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DETAILED PffROGRAPHIC DESCRIPTIONS ANDYMICROPROBE DATA FOR
DRILL HOLES USW-GZ AND UE25b-1H, YUCCA MOUNTAIN, NEVADA

by

D. Broxton, D. Vaniman, F. Caporuscio, B. Arnay, and G. Hetiken

ABSTRACT

Drill holes USW-G2 and UE25b-1H at Yucca Mountain, Nevada
penetrate a thick sequence of volcanic rocks consisting of voluminous
ash-flow tuffs, intercalated with thin bedded tuffs and minor lavas.
This raport provides detailed petrologic descriptions that were
summarized in an earlier report. Microprobe analyses of feldspars
and mafic phenocrysts as well as secondary feldspars are tabulated
for these drill holes for the first time in this report.

I. SUMMARY

This report is a companion volume to “Patrologic Studies of Core from
Drill Hole USW-G2 and of the Lower Crater Flat Tuff in Core from Drill Hole
UE25b-1H, Yucca Mountain, Nevada" by Caporuscio et al.l It provides detailed
petrographic and microprbbe data from whiéh tha petrographic summarfes of
Caporuscio et al. were prepared. Both reports are part of a sarfes of
studies, sponsored by the Navada Nuclear Waste Storage Investigations, to
determine the suitadility of thick Tertiary ash flows underlying Yucca
Mountain for an underground high-level nuclear waste repository. Yucca
Mountain, located on the southwast portion of the Nevada Test Site in south-
central Nevada, 1s one of saveral sitas in the country currently being
considered for such a repository.

Los Alamos geologists have characterized the mineralogy and petrology of
core from drill holes J-13, UE25a-1, USW-G1, USW-G2, and UE25b-1H, These
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studies have concentrated on the distribution, mineralogy, and composition of
both primary and secondary mineral phases in the tuffs. Relatively few of the
tuffs are pristine, and most of the original vitric materials have crystal-
lized to‘secondany mineral‘phases caused by postemplacement processes such as
devitrification, vapor phase alteration, and zeolittzation. Therefore, most
of our efforts have been directed towards characterizing the secondary mineral
phases that now control the bulk physical and chemical properties of these
rocks. Particular emphasis 1s placed on the distribution, mineralogy, and
composition of zeolite and clay phases because these minerals are highly
sorptive and provide important barriers to radfonuclide migration. Primary
phenocrysts, though less important for sorptive capability, are useful
stratigraphic markers and provide data about the originai nature of the tuffs
before alteration, Studies of stratigraphic relations are conducted in
cooperation with the US Geological Survey (USGS). '

Drill hole USN-G2, located at the north end of Yucca Mountain (Fig. 1),
bottomed at a depth of 6000 ft (1800 m). It was drilled to intersect 2 major
bounding fault of Yucca Mountain at depth and to pro§1de basfc data about tuff
stratigraphy and mineralogy north of the exploration block. ‘ Drill hole
UE25b-1H, located 100 m north of UE25a-1, was sited to characterize the Crater
Flat Tuff below the depth penetrated by UE25a-1. - It was continuously cored
from 2700 to 4000 ft (810 to 1200 m) and bottomed at the top of Lithic Ridge
Tuff. Cores from UE25a-1 were described in an earlier report by Sykes et al.z

This report contains detailed petrographic descriptions of thin sections
for USW-G2 and UE25b-1H. Core samples 3 to 10 cm long and 8 cm in diameter
were obtained from the USGS core library 1n Mercury, Nevada. Using logs
prepared by Maldonado and Spengler of the USGS, representative samples were
collected for all major stratigraphic and 11thologic subdivisions. Splits of
al samples'were submitted for mineralogic analysis by x-ray diffraction (see
Ref. 1). Thin sections were examined using a combination of standard trans-
mitted and reflected light microscobe techniques. Microscope studies were
integrated with electron microprobe analyses and scanning electron microscope
studies to identify fine-grained phases with 1ittle optical character.

The drill hole report; includes microprobe analyses of glasses, zeolites,
and clays. Appendix A of this report tabulates the microprobe data for feld-
spar phenocrysts from the two drill holes and includes the analyses of
secondary feldspars suchvai;vapor phase sanidine, low-temperature authigenic
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alkali feldspars, and-recrystallized feldspar‘phénocrysts (at depth) that were
not reported in Caporuscio et al. Microprobe data for mafic phenocrysts
(biotite, amphibole, and pyroxene) are tabulated in ‘Appendix B, Triangular
anorthite-albite-orthoclase plots and pyroxene Mg-CaMg-CaFe-Fe quadrilaterals
surmarize the microprobe data by sample and stratigraphic unit in Appendixes C
and D. '

II. THIN SECTION DESCRIPTIONS FUR ORILL HOLE USW-G2

A. Yucca Mountain Member of the Paintbrush Tuff

1, G2-304 (92.7 m) . Moderately welded, devitrified, ash-flow tuff

The groundmass' is made up of devitrified matertal ranging in size from
fine dust to small, broken, axfolitic glass shards. The nature of devitrifica-
tion in the groundmass is difficult to determine because of the fine-grained
nature of the materifal. Glass in relict shards is replaced by alkali feldspar
and cristobalite. The shards are flattened and have 4:1 to 6:1 length to
breadth ratios. = The moderate flattening of shards imparts a well-define~
planar foliation to the thin section. Though flattened, devitrified shards
retain many of ‘their orig'inal» features, including Y-shaped junctions between

vesicles. Individual shards have a2 wide range of sfzes with maximum

dimensions generally <2.5 mm,
Pumice lapi11i make up approximately 10 to 15% of the rock. All lapilli

‘are thoroughly devitrified and the original glassy framework is replaced by

coarse-grained devitrification products. Most pumice fragments are flattened
and have axiolitic textures. ~ Circular or oblate pumice lapilli are 1less
common .and have more of a granophyric texture than flattened axfielitic pumice.

- The difference between these pumice types might be the result of devitrifica-

tion of long tube pumice to an axiclitic texture vs devitrification of open
honeycomb types : to granophyric texture, Phenocrysts of plagioclase and.
sanidine (<0.30:mm in size) are common in the pumice fragments.

Phenocrysts are- generally small (<0.35 mm) and broken, though a few

- crystals are subhedral to euhedral, The principal phenocrysts are plagioclase

and sanidine, which occur in subequal amounts. No. quartz was identified in
the thin section. Together, the plagioclase and sanidine make up «»1% of the
section, Trace amounts of magnetite, sphene, and zircon are accessory phases.
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Lithics make up <1% of the thin section, They are small, altered,
reddish-brown fragments with no phenocrysts. They are generally <0.4 mm in
diameter and are tentatively identified as aphanitic lavas.

2. G2-331 (100.9 m) Slightly to moderately welded, devitrified, ash-
flow tuff

Glass shards are thoroughly devitrified and have well-developed axiolitic
texture., They are generally uniform in size, ranging between 0.3 and 0.6 mm
in their long dimension, though some are up to 1 mm across., The relict shards
are slightly flattened and slightly bent around the phenocrysts. The degree
of welding appears to be less than that found in section G2-304 but notably
greater than G2-338. Many Y-shaped junctions and vesicle cross-sections are
well preserved. Growth of axiolitic minerals clearly begins at the outer edge
of the shard wall and extends inward towards the interfor. In some cases,
staining by iron-oxide enhances the contrast between individual phases in the
axiolitic shards. Secondary mineral growth outward from the outer edge of the
shards is also common in half of this thin section. This outward-growing
material is different from the normal inward-growing axjolitic material, and
it is tentatively tidentified as clay. Clay is also probably an important
constituent of the groundmass. Small spherulites are occasionally nested
along inner shard walls,

Pumice lapilli make up «»5% of the thin section and range in size from
0.5 to 3.0 mm in their maximum dimension. Some are rounded and contain
phenocrysts of plagioclase, sanidine, or biotite, whereas others are extremely
flattened. All pumice fragments are altered to (1) fine-grained, granular
devitrification minerals, (2) axiolites, (3) spherulites, and (4) clay. The
pumice lapilli are principally made up of the fine-grained, granular material
with little fabric; the devitrification products in these pumice fragments are
notably more fine-grained than those in section G2-30C4. ‘

The principal phenocrysts are subequal amounts of sanidine and plagio-
clase, Both phases are generally anhedral to subhedral and 0.3 mm or less in
diameter. A few rare grains are up to 1 mm in diameter. Biotite laths are
generally <0.15 mm Yong and occur in trace amounts. No quartz phenocrysts were
found. Sphena(?), zircon(?), and opaques are accessory phases. Phenocrysts
make up »1% of the section.



3., G2-338 (103.0 m) Nonwelded, vitric ash-flow tuff

The groundmass is made up of glass shards that display varying degrees of
fragmentation. The larger shards are supported by a matrix of fine ash in
which the majority of grains are <0.05 mm in diameter. Clay and glass are thé
principal components of this matrix, although some opal might also be present.
The presence of opal is suspected as dusky material in intergranular areas.
Shard forms include Y-shaped junctions marking the boundaries between several
adjacent vesicles. Numerous circular, unbroken vesicles are present in the
shards. The shards are randomly oriented and up to 1 mm in maximum dimension,
Some are relatively massive and contain up to 0.5 asm of glassy material in the
framework between adjacent vesicles. Many delicate features in the shards are
remarkably well preserved and show little sign of internal fracturing.

Unbroken bubbles are partially to totally filTed with pale brownish, dusky
material tentatively identified as opal. Glass in shard fragments appears
fresh for the most part, although some incipient growth of clay has taken
place on outer walls. Small clay balls parttally fill the centers of some
vesicles.

Pumice clasts make up <5% of the thin section and generally are 1.5 to
3.5 mm long. Most pumice lapilli have 1long-tube structure with tubular
vesicles generally closed and compacted. No phenocrysts occur in the pumice
fragments. Clay partially replaces glass in the largest pumice fragment.
Some of the smaller pumice clasts are of the open honeycomb type and have
slightly to moderately flattened vesicles. Alteration of glass to clay is less
pervasive in these smaller pumice clasts.

Phenocrysts are generally rare and make up an estimated 1% of the thin
section. All phenocrysts are generally broken and very small (<0.2 mm). The
principal phenocryst phases are plagioclase (with albite twinning and zoning),
sanidine (up to 0.25 mm long), biotite (0.35 mm 1in maximum dimension), and
hornblende. The plagioclase and sanidine are subequal 1in abundance; biotite
and hornblende are present in trace amounts. Sphene and zircon are accessory
minerals.

Only two lithic fragments are present in this section. Both have an
altered reddish-brown groundmass and contain phenocrysts of sanidine. The
lithics are 1 to 3 mm across and the phenocrysts 0.1 to 0.2 mm across. The
phenocrysts make up 5 to 10% of the lithics. Because of their altered nature,
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the groundmass of the lithics is difficult to identify, These lithics are
tentatively identified as porphyritic lavas.

B. Unnamed Bedded Tuff Between the Yucca Mountain and Pah Canyon Members of
the Paintbrush Tuff

1. G2-358 (109.1 m) Nonwelded, pumice-rich, vitric ash-flow tuff

The groundmass is a mixture of glass shards and pumice fragments. The
glass may be undergoing incipient divitrification and/or alteration to clay,
but most appears fresh. The glass shards in this section are much smaller on-
the average than those described for the Yucca Mountain ash flows. Most are
<0.1 mm in length and few features such as Y-shaped junctions or partial
vesicle walls remain intact. Glass in the larger shards is unaitered. Shards
are randomly oriented and nonwelded.

Pumice lapilli of all sizes are a striking feature of the section. They
make up +60% of the rock and range in size from 0.05 mm to 1 cm. Glass in the
pumice is unaltered. The pumice fragments display a wide variety of fabrics
ranging from open honeycombs to dense vitrophyres. The vitrophyric pumices
are isotropic and have little internal structure. Long-tube pumices are also
common and show similar gradations from tubular pumice with open vesicles to
vitrophyric pumice with faint silky traces of collapsed tubes still preserved.
No devitrification or infilling of tubes by secondary material has taken place
in the honaycomb pumice; hence, their permeability is still high.

