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MINERALOGIC SUMMARY OF YUCCA MOUNTAIN, NEVADA

by
D. L. Bish and D. T. Vaniman

ABSTRACT

Quantitative x-ray powder diffraction analysis of tuffs and
silicic lavas, using matrix-flushing techniques, has been used to
obtain 2 model of three-dimensional mineral distributions at Yucca
Mountain, Nevada. This method of analysis is especially useful in
tuff, where the most abundant phases are commonly too fine grained
for optical determination. The three-dimensional distributions of
primary glass and of tridymite are particularly well constrained.
Vitric nonwelded glasses occur above and below the welded devitrified
Topopah Spring Member, but the glass in the lower nonwelded vitric
zone 1s progressively altered to zeclites to the east where the zone
is closer to the static water level. The zeolites clinoptilolite,
mordenite, heulandite, and erionite have 2l1 been found at Yucca
Mountain, but only mordenite and clinoptilolite are abundant and can
be mapped between many drill holes and at many depths. Heulandite
distribution is also mappable, but only below the densely welded
devitrified part of the Topopah Spring Member, Erionite has been
confirmed only once, as a fracture coating. There is a fairly
continuous smectite-rich 1interval Jmmediately above the basal
vitrophyre of the Topopah Spring Member, but no evidence suggests
that the smectites can provide information on the paleogroundwater
table. There are at least four mappable zeolitized zones in Yucca
Mountain, and the thicker zones tend to coincide with intervals that
retained glass following early tuff devitrification. Problems in
extrapolation occur where zones of welding pinch out. Ko phillipsite

has been found, and some samples previously reported to contain

phillipsite or erionite were reexamined with negative results. The
deeper alteration to 2lbite and 2nalcime was not sampled in every
drill hole, and the distribution of these phases is difficult to map.

INTRODUCTION

Yucca Mountain and surroundings. near the southwestern boundary of the
Nevada Test Site (NTS) in south-central Kevada, are being studied to assess
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the suitability of the area to host a geologic repository for high-leve! radio-
active waste. Research in this area, sponsored by the Nevada Nuclear Waste
Storage Investigations (NNWSI) project of the U.S. Department of Energy
(DOE), fncludes detailed studies of the mineralogy and petrology of the rocks
fn and surrounding Yucca Mountain. Results of these studies (Bish et al.
1981; Caporuscio et al. 1982; Levy 1984a; Vaniman et al. 1984) are yielding a
detailed three-dimensional model of the 'lucca. Mountain arez and are par-
ticularly important in predicting the effects a2 repository would have on the
ground-water/rock system (Bish et al. 1684a). An integral part of
mineralogy-petrology studies is the analysis of the rocks to determine the
phases present. This has been done by x-ray powder diffraction (XRD) on the
rocks at Yucca Mountain, which often have a very fine-grained groundmass that
is not amenable to quantitative mineral analysis by optical techniques (Byers,
1985). Because rocks in Yucca Mountain will provide the ultimate containment
of radioactive wastes, it is important that we have a thorough knowledge of
the distribution of potentially sorptive and changeable phases. To understand
the relationship between retardation of radionuclides and the phases present
in the repository environment, studies are underway to test the correlation
between mineralogy and sorption for numerous radionuclides (Bish et al.
1984b). These investigations have shown that the minerals clinoptilolite,
mordenite, and smectite have particularly high sorption ratios for many
cationic radionuclides. '

Smyth (1982) and Bish et al. (1981) have discussed the potential for
reaction of clinoptilolite and smectite to other minerals (e.g., 2nalcime and
1ite) in 2 repository environment in the rocks at Yucca Mountain. These
reactions occur primarily in response to increased temperatures and can pro-
duce significant amounts of water and result in volume decreases. Therefore,
it 1s necessary to know the mineral distribution near the proposed repository
horizon to avoid or plan for such potential reactions in construction. Lappin
(1982) and Lappin et al. (1982) related the thermal properties of tuff,
including matrix thermal conductivity and thermal expansion, to the bulk-rock
mineralogy. They also discussed the relationship between mechanical proper-
“ties and mineralogy, pointing out that additional data on rock fabric are
required to predict bulk properties accurately. X-ray datz on Yucca Mountain
tuff samples also explain some variations in mechanical properties of the
tuffs (Price et al. 1984). |
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This preliminary report summarizes current investigations of Yucca
Mountain mineralog'y. In addition, this repori describes the methods used to
obtain the data and the limitations of the data. Finally, it addresses
questions about the occurrence of erionite and the relationship of mineralogy
to paleogroundwater table.

I1. ANALYTICAL TECHNIQUES

Sample Handling, Analysis, and ldentification :

The x-ray data presented in the appendix were obtained either on core
and sidewall samples, for which accurate depth designations are given, or on
drill cuttings samples, for which depths are approximate within a range of
about 10 ft (3.28 m). Where core was available, 15 to 20 g of material were
crushed in a shatterbox to provide & large, homogeneous sample. A portion of
this powder was ground in a mortar and pestle under acetone to approximately
=325 mesh (45 wm). A modification of this procedure was applied to the most
recent analysis of samples ‘from USW WT-1 and USW WT-2, which were ground under
acetone in an automatic Brinkmann Retsch mill with agate mortar and pestle to
less than 5 wm. This fine crystallite size is necessary to ensure adequate
particle statistics (XKlug and Alexander, 1974, pp. 365-367).

The resultant fine powder was gently packed into a 22- X &44-mm cavity in
& glass slide; this cavity area is sufficient for the sample area to fully
contain the x-ray beam at the lowest angle of interest. All unused powdered
samples were stored in ‘plastic vials. Samples from Drill Hole USW G-4 were
mounted on & sample spinner in the diffractometer; the other samples were
examined stationary. ' |

A1l diffraction patterns were obteined on a2 Siemens D-500 powder diffrac-
tometer using 2 copper-target x-ray tube and a diffracted-beam monochromater.
The diffractometer was run from 2.0° to 36.0° 26 in the continuous scan mode
at a scanning rate of 1°/min for samples from Drill Hole USW G-2 and G-4.
Data for the remaining samples were collected automatically in the step scan
mode with a step sfize of 0.02° 26 and count times between 1.2 and 2.0 s per
step. Several samples were run for count times up to 55 s per stép to improve
detection 1imits and to check for trace phases. |

Minerals were {dentified by comparison of observed patterns to standard
patterns produced in this laboratory and by comparison to published standards
from the Joint Committee on Powder Diffraction Standards (JCPDS). Clay
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mineral standards were obtained from the Clay Minerals Society Source (lay
Repository, and .'zeoiite standards were recently obtained from Minerals
Research Corporation, Clarkson, New York.

Quantitative Measurements

In contrast to qualitative identifications of the phases present in
tuffs, quantitative multicomponent analysis i{s more difficult, time cbns’uming.
and is not straightforward because of 2 number of factors. These factors
include variatfons in the degree of preferred orientation of crystallites,
variations in crystallite size, variations in degree of crystallinity, and
variations in composition (crystalline solid solution). In addition, the
complex diffraction patterns often show peaks from at least six major phases,
and the method of intensity measurement where there are complex peak overlaps
affects quantitative results. Finally, because standards.afe required for
quantitative analysis, the choice of standards plays a critical role. In our
investigation, both natural materials and computer-calculated patterns were
used as standards. _

In order to eliminate or minimize the above sample problems, samples were .
finely ground as described above. Variations in feldspar composition were
partially overcome by choosing x-ray diffraction lines that are not signifi-
cantly affected by crystalline solid solution. Variations fn the compositions
of other minerals, e.g., clinoptilolite, mordenite, and smectite, were not
compensated for, but errors thus introduced are likely to be smaller than
those introduced by orfentation effects and by problems with peak ove\rlap.
A1l of our analyses used integrated peak intensities {(area measurements)
rather than petk heights to compensate for variations in the degree of
h crystallinity. '

Integrated intensities for all but USW G-2 and G-1 samples were obtained
using the Siemens first derivative pezk search routine; this algorithm yields
fairly precise integrated intensities for resolved peaks (e.g., 35%). Data
for USW G-2 and G-1 samples employed peak intensities, and the results aré not
as accurate or precise as the more recent data. Precisions are listed in the
appendix tables and are based on errors due to counting statistics, sample
preparation, and compositional variations.

Most of our data on overlapping peaks were obtained using the first
derivative routine, which divides the intensity of overlapping pezks at the
midpoint between the peaks. Closely overlapping but partially resolved peaks
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are a probl. + mainly with rocks containing tridymite, cristobalite, quartz,
and alkali feldspar. Overlapping peaks of these phases are now decomposed
using a Gaussian peak profile, and this technique was used for data from USW
WT-1 and USW WT-2. Completely overlapping peaks of mordenite and clinop-
tilolite or of the several alkal{i feldspars were not decomposed. Instead, the
nonoverlapping peaks were usSed for‘estimating the abundances of mordenite and
clinoptilolite. Because peaks of the alkali feldspars were chosen that are
relatively 1insensitive to combositional changes, overiapping peaks could be
used. In many tuff samples, there are at least four separate feldspar species
present: groundmass and phenocryst feldspar, both of which have exsolved
an additional feldspar. The resultant diffraction pattern is so complex that
it is usually difficult to determine the exact nature of the individual
feldspar phases.

The technique employed in our laboratory for quantitative analysis is
known as the matrix-flushing method or the external standard method (Chung
1974a). This technique requires the use of reference intensities that, as
Chung (1974a2) pointed out, vary depending on instrumental conditions and
design. We have determined the reference intensity ratios (RIR) (the ratio of
the integrated intensity of a given reflection of a bhase to the integrated
intensity of the 113 reflection of Linde A corundum in a 1:1 mixture, by
weight,) for several phases found in Yucca Mountain tuffs, but many minerals
could not be isolated in pure form. Smectite from Drill Hole USW G-1 1415 was
isolated by centrifugation, clinoptilolite was obtained from the Nevade Test
Site in Drill Hole UE4P-1660, and quartz crystals were obt2ined from Hot
Springs, Arkansas. The value of the RIR for calcite was taken from Chung
(1974a). Calculated RIR values were used for the remaining phases, the data

~coming mainly from Borg and Smith (1969). Where possible, RIR values were

obtained for more than one peak per phase; for example, the RIR for the quartz
100 reflection is 0.95 and the RIR for the 101 reflection is 4.32. We have
recently obtained pure samples of sanidine, ~cfistoba11te. clinoptilolite,
mordenite, analcime, biotite, &and albite; and RIR values will be experi-

-mentally determined for 211 of these phases in the near future. Estimates of

the percentage of glass in samples were based on the intensity of the
“amorphous hump" centered on 23° 26, and precision d{s poorer for
glass-containing samples than for those containing no glass.



To analyze the x-ray data, we solve the following equation, which is
derived by Chung (1974b): '

1 {=1

where xi is the unknown weight fraction of phase i in a mixture, ki is the RIR
for phase {1, and 11 is ;he integrated intensity of the appropriate line of
phase 1. This equation is derived using the constraint that txi = 1, and the
resultant equation “flushes™ out the absorption coefficients by ratioing the
reference intensity ratios ki for each phase. This technique is commonly
referred to as the matrix-flushing method.

