1994).

Inthe TYBO-BENHAM area, Topopah Spring Tuff shows atypical ash-flow tuff welding
profile. The unit has a nonwelded to partially welded upper portion that grades to a thick
moderately to densely welded interior that overlies arather thick, partialy to nonwelded
base. Coresfrom UE20c show numerous partially opened fractures within moderately and
partially welded Topopah Spring Tuff. Mineras coating and partially filling the fractures
include quartz, smectite, feldspar (potassic, sodic, and calcic), and mica (Drellack et al.,
1997). Topopah Spring Tuff ranges inthickness from 148.7 m (488 ft) at ER-20-5 to
173.7 m (570 ft) at UE20c.

3.1.10 Mafic-poor Calico Hills Formation

Mafic-poor Calico Hills Formation consists of multiple constructive cycles of rhyolite lava
domes with pyroclastic bases, with an age between 12.8 and 12.9 Ma (Sawyer et a., 1994)
determined for the overlying Topopah Spring Tuff and underlying mafic-rich Calico Hills
Formation, respectively. In the Pahute Mesa subsurface, the distribution of the mafic-poor
Calico Hills Formation is very different from that of overlying units. The mafic-poor Calico
Hills Formation thins systematically westward from enormous thicknesses (more than

1,000 m [3,280 ft]) aong the western, down-dropped side of the West Greeley fault east of
the TYBO-BENHAM area (Warren et al., 1985) (Figure 3-7). The unit has a much higher
proportion of quartz phenocrysts than the overlying Topopah Spring Tuff, and a much lower

3-17



This page intentionally left blank.

3-18



920000

905000

890000

535000 55[%7[) H65000 580000
Q -
i} Figure 3-7
% $
'.. Isopach Map of the Mafic-Poor Calico
Q
g
Ia} |

Hills Formation Within the TYBO-
BENHAM Region.

See Figure 3-1 for location of other features
mentioned in text. Contours and structural

control data are available in electronic form

from the authors.

920000

|\ | Thickness for Mafic-poor

Calico Hills Formation in
meters

| Normal Fault, Bar and Ball

on Downdropped Side

@ NTS Boundary

@ NTS Internal Boundary
TYBO-BENHAM Area
@ Data from Emplacement Hole
i (S Data from Exploratory Hole
{ﬁ‘ Data from Outcrop

Minimum Thickness from
Drill Hole or Qutcrop

905000

U20C o +UE20C

LER20,5/3
0 5000 15000
FEET
0 1000 2000 3000 1000
__ |

METERS

890000

Nevada State Plane Coordinate System, Zone 4626,
1927 North American Datum, Units Feet
ERIEC6,

EES-5 GIS TEAM
Earth and Environmental Sciences Division
Los Alamos National Laboratory

Area 19

G108913 November 15, 2000

535000 550000 565000 580000




This page intentionally left blank.

3-20



proportion of felsic phenocrysts and biotite than the underlying mafic-rich Calico Hills
Formation.

Evaluation of the large number of precise petrographic analyses, added for the TYBO-
BENHAM areato an aready robust data set (Warren et al., 1999), indicates that individual
flow packages within the Calico HillsFormation can be distinguished by precise
petrographic analyses and by mineral chemistries obtained from electron microprobe
analyses (Table 3-2). From these data, mafic-poor Calico Hills Formation can be divided
into three subunits at the present time, with a fourth subunit suggested by microprobe
analyses. The recognition of subunits within the mafic-poor Calico Hills Formation allows
for more detailed and confident stratigraphic correlation within thislithologically complex
formation.

At the base of the mafic-poor Calico Hills formation lies atransitional subunit, characterized
by asignificantly higher content of felsic phenocrysts, and somewhat higher content of
biotite compared to the rest of the formation. Above the transitional subunit, lies alower
subunit that is quite plagioclase-poor compared to the overlying main-body subunit which
composes the remaining portion of the formation in the TYBO-BENHAM area.

The uppermost part of mafic-poor Calico Hills Formation in exploratory hole UE20e#1,
located approximately 8 km (5 mi) north of the study area, is represented by a sample from
the 522.7-m (1,715-ft) depth that contains sanidine that is significantly more potassium-poor
than parts below (Or+Cn datain Table 3-2). If the main body is represented at UE20e#1 by a
sample from the 961.6-m (3,155-ft) depth, then the main body might actually comprise
additional subunits recognizable by differences in sanidine compositions or biotite contents.

Only three holesin the study area, ER-20-5, U20c, and UE20c, penetrate the Topopah Spring
Tuff and encounter mafic-poor Calico Hills Formation. All three holes encounter an upper
interval of bedded tuff overlying rhyolitic lavawhich in turn overlies alower interval of
bedded tuff. Petrographic and electron microprobe data provided in Table 3-2 indicate that
the upper interval of bedded tuff in both ER-20-5 and UE20c belong to the main-body
subunit of the mafic-poor Calico Hills Formation. This subunit thickens northward in the
study areafrom 145.7 m (478 ft) at ER-20-5to 172.2 m (565 ft) at U20c.
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Table 3-2
Selected Petrographic and Electron Microprobe Analytical Data for Calico Hills
Formation in Drill Holes in the TYBO-BENHAM Area and for UE20e-1°
(Page 1 of 2)

sampleiD® | swat® | L | PO O 1) Komn T | Bo | pew | e

Possible upper subunit of mafic-poor Calico Hills Formation

UE20E1-1715 Thp LA 2.26 44 39 17 1,080 65
Main body of mafic-poor Calico Hills Formation

ER20/5/3-2955D | Thp NWT 2.63 45 16 39 312 -t
UE20C-3109 Thp NWT 3.01 26 36 38 377 -
UE20C-3110 Thp NWT 3.18 33 41 26 873 --
UE20C-3209 Thp NWT 3.3 16 54 30 740 --
UE20C-3300 Thp NWT 2.45 56 28 16 1,146 --
UE20C-3402 Thp NWT 1.81 42 32 26 723 --
UE20C-3410 Thp BED 3.1 33 30 36 97 --
UE20C-3512 Thp NWT 1.59 40 31 29 353 --
UE20C-3600.5 Thp NWT 1.88 54 23 24 216 69
UE20C-3605 Thp NWT 1.69 18 53 29 200 -
UE20E1-3155 Thp NWT 2.6 28 30 43 140 68

Lower subunit of mafic-poor Calico Hills Formation

UE20C-3610 Thp PL 0.81 52 35 13 353 --
UE20C-3904 Thp LA 2.65 43 a7 10 684 --
UE20C-4105 Thp LA 2.77 27 56 17 523 --
UE20C-4246 Thp FB 2.76 55 39 6 541 --

Transitional subunit of mafic-poor Calico Hills Formation "

U20C-4552.3 Thp BED 4.04 29 42 29 699 --
UE20C-4538 Thp NWT 4.67 58 21 21 747 --
UE20E1-3525.9 Thp LA 4.54 46 42 12 1,440 --
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Table 3-2

Selected Petrographic and Electron Microprobe Analytical Data for Calico Hills

Formation in Drill Holes of the TYBO-BENHAM Study Area and for UE20e-1?

(Page 2 of 2)

c
d
FB = flow breccia
e
f
g
h
i
J
k
L No analysis made.

Total percent felsic phenocrysts.
All petrographic analyses are from point count or from more precise methods.
Quartz as the relative percent of felsic phenocrysts.

Potassium feldspar as the relative percent of felsic phenocrysts.
Plagioclase as the relative percent of felsic phenocrysts.
Volume of biotite phenocrysts in parts per million.

Microprobe data are median mole percent orthoclase plus celsian end-member contents of sanidine.

Darkly shaded values generally distinguish subunits of the Calico Hills Formation within the TYBO-
BENHAM area; lightly shaded values are often distinctive.

b  Numerical values for Sample ID represent basal depth of interval sampled, in feet.

Stratigraphic unit: Thp = mafic-poor Calico Hills Formation; Thr = mafic-rich Calico Hills Formation.
Lithology: LA = lava flow; NWT = nonwelded tuff; BED = bedded tuff; PL = pumiceous lava;

Data from Table 3-2 aso show that the interval of lavain UE20c belongs to the lower
subunit of the mafic-poor Calico Hills Formation. Lavawas also encountered below the
upper interval of bedded tuff in ER-20-5 and U20c. The distribution of lava-flow lithologies

isvery similar in al three holes. Each hole encountered an upper interval of pumiceous lava

that rangesin thickness from 9.1 m (30 ft) at ER-20-5 to 82.6 m (271 ft) at UE20c. Below
the pumiceous lava, al three holes encountered an interval of stony and vitrophyric lava of
similar thickness (106.7 to 121.9 m [350- 400 ft]). Underlying this dense lavainterior, al

three holes penetrated a similar thickness (74.1 to 81.1 m [243 - 266 ft]) of pumiceous lava
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Transitional subunit of mafic-rich Calico Hills Formation

U20C-4643.7 Thr BED 15.2 36 40 24 974 --
UE20C-4745 Thr NWT 8.98 34 37 29 2,089 --
UE20C-4746RW Thr NWT 8.91 56 30 15 1,467 --
U20C-4794 Thr BED 11.49 32 32 35 2,536 --
UE20C-4938 Thr NWT 11 46 26 28 1,740 --
UE20E1-3909.3 Thr NWT 8.81 31 34 36 2,926 --
Main body of mafic-rich Calico Hills Formation "
UE20C-5155 Thr NWT 15.8 32 40 28 8,017 --
UE20E1-4150 Thr BED 8.02 19 21 60 6,812 --



and flow breccia, although only pumiceous lava was recognized at ER-20-5. The total
thickness of lavaranges from 205.4 m (674 ft) at ER-20-5 to 268.5 m (881 ft) at UE20c,
indicating an apparent thickening of the lava northward.

Below the lava, ER-20-5, U20c, and UE20c encountered an interval of bedded tuff that is
almost identical in appearance and thicknessin all three holes. Petrographic and electron
microprobe data from U20c and UE20c indicate that the bedded tuff belongs to the
transitional subunit that forms the base of the mafic-poor Calico Hills Formation.

Thetotal thickness of the mafic-poor Calico Hills Formation increases northward within the
study areafrom 411.2 m (1,349 ft) at ER-20-5 to 481.6 m (1,580 ft) at UE20c. The excellent
correlation from north to south (in the study area) of lithologic units and petrographic/
mineralogic subunits within the mafic-poor Calico Hills Formation, including similar
thicknesses, strongly suggests that the lithologic make up of the formation, as described
above, is continuous throughout most of the TYBO-BENHAM area.

3.1.11 Mafic-rich Calico Hills Formation

Mafic-rich Calico Hills Formation hasbeen penetrated in only afew widdy separated drill
holes of Pahute Mesa, al west of the West Greeley fault. Given their strong chemical
resemblance and chemical and petrographic gradations with each other, and strong
association with the West Greeley fault, mafic-rich and mafic-poor Calico Hills Formation
probably have very similar areal distributions. Like the mafic-poor unit, mafic-rich Calico
Hills Formation can be divided into subunits based on petrographic character and minera
chemistry. The mafic-rich Calico Hills Formation encountered in drill holes of the TYBO-
BENHAM area consists of atransitional subunit overlying a main-body subunit. Table 3-2
shows that the transitional subunit has a lower biotite content than the underlying main-body
subunit, and higher felsic phenocryst content than the overlying transitional subunit of the
mafic-poor Calico Hills Formation. Mafic-rich Calico Hills Formation has an “°Ar/ *Ar age
of 12.9 Ma (Sawyer et a., 1994).

Only three holes within the study area encountered mafic-rich Calico Hills Formation, and
none penetrated completely through the formation. Wells ER-20-5, U20c, and UE20c all
bottomed in the mafic-rich Calico Hills Formation, encountering only bedded tuff. UE20c
penetrated the deepest, encountering 203.6 m (668 ft) of the formation.

3-24



The top of the mafic-rich Calico Hills Formation provides an important strucural datumin
the TYBO-BENHAM aea, which is particularly important for evaluating the possible
existence of buried faults within or between U20c and UE20c. The good correlation of
petrographic/minerologic subunits within the Calico Hills Formation for samples from
similar depthsin U20c and UE20c (Teble 3-2) demonstrates alack of any significant faults
through or between these holes, as dscussed in following sections of this report.

3.2  Structural Geology

Analysis of geologic structure provides important insights for predicting the distribution of
hydrogeologic units. Also, faults themselves can act as zones of increased or decreased
permeability and thus influence groundwater flow and transport of contaminants. Structural
features recognized in the TY BO-BENHAM area are discussed in this section, beginning
with features of theimmediate TYBO-BENHAM area, which are presented in Section 3.2.1.
More regional-scale features recognized during this study are discussed in Section 3.2.2.

3.2.1 Local Structural Features

This section describes three structural features that directly affect structural relations of rocks
inthe TYBO-BENHAM area. Theseinclude atuff cone and two buried faults. Patterns of
surface fracturing from underground weapons testing in the area are a so described.

Figure 3-8 shows faults and zones of weapons-testing-related surface fracturing in the
TYBO-BENHAM area.

3.2.1.1 Tuff Cone

Within the TYBO-BENHAM area, the distribution of lava and tuff of the rhyolite of Benham
defines atuff cone (Wagoner and Clark, 1986) emplaced 12.3 to 12.6 Ma along the
downdropped side of the West Boxcar fault. The tuff cone probably represents asingle lava
flow emplaced upon a pyroclastic base that had been vented along the West Boxcar fault,
with the lava flowing northwestward along the westem, down-dropped Sde of the fault. This
pile of lava and tuff formed atopographic high in the area that controlled the deposition of
many of the overlying units of the Timber Mountain Group. Rhyolite of Windy Wash, tuff
of Holmes Road, and rhyolite of Fluorspar Canyon thin dramatically over the feature (see
Section 3.1.5). However, Ammonia Tanks Tuff shows vey little thinning above this

pal eotopographic feature, indicating that the feature was effectively buried by intervening
Rainier Mesa Tuff (Figures 3-2 and 3-3).
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3.2.1.2 Buried Faults

A buried fault that projects east of ER-20-1 and west of ER-20-5 (Figure 3-8) isinferred from
the much lower elevation for the top of Rainier Mesa Tuff in ER-20-1 compared to

ER-20-5 and U20y (Figure 3-9), and much thicker Ammonia Tanks Tuff in ER-20-1
compared to ER-20-5 and U20y (Figure 3-2). These dataindicate that primary movement
along the inferred buried fault occurred after emplacement of the Rainier MesaTuff and
before emplacement of the Ammonia Tanks Tuff, between 11.6 to 11.4 Ma, with an offset of
perhaps 20 to 50 m (66 - 164 ft) for the top of Rainier Mesa Tuff. Just below the southern
rim of Pahute Mesa, this inferred fault, with 10 to 30 m (33 - 98 ft) of westward-down
displacement, is concealed by thin aluvium covering Ammonia Tanks Tuff in outcrop (Byers
and Cummings, 1967). This fault trends towards a prominent north-northeast-trending
canyon incised in Trail Ridge Tuff at the western edge of the Scrugham Peak quadrangle,
which passes about 200 m (656 ft) eas of ER-20-1. Northeast of ER-20-1, the buried fault
proj ects towards a north-striking, down-to-the-west fault mapped at the surface west of
U20a0 (Wahl et al., 1997). The surface fault showsllittle if any offset of the Trail Ridge Tuff,
and its position is estimated from alignment of surface aracks and small-scale displacements
produced by underground nuclear explosions in the area.

Structural datafor rhyolite of Benham require the presence of a buried down-to-the-east fault
between U20y and U20as, as shown in Figure 3-8. Elevations for this unit form a west-east
arch from ER-20-1 to U20as (Figure 3-2). This arch cannot be explained as entirely
constructional, because the rhyolite of Benham is thickest at the eastern margin of the arch,
immediately west of the Boxcar fault. Eastward-down offset of the thin pumiceous lava
immediately abovethe basal pyroclastic sequence is aout 80 (263 ft), and offset of the base
of the basal pyrodastic sequenceis more than 160 m (525 ft), possibly indicating episodic
movement along the buried fault during deposition of the rhyolite of Benham (Figure 3-4).
Alternatively, the difference in the amount of offset could be constructional, the result of the
tuff cone (pyrodastic base) orignally being deposited on arelativdy flat surface, with
deposition of the overlying lava on the sloping western flank of the tuff cone. The top of
rhyolite of Benham, so closeto itsinferred source, is a poor datum to estimate offset, and the
difference in devations of nealy 200 m (656 ft) between U20y and U20eas is probably partly
constructional. Units younger than rhyolite of Benham uniformly thicken beneath Ammonia
Tanks Tuff within atrough formed between the buried fault and the Boxcar fault. Itis
uncertain if these units are also offset by the buried fault, or serve only to bury the feature.
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The buried fault is assumed to coincide with the prominent north-trending canyon incised in
Trail Ridge Tuff immediately west of the Boxcar fault (Byers and Cummings, 1967).
Following the linear projection of this canyon, the buried fault appears to merge with the
Boxcar fault just south of Pahute Mesa To the north on Pahute Mesa, the trece of the fault
probably coincides with north- and south-flowing washes, eventually merging with the West
Boxcar fault north of the TYBO-BENHAM area.

3.2.1.3 ~ Weapons-Testing-Related Surface Fractures _
Several linear, north-trending zones of aligned surface cracks from underground testsin the

area are present between U20y and U20as (Figure 3-8). These surface-fracture zones could
be the surface expression of buried faults. Based on aligned surface cracks near U20y,
Wagoner and Clark (1986) depicted a north-striking, down-to-the-east fault just east of the
U20y location. However, this fault and the other nearby surface-fracture zones project
northward within very close proximity to U20c and UE20c, where no faults were recognized
from detailed stratigraphic correlation of the two holes (Figure 3-10).

3.2.2 Regional Structural Features

Regional structural features recognized during the geologic analysis of the TY BO-BENHAM
region are described in this section. These features help place the geology of the TYBO-
BENHAM areain aregional context. Also, the hydrologic significance of these features
should be considered during development of groundwater flow models of the Pahute Mesa
region. Five regional-scale structural features are recognizablein the TYBO-BENHAM
region on the basisof structural contours and isopachs of stratigraphic units. From youngest
to oldest, these features are (1) an arch crossing the trough listed next and describedin
Section 3.2.2.2; (2) atrough west of the Purse fault filled with rocks of the Thirsty Canyon
Group; 3) aprominent, structurally high, west-northwest-trending ridge displayed by Rainier
Mesa Tuff and younger units; (4) atrough west of the Boxcar and West Boxcar faults filled
with rocks of the Paintbrush Group; and 5) a half-graben west of the West Greeley fault filled
with rocks of the Calico Hills Formation. These features are discussed in the following

paragraphs.

3.2.2.1 Ribbon Cliff Arch
The youngest regional structure, here termed the Ribbon Cliff arch, is an east-trending arch

that bisects the Ribbon Cliff trough, which is described in Section 3.2.2.2. Thisarchis
clearly defined by structure contours for the top of Pahute Mesa Tuff (Figure 3-11). A
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projection of structural data from locations within the Ribbon Cliff trough far distant from
the arch indicates an uplift of Pahute Mesa Tuff exceeding 200 m (656 ft) along this arch.
Alternatively, the arch might simply represent aramping of Pahute Mesa Tuff over a
topographic high formed of comendite of Ribbon Cliff, rather than uplift. Thisalternativeis
unlikely because such a magnitude of ash-flow tuff ramping is unknown, and structure
contours for Pahute Mesa Tuff fail to indicate ramping over exposed, older rhyolite of
Tannenbaum Hill just southeast of the Ribbon Cliff trough.

Uplift along the Ribbon Cliff arch increases approaching the Black Mountain caldera, from
which the Pahute Mesa Tuff was erupted. With these associations, and the common
occurrence of caldera resurgence, resurgence of the Black Mountain calderaprovides alikely
mechanism for creation of the Ribbon Cliff arch.

3.2.2.2 Ribbon CIiff Trough

A north-northeast-trending trough west of the Purse fault, here termed the Ribbon Cliff
trough, is clearly defined by structure contours for the top of Pahute Mesa Tuff (Figure 3-11).
The axis of the trough is shown as a syncline axis north of exploratory hole UE20;
(Christiansen and Noble, 1968). Thistrough isfilled with comendite of Ribbon Cliff and
overlying tuffs of the Thirsty Canyon Group. Structural data from U20k demonstrate that
Ammonia Tanks Tuff lies at very low elevations within this trough, compared to subsurface
data east of the Purse fault, outsidethe trough (Figure3-12). Ammonia Tanks Tuff is
relatively thin within the Ribbon Cliff trough at Well PM 3, ind cating that it is a post-
Ammonia Tanks, pre- or syn-Ribbon Cliff depression related to either late-stage devel opment
of the Ammonia Tanks caldera, or more likely early-stage development of the Black
Mountain caldera. The Ribbon Cliff trough is amost certainly the result of westward-down
displacement along the Purse and West Purse faults which, along with a series of other north-
striking faultsin the vicinity of the Purse fault, form the eastern boundary of the trough. The
nature of the western boundary has not been investigated.

3.2.2.3 West-Northwest-Trending Ridge

A prominent, structurally high west-northwest-trending ridge that coincides with the southern
topographic edge of Pahute Mesa west of the Boxcar fault is displayed by structure contours
for Rainier MesaTuff and younger units (Figures 3-9, 3-11, and 3-12). Theridgeis
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truncated on the west by the younger Ribbon Cliff trough. The trend of this feature continues
east of the Boxcar fault, where it may represent the boundary of the Rainier Mesa caldera, as
shown in Figure 3-1. West of the Boxcar fault, this ridge was thought to coincide with the
structural wall of the Rainier Mesa caldera (Noble et al., 1991; Warren, 1994), but data from
recently drilled Wells ER-EC-1 and ER-EC-6 have disproved this notion (Prothro and
Warren, 1999). The ridge coincides with a dramatic southward disappearance of mafic-poor
Calico Hills Formation (Figure 3-7), which fills the Area20 caldera, formed 13.1 Ma
(Ferguson et al., 1994). We consider that this abrupt thinning coincides with the southern
boundary of the Area 20 caldera, as defined in Figure 3-1.

3.2.2.4 Boxcar Trough

Units of the Paintbrush Group were deposited within a trough, here termed the Boxcar
trough, bounded on the east by the Boxcar and West Boxcar faults, as shown by thicknesses
for the Tiva Canyon Tuff (Figure 3-6). The western limit of the trough is not well
constrained. The trough appears to be fairly symmetric in an east-west direction, without
pronounced thickening of regional ash-flow units, such as the Tiva Canyon and Topopah
Spring Tuffs, towards the bounding master faultsto the east. However, there is pronounced
thickening of these ash-flow units to the south, suggesting that the source calderas may lie
just south of the TYBO-BENHAM area. Thicknesses on both sides of the West Boxcar fault
aresimilar for Ranier Mesa Tuff (Warren et al., 1985), demonstrating virtually complee
burial of thistrough by 11.6 Ma.

Structural data indicate that movement occurred along normal faults in the region, including
the bounding faults during and after deposition in the trough. Between the Purse and West
Boxcar faults, elevations for the top of Tiva Canyon Tuff (Warren et a., 1985) show a
northward to eagward tilt that is fa more pronounced than similar tilts for the Rainier Mesa
and Ammonia Tanks Tuffs. Thisistaken as evidence for continued, episodic activity along
the West Boxcar fault during post-Tiva Canyon (12.6 Ma) through post-Ammonia Tanks
time (11.4 Ma), asinferred by Warren et al. (1985) for al major faults of Pahute Mesa.