There is a notable change in the abundance, size, and diversity of pheno-
crysts in this section compared to the Yucca Mountain Member. Phenocrysts
made up «5 to 6% of the section. The most abundant phenocryst phase is sani-
dine (~5% of section), which ranges in size from 0.1 to 0.8 mm in diameter,
but with most crystals falling in the 0.3- to 0.5-tm size range. Most of the
smaller sanidine crystals are subhedral to anhedral and some are broken. The -
larger grains tend to be subhedral to euhedral. Plagioclase and biotite are
minor phenocryst phases, together making up <1% of the section. Plagioclase
usually occurs in small (<0.2-mm) subhedral grains in which twinning (albite
and carlsbad) and zoning are often present, Biotite occurs in subhedral laths
0.1 to 0.3 mm long, Some biotite grains are baked(?) or decomposed to reddish-
brown alteration products, but most are still fresh. Accessory phases include
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titanomagnetite, sphene, apatite, zircon, and hornblende. The sphene and
hornblende are up to 0.3 and 0.2 mm in diameter, réspect1ve1y. No quartz
- phenocrysts were identified. Phenocrysts in the pumice fragments are similar
to those in the groundmass. Sanidine is by far the most abundant phenocryst,
occurring in crystals that are 1 to 2 mm in diameter (very much larger than
phenocrysts of the groundmass). Biotite also occurs in larger crystais than
those of the groundmass'(up to 1 mm long) and is subordinate to the sanidine
in abundance. Plagioclase was not positively identified as a phenocryst in
any of the pumice lapilli. Accessory phases in the pumice include sphene,
zircon, hornblende, and titanomagnetite, '

‘Lithics make up »1% of the section. ‘- They are reddish-brown in color and
range in diameter from 0.5 to 2.7 mm. They appear to be fragments of devitri- -
~ fled welded tuff; in some relict pumice lapilli are discernible, and in others
“devitrified axfolitic glass shards are preserved. Some of these lithics

appear to be fragments of ash-flow tuff that have undergone devitrification,
Spherulites and granophyric textures are common in these 1ithics. Sanidine is
2 common phenocryst in one of the 1ithic clasts.

2. G2-395 (120.4 m) Nonwelded, pumice rich, vitric ash flow

The groundmass is a mixture of glassy materials made up of finely pulver-
ized ash, glass shards, and small fragments of pumice fragments. There is a
small amount of clay. replacing glass in the groundmass, but most of the glass
is unaltered.  Identifiable glass shards are very small (<0.05 mm across) and
merge into the groundmass. ' . :

Pumice clasts make up 50 to 60% of the thin section. The clasts are
matrix supported and range from <0.3 mmn to 0.5 cm in diameter. As in section
G2-358, the pumice  displays all gradations from: honeycomb,” long-tube, and
vitrophyric pumice. The glass in the pumice is fresh and unaltered.

- Phenocrysts make up 7 to 8% of the thin section, Sanidine makes up v6%
of the rock and occurs in small (0.5-mm), broken -grains as well as large
(>2-mm) subhedral-euhedral crystals. Plagioclase: and biotite are minor
phenocryst‘phases, occurring as subhedral to euhedral grains generally <0.3 mm
- ACross. Opaques. sphene, and hornblende are present in trace amounts. The
- hornblende is euhedral and «0.3 mm along the ¢ axis.




Lithics make up 2 to 3% of the section. There are several varieties:

(1) axiolitic, tron-stained ash-flow tuff, (2) granophyric ash-flow tuff, and

(3) fragments of rhyolitic flows with trachytic groundmass and phenocrysts of

sanidine, biotite, and quartz. Some of the ash-flow lithics contain large
percentages of clay.

C., Pah Canyon Member of the Paintbrush Tuff

1. G2-501 (152.7 m) Nonwelded, vitric ash-flow tuff

The groundmass is 1light brown under plane light and made up of glass
shards in a matrix of ash and clay. A considerable amount of clay is believed
present in the groundhass because of the tan color of the slide under plane
light and faint birefringence under crossed-nicols. Opal may also be present
. in the groundmass. Most shards are stil) glassy, but their margins are
slightly embayed and replaced by clay. Delicate features like Y-shaped
junctions and unbroken vesicles are common. There is no preferred orientation
to the shards or flattening around phenocrysts or pumice fragments. Minor
amounts of opal are tentatively identified in open vesicles. Most shards are
<0.4 nm in the longest dimension.

Long-tube and honeycomd pumice lapilli make up +40% of the sample. Glass
in the pumice is still fresh and the lapilli are highly vesicular. Pumice
clasts are generally <1 cm long. Phenocrysts in pumice are similar in size,
proportion, and composition to those found in the groundmass (plagioclase,
biotite, sanidine, and augite).

Phenocrysts make up 3 to 4% of the thin section., The most common are
plagioclase feldspars (3% of section), followed by subequal amounts of biotite
and sanidine (~0.5% each), and minor amounts of augite (<0.5%). Accessory
phases include 2zircon, apatite, titanomagnetite, sphene, and perrierite.
Plagioclase phenccrysts are generally large (up to 2.5 mm in diameter),
subhedral, moderately to strongly 2zoned, and sometimes glomeroporphyritic.
Biotite, apatite, opaques, sanidine, and small plagioclase crystals are
poikiliticaliy enclosed or intergrown along adjacent crystal boundaries with
the large plagioclase phenocrysts. Zoning and twinning often observed in
these large plagioclase phenocrysts have complex patterns indicating a
prolonged and multistage history of cooling in these crystals. Biotite occurs
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in sobeuhedral laths up to 1 mm long.’ Most sani'dlne phenocrysts are subhedral
and relatively small, rarely exceeding 0.3 mm 1in maximum dimension.

"~ Lithic fragments make up <1% of the section. Most are small (<1 mm),
light-brown (under plane light) fragments of ash-flow tuff in which the glass
is largely replaced by clay. In some cases they are thoroughly devitrified to

2 granophyric texture. So_me m}assigve, altered lithics might be lavas, but this
jdentification 1s tentative, Only one phenocryst (biotite) is identifiable in
a 1ithic clast. | | |

2. G2-547 (166.7 m) Nonwelded, vitric ash-flow tuff

Alteration of glass to clay appears to be 'pervaslve throughout the ground-
‘mass. Well-defined glass shards are suspended in 2 matrix of fine-grained
clay. Most shards are' in the 0.1- to 0.3-mm size range. Well-formed Y-shaped
Junctions and complete vesicles are relatively rare. Though lar'gely glassy,
the centers of shards are consistently colored 1ight-brown and the outer rims
are white and clear under plane light. Shards are {isotropic under crossed-
‘nicols. B -

Pumice makes up 25 to 30% of the th1n section and 1ncludes a variety of
textures (open honeycomb open long tube, closed long tube, and dense glass
with perlltlc fractures). The phenocrysts in the pumfce are similar in type,
" size, "and abundance to those in the groundmass. Much of the glass in the
pumice framework has- altered te clay, and clay fills some vesicles. Pumice
lapilli are matrix-supported and range in size from 0.5 mm to 1 cm in
_diameter.

Phenocrysts make up w2 to 41 of the thin section. Sanidine and plagio-
clase are the two prlnclpal phenocryst phases and occur in +~60:40 proportions.
_Sanidine crystals occur both singly and as complex 1ntergronths with plagio-
clase. Sanidine frequently mantles strongly Zoned plagloclase crystals. Some
plagioclase crystals occur “in glomeroporphyritic clots containing up to six
individual crystals. Several perlods of growth can be seen in some plagio-
clase grains. B1ot1te, augite, quartz, and tltanomagnetite are minor pheno-
cryst phases and together make up +~1% of the rock Sphene. zircon. apatite,
and perrlerite are accessory phases.‘ Blotite is occasionally poikilitically
enclosed by the feldspars.; Sizes of phenocry_sts are as follows ~ sanidine
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(0.1 to 1.8 mm), plagioclase (0.3 to 3.0 mm), biotite (0.1 to 0.6 mm), and
augite (0.3 mm). A1l phenocryst phases are subhedral to euhedral.

Lithics make up <1% of the section and 1nclude pyroclastic material as
well as pieces of lava flows. Pyroclastic lithics include ash-flow material
that is both granophyric and spherulitic. Other types of ash-flow lithics are
only slightly welded, and the glass has been replaced by clay minerals. The
lava lithics are rare and consist of an aphanitic glassy matrix with scattered
felty microlites of sanidine and plagioclase.

3. G2-548 (167.0 m) Moderately welded, partially devitrified, partially
zeolitized ash-flow tuff

The groundmass 1s made up of clay, alkali feldspar, cristobalite, and
zeolites., Partially open vugs in the groundmass_'are rimmed by terminated
crystals of heulandite. Relict shards are composed of axiolitic cristobalite
and sanidine; no glass remains. Central portions of shards are often stained
red by iron oxide and contain clay. Shard structure 1is almost completely
obliterated throughout most of the groundmass. This rock appears to have
first undergone devitrification and later low-temperature diagenesis during
which clays and zeolites replaced the remaining glass.

Pumice clasts make up »25 to 35% of the section and generally are 1.5 to
9 mm long. All glass in the pumice is replaced by spherulite; of alkalt
feldspar and cristobalite. In some cases smectite appears to be intergrown
with the spherulitic blades. Spherulitic pumices often contain opén voids and
therefore retain a significant degree of porosity. Phenocrysts in the pumice
match those in the groundmass. Many of the pumice clasts have axiolitic outer
edges.

Phenocrysts make up 2 to 3% of the thin section. The principal pheno-
crysts are sanidine and plagioclase with the sanidine being perhaps slightly
more abundant than plagioclase, Quartz, biotite, opaques, and augite are
minor phenocryst phases and together make up «0.5% of the sectfon. Sphéne.
perrierite, and zircon are accessory minerals. Apatite needles aré common in
the larger feldspar and biotite phenocrysts. Plagioclase is moderately zoned
in most cases and often occurs in glomeroporphyritic clots containing up to
four or five grains. Sanidine occurs both as freestanding phenocrysts and as
mantles around zoned plagioclase. Many of the phenocrysts in this thin
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‘section are 'brokeh."tpefticularly sanidines. When not broken, plagioclase,
sanidine, and biotite are subhedral to euhedral. Augite phenocrysts are more
common than fin Eprevious sections. Typical phenocryst sizes are: sanidine
(0.3 to 1.2 mm). plagioclase (0.15 to 1. 2 mm), biotite (0.1 to 1.8 mm), quartz
- (0.15 to 0.6 mn). and augite (0. 5 to 1.2 mm). B

Lithic fragments make up 1% of the ‘section. Most lithics are tuffs
having long-tube pumice with pervasive axfolitic structure overprinted by
spherulitic'gfowths. Lfth1es made up of tuff with granophyric pumice are also
common, Plagieclase. 'sanidine, and biotite are common phenocrysts in the
first tybe'of lithic; quartz is the only phenocryst observed in the granophy-
ric - 1ithic. One lava 1ithic with a felty, 'trachytic groundmass and
phenocrysts of opaques, biotite and plagioclase is also present.,

A major fracture runs the length of the thin section. It is perpendicu-
lar to welding and therefore is vertical. It is largely open, .but in places
it is partially filled with quartz and alkali fe]dspar. Zeolites are the last
minerals deposited in the central area of the fracture. They occur as blocky
euhedral crystals of heulandite that completely fi11 the fracture in places.
Some opal(?) is also,presentvin these fractures,

4, G2-561 (171.0 m) Partly welded,;partially devitrified. partially
zeolitfzed ash-flow tuff

The groundmass 1s'thoroughly recrystallized to Smectite and zeolite., In
plane 1ight the groundmass is medium brown in color, Small vugs in the ground-
mass -are lined by an axiolitic rim of felty. low-birefringent devitrification
phases. A few rectangular, blocky crystals of heulandite (with lower relief)
occupy the central portions of these yugs inside the axiolitic rims. These
vugs often have open centers; , All_'glass' has been replaced by clay and
zeolites or has undergone pertial devitrification, - leolites have pseudo-
morphed shard forms or tﬁe ‘glass has dissolved, leaving holes. Incomplete
devitrification preceded the clay and zeolite-forming events.

This- particular thin section is cut so that a2 large pumfce occupies
approximately one-third of the section. Spherulites are common in the pumice
and are indicative of devitrification, The pumice appears to have been the
long-tube variety and much of the original glass now appears to have
crystallized to smectite.’ The pumiee clasts have a discontinuous outer rim of
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clay and zeolites and a more continuous inner rim of alkali feldspar and
 tridymite. ' ‘

The principal phenocrysts are sanidine and plagioclase in proportions of
~60:40. Opaques, biotite, augite, sphene, and zircon are present in trace
amounts. Phenocrysts make up »3 to 52 of the section in the nonpumice parts
of the section. In the large pumice, clast phenocrysts make up only »2% of
the rock but are compardble in mineralogy, relative abundance, and size to
phenocrysts in groundmass areas. Compositional ;oning is strong in plagio-

clase and slight in sanidine. Phenocryst sizes vary as follows: sanidine
‘ (0.3 to 1.5 mm), plagjoclase (0.3 to 2.0 mm), biotite (0.15 to 1.2 mm), and
augite (0.3 to 0.6 mm). One sphene grain is 0.3 mm long. Plagioclase
crystals are occasionally glomeroporphyritic with up to five crystals clotted
together. Mantling of plagioclase by sanidine is more common fn this thin
section than in G2-547. Biotite is occasionally enclosed in plagioclase.

