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ABSTRACT

Detailed stratigraphic and structural studies, performed in connection
with the Nevada Nuclear Waste Storage Investigations program, have been in
progress since 1978. The purpose of these studies is to characterize volcanic
rocks underlying Yucca Mountain--a volcanic highland situated along the
western boundary of the Nevada Test Site in southern Nye county, Nevada. Core
hole USW G-4 was cored from 41 ft (13 m) to a depth of 3,001 ft (915 m) at a
location approximately 300 ft (91 m) southwest of the proposed site of an
exploratory shaft that will be used for in situ studies of the geotechnical,
geologic, and hydrologic characteristics of rock in the unsaturated zone to
aid in evaluating the suitability of Yucca Mountain for storage of high-level
nuclear waste. The primary objectives of this study were to (1) verify that
geologic conditions are similiar to those identified in nearby boreholes and
(2) determine geologic and geophysical characteristics for use in the design
and construction phases of the exploratory shaft.

Stratigraphic section in core hole USW G-4 is composed entirely of thick
sequences of ash-flow tuff that are separated by fine- to coarse-grained ash-
fall tuff and tuffaceous sediments. Al1l rocks are of Tertiary age and vary in
composition from rhyolitic to quartz latitic. Major stratigraphic units
}nc]ude the Paintbrush Tuff, tuffaceous beds of Calico Hills, and Crater Flat

uff.

A1l four members of the Paintbrush Tuff were identified in USW G-4. In
descending order, the members are the: Tiva Canyon, Yucca Mountain, Pah
Canyon, and Topopah Spring. The Tiva Canyon and Topopah Spring Members are
dominantly densely welded and devitrified, except for the basal part of the
Tiva Canyon and upper and lower parts of the Topopah Spring where the rock is
non- to partially welded and vitric. In contrast, the Yucca Mountain and Pah
Canyon Members are entirely non-to partially welded and vitric. They
represent the distal edges of ash-flow tuffs that thicken to the north and
northwest.



The thick 1,071 ft (329 m); densely welded zone of the Topopah Spring
Member is of special interest as a potential host rock for storage of high-
level nuclear waste. This zone contains three distinctive lithophysae-bearing
intervals, the lower two of which reach thicknesses of 210 ft (64 m) and 357.9
ft (109.1 m), respectively. The highest content of lithophysal cavities
occurs within the middle zone, where a few 10 ft (3 m) intervals contain more
than 20 percent voids.

Many of the underlying stratigraphic units are highly zeolitic,
containing mordenite and clinoptilolite in amounts that vary from 30 to as
much as 70 percent of the rock.

Although a comprehensive structural analysis is still in progress, a
preliminary compilation indicates the presence of 2,058 fractures, 10 and
72 percent of which occur in the densely welded zones of the Tiva Canyon and
Topopah Spring Members, respectively. This corresponds to apparent fracture
frequencies of 26 and 13 fractures per 10-ft (3-m) interval within the Tiva
Canyon and Topopah Spring Members. Other less welded units range between 1
and 4 fractures per 10-ft (3-m) interval. Because fractures show a wide range
of inclinations, the number of fractures in a cubic meter of rock was
estimated. Maximum values of 34, 4, and 7 fractures per cubic meter are
representative of densely welded devitrified tuff non-to partially welded tuff
and bedded tuff, respectively.

Most fracture faces are partially coated or stained by one or more of the
following:™ manganese and iron oxides and hyroxides, silica, zeolites,
smectites, and calcite. However, in the Topopah Spring Member 51 percent of
the fracture faces are not coated with secondary minerals but appear altered,
presumably a result of weathering.

About 5 percent of the fractures were characterized as shear fractures
based on the presence of slickensides, truncation of pumice fragments, and
(or) brecciation. None of these indicators provides sufficient data to
determine the amount of offset; however, the absence of any abrupt deviations
in zonal patterns of ash-flow tuff units suggests all are of small scale.
Most shear fractures are distributed throughout the cored interval. However,
conspicuous concentrations of shear fractures occur near the top of the
densely welded zone of the Topopah Spring Member, within the upper half of the
Prow Pass Member, near the top of the Bullfrog Member, and within the upper
part of the Tram Member. As in previous subsurface studies, many striated
shear surfaces suggest a strong component of lateral movement.

Oriented core and downhole television camera observations provided
information on the orientation of foliation, bedding planes, and fractures.
Measurements of pumice foliation within the Topopah Spring show a mean dip of
about 10° in a N. 75° E. direction. Bedding planes near the base of the
tuffaceous beds of Calico Hills dip about 9V in directions that range from

N. 59° E. to N. 900 E.



Plots of poles of fractures indicate that conspicuous fracture sets have
orientations of (1) N. 229 E., 65° N.W. in the Tiva Canyon Member, (2) N. 12°
W., 89-90° N.E. and S.W. in the Topopah Spring Member, and (3) N. 23° E., 450
N.W. and N. 50° E., 550 S.E. in the Crater Flat Tuff. Oriented fracture data
obtained from television camera observations show no preferential strike of
fractures in the Tiva Canyon Member and a wide range in the strike of
fracturggoin the Topopah Spring Member, most of which strike between N. 30° W.
and N. E.

Rock quality characteristics, as defined by the core index, indicate that
greater amounts of broken core are associated with densely welded zones in the
Tiva Canyon and Topopah Spring Members, and in zones that contain
concentrations of shear fractures. Greater amounts of lost core and excessive
hole enlargement are associated with vitric, non- to partially welded tuff.

Geophysical 1ogs from USW G-4 correlate well with 1ogs from other drill
holes at Yucca Mountain. Anomalous differences between the neutron-porosity
and density-porosity logs below the static water level are attributed to
undersaturation.

INTRODUCTION

At the request of the U.S. Department of Energy (DOE), the U.S.
Geological Survey (USGS) has been investigating the geology of Yucca Mountain
to aid in evaluating its suitability for storage of high-level nuclear
waste. The area is located along the western margin of the Nevada Test Site
(NTS) in southern Nevada (figs. 1 and 2). The DOE plans to intensify
exploration activities at Yucca Mountain as part of the site characterization
stage of the licensing process. These activities will include the
construction of a deep, large diameter, exploratory shaft and underground
facilities for direct access, observation, and testing of rock units that are
currently considered as potential host rocks for storage of nuclear waste.