Inthe TYBO-BENHAM area, eastward apparent dips between U20C and UE20C increase
with age for the Paintbrush Group (Figure 3-10). The top of Tiva Canyon Tuff shows an
eastward apparent dip of 0.7 degrees, compared to 1.9 degrees for the top of Topopah Spring
Tuff. Eastward apparent dips between 1.9 and 5.0 degrees are calculated for lithologic
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contacts between the top and base of Topopah Spring Tuff, averaging 3.3 degrees. The
differences between these eastward apparent dips are attributed to episodic rotation resulting
from movement along northward-trending faults, with the Boxcar serving as the master fault.
Using the average from lithol ogic contacts, the Topopah Spring Tuff had been rotated at least
2.6 degrees (3.3 minus 0.7 degrees) prior to deposition of the Tiva Canyon Tuff lessthan a
hundred thousand years | ater.

3.2.2.5 West Greeley Half-Graben

Like the Tiva Canyon and Topopah Spring Tuffs, the Calico Hills Formation wasalso
deposited within a structural depression. However, the geometry of thistrough is very
different from that of the trough in which the Tiva Canyon and Topopah Spring Tuffs
accumulated. Deposition of the Calico Hills Formation occurred within a half-graben
bounded on the east by the West Greeley fault (Warren et a., 1985). Thus, unlike the Tiva
Canyon and Topopah Spring Tuffs, the Calico Hills Formation thickens systemaically
eastward towards the bounding fault. The mafic-poor unit alone thickens from less than
488 m (1,600 ft) in the TYBO-BENHAM areato more than 1,009 m (3,310 ft) just west of
the West Greeley fault (Figure 3-7).

Analysis of formation dipsin drill holesin the TYBO-BENHAM areaindicate that
movement along the West Greeley fault was synchronous with deposition of the Calico Hills
Formation. Eastward apparent dips between U20c and UE20c are markedly higher within the
lower subunit of mafic-poor Calico Hills Formation compared to the main body and to the
overlying Paintbrush Group (Figure 3-10). Eastward apparent dips between 11.6 and

17.1 degrees are calculated for lithologic contacts within the lower subunit, averaging

13.5 degrees. The difference in apparent dips of these unitsis attributed to episodic rotation
resulting from movement along north-striking faults, with the West Greeley serving as the
master fault. The top of the main body of the Calico Hills Formation shows a calculated
eastward apparent dip of only 2.4 degrees, similar to that of overlying Topopah Spring Tuff,
indicating that the movement mastered by the West Greeley fault post-dated emplacement of
the lower subunit but preceded emplacement of the main body of the Calico Hills Formation.

3.3 Alteration in the TYBO-BENHAM Area

Alteration minerds can have significant influence on the hydrologic properties of volcanic
rocks. Knowledge of type and distribution of alteration mineralsisimportant for hydrologic
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modeling in volcanic terrains both for prediction of the movement of water and for prediction
of sorptive characteristics of the rocks with regards to radionuclides. Secondary alteration for
much of Pahute Mesa, including the TYBO-BENHAM area, has typically been described as
simply zeolitic (Blankennagel and Weir, 1973; Winograd and Thordarson, 1975; Laczniak

et a., 1996; Drellack and Prothro, 1997; and Prothro et al., 1998). However, detailed
petrographic, mineralogic, and chemical analyses presented in this section show that
secondary alteration in the TYBO-BENHAM areais far more complex.

Alteration of volcanic rocksisfar more difficult to accurately determine in hand sample than
lithology or stratigraphic assignment, and is erroneously assigned in many publications. As
an example, compare original descriptions of alteration for YuccaMountain drill hole
USWGL1 (Spengler et al., 1981) with alterations assigned from later petrographic and X-ray
diffraction (XRD) analyses (Warren et al., 1999). Although XRD analyses provide the
single, most definitive means to estallish alteration, apetrographic analysis of the same
sampleis essential in many casesto accurately assess alteration. For example, high-
temperature devitrification and complete quartzo-feldspathic dteration yield thesame
mineral assemblage of approximately 35 percent silica polymorphs (quartz, cristobalite, and
tridymite) and 65 percent feldspar; however, entirely different textures and different mafic
mineral alterations are observed in petrographic analysis. Following petrographic analysis,
microprobe analyses of secondary feldspars reveals details of quartzo-feldspathic dteration
that cannot be obtained from routine XRD analysis. Coupled petrographic and XRD analyses
were employed to define alteration in key samples from drill holes of the TYBO-BENHAM
region. Microprobe analyses are pending, and their results will be included in future
revisions of Warren et al. (1999).

Secondary alteration of originally vitric rocks can be controlled locally, by proximity to
altering bodies (such as hot ash flows and lava flows) or regionally, by the geothermal
gradient beneath the regional water table. Within the southwestern Nevada volcanic field,
ateration initially produces zeolites in the progressive sequence, clinoptilolite, mordenite,
and analcime (Broxton et al., 1987; Moncure et a., 1981). As alteration progresses, zeolites
are replaced by a quartzo-feldspathic assemblage of quartz and secondary feldspar. Inthe
mildest stages of quartzo-feldspathic alteration, feldspar is dominated by almost pure end-
member secondary potassium feldspar (adularia) which occursin the structural state of
orthoclase, as opposed to sanidine of phenocrysts within the same rocks. As alteration
continues, almost pure end-member plagioclase (albite) becomes increasingly important,
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although the chemistry of altering fluids may reverse this general order of appearance for the
secondary feldspars. At even higher temperatures of hydrothermal alteration, feldspar
phenocrysts are converted to secondary feldspar, and mafic minerals (biotite, hornblende, and
pyroxene) are converted toillitic clay. Hydrothermal ateration did not occur in any rocks
sampled in the TYBO-BENHAM area.

Inthe TYBO-BENHAM area, the control of secondary dteration appears to be almost
entirely local. This contrasts with the generally systematic, downwards increase in alteration
intensity within Y ucca Mountain (Broxton et al., 1987), which is a manifestation of regional
rather than local control. Cross sections that represent ateration in the TYBO-BENHAM
areaindicate no trends in alteraion that are recognizable as regonal, even at the deepest
levels penetrated (Figures 3-13 and 3-14). Instead, each originally vitric layer seamsto
reflect the effectiveness of an overlying high-temperature deposit in promoting secondary
ateration. Nea, or just beneath the water table, originally vitric layers beneath largely
devitrified lavaof rhyolite of Benham and Tiva Canyonwelded ash-flow tuff have altered to
an assemblage that is dominantly zeolite (mostly clinoptilolite but with substantial
mordenite) with little secondary quartz and feldspar. Within basal, nonwelded Topopah
Spring Tuff, alteration is far more advanced, with an assemblage that isalmost entirely
guartzo-feldspathic, including only minor zeolite, mostly mordenite, and analcime. Within
the Calico Hills Formation, alterationintensity decreases downward from predominantly
guartzo-feldspathic and mordenite without clinoptildite, through mordenite-dominant,
guartzo-feldspathic, to zeolitic and/or quartzo-feldspathic with relict glass.

Within the lowermost originally vitric layers, beneath largely devitrified lava of the mafic-
poor Calico Hills Formation, alteration intensity increases downward through the transitional
subunit of mafic-rich Calico Hills Formation. At the top of this layer, alterdion is mainly
zeolitic, dominated by clinoptilolite over mordenite. Below, alteration is zeolitic, but
clinoptilolite and mordenite are equal, and analcimeis present. Below, alteration is mainly
quartzo-feldspathic, with decreasing zeolite that is increasingly dominated by analcime. The
progression of alteration within mafic-rich Calico Hills Formation is that expected for
regional control of ateration. Butwithin the lowest layer encountered in UE20c, alterdion is
predominantly zeolitic, with subequal mordenite and analcime, areversal of the trend above
that might be ascribed to regional control. Table 3-3 summarizes alteration within the
TYBO-BENHAM study area, providing relative abundances of alteration mineralsin
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Table 3-3
Relative Abundances for Alteration Minerals in Lithologic Samples
from TYBO-BENHAM Area Drill Holes
(Page 1 of 2)

Strati- ) ) Weight Percgnt Ca!culateéd Calculatedf
Sample . Lithologic from XRD Primary Secondary
Number & glza:i)rtl)c Unit ¢
FS Qz | ZzC | zm ZA FS | QZ FS Qz
Layer beneath lava of rhyolite of Benham
U20AG-1170D Tpb FB -9 -- 75 -- - - -- - -
U20AS-1570D Tpb LA 12 2 85 - - - -- - -
U20AS-1600D Tpb NWT 15 2 68 - - - -- - -
U20AS-1700D Tpb NWT 11 2 75 - - - - -- -
U20AS-1850D Tpb BED 15 2 66 - -- - - - -
U20AS-1990D Tpb NWT 27 | 5 | 49 | -- - S T -
U20AS-2080D Tpb BED 22 10 | 58 - - - -- -- -
U20Y-1450D Tpb NWT 17 2 51 19 0 13 1 4 1
U20Y-1490D Tpb BED 45 5 25 | -- -- -- - - -
U20Y-1510D Tpb BED 30 25 | 40 -- -- 21 6 9 0
U20Y-1520D Tpb BED 30 | 25 | 25 | -- -- - - - -
U20Y-1530D Tpcyp NWT 15 [ 25 | 55 | -- -- -- - - -
Layer beneath Tiva Canyon T uff
ER20/5/3-2030D Tpd NWT 13 4 58 | 17 0 5 2 8 2
ER20/5/3-2220D Tpd NWT 22 12 38 | 24 0 13 5 9 7
Layer beneath Topopah Spring Tuff, including main body of mafic-poor Calico Hills Formation
uU20Y-2530D Tptm NWT 40 | 40 0 - - - -- -- --
U20Y-2540D Tptm NWT 40 40 0 -- -- 18 7 22 33
U20Y-2570D Tptm NWT 36 38 1 8 6 11 3 25 35
ER20/5/3-2955D Thp NWT 30 34 0 33 0 11 7 19 27
ER20/5/3-3005D Thp NWT 28 36 0 32 0 -- - -- --
ER20/5/3-3190D Thp NWT 25 24 0 49 0 -- -- -- --




Table 3-3
Relative Abundances for Alteration Minerals in Lithologic Samples
from TYBO-BENHAM Area Drill Holes
(Page 2 of 2)

Strati- _ _ Weight Percent Ca!culateg CaIcuIatedf

Sample Lithologic from XRD ¢ Primary Secondary

Number ? glzan?thlc Unit ©
FS |Qz |zc|zm | za | FS | Qz | FS | Qz
Layer beneath lava of lower mafic-poor Calico Hills Formation
ER20/5/3-3890D Thp PL 5 2 61 19 1 -- -- -- --
U20C-4275D Thp PL 6 4 46 | 30 0 -- -- -- --
Transitional mafic-poor Calico Hills Formation
ER20/5/3-3960D Thp NWT 14 19 27 27 8 -- -- -- --
Other transitional Calico Hills Formation
U20C-4552.3 Thp BED 25 42 0 2 26 24 12 1 30
ER20/5/3-4120D Thr NWT 29 35 4 13 15 -- -- -- --
ER20/5/3-4250D Thr NWT 36 33 0 17 12 - -- -- --
U20C-4643.7 Thr BED 38 | 38 0 18 1 20 (112 | 18 27
UE20C-4746R Thr NWT 38 42 0 8 0.25 | 10 10 28 32
UE20C-4746W Thr NWT 41 41 0 10 0 10 10 31 31
UE20C-4943.7 Thr NWT 31 40 0 1 22 17 12 14 28
Main body of mafic-rich Calico Hills Formation
UE20C-5161 Thr NWT 28 21 0 24 18 20 9 8 12

Numerical values for Sam ple Num ber represent basal depth of interval sampled, in feet.
TR IR PG e S DR m ARy ST SR 2 Ba AR P 23 Y553 BPRO e Thah BTG FaRs
Thp = mafic-poor Calico Hills Formation; Thr = mafic-rich Calico Hills Formatlon.

FB = flow breccia; LA =

I:ith9|°%¥,{- = lava; NWT = nonwelded tuff; BED = bedded tuff;
L = pumiceous

ava.
X-ray tlon a sis; FS = feldspar; QZ uart = ||n tilolite; ZM = mordenite;
ZA o4 rh ¥e ZM analysis |g notQperfo a ?)Prepresen Z + ZM.
Iated rimar Z and iveni eight perc ted from volume percent of
F’tﬁ ragm nts, ass ml%g tIEachlc are QS\% (9? gn gg% ?—%C o0 convert from volume to weight

percent, all samples with calculated primary QZ and FS are assumed to have a porosity of 40%.

Calculated values are weight percent from XRD analysis minus calculated primary values.
-- = Analysis not performed.
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lithologic samples from area drill holes. Note that abundances for secondary quartz and
feldspar in Table 3-3 are calculated from XRD analyses, which provide total (primary plus
secondary) abundances. Non-secondary abundances for quartz and feldspar are subtracted
from the total abundances from XRD analyses where perographic dataare available to
indicate primary mineral abundances.

Except within the deepest layers penetrated by Well Cluster ER-20-5, alteration is similar
laterally within each lithologic layer. It must be noted, however, that lateral variationsin
alteration were not comprehensively characterized. At ER-20-5, alteration within the
lowermost bedded tuff of mafic-poor Calico Hills Formation is zeolite-dominated, but at
U20c it is dominated by quartzo-feldspathic minerals. In this case, alteration appears to be
more intense within the same layer due to agreater depth. The effect is appreciable, loweing
the depth of zeolite-dominated alteration in ER-20-5 about 60 m (197 ft) below the base of
the equivalent ateration zone in U20c, but about 90 m (295 ft) higher in elevation.

We conclude tha to afirst approximation, alteration in the TYBO-BENHAM areais
controlled by local, high-temperature deposits, and that depth has an appreciable effect on
alteration only at the greatest depths encountered. Local deposits that controlled alteration
include rhyolite of Benham, Tiva Canyon Tuff, and Topagpah Spring Tuff. Alteration effeds
are most pronounced beneath Topopah Spring Tuff, with alteration intensity decreasing
downwards, away from this heat source. The alteration associated with each local source can
be considered to represent an extension of the zone of devitrification within the local source,
and clearly occurred during cooling of each unit, a period of as much as a thousand years
following emplacement of each unit. Therefore, to afirst approximation, zones of alteration
tend to follow zones of lithology. Where alteration is not determined, or ispoorly
determined, for a particular unit in a particular hole, the alteration is best estimated for
modeling purposes by assigning alteraion well determined within the same lithologic
interval in anearby hole.

3.4 Hydrogeologic Implications

The results of the detailed subsurface geologic analysis of the TYBO-BENHAM area support
the general conclusions about the hydrogeology of thearea presented in previous reports
(DOE, 1997; Drellack and Prothro, 1997). The rocks penetrated by drill holesin the TYBO-
BENHAM area can be classified into four hydrogeologic units. Welded ash-flow tuff and
lava form welded-tuff and lava-flow aquifers, respectively. Unaltered nonwelded and bedded
tuffs form vitric-tuff aquifers, and altered nonwelded and bedded tuffs form tuff confining
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units. The hydrogeology of the TYBO-BENHAM area as defined by nearby drill holes can
be summarized as consisting of four saturated to partially saturated aquifers separated by tuff
confining units (Figures 3-15 and 3-16). Only those hydrogeologic units tha are at |east
partially saturaed within drill holes of the TYBO-BENHAM area are discussed in this
section. For discussions of the hydrogeology below the depth of thisinvestigation and
outside of the TYBO-BENHAM area, see Laczniak et al. (1996) and Drellack and Prothro
(1997).

3.4.1 Aquifers in the TYBO-BENHAM Area

Lavaof the rhyolite of Benham forms alava-flow aquifer in the TYBO-BENHAM area.
Although the aquifer occurs throughout most of the areg, it is generally unsaturated. Only
along the West Boxcar fault north of U20as and in the extreme northern portion of the study
area around U20ao is the aquifer deep enough to have its lower portion below the water table.
The measured fluid level in U20ao0 is anomalously high compared to nearby holes and the
estimated regional water table, and probably represents perched water within the rhyolite of
Benham (O’ Hagan and Laczniak, 1996).

The Tiva Canyon Tuff is a welded-tuff aguifer throughout the TYBO-BENHAM area. Inthe
southern portion of the area, the aquifer is present above the water table, and is thus
unsaturated. However, the northward dip of the unit resultsin a progressively greater
fraction of the aquifer becoming saturated to the north, until it is entirdy saturated just north
of U20c (Figure 3-16). The entire aquifer is also saturated just west of the West Boxcar and
Boxcar faults in the eastern portion of the study area. In the western part of the area near
ER-20-1, only the lower portion of the aquifer is saturated.

The Topopah Spring Tuff also forms awelded-tuff aquifer throughout the study area. The
aquifer isentirely saturated throughout the TY BO-BENHAM area.

Lavawithin the mafic-poor Calico Hills Formation forms another lava-flow aguifer within
the TYBO-BENHAM area. Detailed correlation of lithologic units within the lava, aswell as
petrographic/mineral ogic subunitswithin the mafic-poor Calico Hills Formation, strongly
suggests that this lava-flow aquifer occurs throughout the area with nearly uniform thickness
and character, particularly in a north-south direction. It iscompletely saturated throughout
the TYBO-BENHAM area.
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3.4.2 Confining Units in the TYBO-BENHAM Area

Detailed analysis of the distribution of alteration minerals reveals that secondary alteration
within tuff confining unitsis much more complex than previously described, and appears to
be controlled by local heat sources. 1n addition to the expected occurrence of zeolites such as
clinoptilolite and mordenite, higher temperature alteration minerals such as analcime and
quartzo-feldspathic minerals are also common. Although this complexity likely haslittle
effect on general hydrologic properties of these rocks, such as permeabilty, it could have
considerable effect on their sorption of radionuclides. Because alteration of originally vitric
rocksin the TYBO-BENHAM area appears to be controlled by proximity to local heat
sources such as overlying ash-flow tuffs and lavas, alteration minerals tend to be distributed
in zones that generally follow lithologic units.

3.4.3 Hydrologic Implications of Faulting in the TYBO-BENHAM Area

Faulting can create zones of enhanced permeability within aquifers due to increased
fracturing of rocks adjacent to the faults. Therefore, the two buried faults described in
Section 3.2.1.2 could form nearly vertical, narrow zones of enhanced permeability within
aquifers of the TYBO-BENHAM area. The north to north-northeast strike of these faults, as
well as the northward trend of surface fracture zones from underground weapons tests in the
area, strongly suggest that fracture permeability is preferentially oriented in a north-south
direction in the TYBO-BENHAM area This may help to explain why water sample data
from Well Cluster ER-20-5 indicate a southerly groundwater flow in the area (Thompson,
1998), even though analysis of hydrologic gradients suggests that groundwater flowsin a
westerly direction (O’ Hagan and Laczniak, 1996).

Fracture permeability, including zones of enhanced permeability along faults, has probably
been maintained through time in the TYBO-BENHAM area due to episodic fracturing of the
rocks. Evidencefor this assumption includes (1) episodic movement along faults at Pahute
Mesa (Warren et a., 1985), and (2) recent adjustments due to underground weapons testing
observed along the Boxcar and West Boxcar faults (Covington, 1987).
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4.0 Summary

The results of a detailed subsurface geologic analysis of the TYBO-BENHAM area support
general conclusions about the hydrogeology of the area presented in previous reports (DOE,
1997 and Drellack and Prothro, 1997), and provide additional geologic information important
for modeling groundwater flow and radionuclide migration in the area. The detailed work of
this study confirms the presence of four shallow aquifers separated by tuff confining units.
Correlation of geologic and hydrogeologic units strongly suggests that, as previous studies
show, the aquifers underlie the entire area. Confirming the nature and extent of
hydrogeologic units within the Calico Hills Formation is particularly important due to the
hydrogeol ogic impartance and lithologic complexity of the formation. Theuse of precise
petrographic and mineralogic analyses of samples from area drill holes resulted in the
recognition of subunits within the Calico Hills Formation. Theidentification of these
subunits allows more detailed and confident correlation of tuff confining units and lava-flow
aquifers within the TYBO-BENHAM area. |If found applicable regiondly, then this
technique could be useful in resolving complex stratigraphic problems in other areas, such as
at Well Cluster ER-20-6 where three lava-flow aquifers were encountered within the Calico
Hills Formation (DOE, 1998).

Subsurface andysis of the arearevealed two previously unrecognized buried fauts. These
faults could act as zones of enhanced permeability within aquifers. The north to north-
northeast strike of these faults, as well as the northward trend of surface fracture zones from
underground nud ear weapons tests in the area, strongly suggest that fracture permegbility is
preferentially oriented in a north-south direction in the TYBO-BENHAM area. This may
help to explain why water sample data from ER-20-5 indicate a southerly groundwater flow
in the area (Thompson, 1998) even though hydrologic gradients suggest that groundwater
flows in awesterly direction (O'Hagan and Laczniak, 1996).