Lithic clasts are rare in this thin section and are made up of
devitrified granophyric tuffs. Many are stained so severely by reddish-brown
iron oxide that the clasts appear opaque.

5. G2-627 (191.1 m) Moderately welded, partially devitrified, partially
zeolitized ash-flow tuff

The groundmass is made up of a mixture of zeolites and clays as well as
cristobalite and sanidine (from devitrification). No glass has survived. In
plane light the grouhdmass is light brown in color. Relict shards are common
throughout the groundmass, but the glass has crystallized to crystobalite-
sanidine. Clay and zeolites (heulandite) replace shard forms in some parts of
the groundmass. It appears that this rock has a history similar to thin
sections G2-548 and G2-561, in which a moderately welded ash-flow cocoling unit
has undergone devitrification and later low-temperature diagenesis,

Pumice clasts make up »30% of the thin section. All pumice clasts are
severely affected by vapor phase alteration. Spherulites of sanidine and
tridymite overprint the pumice fabric. Some clay also appears to be inter-
grown in the spherulites. Some pumice clasts have axiolitic rims. Phenocryst
phases are basically unaltered except for biotite, which is slightly baked to
3 reddish-brown color. One pumice fragment contains glomeroporphyritic clots
of plagioclase and biotite in which the plagioclase is mantled or partially
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mantled bj sanidine, There are still open voids in the pumice clasts. These
voids commonly contain heulandite. _ »

Sanidine and plag1oclase are the principal phenocrysts (»4%) in the rock.
They "are subequal in abundance and generally subhedral when not broken.
Quartz and biotite make up «1 to 2% of the section. Accessory phases include
" opaques, sphene, perrierite, and apatite. The plagioclase crystals are often
strongly 2zoned and occasionally mantled by a rim of sanidine. Average sizes
for ;he"majoo phenocrysts are as follows: sanidine (0.15 to 1.8 mm), plagio-
clase (0.3 to 2.0 mm), quartz (0.15 to 1.0 mm), and biotite (0.15 to 0.60 mm).

.Lithios_make up <1% of the section. They are generally made up of small
- (<1 mm) clasts of -granophyric tuff with quartz, plagioclase, and sanid'ne
'phenocrysts;4h'

6. 62-6754(205 7 m) Moderately welded, thoroughly zeolitized ash-flow
“ tuff

i 3§

All glass in this;uection has been altered to zeolite (heulandite) and
clays. Remnant shard forms are present but are usually indistinct. Heuland-
ite has roughly pseudomorphed the shard forms. It also lines sma!i. open vugs
throughout the groundmass. L o
' Pumice lapilli make up +35 to 40% of the section. All glass in them is
replaced by zeolites and clay. The mineralogy of the phenocrysts is simiiar
to that of the ’groundmass, Crude ]oogetube structure 1{s pseudomorphed by
‘ heulandite. Relatively few voids are present in these pumice clasts. In
general the pumices have L darker, more reddish-brown color under plane light
than does the groundmass._ A higher proportion of clay:zeolite is tentatively
proposed to account for the difference in coloration. Tiny fractures in the
pumice are filled with ‘zeolites. L

Phenocrysts make up 1 to 2% of the section. - Sanidine 1is the most

"__abundant phenocryst phase {~1%), followed by plagioclase (~0.5%), quartz

(0. 25%), and biotite (0 25%). Sphene, perrierite, and opaques are accessory
_ phases. Typical grain sizes for the major.phenocrysts are: sanidine (0.3 to
- 1.2 mm), plagioclase (0.1 to 1.5 mm), quartz (0.3 to 0.6 mm), and biotite (0.1

to 0 9 mm). . Both p\agioc\ase and sanidine form glomeroporphyritic clots. One

. biotite crystal occurs in a glomeroporphyritic clot of plagioclase crystals.
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Freestanding and glomeroporphyritic plagioclase 1is occasionally rimmed by
sanidine.

Lithics make up <1% of the rock. The only identifiable lithics are small
(<1 mm), devitrified ash-flow tuffs with granophyric textures.

7. 62-723 (220.4 m) Nonwelded, calcite‘cemented, vitric ash-flow tuff

The groundmass is made up of glass shards and fine ash. Calcite has
infiltrated parts of the groundmass and filled porous areas of the matrix.
A1l glass in shards appears to be essentfally fresh despite the obvious
" introduction of CaCOa-bearing fluids into thg rock. Many delicate shard
features such as Y-shaped junctions and partial vesicles are common throughout
the thin section, '

Pumice lapilli make up «»50 to 60% of the thin section., The pumice is
matrix-supported, and textural typeé include honeycomb, long tube, and
vitrophyric.' All open vesicles in the pumices have acted as pathways for
groundwater movement and CaCO3 deposition. The CaCO3 has crystallized as an
optically continuous network in these open spaces. Glass in the pumice is
largely unaltered and shows only minor dissolution along pumice walls., The
presence of pumice types that are gradational .between honeycomb and vitro-
phyric combined with the influx of CaC03-deposit1ng groundwater demonstrates
the variable permeability of these different pumice types. Whereas the
honeycomb pumice is extremely permeable (calcite totally fills all vesicles),
long-tube pumice allows water to be transmitted relatively poorly, and only
~portions of vesicles contain calcite. The vitrophyric pumice is nearly
impermeable and, except along fractures, contains no calcite, Based on the
. distribution of the CaCO3, the perme;b1li:y of the groundmass was much lower
than that of the honeycomb pumice but greater than that of most long-tube
pumices.

Phenocrysts make up 1 to 2% of the section., Sanidine and plagioclase are
the dominant phenocryst phases and occur roughly in 60:40 proportions. Both
feldspars occur either as freestanding phenocrysts or glomeroporphyritic
clots. Plagioclase is often mantled by sanidire. In seVera] crystals the two
feldspars are complexly intergrown. Plagioclase crystals are often, though
not always, strongly zoned. Quartz, biofite, and augite are minor pnenocryst
phases, making up <0.5% of the section. One quaftz crystal is doubly
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terminated. Biotite laths are generally small (<0.15 mm) and often baked to a
dull reddish brown, Augitg‘crystéls are rare and small (usually <0.3 mm).
Accessory phases include sphene, opaques, and perrierite. The phenocrysts
range in size as follows: sanidine (0.1 to 1.0 mm), piagioclase (0.3 to 3.0
mm), biotite (0.1 to 0.6 mm), quartz {(0.15 to 0.4 mm), and augite (0.2 to 0.3
Lithics make up <1% of the section and consist of highly altered tuffa-
ceous(?) rocks from older events. Some are medium brown under plane light and
are largely altered to clay. Others are granophyric tuffs that are thoroughly
devitrified.

8. G2-743 (226.5 m) Bedded, possibly reworked, calcite-cemented vitric
tuff -

The;groundmass is largely composed of ~glass shards, fine vitric ash, and
some clay. Permeable areas within the groundmass are irregularly filled with
Capoa. Glass shards are visible in parts of the groundmass and are relatively
rare. Where present, they are well preserved and the glass is essentially
unaltered. o " “ .

Pumice makes up 50 to 60% of the section, Honeycomb, long-tube, and
vitrophyric varieties are all present. Calcite fills vesicles in the pumice
in over half of the thin section but does not extend: as an optically
continuous network as 1t did in G2-723, The glass in the framework of the
pumice is fresh and unaltered. Phenocrysts in the pumice are similar to those
of the groundmass. Portions of the thin section are characterized by matrix-
supported pumice, but in parts it is clast-supported (that is, little matrix
between points of contact). Rounding of pumices indicates possible reworking
of this bedded unit.

Phenocrysts make up «1% of the section and consist mainly of sanidine and
plagioclase in about a 60-to-40 ratio.. No glomeroporphyritic clots were seen
in this section. Only a few plagioclase grains are mantled by sanidine and
few plagioclase are strongly zoned. The presence of quartz is suspected, but
it has not been positively 1identified. Biotite is a minor phenocryst.
Opaques and perrierite are accessory phases. Most crystals are poorly formed
(that 4s, either broken or subhedral to anhedral) compared to other thin
" sections examined for the Pah ‘Canyon Member. Phenocrysts range in size as
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follows: sanidine (0.3 to 1.8 mm), plagioclase (0.3 to 2,0 mm), quartz(?)
(0.4 to 1.2 mm), and biotite (0.3 to 0.8 mm).

Lithics are rare in this section., Those present are similar to the clay-
rich tuffs described in thin section 6G2-723.

D. Pumiceous Tuff Between the Pah Canyon and Topopah Spring Members of the

Paintbrush Tuff

G2-762 (232.3 m) Nonwelded, zeolitized, pumice-rich tuff

This unit is a pumice swarm made almost entirely of pumice, with no
shards and very little matrix. The pumice is up to 5 mm 1in diameter, unde-
formed, and has abundant open void space, Tan to lemon-yellow zeolite
(heulandite) and clays pseudomorph the pumice framework. Open voids are lined
with opal and chalcedony. Clays lining tube walls are slightly birefringent
(in the yellows). Brown clays and oxides fill some cavities in open voids.
Heulandite grows perpendicular to the pumice fabric. Phenocrysts are scarce
(<2%) and consist'nnstly of feldspars. Albite and carlsbad twins are common
in plagioclase phenocrysts. Biotite, oxide, and clinopyroxene occur in trace
amounts. Lithics consist of older tuffs; some have outer rims of chalcedony.
Two veins are present in the section. One 1is open, and the other is filled
primarily with calcite but has minor opal along the outer walls.

E. Topopah Spring Member of the Paintbrush Tuff

1. G2-770 (234.7 m) ODensely welded, divitrified to vitrophyric,
crystal-rich ash-flow tuff

The groundmass is devitrified to cristobalite and sanidine but commonly
has a high content of dark-brown clay that occurs as sprays or small
spherulites. Shards are of two predominant types: (1) clear and still vitric
and (2) tan, furry-looking shards that are devitrified to cristobalite and
sanidine. Axiolitic and incipient granophyric shards are also present in
lesser amounts. All shards are typically rimmed by dark-brown clays.

Pumices are large, occurring as lapilli up to 7 mm .in diameter. They are
vitric with perlitic cracks partially filled with yellow clay. They are clear
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under plane light and dusky' red in crossed-nicols. The red coloration is
caused by minute rutile crystals disseminated throughout the lapilli. The
fabric of pumice .1apillf 1{s intact; some minor cristobalite and sanidine
occurs in scattered patches.

Phenocrysts make up 20% or more of the rock. They consist of feldspar,
. quartz, biotite, pyroxenes, and bpaque oxides. The feldspars are euhedral to
anhedral, are slightly zoned and embayed, and commonly have carisbad and
albite twins., The quartz is subhedral to anhedral and commonly strained.
Biotite {s common throughout the section and often occurs in large laths,
Both orthopyroxene and clinopyroxene may be present; they are twinned and
sometimes zoned., - : ‘ S .

Two types of older tuff lithics are present,  One.type is dominated by
plagioclase phenocrysts and the other by plagioclase and hornblende
phenocrysts.

2. G2-822 (250 5. m) Densely welded, devitrified, vapor phase altered,
.ash-flow tuff

The groundmass is dark reddish-brown and consists of fine-grained devitri-
fication products and clay. Vapor -phase alteration commonly occurs as
téidymite pockets throughout the matrix. Veins of tridymite also partially or
wholly fi1l fractures in the groundmass. Shards are replaced by fine-grained
granular to axiolitic growths of sanidine.and cristobalite.  Shard forms are
extremely flattened because of dense welding.

Pumice Tapill1 are typically devitrified, and in some cases the original
textures are obliterated. Cristobalite and sanidine are intergrown
perpendicular to lapillt walls, The interfor of the lapi11i are filled by
incomplete  spherulites and fine-gratned granular patches. Tridymite pockets,
clays, and oxides are dispersed throughout'the pumice clasts,

Phenocrysts consist,predoﬁinantly of fel&spar, quartz, and minor amounts
of biotite, clinopyroxéne, and opaque oxides. . The abundance and proportion of
phenocrysts is similar to those in thin sectfon G2-770. The biotite in this

section {s severely blackened and the clinopyroxene is altered to serpentine.
Lithics consist of devitrified ash-flow tuffs,
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3. G2-855 (260.6 m) Densely welded, devitrified, vapor phase altered,
ash-flow tuff

The groundmass is dark reddish-brown and consists of fine-grained
devitrification products and clay. VYapor phase alteration products commonly
occur as tridymite pockets throughout the matrix. Shards are replaced by
fine-grained granular to axfolitic growths of sanidine and cristobalite,
shard forms are extremely flattened because of the dense welding.