The purpose of the following report is to describe subsurface 1ithologic,
stratigraphic, and structural features recognized in the nearly continuous
core recovered from core hole USW G-4, located approximately 300 ft (91 m)
southwest of the proposed site of the exploratory shaft. Primary objectives
for subsurface studies at this location were to determine if geologic and
hydrologic conditions are similar to those identified in boreholes within the
immediate vicinity (UE-25a#l, USW G-1, UE-25a#6, fig. 2), and to study the
geologic and geophysical characteristics of the site for use in the design and
construction of the exploratory shaft. In so far as possible, references to
surface mapping and previously drilled holes are included in this report to
assess the continuity and (or) persistence of geologic features existing at
Yucca Mountain, and, in particular, near the proposed shaft location. Data on
X-ray analyses and mineralogic studies are provided to verify the degree of
alteration and megascopic descriptions of core samples.
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Depths and thicknesses of geologic features identified in core are
reported in English and metric units. The English system was used for the
actual measurements., Where appropriate, thicknesses and depths of geologic
features were measured to the nearest 0.1 foot in the core boxes; however,
depths reported by drillers may not conform with this precision of
measurement.
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SITE SELECTION

A core hole at the site of the proposed exploratory shaft would provide
the best opportunity to confidently predict stratigraphic and structural
conditions prior to construction of the shaft. However, factors which could
potentially alter the natural state of rock adjacent to the proposed
exploratory shaft site played a major role in the selection of a drill site
300 ft (90 m) from the shaft location. Principal factors included: (1)
possible intersection of the core hole and rock below the shaft site and (2)
potential ctontamination by drilling fluid. To a lesser degree, the
anticipated layout of surface facilities for the exploratory shaft that is
principally constrained by topography was also considered in site selection.

Experience gained from previous coring at Yucca Mountain has shown that
most holes deviate significantly from vertical in a southwesterly direction;
in some cases, the direction of borehole drift is coincident with the dip
direction of the dominant fracture set (Scott and others, 1983). In order to
minimize the 1ikelihood of the core hole intersecting rock units directly
beneath the shaft site and perhaps jeopardize future borehole sealing
capabilities, sites to the southwest of the shaft were given a higher
priority.

As in other core holes at Yucca Mountain, excessive losses of drilling
fluid, probably along interconnected fractures, were anticipated in USW G-4
(Spengler and others, 1981; E1lis and Swolfs, 1983). If rock units beneath the
shaft site were contaminated with these fluids, serious limitations would be
placed on the amount of useful hydrologic data that could be obtained during
construction of the shaft. Although the extent of contamination surrounding
any of the previously drilled holes has yet to be determined, precautions were
taken to minimize the risk of contamination. These precautions included: (1)
selection of a site sufficiently removed from the shaft site, but close enough
to allow confident projection of geologic data, and (2) the use of an air-foam
-drilling medium.



DRILLING HISTORY

Beginning on August 22, 1982, a (17.5-in) 43.8-cm hole was drilled to
40 ft (12 m), a depth at which surface casing was installed. Using air foam
as a circulating medium, coring operations began at 41 ft (21 m) and continued
downhole to a depth of 444 ft (135 m), where the first of three significant
drilling problems developed. The core barrel became lodged in the hole,
reportedly due to unstable hole conditions between depths of about 233 ft
(71 m) and 444 ft (135 m); an interval that roughly corresponds to the upper
211 ft (64 m) of moderately to densely welded Topopah Spring Member. After
removing rubble from the hole, coring resumed to 451 ft (138 m) where
circulation was lost and efforts to pull the drill string from the hole
resulted in the detachment of 50 ft (15 m) of drill string and a 10-ft (3-m)
core barrel. Coring was delayed 2 weeks and the hole was enlarged to (6.75
in) 16.9 cm, (9.88 in) 24.7 cm, and, finally, to (12.25 in) 30.6 cm.
Geophysical logging was accomplished during each stage of enlargement and most
of the drilling tools were recovered except for the core barrel and bit.
Downhole television camera observations showed that the core barrel and bit
remained in a sidetrack of the hole between 341 ft (104 m) and 351 ft and (107
m). Thus, no core was collected between the interval of 451 ft (138 m) and
470 ft (143 m).

Coring resumed on September 26 and continued to a depth of 997 ft
(304 m), where the bit crown was lost in the hole. This required enlargement
of the hole a diameter of (6.75 in) 16.9 cm from 467 ft (142 m) to 997 ft
(304 m), and installation of (5.5-in) 13.8-cm casing.

Coring continued through the bedded tuff near the base of the tuffaceous
beds of Calico Hills, to a depth of 1,742 ft (526 m), where booster pump
failure interrupted circulation and resulted in the loss of part of the drill
string. The hole was enlarged to (6.75 in) 16.9 cm to 1,724 ft (526 m) in
order to recover the drilling equipment.

The coring operation was completed at a depth of 3,001 ft (915 m) on
November 7, 1982; geophysical logging was completed by the end of November,
and the hydrologic testing program was completed on January 12, 1983. A
summary of the drilling history is provided in table 1.

At the completion of the geophysical logging program, a multishot
gyroscopic survey was obtained at (25-ft) 8-m stations to a depth of 2,975 ft
(907 m) to determine the extent and direction of borehole deviation. This
subsurface directional survey indicated that the bottom of the hole was
140.4 ft (42.8 m) south and 217.6 ft (66.3 m) west of its original surface
lTocation (fig. 3).

STRATIGRAPHY

Rock units cored in USW G-4 consist entirely of rhyolitic to quartz
latitic ash-flow tuff, separated in places by fine- to coarse-grained
tuffaceous sediments and ash-fall tuff 2.6 ft (0.8 m) to as much as 55.9 ft
(17 m) thick.