Secondary alteration within tuff confining units was found to be much more complex than
previously described, consisting not only of zones of zeolitic ateration but also of zones
having substantial quartzo-feldspathic alteration. Although this complexity likely haslittle
effect on general hydrologic properties of these rocks, such as permeability, it could have
considerable effect on their sorption of radionuclides. These ateration zones appear to be
controlled by proximity to local heat sources, such as overlying ash flows and lava flows,



thus alteration zones tend to follow lithologic zonesin the TYBO-BENHAM area. The local
correspondence of alteration to lithology at Pahute Mesa stands in striking contrast to a

regional systematic downwards inaease in ateraion intensity seen within Y ucca Mountan
(Broxton et al., 1987).
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Appendix A

Detailed Lithologic Logs for Drill Holes of the TYBO-BENHAM Area
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Detailed Lithologic Log for Well ER-20-1
By L. B. Prothro and R. G. Warren, 1999

(Page 1 of 6)

Depth Thickness . .
Sample Laborator . . Lo ¢ Stratigraphic
Interval meters/ Tvpe 2 Analvses Z Lithologic Description Unit
meters/(feet) (feet) yp y
No Partially Welded Ash-Flow Tuff: Geologic samples and
0-18.3 18.3 . ; L
Sample None geophysical logs were not acquired through this interval. Geology Ttt
(0-60) (60) ; )
S inferred from surface geology and stratigraphy of nearby holes.
Partially Welded Ash-Flow Tuff: Lithologic samples and
geophysical logs were not acquired from 18.3 to 33.5 m (60 - 110 ft).
Geology inferred from surface geology, stratigraphy of nearby holes,
and underlying stratigraphy.
18.3-37.8 195 DA None Sample at 36.6 m (120 ft) is a mixture of vitric to devitrified, Tt
(60 - 124) (64) peralkaline, partially welded ash-flow tuff fragments, ranging in color P
from moderate-reddish-brown (10R 4/6) to very-dusky-red (10R 2/2).
The tuff fragments have minor to common feldspar phenocrysts, and
rare to minor mafic minerals of clinopyroxene and olivine. Some
fragments are scoriaceous. Also present are fragments of cement
and very-pale-orange, partially zeolitic, nonwelded tuff.
Nonwelded Ash-Flow Tuff: Moderate-brown (5YR 4/4); mostly
devitrified, partially vitric; minor light-brown (5YR 5/6) pumice less
than 2 mm in size; minor feldspar phenocrysts up to 5 mm in size;
37.8-53.3 155 . N L - ]
124 - 175 51 DB1 None minor mafic minerals of olivine and clinopyroxene; rare moderate- Ttr
( ) (51) reddish-brown (10R 4/6) lithic fragments less than 3 mm in size.
Samples contain fragments of cement and peralkaline welded ash-
flow tuff from uphole.
Bedded Tuff: Samples consist of fragments of cement and
53.3-74.4 21.1 . .
DB2 None peralkaline welded ash-flow tuff from uphole. Geology inferred from Ttr
(175 - 244) (69) .
geophysical logs.
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Depth Thickness Sample Laborator . . ¢ Stratigraphic
Interval meters/ Type a Analyses E,/ Lithologic Description Unit @
meters/(feet) (feet)
Nonwelded Ash-Flow Tuff: Light-brown (5Y 5/6); vitric, common
74.4-81.7 73 white (N9) pumice up to 10 mm in size; common felsic phenocrysts
Y ’ DA None of feldspar and lesser quartz; abundant biotite; minor pale-red (10R Tmar
(244 - 268) (24) o L .
6/2) lithic fragments less than 3 mm in size. Samples contain
abundant fragments of various tuffaceous lithologies from uphole.
Partially Welded Ash-Flow Tuff: Pale-red (10R 6/2); mostly vitric,
partially devitrified in upper part, becoming mostly devitrified and
partially vitric lower; common very-pale-orange (10YR 8/2) to dark-
81.7-93.9 12.2 ; . L
DA None yellowish-orange (10 YR 6/6) pumice up to 5 mm in size; common Tmar
(268 - 308) (40) ) :
felsic phenocrysts of feldspar and lesser quartz; common mafic
minerals of biotite and lesser clinopyroxene. Samples contain
abundant fragments of various tuffaceous lithologies from uphole.
Nonwelded Ash-Flow Tuff: Moderate-yellowish-brown (10YR 5/4);
vitric; common to abundant dark-yellowish-orange (10YR 6/6)
93.9-118.9 25.0 DA None pumice up to 5 mm in size; minor felsic phenocrysts of feldspar, Tmap
(308 - 390) (82) including chatoyant sanidine, and lesser quartz; minor biotite.
Samples contain abundant fragments of various tuffaceous
lithologies from uphole.
Bedded Tuff: Samples are a mixture of various tuffaceous
lithologies including abundant fragments of white (N9) vitric pumice
118.9-178.0 590.1 DB1 None up to 15 mm in size containing feldspar and quartz phenocrysts, Tmab
(390 - 584) (194) biotite, and sphene. Samples also include loose feldspar and quartz
crystals, and abundant fragments of peralkaline welded ash-flow tuff
from uphole.
Nonwelded Ash-Flow Tuff: Grayish-red (10R 4/2); vitric; abundant
white (N9) pumice up to 10 mm in size; minor felsic phenocrysts of
178.0-199.3 21.3 DA None feldspar and lesser quartz; minor mafic minerals of biotite and much Tmr
(584 - 654) (70) less clinopyroxene; rare dusky-red (5R 3/4) lithic fragments up to 2
mm in diameter; conspicuous dark-yellowish-orange (10YR 6/6)
glass shards.
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Depth Thickness Sample Laboratorg . . ¢ Stratigraphic
Interval meters/ Tvpe 2 Analvses Lithologic Description Unit @
meters/(feet) (feet) yp y
Partially Welded Ash-Flow Tuff: Light-brownish-gray (5YR 6/1);
devitrified, with vapor-phase mineralization; common light-brownish-
gray (5YR 6/1) partially flattened pumice less than 3 mm in size;
199.3-201.8 25 DA None minor felsic phenocrysts of quartz and feldspar; minor mafic Tmr
(654 - 662) (8) minerals of biotite and much less clinopyroxene; rare dark-reddish-
brown (10R 3/4) volcanic lithic fragments less than 3 mm in size;
conspicuous moderate-reddish-brown (10R 4/6) devitrified glass
shards.
Moderately Welded Ash-Flow Tuff: Mottled grayish-red (10R 4/2)
and moderate-reddish-brown (10R 4/6); mostly devitrified, partially
silicic; minor to common moderate-reddish-brown (10R 4/6) flattened
201.8-210.3 8.5 . T .
DA None pumice less than 3 mm in size; common felsic phenocrysts of Tmr
(662 - 690) (28) i o L
feldspar and lesser quartz; minor mafic minerals of biotite and much
less clinopyroxene. Fragments of translucent botryoidal chalcedony
are present in samples.
Densely Welded Ash-Flow Tuff: Mottled moderate-red (5R 5/4)
and grayish-black (N2); vitric; perlitic in part; common felsic
210.3-218.8 8.5 L L .
DA None phenocrysts of feldspar and quartz; minor mafic minerals of biotite Tmr
(690 - 718) (28) . .
and much less clinopyroxene. Fragments of translucent botryoidal
chalcedony are present in samples.
Moderately Welded Ash-Flow Tuff: Dark-reddish-brown (10R 3/4);
mostly vitric, partially devitrified; minor white (N9) pumice less than
218.8-223.1 4.3 DA None 2 mm in size; common felsic phenocrysts of feldspar and quartz; Tmr
(718 - 732) (14) minor mafic minerals of biotite and much less clino-pyroxene; rare
dusky-red (5R 3/4) volcanic lithic fragments up to 3 mm in diameter;
conspicuous light-brown (5YR 5/6) flattened glass shards.
Partially Welded Ash-Flow Tuff: Grayish-red (10R 4/2); vitric;
common white (N9) partially flattened pumice up to 10 mm in size;
223.1-225.6 25 . . R )
DA None minor felsic phenocrysts of feldspar and quartz; minor mafic Tmr
(732 - 740) (8) . o . . .
minerals of biotite and much less clinopyroxene; conspicuous dark-
yellowish-orange (10YR 6/6) glass shards.
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Interval meters/ Tvpe 2 Analvses Lithologic Description Unit @
meters/(feet) (feet) yp y
Nonwelded Ash-Flow Tuff: Moderate-brown (5Y 4/4); vitric;
common white (N9) pumice up to 8 mm in size; minor felsic
225.6 - 228.6 3.0 L S .
(740 - 750) (10) DA None phenocrysts of feldspar and quartz; minor mafic minerals of biotite Tmr
and much less clinopyroxene; rare dusky-red (5R 3/4) volcanic lithic
fragments up to 5 mm in size.
Bedded Tuff: Dark-yellowish-orange (10YR 6/6), grayish-orange
(10YR 7/4), and very-pale-orange (10YR 8/2); vitric; minor to
228.6 - 280.7 52.1 ; o
DB1 None common very-pale-orange (10YR 8/2) pumice up to 10 mm in size; Tmrf
(750 - 921) (171) . o .
rare felsic phenocrysts of quartz and feldspar; rare biotite; minor
volcanic lithic fragments of various colors and up to 10 mm in size.
Nonwelded Tuff: Pinkish-gray (5YR 8/1) becoming grayish-orange
(10YR 7/4) below approximately 295.7 m (970 ft); mostly vitric,
280.7 - 308.5 27.8 DA None partially zeolitic; minor pinkish-gray (5YR 8/1) pumice less than Trmrf
(921-1,012) (91) 2 mm in size; rare felsic phenocrysts of feldspar and quartz; rare
biotite; rare dark-reddish-brown (10R 3/4) volcanic lithic fragments up
to 5 mmin size.
Bedded Tuff: Pale-reddish-brown (10R 5/4), moderate-brown (5YR
4/4), and pale-yellowish-brown (10YR 6/2); mostly vitric, partially
zeolitic; rare to minor white (N9) pumice less than 3 mm in size; rare
to minor feldspar phenocrysts; minor mafic minerals of biotite and
308.5-311.2 2.7 . . S
DA None lesser hornblende and clinopyroxene; rare to abundant volcanic lithic Tmrh
(1,012 -1,021) 9 . S
fragments of various colors and less than 2 mm in size. Many of the
drill cuttings have a “sandy” texture with conspicuous magnetite and
may represent reworked tuff. The spectral gamma ray log shows an
increase in uranium and thorium through this interval.
Nonwelded Tuff: Moderate-yellowish-brown (10YR 5/4); mostly
vitric, partially devitrified; common moderate-orange-pink (10R 7/4)
311.2-321.3 10.1 DA None and pale-greenish-yellow (10Y 7/4) pumice up to 5 mm in size; Tob
(1,021 - 1,054) (33) minor felsic phenocrysts of feldspar and much less quartz; minor P
mafic minerals of biotite and lesser hornblende; rare dusky-red (5R
3/4) volcanic lithic fragments up to 3 mm in diameter; rare sphene.
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Depth Thickness Sample Laborator . . ¢ Stratigraphic
Interval meters/ Tvpe 2 Analvses E,/ Lithologic Description Unit @
meters/(feet) (feet) yp y
Flow Breccia: Mottled yellowish-gray (5Y 8/1) and dark-yellowish-
brown (10YR 4/2); mostly zeolitic, partially devitrified and silicic;
pumiceous; rare feldspar phenocrysts; minor mafic minerals of
biotite and lesser hornblende; common sphene. Fragments of white
321.3-341.4 20.1 .
DA None (N9) translucent botryoidal chalcedony and clusters of large (~4 mm) Tpb
(1,054 - 1,120) (66) .
clear subhedral quartz crystals are present in samples. Interval
appears to consist of dark-yellowish-brown (10YR 4/2) devitrified and
silicic lava fragments within a yellowish-gray (5Y 8/1) zeolitic and
pumiceous matrix.
Flow Breccia: Mottled pale-reddish-brown (10R 5/4), grayish-yellow
(5Y 8/4), and light-brownish-gray (5YR 6/1); mostly vitric, partially
341.4-379.8 38.4 DA None silicic and zeolitic; perlitic in part; rare feldspar phenocrysts; minor Tob
(1,120 - 1,246) (126) mafic minerals of biotite and lesser hornblende; common sphene. P
Fragments of white (N9) translucent botryoidal chalcedony are
present in samples.
Lava: Mottled light-gray (N7) and pale-brown (5YR 5/2); devitrified;
379.8-474.3 94.5 . . . )
DA None slightly pumiceous towards base of interval; rare feldspar Tpb
(1,246 - 1,556) (310) . Pt .
phenocrysts; rare biotite; rare sphene; flow banded.
Vitrophyric Lava: Dark-yellowish-brown (10YR 4/2), lesser
474.3-504.1 29.8 DA None moderate-reddish-brown (10R 4/6); vitric; perlitic in part; rare feldspar Tob
(1,556 - 1,654) (98) phenocrysts; rare biotite; rare sphene; rare white (N9) translucent P
chalcedony as fracture fill.
Flow Breccia: Pale-brown (5YR 5/2); mostly devitrified, partially
504.1-513.6 9.5 S . - o\ k
DA None silicic; pumiceous in part; minor feldspar phenocrysts; common Tpb
(1,654 - 1,685) (31) L
biotite; rare sphene.
Nonwelded Tuff: Pale-reddish-brown (10R 5/4); zeolitic; abundant
513.6 - 545.6 32.0 DA None moderate-orange-pink (10R 7/4) pumice less than 4 mm in size; rare Tob
(1,685 -1,790) (105) feldspar phenocrysts; minor biotite; rare moderate-brown (5YR 4/4) P
volcanic lithic fragments up to 5 mm in size; rare sphene.
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Depth Thickness Sample Laborator . . ¢ Stratigraphic
Interval meters/ Type a Analyses E,/ Lithologic Description Unit @
meters/(feet) (feet)
Nonwelded Tuff: Moderate-yellow (5Y 7/6); zeolitic, common
545.6 - 560.2 14.6 DA None moderate-yellow (5Y 7/6) pumice up to 4 mm in size; rare feldspar Tpcyp
(1,790 -1,838) (48) phenocrysts; rare biotite; rare moderate-brown (5YR 3/4) volcanic
lithic fragments up to 3 mm in size.
Partially Welded Ash-Flow Tuff: Light-gray (N7); devitrified, minor
560.2-572.4 12.2 DA TS, XRD, zeolitic; rare light-brownish-gray (5YR 6/1) recrystallized, partially Tpem
(1,838 -1,878) (40) XRF flattened pumice less than 2 mm in size; rare feldspar phenocrysts;
minor biotite; no lithic fragments.
572.4-629.4 Moderately Welded Ash-Flow Tuff: Grayish-red (10R 4/2) and
57.0 TS, XRD, moderate-reddish-brown (10R 4/6); devitrified; rare pinkish-gray (5YR
(1,878 - 2,065) DA . T . 4 Tpcm
0 (187) XRF 8/1) pumice up to 3 mm in size; minor feldspar phenocrysts; minor
biotite; rare sphene.

a DA =drill cuttings that represent lithologic character of interval; DB1 = drill cuttings enriched in hard components; DB2 = drill cuttings from
interval different than that drilled.

b TS =thin section; XRD = X-ray diffraction; XRF = X-ray fluorescence. See Appendix B (this report) for details of laboratory analyses.

c Descriptions are based mainly on visual examination of lithologic samples using a 10x- to 40x-zoom binocular microscope and geophysical logs.
Additional data from laboratory analyses have been incorporated into the descriptions. Colors describe wet sample color, and are based on the
Geological Society of America Rock-Color Chart.

Abundances for felsic phenocrysts, pumice fragments, and lithic fragments: trace = only one or two individuals observed; rare = < 1%;
minor =5%; common = 10%; abundant = 15%; very abundant = > 20%.

Abundances for mafic minerals: trace = only one or two individuals observed; rare = < 0.05%; minor = 0.2%; common = 0.5%;
abundant = 1%; very abundant = > 2%.

d Ttt = Trail Ridge Tuff; Ttp = Pahute Mesa Tuff; Ttr = Rocket Wash Tuff; Tmar = mafic-rich Ammonia Tanks Tuff; Tmap = mafic-poor Ammonia
Tanks Tuff; Tmab = bedded Ammonia Tanks Tuff; Tmr = Rainier Mesa Tuff; Tmrf = rhyolite of Fluorspar Canyon; Tmrh = tuff of Holmes Road;
Tpb = rhyolite of Benham; Tpcyp = crystal-poor tuff of Pinyon Pass; Tpcm = Pahute Mesa lobe of the Tiva Canyon Tuff. See Table 1-5 (this
report) for additional information regarding stratigraphic relationships in the vicinity of ER-20-1.
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Detailed Lithologic Log for Well Cluster ER-20-5
By L. B. Prothro and R. G. Warren, 1999

(Page 1 of 7)

This lithologic log combines geologic data from ER-20-5#1, ER-20-5#2, and ER-20-5#3 into a single composite lithologic log of the Well Cluster
ER-20-5 site. The log is modified from Appendix C of Completion Report for Well Cluster ER-20-5, U.S. Department of Energy Report

DOE/NV--466, UC-700, March 1997.

Depth a Thickness Sample Laboratory . . o d Stratigraphic
Interval meters/ Tvpe Analvses © Lithologic Description Unit €
meters/(feet) (feet) yp y
Partially Welded Ash-Flow Tuff: Grayish-brown (5YR 3/2);
devitrified; rare dark-gray (N3) pumice; minor feldspar phenocrysts;
0-9.1 9.1 DA, . L S : .
(0 - 30) (30) DB1 None minor mafic minerals of olivine and much less clinopyroxene; rare Ttt
moderate-brown (5 YR 3/4) lithic fragments up to 1 mm in
diameter.
91-201 11.0 Bedded Tuff: Samples consist mostly of very-pale-orange(10YR
(éO i 66) (36) DB1 None 8/2), light-gray (N7), and white (N9) fragments of vitric pumice. Tit
Pumice fragments contain rare feldspar phenocrysts and olivine.
Partially Welded Ash-Flow Tuff: Brownish-black (5YR 2/1) to
20.1 - 45.7 25 6 DA, grayish-black (.N2), .b'e(.:orr.ung moderat.e-brown.(SYR .4/4) below
(66 - 150) (84) DB1 None 36.6 m (120 ft); devitrified; weakly scoriaceous in part; rare Ttp
grayish-black (N2) pumice; minor feldspar phenocrysts; rare mafic
minerals of olivine and much less clinopyroxene.
Bedded Tuff: Samples are a mixture of vitric pumice and
45.7-52.4 6.7 DB1 None tuffaceous rock fragments; loose crystals of feldspar, olivine, and Tt
(150 - 172) (22) much less clinopyroxene; and abundant lost circulation material P
consisting of cottonseed hull fibers.
Nonwelded Ash-Flow Tuff: Moderate-brown (5YR 4/4); vitric;
minor to common white (N9) and light-brown (5YR 5/6) to dark-
52.4-67.7 15.3 DB1 None yellowish-orange (10YR 6/6) pumice; minor felsic phgnpcrysts of Tmap
(172 - 222) (50) feldspar and lesser quartz; minor mafic minerals of biotite
(including conspicuously large “booklets” up to 3 mm in size) and
clinopyroxene.
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| Depth a Thickness Sample Laboratory . . . d Stratigraphic
nterval meters/ T b Anal ¢ Lithologic Description Unit ©
meters/(feet) (feet) ype nalyses ni
Bedded Tuff: Samples are a mixture of pumice and various
tuffaceous rock fragments, loose crystals of quartz and feldspar,
67.7-95.7 28.0 DB1 None and abundant lost circulation material consisting of cottonseed Tmab
(222 - 314) (92) hull fibers. The pumice fragments dominate the samples and are
white (N9), vitric, and contain rare quartz and feldspar
phenocrysts, biotite, clinopyroxene, and a trace of sphene.
95.7 -106.7 11.0 DBL, Noqwelded Ash-Flow Tuff: thhology_ not WeII. r_epresgnted in drill
None cuttings samples due to poor circulation of drilling fluid. Geology Tmr
(314 - 350) (36) DB2 . -
inferred from geophysical logs.
Partially Welded Ash-Flow Tuff: Grayish-red (5Y 4/2); mostly
devitrified, partially vitric; minor to common mostly white (N 9)
106.7 - 112.8 6.1 DA, p.un?lce, common_ felsic phenocrysts of feldspar and qu.ar_tz, minor
None biotite, trace of clinopyroxene; rare dusky-red (5R 3/4) lithic Tmr
(350 - 370) (20) DB2 T -
fragments up to 2 mm in size. Samples contain abundant
fragments of cement and large (>2 cm) pieces of black rubber from
cement plug.
Moderately Welded Ash-Flow Tuff: Grayish-red (5R 4/2);
devitrified; minor grayish-pink (5R 8/2) pumice; common felsic
112.8-120.7 7.9 DA None phenocrysts of quartz and feldspar; minor biotite; rare dusky-red Tmr
(370 - 396) (26) (5R 3/4) lithic fragments up to 2 mm in size. Samples contain
abundant fragments of cement and large (>2 cm) pieces of black
rubber from cement plug.
Densely Welded Ash-Flow Tuff: Grayish-red (10R 4/2) to dark-
120.7 - 139.6 18.9 DB1 None gray (N3), mottled in part; vitric to devitrified; vitrophyric and Tmr
(396 - 458) (62) weakly perlitic in part; common felsic phenocrysts of feldspar and
quartz; common biotite.
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Depth Thick . .
ept a IcKness Sample Laboratory . . . d Stratigraphic
Interval meters/ T b Anal ¢ Lithologic Description Unit ©
meters/(feet) (feet) ype alyses
Nonwelded Ash-Flow Tuff: Samples are mixture of very-pale-
orange (10YR 8/2) fragments of vitric pumice, and tuffaceous rock
139.6 - 152.4 128 fragments of various colors. Pumice fragments contain rare
(458 i 500') (4'2) DB1 None phenocrysts of feldspar and quartz, and rare biotite. A grayish- Tmr
orange (10YR 7/4) vitric matrix coats many of the pumice
fragments. Loose crystals of feldspar and quartz are also present
in the samples.
Bedded Tuff: Samples are a mixture of mostly pumice and
tuffaceous rock fragments. Pumice is vitric and ranges in color
from grayish-orange (10YR 7/4) and light-brown (5YR 6/4) to white
152.4-214.0 61.6 4
DB1 None (N9). Feldspar and quartz crystals occur as phenocrysts in the Tmrf
(500 - 702) (202) ; L :
pumice fragments and as loose crystals. Biotite, present mainly
as rare small flakes in the pumice, was the only mafic mineral
observed.
214.0- 226.2 12.2 DB1 None Bedded Tuff: Samples are very similar to those from the interval Trmrf
(702 -742) (40) above. Stratigraphy and lithology based on geophysical logs.
Pumiceous Lava: Pale-yellowish-brown (10YR 6/2), becoming
black (N1) in part below approximately 265.2 m (870 ft); vitric;
226.2-284.4 58.2 DA None frothy and perlitic in part below approximately 265.2 m (870 ft); Tpb
(742 - 933) (191) rare feldspar phenocrysts; common biotite; minor conspicuous
sphene; rare fragments of white (N9) translucent chalcedony occur
in samples throughout interval.
2844 -382.2 97.8 Lav.a:. Mottled light-gray (N7) and grayish-red (1QR 4/2);
DA None devitrified; rare feldspar phenocrysts; common biotite; trace of Tpb
(933 -1,254) (321)
hornblende; trace of sphene.
Lava: Mottled grayish-black (N2) and light-brown (5YR 5/6); vitric
382.2-416.4 34.2 I o L
DA None and devitrified; perlitic where vitric; rare feldspar phenocrysts; Tpb
(1,254 - 1,366) (112) L . .
common biotite; minor conspicuous sphene.
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Depth Thickness

Interval 2 meters/ Samplbe Laborator%/ Lithologic Description d S”a“gfaé’h'c
meters/(feet) (feet) Type Analyses Unit
Flow Breccia: Mottled grayish-orange (10YR 7/4), pale-yellowish-
416.4-437.4 21.0 DA None brown (10YR 6/2) to dark-yellowish-brown (10YR 4/2), and pale- Tpb
(1,366 - 1,435) (69) reddish-brown (10R 5/4); devitrified, silicified in part; rare feldspar
phenocrysts; common biotite; minor conspicuous sphene.
Bedded Tuff: Pale-reddish-brown (10YR 6/2), grayish-yellow (5Y
8/4), and very-pale-orange (10YR 8/2); zeolitic; minor mostly
437.4-495.3 57.9 DA None rayish-yellow (5Y 8/4) pumice; minor feldspar phenocrysts; Tpb
(1,435 - 1,625) (190) grayish-yeriow ¢ pumice, parp ysts; P
common biotite; rare to minor moderate-brown (5YR 4/4) lithic
fragments up to 4 mm in size; rare sphene.
Bedded Tuff: Pale-yellowish-brown (10YR 6/2); zeolitic; minor to
495.3-509.3 14.0 DA None common very-pale-orange (10YR 8/2) pumice; rare feldspar Tpeyp
(1,625-1,671) (46) phenocrysts; rare biotite; rare dusky-brown (5YR 2/2) lithic
fragments up to 2 mm in size.
Partially Welded Ash-Flow Tuff: Light-brownish-gray (5YR 6/1);
devitrified, with moderate vapor-phase mineralization; minor light-
509.3-519.4 10.1 DA None ray (N7) pumice; rare feldspar phenocrysts; rare biotite; rare Tpcm
(1,671 - 1,704) (33) gray (/) pumice, parp ySIS; > fa P
moderate-brown (5YR 3/4) lithic fragments up to 1 mm in size;
rare sphene.
Moderately Welded Ash-Flow Tuff: Moderate-brown (5YR 3/4)
to approximately 527.3 m (1,730 ft), grayish-red (10R 4/2) from
5194 - 601.4 820 appr_oximately 527.3t0579.1 m (1,730 - 1,900 ft), and mottled
(1,704 - 1,973) (269) DA None grayish-brown (5YR 3/2) and light-brown (5YR 5/6) below Tpcm
' ' approximately 579.1 m (1,900 ft); devitrified; rare, mostly light-gray
(N7) pumice; rare feldspar phenocrysts; rare biotite; minor sphene.
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| Depth a Thickness Sample Laboratory . . . d Stratigraphic
nterval meters/ T b Anal ¢ Lithologic Description Unit ©
meters/(feet) (feet) ype nalyses ni
Bedded Tuff: Yellowish-gray (5Y 8/4), moderate-reddish-brown
(10R 4/6) and dark-yellowish-orange (10YR 6/6); zeolitic; minor to
common pumice; rare to minor feldspar phenocrysts; rare to minor
biotite; rare to common lithic fragments up to 1 cm in size.
601.4 - 678.2 76.8 DA TS XRD Conspicuous chalcedony- and manganese-oxide-filled fractures up Tp
(1,973 - 2,225) (252) ' to 1 mm in width observed in fragments of drill cuttings samples at
approximately 637.0 m (2,090 ft). Laboratory analyses and
geophysical logs indicate interval is rhyolite of Black Glass
Canyon above 649.8 m (2,132 ft), and rhyolite of Delirium Canyon
below.
Partially Welded Ash-Flow Tuff: Light-bluish-gray (5B 7/1);
678.2 - 684.6 6.4 DA None devitrified, with vapor-phase mineralization; minor moderate- Tptm
(2,225 - 2,246) (21) reddish-brown (10R 4/6) partially flattened pumice; minor feldspar
phenocrysts; minor biotite.
Moderately Welded Ash-Flow Tuff: Grayish-red (10R 4/2) to
approximately 717.8 m (2,355 ft), moderate-brown (5 YR 3/4) from
717.8to 748.3 m (2,355 - 2,455 ft), and light-brown (5YR 5/6)
684.6 - 789.7 105.1 DA None below 748.3 m (2,455 ft); devitrified, becoming partially zeolitic Tptm
(2,246 - 2,591) (345) below approximately 748.3 m (2,455 ft); rare flattened pumice;
minor felsic phenocrysts of feldspar and a trace of quartz; minor
mafic minerals of biotite, with conspicuous clinopyroxene below
approximately 763.5 m (2,505 ft).
789.7 - 830.6 40.8 Nonwelded Ash-Flow Tuff: Pale-brown (5YR 5/2); potassic
(2,591 - 2,725) (134) (alteration based on laboratory analyses from nearby hole U20y);
DA None rare felsic phenocrysts of feldspar and a trace of quartz; minor Tptm
789.7 - 826.9 37.2 biotite; rare dark-reddish-brown (10R 3/4) lithic fragments up to
(2,591 - 2,713) (122) 2 mm in size.
830.6 - 906.8 76.2 Bedded Tuff: Moderate-reddish-brown (10R 4/6); silicic,
(2,725 - 2,975) (250) TS XRD zeolitic,and potassic; common grayish-yellow (5Y 8/4) and very-
DA )’(RF ' pale-orange (10YR 8/2) pumice; rare felsic phenocrysts of feldspar Thp
826.9 - 902.2 75.3 and quartz; minor biotite; rare dark-reddish-brown (10R 3/4) lithic
(2,713 - 2,960) (247) fragments up to 2 mm in size.
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Lithologic Log for Well Cluster ER-20-5 Page 6 of 7