Pumice lapilli are clear and tan under plane light and gray under crossed-

nicols. Most primary pumice textures have been destroyed by devitrification
and vapor phase alterattion. Sanidine intergrowths are perpendicular to the
outer wall., The remainder of the pumice is fine-grained, granular, devitri-
fied, and vapor phase altered, with central areas filled by tridymite. Fairly
high clay contents occur in central portions of the pumice near tridymite
pockets. ‘
' Phenocrysts consist predominantly of feldspar and quartz and minor
amounts of biotite, clinopyroxene, and opaque oxides. The abundance and
proportion of phenocrysts are similar to those in thin section G2-770.
Lithics consist of devitrified ash-flow tuffs.

This sample has many fractures, all of which have had wall rock altera-
tion by vapor phase alteration to granular quartz and sanidine. Most
fractures are partly filled with tridymite., Some fractures have had clays
infilling after tridymite but almost all are partly open. One vein is
completely filled by calcite.

4. G2-898 (273.7 m) Densely welded, devitrified, vapor phase altered
ash flow

The groundmass s dark reddish-brown and consists of fine-grained
devitrification products and clay. Tridymite occurs as pockets throughout the
matrix. Shards are replaced by fine-grained granular to axfolitic growths of
sanidine and cristobalite. Shard forms are extremely flattened as a result of
the dense welding.

Pumice lapilli are characterized by fibrous intergrowths of cristobalite
and sanidine that grow perpendicular to outer walls. The interiors of the
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lapilli are filled by mottled, indistinct spherulites and pockets of
-tridymite. - S |

Phenocrysts consist predominantly of feldspar, quartz, and minor amounts
of biotite, clinopyroxene, and opaque oxides. The abundance and proportion of
phenocrysts are similar to those of thin section G2-770. Lithics consist of
devitrified ash-flow tuffs. _ | :

There are three prominent veins'in this sample. They’are affected by
vapor phase alteration that resulted in partial filling of the fractures by
tridymite and then minor clays. ‘

5, 62-921 (280.7 m) Densely welded(?), devitrified, vapor phase
altered, ash-flow tuff

The .degree -of welding is difficult to determine because intense vapor
phase alteration obliterates most primary textures within the thin section.
Most of section s dominated by lithophysae and large.,dirtj, brown spheru-
lites. Lithophysae,'composed of three to six bands of'intergfown cristobalite
and sanidine, typically contain crystals up to 15 em wide and 50 um long.
Lithophysal bands are sometimes rimmed by coarsely crystalline devitrification
phases up to 4 mm in diameter. Brown spherulites are composed of the same
mineral phases and are very finely intergrown. Often the centers of spheru-
lites show granophyric crystalliization or have nucleated on phenocrysts.
Other vapor phase structures include (1) plumose growth, (2) very fine-
grained, microcrystalline cristobalite and sanidine, and (3) granophyric
~ crystallization. Very fine needles of rutile are disseminated throughout the
section. Relict pumice that is still discernible 1s'1argely overprinted by
numerous small (5-to Zs-um) spherulites and contains areas of coarse intersti-
tial quartz and sanidine. Plagioclase, the dominant phenocryst phese,
commonly exhibits albite and carlsbad twinning and oscillatory zoning. Sani-
dine is less common, bUt'ub1Qh1tuous throughout the séction.‘-Both feldspars
are commonly shattered. Quartz, biotité,'and oxides\occur in trace amounts.
The quartz is commonly-strained and shattered. Biotite is relativély rare and
usually severely blackeneds =~ o
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6. G2-951 (289.9 m) Moderately to densely welded, devitrified, vapor
phase altered, ash-flow tuff

The groundmass is primarily made up of dirty-brown, irregular spherulites
that grew across shard boundaries. Clays and oxides are disseminated through-
out the groundmass. Parts of the matrix are composed of fine-grained to
granophyric patches of devitrified products. Pockets of tridymite are common.
Shards have crystallized to sheaves of intergrown cristobalite and sanidine
subparallel to the long dimension of the shards, Axfolitic shards are also
common. The central regions of both shard types commonly have incipient
granophyric crystallization, ’

Pumice lapilli are light tan under plane light. Most original textures
are now obliterated. Lapilli boundaries are indistinct because of the masking
affect of vapor phasa crystallization., Some spherulites are present; most are
fine gratned. Séme pumice clasts have patches of granophyric crystallization
and pockets of tridymite with some sanidine laths. Pumice 1in a lithic
fragment shows the following sequence of crystallization: (1) axfolitic outer
border, (2) random spherulites, and (3) central granophyric regions.

Phanocrysts are similar to those in G2-921 except that they are more
abundant and show very little shattering., Veins are mostly open or only
partially filled. The principal vein-filling materials are chalcedony,
oxides, and clays.

7. G2-984 (299.9 m) Densely welded, devitrified, vapor phase altared,
ash-flow tuff

The groundmass 1s made up of fine-grained quartz and sanidine with high
concentrations of brown clays. Vapor phase regions are 1ight tan and composed
of microcrystalline quartz, sanidine, and interspersed pockets of tridymite.
Lithophysae and plumose structures are common. These vapor phase pockets are
lined by quartz, chalcedony, and sanidine. Sanidine laths rarely occur in
pockets with tridymite. Some tridymite has reverted to quartz. Crystalliza-
tion of shards has resulted in (1) subparallel sheaves of cristobalite and
sanidine and (2) axiolitic shards that have transformed to incipient
granophyric textures,
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Pumice outlines are generally discernible although the glass is replaced
by 25- to 35-um spherulfites and rare pockets of tridymite. These spherulite
textures do not crosscut 1apilli boundaries. Fine-grained rutile needles are
dispersed throughout the pumice. Pumice tubes are outlined by brown clays.

The principal phenocryst phases are feldspars and quartz. Biotite and
oxides are present in trace amounts.

One major fracture in the section is filled by calcite only. This
fracture appears to be part of a fault as evidenced by shearing and mylonitiza-
tion of the wall rock.

8. G2-1032 (314.6 m) Densely welded, devitrified, vapor phase altered
ash flow

. The groundmass is a mixture of dark-brown, assymetric spherulites, fine-
~ grained quartz and sanidine, and dark-brown clay. Vapor phase crystalliza-
' tion dominates a large portion of the sample. Very large 1{ithophysae occupy
major portions of the sample. ‘ Interstitjal‘ regions are filled by brown
assymetric spherulites. Pockets of tridymite are {interspersed throughout the
groundmass, of which «»40% have transformed to chalcedony, Shards are up to 2
mm fn length, but more commonly 200 um in length. Typically the shards show a
two-stage growth with the outer border regien_ coarsely axiolitic and the
central portions spherulitic or granophyric. A small per cent of shards have
crystallized in parallel sheaves; these occur primerily near heavy vapor phase
alteration zones. , ' | d

~ There are three primary crystallization zones 1in the pumice, The outer
border is composed of fine-grained intergrowths . of cristobalite and sanidine
_ that grow perpendicular to the outer edge of the lapilii. The bulk of the
pumice is composed of dirty, interlocking' spherulites contatning abundant
disseminated oxfde and cia&. 'The innermost void regfons are characterized by -
vapor phase or granophyrkc crystallizatjoﬁ. None of the crystallization

processes extend past the outer margin of these lapiili, though much of the
original textures has been’ obliterated. ,

Phenocryst compositions and abundances are similar to those in G2-984,
Fractures in the section are mostly open. One is filled by quartz; another is
partially filled with clay. ' '
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9. 62-1072 (326.7 m) Densely welded, devitrified, vapor phase altereg
ash flow

The groundmass is made up of very fine-grained quartz and sanidine. High
contents of brown clay mask many of the textures. Large 1ithophysae and many

~ spherulites are present throughout the slide. Many pockets of tridymite

(reverted to chalcedony or quartz) are dispersed throughout the thin section,
Four types of devitrified shard morphologies occur: (1) axtolitic with
central vapor phase pockets, (2) granophyric textures made up of five or six
1nterst1tiai locking crystals, (3) verv fine-grained, equant crystals that
encroach on the groundmass, and (4) fine-grained crystals that have
recrystallized as sprays or sheaves cross-cutting shard boundaries,

Pumice lapilli are highiy degraded. Some still have spherulitic outer
border regions and an inner region made up of minor spherulites (interstitial)
but dominated by granophyric and vapor phase crystallization. One pumice is
consumed by a lithophysae that nucleated -in the pumice and then cross-cut the
clast boundaries. Other pumices have crystallized {into fibrous sheaves of-
cristobalite and sanidine that barely encroach on the groundmass. These
Tapilli also contain pockets of vapor phase sanidine and quartz crystals
projecting into void areas with late-stage guartz filling the central void.

Phenocrysts are similar to those in G2-984, One lithic of davitrified
granophyric tuff is present in the section. }Fractures are common in this thin
section. All are open and nona have any filling phases.

10, 62-1133 (345.3 m) Densely welded, devitrified, vapor phase altered
ash flow '

The groundmass i3 largely made up of dirty-brown, assymetric spherulites
that transgress shard and pumice boundaries. Some parts of the matrix contain
fine-grained equant quartz and sanidine aggregates with high brown clay
contents. Lithophysae, spherulites, and very fine-grained materjal_are once
again present. About half of the tridymite pockets are intact; the rest are
converted to Qquartz, Some dirty-brown spherulites are {intact in vapor phase
regions, otherwise all original textures are gone. Also, some regions have
extremely coarse-grained, interlocking quartz and sanidine grains.  They
appear to be extreme cases of granophyric crystallization and, in some cases,
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may be the edges of lithophysal cavities. Shard textures are similar to
those in G2-1072. In addition, dirty-brown spherulites transgress all shard
boundaries in some parts of the slide {an indication of higher temperature?).
In these areas, spherulites may cover up to 6 mmz and encompass hundreds of
compressed shards. :

- Pumice lapilli are reddish-brown to clear under plane light. In some
portions of the slide original textural features near lapilli borders are
intact, These border textures are composed of indistinct spherulites and/or
axfolitic textures, -Some borders are encroached by dirty-brown groundmass
spherulites. The central parts of the lapilli consist of large granophyric
aggregates- large, clear. ifndistinct spherulites- and pockets of vapor phase

-tridymite. : :

Phenocryst abundances and proportions are similar to those in G2-1072,
except that quartz is more abundant. -There is one completely healed fracture.
It appears to be filled by a silfcate phase, probably deposited during vapor
phase or granophyric crystallization.

11. G2-1178 (359.1m) - Densely welded, devitrified, vapor phase altered
ash flow ~ .

The crystallized groundmass, shards, and pumice lapilli in this section
are similar mineralogtcally and texturally to those described in G2-1133.
However, one pumice lapilli has the following morphology, which is very
different. The outer border comprises large, dirty-brown spherulites that
nucleated on the boundaries and grew inward. Other spherulites compose much
of the 1nner region. The remainder of interstitial regions have coarse,
granophyric crystals. vapor phase tridymite pockets, and one small litho-
physae., Most of the vapor phase crystallization in this slide 1s a combina~

- tion of interspersed fine-grained devitrification products, very large
“indistinct lithophysae, tridymite pockets that are partly reverted to quartz,
and dirty<brown to clear assymetric spherulites. These four textures dominate

" most of the vapor phase regions. -Three large 1ithophysal cavities occur in
.the vapor phase region. They are partly open and the phases growing into (but
not filling) the voids are alkali feldspars and tridymite that has retrograded
to quartz. All -crystals are mottled and contain disseminated clays and

- oxfdes. These vug-lining ¢rystals are separated from the groundmass by zones
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of granophyric (mosaic) crystallization with abundant tridymite pockets. The
phenocrysts in this secticn are similar to those in G2-1133. There is one
jdentifiable lithic fragment of devitrified granophyric tuff. It is coated by
an opal shell that is partly transformed to chalcedony.

12. 62-1234 (376.1 m) Densely welded, devitrified, vapor phase altered
ash flow

This slide is very similar to G2-1133. There are some minaor differences
howaver. For example, shards hava the following textures: (1) axiolites with
vapor phase centers, (2) granophyric, (3) cross-cut by dirty-brown spheru-
litas, with no authigenic recrystallization, and (4) sheaves of quartz and
sanidine oriented parallel to shard length., All types of shards are outlined
by dark clays and/or oxides. , A

Two bumice lapilli are made up of dirty-brown (clay-rich) spherulites
with central vapor phase pocket, The rast of the lapilli have the following
general textural features: (1) outer border of axiolitic quartz and sanidine
growth, (2) an inner growth of clear to mottled spherulites that are typically
small, and (3) interstitial central regions comprising vapor phase pockets
and/or granophyric crystallization. The ratio of spherulites to interstitial
crystallization varies greatly, ranging from all spherulites to nearly all
granophyric crystals and interspersed vapor phase pockets.