Table 1.--Abridged hole history of USW G-4, Yucca Mountain

Location (Nevada State coordinates): N. 65,807.07 feet (233,418.00 m)
E. 563,081.62 feet (171,627.28 m)

Ground elevation: 4,166.6 feet (1,269.98 m)
Depth Diameter

Hole size (after completion): Feet (m) Inches gch
0" 0-12 17.50 .75)

40-2,020 (12-616) 12.25 (30.62)
2,020-3,001 (616-915) 8.75 (21.88)
Circulating medium: Air-foam
Drilling record: Spudded (8-24-82)
Completed coring (1-7-82)
Completed logging (11-30-82)

Completed hydrologic testing (1-12-83)

Static water level (1-83): 1,776.0 feet (541.3 m) (12-3-82)
Reported bridges--feet (m): 125 (38); 160 (49); 180 (55);
233-333 (71-102); 345 (105);
730 (222); 731 (223); 768 (234);
857 (261); 894 (272); 1,180-1,185
(360-361); 1,201 (366); 1,310
(399); 1,949 (594); 1,980 (604)
Circulation losses-feet (m): 444-451 (135-138); 657 (200);
1,352-1,490 (412-454); 1,724
(526); 2,785-2,810 (849-856)
Remarks: - 10-foot (3-m) core barrel left in
hole from 341 feet (104 m) to 351
feet (107 m)
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For the most part, stratigraphic nomenclature conforms with that applied
by Byers and others (1976), and Carr and others (in press), Christiansen and
Lipman (1965), Lipman and McKay (1965), Orkild (1965). Stratigraphic data
obtained from other core holes are presented in detail by Maldonado and
Koether (1983), and Scott and Castellanos (1984), Spengler and others (1979,
1981), Spengler and Rosenbaum (1980). Although perhaps unconventional,
lTithologic descriptions presented in this report separate intervals of bedded
tuff from underlying and overlying ash-flow tuff members. Bedded-tuff
intervals recognized in the subsurface are commonly very thin in comparison to
the ash-flow tuffs and vary considerably in thickness between boreholes; and
therefore, their physical and chemical properties may differ markedly from
those of non- to partially welded ash-flow tuff,

Major stratigraphic units, along with their respective thicknesses, are
outlined in descending order in table 2. Detailed 1ithologic variations
occurring within each major stratigraphic interval are described in the
Appendix and supersede descriptions previously published in Bentley (1984).
Separate lithologic units primarily describe changes in welding, primary
crystallization, alteration, phenocryst content, and lithic content, all of
which may influence physical characteristics of the unit. The dominant types
of welding, crystallization, and alteration are graphically displayed in
columns 1 and 2 of plate 1. Except where otherwise stated, all thicknesses
and depths are measured along the axis of the core without regard to hole
deviation.

Alluvium and Colluvium

Alluvial and colluvial deposits of Quaternary age, occurring at the
surface are typically composed of a poorly sorted mixture of unconsolidated to
poorly consolidated, silt to boulder-size fragments of nonwelded to densely
welded tuff,

The contact between alluvium and bedrock was not determined accurately
because of inadequate sample collection prior to the installation of surface
casing at 40 ft (12 m). The contact has been estimated at a depth of about
30 ft (9 m) below land surface; however, it is possible that the contact may
be as much as 10 ft (3 m) higher,

Paintbrush Tuff

On the basis of similar petrographic features, ash-flow tuffs that occur
between the bottom of the alluvium and a depth of 1,406.8 ft (428.8 m), are
included in the Paintbrush Tuff (Byers and others, 1976). In descending
order, this formation includes the Tiva Canyon, Yucca Mountain, Pah Canyon,
and Topopah Spring Members. Al1 four members are present in the USW G-4 core
hole, and each is underlain by 10-40 ft (3-12 m) of bedded and ash-fall tuff
deposits.

Within the exploratory block (fig. 2), the upper and lowermost members

are dominantly composed of welded tuff, and the two middle members (Yucca
Mountain and Pah Canyon) are dominantly nonwelded.

10
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Tiva Canyon Member

The lowermost part of the Tiva Canyon Member, 108 ft (33 m) of ash-flow
tuff of which the upper 88 ft (27 m) are densely and moderately welded were
penetrated beneath the alluvial deposits. The lowermost 21.3 ft (6.5 m) of
the moderately welded subunit are distinctive, based on the occurrence of
smectite-rich pumice fragments. Below a depth of 118 ft (36 m), welding
decreases progressively to the base of the member. The lowermost 20 ft (6 m)
of the Tiva Canyon are vitric, containing abundant black and yellowish-orange
glass shards.

Two thin sections from the moderately and nonwelded basal section of the
Tiva Canyon Member at depths of 107 ft (33 m) and 121.5 ft (37.0 m), show
phenocryst contents of 5 and 2 percent, respectively. Alkali feldspar is the
dominant phenocryst, occurring in proportions of about 93 and 81 percent,
respectively. Accessory minerals include sphene, zircon, apatite, and
perrierite/allanite. Quartz is absent.

Bedded Tuff

Approximately 10 ft (3 m) of ash-fall tuff separate the Tiva Canyon
Member from the underlying Yucca Mountain Member. Almost all of the tuff is
composed of vitric pumice clasts and glass shards.

Yucca Mountain Member, Bedded Tuff, and Pah Canyon Member

The stratigraphic interval between 148 ft (45 m) and 188 ft (57 m)
includes the Yucca Mountain Member, bedded tuff, and the Pah Canyon Member.
Lithologies of these units include ash-flow tuff, reworked tuff, and ash-fall
tuff; however, the latter is dominant. As in nearby boreholes, these deposits
are commonly friable, vitric, and, in part, slightly argillic. Much of the
core can be easily crushed between the fingers.

The friability greatly 1imits the amount of core recovery, promotes
excessive hole erosion (pl. 1), and inhibits characterization of the rock. The
average amount of core loss throughout this interval was about 60 percent, an
amount far in excess of an average core loss of 9.2 percent for the entire
cored section of the hole. As a result, thicknesses of the Yucca Mountain and
Pah Canyon Members and bedded tuff cannot be determined with a high degree of
accuracy.

Strictly on the basis of available core, thicknesses of the Yucca
Mountain Member, bedded tuff, and Pah Canyon Member are 0.8 ft (0.2 m), 19.4
ft (5.9 m) and 19.8 ft (6.04 m), respectively.

Examination of one thin section, cut from a sample taken at a depth of
178.4 ft (54.4 m), showed a phenocryst content of 6.9 percent. Of the total
phenocrysts, 52 percent were identified as alkali feldspar, 33 percent as
plagioclase, and 9 percent as biotite. Accessory minerals include sphene,
apatite, zircon, clinopyroxene, perrierite/allanite, and quartz.
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Bedded Tuff

The base of the Pah Canyon Member is separated from the underlying
Topopah Spring Member by 40 ft (12 m) of reworked tuff and ash-fall tuff
deposits. The major constituent of these tuffs is vitric pumice clasts.