Depth Thickness

Interval 2 meters/ Samplbe Laborator%/ Lithologic Description d S”a“gfaé’h'c
meters/(feet) (feet) Type Analyses Unit
906.8 - 979.0 72.2 Bedded Tuff: Yellowish-gray (5Y 7/2) to dusky-yellow (5Y 6/4);

(2,975 - 3,212) (237) zeolitic and potassic, silicified in part; very rare felsic phenocrysts

DA, SC XRD, XRF of feldspar and quartz; rare biotite. Thp
902.2-972.6 70.4
(2,960 - 3,191) (231)
979.0 - 988.2 9.2 Pumiceous Lava: Yellowish-gray (5Y 7/2); zeolitic; very rare
(3,212 - 3,242) (30) felsic phenocrysts of feldspar and quartz; rare biotite; rare

DA None manganese-oxide-filled fractures less than 0.5 mm in width. Thp

972.6 - 981.8 9.2
(3,191 - 3,221) (30)

Lava: Moderate-yellowish-brown (10YR 5/4) to approximately
999.7 m (3,280 ft) 993.0 m (3,258 ft), pale-reddish-brown (10R 5/4)

988.2 - 1067.4 79.2 to grayish-red (10R 4/2) from approximately 999.7 to 1,039.4 m
(3,242 - 3,502) (260) (3,280 - 3,410 ft) 993.0 - 1,031.7 m (3,258 - 3,385 ft), and mostly
DA, SC None medium-light-gray (N6) below approximately 1,039.4 m (3,410 ft) Thp
981.8-1,059.2 77.4 1,031.7 (3,385 ft); mostly devitrified to partially zeolitic, vitrophyric
(3,221 - 3,475) (254) and silicified in part; rare felsic phenocrysts of feldspar and quartz;

rare biotite; flow-banded in part; common chalcedony- and
manganese-oxide-filled fractures less than 1 mm in width.

Lava: Light brownish-gray (5YR 6/1) and grayish-black (N2) to

1,067.4-1,113.1 45.7 approximately 1,082.0 m (3,550 ft) 1,073.5 m (3,522 ft), mostly
(3,502 - 3,652) (150) . . . . .
DA SC None grayish-black (Ng) below; partla!ly devitrified (light-brownish-gray Thp
1,059.2 - 1,104.0 448 ' fragments) and vitrophyric (grayish-black fragments) to
(3,475 - 3,622) (147) approximately 1,082.0 m (3,550 ft) 1,073.5 m (3,522 ft), mostly
vitrophyric below; rare feldspar phenocrysts; rare biotite.
1,113.1-1,189.3 76.2 Pumiceous Lava: Pale-yellowish-brown (10YR 6/2) and
(3,652 - 3,902) (250) yellowish-gray (5Y 7/2), mottled; zeolitic; rare felsic phenocrysts
DA, SC XRD, XRF of feldspar and quartz; rare biotite. Thp
1,104.0-1,178.1 74.1
(3,622 - 3,865) (243)
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Lithologic Log for Well Cluster ER-20-5 Page 7 of 7

Depth Thickness

Interval 2 meters/ Samplbe Laborator():/ Lithologic Description d S”a“gfaé’h'c
meters/(feet) (feet) Type Analyses Unit
1,189.3-1,250.9 61.6 Bedded Tuff: Grayish-orange (10YR 7/4) to moderate-yellowish-
(3,902 - 4,104) (202) brown (10YR 5/4); zeolitic; minor pumice; rare felsic phenocrysts
DA, SC XRD, XRF of feldspar and quartz; rare biotite; rare moderate-reddish-brown Thp
1,178.1-1,238.1 60.0 (10R 4/6) lithic fragments up to 2 mm in size.
(3,865 - 4,062) (297)
1,250.9 - 1,308.8 579 Bedded Tuff: Moderate-orange-pink (5YR 8/4) to moderate-
(4,104 - 4,294) : reddish-brown (10R 4/6); silicic and potassic, and minor zeolitic;
TD (190) minor pumice; minor felsic phenocrysts of feldspar and quartz;
p ; p Yy p q ;
DA, SC XRD, XRF minor biotite; rare moderate-reddish-brown (10R 4/6) lithic Thr
1238.1-1294.2 56.1 fragments up to 3 mm in size.
(4062 - 4246) (18.4)
TD

a

Because ER-20-5#3 deviated substantially from the vertical below 789.7 m (2591 ft), true vertical depths and thicknesses are provided in italics
below this depth.

DA = drill cuttings that represent lithologic character of interval; DB1 = drill cuttings enriched in hard components; SC = sidewall core.
TS = thin section; XRD = X-ray diffraction; XRF = X-ray fluorescence. See Appendix B (this report) for details of laboratory analyses.

Descriptions are based mainly on visual examination of lithologic samples using a 10x- to 40x-zoom binocular microscope and geophysical logs.
Additional data from laboratory analyses have been incorporated into the descriptions. Colors describe wet sample color, and are based on the
Geological Society of America Rock-Color Chart.

Abundances for felsic phenocrysts, pumice fragments, and lithic fragments: trace = only one or two individuals observed; rare = < 1%;

minor =5%; common = 10%; abundant = 15%; very abundant = > 20%.

Abundances for mafic minerals: trace = only one or two individuals observed; rare = < 0.05%; minor = 0.2%; common = 0.5%;

abundant = 1%; very abundant = > 2%.

Ttt = Trail Ridge Tuff; Ttp = Pahute Mesa Tuff; Tmap = mafic-poor Ammonia Tanks Tuff; Tmab = bedded Ammonia Tanks Tuff, Tmr = Rainier
Mesa Tuff; Tmrf = rhyolite of Fluorspar Canyon; Tpb = rhyolite of Benham; Tpcy = tuff of Pinyon Pass; Tpcm = Pahute Mesa lobe of the Tiva
Canyon Tuff; Tp = rhyolite of Black Glass Canyon and rhyolite of Delirium Canyon; Tptm = Pahute Mesa lobe of the Topopah Springs Tuff; Thp
= mafic-poor Calico Hills Formation; Thr = mafic-rich Calico Hills Formation. See Table 1-5 (this report) for additional information regarding
stratigraphic relationships in the vicinity of Well Cluster ER-20-5.
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Detailed Lithologic Log for Emplacement Hole U20ag
By L. B. Prothro and R. G. Warren, 1999

(Page 1 of 5)

Depth Thickness Sample Laborator . . T Stratigraphic
Interval meters/ T a Anal E’ Lithologic Description Unit @
meters/(feet) (feet) ype nalyses n
No Moderately Welded Ash-Flow Tuff: No drill hole data.
0-12.2 12.2 . o .
(0 - 40) (40) Sample None Strgtlgraphy is mferred from surface exposures. Lower contact is Ttt
S estimated. Base of interval may be bedded tuff.
Partially Welded Ash-Flow Tuff: Pale-brown (5YR 5/2); devitrified,
vapor-phase mineralization; minor medium-dark-gray (N 4) and
dusky-yellowish-brown (10YR 2/2) recrystallized partially flattened
122 -43.0 308 pumice less than 5 mm in size_; minor feldspar pheno_crysts above
(4‘0 i 14i) (10'1) DB1 CO, 24.4 m (80 ft), becoming rare in abundance below; minor altered Ttp
olivine; rare dusky-brown (5YR 2/2); volcanic lithic fragments up to
20 cmin size. Interval is probably crystal-rich Pahute Mesa Tuff
(Ttpr) above approximately 25.9 m (85 ft), and crystal-poor Pahute
Mesa Tuff (Ttpp) below.
Moderately Welded Ash-Flow Tuff: Grayish-brown (5YR 3/2) to
43.0 - 64.0 210 45.7 m (150 ft), becoming moderate-brown (5YR 3/4) below;
. ) i DA None devitrified; rare medium-gray (N 5) and brownish-black (5YR 2/1) Ttp
(141 - 210) (69) ) S
flattened pumice less than 5 mm in size; rare feldspar phenocrysts;
rare olivine and dark pyroxene; no lithic fragments.
Partially Welded Ash-Flow Tuff: Moderate-brown (5YR 4/4);
devitrified, vapor-phase mineralization; minor pale-red (10YR 6/2) and
64.0-73.5 9.5 DB1 co moderate-brown (5YR 3/4) recrystallized, partially flattened pumice Tir
(210 - 241) (32) 2 less than 4 mm in size; minor feldspar phenocrysts; rare olivine and
dark pyroxene; rare grayish-brown (5YR 3/2) volcanic lithic
fragments less than 5 mm in size.
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Lithologic Log for U20ag Page 2 of 5
Depth Thickness . .
Interval meters/ STamé)Iae 'Ai*;‘l”gg;rz Lithologic Description ¢ S”""t'}%f‘c?h'c
meters/(feet) (feet) yp y
Partially Welded Ash-Flow Tuff: Moderate-yellowish-brown (10YR
5/4); mostly vitric, partially devitrified; common white (N 9), brownish-
black (5YR 2/1), and dark-yellowish-orange (10Y 6/6) vitric pumice
73.5-93.3 19.8 S ;
DB1 XRD, CO, up to 10 mm in size; common felsic phenocrysts of feldspar and Tmar
(241 - 306) (65) i o s . )
quartz; common mafic minerals of biotite and lesser clinopyroxene;
rare dark-reddish-brown (10YR 3/4) lithic fragments of devitrified
welded tuff up to 10 mm in size.
Bedded Tuff: Samples consist of loose crystals of quartz and
feldspar; fragments of white (N 9) vitric pumice up to 20 mm in size
containing phenocrysts of quartz, feldspar, biotite, and sphene; and
93.3-121.3 28.0 " . . S
306 - 398 92 DB1 Co, lithic fragments representing a variety of volcanic lithic fragments, Tmab
( ) (92) including partially welded Ammonia Tanks Tuff (Tma) from up-hole.
A white (N 9) vitric matrix partially coats some of the felsic crystals
and lithic fragments.
Nonwelded Ash-Flow Tuff: Moderate-brown (5YR 4/4); vitric; minor
white (N 9) and light-brown (5YR 5/6) pumice typically less than
121.3-126.8 5.5 Lo ; )
DB1 None 4 mm in size; minor felsic phenocrysts of quartz and feldspar; Tmrr
(398 -416) (18) o - . .
common mafic minerals of biotite and much less clinopyroxene; rare
grayish-red (5R 4/2) volcanic lithic fragments less than 2 mm in size.
Partially Welded Ash-Flow Tuff: Pale-reddish-brown (10R 5/4);
devitrified, with vapor-phase mineralization; common medium-light-
126.8 - 134.7 7.9 DA co gray (N 6) and light-brown (5YR 5/6) partially flattened, recrystallized —
(416 - 442) (26) 2 pumice less than 5 mm in size; common felsic phenocrysts of
feldspar and quartz; abundant mafic minerals of biotite and lesser
clinopyroxene; trace of lithic fragments.
Moderately Welded Ash-Flow Tuff: Grayish-red (10R 4/2);
134.7-164.0 29.3 DA XRD. CO devitrified; common yellowish-gray (5Y 8/1) flattened pumice less Tmrr
(442 - 538) (96) r2 than 4 mm in size; common felsic phenocrysts of feldspar and
quartz; common biotite; no lithic fragments.
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Lithologic Log for U20ag

Page 3 of 5

Depth Thickness . .
Interval meters/ STamé)Iae 'Ai*;‘l”gg;rz Lithologic Description ¢ S”""t'}%f‘c?h'c
meters/(feet) (feet) yp y
Densely Welded Ash-Flow Tuff: Grayish-red (10R 4/2); devitrified;
164.0-171.3 7.3 - "
DA None common felsic phenocrysts of feldspar and quartz; common biotite; Tmrr
(538 -562) (24) I
no lithic fragments.
Moderately Welded Ash-Flow Tuff: Grayish-red (10R 4/2);
171.3-176.8 55 DA None devitrified; minor yellowish-gray (5Y 8/1) flattened pumice less than Tmrr
(562 - 580) (18) 4 mm in size; common felsic phenocrysts of feldspar and quartz;
common biotite; no lithic fragments.
Moderately Welded Ash-Flow Tuff: Grayish-red (5R 4/2);
176.8-185.9 9.1 DB1 None devitrified; minor light-gray (N 7) flattened pumice less than 2 mm in .
(580 - 610) (30) size; minor felsic phenocrysts of feldspar and quartz; minor biotite; P
no lithic fragments.
Densely Welded Ash-Flow Tuff: Moderate-brown (5YR 3/4);
devitrified; common felsic phenocrysts of feldspar and quartz; rare
185.9-198.7 12.8 - - .
(610 - 652) (42) DA CO, biotite; no lithic fragments; conspicuous fragments of round Tmrp
lithophysae up to 5 mm in diameter, and mostly filled with crystalline
quartz.
Vitrophyric Ash-Flow Tuff: Mottled brownish-black (5YR 2/1) and
198.7 - 208.8 101 DB1 - XRD moderate-brown (5YR 3/4); mostly vitric, partially devitrified, minor T
(652 - 685) (33) DA argillic; perlitic; common felsic phenocrysts of feldspar and quartz; P
minor biotite; no lithic fragments.
Nonwelded Ash-Flow Tuff: Samples consist of loose crystals of
feldspar and quartz; moderate-reddish-orange (10R 6/6) fragments of
208.8 - 216.4 7.6 o . T A
685 - 710 25 DB1 None vitric pumice up to 8 mm in size; various volcanic lithic fragments up Tmrp
( i ) (25) to 15 mm in size; and a few flakes of biotite. A moderate reddish-
brown (10R 4/6) vitric matrix coats most of the pumice fragments.
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Lithologic Log for U20ag

Page 4 of 5

Depth
Interval
meters/(feet)

216.4 - 283.5
(710 - 930)

Thickness
meters/
(feet)

67.1
(220)

Sample
Type @

DB1

Laborator%/
Analyses

Cco,

Lithologic Description ©

Bedded Tuff: Samples consist of loose fragments of white (N 9)
and very-pale -orange (10YR 8/2) vitric pumice generally less than
5 mm in size, and containing phenocrysts of quartz, feldspar, and
biotite; loose felsic crystals of quartz and feldspar; a variety of
volcanic lithic fragments less than 5 mm in size; and a very small
amount of loose biotite. A white (N 9) and grayish-orange (10YR
714) vitric matrix partially coats many of the fragments and crystals.

Stratigraphic
Unit @

Tmrf

283.5-292.6
(930 - 960)

9.1
(30)

DA

XRD, CO,

Nonwelded Tuff: Very-pale-orange (10YR 8/2); vitric; abundant
yellowish-gray (5Y 8/1) vitric pumice generally less than 3 mm in
size; minor felsic phenocrysts of feldspar and quartz; rare biotite;
rare mostly pale-reddish-brown (10R 5/4) lithic fragments of
devitrified volcanic rocks less than 4 mm in size.

Tmrf

292.6 - 304.8
(960 - 1,000)

12.2
(40)

DA,
DB1

Co,

Bedded Tuff: Samples consist of loose crystals of quartz and
feldspar; fragments of white (N 9) vitric pumice less than 2 mm in
size, and containing biotite; and a variety of devitrified lava and
welded tuff lithic fragments. Intact fragments of vitric and calcic
bedded tuff compose the majority of sample at 301.8 (990 ft).

Tmrh

304.8 - 333.8
(1,000 - 1,095)

29.0
(95)

DA,
DB1

XRD, CO,

Bedded Tuff: Very-pale-orange (10YR 8/2) to 320.0 m (1,050 ft),
becoming moderate-yellowish-brown (10YR 5/4) below; mostly
zeolitic, partially vitric; common to abundant very-pale-orange (10YR
8/2) and grayish-yellow (5Y 8/4) zeolitic to partially vitric pumice up

to 5 mm in size; minor to common felsic phenocrysts of feldspar and
quartz; common to abundant mafic minerals of biotite, lesser
hornblende, and much less clinopyroxene, hornblende increases
substantially in abundance below 320.0 (1,050 ft); minor to common
volcanic lithic fragments of various colors, and up to 4 mm in size;
common partially altered sphene.

Tmrh

333.8-353.6
(1,095 - 1,160)

19.8
(65)

DA

None

Pumiceous Lava: Grayish-yellow (5Y 8/4); mostly zeolitic, partially
vitric; rare feldspar phenocrysts; abundant biotite; no lithic
fragments; minor sphene.

Tpb

Geology of the TYBO-BENHAM Area--Appendix A

DOE/NV/11718--305



61-V

Lithologic Log for U20ag Page 5 of 5

Depth Thickness . .
Interval meters/ Samplae Labcl)ratorz Lithologic Description ¢ S”a“gfac?h'c
meters/(feet) (feet) Type Analyses Unit
Pumiceous Lava: Yellowish-gray (5Y 7/2) and pale-brown (5YR
5/2); becoming mostly pale-brown (5YR 5/2) below 362.7 m
(1,190 ft); mostly zeolitic, partially devitrified and silicic above
353.6 - 376.7 23.1 DA XRD 362.7 m (1,190 ft), becoming mostly devitrified and silicic, and Tpb
(1,160 - 1,236) (76) partially vitric and zeolitic below 362.7 m (1,190 ft); pumiceous and
spherulitic, weakly perlitic where partially vitric; rare feldspar
phenocrysts; abundant biotite; minor sphene; abundant secondary
quartz as crystal aggregates and chalcedony.
Lava: Light-gray (N 7) to light-brownish-gray (5YR 6/1); devitrified,
partially vitric in some intervals; weakly pumiceous; rare feldspar
376.7-670.6 293.9 phenocrysts; abundant biotite; minor sphene.
(1,236 - 2,200) (964) DA None ' ' Tpb
™ Horizontal to near vertical flow banding observed with downhole
camera (Howard, 1981).

a DA =drill cuttings that represent lithologic character of interval; DB1 = drill cuttings enriched in hard components.
b CO, = Carbon dioxide analysis; XRD = X-ray diffraction. See Appendix B (this report) for details of laboratory analyses.

c Descriptions are based mainly on visual examination of lithologic samples using a 10x- to 40x-zoom binocular microscope and geophysical logs.
Additional data from laboratory analyses have been incorporated into the descriptions. Colors describe wet sample color, and are based on the
Geological Society of America Rock-Color Chart.

Abundances for felsic phenocrysts, pumice fragments, and lithic fragments: trace = only one or two individuals observed; rare = < 1%;
minor =5%; common = 10%; abundant = 15%; very abundant = > 20%.

Abundances for mafic minerals: trace = only one or two individuals observed; rare = < 0.05%; minor = 0.2%; common = 0.5%;
abundant = 1%; very abundant = > 2%.

d Ttt = Trail Ridge Tuff; Ttp = Pahute Mesa Tuff; Ttr = Rocket Wash Tuff; Tmar = mafic-rich Ammonia Tanks Tuff; Tmab = bedded Ammonia
Tanks Tuff; Tmrr = mafic-rich Rainier Mesa Tuff; Tmrp = mafic-poor Rainier Mesa Tuff; Tmrf = rhyolite of Fluorspar Canyon; Tmrh = tuff of
Holmes Road; Tpb = rhyolite of Benham. See Table 1-5 (this report) for additional information regarding stratigraphic relationships in the vicinity
of U20ag.
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Detailed Lithologic Log for Emplacement Hole U20ao
By L. B. Prothro and R. G. Warren, 1999

(Page 1 of 7)

Depth
Interval
meters/(feet)

0-13.7
(0-45)

Thickness
meters/
(feet)

13.7
(45)

Sample
Type @

DA

Laboratory
Analyses b

None

Lithologic Description ©

Partially Welded Ash-Flow Tuff: Grayish-brown (5YR 3/2);

devitrified, with vapor-phase mineralization; common dark-yellowish-
brown (10YR 4/2) and dusky-yellowish-brown (10YR 2/2) scoriaceous
pumice up to 10 mm in size; minor feldspar phenocrysts; common
olivine, trace dark clinopyroxene; rare dusky-brown (5YR 2/2) volcanic
lithic fragments less than 2 mm in size.

Description is from a single box of drill cuttings representing the 6.1
t0 9.1 m (20 - 30 ft) interval. All other samples for this interval are
missing.

Stratigraphic
Unit @

Ttt

13.7-20.7
(45 - 68)

7.0
(23)

DB1

None

Bedded Tuff: Sample consists mostly of white (N9), medium-gray
(N5), and grayish-orange (10YR 7/4) fragments of vitric pumice
averaging 1 mm in size. Also present, but in much less quantities,
are dark-gray (N3) and moderate-reddish-brown (10YR 4/6) volcanic
lithic fragments less than 3 mm in size, and crystals of feldspar. The
few mafic minerals observed include clinopyroxene, olivine, and
biotite.

Description is from a single sample representing the 12.2 to 15.2 m
(40 - 50 ft) interval.

Tt

20.7 - 46.9
(68 - 154)

26.2
(86)

DB1

None

Partially Welded Ash-Flow Tuff: Grayish-brown (5YR 3/2), mostly
devitrified, partially vitric, with vapor-phase mineralization and a
scoriaceous appearance to approximately 22.9 m (75 ft); becoming
pale-yellowish-brown (10YR 6/2) to dusky-yellowish-brown (10YR 2/2)
and devitrified, with vapor-phase mineralization below; minor dusky-
brown (5YR 2/2) pumice up to 5 mm in size; minor feldspar
phenocrysts; minor mafic minerals of olivine and lesser
clinopyroxene; rare very-dusky-red (10R 2/2) lithic fragments less
than 2 mm in size.