Norm Calculations

To test the validity of our quantitative results, CIPW norms (Barth 1952)
were calculated for a suite of samples from the devitrified Topopah Spring
Member in Drill Hole USW G-1 using x-ray fluorescence analyses from Zielinsky
(1983). Results of these calculations are presented in Tadble I, and théy show
that the Topopah Spring Member contains 57 to 59% normative feldspar, This
calculation is valid for comparison with the x-ray cdiffraction data because
the devitrified Topopah Spring Member consists of v98% feldspar plus silica
polymorphs. The feldspar valuesvin Appendix A for samples from the devitri-
fied Topopah Spring Member agree well with the norm calculations. However,
the most recent analyses for feldspar are slightly high, suggesting that the
RIR for feldspar used in our analyses may be too small, This will be checked
with our new standards.

Precision of Results

Quantitative x-ray diffraction traditionally yields only semiquantitative
results, and, because of the problems discussed above, quantitative x-ray
diffraction results will never have the high precision of typical chemical
analyses. When estimating uncertainties of our determined values, errors due
to pezk integration, crystalline solution, sampleéto-standard variadility, and
peak overlap were considered. Quartz has no significant cryst2lline solution,
quartz standards should be similar to samples, and the quartz peaks are easily
integrated. Our new peak-decomposition technique allows greater precision to
be obtained in feldspar, cristobaliite, and tridymite 2nalyses, 2lthough
feldspars exhibit exceptionally large amounts of crystalline solution and
sample-to-standard variadbility.
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TABLE 1

CALCULATED CIPW NORMATIVE COMPOSITIONS OF WELDED, DEVITRIFIED PORTIONS
OF THE TOPOPAH SPRING MEMBER, PAINTBRUSH TUFF

61-755% G1-765° 61-928 G1-1185% 61-1252°

510, minerals 37.3 37.5 37.7 38.5 38.1
Corundum 0.9 1.0 1.2 1.4 1.2
" Orthoclase 29.3 29.4  29.4 29.1 28.7
Plagioclase 29.9 29.7 29.4 28.1 29.5
(Total Feldspar)  (59.2)  (59.2)  (58.8)  (57.2)  (58.2)
Orthopyroxene 0.4 0.4 0.4 0.8 - 0.6
I'menite 0.1 0.1 0.1 0.2 0.1
Hematite | 2.1 1.8 1.8 1.9 1.8

3gased on x-ray fluorescence analyses reported in Zielinsky (1983).
Normative compositions are reported as weight percentages for
comparison to x-ray diffraction data.

III. A THREE-DIMENSIONAL INTERPRETATION OF MINERAL ODISTRIBUTIONS AT YUCCA

MOUNTAIN ‘

Geologic cross sections in Appendix B show six mineral types plus glass
at Yucca Mountain. These cross sections are based on recent mapping by Scott
and Bonk (1984). Several drill holes shown in Fig. B-1l provide the database
- for these cross-sections. Some of the drill holes for which x-ray data are
tebulated in this report have been projected onto these cross sections (Fig.
B-1) in order to make the most use of available data.  Where such projections
occur, an attempt was made to align the projections along the strike of major
structural blocks. The only exception is the projection of UE-25b#1 directly
onto the trace of Drill Hole UE-25a#1 because these drill holes are so closely
spaced. l ‘

The cross sections in Appendix B show the apparent distribution of pri-
mary glass and tridymite; primary and secondary quartz; secondary smectite,
clinoptilolite plus mordenite, analcime, and albite. Hearly ubiquitous
minerals such as alkali feldspars and cristobalite or rare minerals such as

fluorite and crybtome1ane are not shown,



The basic data for this report are found in the tables of Appendix A;
Appendix B s an interpretation of the tabular data in a form that is easier
to visualize. Other data sources have a1so been used to help construct
Appendix B (Bentley 1983; Bish et al. 1981; Caporuscio et al. 1982; Carroll et
al. 1981; Craig et al. 1983; Levy 1984a).  One cross section showing the
apparent distribution of authigenic albite is based on microscope and electron
microprobe analyses from Bish et al. (1982) and Caporuscio et al. (1982)
rather than from the x-ray diffraction data in Appendix A. The cross sections
in Appendix B are not final mineral distribution models and may be revised by
new data or interpretations.

Glass

Glass occurs both above and below the potential repository host rock at
Yucca Mountain (the welded devitrified Topopah Spring Member, or Tptw in
Appendix B). In Appendix B, Fig. B-2, the glasses are divided into two cate-
.gories, vitrophyre and nonwelded. The vitrophyre is a zone of densely welded
glass at the base of the Tptw unit; this zone would first be encountered in
aqueous transport downward from a repository in the overlying devitrified
Tptw. The nonwelded glass occurs both above and below the Tptw unit. The
nonwelded porous glass is more abundant than the vitrophyre across most of
Yucca Mountain. However, the lower nonwelded vitric zone thins and disappears
to the east where the stratigraphic dip and structural displacements bring the
basa! Tptw glassy zone closer to the static water level. The vitric nonwelded
material may have important paleohydrologic significance because the preserve-
tion of open shards and pumice made of nonwelded glass is rare below past
water levels (Hoover 1968). Glasses are more likely to be preserved in some
dense rock types (e.g., lavas and vitrophyres) well below the static water
level. :
Both the vitrophyre and the nonwelded glass provide potentially reactive
materfal at Yucca Mountain. Although glass alteration rates are generally
slow, the thermal pulse of early‘repository history has the effect of
| accelerating these reactions or of thermomechanically altering the current
exposure of glass to'water either by fracturing the glass or by changing the
movement of water. Experimental data are being sought to determine whether
such effects could be significant for repository performance. The glasses are
also the only rock types that retain significant amounts of ferrous iron above
the deeper 2zones of reduced (sulfide) alteration {Caporuscio and Vaniman

8



1985); oxidation of the glasses"ferrous iron may be another consequence of
prolonged heating, removing one of the possible barriers that could retard the
transport of oxidized actinide elements.

Silica Polymorphs

The silica polymorphs, quartz, tridymite, and cristobalite are abundant
throughout Yucca HMountain. Solubflity and thermodynamic properties vary
slightly between the silica polymorphs, and experimental studies indicate that
silica concentrations in solution are controlled by cristobalite rather than
quartz when both are present (Knauss et 2al. 1984). Tridymite will be common
only in those parts of the repository workings that may extend into the middle
and upper parts of the Tptw unit (Fig. B-3). Thermomechanical responses of
the silica polymorphs are not anticipated to lead to any significant problems;
transitions in cristobalite molar volume occur at temperatures above those
_anticipated near the repository.

Cristobalite {s ubiquitous above the water table except in Drill Hole
UE-25a#1, where cristobalite does not occur below the Tptw unit. Elsewhere
cristobalite persists to depths greater than S00 m above sez level. There is
a correlation between the loss of tridymite and the first appearance of
abundant groundmass quartz with increasing depth. This transition takes place
within the Tptw unit (Figs. B-3, B-4) and represents a major transftion in the
mineralogy of the proposed repository host rock (Bish et al. 1984a). This
transition in part reflects the passage from zones of common high-temperature
vapor-phase crystallization (tridymite) to zones of lower-temperature devitri-
fication (quartz) within the Tptw unit.

Smectite -

Previous studies have noted that smectite 1s a ubiquitous alteration
product at Yucca Mountain, but one that is generally found in relatively small
quantities (Bish et al. 1982). Although this statement is generally true, the
data summarized here indicate that two zones of abundant smectite can be
mapped within Yucca Mountain. These zones occur at the top of the vitric
nonwelded base of the Tiva Canyon Member (lower Tpcw) that contains 7% to 35%
~ smectite and at the top of the basal vitrophyre of the Topopah Spring Member

that contafns 5% to 45% smectite (Fig. B-5). The smectite intervals that can
be traced through the cross sections are generally less than 1 m thick but are

notably thicker in Drill Holes USW G-1, G-2, and UE-25afl1. The continuity of
these two intervals is important, particularly the interval at the top of the
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basal vitrophyre within the Tptw unit immediately below the proposed
repository horizon. The sorptive potential of this thin interval is high, and
it may provide an important supplement to the more abundant zeclitized zones
2t greater depths. The thermal stability of this smectite zone and the
probable time-temperature-hydration history of the layer under repository
conditions are being studied as an important part of retardation modeling of
Yucca Mountain. |

In addition to these laterally continuous smectite-bearing intervals,
there 1s also & tendency for smectites to be concentrated near some major
structures. Smectite concentrations occur near Yucca Wash (USW G-2) and along
Orill Hole Wash (USW G-1, UE-25a#1 and b#1). Scott et al. (1984) propose that
major strike-slip faults may occur within Drill Hole Wash, and similar
structures may occur along Yucca Wash. Smectite abundances are exceptionally
high within the drill holes near these proposed structures, and the amount of
interstratified, relatively nonsorptive 111ite increases with depth in these
locations (Caporuscio et al. 1982). It is still uncertain how these major
structures may interact with the transport pathways away from the repository.

Jones (1982) attempted to use clay-mineralogic criteria as evidence of
past variations of water-table elevation in alluvium in northern Frenchman
Flat, NTS. He proposed that variations in the smectite 001 spacing would
reflect changes in the water-table elevation. Jones (1982) found slightly
more expanded basal spacings for smectites up to 50 m above the present water
tadble and suggested that this may be showing the effects of increased
hydration, but these small changes are of doubtful statistical significance.
It 1s well documented that smectite basal spacings are a function of the
interlayer cation and the partial pressure of water in contact with the
smectite (Gillery 1959; Suquet et al. 1975). Therefore, it is doubtful that
these variations can be attributed uniquely to variation in paleowater-table
level., The smectites in Yucca Mountain typically show no systematic trends in
the 001 spacing with depth near the water table (Carroll et al. 1981;
Caporuscio et al. 1982; vaniman et al. 1984) and have basal spacings charac-
teristic of mixed sodium-calcium interlayers. The only apparent change in
phase assemblage near the water table in Yucca Mountain {is the alteration of
vitric tuff of Calico Hills and lower Topopah Spring Member.

10



Clinoptilolite and Mordenite
Previous studies have emphasized the occurrence .of at least four mappadble

zones of clinoptiloiite (or "heulandite) plus mordenite zeolftization beneath
Yucca Mountain (Bish et al. 1984a2; Vaniman et al, 1984). There is sufficient
petrologic evidence to show that these intervals occur principally where
glassy material remained outside the zones of devitrification in the centers
of ash flows. Therefore, there is a general correlation of zeolftized
material with the nonwelded tops, bottoms, and distal edges of ash flows.
This stratigraphic control {s evident in Fig. B8-6, but exceptions to this
relationship occur (e.g., the occurrence of zeolitized tuff in the devitrified
Tram Member, Tctw, of USK G-3). Indeed, the first zeolitized interval below
the proposed repository horizon occurs within the densely welded Topopah
Spring Member, at the boundary between the devitrified zone and the vitrophyre
. lithologies (compare Figs. B-2 and B-6). The origins of this particdlar
interval may be very different from the deeper zeolite intervals (Levy 1984b);
at this boundary, water was liberated at elevated temperatures during early
devitrification to form heulandite in the adjacent vitrophyre. Zeolites also
form in fractures crossiﬁg the devitrified intervals (Carlos 1985). These
various occurrences point out the complexities of zeolite formation at Yucca
Mountain and suggest mu1t1plé origins involving both closed and open systems,
high and low temperatures (e.g., Moncure et al. 1981). These varieties of
zeolitizatfon will be described in future research.