Topopah Spring Member

Since 1982 emphasis has been on identifying ash-flow tuffs occurring
above the static water level and assessing their suitability as potential host
rock for storage of high-level radioactive waste at Yucca Mountain. On the
basis of radionuclide isolation time, allowable repository gross thermal
loading, excavation stability, and relative economics, the densely welded,
devitrified part of the Topopah Spring Member has been selected as the primary
“target" unit (Johnstone and others, 1983).

The Topopah Spring Member is a multiple-flow compound-cooling unit
(Lipman and others, 1966). However, zonal patterns deviate only slightly from
those of a simple cooling unit, wherein nonwelded basal and uppermost parts
grade inward through zones of partial welding into a densely welded center
part. The upper and lower parts of the densely welded zone are vitrophyres,
in contrast to the internal part of the densely welded zone which is
devitrified and contains varying proportions of lithophysae.

In the vicinity of USW G-4, the Topopah Spring Member reaches a total
thickness of 1,179 ft (359 m). From the top downward, the member consists of
10 ft (3 m) of nonwelded to partially welded tuff, possessing physical
characteristics that are similar to those of the overlying Yucca Mountain and
Pah Canyon Members. The rock is vitric, highly friable, composed of both ash-
flow tuff and ash-fall tuff, and forms a sharp contact with the underlying
vitrophyre. This upper vitrophyre is 3.8 ft (1.2 m) thick. Below the
vitrophyre, the member consists of 1,074 ft (327 m) of moderately to densely
welded, devitrified tuff, the details of which will be described in the latter
part of this section (pl. 1). This thick, welded zone is underlain by a
glassy, vitrophyric layer 28.9 ft (8.8 m) thick. In turn, the vitrophyric
layer grades downward into nonwelded to partially welded tuff that forms the
basal part of the member. Welding progressively decreases toward the base of
the member. Core from this zone exhibits a higher degree of cohesion when
compared to the upper nonwelded part of the member. This is probably due to
an increase in alteration (sample 1, table 3).

The thick welded and devitrified part of the Topopah Spring Member in
core hole USW G-4, occurs between the depths 242.8 ft (74 m) and 1,316.5 ft
(401.3 m), and displays a fair degree of consistency with respect to welding
characteristics; however, subtle variations in crystallization textures and
the occurrence of three 1ithophysae-bearing zones influence the homogeneity of
the rock mass.

Directly beneath the upper vitrophyre, a densely welded, devitrified
zone, measuring 22.3 ft (6.8 m) in thickness, is referred to as the quartz
latitic caprock (Lipman and others, 1966). The caprock grades downward into a
-zone of moderately to densely welded tuff that contains an abundance of pumice
fragments showing evidence of vapor-phase crystallization based on the

13
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presence of tridymite and drusy feldspar. Except for an abrupt decrease in
the degree of welding, between the depths of 280 ft (85 m) and 284.5 ft

(86.7 m), where the rock is nonwelded to partially welded, this moderately to
densely welded zone extends downward to the first zone containing lithophysal
cavities,

From a depth of 400.4 ft (122.0 m) to the top of the basal vitrophyre,
1316.5 ft (401.3 m), alternating lithophysal and non-lithophysal zones divide
the Topopah Spring Member into discrete subunits of varying physical
characteristics. The presence of lithophysae increases porosity and may have
an effect on mineability, ground support, and heat capacity of the rock mass
(F. B, Nimick; Sandia National Laboratories written comm., 1984), and
therefore, efforts were made to identify subtle variations in the volume of
lithophysae in the Topopah Spring Member. Fundamentally, a lithophysa can be
divided into three basic components. From the center outward, it consists of
(1) a central void or cavity, (2) a thin veneer of vapor-phase minerals that
line the cavity, and (3) an alteration rind, which commonly appears to be of
higher porosity than the surrounding rock matrix. Owing to the gradational
nature of contacts separating the lithophysal and non-lithophysal zones within
the exploratory block point-count method of estimating the abundance of
Tithophysae was utilized, whereby a scale, graduated into 0.1-ft (3.0-cm)
increments was placed parallel to the core axis alongside joined segments of
core. To minimize bias, the linear traverse along the core was selected by
rotating the core 909 in a counter-clockwise direction from the existing
orientation arrow, which was marked on the core soon after recovery. A count
was made of the number of lithophysae (vapor-phase minerals, alteration rinds,
and lithophysal cavities) occurring directly beneath any 0.1 ft (3.0-cm)
mark. The sum of the counts within a measured interval, commonly 10.0 ft
(3.0 m), divided by the total number of 0.1-ft (3.0-cm) marks, provides a
reliable estimate of the volume of lithohysae for each interval. Counts of
only lithophysal cavities were also compiled separately to illustrate the
percentage of voids for each interval. Results of this study, provided in
parts A and B of figure 4, show the vertical distribution of lithophysae as
well as lithophysal cavities. To determine if spacing between points is
sufficiently small, another method of estimating void content of the rock was
used (fig. 4, C). By this method, the voids attributed only to lithophysal
cavities that were identified along the surface of the core were measured
directly along the same linear traverse parallel to the core axis as in the
point-count study (fig. 4). The total amount of voids divided by the total
measured length, provides results very similar to those displayed in part B of
figure 4, A preliminary test to estimate the accuracy of using only one
traverse was applied to selected cores from USW G-2. Points were counted
along four equally-spaced traverses at four separate 10-ft (3-m) intervals
estimated to contain from 2 to 15 percent lithophysal cavities. The average
percent of lithophysal cavities based on four traverses did not vary by more
than 3 percent from the original single traverse, suggesting that more than
one traverse may not be required to obtain reasonable estimates. However,
intervals very rich in lithophysal cavities are likely to be slightly
“underestimated in these studies. When coring through these zones, core
commonly breaks easily and commonly jams in the core barrel; increasing the
amount of broken core. Highly broken segments of core, smaller than about
0.13 ft (4 cm), were not included in these studies.
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The uppermost and thinnest of the three lithophysal zones is
approximately 40 ft (12 m) thick and occurs between depths of 400-440 ft (122
and 134 m). Lithophysae constitute about 17 percent of the rock near the top
of the zone and progressively decrease downward to less than 10 percent at the
base. Lithophysae in this interval are principally made up of cavities lined
with secondary minerals, dominantly quartz and feldspar and very thin
alteration rinds. Many of the cavities are slightly flattened. Lithophysae
commonly range in size between 1 and 3 cm.