Ttp
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Lithologic Log for U20ao Page 2 of 7

Depth Thickness | oo ole Laboratory . , ¢ Stratigraphic
Interval meters/ Type 2 Anal b Lithologic Description Unit ©
meters/(feet) (feet) y nalyses nit

Bedded Tuff: Sample consists mostly of a variety of moderately to

46.9-49.4 25 DB2 None partially welded, peralkaline, ash-flow tuff fragments that appear not to Ttp
(154 - 162) (8) present the true lithology of this interval; and lesser loose feldspar
crystals.

Moderately Welded Ash-Flow Tuff: Grayish-red (10R 4/2);
devitrified; minor medium-light-gray (N6) devitrified flattened pumice;
DA None minor feldspar phenocrysts; minor mafic minerals of olivine and lesser Ttr
clinopyroxene; trace grayish-black (N2) volcanic lithic fragments less
than 1 mm in size.

49.4-54.2 4.8
(162 - 178) (16)

Nonwelded Ash-Flow Tuff: Dark-yellowish-brown (10YR 4/2); vitric,
calcareous in upper part; common olive-black (5Y 2/1) and pale-
yellowish-brown (10YR 6/2) pumice up to 10 mm in size; minor
DB1 None feldspar phenocrysts up to 5 mm in size; minor olivine; common Ttr
volcanic lithic fragments of various colors, and up to 10 mm in size;
very abundant and conspicuous olive-black (5Y 2/1) vesiculated glass
shards.

54.2 - 64.0 9.8
(178 - 210) (32)

Bedded Tuff: Moderate-yellowish-brown (10YR 5/4), pale-yellowish-
brown (10YR 6/2), and dark-yellowish-orange (10YR 6/6); mostly
vitric, partially calcareous, argillic at base; minor very-pale-orange
64.0-70.1 6.1 DB1 None (10YR 8/2) to grayish-orange (10YR 7/4) pumice less than 3 mm in
(210 - 230) (20) size; abundant felsic phenocrysts of feldspar and lesser quartz;
common mafic minerals of biotite, hornblende, and clinopyroxene;
minor to common volcanic lithic fragments of various colors up to

10 mm in size, but typically less than 2 mm in size.

Ttbr
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Depth
Interval
meters/(feet)

70.1-82.3
(230 - 270)

Thickness
meters/
(feet)

12.2
(40)

Sample
Type 2

DB1

Laboratory
Analyses b

None

Lithologic Description ©

Bedded Tuff: Samples consist of loose pumice and lithic fragments,
felsic crystals, and mafic minerals. Pumice and lithic fragments are
the most abundant constituents, particularly in upper part. Felsic
crystals and mafic minerals increase substantially in abundance in
lower portion. Pumice fragments are white (N9) to very-pale-orange
(10YR 8/2), vitric and generally less than 2 mm in size. Lithic
fragments are grayish-red (10R 4/2) devitrified welded tuff and lava
less than 2 mm in size. Felsic crystals are mostly feldspar and
lesser quartz. Mafic minerals are mostly biotite with lesser
hornblende and clinopyroxene. Sphene is present on many of the
pumice fragments. Samples are weakly to moderately calcareous.

Stratigraphic
Unit ¢

Tfow

82.3-105.2
(270 - 345)

22.9
(75)

DB1

None

Partially Welded Ash-Flow Tuff: Mostly black (N1) to olive-black

(5Y 2/1), becoming dark-yellowish-orange (10YR 6/6) at top and base
of interval; vitric to 100.6 m (330 ft), becoming mostly devitrified and
partially vitric below; minor to common mostly black (N1) and white
(N9) pumice up to 7 mm in size, mostly pale-yellowish-orange vitric
pumice at top and base of interval; common feldspar phenocrysts of
qguartz and feldspar; common mafic minerals of biotite and
clinopyroxene; minor moderate-orange-pink (10R 7/4) lithic fragments
of devitrified moderately welded ash-flow tuff less than 3 mm in size;
abundant black (N1) vesiculated glass shards.

Tmar

105.2 - 130.5
(345 - 428)

25.3
(83)

DB1

None

Partially Welded Ash-Flow Tuff: Pale-yellowish-brown (10YR 6/2);
mostly devitrified, partially vitric, common dark-yellowish-orange
(10YR 6/6) vitric to partially devitrified pumice, and pale-yellowish-
brown (10YR 6/2) devitrified pumice up to 5 mm in size; minor felsic
phenocrysts of feldspar and quartz, including chatoyant sanidine; rare
to minor mafic minerals of biotite and lesser clinopyroxene; minor
lithic fragments of devitrified moderately welded ash-flow tuff generally
less than 3 mm in size; common dark-yellowish-orange (10YR 6/6)
vitric to partially devitrified vesiculated glass shards.

Tmap
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Depth
Interval
meters/(feet)

130.5 - 150.6
(428 - 494)

Thickness
meters/
(feet)

20.1
(66)

Sample
Type 2

DB1

Laboratory
Analyses b

XRD

Lithologic Description ©

Bedded Tuff: Samples consist of loose felsic crystals of feldspar

and quartz less than 2 mm in size, and much less amounts of white
(N9) vitric pumice fragments, less than 3 mm in size; lithic fragments
of welded ash flow tuff of various colors and less than 5 mm in size;
and mafic minerals of clinopyroxene, hornblende, and lesser biotite.
Sample at 149.4 m (490 ft) contains abundant fragments of white (N9)
to very-pale-orange (10YR 8/2) botryoidal common opal and
chalcedony up to 30 mm in size. Fragments of argillic nonwelded tuff
up to 2 mm in size are also present in sample at 149.4 m

(490 ft).

Stratigraphic
Unit ¢

Tmab

150.6 - 162.2
(494 - 532)

11.6
(38)

DA

None

Partially Welded Ash-Flow Tuff: Light-brown (5YR 6/4); devitrified,
with vapor-phase mineralization; common dark-yellowish-orange
(10YR 6/6) and pinkish-gray (5YR 8/1) devitrified pumice up to 10 mm
in size; minor felsic phenocrysts of feldspar and quartz; rare to minor
mafic minerals of biotite and lesser clinopyroxene; rare moderate-
brown (5YR 3/4) lithic fragments of devitrified phenocryst-poor welded
tuff or lava less than 3 mm in size.

Tmrr

162.2 - 231.6
(532 - 760)

69.5
(228)

DA

None

Moderately Welded Ash-Flow Tuff: Grayish-red (5R 4/2) to

201.2 m (660 ft), becoming dark-reddish-brown (10R 3/4) below;
devitrified; minor white (N9) to very-light-gray (N8) flattened devitrified
pumice; minor feldspar phenocrysts of quartz and feldspar; minor
mafic minerals of biotite and lesser clinopyroxene; no lithic
fragments. Fragments of medium-gray (N5) to dark-gray (N3) vitric
perlite are present in sample 198.1 m (650 ft) (< 5% of sample).

Tmrr

231.6-277.4
(760 - 910)

457
(150)

DA

None

Moderately Welded Ash-Flow Tuff: Grayish-red (5R 4/2) to 268.2m
(880 ft), becoming dark-reddish-brown (10R 3/4) below; devitrified;
minor white (N9) to very-light-gray (N8) flattened devitrified pumice;
minor feldspar phenocrysts of quartz and feldspar; rare biotite; no
lithic fragments.

Tmrp
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Lithologic Log for U20ao Page 50of 7
Depth Thickness Sample Laboratory ) , e Stratigraphic
Interval meters/ Tvpe & b Lithologic Description o d
meters/(feet) (feet) yp Analyses Unit
277.4 - 280.4 30 Vitrophyric Ash-FIow Tuff: Brownish-black (5YR 2/1); vitri.c; .perlitic;
(910 - 920) (10) DA None abundant felsic phenocrysts of quartz and feldspar; rare biotite; no Tmrp
lithic fragments.
Moderately Welded Ash-Flow Tuff: Grayish-red (10R 4/2);
280.4 - 283.5 31 DA None devitrified; minor white (N9) to very-light-gray (N8) devitrified flattened Tmrp
(920 - 930) (20) pumice; minor felsic phenocrysts of quartz and feldspar; rare biotite;
no lithic fragments.
2835 - 286 5 30 Densely Weldgd Ash-Flow Tuff: MotFIgd pale.-r.eddish-brown (.10R
(930 - 940) (10) DA None 5/4) and brownish-black (5YR 2/1); vitric; perlitic, common felsic Tmrp
phenocrysts of feldspar and quartz; rare biotite; no lithic fragments.
Partially Welded Ash-Flow Tuff: Pale-reddish-brown (10R 5/4);
286.5 - 289.6 31 DA None vitric; common light-gray (N8) vitric partially flattened pumice; minor Tmrp
(940 - 950) (20) feldspar phenocrysts of feldspar and quartz; rare biotite; no lithic
fragments; minor brownish-black (5YR 2/1) hydroclastic glass shards.
Nonwelded Ash-Flow Tuff: Samples consist of loose felsic crystals
289.6 - 299.0 94 DB1 None of feldspar and quartz; a wide variety of volcanic lithic fragments up to Tmrp
(950 - 981) (32) 15 mm in size; very-pale-orange (10YR 8/2) vitric pumice less than 3
mm in size; and loose mafic minerals of biotite and clinopyroxene.
Bedded Tuff: Samples consist of loose felsic crystals of quartz and
299 0 - 356.6 576 feldspar; fragments of very—pale-orange (lQYR 8/2) vitrig pl.Jm.ice
(981 - 1,170) (189) DB1 XRD generally less than 4 mm in size; and a variety of volcanic lithic Tmrf
' fragments up to 20 mm in size. Flakes of black biotite observed in
some samples.
Nonwelded Tuff: Grayish-orange-pink (5YR 7/2); mostly vitric,
356.6 - 370 3 13.7 partial!y z'eolitic;. minor pinkish-gray (5YR 8/1) vitric pumice less than
(1,170 - 1,215) (45) DA None 3 mm in size; minor felsic phenocrysts of feldspar and quartz; rare Tmrf
’ ' black biotite; rare pale-brown (5YR 5/2) volcanic lithic fragments less
than 4 mm in size; minor colorless hydroclastic glass shards.
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Lithologic Log for U20ao
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Depth Thickness | oo ole Laboratory . , ¢ Stratigraphic
Interval meters/ Type 2 Anal b Lithologic Description Unit ©
meters/(feet) (feet) y nalyses nit
Bedded Tuff: Samples consist of loose crystals of quartz and
370.3-393.2 22.9 . o . .
DB1 XRD feldspar; fragments of white (N9) vitric pumice; and a variety of Tmrh
(1,215 - 1,290) (75) o S
devitrified volcanic lithic fragments.
Bedded Tuff: Light-brown (5YR 6/4); vitric, common very-pale-orange
393.2-402.3 9.1 DB1 None (10YR 8/2) pumice generally less than 3 mm in size; minor felsic Tmrh
(1,290 - 1,320) (30) phenocrysts of feldspar and quartz; rare very small biotite; rare lithic
fragments less than 1 mm in size; trace of sphene.
402.3-414.5 12.2 Bedded Tuff: Samples co_nsmt of Ic.)o.se crygtals of quart; and
DB1 None feldspar; fragments of white (N9) vitric pumice; and a variety of Tmrh
(1,320 - 1,360) (40) o S
devitrified volcanic lithic fragments.
Bedded Tuff: Mostly yellowish-gray (5Y 8/1), also grayish-orange
(10YR 7/4); zeolitic, silicified in part; common grayish-yellow (5Y 8/4)
and light-brown (5YR 5/6) zeolitic pumice less than 4 mm in size;
4145 - 425 5 11.0 rare to minor felsic phenocrysts of feldspar and quartz; rare biotite;
. . ) DA XRD minor very-dusky-red (10R 2/2) lithic fragments less than 1 mm in Tmrh
(1,360 - 1,396) (36) R . . SO L
size in upper portion, becoming more lithic-rich near base consisting
of common dark devitrified and silicified volcanic lithic fragments;
conspicuous dusky-yellowish-brown (10YR 2/2) iron- or manganese-
oxide staining.
Flow Breccia: Mottled grayish-red (10R 4/2) and grayish-yellow (5Y
425.5-472.4 46.9 DA None 8/4); mostly devitrified, partially zeolitic, lesser vitric; rare feldspar Tpb
(1,396 - 1,550) (154) phenocrysts; common biotite; rare sphene. Chalcedony and
common opal occur as vesicle fillings.
Lava: Mottled pale-red (10R 6/2), pale-brown ( 5YR 5/2), and very-
472.4 -560.8 88.4 - " o . o L .
DA None light-gray (N8); mostly devitrified, partially zeolitic and vitric in places; Tpb
(1,550 - 1,840) (290) . . S
rare to minor feldspar phenocrysts; common biotite; rare sphene.
Lava: Brownish-gray (5YR 4/1); vitric, becoming partially devitrified
560.8 - 573.0 12.2 ) o
DA None near base of interval; perlitic; rare feldspar phenocrysts; common Tpb
(1,840 - 1,880) (40) S
biotite; rare sphene.
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Lithologic Log for U20ao Page 7 of 7

Depth Thickness | oo ole Laboratory . , ¢ Stratigraphic
Interval meters/ Type 2 Anal b Lithologic Description Unit ©
meters/(feet) (feet) y nalyses nit
573.0-591.3 18.3 DA None Lava: Pale-brown (5YR 5/2); mostly devitrified, partially vitric; rare Tob
(1,880 - 1,940) (60) feldspar phenocrysts; minor biotite; rare sphene. P
Lava: Mostly grayish-black (N2), also pale-brown (5YR 5/2); mostly
591.3 - 600.5 9.2 o - o o .
DA None vitric, partially devitrified; perlitic; rare feldspar phenocrysts; minor Tpb
(1,940 -1,970) (30) -
biotite; rare sphene.
Lava: Mostly pale-brown (5YR 5/2), also grayish-black (N2); mostly
600.5 - 618.7 18.2 o : o L no
DA None devitrified, partially vitric; perlitic; rare feldspar phenocrysts; minor Tpb
(2,970 - 2,030) (60) -
biotite; rare sphene.
618.7 - 635.3 6.4 Lava: Mostly grayish-black (N2), also grayish-brown (5YR 3/2);
(2,030 - 2,150) 2'1 DA None mostly vitric, partially devitrified; perlitic; rare feldspar phenocrysts; Tpb
TD (21) minor biotite; rare sphene.

a DA = drill cuttings that represent lithologic character of interval; DB1 = drill cuttings enriched in hard components; DB2 = drill cuttings from
interval different than that drilled.

b XRD = X-ray diffraction. See Appendix B (this report) for details of laboratory analyses.

c Descriptions are based mainly on visual examination of lithologic samples using a 10x- to 40x-zoom binocular microscope and geophysical
logs. Additional data from laboratory analyses have been incorporated into the descriptions. Colors describe wet sample color, and are
based on the Geological Society of America Rock-Color Chart.

Abundances for felsic phenocrysts, pumice fragments, and lithic fragments: trace = only one or two individuals observed; rare = < 1%;
minor = 5%; common = 10%; abundant = 15%; very abundant = > 20%.

Abundances for mafic minerals: trace = only one or two individuals observed; rare = < 0.05%; minor = 0.2%; common = 0.5%;
abundant = 1%; very abundant = > 2%.

d Ttt = Trail Ridge Tuff; Ttp = Pahute Mesa Tuff; Ttr = Rocket Wash Tuff; Tfbr = rhyolite of Chukar Canyon; Tfbw = rhyolite of Beatty Wash;
Tmar = mafic-rich Ammonia Tanks Tuff; Tmap = mafic-poor Ammonia tanks Tuff; Tmab = bedded Ammonia Tanks Tuff; Tmrr = mafic-rich
Rainier Mesa Tuff; Tmrp = mafic-poor Rainier Mesa Tuff; Tmrf = rhyolite of Fluorspar Canyon; Tmrh = tuff of Holmes Road;

Tpb = rhyolite of Benham. See Table 1-5 (this report) for additional information regarding stratigraphic relationships in the vicinity of U20ao.
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Detailed Lithologic Lo%for Emplacement Hole U20as
t

By L. B. Pro

roand R. G. Warren
(Page 1 of 6)

Depth Thickness Sample Laboratory . . T Stratigraphic
Interval meters/ a b Lithologic Description d
meters/(feet) (feet) Type Analyses Unit
0-12.2 122 No Moderately Welded Ash-Flow Tuff: No drill hole data. .
©- 46) (46) Samples None Stratigraphy inferred from surface exposures. Lower contact is Ttt
estimated. Base of interval may be bedded tuff.
Partially Welded Ash-Flow Tuff: Pale-brown (5YR 5/2);
devitrified, with vapor-phase mineralization; common dark-gray (N3)
partially flattened, recrystallized pumice less than 5 mm in size;
129-43.3 311 m.in.or feldsper phenocrysts; rare mafic minerals of perti_all_y altered
(4'0 i 142') (10'2) DB1 None olivine and clinopyroxene; minor dusky-brown volcanic lithic Ttp
fragments less than 5 mm in size.
No data to approximately 18.3 m (60 ft) . Upper contact is
estimated.
Moderately Welded Ash-Flow Tuff: Grayish-red (10R 4/2)
43.3-54.9 116 becoming m0(_1erate-brown (5YR 3/4) at base of interval, devitrified;
1 042 1 680) (Sé) DA None rare medium-light-gray (N 6) completely flattened, recrystallized Ttp
’ ’ pumice; rare feldspar phenocrysts; minor mafic minerals of highly
altered olivine and clinopyroxene; no lithic fragments.
Nonwelded Ash-Flow Tuff: Moderate-brown (5YR 4/4); vitric,
calcareous; common light-brown (5YR 5/6) pumice less than 10
54.9-61.0 6.1 DB1 None mm in size; rare feldspar phenocrysts; minor mafic minerals of Tir
(180 - 200) (20) olivine and lesser clinopyroxene; common moderate-reddish-brown
(10R 4/6) volcanic lithic fragments less than 10 mm in size;
common black (N1) vesicular glass shards.
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Depth
Interval
meters/(feet)

61.0-83.8
(200 - 275)

Thickness
meters/
(feet)

22.8
(75)

Sample
Type 2

DB1

Laboratory
Analyses b

None

Lithologic Description ¢

Partially Welded Ash-Flow Tuff: Grayish-red (10R 4/2),

becoming moderate-brown (5YR 4/4) at base of interval; devitrified,
with vapor-phase mineralization; common moderate-reddish-brown
(10YR 4/6) and grayish-red (10R 4/2) partially flattened,
recrystallized pumice less than 3 mm in size; minor feldspar
phenocrysts; rare mafic minerals of olivine and clinopyroxene; rare
very-dusky-red (10R 2/2) volcanic lithic fragments less than 4 mm
in size.

Stratigraphic
Unit ¢

Ttr

83.8-87.8
(275 - 288)

4.0
(13)

DB1

None

Bedded Tuff: Samples consist of loose crystals of feldspar up to
5 mm in size; very-light-gray (N8) fragments of vitric pumice up to
6 mm in size; a variety of volcanic lithic fragments up to 7 mm in
size, including fragments from the overlying interval; and dark
crystals of clinopyroxene. A white (N9) vitric matrix coats many of
the feldspar crystals and pumice fragments.

Ttr

87.8 - 89.0
(288 - 292)

12
(4)

DA

None

Reworked Tuff: Dark-yellowish-brown (10YR 4/2); vitric,

calcareous; rare dark-yellowish-orange (10YR 6/6) and very-pale-
orange (10YR 8/2) vitric pumice up to 8 mm in size but generally

less than 2 mm in size; very abundant felsic crystals of quartz and
feldspar; minor biotite; common various colored subrounded lithic
fragments less than 0.5 mm in size; common black (N 1) vesicular
glass shards. Interval is medium-sand-size, angular to subrounded,
and moderately sorted.

Tfbr

89.0 - 97.0
(292 - 318)

(26)

DB2

None

Partially or Moderately Welded Ash-Flow Tuff: Samples

consist of a variety of volcanic lithic fragments; vitric pumice
fragments; loose crystals of quartz and feldspar; and mafic
minerals of biotite and hornblende. Samples do not appear to be
representative of the interval. Lithology based on geophysical logs.

Tmap

97.0-120.1
(318 - 394)

231
(76)

DB1

None

Bedded Tuff: Samples consist predominately of white (N 9) vitric
pumice fragments up to 20 mm in size and containing crystals of
feldspar, quartz, biotite, hornblende, clinopyroxene, and sphene.
Also present in samples are various volcanic lithic fragments; and
loose crystals of quartz, feldspar, biotite, hornblende, and
clinopyroxene.

Tmab
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Depth
Interval
meters/(feet)

120.1-132.9
(394 - 436)

Thickness
meters/
(feet)

12.8
(42)

Sample
Type 2

DB1

Laboratory
Analyses b

None

Lithologic Description ¢

Nonwelded Ash-Flow Tuff: Moderate-brown (5YR 4/4); vitric;
common white (N9) and dark-yellowish-orange (10YR 6/6) pumice
less than 5 mm in size; minor felsic phenocrysts of feldspar and
quartz; minor mafic minerals of biotite and lesser clinopyroxene;
rare dusky-red (10R 2/2) lithic fragments less than 2 mm in size.
Samples above 125.0 m (410 ft) are approximately 90% loose
crystals of quartz and feldspar, and approximately 10% white (N9)
vitric pumice and various volcanic lithic fragments. These may
represent bedded tuff, possibly bedded Rainier Mesa Tuff (Tmrb),
overlying the nonwelded ash-flow tuff described above.

Stratigraphic
Unit ¢

Tmr

132.9-163.1
(436 - 535)

30.2
(99)

DA

None

Partially Welded Ash-Flow Tuff: Light-brownish-gray (5YR 6/1) to
brownish-gray (5YR 4/1), becoming grayish-red (10R 4/2) near base
of interval; devitrified; minor very-light-gray (N8) partially flattened
pumice less than 4 mm in size; minor felsic phenocrysts of feldspar
and quartz; minor biotite; trace of moderate-brown (5YR 3/4)
volcanic lithic fragments less than 2 mm in size. Fragments of
secondary quartz-aggregates occur in samples below 155.4 m

(510 ft), which probably indicates lithophysal development in the
lower portion of the interval.

Tmr

163.1-187.8
(535 - 616)

24.7
(81)

DA

None

Moderately Welded Ash-Flow Tuff: Moderate-brown (5YR 3/4);
devitrified; minor light-gray (N7) and yellowish-gray (5YR 8/1)
flattened pumice less than 4 mm in size; common felsic
phenocrysts of feldspar and quartz; minor biotite; no lithic
fragments. Fragments of secondary quartz aggregates occur in
samples, which probably indicates lithophysal development.

Vitrophyre observed with downhole camera from 185 to 187 m (607
- 614 ft) (Wagoner and Clark, 1986).

Tmr
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Depth
Interval
meters/(feet)

187.8 - 202.7
(616 - 665)

Thickness
meters/
(feet)

14.9
(49)

Sample
Type 2

DB1

Laboratory
Analyses b

None

Lithologic Description ¢

Partially Welded Ash-Flow Tuff: Moderate-brown (5YR 4/4);
vitric; minor white (N9) and grayish-orange (10YR 7/4) partially
flattened pumice; minor felsic phenocrysts of feldspar and quartz;
minor biotite, trace of clinopyroxene; no lithic fragments; minor
dusky-yellowish-brown (10YR 2/2) vesicular glass shards.

A cobble bed observed with downhole camera from 199 to 200 m
(653 - 656 ft) (Wagoner and Clark, 1986).