Fractures are narrow and partially healed by devitrification and vapor
phase processes, but for the most part they ara open,

13. G2-.1281 (390.4 m) Densely welded, devitrified, vapor phase altered
ash flow

Approximately 75% of this thin section is a single lithic fragment. It
is a densely welded granophyric tuff. Four other lithic fragments with
granophyric texture are also present 1in the section, All 1ithics have
clay-rich sprays of sanidine and cristobalite growing on their boundartes.

In the nonlithic portions of the thin section, all devitrification
textures are masked by pervasive spherulitization. Spherulites can range up
to 3 mm and most are assymetric. Also present are select lithophysae and
pristine tridymite pockets. The clay and disseminated oxide content is
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relatively high in this section, Because of fairly indistinct boundaries on
spherulites, it 1s possible that incipient granophyric crystallization was in
process. . Tridymite pockets are also very common throughout the ash flow,
Many of the .pockets are partially to totally converted to chalcedohy.
Unreacted tridymite pockets have partial to complete stringers of opal to
chalcedony around borders. . '

The principal phenocrysts are plhgioclase and  sanidine., The feldspars
are charactefized by albite and carlsbad twinning and oscillatory and sector
zoning, Rutile is an accessory phase. No quartz or biotite was seen in this
section. -

One large branching fracture has a two-stage sequence of infilling.
First quartz and then vapor phase tridymite was deposited. The fracture is
not sealed, however, containing only +80% fill, |

14, 62-1331 (405.7) Moderately welded, devitrified, vapor phase altered
ash flow l ' '

- The groundmass has a high clay content that masks many textures., How-
ever, spherulitic sheaves and fine-grained aggregates of quartz and sanidines
are conspicuous throughout the matrix. Three large lithophysal cavities are
present in the section. The rest of the intense -vapor phase regions are
characterized by spherulites, 1lithophysae, and fine-grained interstitial
material (very similar to G2-1178). = All shards are crystallized and have

coarse, axiolitic outer boundaries and vapor phase centers. Some shards have
‘undergone granophyric crystallization only, <although combinations of all
textural types exist. All shards are clear under plane 1ight; many are
bordered by dark clays.. Many shards have indistinct borders that may fndicate
incipient authigenic recrystallization. ' . :
Pumice clasts are up to 2 mm in diameter. The outer margins, which are
~often indistinct, comprise:axiolite sprays up to 100 um thick. Perpendicular
to walls, these axiclite sprays comprise quartz and sanidine and may have 2
high clay content. The 1inner regions of the lapilli have some fine-grained
. granular components and indistinct spherulites. However, the bulk of the
lapi11{1 have two-stage vapor pockets. Initial crystals 1ining pockets
comprise feldspar or tridymite to quartz. The rest of the void is then
completely filled by granophyr1c5(large'mosajc) crystals, |
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The principal phenocrysts are plagioclase and sanidine, Quartz, biotite,
and opaques are minor phenccryst phases. The quartz is subhedral and occurs
as small (<S-mm) crystals. Biotite laths are unoriented and burned.

Five lithics are present; all devitrified and most are granophyric. One
has an extremely high clay content. Another is very large (»20% of section).

Many fractures are present in this sectfon. All are healed by mosaic
quartz. There 1s also some interstitial clay present in the vein material,

15. 62-1382 (421.2 m) Moderate to densaly welded, devitrified, vapor
phase altered ash flow '

This rock has undergone 1intense vapor phase alteration, as evidenced by
numerous 1ithophysal cavities. The groundmass is characterized by asymmetric
to symmetric spherulites, sprays and sheaves of intergrown fibrous cristo-
balite and sanidine, and very fina-grained interstitfal aggregates. The clay
content of this matrix materfal is very high. All original shard textures are
masked by pervasive growth of devitrification products in the groundmass.

Most pumices are replaced by small interlocking spherulites; the
remainder have spherulites along borders and in parts of the central region.

The rest of the central region 13 characterized by vapor phase or granophyric
crystallization.,

~ The phenocryst mineralogy is similar to that of G2-1331. This thin
section 1s intensely sheared and has at least two generations of fractures.
The older set 1s healed by quartz in a mosaic fabric and some tridymite.
However, some wide portions of these fractures are still open, A small
percentage of the older set are filled by clays. The younger set of fractures
is essentially open. None of tha fractures are completaly sealed, and most
have only a thin veneer of fi1l (quartz), if anything at all,

16. G2-1420 (432.8 m) Moderately to densely walded, devitrified, vapor
phase altered ash flow

Vapor phase crystallization is moderate in this section. No lithophysal
cavities are prasent, Otherwise it is similar to G2-1178. Many tridymite
pockets have rims of opal to chalcedony. Three types of crystallized shards
predominate the groundmass: (1) axiolitic with central regfons filled by
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granophyric crystallization, (2) sheaves subparallel to the long dimension of
the shard, typically clay rich, and (3) granoph,-ic crystallization of shards.
None of these forms show authigenic recrystallization, ‘

The outer portions of pumice lapiili have one of the following or all
three textures: (1) small-scale spherulites (up to 2 um in diameter), (2)
fine-grained granophyric texture, and (3) dark-brown sheaves or sprays. The
central portions of 1apilli typically. exhibit two-stage .crystallization;
first vapor phase crystals partly to totally infill lapilli centers and then
granophyric crystals fil1l the remainder of the lapilli,

Phenocrysts are similar to those in G2-1131. There are at least 15 sub-
angular to round lithics in this section; all are densely welded, devitrified
tuffs. There are a large number of fractures in this section; most are
completely open, The remaining fractures are predominantly sealed by a
combination of mosaic quartz (75%) and tridymite (25%). Tridymite is the last
phase to precipitate.— ‘

17. G2- 1461 (445.3 m) Densely welded, devitrified, vapor phase altered
ash flow :

~ This thin section is very similar to G2-1420,7 except that axiolitic
shards are a minor component of the matrix and granophyric shards predominate.
Aléo. of the fractures present, ~30% are completely open, 10% are partly to
totally filled by clays and tridymite, and 60: are mostly to totally filled by
mosajc quartz and tridymite.

18, G2-1536 (468.2 m) - Densely welded, devitr1f1ed, vapor phase altered
ash flow

i

- Four 1ithophysal cavities are present in this section., - They have the

,  same general sequence of crystallization as G2-1178. One large region of

vapor phase activity covers approximately half of the 'section. This vapor
.phase activity 1s characterized by intermediate to large, dirty-brown spheru-
lites. Other parts of this vapor phase region are composed of spherulites,
1i- Jphysae, and patches of granophyric crystallization. Tridymite pockets
are abundant throughout the section. Most have a thin skin:of opal to chalce-
dony and some tridymite has reverted to quartz.
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The outer regions of pumice lapilli are characterized by axiolitic
textures, small spherulites, or fine-grained devitrified products. Inner
regions of laptili are a mixture of spherulites, granophyric crystallization,
and vapor phase crystallization. .

prenocrysts are similar to those in G2-1131. Three large allanite grains
occur in the groundmass. Lithic clasts are densely welded devitrified tuffs.
Approximately 85% of the fractures present are sealed with mosaic quartz,
tridymite, and minor clays. The rest have some 1ining of vapor phase crystals
(tridymite and sanidine).

19. G2-1585 (483.1 m) Densaely welded, devitrified, vapor phase altereg
ash flow

The groundmass is very clay rich. In general it is similar to G2-1420;
however, there are some microcrystalline patches of quartz and sanidine.
shards exhibit thres main types of crystallization textures: (1) distinct,
pink-tan, axiolitic borders with vapor phase and granophyric centers; (2)
borders of sheaves or sprays with or without vapor phase centers; and (3) very
fine-grained granophyric textures fill the remaining open areas.

Some pumice lapilli.have axtfolitic borders and intertors of clear
spherulitic and granophyric textures. However, a new morphology has appeared.
Large, murky-brown spherulites have nucleated on lapilli borders and have
grown inwards towards the centers. The interiors of these lapilli are
dominated by the same type of murky-brown spherulites. Granophyric and/or
vapor phase crystals fill interstitial regions between spherulites (up to 30%
of the lapilli).

Phenocrysts consist predominantly of plagioclase and sanidine. Quartz
(small grains), biotite (heavily burned and oriented parallel to fabric),
basaltic hornblende (six grains), and opaque oxides are minor phenocryst
phases. The content of the lithic fragments in this section is very high

(»40%). These lithics are similar to the densely welded, devitrified tuffs
described higher in the core. Most fractures are parallel to subparallel to
the fabric and healed. Once again the principal vein materials are quartz,
tridymite, and minor clays. There are open voids in the tridymite-rich regions
where growth of crystals is incomplete. There are also open voids in some
pumice.
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20. G2-1634 (498.0 m) Zeolitized vitrophyre -

The groundmass is made up entirely of 'fclear,'fine-grained clinoptilolite.

"~ Most shard forms are dark tan (the result of clays) with clear borders. These
~ shards are pseudomorphed by fine-grained cHnoptﬂol‘lte with voids in -the

centers. = Some centers are completely f‘llled by larger clinoptilolite
crystals. Pumice lapilli are sljghtly lighter 1in color than shards, but are

- also r’epla;ed by clinoptilolite. All perlitic cracks (especially small ones)

are filled by clays. The larger cracks are also filled with élinoptﬂolite '
(after clay). Most outer margins of these cracks are lined by opal. In many
of the concentric perlitic rings, the center is a void that is rimmed by and
partially filled by clinoptilolite and numerous opal balls,

The principal phenocrysts are plagioclase and sanidine., Quartz, biotite,
clinopyroxene, and opaque oxides are minor phenocryst phases. Fractures are
very common and often connect perlitic cracks. The common vein-fill sequence
is opal to c!ays to clinoptilolite. A small proportion of the fractures is
completely filled by fron-titanium oxides,

21, G2-1664 (507.2 m) Vitrophyre

Glass 1n this vitrophyre is tan to white and unaltered. Numerous fine
cracks are filled with clays and clinoptilolite(?). These cracks may be
precursors to perlitic fractures. The pumice lapilli have a dark color and
dark<brown borders. These 1apilli are starting to alter to clays and possibly
minor clinoptilolite. | ' ‘ S

The phenocrysts in this section are similar to those in G2-1634.
Numerous small 1ithic clasts are present. They are all devitrified tuffs.

Many small fractures are present all are filled with clays and possibly very
f1ne-gra1ned clinoptilo\ite(?) '

22. G2-1691 (515.4 m)  Nonwelded, zeolitized ash flow

The groundmass 1s a tan, very fine-grained aggregate of clay and
clinoptilolite. Shard forms are clear and totally undeformed. Shards are
characterized by a very thin rim of yellow, birefringent clay surrounding
massive crystalline clinoptilolite (10 to 30 um). Terminated clinoptilolite
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crystals grow into central voids in the shards. Infrequently, the terminated
clinoptilolite fills the voids.

pumice 1apilli are nonwelded and all primary structures remain intact
though replaced by clinoptilolite. Clays coat vesicle walls and clinoptilo-
1ite fills them. The Tapilli, which are only slightly darker than the matrix,
make up only a small percentage of the thin section. Most open vesicles are
also filled with clinoptilolite, ,

The phenocrysts are similar to those in G2-1634. Two allanite grains are
also present. Many lithic clasts occur in this section. Thay consist of
devitrified ash flows and one altered dacitic(?) fragment. Fractures are not
readily discernible; any present are wholly sealed by clingoptilolite and minor
clays.

F. Bedded Tuff Between the Topopah Spring Member of Paintbrush Tuff and Tuff
0f Calico Hills

1. G2-1745 (531.9 m) Nonwelded, zeolitized, bedded tuff

The groundmass 1s an aggregate of clinoptilolite, mordenite, and clay.
Under plane 1light i{ts color varies from 1light tan to dark brown with
increasing clay content. Scattered throughout the groundmass and pumica are
bright orangish-red iron oxides(?) or a peculiar clay. Their distridbution is
random and irregular. ‘

Pumice clasts are the major constituents of the section, but their area
is difficult to estimate because of the thorough zeolitization of the rock.
Most pumice lapilll are subrounded to rounded, indicating probable reworking.
The lapi1li are generally clast supported, but the differences batween dis-
crete pumice clasts and matrix are often indistinct and boundaries between the
two are difffcult to distinguish. Long-tube and honeycomb types are both
present. Vesicle walls are crudely pseudomorphed by clinoptilolite., Termi.
nated clinoptilolite extends into open void areas, particularly in the honey-
comb pumice. In places, tube walls and vesicles are outlined by a thin coat
of clay. In exceptional cases, clay is an important component of the altered
pumice.