The most pronounced lithophysae-bearing zone occurs between the depths of
470 ft (143 m) and 680 ft (207 m). More than half of the interval contains
from 20 to as much as 40 percent lithophysae. The average length
(perpendicular to core axis) and width (parallel to core axis) of these
1ithophysae, measured along the surface of the core, is 2.7 cm and 2.1 cm,
respectively. Most are dominantly composed of cavities and show little or no
flattening. Void content commonly varies between 11.0 and 29.0 percent of the
rock. About 90 ft (27 m) of moderately to densely welded, non-lithophysal,
devitrified tuff separates this zone from the lowermost and thickest
lithophysal zone.

The lowermost lithophysal zone, occupying the stratigraphic interval
between 770 ft (235 m) and 1,127.9 ft (343.8 m), possesses several
characteristics in marked contrast to the upper two zones. Lithophysae rarely
exceed 20 percent and most cavities are extremely flattened and, in many
cases, completely collapsed. The average length and width of lithophysae are
about 3.1 and 2.5 cm, respectively. As indicated in parts B and C of
figure 4, the percent of lithophysal cavities is commonly less than 5.

The volume of lithophysae within the rock mass that is considered
detrimental to the stability and performance of a repository has yet to be
determined. The rock from 1,127.9 ft (343.8 m) to the top of the basal
vitrophyre contains very few or no lithophysae and it is this subunit of the
Topopah Spring Member that is currently being studied by the DOE for at-depth
evaluation in the exploratory shaft as a potential host rock for emplacement
of nuclear waste. The stability of the lithophysal zones will further be
investigated during construction of the exploratory shaft. Results of these
experiments may provide information that will allow flexibility in selecting
the appropriate subunit or subunits of the Topopah Spring Member for the
proposed underground facility.

Of special interest to characterizing the uniformity of physical
properties within the Topopah Spring Member is the lateral continuity of these
lithophysal zones. A comparison of thicknesses of 1ithophysal zones in core
holes indicates a relative decrease in these zones from north to south
(fig. 5). The uppermost zone pinches out between holes USW G-4 and USW
GU-3. The two thicker lithophysal zones appear continuous throughout Yucca
Mountain from core holes USW G-1 to USW GU-3; however, thickness of the
lowermost non-lithophysal zone appears to decrease significantly north of USW

- G-4,

In addition to megascopic examination of stratigraphic features in core
from the Topopah Spring Member, modal analysis of 29 thin sections were
performed (fig. 6). Total number of counts per thin section ranged from 1238
to 1550, The size of phenocrysts rarely exceeds 2.5 mm and commonly is less
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than 2.0 mm. On the basis of relative proportions of phenocrysts, two
contrasting rock types make up the Topopah Spring Member. The upper 242 ft
(74 m) of the member to a depth of approximately 470 ft (143 m) contain a
relatively high proportion of phenocrysts that commonly ranges from 7.0 to
18.4 percent but decreases to about 2 percent near the upper and lowermost
margins (fig. 6) Quartz is virtually absent and the content of alkali
feldspar exceeds that of plagioclase. Biotite rarely constitutes more than 10
percent of the phenocrysts, and accessory minerals include clinopyroxene,
apatite, zircon, and perrierite/allanite. Although quite gradational, the
base of this petrographic unit roughly corresponds to the top of the middle
lithophysal zone.

Below 470 ft (143 m), the rock is crystal-poor, containing less than

2 percent phenocrysts. Quartz is rare throughout most of the lower section;
however, quartz increases to about 13 percent within an interval that roughly
corresponds to the lowermost non-lithophysal zone and as much as 14.3 percent
of the phenocrysts were identified as quartz near the base of the member. In
all but one thin section, plagioclase is dominant over alkali feldspar. It
should be noted that variations in relative proportions of phenocrysts in this
section may not be significant because of the scarcity of total phenocrysts.

Bedded Tuff
The basal nonwelded tuff of the Topopah Spring Member rests on 2.6 ft
(0.8 m) of ash-fall and reworked tuff chiefly composed of zeolitic pumice
fragments. Thicknesses of individual beds average about 1.4 ft (0.4 m).

Tuffaceous Beds of Calico Hills

The name, tuffaceous beds of Calico Hills, has been informally applied to
a sequence of tuff beds that occupy the stratigraphic position between the
Paintbrush Tuff and Crater Flat Tuff within the central part of Yucca
Mountain. Elsewhere, this sequence includes rhyolite lavas, (Christiansen and
Lipman, 1965). Most of the rock, 352 ft (107 m), consists of massive layers
of nonwelded ash-flow tuff. Approximately 20 percent 71.0 ft or (21.6 m) is
made up of reworked tuff and ash-fall tuff, occurring at depths of 1,424.5,
1,447.0, 1,560.6, 1,663.0, and 1,705.4 ft (434.2, 441.0, 475.7, 506.9, and
519.8 m). These layers range in thickness from 0.4 to as much as 9.5 ft (0.1-
2.9 m), except near the base of the sequence where 55.9 ft (17.0 m) of bedded
tuff occurs.

The entire sequence of the tuffaceous beds of Calico Hills occurs above
the static water level 1,776 ft or (541 m); Bentley, 1984). However, all but
the uppermost 15 ft (5 m) of the rock in this section has undergone pervasive
zeolitization. Alteration products in two samples collected at depths of
1,510.6 ft (460.4 m) and 1,643.6 ft (501.0 m) were determined by X-ray
analysis. Both samples showed clinoptilolite, clinoptilolite/mordenite, and
"montmorillonite; estimated amounts of these minerals were 70, 60, and less
than 5 percent, respectively (samples 2, 3; table 3).
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The tuffaceous beds of Calico Hills contain few phenocrysts similar to
the lower part of the Topopah Spring. Crystal content ranges between 0.9 and
2.8 percent on the basis of modal analyses of seven thin sections (fig. 7).
Quartz constitutes from 39 to 62 percent of the phenocrysts except in the
upper 23 ft (7 m), where less than 6 percent quartz occurs. The upper 23 ft
(7 m) also contains a higher percentage of alkali feldspar (>60 percent) than
the rest of the unit where alkali feldspar slightly exceeds that of
plagioclase. Biotite content ranges from O to about 11 percent.