The thicker zeolitized bands in Fig. B-6 tend to follow those intervals
that retained glass following early tuff devitrification. This relationship
allows correlatton of these zeolitized intervals between drill holes where the
same welded and nonwelded zones can be found. Problems with such correlations
occur where some 2zones of greater welding pinch out (e.g., the welded Prow
Pass Member or Tcpw between USW G-1 and H-5), where zones of zeolitization
pinch out between drill holes, or where zones of welding have no simple
anticorrelation with zeolitized intervals (compare the zeolitized and welded
zones in USW G-4 and UE-25b#1, Fig. B-6). These are areas where alternate
correlations between drill holes might be drawn. Future studies will address
the problems of correlation.

Phillipsite and Erfonite

Although phillipsite and erionite were previously reported to occur in
several samples from both UE25a#l and J-13 (Hetken and Bevier 1979; Sykes et
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al. 1979), we have found no evidence for the presence of these two 2eolites in
these samples. Heiken and Bevier (1979) reported erionite in samples JA-15,
JA-32, and JA-33BC and phillipsite in JA-13 211 from Drill Hole J-13. These
analyses were based primarily on electron microprobe dataz, although the dis-
cussion of JA-32 included an XRD identification they list as “erionite(?)."
Sykes et al. (1979) reported the occurrence of erionite in YM-34 from Drill
Hole UE-25a#1 based on scanning electron microscope (SEM) examination. ,

We have reexamined all the above. samples by x-ray diffraction and found
no evidence for the occurrence of erionite or phillipsite (Table II). These
analyses agree with those published in Carroll et 2al, (1981),  Minimum
detection limits for phases such as erionite, phillipsite, mordenite, and
clinoptilolite are on the order of 1%. In addition, the x-ray patterns of
these zeolites are distinctive and their identification by XRD is wusually
unambiguous. |

There are severa) explanations for the previous erionite and phillipsite
jdentifications, All of the JA erionite and phillipsite analyses relied upon
electron microprobe data. It is difficult to obtain reliable chemical data
for hydrous, finely intergrown materials, and distinctions between zeolites
based upon analyses of such materials are suspect. Furthermore, it is
possible for several different zeolites to yield similar chemical analyses,
particularly erionite and mordenite. The tentative identificatidp of erionite
in YM-34 was based on the morphology observed with the SEM, However, we have
observed identical morphologies in mordenite-rich tuffs containing no erionite
(Caporuscio et al. 1982). Further studies have shown that erionite does occur
at Yucca Mountain, although not in the samples where it was previously
reported. Ertonite has been positively identified as a fracture-lining
mineral at the 1296 ft (395 m) depth in Drill Hole UE-25a#1. |

Analcime and Albite

Few drill holes have penetrated deep enough to intersect analcime-bearing
zones and fewer still are deep enough to contain secondary 2lbite. Anal;ime
typically first occurs at a depth of about 250 m above sea level but appears
as high as 600 m above sea level in USW G-2 (Fig. B-7). The shallower occur-
rence of analcime in USW G-2 agrees with other evidence of major hydrothermal
alteration up to the 600-m elevation (Bish and Semarge 1982). Authigenic
albite has been found only in USW G-1, G-2, and UE-25b#1 (Bish et eal. 1981;
Caporuscio et al, 1982), Authigenic albite occurs only below 500 m 2bove sea
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TABLE II
X-RAY ANALYSIS OF JA AND YM SAMPLES

JA-13 JA=33 ,
Smectite 1-3% Smectite 2-4%
Mica ) 1-3% Mica 2-5%
Quartz 10-20% Quartz 30-45%
Alkali Feldspar 70-90% Alkali Feldspar 50-60%
JA-15 YM-34
Mica 1-3% Smectite 52
Quartz 30-40% Clinoptilolite’ 60-80%
Alkali Feldspar 60-70% Mordenite 5-10%
Quartz 5-15%
Alkali Feldspar 5-10%
JA-32
Smectite 1-3%
Mica - 2-5%
Quart2 30-40%

Alkali Feldspar 55-651

level and may generally occur at much greater depths throughout most of the
exploration block. As with analcime, the shallowest occurrence of authigenic
albite is in USW G-2 (1080-m depth).

IV. SUMMARY .

Quantitative treatment of x-ray diffraction data provides accurate
determination of mineral abundances within fine-grained rocks. This method is
exceptionally useful in rocks such as tuff where the most abundant primary and
secondary minerals are too fine grained for 6pt1cal determination. Using this
method on samples from drill holes at Yucca Mountain, mineralogic zones have
- been mapped in three dimensions. Both primary and secondary minerals at Yucca
Mountatn are sdbject to significant vertical variation or stratigraphic
control, A thorough knowledge of where and why these variatiohs occur will
allow more reliable predictions of the mineral types that may occur along flow
paths away from a repository in the Topbpah Spring Member., Particularly
well-constrained zonation occurs in the preservation of primary glass and in
the transition from tridymite to quartz with depth. Zonation of smectite and
clinoptilolite/mordenite is relatively well constrained in some intervals but
may be difficult to correlate between some drill holes. The deeper 2iteration

13



products, 2nalcime and albite, are less commonly sampled and are therefore
difficult to map. |
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APPENDIX A
X-RAY DIFFRACTION ANALYSIS OF TUFF FROM CORE, CUTTINGS, AND SIDEWALL SAMPLES

X-RAY DIFFRACTION ANALYSIS OF TUFF

Cuttings
Depth Smece Clino- Tricy- Cristo-  Algald

Samzle (m) tite fica ptilelite mite Ousrtz  balite Feldsper  Glass Nematite
3-12 .

620-63C 182.0 4 322 - - - 623 $321¢C =N -

650:-66C 201.2 <} 221 2] 1328 221 1023 70210 - «

710-720 21978 A 11 - <« 1422 123 7e:10 - qQ

770-78C 23.7 121 - - - 1422 822 8121C . <]

860-82C 268.2 <] - . - 1022 822 86210 . 121

905-91% 275.8-278.9 322 « - - 1222 322 el . «

9£3.992 299.6-3C2.¢ <} 3] . - 2422 8:3 6E:1C - -
10671072 325.2-328.) <1 < - . 3424 322 €3:10 - <}
1093-1097  333.1-334.¢4 3827 - $):10 . <l 1123 . - .
1121-112¢ 31.7-42.2 . - - - B 73 822 1428 & =2C -
1136-113¢ 346.3-347,2 3327 - 54210 - 2:) 3023 . - .

14
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APPENDIX A (cont)

Core
Depth  Smece Clino. Morgen-  Angl- Alxats :
- Samcle {m}) tite  Wics ptilolite ite cloe Ouartz  Felespsr Calcite Raolinite Other

UE250- 1N

e 732.1 10-20 2-10 - - - 30-50 30-8C - . -
245 766.6  $-18 §-10 - - - 30-80 30-5¢ 2-10 . -
282¢ 765.6 5-1% 8-1% - - - 30-%0 30-8¢ - - -
259¢ 751.3  $-1%  2-10 - . . 30.5C 30-5¢ 2-10 . -
2683 €08.0 §-18 2-10 - - - 30-40 30-50 - - -
2 834.2 2+% 2-10 - - - 20-40 40-6C - - .
2632 863.2 10-20 2-10 2% 10-2% - 15-30 20-40 2% - -
20467 8677 123 23} «? 1829 - 2912¢ 4421C - - .
8Lt 870.2 10-2% 2-% 2-5 10-2% . 15-30 2040 2-10 - -
F{ €73.9 10-2%5 2-10 - 2-% - 20-40 4080 - - .
2R7% 877.% 1%-30 10-20 $-1% 5-1% - 20-40 20-40 2-10 - -
51§ 89,7 . §-1% . 20-40 - 15-30 20-4C - - -
2946 897.8 210 2-1C . - - 30.%0 30.5¢ 2-10 . .
2952 $00.1 210 2-10 - - - 30-50 30-5¢ 2-10 - -
298¢ 910.7  5-15 8.8 ;®. - - 30-50 30.8¢ 2.8 - -
305¢ §29.6  5-1% 5-1% 2 - - 20-40 40-60 2-10 - .
305¢ 942,84 2-10 5-10 ™. - - 40-¢0 30-5C 2-% - -
Fracture .
30s2 §42.4 - 2-10 - - - 30-50 20-4C 15-30 - -
309¢ 943,84 <5 §-1% - - - 3c-50 40-6C . - -
098 944,3  8-15 5-15 - - - 20-40 4060 25 - .
3126 953.4 §-15 8-1% - - - 206-40 2060 2-5 - -
Fraczture
312¢ §953.4 2.5 2.5 . - -  20-40 20-40 15-30 - -
31¢3 9581 2.5 518 - - - 20-40 40-6C 2-% - -
frazsure '
3162 964.1 - 2-% - . - 10-30 10-3¢ $0-70 - -
318 $706.8 10.2% 10-20 - - - 20-4C 30.5C - - -
Fraztyuee .
3nes $70.8 & < . . - 5.1¢ . 60-80 - 2-1¢* 103t
kit 3 974.1 2-10 §-18 - - - 2C-4C 4C-6( - . -
32c¢ $82.1 2.%¢  S-1% - - . 20-4C $C-2C - - -
322¢ $82.0  5-15 8-185 - - - 20-40 40-62 - - .
328 992.7 3-%0 S-15 . - - 16-3C 20-¢¢ . - .
32¢° 955.2 15-30 2-10 - - - 30-%0 20-4C . . -
32%¢ 1005.2 S-1% . 2-10 . . Tr., 20-4C 45-6C - - -
332¢ 1013.¢  8-15  8.15 - - 2.5 2040 406 - - .
332 102¢4.7 10-2% S8-15 - - 2-% 20-40 30-8¢ - Tr. -
337¢ 1028.4 8-1% 8-1% . . 10-30 2040 20-4C - <« -
3353 1034,2  $-1§ S-1C - - 106-30 20-40 26-4C §-1% 2% -
3 1036.6 2.8 2.1C - - 10-30  20-40 20-40 2-% 2-5 -
k7115 1054, 515 §-1% - 10-3C  26-40 15-3C 2-10 2-10 -

15
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APPENDIX A (cont)

Core (cont)