Phenocrysts make up «1 to 2% of the thin section. Quartz, plagioclase,
and sanidine are the princibal phenocrysts and are present in subequal
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amounts. Biotite is an accessory phenocryst, being present in trace amounts
only. Opaques and znircon are less common accessory phases. Quartz is
generally subhedral and pccas_ionally shows double terminations. It generally
‘ranges in size between 0.15 a&nd 1.0 mm along the c-axis. well-formed
subhedra) -euhedrﬂ sanidine phenocrysts range in size from 0.2 to 0.6 mm along
the major axis. Plagioclase crystals vary generally from 0.3 to 1.2 mm in
size and ’are’ generaﬂy subhedral or broken. Biotite generally ranges between
0.2 and 0.4 mm along the c-axis.

Lithics make up +5% of the thin section and consist of 2 types: (1)
moderately to densely welded granophyric tuff, and (2) granophyric "lava"(?)
in which no ash-flow features are evident. Both types are light tan to brick
red colored in hand specimen. - -

Fractures are generally very small. though they extend across the
‘diameter of the slide. The fractures do not appear to contain zeolites. Clay
and the red iron hydroxides(?) described above partially fi11 some of the
fractures; however., they are not completely healed. '

2. G2-1752 (534.0 m) Nonwelded, zeolitized, bedded tuff

This thin secf,ion ts apparently made up of one large, long-tube pumice
“lapillus. The USGS lithologic logs indicate that swarms of large lapilli
occur at the ’bbf.tom' o'f'ﬂthis bedded sequence. The principal phenocrysts are
subequal ambuAnts‘ of sanidine and quartz, lesser biotite, and trace plagio-
clase'. Phenocr}sts»ma'ke up »1% of the clast, Most of the feldspar and quartz
phenocFysts'are'between 0.3 and 1.5 mm in the maximum dimension. Biotites are
' 'higmy variable in size with a few large grains orfented parailel to the long-
tube struct'ure‘s'w and reaching 2.0 mm 1in length 2long the .c-axis.,  Small
biotites between 0.3 and 0.4 mm in length are also present. No lithic clasts
are incorporated into this ’pumice.v The long-tube structure is pseudomorphed
primarily by zeolites, although thin clay 1inings occasionally ‘coat tubes and
vesicles. Coarse clinoptilolite fills voids between the tube walls. -
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l Tuff of Calico Hills
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1. G2-1798 (548.0 m) Nonwelded, zeolitized, bedded tuff

The vitric material in the groundmass is completely replaced by
clinoptilolite, mordenite, and a minor amount of'smectite. The bulk of the
groundmass 1S made up of clinoptilolite. Groundmass vugs are rimmed by
terminate clinoptilolite crystals that grew inward toward the vug's open
jnterior, Sheaves of subparallel opal occupy tha central portions of some
vugs. From these relationships, it is inferred that opal was deposited late
{n these rocks. Glass shards are totally replaced by clinoptilolite; ne
primary glass remains. Shard forms are rare if present at all,

pumice clasts make up 60 to 70% of the section. All glass is thoroughly
replaced by clinoptilolite and mordenite(?). Vesicles in pumice are often
rimmed by a thin layer of smectite and filled with clinoptilolite. The glassy

‘ areas between vesfcles are primarily altered to clinoptilolite. Late-forming
g (vesicle- and vug-filling) 2zeolite appears to be primarily clinoptilolite.
However, areas of pure mordenite appear to be present at least {in local areas
of the pumice. Because of their extremely small size, rasolution of
individual mordenite crystals is just beyond the capability of the microscope
at 1500X; however, its identification, though tentative, is based on the
.appearance of faint bundles of fibrous, extremely accicular crystals, X-ray
diffraction (XRD) data confirms 1its presence in the sample. Phenocryst
compositions and proportions in pumice are similar to those in the groundmass.
The predominant phenocryst phase is quartz, followed by minor sanidine,
and trace plagioclase, biotite, zircon, and opaques. Phenocrysts make up 1 to
2% of the thin section with the following approximate proportions: 65:25:5:5
for quartz, sanidine, plagioclase, and biotite, respectively, Most quartz is
partfally resorbed and/or broken, Rare euhedral crystals hava occasfonal
double terminations. Sanidine crystals, when not broken, are generally
{ subhedral and display albite twinning. Plagtoclase and biotite grains are
relatively rare and generally smal)l. Ranges of common crystal sizes are as
follows: quartz (0.3 to 1.2 mm), sanidine (0.3 to 1.5 mm), plagioclase (0.15
to 0.4 mm), and biotite (0.15 to 0.6 mm)., The plagioclase is poorly zoned.
Lithics make up +7 to 10% of the section, They are primarily made up of
vapor phase altered tuff with feldspar and Dbiotite phenocrysts. Most are
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granoohyric- soﬁe have spherulites. There’are a8 few fragments.of what appears
to be metamorphosed sandstone with extremely fine iron oxide disseminated
throughout. " In the hand specimen these particu1ar 1ithics are brick red.
There 1s one tuff 1ithic containing highly perthitic feldspar.

2. G2-1848 (563.3 m) ' Nonwelded, zeolitized, pumice-rich tuff

" The groundmass'has a perVasive light-tan color in olane 1ight (as opposed
 to the almost clear groundmass in G2-1798). Clinoptilo11te appears to be the
major constituent of the groundmass, with lesser amounts of mordenite(?).
Again, mordenite 1dent1f1catioh is difficult because of the extremely fine-
grained nature of the crystals. The XRD data shows negligible clay at this
_ interval, though this particular thin section appears to contain up to 5%
clay. The c!ay 1s l1ght yellowish-brown and 1s common in some long-tube
pumice. Some of ‘the coloration in the groundmass ‘observed in this slide might
be caused by opal disseminated among the zeolites, Small fractures are filled
- with mordenite(?). Glass shards are totally altened to zeolite and no relict
- forms remain, S S B

Pumice 1apilli types include both honeycomb'and long-tube varieties. All
~ pumice -clasts are thoroughly zeolitized. | Thin clay rims are present around
* some’ vesicles and along tubes. Zeolites (both clinoptilolite and mordenite?)
replace’ 21l glass in the pumice and partially N the vesicles. There are
‘open vesfcular areas in the pumice. Phenocrysts in the pumice are similar to
those in the groundmass. Pumice makes up +60% of the section.

- Phenocrysts make up ~2% of the sample. K Subequal amounts of quartz,
plagioclase, and sanidine are the principal phenocrysts. Biotite and opaques
. are present in trace amounts. Sizes of the principal phenocrysts are as
follows: quartz (0.3 to 0.8 mm), plagioclase (0.25 to 3.0 mm), sanidine (0.3
~to 1,5 mm), and ‘biotite (0.15 to 0.4 mm), Textures of the phenocryst are
similar to those described ' for G2-1798, except that some p1agioc1ase grains
show surface sericitization. Thus far, the Calico Hills has a much smaller
variety and content of accessory mineral phases than does the overlying
‘Paintbrush Tuff, _

- Lithfcs make up #1% of ‘the thin section. AN are devitrified ash-flow
- tuffs that have granophyric textures, Phenocrysts 1nclude quartz, plagio-
clase, and sanidine  but' no“biotite; The plagioclase is strongly zoned.
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small areas of extremely flattened shard forms can be seen in some granophyric
tuffs, showing that at least some are moderately to densely welded ash-flow
tuffs. Finely disseminated iron oxide gives the lithics a brick-red color in
hand specimens,

3. G2-1899 (578.3 m) Nonwelded, zeolitized, ash-flow tuff

The groundmass is light tan under plans light and nearly isotropic under
crossed-nicols.  Vugs within the groundmass are Tined by thin rinds of
terminatéd clinoptilolite' crystals. Mordenite occaéionally fi11s groundmass
voids, but éppears to be more commonly intermixed with the clinoptilolite in
the groundmass. Clays are relatively minor (<2%) constituants of the
groundmass. Three types of clays are present: (1) golden-yellow clay masses
in pumice and the groundmass, (2) light-yellow clay rims around vesicles in
pumice, and (3) dark-brown clay filling small vefns in the groundmass.
Mordenite(?) and quartz- seal small fractures in the groundmass. Dissolution
of glass and deposition of clinoptilolite and mordenite(?) have resulted in

the destruction of most shard forms. The few identifiable shards are crudely
pseudomorphed by clinoptilolite.

Pumice lapilli make up 40 to 50% of the section. Honaeycomdb and long-tube
varieties are both present. All glass is pseudomorphed by massive clinoptilo-
1ite and mordenite, and vesicles are partially infilled by projecting crystals
of clinoptilolite. Thin rinds of light-yellow clay line some vesicle walls.
Some vugs are partially open in the honeycomb pumice clasts.

Phenocrysts make up 1 to 2% of the section and consist predominantly of
quartz, sanidine; and plagioclase in roughly 45:40:15 proportions. Bfotite is
present as very small crystals and only in trace amounts. Opaques and
allanite(?) are accessory phases, but they are relatively rare, Phenocryst
sizes range as follows: quartz (0.1 to 0.9 mm), sanidine (0.2 to 0.5 mm),
plagioclase (0.2 to 1 mm), and biotite (0.15 to 0.3 mm).

Two types of 1ithics are present in this section. The most abundant are
devitrified ash-flow tuffs with grancphyric texture. A less common iype of
1ithic(?) 1s nonwelded, 2eolitized ash-flow tuff, Thase zeolitic tuff lithics
contain significant amounts of clay and have wall-defined boundaries with the
practically clay-free Calico Hills host rock. Their identification as lithics
is tentative. Quartz, sanidine, and plagioclase are common phenocrysts in
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both types of lithics. The granbphyric ash-flow lithics fregquently contain
disseminated iron oxide and are brick red in color in hand specimens. Partial
welding of shards still can be recognized in some of these lithics, Some
“11thics are made up-entirely of large, broken "brown-hair® spherulites.

4, G2-1952 (595.0 m)- Nonwelded, zeolitized ash-flow tuff

The groundmass 1s 1ight tan with plane light and nearly 1isotropic under
crossed-nicols., All glass is replaced with mordenite and clinoptilolite,
Clays are rare and are similar to those in section G2-1899. Tiny fractures in
the groundmass are healed by mor‘denite(?) and/or sheaves of duartz. Glass
shards are completely altered to cHnoptﬂoHte and/or mordenite. Few shard
forms are discernible. :

Pumice lapi1li make up +60% of the section. Long#-tube and honeycomb
types are both present, A1l glass 1s replaced by massive zeolites and
vesicles are partially. filled by terminated crystals of clinoptilclite. Some
pumice borders have thin rims of axiolftic clay. The -original structures of
some pumice lapilli are nearly obliterated. Open vugs are common 1in central
parts of vesicles in the honeycomb pumice. - '

Phenocrysts make up 1 to 2% of the section., Quartz, sanidine, and plagio-
clase are the principal ‘phenocrysts and occur in proportions of »45:35:20.
Biotite is present in trace amounts and as small crystals. Accessory minerals
“include opaques and allanite(?). Most of the quartz {is anhedral and resorbed.
Plagioclase generally occurs as small crystals. "Sanidine is generally sub-
anhedral. Crystal sizes ‘are comparable to those in sections G2-1848 and
G2-1899. | - | '

Lithics are similar to those described in the previous section. Moderate
to dense welding and devitrification -are pervasive in most lithics. No
sphervlites were seen in any lithics. Nearly all have granophyric texture
under crossedQniccls. but flattened shards are identifiable with plane 1ight.

5. 62-2001 (609.9 m) . Nonwelded, zeolitized ash-flow tuff

The groundmass is light tan in plane 1ight and nearly {sotropic under
crossed-nicols, reflecting the tota) replacement of all glass by morderiite and
clinoptilolite and the absence of clay. Crude shard forms can be identified
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in parts of the thin section,'but most have been destroyed by the authigenic
growth of zeolites. Vugs 1in the groundmass are lined by mordenite and
clinoptilolite and some have partially open centers, These vugs impart a
permeability to the rocks, but the zeolitizatfon is so extensive that it
closes many of these potential water pathways.

Pumice lapilli make up ~30% of the section. Most are an open honeycomd
type; long-tube varieties are less abundant, Zeolites have replaced all the
glass in the pumice, Pora space or vesicles are partially to totally filled
with mordenite and clinoptilolite.