Thin section analyses indicate a 1ithic fragment content between 1.7 and
27.2 percent. Estimates of the content of 1lithic fragments, provided in this
report, are based on visual examination of core (appendix) as well as thin
section analyses. Estimates based on thin sections may be biased, as most
samples were selected to avoid concentrations of the larger 1ithic fragments.

The low quartz-alkali feldspar ratio found in the upper two thin ash-flow
tuff units appears inconsistent with respect to all other ash-flow tuff units
that make up the tuffaceous beds of Calico Hills. The abrupt change in
proportions of essential minerals occurs at a depth of about 1,437 ft (438 m)
near the middle part of the second thin ash-flow tuff unit. However, the
overall scarcity of phenocrysts, paucity of point counts (774) obtained from
the thin section taken at 1,437 ft (438 m), and absence of a well-defined
cooling break suggest a high degree of uncertainty in identifying the contact
between quartz-poor and quartz-rich units. Considering sample spacing, the
contact may occur at the cooling break between the upper two ash-flow tuffs
and the rest of the sequence of tuffs. Regardless of the exact position of
the petrographic transition, proportions of essential minerals suggest that
the upper few meters of rock within the tuffaceous beds of Calico Hills show a
closer resemblance to the overlying Topopah Spring Member of the Paintbrush
Tuff than to the underlying ash-flow tuff units included in the tuffaceous
beds of Calico Hills. Additional petrographic analyses are underway to
determine if these thin ash-flow tuffs represent a transitional phase between
the Topopah Spring and the tuffaceous beds of Calico Hills.

Crater Flat Tuff

Tuffs below the tuffaceous beds of Calico Hills can be divided into three
recognizable members that constitute the Crater Flat Tuff. In descending
order they are: the Prow Pass, Bullfrog, and Tram Members. Rocks within
these three members have similar petrographic features and chemical
compositions (Spengler and others, 1981).

Prow Pass Member

In core hole USW G-4, the Prow Pass Member has a thickness of 476.2 ft
(145.1 m). The member can be informally subdivided into upper, middle, and
Tower subunits that are traceable to holes USW G-1 and UE-25a#l on the basis
of recognizable differences in the relative abundance of lithic fragments,
type of primary crystallization, and degree of alteration. Very thin ash-fall
tuff layers or partings separate a few of these subunits in nearby holes,
however, in USW G-4, all contacts between subunits are gradational over an
interval of a few centimeters.
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The upper subunit, beginning at a depth of 1,761.4 ft (536.9 m) and
extending to 1,954.6 ft (595.8 m) is nonwelded to partially welded and
commonly shows evidence of vapor-phase crystallization based on the presence
of tridymite and feldspar intergrowths in pumice fragments, except in the
uppermost 16.3 ft (5 m), where the rock is highly zeolitic, and in the lower
26.2 ft (8 m), where the rock is devitrified and slightly argillic. Two
samples collected from the upper altered rock at depths of 1,762.5 and
1,771.3 ft (537.2 and 539.9 m) were X-rayed to determine the type and amount
of alteration products. Results indicate the presence of clinoptilolite and
montmorillonite in estimated amounts ranging from 50 to 60 percent and from
5 percent to about 10 percent, respectively (samples 4, 5; table 3). A sample
from the lowermost part of the subunit at a depth of 1,953.3 ft (595.4 m)
contains less than 10 percent montmorillonite (sample 6, table 3).

The middle subunit from a depth of 1,954.6 ft (595.8 m) to 2,050.3 ft
(624.9 m), displays a noticeable increase in lithic fragments relative to
subunits above and below. The lithic fragments are dominantly mudstone,
siltstone, and subordinately volcanic and constitute 2 and 4 percent of the
rock. Based on megascopic examination of core samples, lithic fragments
commonly range in size from 0.2 to 2.0 cm. However, a few fragments as large
as 3.3 cm were also noted. Three samples, collected from depths of 1,968.9,
1,989.4, and 2,039.0 ft (600.1, 606.4, and 621.5 m) showed X-ray patterns
characteristic of mordenite, clinoptilolite, and montmorillonite. The total
zeolite content was estimated to range from 40 to 60 percent. Montmorillonite
is present in trace (<5 percent) amounts (samples 7, 8, 9; table 3).

The Towermost subunit of the Prow Pass Member occurs from 2,050.3 ft
(624.9 m) to 2,237.5 ft (682.0 m) and is readily identifiable based on the
occurrence of large, conspicuous, grayish-yellow, yellowish-brown, and
greenish-yellow pumice fragments as large as 6.5 cm. Of the three subunits,
the lowermost exhibits the highest degree of secondary alteration, as
indicated by five samples collected at depths of 2,069.0, 2,089.9, 2,131.5,
and 2,226,7 ft (630.6, 637.0, 649.7, 671.3, and 678.7 m). All samples showed
X-ray patterns characteristic of clinoptilolite and mordenite in estimated
amounts consistently ranging from about 50 to about 70 percent (samples 10,
11, 12, 13, 14; table 3). Montmorillonite and i1lite are also present in
trace (<5 percent) amounts.

The phenocryst content of the Prow Pass Member as well as other members
of the Crater Flat Tuff is significantly higher than in most of the overlying
Paintbrush Tuff and all of the tuffaceous beds of Calico Hills. The average
phenocryst content is about 9 percent, ranging between 7 and 13 percent
(fig. 8). Quartz ranges between 6 and 16 percent; alkali feldspar and
plagioclase occur in subequal proportions, and biotite and opaques commonly
account for Tess than 3 percent of the phenocrysts. Accessory pseudomorphs of
orthopyroxene(?), and apatite, and zircon also occur as phenocrysts in the
groundmass. Based on thin section analysis, lithic fragments constitute from
0.3 to 7.3 percent of the rock and, as described earlier, commonly consist of
-mudstone and siltstone.
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Bedded Tuff

Bedded tuff, 6.7 ft (2.0 m) thick, that contains layers of ash-fall tuff
and reworked tuff, separate the Prow Pass from the underlying Bullfrog
Member. A fault marks the base of this unit at a depth of 2,244.2 ft
(684.0 m). The amount of displacement could not be determined but it is
believed to be minor because the thickness of the upper partially welded and
devitrified zone of the underlying Bullfrog Member in USW G-4 does not differ
significantly from the thickness of the same zone in nearby holes UE-25b#1 and
USW G-1 (Lobmeyer and others, 1983; Spengler and others, 1981).