Stratigraphic
Unit ¢

Tmr

202.7 - 303.6
(665 - 996)

100.9
(331)

DB1

None

Bedded Tuff: Samples consist mostly of loose white (N9) and
very-pale-orange (10YR 8/2) fragments of vitric pumice up to 10 mm
in size, but generally less than 5 mm in size, and containing rare
felsic phenocrysts of quartz and feldspar, and rare biotite. Samples
also contain loose crystals of quartz and feldspar, and various
volcanic lithic fragments, including moderately welded Tmr from up
hole. A white (N9) and very-pale-orange (10YR 8/2) vitric matrix
coats many of the pumice fragments. Below 246.9 m (810 ft)
interval becomes more conspicuously bedded, and mafic minerals
are much smaller in size. This lower interval resembles tuff of
Holmes Road (Tmrh) which could be present below 246.9 m (810 ft)
as interfingering beds, or could compose the whole section below
246.9 m (810 ft).

Tmrf/Tmrh

303.6 - 352.0
(996 - 1,155)

48.4
(159)

DA, DB1

TS, XRD

Bedded Tuff: Moderate-yellowish-brown (10YR 6/6); mostly

zeolitic, partially vitric, minor calcite and opal; minor to common
very-pale-orange (10YR 8/2) and grayish-yellow (5Y 8/4) zeolitic
pumice generally less than 5 mm in size; minor to common felsic
phenocrysts of feldspar and quartz; minor very small mafic minerals
of biotite and lesser hornblende; minor to abundant lithic fragments
of various colors and various volcanic lithologies, but dominated by
dark-yellowish-brown (10YR 4/2) fragments up to 10 mm in size of
devitrified welded tuff or lava containing common felsic phenocrysts
of feldspar and quartz, and rare biotite; rare sphene.

Tmw
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Depth Thickness Sample Laboratory . . T Stratigraphic
Interval meters/ a b Lithologic Description . d
meters/(feet) (feet) Type Analyses Unit
Nonwelded Tuff: Yellowish-gray (5Y 7/2); zeolitic, common
grayish-yellow (5Y 8/4) pumice less than 3 mm in size; common
352.0-370.9 18.9 DA TS XRD felsic phenocrysts of feldspar and lesser quartz; common biotite; T
(1,155 -1,217) (62) ! minor moderate-brown (5YR 3/4) lithic fragments of welded tuff up
to 8 mm in size, but generally less than 3 mm; minor, very
conspicuous sphene.
Flow Breccia: Yellowish-gray (5YR 7/2); mostly zeolitic, partially
370.9-379.8 8.9 DA None silicic, clasts of vitric pumiceous lava and devitrified lava are also Tpb
(1,217 - 1,246) (29) present; pumiceous; rare feldspar phenocrysts; minor biotite; minor
sphene.
Flow Breccia: Mostly light-olive-gray (5YR 6/1), also moderate-
yellow (5YR 7/6); mostly vitric, partially zeolitic; weakly perlitic; rare
379.8-391.7 11.9 o N
DA None feldspar phenocrysts; minor biotite; rare sphene. Fragments of Tpb
(1,246 - 1,285) (39)
secondary quartz as chalcedony and crystal aggregates are
present in samples.
Flow Breccia: Mottled brownish-gray (5YR 4/1) and grayish-yellow
(5Y 8/4); zeolitic and devitrified; rare feldspar phenocrysts; minor
391.7-404.2 125 DA None biotite; rare sphene. Secondary quartz as chalcedony and crystal Tpb
(1,285 -1,326) (42) aggregates is present in samples. Interval consists of clasts of
brownish-gray (5YR 4/1) devitrified lava in a grayish-yellow (5Y 8/4)
zeolitic matrix.
Lava: Mottled grayish-red (10R 4/2) and medium-light-gray (N6);
404.2 - 442.0 37.8 N - .
DA None devitrified; flow-banded; rare felsic phenocrysts of feldspar and Tpb
(1,326 - 1,450) (124) . S
much less quartz; common biotite; rare sphene.
Lava: Moderate-greenish-yellow (10Y 7/4), medium-gray (N5), and
brownish-gray (5YR 4/1); mostly vitric, also zeolitic and devitrified
intervals; weakly perlitic where vitric, vitrophyric at base; rare felsic
442.0-476.1 341 DA GM. XRD phenocrysts of feldspar and much less quartz; common biotite; rare Tpb
(1,450 - 1,562) (112) ’ sphene. Fragments of secondary quartz as chalcedony and crystal
aggregates occur in samples above 457.2 m (1,500 ft). Interval
appears to be mostly vitric lava with intercalated intervals of zeolitic
and devitrified lava.
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Depth Thickness
Interval meters/
meters/(feet) (feet)

Sample Laboratory ) . ¢ Stratigraphic
Lithologic Description .
Type & Analyses ° 9 P Unit ¢

476.1 - 485.9 98 Pumiceous Lava: Light-brown (5YR 6/4) to moderate-brown (5YR

(1,562 - 1,594) (32) DA GM, XRD 4/4); zeolitic; rare feldspar phenocrysts; common biotite; minor Tpb
sphene.
Bedded Tuff: Pale-reddish-brown (10R 5/4), pale-yellowish-brown
(10YR 6/2), and light-brown (5YR 6/4); zeolitic, common to

485.9-640.1 154.2 abundant mostly moderate-yellow (5Y 7/6) pumice up to 10 mm in

DA, DB1 GM, XRD size; rare to minor feldspar phenocrysts; common biotite; rare to Tpb
common lithic fragments of moderate-brown (5YR 3/4) densely
welded devitrified ash-flow tuff and grayish-red (10R 4/2) devitrified
lava up to 15 mm in size; rare sphene.

(1,594 - 2,100)

. (506)

a DA =drill cuttings that represent lithologic character of interval; DB1 = drill cuttings enriched in hard components; DB2 = drill cuttings from
interval different than that drilled.

b GM = grain mount; TS = thin section; XRD = X-ray diffraction. See Appendix B (this report) for details of laboratory analyses.

c Descriptions are based mainly on visual examination of lithologic samples using a 10x- to 40x-zoom binocular microscope and geophysicallogs.
Additional data from laboratory analyses have been incorporated into the descriptions. Colors describe wet sample color, and are based on the
Geological Society of America Rock-Color Chart.

Abundances for felsic phenocrysts, pumice fragments, and lithic fragments: trace = only one or two individuals observed; rare = < 1%;
minor =5%; common = 10%; abundant = 15%; very abundant = > 20%

Abundances for mafic minerals: trace = only one or two individuals observed; rare = < 0.05%; minor = 0.2%; common = 0.5%;
abundant = 1%; very abundant = > 2%

d Ttt = Trail Ridge Tuff; Ttp = Pahute Mesa Tuff; Ttr = Rocket Wash Tuff; Tfbr = rhyolite of Chukar Canyon; Tmap = mafic-poor Ammonia Tanks
Tuff, Tmab = bedded Ammonia Tanks Tuff; Tmr = Rainier Mesa Tuff; Tmrf = rhyolite of Fluorspar Canyon; Tmrh = tuff of Holmes Road; Tmw =
rhyolite of Windy Wash; Tpb = rhyolite of Benham. See Table 1-5 (this report) for additional information regarding stratigraphic relationships in
the vicinity of U20as.
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Detailed Lithologic Log for Emplacement Hole U20c
By L. B. Prothro and R. G. Warren, 1999

(Page 1 of 6)

Depth Thickness Sample Laborator . . ¢ Stratigraphic
Interval meters/ Type a Analyses %’ Lithologic Description Unit @
meters/(feet) (feet)
Nonwelded to Moderately Welded Ash-Flow Tuff: Vitric to
devitrified.
0-75.6 75.6 . . .
(0 - 248) (248) None None Geology based on surfacg ge.ology and descriptions of lithologic Tt
samples from corresponding interval in nearby hole UE20c. Depth
interval based on surface geology and analysis of the U20c caliper
log.
Nonwelded to Partially Welded Ash-Flow Tuff and Bedded Tuff:
Vitric.
75.6 - 140.8 65.2 None None Tma
(248 - 462) (214) Geology based on descriptions of lithologic samples from
corresponding interval in nearby hole UE20c. Depth interval based on
analysis of the U20c caliper log.
Nonwelded to Densely Welded and Vitrophyric Ash-Flow Tuff:
Mostly devitrified, vitric in part.
140.8 - 245.7 104.9 None None Tmr
(462 - 806) (344) Geology based on descriptions of lithologic samples from
corresponding interval in nearby hole UE20c. Depth interval based on
analysis of the U20c caliper log.
Bedded Tuff: Vitric.
221856; 52;1 3853) None None Geology based on descriptions of lithologic samples from Tmrf
corresponding interval in nearby hole UE20c. Depth interval based on
analysis of the U20c caliper log.
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Depth
Interval
meters/(feet)

Thickness
meters/
(feet)

Sample
Type &

Laborator
Analyses

4

Lithologic Description ©

Pumiceous Lava: Mostly vitric, zeolitic in part.

Stratigraphic

Unit ¢

233'51 '13321'12 157('51 None None Geology based on descriptions of lithologic samples from Tpb
( -1.021) (56) corresponding interval in nearby hole UE20c. Depth interval based on
analysis of the U20c caliper log.
Lava: Devitrified.
(iloléi i 21072;) (i%%g) None None Geology based on descriptions of lithologic samples from Tpb
' ' corresponding interval in nearby hole UE20c. Depth interval based on
analysis of the U20c caliper log.
Bedded Tuff: Mostly zeolitic, partially vitric.
(210722 6232(;55;) (§'72) None None Geology based on descriptions of lithologic samples from Tpb
' ' corresponding interval in nearby hole UE20c. Depth interval based on
analysis of the U20c caliper log.
Partially to Densely Welded and Vitrophyric Ash-Flow Tuff:
Devitrified.
625.4 - 737.6 112.2 None None Them
(2,052 - 2,420) (368) Geology based on descriptions of lithologic samples from P
corresponding interval in nearby hole UE20c. Depth interval based on
analysis of the U20c caliper log.
Bedded Tuff: Zeolitic.
737.6-765.0 27.4 . . .
(2,420 - 2,510) (90) None None Geology based on descriptions of lithologic samples from Tpd

corresponding interval in nearby hole UE20c. Depth interval based on
analysis of the U20c electric log.
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Depth Thick . .
ept IcKness Sample Laborator . . . c Stratigraphic
Interval meters/ T a Anal X Lithologic Description Unit @
meters/(feet) (feet) ype alyses
Nonwelded Ash-Flow Tuff: Zeolitic.
;6551'8 i ;8:72 1259 None None Geology based on descriptions of lithologic samples from Tptm
@, -2,575) (65) corresponding interval in nearby hole UE20c. Depth interval based on
analysis of the U20c electric log.
Partially Welded Ash-Flow Tuff: Devitrified.
(;85473 i ;9:13) %3?5? None None Geology based on descriptions of lithologic samples from Tptm
' ' corresponding interval in nearby hole UE20c. Depth interval based on
analysis of the U20c electric log.
Moderately Welded Ash-Flow Tuff: Devitrified.
(;96513 26885(7)) (723;'5) None None Geology based on descriptions of lithologic samples from Tptm
' ' corresponding interval in nearby hole UE20c. Depth interval based on
analysis of the U20c electric log.
Partially Welded Ash-Flow Tuff: Devitrified.
(268853 i;9;)2(())) ?7103; None None Geology based on descriptions of lithologic samples from Tptm
' ' corresponding interval in nearby hole UE20c. Depth interval based on
analysis of the U20c electric log.
Nonwelded Ash-Flow Tuff: Zeolitic.
(39902'8 23077% 3752) None None Geology based on descriptions of lithologic samples from Tptm
' ' corresponding interval in nearby hole UE20c. Depth interval based on
analysis of the U20c electric log.
Bedded Tuff: Zeolitic.
?333'735__131228 ggsz) None None Geology based on descriptions of lithologic samples from Thp
' ' corresponding interval in nearby hole UE20c. Depth interval based on
analysis of the U20c electric log.
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Depth Thickness
Interval meters/
meters/(feet) (feet)

Stratigraphic

Sample Laboratorz
Unit ¢

. - L C
Type & Analyses Lithologic Description

Pumiceous Lava: Light-olive (10Y 5/4) and dusky-yellow (5Y 6/4) to
1,120.1 m (3,675 ft), dark-yellowish-green (10GY 4/4) from 1,120.1 to
1,109.5-1,143.6 34.1 1,136.9 m (3,675 - 3,730 ft), and yellowish-gray (5Y 7/2) below

(3,640 - 3,752) (112) DA None 1,136.9 m (3,730 ft); mostly zeolitic, partially vitric; pumiceous and Thp
weakly spherulitic; minor felsic phenocrysts of feldspar and quartz;
minor biotite.
1,143.6 - 1,150.6 7.0 DA None Lava: Dusky-yellow (5Y 6/4) and pale-olive (10Y 6/2); vitric; perlitic; Th
(3,752 - 3,775) (23) minor felsic phenocrysts of feldspar and quartz; minor biotite. P

Vitrophyric Lava: Dark-greenish-gray (5GY 4/1) and greenish-black

1,150.6 - 1,156.7 6.1 DA None (5GY 2/1); vitric; perlitic; minor felsic phenocrysts of feldspar and Thp
(3,775 - 3,795) (20) o o
quartz; minor biotite.
1.156.7 - 1.162.8 6.1 Lava: nght-pllv_e-gra_y (_5Y §/1); mo;tly vitric, partially devitrified,
DA None lesser opalline; perlitic; minor felsic phenocrysts of feldspar and Thp
(3,795 - 3,815) (20) o L
quartz; minor biotite.
Lava: Grayish-red (10R 4/2) to 1,175.0 m (3,855 ft) becoming dark-
1.162.8 - 1.188.1 253 yeIIOW|_sh-brovv_n (10_YR 4/2) be_lovx_/; devntrlfled t01,175.0 m (3,855 ft),
(3,815 - 3.898) (83) DA None becoming partially vitric below; minor felsic phenocrysts of feldspar Thp
' ' and quartz; minor biotite. A dark-greenish-gray (5G 4/1) vitric interval
occurs from 1,166.8 to 1,169.5 m (3,828 - 3,837 ft).
1,188.1-1,213.1 25.0 DA None Lava: Dark-gray (N3) and greenish-black (5GY 2/1); vitric; minor Th
3,898 - 3,980 (82) felsic phenocrysts of feldspar and quartz; minor biotite. P
1,213.1-1,230.2 17.1 DA N Vitrophyric Lava: Greenish-black (5G 2/1); vitric; minor felsic Th
(3,980 - 4,036) (56) one phenocrysts of feldspar and quartz; rare biotite. P
12302-12424 | 122 oA None | bromnish-gray (3R 411y mostly vitic, parfaly devitifieds weakly Thp
(4,036 - 4,076) (40) , ) ;

perlitic; minor felsic phenocrysts of feldspar and quartz; rare biotite.
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| Depth Thickness Sample Laborator . . . c Stratigraphic
nterval meters/ T a Anal X Lithologic Description Unit @
meters/(feet) (feet) ype nalyses ni
Lava: Greenish-black (5GY 2/1), becoming dark-greenish-gray (5GY
1,242.4-1,252.7 10.3 DA None 4/1) near base of interval; vitric, becoming partially devitrified near Thp
(4,076 - 4,110) (34) base of interval; minor felsic phenocrysts of feldspar and quartz; rare
biotite.
1.252.7-1,283.2 305 Flow !B_recma. I\/_Ic_)tt_le.d pale-red _(10R 6/2) and grayish-red (10R 4/2); .
DA None devitrified and silicic; minor felsic phenocrysts of feldspar and quartz; Thp
(4,110 - 4,210) (100) o
rare biotite.
1,283.2-1,333.8 50.6 Pumiceous Lava: Grayish-orange (10YR 7/4); zeolitic; minor felsic
(4,210 - 4,376) (166) DA XRD, XRF phenocrysts of feldspar and quartz; rare biotite. Thp
Bedded Tuff: Grayish-orange (10YR 7/4), light-brown (5YR 5/6), and
pale-reddish-brown (10R 5/4); silicic, zeolitic, and potassic; minor
1,333.8-1,392.9 591 grayish-yellow (5Y 3/_4), very-pale-orange (10YR 8/_2),.and plnkls_h-
C,DA TS, XRD gray (5YR 8/1) zeolitic pumice less than 3 mm in size; rare to minor Thp
(4,376 - 4,570) (194) felsi ; S i
elsic phenocrysts of feldspar and quartz; rare biotite; rare dark
reddish-brown (10R 3/4) devitrified volcanic lithic fragments less than
3mmin size.
Bedded Tuff: Pale-yellowish-brown (10YR 6/2) to 1,400.6 m
(4,595 ft) becoming pale-olive (10Y 6/2) below; zeolitic; minor to
common moderate-yellowish-green (10GY 6/4) zeolitic pumice up to
1 cm in size; minor felsic phenocrysts of feldspar and quartz;
1,392.9-1,411.2 18.3 common biotite; minor to common mostly grayish-red (5R 4/2) Thr
(4,570 - 4,630) (60) C,DA ES devitrified volcanic lithic fragments up to 2 cm in size, but typically
less than 5 mm. Bedding at 1,403.3 m (4,604 ft) dips 15 to 20 .
Two high-angle fractures, one completely filled with manganese-oxide
and the other filled with calcite, occur from 1,400.6 to 1,402. m (4,595
- 4,600 ft).
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Depth Thickness
Interval meters/
meters/(feet) (feet)

Stratigraphic

Sample Laboratorz
Unit ¢

. - L C
Type & Analyses Lithologic Description

Bedded Tuff: Mostly light-brown (5YR 6/4 and 5YR 5/6); lesser
moderate-reddish-brown (10R 4/6), moderate-brown (5YR 4/4), and
yellowish-gray (5Y 7/2); silicic and potassic, and minor zeolitic; minor
1,411.2-1,463.0 . ;

(4,630 - 4.800) 51.8 C DA TS. XRD to common mostly yellowish-gray (5Y 8/1) and lesser grayish-orange-

' ™ ' (170) ' ' pink (5YR 7/2) pumice up to 2 cm in size, but typically less than 5

mm; minor to common felsic phenocrysts of feldspar and quartz;
common biotite; rare lithic fragments of various colors and volcanic

lithologies up to 3 cm in size, but typically less than 5 mm.

Thr

a DA =drill cuttings that represent lithologic character of interval; C = conventional core.

b TS = thin section; XRD = X-ray diffraction; XRF = X-ray fluorescence; ES = Emission Spectroscopy. See Appendix B (this report) for details of
laboratory analyses.

c Descriptions are based mainly on visual examination of lithologic samples using a 10x- to 40x-zoom binocular microscope and geophysical logs.
Additional data from laboratory analyses have been incorporated into the descriptions. Colors describe wet sample color, and are based on the
Geological Society of America Rock-Color Chart.

Abundances for felsic phenocrysts, pumice fragments, and lithic fragments: trace = only one or two individuals observed; rare = < 1%;
minor =5%; common = 10%; abundant = 15%; very abundant = > 20%

Abundances for mafic minerals: trace = only one or two individuals observed; rare = < 0.05%; minor = 0.2%; common = 0.5%;
abundant = 1%; very abundant => 2%

d Tt =Thirsty Canyon Group, undivided; Tma = Ammonia Tanks Tuff; Tmr = Rainier Mesa Tuff; Tmrf = rhyolite of Fluorspar Canyon;
Tpb = rhyolite of Benham; Tpcm = Pahute Mesa lobe of the Tiva Canyon Tuff; Tpd = rhyolite of Delirium Canyon; Tptm = Pahute Mesa lobe of
the Topopah Springs Tuff; Thp = mafic-poor Calico Hills Formation; Thr = mafic-rich Calico Hills Formation. See Table 1-5 (this report) for
additional information regarding stratigraphic relationships in the vicinity of U20c.
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Detailed Lithologic Log for Exploratory Hole UE20c
By L. B. Prothro and R. G. Warren, 1999

(Page 1 of 9)

Depth Thickness Sample Laboratory _ . . c Stratigraphic
Interval meters/ Tvpe & Anal b Lithologic Description Unit @
meters/(feet) (feet) yp alyses
Moderately Welded Ash-Flow Tuff: Devitrified. No lithologic
0-12.2 12.2 : L .
None None samples available for this interval. Geology estimated from surface Ttt
(0-40) (40) -
geology and stratigraphy of nearby holes.
Nonwelded Ash Flow Tuff: Pale-yellowish-brown (10YR 6/2); vitric;
minor light-olive-gray (5Y 6/1) pumice up to 5 mm in size; rare
12.2-21.3 9.1 . ) . .
(40 - 70) (30) DB1 None feldspar phenocrysts; rare hornblende; rare to minor grayish-brown Tt
(5YR 3/2) devitrified volcanic lithic fragments less than 4 mm in size.
Samples have been substantially rounded by the drilling process.
Partially Welded Ash-Flow Tuff: Samples consist mostly of loose
crystals of feldspar and volcanic lithic fragments of various lithologies
21.3-46.3 25.0 DB1 None and colors. Loose prismatic crystals of dark pyroxene also occur in Tt
(70 - 152) (82) samples. Interval appears devitrified with vapor-phase mineralization,
and includes dusky-brown (5YR 2/2) devitrified and very scoriaceous
pumice fragments.
Nonwelded Ash-Flow Tuff: Samples consist mostly of loose
crystals of feldspar and volcanic lithic fragments of various lithologies
46.3-67.1 20.7 ) )
152 - 220 68 DB1 None and colors. Loose prismatic crystals of dark pyroxene and fragments Tt
( ) (68) of black (N1) glass shards also occur in samples. Interval is probably
vitric.
Nonwelded to Partially Welded Ash-Flow Tuff: Samples consist
of loose fragments of very-pale-orange (10YR 8/2) and dark-yellowish-
67.1-97.5 30.4 DB1 None orange (10YR 6/6) vitric pumice, various tuffaceous lithic fragments, Tma
(220 - 320) (100) crystals of quartz and feldspar, and mafic minerals of biotite and
clinopyroxene. A moderate-yellowish-brown (10YR 5/4) vitric matrix
partially coats many crystals and fragments.
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Depth Thickness Sample Laboratory , , ¢ Stratigraphic
Interval meters/ Tvpe & Analvses P Lithologic Description Unit @
meters/(feet) (feet) yp y
394 Bedded Tuff: Samples similar to above interval. Division of interval is
97.5-136.9 :
(320 - 449) (129) DB1 None based partly on bore hole enlargement observed on caliper log. Tmab
Partially Welded Ash-Flow Tuff: Light-brownish-gray (5YR 6/1);
mostly devitrified, partially vitric; common moderate-red (5R 5/4) and
136.9-167.0 30.1 DBL C None grayish-orange (10YR 7/4) recrystallized pumice less than 5 mm in Tmr
(449 - 548) (99) ! size; common felsic phenocrysts of feldspar and quartz; common
biotite, trace of hornblende; rare volcanic lithic fragments less than
3mmin size.
Moderately Welded Ash-Flow Tuff: Grayish-red (5R 4/2);
167.0 - 207.3 40.3 o . . ! ]
(548 - 680) (132) DA, C None devitrified; minor white (N9) flattened pumice up to 3 cm in length; Tmr
abundant felsic phenocrysts of feldspar and quartz; minor biotite.
Densely Welded Ash-Flow Tuff: Dark-reddish-brown (10R 3/4);
207.3-228.6 21.3 o ) .
DA None devitrified; common felsic phenocrysts of feldspar and quartz; minor Tmr
(680 - 750) (70) bioti
iotite.
228.6 - 234.7 6.1 DA None Vitrophyric Ash-Flow Tuff: Very-dusky-red (10R 2/2); vitric; Tmr
(750-770) (20) common felsic phenocrysts of feldspar and quartz; minor biotite.
2347 -246.9 122 None N(_)nwelded Ash-Flow Tuff.: Pale-reddlsh-broyvn (10R 5/4); V|tr|_c;
DA minor moderate-orange-pink (10R 7/4) pumice; common felsic Tmr
(770 - 810) (40) . o
phenocrysts of feldspar and quartz; minor biotite.
Bedded Tuff: Samples consist of loose fragments of white (N9) vitric
246.9 - 295.7 48.8 DB1 None pumice, lithic fragments of various tuffaceous lithologies and colors, Tmrf
(810 -970) (160) felsic crystals of feldspar and quartz, and flakes of biotite which
appear to be rare in abundance throughout interval.