¢ Todorokite

Smecs
Sample (m)  tite
UE2SD- 1M
IEE 1052.4  S8-15%
350¢ 1068.6 10-25
350 1075.9 10-20
Fracture -
3830 1075.9 10-20
3548 1081.¢ S-1%
Incluston
%48 1081.4 10-20
871 1088.4 $-10
3572 108e.7 2-10
Inclusion
asrn 1088.7 10-25
3602 1097.8  $-15
Frazture
3602 1082.9 <5
366C 1115.6  5-1%
Fracture
J66e 1115.6 -
308 1130.2 5-1%
3167 1148.2 S-1%
752 1155.8 10-20
kLk ) 1168.9 10-20
388C 1182.6 10-20
3sul 1185.0 30-%0
3902 1185.3 30-%0
3904 1185.9 20-40
3510 1191.8  §-1%
3526 1196.6 10-20
3956 1205.¢6 15-30
3963 1202.9 20-40
98¢ 1215.5 10.2%
Fracture
agry 1218.8 2.8
% Fluorite

Nics

§-1%
8-1%
$-10

5-1%

$-15

2-10

2-10

§-1%

2-30

Cltno. Morgen- Angl. Alagli ’
ptilolite 1te cloe Quart? Feldsper Calctte Eaolinite Other
- - 10-30  20-40 20-40 2.10 2-10 -
- - 10;30  20-40 20-40 2-10 2-10 -
- - 15-30 20-40 30-50 < @ -
- - §-15  20-40 20-40 . 5-10 .
- - -5  20-40 30.50 2-10 2-% .
- - - 15-30 30-5¢ 10-2¢ @ -
- - 2-8 30-50 15-30 20-40 < -
- - «@ 20-40 30.5¢ 15-30 « -
- - - 20-¢0 20-40 5.15 @ -
. - 10-30  20-40 20-40 5-15 «@ -
- - 5-18 2-10 - 36-$0 . 30-s¢*
15-30  20-40 20-40 2-10 25 -
. - 15-30  10-20 2-10 $G-70 - -
- - - 25-4% 40-60 - 2-5 -
. - 1530 25.4% 15-30 5-1% 2-10 -
- - 5-15 2040 30-50 2-10 2.8 .
- - 15-30  20-40 20-4¢ 2-10 2-5 -
- - 10-20  20-40 20-40 $-1% 2-$ -
- - Tr. 20-40 1%-3C - . .
- 2-10 . 15-30 15-30  15.30 - .
- - 15-36 20440 15-30° 2-% . .
- - 2-10  30-5¢C 30-5¢ - . -
- - - 20-40 20-80 1020 2-10 .
- - 2.8 15-30 30-5¢ 2-10 2-$ .
- . 16-25  20-40 20-4C 2-10 Tr. -
- - - 20-40 30-%0 - - -
- - - 5-1% 16-20  20-9¢ - .
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APPENDIX A (cont)

Cere
Oepth  Swece Clino- Worden-  Anal- cristo- Alkgtt

Sample {m) tIte Mice pttliolite ite cime Quartz  bslite Felasgar Calcite Other
yse 6.2

10 0 - $-10 . - - - 30-50 30-50 - 10-20*
100 3.5 . « . - . - 30-50  30-5C - 10-25°
200 0o - . . - - - 30-80 30-50 (T
230 0.3 - . - T . - - 30-80 30-0 - b-18°
21 82.3 210 - - - - - 30-50 30-50 15-30 .
300 92.7 - - - - - §-10  30-%0 30-50 - 10-20°
m 100.9  30-50 . - . . - - 30-50 10-20 -
2e 103.0  €0-60 - - - - . - 5.10 . 30-sct
358 109.1  15.30 - . - - Tr. _ 5-10 20-40 - 20-40°
398 120.86 518 @ - - . <8 10-20 15.3C - 3¢-50°
501 152.7 820 <3 . - . . 5-10 10-2¢ - a0-60°
547 166.7  8-15 <8 - - . . 818 10.20 . ac-6c®
sag 167.0 - < 5-10 . . . 20-40 30.50 - -
561 1710 10.20 <3 10-20 . N . 20-40 25.4¢ . .
627 1901 518 & 10-20 - . . 20-40 30-50 . -
67% 205.7  30.80 <5 15-30 - - - 510 15.30 - -
123 220.4 %15 < - - . . I C 80 0-50 1.3
143 226.5 30-%0 < < . . 515 815 10-20 538 15.3¢°
1€2 2323 2 - 75-50 . - - 5-18 < - 10-2¢*
170 2307 <2 5-10 - - - - 15-30 €0-8C - -
822 256.5 510 <5 - - . . 20-40 30.50 - 20-20*
113 26C.6 <5 2-% - - . . 20-40 30.50 . 5.15°
29t M @ 2-5 < - - - 20-40 4060 - s-10*
921 280.7  10-20 - . - - 20-40  15-30 20.40 5.10 -
9%) 209.9 <2 . - - - 15-30 2040 20.40 - -
984 299.9 2-10 . - - - 15-30  10-20 15.30 15-30 .
1032 3166 2.10 <2 - - - 15230 204D 20-40 - -
1612 3267 2.10 < - - . 20.40  8.15 36-50 . .
1133 e S}y <@ - - - 15-30  20-40 a0.60 - .
117€ 3591 <8 @ - - - 10-25  20-80 - 30.%0 - .
122¢ 376,31 2-10 . - - e 10-2%  20-¢0 30.5C - .
1261 396.4 -8-18 . - . - 15-30  15-30 30-50 - -
131 45,7  5-1% . - . . - 18230 20-4C ac.se - .
1382 8212 815 « - - - 15-30  15.30 4060 - -
1620 Q2.8 815 . - - . 15-30 2040 30-8¢ . - .
1461 €L, 8.8 . . - - 10-20 3050 30-5¢ - -
1536 468,72  10-20 . < . - 10-2¢  30.50 30-50 - .
1585 €@3.1 518 . ) . o 10-25  20-40 30-50 . .
1634 498.0 30-50 <2 - 30-80 - . - 15-30 - - -
1664 507.2 < - @ - - $-10 510 10-20 - 50.70%
1691 - 5154 8-15 . €0-60 8.10 - - 15-2% 5.1 . .
17 81,9 10-20 - 30-50 3-10 N $-10  15-30 10-20 - -
1782 $34,0 815 . $0-70 $-10 - .35 . 8.0 - -
1798 %e.0 « - 40.60 1530 - 5-18  10.20 15-30 - -
1eap $63.3 - . 40-60 15-30 N T, 1530 30-20 - -
s s8.e Q@ <@ £0.60 15-30 - $-10  30.20 10-20 - .
1952 $95.0 < $-10 40-60 - 10-20 3020 10.20 - -

2001 605.9 . 114 8-10 40-60 - 10-20  10.20 1%-30 - .
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APPENDIX A (cont)

- Core (cont)

Oepth  Smece Clino- fordene Angle Cristo- Alkglt
Sample {m) tite Hics pttlolite ite cime Cuartz tslrte Felespas Calcite Ot her
USK G-2 ,
207 €3¢ & ' 20-40 20-40 - $-10  10-20 10-20 . .
218 €78 & < 20-40 15-30 Tr.  8-10  15-30 10-2¢ - -
2240 65,2 & @ x40 20-40 - $-15  15.3¢C 15.3¢C . .
2383 N2 « « 2.0 818 20-40 - 15-30  15.30 10-20 . -
2030 7467 < $-156  20.40 85-1% - 20-40  ©0-10 20-40 . -
2520 770.5 < 5-15 < 15-30 - 20-40 <5 20-40 - -
2667 812.8 < $-10 . 20-40 - 18-30 < 30-50 - .
2744 T BT Q - . - 30.80 8-10 40-6C . -
2820 9.8 Q@ @ . - . 20-40 2-10 $0-70 - .
2869 €188 <2 2.5 - . - 20-40  2.% $0-70 - .
2667 88C.0 <5 « - . - 20-40  2-% $0-70 . -
2950 £99.2 2.0 Q3 - - - 20-40 2-10 4060 - -
270" $05.3  5-15 <3 . . - 30-50 0-10 40-60 . .
3037 $25.7 30-80 « - < - 20-40 0.8 15-30 - -
3067 934.8 - @ 5.10 20-40 . - 20-40 20-40 - -
392 $72.9  s-1C - 20-40 5.15 Tr. 20-4C c-$ 20-4C . -
3250 $92.6. 1530 < 5-1% §.15  20-40 15.30 0-8 18-3C - -
330¢ 1008.3 2.8 10-20 - - - 15-30 0-10 45-60 . -
333¢ 1015.0 . 2-10 - - . 20-4¢0 c-10 $0-70 . -
Fraciure
3330 3015.0  5-1%  2-10 . . - 10-2¢ - 15-3¢ - 460"
39 1020.8 <2 2.6 - - - 15-30 0-1¢ $C-70 - .
336¢ 102¢.C <2 2-10 - . - 20-4C  0-10 $0.7¢C . -
316 100:.2 <2 2-10 . . - 20-40 - $0.7¢ . -
345¢ 1052.8  26-3% <8 - 15-30 Tr. 15-3% . 18-3 - .
3¢92 1064.4  10-25 <5 - 15-30  5-10 20-40 - 15-30 - .
1812 107¢.%  10-20 5-10 - 2.0 10-20 2C-20 . 30-50 - @t
354) 1075.2  8-13 $.1¢ - . 20.40  2C-40 . 18-3¢ . <8¢
3% 109C.6  15-30 $-1% - 15-30 - 20-a0 - 15-3¢ - .
133 11086 10-20 5-18 - - ] 2C-40 . 30-50 . .
362 11160 $1% .10 - . $.10  20-4¢C - 30-5¢ s-1¢ <«
nxa 11338 “3-1% 5-10 - - Tr.  2C-4C . 30-5¢ - .
372¢ 11%.1 20-3¢ & - . - 3C-5C . 26-4C . et
375¢ 1143.¢  20-3¢ $-1% - - - 20-40 - 30-56 - .
3152 1145.7  18.3C 5.0 - . - 20-40 . 3G-50 - -
3798 138€.7  25-40 - - . « 36-5¢ . 20-40 . «f
3823 116¢.3  20-40 2-10 . - . 20-40 - 20-40 - -
€7 MELY  20-30 $-10 . - <5 30-5¢ - 15-30 . -
3508 191.2  10-25 - . - - 20-4¢ . 30-50 2-10 -
1N 1196, 10-20 - - - 20-40 2040 - 20-49 $-10 -
396E Tl206.6 0.2 2-10 - - Tr.  30-8¢ - 30-50 . 1.k
4005 122¢.7 10-20 . 8-1% - - <« 18-30 . 30.50 s-1C -
4090 1246.6  15-30 10.2% - - 2-10 - 1530 . 20-40 s-15 .-
4167 127C.1  10-20  10-20 . - Q 15-30 - 30-50 $-18
4195 1275.9  10-20 5.18 - . Tr.  10-2% - 30-50 1.2y
4209 12€2.9  $-1% .10 . - 2-10  10-2% - 40-€0 & .
@ 130,86  10-20 310 - . S 20-40 - 30-50 ) .
4329 11,8 518 2-10 - . < 20-4C - 30.50 8-1% .
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APPENDIX A (cont)

Core fcont)