Bullfrog Member

Rocks of the Bullfrog Member display a large variation in welding
characteristics as well as crystallization textures, as shown in columns 1 and
2 of plate 1. The member has a thickness of 489.1 ft (149.1 m) and consists
of two parts, separated by 5.6 ft (1.7 m) of welded(?) ash-fall tuff at a
depth of 2,528.4 ft (770.7 m).

Above 2,528.5 ft (770.7 m), the Bullfrog Member appears partially welded,
except in the interval between 2,370.0 and 2,397.8 ft (722.4 and 730.8 m),
where welding increases to moderate. Pervasive vapor-phase crystallization
characterizes most of the upper part, although the upper 22.3 ft (6.8 m) are
devitrified and slightly altered to clay minerals (plate 1). A sample from
2,263.8 ft (690.0 m) was submitted for X-ray analysis, and indicates that
illite occurs in amounts of less than 10 percent (sample 15, table 3).

The base of the welded(?) ash-fall tuff was identified at a depth of
2,534.1 ft (772.4 m). Below this contact, the rock grades from a zone of
partial welding into a moderately to densely welded zone beginning at a depth
of 2,581.8 ft (786.9 m). This moderately to densely welded zone persists to a
depth of 2,680.3 ft (817.0 m), where welding abruptly decreases. The rock
below the moderately to densely welded zone is nonwelded to partially-welded,
more altered than rocks directly above it, and poorly indurated near the
top. X-ray analysis of a sample from a depth of 2,680.7 ft (817.1 m) shows
that montmorillonite and illite occur in amounts of 10 percent and less than
5 percent, respectively (sample 19, table 3). Below 2,695.6 ft (821.6 m), the
rock increases in the degree of induration and also increases significantly in
zeolite content; an observation verified by X-ray analysis that showed the
presence of more than 40 percent mordenite (sampie 20, table 3).

Modal analyses of 12 thin sections indicates noticeable differences in
phenocryst content between ash-flow tuff units above and below the thin
welded(?) ash-fall tuff layer. The upper part contains from 12 to 17 percent
phenocrysts, in contrast to rock beneath the ash-fall tuff where the
phenocryst content decreases abruptly within a narrow range between 9 and
11 percent (fig. 9). The quartz content above the ash-fall tuff averages
about 22 percent, whereas, the average quartz content decreases to about
9 percent in the lower part of the Bulifrog (fig. 9).
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The alkali feldspar content ranging between 31.5 and 44 percent, does not
appear to vary significantly between the upper and lower parts of the Bullfrog
Member. However, the amount of plagioclase increases from 38 percent to
51 percent from directly above to directly below the welded(?) ash-fall tuff
that separates the upper and lower parts of the Bullfrog (fig. 9).

Within the member, biotite and opaque minerals constitute from 4 to
10 percent of the phenocrysts. Based on thin section analysis, the rock
contains less than 3.0 percent 1lithic fragments. A slight increase in the
abundance of lithic fragments and biotite and opaques occurs in rock below the
welded(?) ash-fall tuff unit.

Bedded Tuff

About 23 ft (7 m) of bedded tuff separates the Bullfrog Member from the
Tram Member between the depths of 2,733.3 ft (833.1 m) and 2,755.6 ft
(839.9 m). Rock in the interval is ash-fall tuff and reworked tuff,
dominantly composed of zeolitic pumice clasts. Clinoptilolite and mordenite
constitute more than 30 percent of the rock (sample 21, table 3).

Tram Member

Only the upper part of the Tram Member was cored in USW G-4 from
2,755.6 ft (839.9 m) to a depth of 3,001.0 ft (914.7 m). Nearly all of this
part of the Tram is nonwelded to partially welded tuff, with the exception of
the lowermost 2.2 ft (0.7 m) where welding appears to increase somewhat. The
rock contains about 40 percent clinoptilolite and mordenite to a depth of
about 2,841 ft (866.0 m) (samples 22, 23, 24; table 3). Vapor-phase
crystallization occurs within pumice fragments below 2,841 ft (866.0 m).

Modal analyses of seven thin sections indicate that rock in the upper
interval of the cored part of the Tram Member contains from 8 to 14 percent
phenocrysts. Quartz, alkali feldspar, and plagioclase range from 16 to
38 percent, 23 to 38 percent, and 27 to 50 percent, respectively. With the
exception of one sample 2,788.3 ft (849.9 m) the amount of quartz phenocrysts
progressively increases to a maximum of 38 percent at a depth of 2,875.6 ft
(876.5 m), then decreases to 23 and 27 percent in the lower two samples
(fig. 10). The content of plagioclase exceeds that of alkali feldspar through
most of the cored part of the Tram, except in the lowermost thin section
3,000.9 ft (914.7 m). Biotite and opaque minerals are relatively common
(15 percent) near the top of the unit, but decrease progressively in abundance
to 2.8 percent at a depth of 2,875.6 ft (876.5 m). Below this depth, two
samples indicate a slight increase to 5.4 and 6.4 percent (fig. 9). Lithic
fragments constitute from 0.8 to 19 percent of the rock and commonly consist
of silicic to intermediate lava.
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STRATIGRAPHIC PREDICTIONS

At the request of the DOE, a prediction of the expected stratigraphy was
developed by the U.S. Geological Survey prior to the drilling of core hole
USW G-4. The prediction was intended to serve as a means of assessing the
uniformity and lateral continuity of subsurface units prior to development of
a 3-dimensional geologic model of the area. The predicted l1og was based on
subsurface data from holes USW G-1 and UE-25a#1, and presented depths and
thicknesses of major stratigraphic units as well as internal stratigraphic
zonations of welding and alteration to the base of Prow Pass Member of the
Crater Flat Tuff.

A comparison of predicted and actual thicknesses and depths illustrates
difficulties in predicting precise thicknesses of, 1) Yucca Mountain and Pah
Canyon Members, 2) bedded tuffs, 3) upper and lower nonwelded zones of the
Topopah Spring Member, and 4) several subunits in the densely welded zone of
the Topopah Spring (table 4).