Geology of the TYBO-BENHAM Area--Appendix A

DOE/NV/11718--305




er-v

Lithologic Log for UE20c

Page 3 0of 9

Depth Thickness Sample Laboratory , , ¢ Stratigraphic
Interval meters/ Tvpe & Analvses P Lithologic Description Unit @
meters/(feet) (feet) yp y
Pumiceous Lava: Grayish-yellow (5Y 8/4) and light-brownish-gray
295.7 - 317.0 213 DA, DB1 (SYR 6/1);_mostly vitric, zeolitic in part in upper portion of mtgrval;
(970 - 1,040) (70) None minor felsic phenocrysts of feldspar and much less quartz; common Tpb
' biotite; rare sphene. Fragments of bluish-white (5B 9/1) opal occur in
samples near base of interval.
Lava: Grayish-red (10R 4/2); devitrified with vapor-phase
317.0-603.5 286.5 DA C TS ES mineralization; lithophysal in part with lithophysae up to 3 cm in Tob
(1,040 - 1,980) (940) ! ! diameter and lined with vapor-phase minerals; flow-banded; minor P
felsic phenocrysts of feldspar and much less quartz; common biotite.
Vitrophyric Lava: Dusky-yellowish-brown (10YR 2/2); vitric; perlitic;
603.5 - 615.7 12.2 . : )
DA None minor felsic phenocrysts of feldspar and much less quartz; common Tpb
(1,980 - 2,020) (40) bioti
iotite.
Bedded Tuff: Moderate-reddish-brown (10R 4/6); mostly zeolitic,
615.7 - 627.9 12.2 DA None partially vitric; minor felsic phenocrysts of feldspar and much less Tob
(2,020 - 2,060) (40) quartz; common biotite; rare sphene; rare to minor dark-reddish- P
brown (10R 3/4) lithic fragments of devitrified welded tuff.
Partially Welded Ash-Flow Tuff: Light-brownish-gray (5YR 6/1);
devitrified with vapor-phase mineralization; minor brownish-gray (5YR
4/1) recrystallized, partially flattened pumice generally less than 2
mm in size; minor feldspar phenocrysts; rare biotite; rare brownish-
627.9 - 643.1 153 oA None l;iljgk (5YR 2/1) lithic fragments of devitrified welded tuff up to 5 mm in oo
(2,060 - 2,110) (50) ' P
Description is from larger (1 cm) fragments that occur in samples
from 649.2 to 658.4 m (2130 - 2160 ft). These fragments appear to
have sloughed from the 627.9 to 643.1 m (2,060 - 2,110 ft) interval,
and contaminated lower samples.
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| Depth Thickness Sample Laboratory , , ¢ Stratigraphic
nterval meters/ Tvpe 2 b Lithologic Description Unit @
meters/(feet) (feet) ype Analyses n
Welded Ash-Flow Tuff: Pale-brown (5YR 5/2) to moderate-brown
(5YR 4/4), becoming mottled light-brown (5YR 6/4) and grayish-brown
643.1-728.5 85.4 DA, DB2, (5YR 3/2) in lower portlop of. mt_erval, devitrified; minor m?dlum-llght-
TS gray (N 6) flattened pumice; minor feldspar phenocrysts; common Tpcm
(2,110 - 2,390) (280) C Lt . . ) T
mafic minerals of biotite and lesser clinopyroxene; no lithic fragments
observed. Large open fractures coated with manganese oxide occur
in lower portion of interval.
728.5-737.6 9.1 DA None Vitrophyric Ash-Flow Tuff: Brownish-black (5YR 2/1); vitric; minor Tpem
(2,390 - 2,420) (30) feldspar phenocrysts; minor biotite; rare sphene.
Bedded Tuff: Light-brown (5YR 5/6) to 749.8 m (2,460 ft), becoming
grayish-orange (10YR 7/4) to moderate-yellow (5Y 7/6) below;
737.6-771.1 335 DA None zeolitic; rare to minor light-brown (5YR 6/4) and grayish-yellow (5Y Tpd
(2,420 - 2,530) (110) 8/4) pumice; rare felsic phenocrysts of feldspar and much less
quartz; rare mafic minerals of biotite, clinopyroxene, and
orthopyroxene; rare volcanic lithic fragments.
Nonwelded Ash-Flow Tuff: Grayish-orange (10YR 7/4) to 780.3 m
(2,560 ft), becoming moderate-orange-pink (10R 7/4) below; zeolitic;
771.1-792.5 21.3 DA C TS, minor light-brown (5YR 5/6), moderate-yellowish-brown (10YR 5/4), Tptm
(2,530 - 2,600) (70) ’ MP, NAA and very-pale-orange (10YR 8/2) pumice up to 5 cm, but typically
less than 5 mm in size; minor feldspar phenocrysts; minor biotite;
rare dusky-brown (5YR 2/2) volcanic lithic fragments.
Partially Welded Ash-Flow Tuff: Pale yellowish-brown (10YR 6/2)
to pale-reddish-brown (10R 5/4); devitrified; minor light-brown (5YR
792.5-810.8 183 TS, MP, 5/6), pale-red .(1OR 6/2), and.gra.ylsh-orang.e (10YR 7/4) partlally.
(2,600 - 2.660) (60) DA, C XRF. NAA flgttened pumice up to 3 cm |n.S|ze, but typlcally less than 5 mm; Tptm
minor feldspar phenocrysts; minor biotite; rare dusky-brown (5YR 2/2)
volcanic lithic fragments; numerous thin, discontinuous, partially open
fractures.
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| Depth Thickness Sample Laboratory , , ¢ Stratigraphic
nterval meters/ Tvpe 2 b Lithologic Description Unit @
meters/(feet) (feet) ype Analyses n
Moderately Welded Ash-Flow Tuff: Moderate-brown (5YR 4/4);
8108 - 883.9 732 TS, MP. deV|tr_|f|ed, mm_or _pale-reddsh—brown (10R _5/4) flattene_d pur_mce up to
(2,660 - 2,900) (240) DA, C NAA 3cmin Iepgth, minor feldspar phenot_:ry_sts_,, common bI.OtIte, rare Tptm
dark-reddish-brown (10R 3/4) volcanic lithic fragments; numerous
large partially open fractures.
Partially Welded Ash-Flow Tuff: Light-brown (5YR 6/4); devitrified;
minor to common moderate-brown (5YR 4/4) and grayish-orange
883.9-899.2 15.3 DA C TS, MP, (10YR 7/4) partially flattened pumice less than 4 mm in size; rare Tptm
(2,900 - 2,950) (50) ' XRF,NAA feldspar phenocrysts; rare biotite; rare very-dusky-red (10R 3/4)
volcanic lithic fragments less than 4 mm in size; numerous large,
partially open fractures.
Nonwelded Ash-Flow Tuff: Moderate-reddish-brown (10R 4/6) to
908.3 m (2,980 ft), becoming pale-yellowish-brown (10YR 6/2) below;
899.2-9449 45.7 DA C TS, MP, zeolitic; minor to common dark-yellowish-orange (10YR 6/6) and very- Tptm
(2,950 - 3,100) (150) ’ NAA pale-orange (10YR 8/2) pumice up to 3 cm, but typically less than 4
mm in size; minor feldspar phenocrysts; minor biotite; rare volcanic
lithic fragments of various colors.
Bedded Tuff: Pale-yellowish-brown (10YR 6/2), yellowish-gray (5Y
7/2), and moderate-yellowish-brown (10YR 5/4); zeolitic; minor dark-
greenish-yellow (10Y 6/6) and very-pale-orange (10YR 8/2) pumice
944.9-1,100.0 155.1 DA C TS, MP, less than 5 mm in size; rare felsic phenocrysts of feldspar and Thp
(3,100 - 3,609) (509) ’ NAA quartz; rare biotite; minor lithic fragments of various colors and
tuffaceous lithologies up to 5 cm in size. Bedding dips between 5
and 10 degrees at 1007.4 m (3,305 ft) and 1037.8 m (3,405 ft), and 30
degrees at 1099.7 m (3,608 ft).
1,100.0-1,182.6 826 Pumlceou_s La\(g. _Mottlgd grayl_sh-yel!ow BY 8_/4) and grayish-olive
DA, C TS (10 Y 4/2); zeolitic; pumiceous in part; rare felsic phenocrysts of Thp
(3,609-3,880) (271) f ' o
eldspar and quartz; rare biotite.
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Depth Thickness

Interval meters/ STamplg Laborator%/ Lithologic Description © Straﬂgr?ghlc
meters/(feet) (feet) ype Analyses n
Lava: Pale-olive (10 Y 6/2), yellowish-gray (5 Y 7/2), and grayish-red
1,182.6 - 1,200.9 18.3 TS, XRD. (10R 4/2_)_, mostly yltr|c, partla_lly devitrified with minor vgpor-pha§e
DA, C and zeolitic alteration, becoming completely devitrified in places; Thp
(3,880 - 3,940) (60) XRF, ES " - .
weakly perlitic and flow banded; rare felsic phenocrysts of feldspar
and quartz; rare biotite.
Lava: Moderate-reddish-brown (10R 4/6) and grayish-red (10R 4/2);
1,200.9 - 1,237.5 36.6 DA DBL None mostly devitrified, partially vitric; rare felsic phenocrysts of feldspar Thp
(3,940 - 4,060) (120) ! and quartz; rare biotite. A vitric interval occurs from 1,219.2 to
1,225.3 m (4,000 - 4,020 ft).
Lava: Drill cuttings samples consists mostly of very small (<1 mm)
fragments of medium-gray (N5) and olive-gray (5Y 4/1) vitric lava;
lesser amounts of devitrified lava fragments, some of which appear to
1,237.5-1,268.0 30.5 DA, DB1, TS, NAA, be from up-hole intervals; loose felsic crystals of feldspar and quartz; Th
(4,060 - 4,160) (100) C ES and biotite. Core sample from 1,251.2t0 1,253.9 m (4,105 - 4,114 ft) P
is greenish black (5G 2/1) vitric vitrophyric lava. Drill cuttings sample
at 1,261.9 m (4,140 ft) consists mostly of very small fragments of
devitrified lava.
Vitrophyric Lava: Samples consist mostly of very small (<1 mm)
1,268.0-1,289.3 21.3 DB1 None fragments of olive-gray (5Y 4/1) and black (N1) vitric lava; lesser Thp
(4,160 - 4,230) (70) amounts of devitrified lava fragments; loose felsic crystals of feldspar
and quartz; and biotite.
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| Depth Thickness Sample Laboratory , , ¢ Stratigraphic
nterval meters/ Tvpe 2 b Lithologic Description Unit @
meters/(feet) (feet) ype Analyses n
Flow Breccia: Mottled grayish-red (5R 4/2) and very-pale-orange
(10YR 8/2); mostly devitrified, partially zeolitic near top of interval,
becoming mostly zeolitic lower; becomes progressively more
pumiceous with depth; rare felsic phenocrysts of feldspar and quartz;
1,289.3-1,335.0 45.7 DA C TS NAA rare biotite. Upper portion of interval consists of angular, very-pale- Thp
(4,230 - 4,380) (150) ’ ! orange (10YR 8/2) zeolitic and devitrified, weakly to very pumiceous
lava, clasts within grayish-red (5R 4/2), dense devitrified, flow-banded
lava. Interval becomes less dense, more pumiceous, and more
zeolitic with depth; and grades into under lying interval of zeolitic
pumiceous lava.
1,335.0-1,368.6 33.6 DA None Pumiceous Lava: Grayish-orange (10 YR 7/4); zeolitic; rare felsic Thp
(4,380 - 4,490) (110) phenocrysts of feldspar and quartz; rare biotite.
Bedded Tuff: Pale-reddish-brown (10R 5/4) and lesser very-pale-
orange (10YR 8/2), becoming pale-yellowish-brown (10YR 6/2) near
base of interval; zeolitic; minor to common mostly moderate-orange-
1,368.6 - 1,426.5 57.9 DA, DB, TS, NAA pink (10R 7/4) pumice up to 2 cm in size, but typically less than Thp
(4,490 - 4,680) (190) C ] . ’ S
5 mm; rare felsic phenocrysts of feldspar and quartz; rare biotite;
minor dark-reddish-brown (10R 3/4) volcanic lithic fragments typically
less than 5 mm in size.
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Depth
Interval
meters/(feet)

1,426.5-1,533.1
(4,680 - 5,030)

Thickness
meters/
(feet)

106.7
(350)

Sample
Type @

DB1,
DB2,C

Laboratory
Analyses b

TS, XRD,
XRF

Lithologic Description ©

Bedded Tuff: Very-pale-orange (10YR 8/2) and moderate-reddish-
orange (10R 6/6); silicic, potassic, and minor zeolitic; minor to

common very-pale-orange (10YR 8/2) and moderate-orange-pink (10R

7/4) pumice less than 4 mm in size; common felsic phenocrysts of
feldspar and quartz; minor to common biotite; rare to minor volcanic
lithic fragments of various colors and up to 1 cm in size, but typically
less than 3 mm. Dirill cuttings below 1,432.6 m (4,700 ft) contain
abundant fragments of black shale, gray siltstone, and vitric
nonwelded tuff that appear not to be from UE20c. These rocks were
likely introduced into the UE20c circulation system during drilling of
this interval by equipment brought on location that had not been fully
cleaned-out from a previous drilling operation.

Stratigraphic
Unit @

Thr

1,533.1 - 1,630.1
(5,030 - 5,348)
™

96.9
(318)

DB1,
DB2,C

TS, XRD,
XRF

Bedded Tuff: Yellowish-gray (5Y 7/2); zeolitic; minor to common
pale-greenish-yellow (10Y 8/2) pumice less than 4 mm in size;
common felsic phenocrysts of feldspar and quartz; abundant biotite;
rare to minor volcanic lithic fragments of various colors and up to

1 cmin size, but typically less than 3 mm. Drill cuttings contain
abundant fragments of black shale, gray siltstone, and vitric
nonwelded tuff that appear not to be from UE20c. These rocks were
likely introduced into the UE20c circulation system during drilling of
this interval by equipment brought on location that had not been fully
cleaned-out from a previous drilling operation.

Thr
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a DA =drill cuttings that represent lithologic character of interval; DB1 = drill cuttings enriched in hard components; DB2 = drill cuttings from
interval different than that drilled; C = conventional core.

b TS =thin section; MP = electron microprobe; XRD = X-ray diffraction; XRF = X-ray fluorescence; ES = emission spectroscopy; NAA = neutron
activation analysis. See Appendix A (this report) for details of laboratory analyses.

¢ Descriptions are based mainly on visual examination of lithologic samples using a 10x- to 40x-zoom binocular microscope and geophysical logs.
Additional data from laboratory analyses have been incorporated into the descriptions. Colors describe wet sample color, and are based on the
Geological Society of America Rock-Color Chart.
Abundances for felsic phenocrysts, pumice fragments, and lithic fragments: trace = only one or two individuals observed; rare = < 1%;
minor =5%; common = 10%; abundant = 15%; very abundant = > 20%
Abundances for mafic minerals: trace = only one or two individuals observed; rare = < 0.05%; minor = 0.2%; common = 0.5%;
abundant = 1%; very abundant => 2%

d Tt=Thirsty Canyon Group, undivided; Ttt = Trail Ridge Tuff, Tma = Ammonia Tanks Tuff; Tmab = bedded Ammonia Tanks Tuff; Tmr = Rainier
Mesa Tuff; Tmrf = rhyolite of Fluorspar Canyon; Tpb = rhyolite of Benham; Tpcm = Pahute Mesa lobe of the Tiva Canyon Tuff; Tpd = rhyolite of
Delirium Canyon; Tptm = Pahute Mesa lobe of the Topopah Springs Tuff; Thp = mafic-poor Calico Hills Formation; Thr = mafic-rich Calico Hills
Formation. See Table 1-5 (this report) for additional information regarding stratigraphic relationships in the vicinity of UE20c.
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Detailed Lithologic Log for Emplacement Hole U20y
By L. B. Prothro and R. G. Warren, 1999

(Page 1 of 6)

Depth Thickness Sample Laboratory . . e Stratigraphic
Interval meters/ T a Anal b Lithologic Description Unit @
meters/(feet) (feet) ype nalyses
Moderately Welded Ash-Flow Tuff: Geology inferred from
0-51.8 51.8 . .
(0-170) (170) None None geophysical logs, surface exposures, and stratigraphy of nearby Tt
holes. Interval probably contains intercalated bedded tuff.
Nonwelded Ash-Flow Tuff: Vitric.
51.8-64.0 122 None None Tma
(170 - 210) (40) Geology inferred from geophysical logs and description of lithologic
samples from nearby hole ER-20-5.
Bedded Tuff: Samples consist mostly of loose fragments of white
(N9), light-gray (N7), and very-pale-orange (10YR 8/2) vitric pumice
up to 20 mm in size and containing phenocrysts of feldspar, quartz,
64.0-94.5 30.5 - : X
210 - 310 100 DB1 None biotite, and sphene. Samples also contain considerable amounts Tmab
( ) ) ( ) of loose crystals of feldspar, quartz, biotite, and hornblende; and a
variety of volcanic lithic fragments generally less than 5 mm in size.
Nonwelded Ash-Flow Tuff: Samples consist mostly of loose
crystals of feldspar and quartz, and variety of volcanic lithic
94.5-103.6 9.1 DB1 None fragments up to 10 mm in size. Loose fragments of vitric pumice of Tmr
(310 - 340) (30) a variety of colors and generally less than 3 mm in size, and loose
crystals of biotite and clinopyroxene are also present in the
samples.
Partially Welded Ash-Flow Tuff: Moderate-brown (5YR 3/4) and
pale-red (10R 6/2); devitrified, with extensive vapor-phase
mineralization; minor medium-light-gray (N6) and yellowish-gray (5Y
103.6 - 110.9 7.3 . - . .
DA None 8/1) recrystallized and partially flattened pumice less than 4 mm in Tmr
(340 - 364) (24) . . ) )
size; minor felsic phenocrysts of quartz and feldspar; rare mafic
minerals of biotite and lesser clinopyroxene; rare grayish-red (10R
4/2) lithic fragments less than 5 mm in size.
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Depth Thickness . .
Laborator
Interval meters/ STamglae | E,/ Lithologic Description ¢ S”""t'}%f‘c?h'c
meters/(feet) (feet) yp Analyses
Moderately Welded Ash-Flow Tuff: Brownish-gray (5YR 6/1);
devitrified; minor yellowish-gray (5Y 8/1) flattened pumice less than
110.9-126.2 15.3 Lo . )
DA None 5 mm in size; minor felsic phenocrysts of feldspar and quartz; rare Tmr
(364 - 414) (50) I L ) R
mafic minerals of biotite and lesser clinopyroxene; no lithic
fragments.
Densely Welded Ash-Flow Tuff: Grayish-red (10R 4/2); devitrified;
126.2-131.1 4.9 : . o S
DA None minor felsic phenocrysts of feldspar and quartz; minor biotite; no Tmr
(414 - 430) (16) lithic fragments.
Vitrophyric Ash-Flow Tuff: Brownish-black (5YR 2/1), becoming
131.1-148.7 17.6 DB1 None moderate-brown (5YR 3/4) at base of interval; vitric; perlitic; Tmr
(430 - 488) (58) common felsic phenocrysts of feldspar and quartz; rare mafic
minerals of biotite and lesser clinopyroxene; no lithic fragments.
Nonwelded Ash-Flow Tuff: Samples consist of loose crystals of
feldspar and quartz, a variety of volcanic lithic fragments up to
148.7 - 158.5 9.8 DB1 None 10 mm in size, and fragments of very-pale-orange (10YR 8/2) vitric Tmr
(488 - 520) (32) pumice less than 2 mm in size. Loose crystals of biotite are also
present. A moderate-reddish-orange (10R 6/6) vitric matrix partially
coats many of the crystals and fragments.
Bedded Tuff: Samples consist of loose fragments of white (N9)
and very-pale-orange (10YR 8/2) vitric pumice less than 4 mm in
size, lithic fragments of mostly grayish-red (10R 4/2) devitrified lava
158.5-170.7 12.2 L :
DB1 None less than 10 mm in size, and felsic crystals of feldspar and quartz. Tmrf
(520 - 560) (40) S .
Small flakes of biotite are present on some pumice fragments. A
grayish-orange (10YR 7/4) and light-brown (5YR 5/6) vitric matrix
partially coats some pumice and lithic fragments.
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Depth Thickness . .
Laborator
Interval meters/ STamglae | E,/ Lithologic Description ¢ Straﬂ%:ﬁgh'c
meters/(feet) (feet) yp Analyses
Nonwelded Tuff: Pale yellowish-brown (10YR 6/2); mostly vitric,
partially silicic; abundant pale-yellowish-brown (10YR 6/2) vitric
170.7-176.8 6.1 . A :
560 - 580 20 DB1 None pumice less than 3 mm in size; minor felsic phenocrysts of feldspar Tmrf
( i ) (20) and quartz; rare biotite; rare moderate-reddish-brown (10R 4/6) lithic
fragments of devitrified welded ash-flow tuff less than 3 mm in size.
Nonwelded Tuff: Grayish-orange (10YR 7/4); vitric; minor pale-
yellowish-orange (10YR 8/6) vitric pumice up to 2 cm in size; minor
176.8 - 189.0 12.2 - o o
580 - 620 40 DA -DB1 None felsic phenocrysts of feldspar and quartz; minor biotite; rare Tmrf
( i ) (40) grayish-red (10R 4/2) volcanic lithic fragments less than 2 mm in
size.
Bedded Tuff: Dark-yellowish-orange (10YR 6/6); mostly vitric,
partially zeolitic; very abundant dark-yellowish-orange (10YR 6/6)
189.0-195.1 6.1 DB1 N partially zeolitic pumice less than 2 mm in size; minor felsic Tmirf
(620 - 640) (20) one phenocrysts of feldspar and quartz; minor biotite; rare grayish-red mr
(10R 4/2) lithic fragments of devitrified and silicic lava up to 4 mm in
size.
Pumiceous Lava: Light-olive-gray (5Y 6/1) and pale-yellowish-
195.1-224.3 29.2 it ; . .
DB1 None brown (10YR 6/2); vitric; pumiceous; rare feldspar phenocrysts; Tpb
(640 - 736) (96) ol
abundant biotite; minor sphene.
Lava: Mottled very-light-gray (N8) and moderate-reddish-brown
224.3-329.2 104.9 o T ) S
DA None (10R 4/6) devitrified; minor feldspar phenocrysts; common biotite; Tpb
(736 - 1080) (344) .
show flow-banding.
Vitrophyric Lava: Dusky-yellowish-brown (10YR 2/2) and dark-
329.2 - 362.7 33.5 DA - DB TS reddish brown (10R 3/4); vitric, partially devitrified from 341.4 to Tob
(,2080 - 1,190) (110) 350.5 m (1,120 - 1,150 ft); perlitic; rare feldspar phenocrysts; minor P
biotite; rare sphene.
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Depth Thickness . .
Interval meters/ Samplae Laborator%/ Lithologic Description ¢ S”a“gfac‘?h'c
meters/(feet) (feet) Type Analyses Unit
3627 -374.9 12.2 Pumiceous Lava: Moderate-brown (5YR 4/4); vitric, becoming
DA TS mostly devitrified and partially vitric at base of interval; rare feldspar Tpb
(1,190 - 1,230) (40) L R
phenocrysts; minor biotite; rare sphene.
Bedded Tuff: Moderate-yellowish-brown (10YR 5/4), light-brown
(5YR 6/4); grayish-yellow (5Y 8/4), and moderate-reddish-brown
(10R 4/6); mostly zeolitic, partially opalline and potassic in part,
partially argillic at base of interval; minor to common light-brown
374.9 - 463.3 88.4 DA GM, TS, (5YR 6/4), grayish-yellow (5Y 8/4), and white (N9) zeolitic pumice Tpb
(1,230 - 1,520) (290) XRD generally less than 2 mm in size; rare to minor felsic phenocrysts
of feldspar and much less quartz; common biotite; rare to minor
dark-reddish-brown (10R 3/4) and very-dusky-red (10R 2/2) lithic
fragments of devitrified welded tuff and lava up to 1 cm in size;
minor sphene.
Nonwelded Tuff: Pale brown (5YR 5/2); zeolitic, minor argillic and
opaline; common very-pale-orange (10YR 8/2) zeolitic pumice up to
463.3 -478.5 15.2 N . o
(1,520 - 1,570) (50) DA GM, XRD 5 mm in size; rare fel.ds.par phenogrygtg, rare biotite; rare dusky— Tpcyp
brown (5YR 2/2) devitrified volcanic lithic fragments upto 1 cm in
size.
Partially Welded Ash-Flow Tuff: Yellowish-gray (5Y 8/1);
9.2 devitrified, with vapor-phase mineralization; minor yellowish-gray
478.5 - 487.7 (3'0) DB1 None (5Y 8/1) recrystallized pumice up to 2 mm in size; rare feldspar Tpcm
(1,570 - 1,600) phenocrysts; rare biotite; rare moderate-brown (5YR 4/4) devitrified
volcanic lithic fragments up to 4 mm in size.
Moderately Welded Ash-Flow Tuff: Mostly grayish-red (10R 4/2),
487.7 - 560.2 795 moderate-brown (5YR 4/4) at top and base of interval; mostly
. . ' DA TS devitrified, partially silicic below 545.6 m (1,790 ft); minor light-gray Tpcm
(1,600 - 1,838) (238) . NN
(N7) flattened pumice up to 3 mm in size; rare feldspar
phenocrysts; rare biotite; no lithic fragments.
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Depth Thickness . .
Laborator
Interval meters/ STamglae | E,/ Lithologic Description ¢ S”""t'}%f‘c?h'c
meters/(feet) (feet) yp Analyses
560.2 - 579.1 18.9 DA TS Densely Welded Ash-Flow Tuff: Moderate-brown (5YR 4/4); Toem
(1,838 - 1,900) (62) devitrified; rare feldspar phenocrysts; rare biotite. P
Bedded Tuff: Pale-reddish-brown (10R 5/4), light-brown (5YR 6/4),
pale-yellowish-brown (10YR 6/2) to moderate-yellowish-brown
579.1-585.2 6.1 DA DB1 None (10YR 5/4), and dark-yellowish-orange (10YR 6/6); zeolitic; pumice Tod
(1,900 - 1,920) (20) ' mostly absent; rare to minor feldspar phenocrysts; rare biotite; rare P
to common welded and nonwelded tuffaceous and lava lithic
fragments up to 3 mm in size.
Bedded Tuff: Grayish-yellow (5Y 8/4), grayish-orange (10YR 7/4),
very-pale-orange (10YR 8/2), and light-brown (5YR 6/4); zeolitic;
585.2 - 640 7 555 rare to minor pumice up to 2 mm in size; rare feldspar phenocrysts,
1 92'0 5 1(')2 18'2 DA, DB1 None rare to minor biotite; minor to common mostly grayish-red (10R 4/2) Tpd
(. -2,102) (182) to very-dusky-red (10R 2/2) devitrified welded tuff lithic fragments up
to 1 cm in size, becoming rare in abundance below approximately
606.5 m (1,990 ft).
Partially Welded Ash-Flow: Light-brownish-gray (5YR 6/1),
becoming light-brown (5YR 5/6) at base of interval; devitrified; rare
640.7 - 654.1 134 light-brownish-gray (5YR 6/1) pumice generally less than 2 mm in
(2,102 - 2,146) (44) DA XRD, XRF size; rare feldspar phenocrysts; minor biotite; rare moderate-brown Tptm
(5YR 3/4) lithic fragments of densely welded ash-flow tuff up to
4 mm in size.
Moderately Welded Ash-Flow Tuff: Pale-brown (5YR 5/2) to
approximately 695.0 m (2,280 ft), becoming mostly moderate-brown
654.1 - 726.6 725 DA None (5YR 3/4) below; devitrified; rare to minor pale-brown (SYR 5(2) .and Tptm
(2,146 - 2,384) (238) moderate-brown (5YR 3/4) flattened pumice up to 3 mm in size;
! ! rare feldspar phenocrysts; minor biotite; rare grayish-brown (5YR
3/2) tuffaceous lithic fragments up to 5 mm in size.
726.6 - 751.6 25.0 DA N Densely Welded Ash-Flow Tuff: Moderate-brown (5YR 4/4); Tot
(2,384 - 2,466) (82) one devitrified; rare feldspar phenocrysts; rare biotite. ptm
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Depth Thickness
Interval meters/
meters/(feet) (feet)