Phenocrysts make up 1% or less of the section., Most are extremely small
(<0.3 mm) and generally broken. Phenocryst proportions are very similar to
saction G2-1952 with the principal phases being quartz, sanidine, and
plagioclase. Biotite 1s a common minor phase. Accessory phases “include
zircon and blocky brown crystals of allanite. .

Lithics are. relatively rare (<5%) in this thin section. They are of
three types: (1) clay-rich zeolitized tuff with phenocrysts of quartz and
sanidine, (2) granophyric tuff with no phenocrysts, and (3) medium-grained
cumulate-l1ike lithics of diorite(?) with euhedral, strongly zoned plagioclase
and lesser subhedral biotite and accessory allanite(?).

§. G2-2078 (633.4 m) Nonwelded, zeolitized ash-flow tuff

. The groundmass is light tan under plane 1ight and nearly 1sotropic under
crossed-nicols., Zeolites have replaced all vitric materials. Voids in the
groundmass appear to be principally. filled with clinoptilolite. Minor amounts
of dark-brown clay are {ntermixed with the zeolites 1locally within the
groundmass. Interestingly, secondary biotite occurs with clinoptilolite in
some groundmass vugs. Glass. shards are totally replaced by clinoptilolite and
mordenite. Shard forms are often well preserved with fine axiolitic zeolites
occurring on the outer margin of the shard boundary and ceoarser zeolites (both
clinoptilolite and mordenite) infilling the shard interior. There are open
holes in the central portions of some reltct shards. Shard forms are much
better preserved and larger (up to 0.5 mm in cross section) than in previous
thin sections.

Pumice lapill{ make up 30 to 50% of the section. They are matrix-
supported long-tube and honeycomd - pumice types in which all glass has been
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zeolitized. Fine clay rinds frequently delineate pumice vesicle walls in the
long-tube types. Coarse clinoptilolite and fine, wispy mordenite occupy the
vesicles. Compressed long-tube pumice is made up of mordenite and
clinoptilolite, with clinoptilolite prominent in partially open vesicles.

Phenocryst sfzes and abundances change significantly in this thin section
compared to previous quicd Hills samples described in the upper part of the
"drill core. Phenocrysts are significantly laréer and more abundant in this
section. They make up 7% of the thin section and are composed primarily of
plagioclase, quartz, sanidine, and biotite 1in proportions of +47:22:29:3.
" Titanomagnetite and zircon are accessory phases, The sanidine is occasionally

glomeroporphyritic. : ' o

Lithjcs make up 7% of the section and are principally devitrified, ash-
flow tuff with granophyric texture. In some cases shards are still apparent
under plane light. Spherulites are 21so common,

7. 62-2158 {657.8 m) Nonwelded, zeolitized ash-flow tuff

The groundmass 1s primarily clinoptilolite and mordenite. Trace amounts
of dark-brown clays are concentrated in small local areas. All glass shards
are replaced by clinoptilolite, mordenite, and trace amounts of clay. A few
relict shard forms are crudely pseudomorphed by clinoptilolite; the best
preserved have rims of massive clinoptilolite and projecting euhedral termi-
nated crystals of clinoptilolite extending perpendicular from the outer rim
"into open vugs in the centers of shards. Some shards are totally dissolved
away and the remaining void 1s only slightly fnfilled by clinoptilolite,
leaving an open vug in the groundmass. Most of the open :'vugs in the ground-
mass probably originated in this way. Mordenite does not appear to pseudo-
morph glass shards well, and though it probably replaces some shards, it tends
to destroy their outlines in the process. Mordenite-rich samples such as this

one (mordenite abundance from XRD) tend to have few {dentiffable relict shards.
’ Pumice lapilli are  thoroughly zeolitized. Pumice types include open
honeycomb and long-tube varfeties. Clay and opal(?) often define vesicle
walls In the honeycomb and long-tube pumices. Vesicles themselves are general-
1y rimmed and filled by projecting euhedral- crystals of clinoptilolite. The
glassy framewdrk between vesicles 1s replaced by clinoptilolite and mordenite.
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In some cases, the pumice structure is totally destroyed and clinoptilolite
appears to grow in radiating patterns around central clay and opal(?) balls,

Again there seems to be a major shift in phenocryst mineralogy in this
thin section compared to samples from higher in the drill core. Quartz is the
most abundant phenocryst, followed by subequal amounts of sanidine and
plagfoclase. Proportions of these phases are approximately 40:30:30. The
sizes and overall abundance of phenocrysts (+7 to 9%) are similar to the
pravious section, Biotita i{s present {in trace amounts. Accessory phases
include opaques and z2ircon.

Lithics make up 15 to 20% of this sample. The most common lithics are
mdderately waelded granophyric tuff (shard structure apparent under plane
tight). This type of litnic {s relatively phenocryst rich with the main
phases being plagioclase, sanidine, and quartz fn »50:30:20 proportions with
trace biotite, opaques, and pyroxene. A second type of lithic s partially
devitrified and partially zeolitized tuff(?) with phenocrysts of sanidine,
quartz, and plagioclase in approximately 30:40:20 proportions. Some of the
large sanidine phenocrysts in these 1ithics have dissolved cores filled by

quartz and/or zeolites. Both lithic types are 1iron stained and brick-red
color in hand specimen.

8. G2-2248 (685.2 m) Nonwelded, zeolitized ash-flow tuff

The groundmass is 1ight tan under plane light and isotropic under crossed-
nicols, It is totally replaced by clinoptilolite and mordenite. Dark-brown
clay 1s concentrated in a few small areas in tha groundmass, but it is a
relatively minor constituent, There are scattered groundmass vugs that
contain coarse, terminated clinoptilolite crystals.. For the most part, all
shard forms hava been obliterated during the zeolitization process.

Pumice clasts make up ~20% of the section, All are thoroughly
zeolitized. Long-tube types are most common, although open honeycomb types
are also present., Phenocrysts are generally rare in the pumice. When present
they are similar to those of the groundmass.

Phenocrysts make up 7 to 10% of the section with quartz, sanidine, and
plagioclase the dominant phases in ~40:20:20 proportions. Biotite and opaquas
occur in trace amounts., Phenocryst sizes are comparable to the pravious two
sactions described. Few euhedral crystals (except biotite) are present., The
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feldspar are oftenibroken and subhedral, nnéreas the quartz is anhedral to

subhedral and occasionally 1s partially resorbed. Some plagioclase grains are

strongly zoned, _ _ '
Lithics make up osz”of the section. All are moderately welded ash-flow

tuffs with granophyric texture and phenocrysts of quartz, sanidine, and
plagioclase.

9, G2-2353 (717.2 m NonweldedA zeolitized ash-flow tuff

The groundmass is 1ight tan under plane 1ight and siightly birefringent
to nearly tisotropic ‘under crossed-nicols. ANl vitric material 1s thoroughly
zeolitized., Vugs' in the groundmass are lined by clinoptilolite, but many
centers are still opén. " Euhedral crystals of secondary alkali feldspars
[adularia(?)] with microprobe compositions of Or99 100 2re intergrown with
clinoptiloiite in these vugs, This sample represents the highest occurrence
of authigenic feidspar in the drill core. The XRD data suggests that these
- secondary feidspars are important constituents of the rock, and textural
‘relations indicate contemporaneous growth with clinoptiioiite. Dark-brown
clay is a minor constituent of the groundmass and is concentrated only in e
few areas, All shard forms have been destroyed by zeolitization.

Pumice clasts make up 25% of the section. They consist of both long-tube
and honeycomb types. All glnss has been replaced by ‘clinoptilolite and
mordenite. Phenocryst compositions and proportions are similar to those found
in the groundmass., '

Phenocrysts make up 8% of this section, Quartz; sanidine. plagioclase,
and biotite are the principal phases and occur roughly in 38:23:38:2 propor-
tions. Crystal sizes are somewhat larger thonlin previous sections. This is
especially true for biotite. The feldspars are'subhedrai to euhedral. Quartz
shows a fair cmount'of resorption., These phenocrysts are ‘not nearly as broken
as in G2-2248. ‘' Titanomagnetite is an accessory phase.

Lithics make up 3% of the section. ~Most lithics are moderately to
densely welded, granophyric tuff with piogioclase and sanidine phenocrysts.
. However, oné 1ithic s a ‘slightly metamorphosed sandstone(?) in which grain
boundaries are ‘seriated and fused, and there is a slight, but detectable
foliation, Dark reddish-brown ciay occurs in some of the intergranular areas
of this sandstone iithic._‘
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10. G2-2430 (740.7 m) Nonwelded, zeolitized tuff

The groundmass is light tan under plane 1ight and nearly isotropic under

crossed-nicols. Clinoptilolite and mordenite are the dominant groundmass

phases. Clay 1s a minor constituent in the groundmass, occurring more
commonly in pumice as fine linings to vesicle structures. Open vugs in the
groundmass are lined and partially filled by coarse clinoptilolite and authi-
genic alkali feldspar (OR,q0). The authigenic feldspar is intergrown with,
and therefore contemporaneous with, the clinoptilelite. From the XRD data, it
appears that submicroscopic crystals of alkali feldspar and cristobalite must
be significant components of the grouhdmass. Some of the abundant alkalt
feldspar identified in the XRD data (20 to 40% of the rock) can be attributed
to phénocrysts (»3%) and crystallized lithic .fragments (~5%). The remaining
12 to 32% of the alkali feldspar must consist of fine microlites of primary
feldspar crystallized from the rapidly cboling magma and authigenic feldspar
that crystallized contemporaneously with clinoptilolite. A1l shard forms in
the groundmass have been destroyed during the zeolitization process.

Pumice clasts make up »65 to 75% of the thin section. All are thoroughly
zeolitized and the borders of some blend imperceptibly 1into the groundmass.
Both long-tube and honeycomb pumice types are common, though most original
structures are barely discernible. PhenocrySts in the pumice are similar to
those described below for the groundmass. It appears in some cases that glass
in the pumice was dissolved and transported away, leaving a void area. Zeo-
Tites then filled these void areas to varying degrees. The amount of porosity

represented by the remaining open voids is unevaluated at this time.

Phenocrysts make up «10 to 12% of the section with plagioclase, sanidine,
quartz, and biotite being the principal phases in roughly 40:30:25:5 propor-
tions. Biotite occasionally forms very large crystals (up to 1.5 mm across),
some of which are baked. Biotite is occasfonally poikilittcally enclosed in
the feldspars. Plagioclase is often moderately 2oned and sometimes mantled by
a rim of sanidine, Quartz is partially resorbed in some cases. “Allanite(?)
and 2ircon are accessory phases along with ubiquitous titanomagnetite.
Crystal sizes are comparable to previous thin sections.

Lithic clasts make up 5 to 7% of the secttion. They are usually
moderately to densely welded, granophyric ash-flow tuffs with phenocrysts of
plagioclase, quartz, sanidine, and biotite.
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11. 62-2528 (770.5 m) Nonwelded, zeolitized ash-flow tuff

The groundmass is medium tan to 1ight brown under plane 1light and
évidenily contains a considerable amount of clay mixed with the zeolites.
Open vugs are relatively infrequent in the groundmass, but those that exist
contain predominantly clinoptilolite and lesser mordenite. However, more
mordenite occurs as an .important constituent, partially filling open vugs in

“this thin section, than all previous Calico Hills samples described. All
shard forms were destroyed during growth of zeolites. No shard forms survived
this pericd of authigenic crystallization. C ‘ :

Pumice 1api111 make up 50 to 55% of the section and consist of - thoroughly
zeolitized long-tube and honeycomb pumice types. The long-tube pumice is more
'common than the honeycomb type. Breakdown -of glass in these pumices has
resulted in the crystallization of zeolites and minor amounts of clay.
ﬁhenocrysts in the pumice are similar to those in the groundmass. Unlike
section G2-2430, these pumices are thoroughly crystallized and have relatively
little open pore space remaining.