Except for the depth to bedrock, the predicted depths of contacts above
the lower lithophysal zone of the Topopah Spring Member varied between 81.1
and 125.0 percent of the actual depths; predicted depths varied between 93.6
and 100.2 percent of the actual depths below the lower 1ithophysal zone in the
Topopah Spring Member.
STRUCTURE

Preliminary information in regard to the structural setting in the
vicinity of the proposed exploratory shaft site has been obtained from surface
and subsurface geologic studies. Salient features of these studies are
reviewed in the following sections. However, because of the importance of a
comprehensive structural analysis prior to shaft construction, much of the
structural data provided herein is currently being augmented by highly
detailed fracture studies at the surface and on core from USW G-4. For
example, current surface studies include 1) detailed analysis of fractures
observed along ridges north and south of the proposed shaft site (C. C.
Barton, USGS, oral commun., 1984), and 2) fracture analysis of selected
pavement areas along ridge tops. These areas have been hydraulically stripped
of their talus cover to allow optimal exposure of fracture sets. Both
fracture studies will include compilation of: 1) trace lengths, 2)
orientations, 3) surface characteristics, 4) relative chronology, 5)
roughness, and 6) spacing.

Additional studies of core from USW G-4, currently in progress by USGS
personnel, will result in a more comprehensive analysis of subsurface
fractures than provided in this report. This analysis will attempt to
include: 1) additional fracture orientations based on reassembling small
fragments of broken core and extrapolating orientation data to continuously
cored unoriented segments, by orienting segments of core and fractures using
paleomagnetic methods, and by correlating fracture data identified in
television camera logs with fractures observed in core, 2) micro-fracture
spacings, 3) fracture apertures, 4) fractography markings along fracture faces
such as plumose structures twist-hackles, arrest lines, and hooking to aid in
determining modes of formation (Kulander and others, 1979), 5) relative
chronology of fracture development, and 6) fracture surface roughness.
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Table 4.--Comparison of predicted and actual stratigraphic and lithologic intervals in USW G-4

B C E F
Predicted Predicted Actual Actual
Stratigraphic and 1ithologic thickness depth to base thickness depth to base !%x 100 B x 100
description of interval of interval of interval of interval D
feet (m) feet {m) feet (m) feet (m)
Alluvium 20 6 20 6 30 9,14 30 9.14 66.7 66.7
Paintbrush Tuff
Tiva Canyon Member
Tuff, ash-flow, densely welded, 60 18 80 24 66.7 20.3 96.7 29.5 90.0 82.7
devitrified
Tuff, ash-flow, nonwelded to 35 11 115 35 41.3 12.6 138,0 42,1 84,8 83.3
partially welded, vitric
Tuff, bedded, vitric 5 2 120 37 10 3.0 148.0 45.1 50.0 81.1
Yucca Mountain Member
Tuff, ash-flow, nonwelded, vitric 35 11 155 47 0.8 0.2 148.8 45.4 4375.0 104.2
Tuff, bedded, vitric 15 5 170 52 19.4 5.9 168.2 51.3 77.3 101.1
Pah Canyon Member
Tuff, ash~-flow, nonwelded, vitric 65 20 235 72 19.8 6.0 188.0 57.3 328.3 125.0
Tuff, bedded, vitric 5 2 240 73 40.0 12.2 228.0 69.5 12.5 105.3
Topopah Spring Member
Tuff, ash-flow, nonwelded, vitric 40 12 280 85 11,0 3.4 239.0 72.9 363.6 117.2
Tuff, ash-flow, densely welded, 2 0.6 282 86 3.8 1.2 242.8 74.0 52.6 116.1
vitrophyre
Tuff, ash-flow, densely welded 20 6 302 92 22,7 6.9 265.5 80.9 88.1 113.8
(caprock)
Tuff, ash-flow, moderately t02 140 43 442 135 134.9 41.1 400.4 122.0 103.8 110.4
densely welded, vapor phase
Tuff, ash-flow, densely welded, 35 11 477 145 19.6 6.0 420 128 178.6 113.6
1ithophysal zone
Tugg6i€§9?$;8"’ densely welded, 20 6 497 152 50 15.2 470 143 40,0 105.7
Tuff, ash-flow, densely welded, 623 190 1,120 341 656.6 200.1 1,126.6 343.4 94.9 99.4
lithophysal zone
—  Tuff ash-f]ow3 densely welded, 110 34 1,230 375 187.7 57.2 1,314,3 400.6 58.6 93.6
devitrified
Tuff, ash-flow, densely welded, 50 15 1,280 390 28.7 8.8 1,343.0 409.4 174.2 95,3
vitrophyre
Tuff, ash-flow, nonwelded to 80 24 1,360 415 61.1 18.6 1,404,1 428.0 130.9 96.9
partially welded, vitric
Tuff, bedded, zeolitized 10 3 1,370 418 2.5 0.8 1,406.6 428,7 400.0 97.4
Tuffaceous beds of Calico Hills
(informal usage)
Tuff, ash-flow, nonwelded to 315 96 1,685 514 294.4 89.73 1,701.0 518.5 107.0 99,1
partially welded, zeolitic;
intercalated with thin bedded
intervals
Tuff, bedded,lzeolitic 55 17 1,740 530 55.7 17.0 1,756.7 535.4 98,7 99.1
Crater Flat Tuff
Prow Pass Member
Tuff, ash-flow, partially to 470 143 2,210 674 473.1 144,20 2,229.8 679.6 99,3 99.1
moderately welded, devitrified
(slightly zeolitic at places)
Tuff, bedded, zeolitic 30 9 2,240 683 6.7 2.0 2,236.5 681.7 447.8 100.2

Y/corrected for hole deviation (true vertical thickness and depth).
2/Includes a thin non-to partially welded unit between the caprock and moderately to densely welded zone which was.

not predicted.
3/proposed host rock.
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Surface Structural Studies

The U.S. Geological Survey was requested by the DOE to conduct a
preliminary fracture study prior to their final selection of the exploratory
shaft site and approval to begin coring USW G-4, The study was specifically
designed to compare fracture frequencies in the vicinity of the five potential
shaft sites. Two of the sites along the crest of Yucca Mountain proved
inadequate for this structural study beyond that of identifying photo
lineations displayed on a 1:12,000-scale geologic map, mainly because of poor
exposures and disturbance of the surface by earthmoving equipment. However,
studies conducted at three candidate sites, located along east-west-trending
washes on the east side of Yucca Mountain indicated fracture densities between
(1.6 and 2.3 fractures per foot) 5 and 7 fractures per meter (R. B. Scott and
Jerry Bonk, USGS written commun. to G. L. Dixon., 1982). Careful examination
of contacts between subunits of the exposed Tiva Canyon Membe<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>