Laborator i i
Samplae E,/ Lithologic Description ¢ Stratigraphic
Type Analyses Unit

Partially Welded Ash-Flow Tuff: Pale-brown (5YR 5/2); potassic,

751.6 - 793.1 415 TS. XRD minor zeolitic and opaline; minor pale-brown (5YR 5/2) pumice up
(2,466 - 2,602) (1?;6) DA )](RF ! to 7 mm in size; rare feldspar phenocrysts; minor biotite; rare Tptm
TD grayish-brown (5YR 3/2) lithic fragments of lava and densely welded

tuff up to 1 cm in size.

a DA =drill cuttings that represent lithologic character of interval; DB1 = drill cuttings enriched in hard components.

b GM = grain mount; TS = thin section; XRD = X-ray diffraction; XRF = X-ray fluorescence. See Appendix B (this report) for details of laboratory
analyses.

c Descriptions are based mainly on visual examination of lithologic samples using a 10x- to 40x-zoom binocular microscope and geophysical logs.
Additional data from laboratory analyses have been incorporated into the descriptions. Colors describe wet sample color, and are based on the
Geological Society of America Rock-Color Chart.

Abundances for felsic phenocrysts, pumice fragments, and lithic fragments: trace = only one or two individuals observed; rare = < 1%;
minor = 5%; common = 10%; abundant = 15%; very abundant = > 20%

Abundances for mafic minerals: trace = only one or two individuals observed; rare = < 0.05%; minor = 0.2%; common = 0.5%;
abundant = 1%; very abundant => 2%

d Tt=Thirsty Canyon Group, undivided; Tma = Ammonia Tanks Tuff;, Tmab = bedded Ammonia Tanks Tuff; Tmr = Rainier Mesa Tuff;
Tmrf = rhyolite of Fluorspar Canyon; Tpb = rhyolite of Benham; Tpcy = tuff of Pinyon Pass; Tpcm = Pahute Mesa lobe of the Tiva Canyon Tuff;
Tpd = rhyolite of Delirium Canyon; Tptb = bedded Topopah Springs Tuff; Tptm = Pahute Mesa lobe of the Topopah Springs Tuff. See Table 1-5
(this report) for additional information regarding stratigraphic relationships in the vicinity of U20y.

Geology of the TYBO-BENHAM Area--Appendix A DOE/NV/11718--305



Appendix B

List of Laboratory Analyses Available for Drill Holes
of the TYBO-BENHAM Area



T-d

List of Laboratory Analyses Available for Drill Holes of the TYBO-BENHAM Area
(Page 1 of 7)

Drill Hole Sg;ﬂlg Sg;ﬂlg Samplbe Stratig.racphic Litho!o ic Alteration © Mingr . Laboratory Analyses
(meters) (feet) Type Unit Unit Alteration Performed
ER-20-1 570.0 1,870.0 DA Tpcm PWT MG SR/ZC TS, XRD, XRF
ER-20-1 624.8 2,050.0 DA Tpcm MWT MG/GR SR TS, XRD, XRF
ER-20-5 #3 618.7 2,030.0 DA Tpg NWT ZC ZM/OP TS, XRD
ER-20-5 #3 676.7 2,220.0 DA Tpd NWT ZCIZM OP/KF TS, XRD
ER-20-5 #3 900.7 2,955.0 DA Thp NWT QC/ZM/KF OP TS, XRD, XRF
ER-20-5 #3 915.9 3,005.0 DA Thp NWT QC/ZM/KF - XRD, XRF
ER-20-5 #3 972.3 3,190.0 DA Thp NWT ZM/KF/QC - XRD, XRF
ER-20-5 #3 1,185.7 3,890.0 DA Thp PL ZC ZMIOP/ZA XRD, XRF
ER-20-5 #3 1,207.0 3,960.0 DA Thp NWT ZM/ZC QC/KF/ZA XRD, XRF
ER-20-5 #3 1,255.8 4,120.0 DA Thr NWT QC/KF ZAIZM/ZC XRD, XRF
ER-20-5 #3 1,295.4 4,250.0 DA Thr NWT KF/QC ZMIZA XRD, XRF
U20ag 24.4 80.0 DB1 Ttpr PWT DV/VP CC CO,
U20ag 33.5 110.0 DB1 Ttpp PWT DV/VP CC CO,
U20ag 70.1 230.0 DB1 Ttr PWT DV/VP -- CO,
U20ag 79.2 260.0 DB1 Tmar PWT GL/DV CC CO,
U20ag 82.3 270.0 DB1 Tmar PWT GL/DV - XRD
U20ag 88.4 290.0 DB1 Tmar PWT GL/DV -- CcO,
U20ag 97.5 320.0 DB1 Tmab BED GL -- CO,
U20ag 115.8 380.0 DB1 Tmab BED GL CcC CO,
U20ag 134.1 440.0 DA Tmrr PWT DV/VP -- CO,
U20ag 140.2 460.0 DA Tmrr MWT DV -- XRD
U20ag 143.3 470.0 DA Tmrr MWT DV -- CO,
U20ag 189.0 620.0 DA Tmrp DWT DV -- CO,
U20ag 204.2 670.0 DA Tmrp VT GL/DV AR XRD

See notes a through f on Page B-7
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Laboratory Analyses - TYBO-BENHAM Area Drill Holes

Page 2 of 7

Drill Hole gzg’tﬂ'ﬁ gzg’tﬂ'ﬁ Samplbe Stratig_raéohic Litho_logic Alteration © Minqr . Laboratory Anale/ses
(meters) (feet) Type Unit Unit Alteration Performed
U20ag 207.3 680.0 DB1 Tmrp VT GL/DV -- XRD
U20ag 249.9 820.0 DB1 Tmrf BED GL - CO,
U20ag 280.4 920.0 DB1 Tmrf BED GL -- CO,
U20ag 289.6 950.0 DA Tmrf NWT GL -- XRD
U20ag 301.8 990.0 DA Tmrh BED GL CC CO,
U20ag 307.8 1,010.0 DA Tmrh BED ZC GL XRD
U20ag 320.0 1,050.0 DA Tmrh BED ZC GL XRD
U20ag 329.2 1,080.0 DB1 Tmrh BED ZC GL/CC CO,
U20ag 356.6 1,170.0 DA Tpb PL ZC QC XRD
U20ao 152.4 500.0 DB1 Tmab BED GL -- XRD
U20ao 326.1 1,070.0 DB1 Tmrf BED GL -- XRD
U20ao 390.1 1,280.0 DB1 Tmrh BED GL -- XRD
U20ao 417.6 1,370.0 DA Tmrh BED ZC -- XRD
U20as 304.8 1,000.0 DB1 Tmw BED ZC -- XRD
U20as 310.9 1,020.0 DB1 Tmw BED ZC GL/CC/OP TS
U20as 335.3 1,100.0 DB1 Tmw BED ZC -- XRD
U20as 365.8 1,200.0 DB1 Tmw BED ZC -- TS, XRD
U20as 460.2 1,510.0 DB1 Tpb LA GL ZC XRD
U20as 472.4 1,550.0 DA Tpb LA GL DV GM
U20as 478.5 1,570.0 DA Tpb LA ZC -- GM, XRD
U20as 487.7 1,600.0 DA Tpb NWT ZC AR GM, XRD
U20as 518.2 1,700.0 DA Tpb NWT ZC AR GM, XRD
U20as 548.6 1,800.0 DA Tpb NWT ZC -- GM
U20as 563.9 1,850.0 DA Tpb BED ZC AR XRD
U20as 579.1 1,900.0 DA Tpb NWT ZC -- GM
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Laboratory Analyses - TYBO-BENHAM Area Drill Holes

Page 3 of 7

Sample Sample . . . . .
Drill Hole Depth 2 Depth 2 Samplbe Stratlg_raéohlc thho_loglc Alteration © Mlnqr . Laboratory Anale/ses

(meters) (feet) Type Unit Unit Alteration Performed
U20as 606.6 1,990.0 DA Tpb NWT ZC AR/KF GM, XRD
U20as 624.8 2,050.0 DA Tpb NWT ZC - GM
U20as 634.0 2,080.0 DA Tpb BED ZC -- XRD
U20as 640.1 2,100.0 DA Tpb NWT ZC -- GM
U20c 1,303.0 4,275.0 DA Thp PL ZC/ZM OP XRD, XRF
U20c 1,387.5 4,552.3 C Thp BED QC/ZA/KFE ZM TS, XRD
U20c 1,402.1 4,600.0 C Thr BED ZE -- ES
U20c 1,418.4 4,643.7 C Thr BED QC/KF ZMIZA TS, XRD
U20c 1,461.2 4,794.0 C Thr BED QC/KF/ZA CC TS
UE20c 363.0 1,191.0 C Tpb LA SRIMG -- TS
UE20c 412.4 1,353.0 C Tpb LA MG/VP/GR - TS, ES
UE20c 459.3 1,507.0 C Tpb LA SR/IMG/GR - TS
UE20c 523.6 1,718.0 C Tpb LA GR -- TS
UE20c 588.3 1,930.0 C Tpb LA MG -- TS, ES
UE20c 648.0 2,126.0 C Tpcm DWT AXIGR - TS
UE20c 650.1 2,133.0 C Tpcm DWT MG GR TS
UE20c 713.8 2,342.0 C Tpcm MWT MG/GR/SR -- TS
UE20c 731.5 2,400.0 DA Tpcm WT DV -- TS
UE?20c 778.2 2,553.0 C Tptm NWT ZC -- TS
UE20c 780.0 2,559.0 C Tptm NWT ZC -- TS, MP, NAA
UE20c 793.1 2,602.0 C Tptm NWT MG/SR - TS
UE?20c 795.4 2,609.5 C Tptm PWT MG/SR -- TS, MP, XRF, NAA
UE20c 808.3 2,652.0 C Tptm PWT MG/GR -- TS
UE20c 808.9 2,654.0 C Tptm PWT MG/GR - TS
UE20c 823.6 2.702.0 C Tptm MWT MG/GR SR TS
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Laboratory Analyses - TYBO-BENHAM Area Drill Holes

Page 4 of 7

Drill Hole gzg’tﬂ'ﬁ gzg’tﬂ'ﬁ Samplbe Stratig_raéohic Litho_logic Alteration © Minqr . Laboratory Anale/ses
(meters) (feet) Type Unit Unit Alteration Performed

UE20c 826.0 2,710.0 C Tptm MWT MG/GR -- TS, MP, NAA
UE20c 840.3 2,757.0 C Tptm MWT MG/GR SR TS
UE20c 853.4 2,800.0 C Tptm MWT MG/GR SR NAA
UE20c 854.0 2,802.0 C Tptm MWT MG/GR SR TS
UE20c 871.1 2,858.0 C Tptm MWT MG/GR SR TS
UE20c 884.2 2,901.0 C Tptm PWT MG/SR/GR -- TS, MP, XRF, NAA
UE20c 884.5 2,902.0 C Tptm PWT MG SR TS
UE20c 899.8 2,952.0 C Tptm NWT ZC - TS
UE20c 901.3 2,957.0 C Tptm NWT ZC -- NAA
UE20c 914.7 3,001.0 C Tptm NWT ZC/QC -- TS
UE20c 915.9 3,005.0 C Tptm NWT ZC - TS, MP, NAA
UE20c 947.6 3,109.0 C Thp NWT ZC - TS
UE20c 947.9 3,110.0 C Thp NWT ZC QZ TS, NAA
UE20c 978.1 3,209.0 C Thp NWT ZC/QC -- TS
UE20c 1,005.8 3,300.0 C Thp NWT ZC/QC - TS
UE20c 1,036.9 3,402.0 C Thp NWT ZC -- TS
UE20c 1,039.4 3,410.0 C Thp BED ZC CH TS, NAA
UE20c 1,070.5 3,612.0 C Thp NWT ZCIQC -- TS
UE?20c 1,097.4 3,600.5 C Thp NWT ZE KF TS, MP, NAA
UE20c 1,098.8 3,605.0 C Thp NWT ZC/QC -- TS
UE20c 1,100.3 3,610.0 C Thp PL ZC/QC - TS
UE?20c 1,189.6 3,903.0 C Thp LA AXIGR VP/ZC XRD, XRF
UE20c 1,189.9 3,904.0 C Thp LA AXIGR -- TS, ES
UE20c 1,251.2 4,105.0 C Thp LA GL - TS, ES
UE20c 1.252.7 4.110.0 C Thp LA GL -- NAA
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Laboratory Analyses - TYBO-BENHAM Area Drill Holes Page 50of 7
. Samp"é Samp"é Sample Stratigraphic Lithologic . e Minor Laboratory Analyses
Drill Hole Depth Depth Type P Unit © Unitg Alteration Alteration © Performedy
(meters) (feet)

UE20c 1,294.2 4,246.0 C Thp FB MG SR TS, NAA
UE20c 1,383.2 4,538.0 C Thp PWT MG -- TS
UE20c 1,383.5 4,539.0 C Thp NWT ZE -- NAA
UE20c 1,446.3 4,745.0 C Thr NWT ZCIQC -- TS
UE20c 1,446.6 4,746.0 C Thr NWT QC/KF M XRD, XRF
UE20c 1,446.6 4,746.0 C Thr NWT QC/KF ZM XRD, XRF
UE20c 1,446.6 4,746.0 C Thr NWT QC/KF M TS
UE20c 1,496.6 4,910.0 DB2 Mc AR AR/KA/PY CC/CH TS, XRD
UE20c 1,496.6 4,910.0 DB2 Mc SLT AR/KA/PY CC/CH TS, XRD
UE20c 1,505.1 4,938.0 C Thr NWT ZC/IQC cC TS
UE20c 1,506.8 4,943.7 C Thr NWT QC/KF/IZA M XRD, XRF
UE20c 1,571.2 5,155.0 C Thr NWT ZCI/CH - TS
UE20c 1,573.1 5,161.0 C Thr NWT ZM ZA XRD, XRF
U20y 341.4 1,120.0 DA Tpb LA GL/SR -- TS
U20y 374.9 1,230.0 DA Tpb PL MS - TS
U20y 384.0 1,260.0 DA Tpb NWT ZC -- GM
U20y 426.7 1,400.0 DA Tpb NWT ZC -- GM
U20y 442.0 1,450.0 DA Tpb NWT ZC ZM/OP/KF TS, XRD
U20y 454.2 1,490.0 DB1 Tpb BED KF/ZC OoP XRD
U20y 457.2 1,500.0 DA Tpb NWT ZC -- GM
U20y 460.2 1,510.0 DA Tpb BED ZC/KF OoP TS, XRD
U20y 463.3 1,520.0 DA Tpb BED AR/ZC/KF OoP XRD
U20y 466.3 1,530.0 DB1 Tpcyp NWT ZC AR/OP GM, XRD
U20y 472.4 1,550.0 DA Tpcyp NWT ZC -- GM
U20y 490.7 1610.0 DA Tpcm MWT MG/AX/IGR -- TS
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Laboratory Analyses - TYBO-BENHAM Area Drill Holes
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Sample Sample . . . . .
Drill Hole Depth 2 Depth 2 Samplbe Stratlg_raéohlc thho_loglc Alteration © Mlnqr . Laboratory Anale/ses

(meters) (feet) Type Unit Unit Alteration Performed
U20y 493.8 1,620.0 DA Tpcm MWT MG GR/CC TS
U20y 521.2 1,710.0 DA Tpcm MWT MG GR TS
U20y 560.8 1,840.0 DA Tpcm MWT MG/MS -- TS
U20y 570.0 1,870.0 DA Tpcm DWT DV -- TS
U20y 640.1 2,100.0 DA Tptm PWT MG KA XRD, XRF
U20y 762.0 2,500.0 DA Tptm PWT ZC -- TS
U20y 768.1 2,520.0 DA Tptm PWT ZC -- TS
U20y 771.1 2,530.0 DA Tptm PWT DV ZE XRD
U20y 774.2 2,540.0 DA Tptm PWT DV ZE TS, XRD
U20y 783.3 2,570.0 DA Tptm PWT MG ZM;/ZA/; ZO;P/ TS, XRD, XRF
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Laboratory Analyses - TYBO-BENHAM Area Drill Holes

a

Depth represents base of sample interval. See Section 2.0 of this
report and Warren et al. (1999) for sample intervals.

DA = drill cuttings that represent lithologic character of interval
DBL1 = drill cuttings enriched in hard components

DB2 = drill cuttings from interval different than that drilled
C = conventional core

Ttpr = crystal-rich Pahute Mesa Tuff

Ttpp = crystal-poor Pahute Mesa Tuff

Ttr = Rocket Wash Tuff

Tmar = mafic-rich Ammonia Tanks Tuff

Tmab = bedded Ammonia Tanks Tuff

Tmrr = mafic-rich Rainier Mesa Tuff

Tmrp = mafic-poor Rainier Mesa Tuff

Tmrf = rhyolite of Fluorspar Canyon

Tmrh = tuff of Holmes Road

Tmw = rhyolite of Windy Wash

Tpb = rhyolite of Benham

Tpcyp = crystal-poor tuff of Pinyon Pass

Tpcm = Pahute Mesa lobe of Tiva Canyon Tuff
Tpg = rhyolite of Black Glass Canyon

Tpd = rhyolite of Delirium Canyon

Tptm = Pahute Mesa lobe of Topopah Spring Tuff
Thp = mafic-poor Calico Hills Formation

Thr = mafic-rich Calico Hills Formation

Mc = Chainman Shale

BED = bedded tuff

NWT = nonwelded tuff

PWT = partially welded ash-flow tuff
MWT = moderately welded ash-flow tuff
DWT = densely welded ash-flow tuff

VT = vitrophyric ash-flow tuff

WT = welded tuff

PL = pumiceous lava

LA =lava
B = flow breccia
AR = argillite

SLT = siltstone

-- = minor alteration not identified or not present
GL = vitric
OP = opalline

AR = argillic

ZE = zeolitic

ZC = zeolitic (clinoptilolite)

ZM = zeolitic (mordenite)

ZA = zeolitic (analcime)

QZ =silicic

QC =silicic (chalcedony)

CC = calcite

KF= potassic

KA = kaolinitic

PY = pyritic

CH = chloritic

DV = devitrified

VP = deuvitrified (vapor-phase)
GR = devitrified (granophyric)

SR = devitrified (spherulitic)

AX = devitrified (axiolitic)

MG = devitrified (microgranophyric)
MS = devitrified (microspherulitic)

GM = grain mount

TS = thin section

MP = electron microprobe

XRD = X-ray diffraction

XRF = X-ray fluorescence

NAA = neutron activation analysis
ES = emission spectroscopy
CO, = carbon dioxide content
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