Depth  Swece Clino- forden.  Ang). Cristo. [T}
Samzle (L} tite Mics ptilolite ite Ctme Quertz  bdalite Felesper Lalcite [ 1T
Ush g.2
Pumice h .
) 136).8  15.30 - . - - 15-30 . 30.50 5-18 -
4167 1361.8 8418 2.0 . . < 15-30 - 3050 5-1% .
3% 13529 515 810 - - < 20-40 . 30-50 10-25 -
e8¢ 1455.8  10-20 <8 - - 1. 20-40 . 35-50 $-15 .
2808 14646 10.30 . - . Te. 30.50 . 30-50 - .
4816 14678 18.%0 - . - T, 30-50 . 20-40 2-10 .
43¢ 4.6 15.30 - . - « 20.40 - 30-50 2-10 .
134 1485.3  20.¢0 - - - < 20-¢0 . 20-40 - -
a8es 34869 26-40 . - - - 20-40 . 20.40 Ty .
@) 14514 15-30  5.10 - . @ 20-40 - 20-40 . .
452¢ 1500.¢  10-25  5-1% - - < 20-40 . 20-40 $-10 -
a5ag 1S0E.S  30.80  5.18 . - - 15-30 - 15-3¢ - -
5017 1529.2  10-30 - - - - 20-40 - 30.50 - «t
Sprerulite
8017 1826.2  2-10 . - . . 30.50 . 30-50 210«
802¢ 1532.6  10-30  10.30 . - . 20-40 .- 20-40 - -
$148 1567.8  2-10  10-30 - - . 20-40 . 30-50 2-10 .
517} 15761 10-25  20.4¢ - - - 15.30 - 15-30 2-1C -
$20¢ 1586  10-20  10-25 - - Tr.  15-30 - 30-50 - 2-1c¢
5213 1SBELS 815 8.18 - - -«  20-80 . 20-40 2-16 5-15¢
5308 161.0  5.18  8.15 - - - 15-30 - 36-50 515 <
$369 16365 5-15  10-20 - - - 20-40 - 30-80 5-1% -
537¢ 16355  2-10 1020 - - - 20-40 . 30-50 .15 .
5434 165€.3  2-10  15.30 . - <« 1530 . 30-50 - -
8492 .3 15-30 - - - 20-40 - 30-50 10-20 -
505 16779 5.1 10-20 . - - 15.30 - 3050 5.10 2-1c¢
583t 1686.C  15.3% - - - - 15-3¢0 - 20-46 16-2¢ 5.1¢¢
BL6¢ 17087 10-20 . - - - 15.30 - 3050 210 5.1¢¢
563t 1766 10-28 . - - Tr.  10-2% - 30-5¢C 10-2¢ 2.1
5657 172¢.3  20-¢0 - - - - 15-30 - 20-2¢ 2-1C 2.1
369¢ A73¢.1 16-26 - - - « 15-30 - 30-5¢ 10-2% 5.14¢
5762 17%.3  s.18 - . . - 18.3¢ . 3050 18-30 .12
se2t e . . - - - 15-30 - 30-80 2-10 10-2¢€
sags 17837 1028 - - - - 15-30 - 10-25 20-40 2-10°
kvt 1796.F 1025 - . - - 26-4C - 20-4( 15-3¢ 2-1¢¢
918 10538 838 - . - - 3050 - 30.50 . 2-10%,2.¢¢
592¢ 180€.2  10-20 - - . Tr. 30-50 - 30-80 - -
3331 1807.8  18.3¢ - . - - 1%-30 . 3¢-50 2-10 5.15°
4951 10138 15-30 - - - @ 20-40 - 30-50 210«
5971 1820 20-28 - - . < 20.40 . 30-50 . -
§95: 182¢.¢  10-28 - . - < 30-80 . 30-50 .10 «F
' Seigpmite
® glass
€ xaoiinite
¢ Chlorite
€ pemattee
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APPENDIX A (cont)

S Core (cont)
Depth  Smece Clino- Ansle Cristo- Trigy-  Rlraly
Sample {m) tite = Wice pttlolite cime Ouartz Dbsltte site Felasgcar Calcrte  Glass  Qtner
Uss Gu-3
3.0 9.9 2-4 1-3 - - - $.1% . 70-80 -1 - .
45.0 13.? - - . . - 15-20 4.8 70-80 - - -
78.0 2.} - . - . 13 4-8 20-30 (1281 - . -
103.1 3.4 - . - . 1-3 1524 $-10 65-7% 1-3 - -
Fracture . - - - - 1- 13 612 . 83-94 . -
19¢.3 $9.8 - - . - - 20-30 - 70-80 . - -
Vetr 2-4 . - - - 2-5 - $-1% &®-90 - -
245.7 4.8 1.3 . - - 1-3 20-30 2.4 €5-7% - . .
303.¢ 92.% «l - - - - 20-30 - 10-80 - - -
31¢6.8 $t.6 - - - - - 2025 - 10-80 - - -
34,8 10¢.} 2-% - - - - 25-35 - €5-7% - . -
35¢.% 108.? 5.10 . - - - 10-20 - 35.45 - 30-50 -
376.1 114.¢ 3-6 - - - 2-4 2-¢ .. 45.58% - 30-5¢ .
£10.0 125.0 16-2¢ ] - - 1-3 20-30 . 45-55 - . -
4]e.3 126.3 -5 »} - . 2-% 15-2% - 70-80 - - -
412.% 127.3 1015 el - - 4.8 15-20 - €0-70 - . -
£2¢.4 129.¢ - - - - 1-3 1%-20 4.2 20-80 - - -
42%.0 13C.8 - 1.3 - - 2-6 15.26 2-6 6€5-7% - - .
Yein - - - - - 1-3 - 4-8 -85 - -
430.% 131.2 - 2-4 - - - 10-1% 2-6 75-8% - - -
465.5 141.9 - -] - - - é-12 5-1% 75-85% - . -
482.0 146.9 - -] - - - 8-10 15-2% €5-7% 2 - - -
52¢.3 15¢.6 - - - - - 2-8 15-2% 65-7% 2-4 - .
Cavity . . - . - . 10-20 10-1% 75-8C - .
52¢.3 160.1 . - - - -} 4.8 15-2% €65-7% - - .
575.0 176.% 1 - - - - 20-25 10-1% €0-70 - - -
633.4 193.1 «} 1 - - 1.3 20-2% $-10 65-7% - . -
67¢.7 205.7 e} ] - - 1-3 20-2% 2-8 €5-7% .
Fracture - - - - 10-1% - 60-80 1520 -
0e.% 2181 £ ) . - 4.8 15.20 . §5-7% - - -
7¢5.1 23,8 £ 3 - - el 20-25 2-10 €Q-7¢ . - .
Ba5,2 256.8 -l -} - - 2-€ 15-2C - 70-80 - - -
Frazture - - - - T5-8C ] 2-¢ 10-2¢ - . -
81C.% an.s el - - - 2-6 25-30 - €G-7C - - -
Frazsure -l - - - 15-20 1-3 30-5¢ 35-4¢ . - -
$28.3 281.7 v] . - - 1C-1% 10-1% 5-18 €0-7¢ - .
frazture . - - - 75-8% | 10-1% $-1¢C - .
9t..1 289.9 - - - . €-10 15-20 -2 €5-7¢ - - .
95¢. ¢ 251.0 -] ) - - 15-20 10-1% - €5-7% - - .
102°.0 313.0 - - - - 2-10 15-20 - 10-8C - * s
fraziyre 13 - - - 5.9 -] - 4.2 3528 3%.4%
10€1.0 323.4 - . - - 18-22 $-10 - €5-7% - - -
113.3 34,5 - ] - - 15-20 8-12 - 65-7% - - -
11758.0 358e.1 ¢! *) - - 30-40 24 - §5.65 - - -
1168.7 364.% 4-8 - - - 2-4 25-30 . 3¢-40 - 20-4C
J ALY - . -] - 6-10 ~ 20-25 - 65-7% - -
12¢7.0 3¢.0 13 - - - €10 15-20 - 30-40 - 3-8 -
1302.4 9.0 13 . . . 2-6 10-1% - 35-48 - 0-6¢ -
1322.0 403.0 - - - - 2-6 810 - 25-3% - $0-8C .
1344.¢€ 409.9 - . - . $-10 $-10 - 25-3% - 40-7C -
1365.6 417.% . - - - 2-6 2-10 . 20-30 - S0-8¢ .
139¢.% 425.0 . - - - 2-6 2-10 - 25-3% - $0-80 .
13546 42%.1 - . - . 2-¢ 2-10 - 25-3 - $0-8( -
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APPENDIX A (cont)

Core (cont)
Depth  Smec. Clino- Angl- Cristo.  Trigy- Rlegly
Semple (=} tite Nics ptilolite cime Ousrtz  palite  aite Feldspar Colcvte Glass Other
USh Gu-3
14358 a].¢ - - - - 2-¢ 2-10 - 30-¢0 - 0 -
1435.2 FLT S . - . 18-2% 2-10 - 15-2% - @0 .
1439.5 Qe ) 1-3 - . 2-¢ 2-10 - 36-40 . &7 -
468,58 47,6 - 1-3 - - 2.8 2-10 . 36-40 . .70 .
1453.7 €5, <) . 1-3 - 2- 2-10 - . 20-30 . 50-80 -
145¢.3 a5e.7 . . 2.4 - 610 2-10 - 20-30 . s0-8t -
1510.7 @S 2.4 <) - - 2.8 2-10 - 20-30 . 50-80 .
1537.% @wes 24 24 1-3 . 18-20 2.6 - 45.85 i+ 1030 -
1571.6 as.0 1) 1.3 - - 2.6 2-¢ - 40-50 - 30-6¢ .
1596.§ @®1,2 36 - - 2-¢ 1-3 - €0-50 - 30-6( -
1603.0 486.6 - .l - - 1-3 25-3% - 60-70 - . .
162¢6.2 55,1 - - - - 15-2% 1-3 $-10  €5.75 . R .
1653.2 $04.0 ) ’l . - 10-20 1-§ 10:20  65.7% - . .
1705.0 $21.0 ¢l - - . 10-18 10-18 . €5-7% 141 - -
1742.0 $31.6 - - - - 4-8 20-30 - €5-15 . . -
1027.2 $57.0 - - 15-2% - 2-6 2-6 - €5-75 - - .
10280 7.2 - . 5.5 - $-10 2-8 - 35-4% . - .
193¢.8 59G.0 2.8 - $5-65 - 2-6 2-¢ - 25.35 . - -
19¢6.0 €05.3 - - 65-75 - 2-6 4.8 - 15-2% - - .
1993.1 607.8 . - 55.€5 - 2.6 8-12 - 20-30 - . -
2612.2 #13.6 1.3 1-3 €555 - 2-¢ 2-6 . 35.4¢ - . .
Fracture 25-35 2.4 10-20 - 5.18 . . 5.4 - - -
20702 €1.0 1.3 - - - 18-2% 2.8 510 88.75 - - -
213¢.2 1.7 1.3 1-3 . - 15-20 1018 - 5.5 . - 1e°
2. 8636 1.3 1-3 . - 16-2¢ 6-1¢ - 60-70 . . (o
2105.2 67,3 1.3 1-3 - - 10-1% 12-18 - 65.75 . - 1°
215¢.0 €7c.0 1.3 1-3 - - 10-1% 15-20 - €5.75 . . -
2:2¢.0 €7E.5  §E-100 - - - - - - . - - 1-2¢
2360.0 7186.2 - 1.2 - - 17.23 10-18 - €s.78 - . 1.2,
Fracsurs 13 1.3 - - 35-4C - - 35.48 . - 1C-2¢
2365.4 122.2 1.3 1-3 - - 15-20 16-1% - §5.75 . - -
2067.4 752.1 - 1-3 - - 16-22 8-12 - €5.75 - - 1-2°
25¢¢,4 776 2505 1.3 10-1% - €-1¢ - . FToeY . - -
2673.4 L6 2.4 a.g 4588 . 1-3 2-¢ - -ac - - 1-2°
2615.3 2971 13 2-6 35-45 . 3.7 810 - 40-50 . - -
2621.4 799.6 24 143 25-3% - 3.7 1.4 - 55.€% - . .
26566 805.7 2.6 37 25-3% - 3.7 6-1¢ - TS - - -
2695.7 217 2 2-4 25-28 - 5-10 5-15 - 35-44 - 8.1
frazture - -} 8§18 - 75.2% .18 - . . b.1%
2121.4 831.3 1.2 24 . - 15-20 10-20 - 60-70 - - .
2914, 8se.y . 2-¢ - - le-2¢ $-10 . 60-70 - - .
2971.0 905.6 12 2% - - 12-18 10.15 . €575 - - -
300¢.9 915,82 - 2.8 - - 25-35 2-6 - §0-70 - - .
Fracture - 3.6 - - 1520 1-3 - 70-80 - - -
30453 928.2 12 24 . . 18.2¢ $-1C . §0-70 - - -
111 $4L.8 1.2 3.6 - - 10-13 18-20 - €0-70 - - -
3164.1 see.8 1.3 3-6 $-18 . 6-12 10-20 . 5.6 - . -
3207.¢ 7.6 13 2«4 .18 - 6-12 15.20 - $5.69 - - -
fracture 3.5 5.7 10-20 . 1410 16-20 - 40.50 - . -
322¢.0 983.) 44 2-4 2-10 - 10-18 10.-20 - §5.68 - - -
3235.0 9£2.3 - 1-3 - . 14-18 10-20 - 60-70 - - -
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APPENDIX A (cont)

Core (cont)

Depth  Swece Clino- Angle Cristo- Alkgly
Semcle (e) tite  Wica:  ptilelite cime Ousrtz balite Felaspar . Calctte Other
UsSe Gu.d
frazture - 3-3 - - 30.3% 8-15 $0-6C - 2-1c*
Jalo 1005.2 2-4 2-4 10.20 - 12-16 §-1% $0-60 - -
3405.) 10%%.3 2-4 3.5 15.2% - 12.1¢ $-1% 45.%% . .
3585.4 - 1094,1 §-10 2-8 30.40 - 10-1% 410 30-40 - -
3672.0 119.2 &2 28 10-20 - 118 e-12 4C-50 . a1
37%6.% 11448 6-12 2-6 10-20 - 2%5-3¢ - 40-%0 - -
Jess. g 1174.9 $-1C 1-3 30-4( - 20-30 . 25-3% - -
3156.3 1176.3 2.4 1-3 20-3¢ - 2%-3¢ - 35-48 €.6 -
393¢.3 1195.8 1-2 [ 28 $.1% 2-8 28-22 L8] 8558 . .
400e.3 1221.7 24 5-8 - 10-20 30.35 - 40-50 . -
4117.¢ 12%4.9 2-6 ) - 6-12 32.38 . 45.5% - -
424L.6 1292.%  10.1% -4 - - 25.30 - 4%.%% $-10 .
42¢3.¢ 129%.6 2-¢ 1-3 - 20-30 30-35 - 30-40 1.2 -
4267.1 1305.8 - ’
fracture 2-6 12 - 5-10 35-40 - §-10 35-4% -
4430.0 134¢.0 2-6 1.2 - $.10 35-40 - €-12 3.4t -
4423,0 134g.1 8-127 1.3 10-1% $-10 30-35 - 30-40 1.3 -
4503.7 13726.7  1%-2¢ 1-3 2-¢ 2-6 35.40 - 30-40 . -
Fracture $.10 1-2 28 - 60-65 - 25-35 - -
45%¢ .8 1392.%  15-2¢ 2-4 1.2 1C-15 25-30 - 30-40 1.2 -
4600.2 1402.2 4-8 1-3 1-3 - 48.%¢ . 35-45 - -
§70¢.5 1435.2 6-12 1] - 15-20 32.36 - 30-40 1-3 -
47568 j4a5.8 &t 1-3 - 16-15  35.40 - 35-45 . -
478¢.4 14%2.9 $-10 1-3 - 15-20 30.3% - 35-¢% - .
4803.2 146¢,0 1.2 1.3 - 15-20 32-38 - 35.4% - -
4ues. 8 1488, 2 -4 1-2 - 3%.4C 32-3¢ - 20-30 - .
495t .8 149¢ .8 1-2 1.3 - 3G-4C 32-3¢ - 25-3C . -
scle.c 1526.2 2-¢ 1-3 - 10-20 35-40 - 35-4¢ - -
% Fluorite -
. mocrndienge
€ memictze
€ ‘morgerite
¢ Cryptomelane
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RPPENDIX A (cont)

Core (cont)
Depth Seece Clino- Roraen- Cristo- Alkalt Trigy-
Sample (m) tite Mca prilolite fte Quartz  talite Felespar atte Glass  Dunee
_USh [ 2]
Ly 18,3 1 - . - ) 282% 0210 - . .
n 2.8 g - . . 2 2828 0210 - . .
107 32.¢ - - - - ) 32¢8 €121¢ - - -
123 7.8 30210 - - - - 2125 439210 . - .
148 4.1 35¢18 . - - . 15210 - - $022¢ -
170 8.8 2821C S$22 - - e:2 822 40220 - 20210 -
b4 €7.1 1025 322 - . 422 $22 60:=2¢ . 20210 -
2N 70.¢ LTI (1) - - - 312 80:20 - 20:1C .
236 n.s - - . . 10:% 10=$ 20210 - €00 .
26¥ 81.? - -l . - - €22 73210 20:1C - .
260 8.3 - el - . - 8§22 80:20 1028 - -
332 101.2 - 43 - . - 15258 26220 728 - -
a3 116.7 322 el - - - 112% 70210 18210 - -
410 125.0 322 ol - . -l 1225 66210 17:1¢ - -
18 126.8 R - - ) 1425 73:10 95 - .
@7 136.2 2:1 &} - - kF3 20=% 6R:21¢C 628 . -
$1¢e 156.7 221 - - - 2:1 2225 €9:10 624 - -
556 169.% 2:1 . - - €:2 928 $e:10 16:21¢ - .
2% 19C.% 2:1 - . - 17:4 622 €3:=10 1128 - -
€7¢ 20¢.0 31 - - - 4:) 23:5 86210 422 - -
694 211.% k2 - - - 4:1 13:2 62:10 1228 - -
111 221.4 1 - - - 321 2829 €8:10 - - -
a1 249.0 221 - - - 2523 723 65210 - - -
$34 268¢.7 -l - - - 1622 1124 €3:10 Q:4 . -
102¢ 2.7 el - - - 9:2 202% (1314 822 - -
10e¢ 1.9 -l . - - 1222 104 61210 1826 - -
108¢, 331.9 - - - . (111] ) J2=10 - - -
Feacrure
1 38,6 -] - - - 1622 1828 €9:21¢ . . -
1162 3545 - - . - 1622 1528 €9:1C . - -
1163, 52,5 - - . . 3528 =2 €121C - - -
Inclusig”
118¢ 362.7 (4] - . - 2523 1322 €021C . - -
1242 3s.2 12 -l - - 1723 1524 €21C . - -
1282 3906 2 -] - . 1623 et €5:1C . - -
128€3- 381.1
1263t 3541 -1 -] - - 622 2t €9:1C . - .
1299 95,9 1 - 822 - 822 2324 €2:1C . - -
1301 396.% -] -} 822 - 922 2024 65:1¢ - . -
1310 395.3 -] 4] 322 - $22 2828 65210 . . -
1314 400.% 921C - 82y - F o3| 1424 112$ . . -
13% 404,48 - - - . 10=% - 20=10 . M022¢ -
134) 406.7 - - - 109 - 30:10 - 60X . -
1372 418.2 622 1 11) - $22 12:9 3%:10 . 40220 -
13¢1 420.9 723 - 86210 - §22 422 e=10 - - .
1381, 420.9 a2 10=% . 10:% - - - . 1220 -
inctusior
132 £24,3 -3 - bit31) - 21 €2 21210 . - -
135z, 24,3 - 2:1 . - $23 - - . 26 -
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APPENDIX A (cont)

Core (cont)
Depth  Smec- Clino- Korgen. Cristo-  Alnaly  Teigy-
Semgle {m) tite  Nics ptilolite ite Ousrtz balite Felaspar site Glass  kner
uSh 6-4
Inztusior .
141y €32.% . 21 30:1¢ - 712 823 8310 - . -
1432 £3¢.%8 3:2 422 25218 - 1124 714 - - - .
143t 32,3 322 e 78218 - a2 a2 132 . - .
1490 a8y 322 - n2ic . 622 1a2e . - . .
15ec e7¢.¢ 22 . 8010 20210 622 J2:0 . - R .
1802 ege.3 - el 40210 1228 822 84 30:10 - . .
et 513.6 ol - 5021 15210 a2 723 19:10 - - .
17¢? $26.3  l el 2521C 1228 322 1424 38210 - . .
173¢ 82¢.8 - €22 30=1¢ 10:8 1222 1524 29:10 - . .
1763 §37.4 723 . s0:10 - - 32:8 1328 - . .
1775 82,2 22 as21¢ . . 10:¢  a2210 - . .
1788 545.0 3] - 28:3C - 422 §32 61210 - - .
1786, 545.0 . - - 3210 72 - - . . -
fractuse .
1758 586,80 - - - . ) 29:5 €110 - . -
1841 51,1 221 < - . 2718 322 €r:1C - . -
1873 $71¢.3 .} - - - 2123 $:2  €9:1C - . .
193¢ £9¢.7 ] - - - 822 29:4  €8:1C . - .
1982 $9:.0 el - - - 822 LTI F31. - - .
19¢¢ 599.0 322 - 15:2¢ 20210 222 1024 4521C - - -
198% 60¢.2 - ez - 7:3 1526 32:10 - . .
2038 621.5 - - 30=1C 18210 822 g2)  €2:1¢ . - -
2066 €306 - - 38:1¢C 21 31 TY I Y31 . . -
209¢ €.0 . - 10:¢ 35210 §22 10:4 60210 . - -
2100 s4C.1 2:1 - 30:18 3021 2:1 - 28215 - . -
210¢, 64C.1 - . 523 35:1¢ 2024 . 42210 - . -
Frazoure
213 5458 Y 30:27 2=1c 2:1 - 4e21C . - -
2202 671.2 - . ac:1c 10at 422 223 3n:lC - . -
| 22z 67t .l - 3%:1C 15:1C 62 2:1  3e:1C - - -
223 88s.1 el - 8C21¢ :1c 622 . 12210 . . -
22¢: 685 ¢ - §:3 - . 1925 .1 7821C . - .
22t 696.9 .l 823 - - 3228 2:1  60:=1C . - .
2543 714,1 -l 322 - - 328 - €:1C . - .
2342, na 928 332 - - 4525 - 53¢ . . .
Fraciyse |}
2343, 7141 63 221 . - 3825 - 5421C . - -
Frazture 2
2348 nre - 321 - . 3% - 68210 . . -
23e) 7257 ) 2:1 - . 2028 . €721¢ - - -
2423 736.€ . 2:1 - . 2628 - 70:18 . . .
251¢ 766.9 - 3= - - 2928 . 68:1¢C . - .
2522 1721 -l 221 - . 28 - 65:1C - - .
2551 777.8% - 221 - - 255 - 73210 . . .
256¢ 182.1 - 2:1 - . . 3128 - se2)e . . .
259¢ 51,9 el 2:1 - - 2525 . T34 . - -
2681 €172 2228 221 - . 9:4 - 62:1¢ - - .



APPENDIX A (cont)

Cere (cont)
Oepth Sec . Cling- Norgen. Cristo- Al Tetoy-
Ssxole (m) tite Wics ptttoltte ite Ouartz  balite Felospar site Class  Other

Use 6-& .

27e 827.8 . . - 80210 2018 - - . - -

M) '832.4 - - 1328 €010 2728 . - - - .

275¢ 839.¢ 12:% 2:1 23:10 - 29:% - 32210 . - -

275¢ £40.6 - $22 322 1525 2428 - 83210 . - -

272 8£1.8 o} 622 322 1525 2328 - $2:10 - - .

2782 851.0 9:2 422 7021% 1725 - . . - . -

2€23 850.9 21 22 16210 8:=% 2828 - 39:10 - - -

2823, 86C.% 728 223 §23 60220 2728 . . . - -

Frazture

264C 85%.6 - 622 - - 39:% . 84210 - - -

287% 87¢.3 . &22 - - 3528 . 61:10 - - -

2547 898.2 - 322 - - 318 - 66:10 . - -

2847, 898.2 . - - - 1025 . - . - 80=29°

Fraciure : .

,OO(’ g14.¢ - 422 - - 4224 - $4:10 - - -

8

Cryptomelane
‘Sidewsl anc Cuttingse
Depth Smec . Heulandite. fordene  Trigye Cristoda~  Alrgli norn.
Sample (o) tite fica Clinoptilglite ite aite Quart: tite Felesoer &lass  dlenge -

USs K2
TESL.o'  472.4  trace 0-1 0-$ . 5-10 5-1% $-10 €0-8C - .
1688 °Su!  S04.5  trace 0-1 0-% - 5-10 $-10 $-10 65-0% - -
170C.Sx) S1E.2 trace 0-1 0-% - - 8-1% 30-20 $0-70 10-2¢ -
IR (SuY  S48.6 0-5 0-1 $0-70 - - $-10 - 20-4C - .
19CT.Set 876.1 $-10 0-1 10-80 - 0-$ 0.5 0-5 16-20 -
28005 731.8 - 0-1 70-80 - - 0-% c-¢ 10-2¢ - 0-1
2842 % ° 783.7 - 0-1 40 20-4C . 0-8 0-% 2082 - .
2095 % 796.0 C-5 0-2° 40.5¢ 2030 - 0-% - 1632 - -
USend :

s.72-9' X066 0-¢ 0-1 ¢-10 - - 5.1% 5-10 2C-4C 80-7C -
1€2.:%  43:.€ 0-% 0-1 60-80 - - 0-% 0-% 2-¥ - .
l1e55:5w" 823,58 < 0-1 40-50 20-30 - 0.8 0-5 10-3 - .
18805 422.¢ 0-5 - €5-85 - - 0-2 c-% 1620 - -
1€5¢. %  804.8 - . . - - - 0-5 20-5¢ $G-80 - -
LUSe ont

Nl 1£.2 . - - - 10-2% - C-¢ 16-97 . -
180X $7.¢9 - - - . 0-% - -3 7092 - -

€20:0C )20 10-20 - - - - 0-2 1c-18 3c-4¢ a-5¢ G-}

452K 137.2 - . - - - 0.2 . ¢ 95.9¢ -

700:0X) 213.4 trace 0-1 - . 15-2% - 1C-2¢ §%.7¢ - -
1050:DC)  32C.0  trace 6-1 - - - 0-5 30-50 4564 - -
1610!XY  49C.7 . - - - - 0-2 0-% $.1C 8h-9¢ -
1666:Su) SCT.&8  &0-6C . §-15 - - 0-2 10-1% 26-X - -
1790iDCy  833.¢ - - trace? - - 0-% 0-10 0-1C 8C-9C -
1762:%* 537} - - - - - 0.2 0-2 0-1C $0-100 -
18005«  548.¢ - 0-1 - - - 0-% 0-% $-1¢ -BL=9C -
1252:%  $64.8 . 0-1 - - - ] - 5-1C so-oc -
1878/ §71.% - - trace? - - 0-$ trace? C-1C 90-9¢ -
16175 $&L,) - 0-1 20-30 - - 25-2% 10-20 25-4¢ . -
1630102 $8L.) 0-% 0-2 40-60 - - 10-20 - 2%-3% - -
19647SA"  8§5.2  0-10 - - - . 0-5 - 10-2¢ €52 .
2200:00)  €7C.6  trace - $0-70 - - 0-¢ 0-% 30-4C . -

*5amzle mmders represent deptr of sample tn feet.
Dest® i3 orly approsimate for OC samples.
#3:1 cats fror Levy {1984s).

Si s graemsl) core sample.

0C s grill (e1t]) cvtting samsle.

25



APPENDIX A (cont)

Cuttings _
Deptr Snec- Trigy~ Cristo- Alxat
Samzle (m) tite "ce aite Querty  talrte Feldspas Glass  Mematite
USe .2
470-48C 143,.3-146.) - 1 136 - %! 710 - 121
$20-53C 156.%-161.% - . Tr. - 26:9 76210 - -
$40-45¢ 166,6.162.6 - Ir. 214 - $23 310 - 1]
61C-02¢ 1€5.9-185.0 - . Tr. - 4 3 NeiG - 121
140-75¢C 225.6+22¢.6 -] -] - e? 2628 6210 . .
&00-210 243.8-248.9 21 -] Ir. 22) /1] €9:10 - .
e7C.88G 265,2-26€.2 el Tr. - 29:4 X2 $6:1C - -
$3C-940 203.5-286.% ] -] - 1423 16:=¢ 69:10 - 121
99L-100C  303.8-304.8 -} - &2 Tr. t: 3 12:10 . - .
1C30-106C  313.9-M17.0 ) - e, 321 2425 1210 . 121
1100-111¢  33%.3-338.3 -] - Tr. 2] 2x¢ 110 - 1=1
1160-1370  3%3.6.356.6 P3| Py | - 2:1 29:% 67210 - -
1270-126 387,1-39C.1 - 2] - 21 1s8 18:1C M= 2¢ -
132C-133C  402.3-405.4 - . - 2:1 §23 2%10 70:20 -
Cuttings
Depze Smece Clino- Mordene Teigy- Cristo- Alkalt fohi - Hery.
Sample (=} tite NMics stilolite ite eite  Quartz  talite Felaspar bole Glass tite
USh hed
-320 §4.%-97.8 . 14! - - - 1124 - 1024 75210 - 121
390-400 118.8-121.9 22 4} - - 14:4 3 13:8 6E:1C - - -
440.48( 132,1-137.2 22 - - - 19248 a2l 1328 64:3C - - |
49¢-500 145.8-152.4 222 - - - 11248 el je:8 N 37314 - . 121
640650 108.1-185,) =2 - - - - 4 2€:¢ [1-31¢ - - -
3044l €3.0-25¢.0 3:2 el - - 12:4 -l 1424 (13314 - - -
916-82¢ 27782518 o) - - - 1122 2028 62:1C - - -
980950 28¢.5-205.6 o} - . . - 122 )2t Nzlt - - -
1640108 31%,0-32..C o] - - . . €2 23:¢ 70:10 - - -
118C-11€C 350.8-383.¢6 _ 227 -] - - - 1%:2 lest [ 12314 - - -
1190-226C 3.7.365.8 - - 525 - - - 1521¢ 15:1¢ . 22l -
1230-1240 372,$.37:.C 20230 221 - - - 422 20t 25:10 - 3C=2¢ -
13201358 400.3-405.4 - e} - - . 31=a g8 §§:1C . - -
135C.136( 411.5-434.5 - - 76210 - . 322 §2¢ 1028 . - -
1£1(.-182C 425.6-423:,P - - 82:iC - - 122 §:4 k1314 . - -
1540.15%¢C £65.8.472.8 323 - 29:1C 1625 - 1123 10:t 31=1C - - -
160 -1€1C 8€7,7-49.7 - 9:3 kS [g - - 1 928 3523 . - -
1640-165C 49¢,.9-822.9 - - 10:8 - - €22 {33 60231 - - -
1710-172C §21.2.524.3 el -l - - - 3324 3:2 €l - . 121
176¢-1800 $45.6-54¢.6 32 . - - - 1524 1224 [ LEM4 - - -
190(-191C §76.1-8¢82.2 . el 22:7 - - 522 1610 56:10 2:2 - -
198C-199C 603.5-60¢.6 3:2 1125 23:¢ - 2:1 623 85210 222 - . -
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APPENDIX A (cont)

Cuttings
Depth Smec- Clino. Tricy- Cristo-  Alaly

Sample (m) tite Rics ptilolite wmite Cuart? - Balste Felesper Mematite

ush b-s

120.730 219.5-222.% 322 Tr. . 23:10 - L 23 63210 1

800-210 263.8-2¢6.9 32 . - Tr, 2:1 F L T1) 12:10 121

83c-640 253.0-256.0 - - . Tr. - - 2428 Y€21C 121

$20-$30  280.4-283.% 212  «) - 1. 32 TR Y31 .

$70-880 295.7-298.7 222 - - Ir. 22} 2625 71210 121

1150-1160  35C.%-353.6 212 Tr. - - 262§ 102$% €2:10 121
1230-1240  374.8-378.0 r2 Tr. - - 22 232% (1314 -
1290.130C  353.2-.396.2 22 -} - - 1022 1&28 n=10 11
1386-1390 420.6-423.7 32 -] - - 1528 20=% 6%2iC 121
1450-3460 487.0-445,0 Tr. -} - . 2028 2§ Ti21C -
1450-1500  454.2-457.2 222 1 . - $:2 218 eezlc 121
1590-160C 4B4,.6-487,7 35210 - 10:5 - - 1728 40210 -
1710-1720  521.2-524.3 =2 - - - §23 §23 20:21¢ 10:20

Core
Depth Smec- Clino- Anal- Cristo-  Alra) ¢

Samole (m} tite  Mica ptilolite cime Quartz balvte  Felespa- 6lass Oime’
ush keg
1097.4 233.0 trece trace . - 2025 925 10°10 - .
1128.¢ 38,1 trace 4 - - F4E ] 122% " 86210 - -
1149.2 35C.3  trace trace - - 1628 1528 §9:1C - -
116€.2 355.8 322 ] - . 2128 n:s. 62:1¢C . -
136¢.¢ 417, 1025 - trace - - 20:% g=% 6=17 €0=2s .
1276.2 9.5 trace 22} . . 10 3128 60:1¢  6022% .
13ec.8 42,9 105 - - - 728 10:=% 2c=1C =25 -
142¢.6 433.2 - el 623 - 728 1024 25:1C 60228 -
151.7 45C.¢  10=% ) 3623 - 72t - 49:1C 10=5 -
1671.4 $00.4 trace trace . - 822 2328 72:1C - -
167¢.2 511.8 - traze - - {14 25:¢ 72:1C - .
182%.% §97.¢ - 221 - - 212t 624 N0 - -
2041.¢ 625.1 trace 422 - - 20=¢ 829 $821C - trace
2354.¢ nr? - 2:1 - - 178 128 67:1C - -
2864.0 873.3 trace 2 18:% . 29:¢ - $0:1¢C - -
3003.2 918.¢ - 1828 2628 - - 821 81210 - 7% of
st $71.8 32 122 - - 823 19:8 €2:1¢ - 22
3605.2 105.5  trace  10:5 322 - .82 728 sez10  15:0 21t
3806.0 1180, X2 3y 95 12: 2228 22 4821¢C - -

fotes: (8) horndlende, (-) not getected,
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APPENDIX A (cont)

Cuttings
Depth Smeca Clino- Morden- Trigy- Cristo- Alkald
Samole {») tite Mica ‘ptilolite 1te mite OQuartz balite Felespar Calcite 6lass hemalite

ysSe w7-1

=430 134,1.137.2 $23 - - - a4 - 4:2 12:4 . 20:2¢ -
500-510  152.4-155.4 - 42 - - 1125 - 12:¢ 72:10 2:1 - 121
550560 167,6-170.7 - 123 - - 1924 . 1023 T1s10 - - 121
640-€50 185.1-18¢.1 11) - - - 1)24 - 1623 62:10 - - 121
690-700 210.3-213.¢ 121 - - - - 1922 1922 61210 - - 121
780-79C  237,7.240.8 . 1:} - - - 2 2523 $:2 61210 121 - -
840-85C  2%¢,0-259.1 121 121 - - 63 20:2 16:3 86210 - - <}
$30-980  282.5-28¢.5 12) - - 522 2623 122 §7:10 . - - <]
1000-1010  304,8-3C7.8 121 - - - - 22:2 16:3 60210 121 . <
109¢-110¢  332,2-33%.3 121 - - - - 2423 1522 $6210 - - <]
116G-117C  353.6-35%¢.6 121 - 121 - - 10:2 1823 §8:10 121 - <}
1220-1230  371.9-374.9 - 121 - - - 2713 22 $9:10 - - «]
1300-1310  396.2-399.3 121 - 2:1 - - 3524 422 §9:10 - - <]
132¢-133C  402.3-405.4 211 121 1424 - - 20:2 13:4 $0:10 - - -
1320-135C  40¢,.4-411.5 - FER 29:8 - - 1022 §:3 81210 - - -
13861390 £2C.6-422.7 - 121 40:10 12:4 - 8:2 723 36 - - -
1410-1420 426.8-432.8 - - 40210 a:3 - 3:2 8:3 40:8 - - -
147C-148C  445.1-451.) . 121 25:8 1828 - 103 723 39:8 - - -
1510.152C  #8G.2-463.2 - 121 43210 1024 - 8:3 822 3327 - - -
1550-1560 472.4.475.5 - 121 40210 32:4 - 1423 723 2625 - - -
15701580  47¢,5-48].6 - 121 823 322 - 2623 9:3 §7:10 - - <



APPENDIX (cont)

Cuttings
Oepth Smece Clino- WKorden-  Tricy- Cristo-  Almalt

Sample {n) tite Rics ptilolite fIte site Ouartz balite Felaospas Calcite Glass hemeidte
Usw W12

250+ 260 76.2-79.2 42 . - - - 221 11:¢ a0 - 5022 -
260-27¢C 79.2-82.) 723 322 - - - 12} 123 51210 .. 3¢=2¢ <}
290-30C BE.4-91.4 121 2:] - - 10=4 - 9:3 7821 - - 12
420-450 12€.0-131.0 121 <1 - - 12:¢ 221 112) 73:10 2:1 - 121
$10-52¢ 155.4-156.%  12) 3] - . 1322 321 2123 62:18 121 - 3
$70-58¢ 173.7-176.8 322 a - - 1324 622 2123 §9:1C - - <l
€50-66C 192.1-201.) &1 ] - - 1024 €622 222) 58:1¢C - - 12)
720-73C 219.5-222.5 121 <1 - - 1024 8:2 1922 61:1C - - -
180-79¢ 237,7-240.8 121 <1 - - €23 2123 10:3 59:1¢C 3:1 - <)
B50-86C 255.1-262.1 I21 <] - - 1324 1423 1623 56210 - - <}
$30-94C 263.5.286.5 121 <l - - 13:¢ 1122 1723 57:1¢C - - «}
990-3100C 301.8-304.&8 23] «l - - - 1422 2123 62:1C 121 . <]
1060-107¢  323.1-326.1 ] a4 - - - 1622 1923 61210 - - <l
1130-114C  344.4-247.5 «] <] - . - 31322 1523 70210 « - <]

C 1190-1200  362.7-36%.8 - <} 121 - - 4:3 923 5621¢ - 30:2¢ -
1200-1210  365.8-36E.¢ 121 - 123 - - 78 1524 2621C . 50220 -
125C-126C  3€1.0-384.0 2] 121 - - - 918 l2:¢ 3621 - 40220 -
1300-131C 396.2-295.) - <] 121 - - 1024 1224 38:1C - 40220 -
136CG-1370  414.5-417.6 - <] <] - - 1124 e=4 4021C - 4022C -
1426-143C  €32.8-435.9 <} 3| a2 - - 1128 422 5C21C - 3220 -
1450-1450 4482,0-445.0 12} <l <] - - 1423 8=4 8421( <} 3022 -
1470-3480  442,1-45).1 « <} 823 - - £3] 224 43210 - 30:2C -
1520-183C  463.3-466.3 3:2 12) 2425 - - 1123 12:4 £821C - . -
1570-1580 476.5-481.6 . 213 1924 - - 1822 723 §321¢C - - -
1640-165C  495.5-5C2.9 12] <] 2:) - - 2223 723 6721¢ . - <l
1716-172¢ 521.2-524.3 121 « <1 - - 2223 723 69210 - - <1
1780-176C  533,8-536.4 12} 121 121 - - 1422 172} 6621C - - <l
1820-1€30  554.7.%87.8 422 - 19:4 - - 8§22 J4:3 §9:1¢ - - -
161C-192C  58Z.2-58%.2 - '131 42:10 - - $22 622 135314 . - -
2000-201C  605.6-612.6 - - X:8 1024 - 322 322 §521¢ - - -
20sC.2¢ 624,9 - 12) ) - - - 1822 $:7 6o:1C - <l
20837 62¢.C < 121 321 - - - 1922 102 6721C - - «
205%,2 627.7 <1 31 - - - 2122 $:2 6621 - - <
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APPENDIX B
MINERALOGIC CROSS SECTIONS OF YUCCA MOUNTAIN
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APPENDIX B (cont)

ICASTLE
POINT
®:
USWG-2

-

usw 8Gu-3/6-3 | {

€ B, =AV
2 | | A %, %\ |
et éb ‘?s.\ veire i

Figo B-lo

Plan view of the Yucca Mountain area based on the map by Scott and Bonk
(1984). Locations of drill holes described in this report are indicated,
2long with the orientations of cross-sections used in Figs. B-2 through B-8.
Orill hole J-12 1s located outside of this figure but can be found in the
location map published by Bish et a1. (1984). Figures B-2 through B-8 show
mineralogy overiain on the geologic cross-sections drawn by Scott and Bonk.
Several drill holes (USW H-6, WT-1, WT-2, and UE-25b#l) are projected onto the
Scott and Bonk cross sections as shown.
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APPENDIX B (cont)

muT

g

METERS ABOVE SEA LEVEL

. ' Glass

-= vitrophyre

= vitrlc nonwelded

: , Fig. B-2. ‘
Distribution of vitrophyre (densely welded'glass) and vitric nonwelded glass. Bold "X" indicates glass
preserved within 1ava flows. In this and in the following figures, unit designations follow the usage of
Scott and gonk (1984). Tpew, TPYW, Tppw,, and Tptw represent the welded zones of the Tiva, Yucca, pah, and
Topopah Members of the paintbrush Tuff; Tcpw, Tcbw, and Tetw represent the welded zones of the Prow Pass,
gullfrog, and Tram Members of the Crater Flat Tuff; 1fh represents tavas and flov preccias; and Totw
represents the welded zones of older tuffs. The symbol n 4s used for all nonwelded tuff zones. The
subhorizontal barred 1ine indicates the static water level.
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Fig. B-2 (cont)
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pistribution of tridymite. Symbols ave defined in Fig. B-2.
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APPENDIX B (cont)
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pistribution of quartz occurrences. Quartz may also occur above the level shown, but only as an 1solated
minor mineral or in veins. symbols are defined in Fig. B-2.
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APPENDIX B (cont)
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Fig. B-4 (cont)
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APPENDIX B (cont) .
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H-5 below 760 m trom Bentley, et al.(1983)
central part of H-6 from Cralg, et al.(1983) .

| _ Fig. B-6.
?g;jv:: }n::rv;albs contafning the sorptive minerals clinoptilolite or mordenite., The interval within the
Jower trlolita )ovemt)he basal vitrophyre--see Fig. B-2) consists mostly of heulandite (isostructural with
; p e). rdenite may be completely absent in some parts of some of these mapped intervals (e '
n USW G-3 and GU-3). Symbols are defined in Fig. B-2. o
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Fig. B-7 (cont)
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Fig. B-7 (cont)




0s

®

usw
HE

{PROJECTED
2.9 km N|
1800 v
[ Poyy ¢
-
) : %) ad L
' ) A
) Totw I 'n‘.’ ) o,
rd
, tooot ' 'o"' S Tomw °
s . Fred Y/
5 |/
* . =
L]
-
> soo4 ,
2 )
«
"
s l
“ -
-
3 ?
ot
800+

Distribution of authigenic albite (approximately pure albite with only minor potassium feldspar component).
This distribution is determined by optical and electron microprobe studies (Bish et al. 1982; Caporuscio et

al. 1982) rather than by x-ray diffraction.
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