~ This sample 1s phenocryst rich when compared with previous samples.
Phenocrysts make up -11% of the section; if the area occupied by 1ithics is
discounted, the phenocrysts make up 15% of the section. The principal pheno-
7 crysts' are plagioclase, quartz, sanidine, and btiotite in proportions of
roughly 40:30:25:5. APlagioclqse crystals are generally anhedral to subhedral,
are partially resorbed, and generally appear out of equilibrium. Many
plagioclase are moderately to strongly zoned and'nuntled by a uniform rim of
albite, Quartz - forms subhedral crystals, a few of which are embaygd.
Sanidine {s generally subhedral and often poikilitically encloses biotite
grains., Many bfiotite laths are crinkled or slightly bent. Titanomagnetite
and zircon are accessory phases, ’ ‘

Lithics make up 13% of the thin section. They consist principally of
granophyric ash-flow tuff and some possible lavas, Phenocrysts include
plagioclase, sanidine, quartz, and minor ‘biotite in the granophyric tuffs.
Spherulites are common in some of these lithics. Some densely welded shards
are apparent in plane light. These lithics are brick'red in hand specimen.
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12. G2-2667 (812.9 m) Nonwelded, zeolitized, crystal-ri:h ash-flow tuff

The groundmass is light tan under plane light and nearly isotropic under
crossed-ﬂ’¢°'5- A mixture of mordenite, opal(?), authigenic alkalf
reldspar(?), and clay has replaced all glass. The presence of opal is
suspected but cannot be confirmed optically. A few groundmass vugs are filled
Jith authigenic feldspar (OR,,,) and mordenite. Small, relatively unimportant
fractures cut the groundmass. These are filled by mordenite, clay, or opal.
A1l glass shards have been replaced by mordenite and/or opal{(?). Mordenite
crudely pseudomorphs some shard forms, but in general the shard structure is
no longer discernible.

pumice lapil1i are abundant in the thin section, but their area is
difficult to estimate because they are so thoroughly zeolitized that they
dlend into the groundmass. Both long-tube and honeycomb types are prasent.
pelicate rinds of clay line relict vesicle walls. A mixture of mordenite,
opal, authigenic feldspar, and clay has replaced all glass in the pumice.
Little pore area remains open.

Phenocrysts make up 21% of the section. Plagioclase, quartz, sanidine,
and biotite are the principal phenocrysts, occurring in 51:25:18:7 propor-
tions. Again the plagioclase shows considerable evidence of disequilibrium
and s occasionally mantled by albite. Resorption textures are common in
quartz crystals, Biotite abundance and size are similar to G2-2528.
Titanomagnetita, apatite, and 2ircon are accessory phases.

Lithics make up »53% of the section. They consist of moderately to
densely welded, granophyric ash-flow tuffs similar to those described in many
of the preceding thin sections. In addition to the phenocrysts described in
previous thin sections, these lithics also contain freestanding anorthoclase
and anorthoclase mantling plagioclase. These lithics are brick red in hand
specimen, :

H. Prow Pass Member of the Crater Flat Tuff

1. G2-2744 (836.4 m) Densely welded, devitrified tuff

The groundmass is devitrified and contains occasional plumose structures
that are probably made up of quartz and feldspar. The groundmass is generally
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- clear, but it has many slightly.@iffusé brown spots<¢0.002 mm in size. Shards
are small (<0.03 mm) and totally flattened with rounded ends. They are
deformed around all phenocrysts. They' have undergone axiolitic devitrifica-
tion to quartz and feldspar. Many of the details of original shard structure
are destroyed, but flow and compaction are apparent., :

~ Pumices have _fjat;ening ratios of 1:5. Devitrification in pumices is
characterized by plumose sprays and sheaves. Radiating masses of devitrifica--
tion- tend not to be spherical because -many centers of crystallization
interfere with each other, Axiolitic textures: are common along the outer
edges. ~Some spherulites are also present. Pumice phenocrysts are similar to
those in the groundmass. .
Phenocrysts make up 7 to. 10% of the rock. Phenocrysts include
plagioclase, quartz, and probable sanidine. Phenocrysts of biotite and other
ferromagnesium minerals are now altered to secondary minerals, Quartz fis
broken, resorbed.‘and severely embayed. Plagioclase (0.3 to 1.0 mm) is zoned
~and  resorbed along cleavages, fractures, and around. edges. Sanidine usually
has at least one euhedral face; other faces are fractured and/or resorbed but

- not ‘embayed. Most phenocrysts have a dusty look from dust-like, disseminated

opaque fnclusions. Rectangular pseudomorphs of gray-brown alteration replace

orthopyroxene, . These pseudomorphs are sometimes associated with opaques. The

Biotite is replaced' with golden-brown alteration 'products. - Zircon is an

accessory phase, . ‘ :

A large vein 0.3 to 0.5 mm in. width runs d1agonally across section with

- bleached zones on both. sides, The vein is primarily filled with Mn0 and
finely crystalline silica, - e

2. 62-2820 (859.5 m) Partly to moderately welded, devitrified ash-flow
tuff

The grouﬁdmass is fine-grained. («0.01 mm) rand devitrified; it probably
consists primarily of quartz and feldspar. ffIhere are patches of coarser
devitrification with grain sizes up to 0.05 mm. Individual shards are mostly
unidentifiable because of either devitrification or welding; there is some
alignment and deformatfon of shards around phenocrysts where they are
distinguishable., Elongate particles of coarser devitrification may or may not
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nave been shards.  “iny, almost axiolitic elongate patches (two sets of
parallel hair-like needles) probably were.

Angular patches of incomplete 'spherulites may have once been pumice
1apilii. Spherulitic growth is confined to these patches, and they are
surrounded by a fine-grained, devitrified groundmass.

Phenocrysts make up 15 to 20% of tha total rock. They consist primarily
of resorbed, embayed fragments of quartz and feldspar 0.4 to 1.4 mm in size.
plagioctase has a lacy look from being resorbed internally and somewhat
preferentially along cleavages. Some quartz 1is severely embayed. Sparse
piotite (0.4 to 0.7 mm) is somewhat oxidized and is red-brown to opaque. A
few possible pseudomorphs after orthopyroxene are present,

Lithic fragments consist of rounded volcanics mostly 0.5 to 1.0 rm in
size, One fragment (0.4 mm) consists of coarser grained quartz and feldspar

with phenocrysts of plagioclase and quartz.

3. G2-28569 (874.5 m) Partiy welded, devitrified ash-flow tuff

The groundmass {is made up of finely devitrified quartz and feldspar <0.01
mm in size. Some dendritic and elongate patches showing coarser devitrifica-
tion are also composed of quartz and feldspar. Shards are nearly indiscern-
ible. Light streaks in the groundmass, which may have been shards, appear
deformed around larger phenocrysts.

Pumices are replaced with coarse quartz and feldspar devitrification
products. There is some growth of thesea minerals perpendicular to edges of
lapil1i. Elongate fragments with original structure are still visible. There
is variable flattening of these pumices, and not all are aligned.

Phenocrysts make up 4 to 7% of the total rock. The phenocrysts are
similar to those described in sample G2-2820. Altered biotite is embayed,
resorbed, and now almost totally opaque., Some baked biotite (0.2 to 0.3 mm)
with gold-black pleochroism still remains. o

A 0.1- to 0.3-mm-wide fracture at one end of the section 1s lined with
opaque minerals. No offset is seen along the fracture, but it is rimmed and
braided with opaques ‘and filled with granular 0.01- to 0.03-mm quartz and
0.06- to 0.10-mm feldspar fragments,
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4, G2-2887 (880.0 m) Moderately welded, devitrified ash-flow tuff

The groundmass {s made up of fine-grained (<0 05 mm) devitrification
products composed of quartz and feldspar. It is very light tan in plane light
and fairly clear. Darker mottling associated with coarser grained devitrifi-
cation may be the result of exclusion of opaque -dust during devitrified
Cnystal 'grouth. There {is strong flattening, alignment, and deformation of
shards around phenocrysts. These shards are small (+0.02 mm), lighter streaks
of coarser devitrifitation in the very fine-grained devitrified groundmass.
Some axfolftic textures are present.

Pumice lapill{ contain ‘well-formed spherulites up to 0.5 mm in diameter.
These spherulites occur both individually and as {intergrowths. Granular
devitrification products'fill'in between spherulites. |
' Phenocrysts make up 5 to 7% of the rock, They are simjlar to those
described for G2-2820. Again the biot1te is strongly altered and nearly
totally oxidized to a cherry-red color.

Lithics are relatively rare in this thin sect1on. _There are two small
~ volcanic fragments and one sfltstone.

5. G2-2950 (899.2 m) Hoderately to densely welded, devitrified ash-flow
tuff ' ,

The groundmass is heterogeneous and locks much like two co-existing melts
that were mixed.  One melt was light colored and the other dark. The darker
materfal contains somewhat lighter colored shards and occurs as irregular
" patches in the lighter matrix. Together, they give the sample a marble-cake
appearance, The groundmass is finely devitrified (<0.005 mm) and has a very
low birefringence. Shards are strongiy deformed around phenocrysts and lithic
fragments. They are axfolitic under crossed-nicols, and an appearance of
flowage comes from alignment of the shards.

4 Pumice lapilli have flattening ratios of 3:1 to 5:1. Radiaxial spnays of
" spherulites are common 1n the pumfce, but do not cross pumice boundaries.

‘Phenocrysts  make up 7 to 10% of the rock. Phenocrysts consist mostly of
" resorbed and embayed quartz, plagioclase, and sanidine. ~ More quartz and
sanidine occur than  in the upper'part of the Prow Pass Member. There are
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sparse rectangular pseudomorphs after orthopyroxene and more opaques than in

previous samples.
' Lithics consist of one very large red argillite and two small clasts
that may be baked argillite. All lithics are very fine grained.

6. G2-2970 (905.3 m) Modarately welded, devitrified ash-flow tuff

Tha groundmass 1s nearly dark brown because of numerous disseminated
opaque inclusions. Shards are generally 0.05 mm in size, are moderately
walded, and have undergone axiolitic devitrification to quartz and feldspar,

Pumiqe lapt1li show flattening and compaction arouny phenocrysts. Most
have a little coarser devitrification texture than the groundmass., “Brown-
hair® spherulites occur in some lapilli. Larger lapilli have plumose
spherulites or ordinary spherulites visible only under crossed-nicols, giving
~them a felted 1look. Smaller lapilli have granular quartz and feldspar
devitrification products. Sheaves of felted quartz and faldspar are present
in some lapilli,

Phenocrysts make up 10X of the rock. Embayed, resorbed quartz and
feldspar similar to those in the upper Prow Pass are common in the section.
Quartz and sanidine appear to be less abundant than in previous sections.

The sample is cut by a major, red, hematite(?)-stained vein, 0.7 to 0.9
mm wide. This vein {s filled with fragments of country rock and very fine-
graine& (~0.005 mm) quartz., Several other fractures +0.03 mm wide cut through
the section. The vein-filling materials, if any, appear to be clay.

7 62-3537 (925.7 m) Nonwelded to slightly welded, devitrified ash-flow
tuff

The groundmass is made up of randomly disiributed. tiny (0.02-mm), radi-
axial, spherulite-like growths. Clusters of needles (5 to 10 per cluster) in
these spherulitic growths are associated with gray opaque dust, giving them a
birds' nest appearance. These spharulites are embedded fn a matrix that is
riddled with filament-1ike streaks of clay. Shards are small (0.1 mm) and
sparse. Under 40X power, shard forms are barely visible in plane or polarized
light. All shards are devitrified to quartz and faldspar.
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Pnenocrysts make up'lovto 15% of the rock and consist mostly of quartz,
plagioclase, and sanidine, Quartz is usually severely embayed; Plagioclase
phenocrysts are rounded but not as lacy as in'otner Prow Pass samples higher
ifn the drill ‘core. Biotite is resorbed and altered to orange-red-brown

materials. One irregularly shaped pseudomorph possibly after pyroxene was
noted.

Lithics are abundant in this section, making up at least 10% of the rock.
They consist mostly of argillite with quartz grafns up to 0.15 mm in diameter,

8. G2-3067 (934.8 m) Nonwelded, zeolitized ash-flow tuff

~ The groundmass is slightly dusty looking. Undeformed shards «0.14 mm in
_ diameter are clearly visible in the dusty-looking matrix. Some shards still
have delicate points and hooks., No crystals are visible within shards in
either plane light or under crossed-nicols. )
. Pumice 1lapill{ are undeformed, numerous. "and large, Some long-tube
. pumice are present, Though individual crystals cannot be distinguished, some
? ‘ pumicesiﬁare thought to have slight devitrification textures under crossed-

‘ nicols. Large pumice lapilli have undergone devitrification crystallization
fn which crystals parallel to original tubular vesiculation impart a brushed
appearance to the pumice. The major phenocrysts in pumice lapilli are similar
to those in the groundmass. '

There are more pﬂagioclase phenocrysts present than in 62-3037. They are
the largest of the phenocrysts present and are more nearly euhedral. Rounded,
resorbed, and embayed quartz fs common. No bjotite phenocrysts are present.
A few pseudomorphs of pyroxene(?) or hornblende(?) are present;

" G2-3192 (972.9 m) Slightly uelded, slightly devitrified, zeolitized
ash-flow tuff

The groundmass consists of fine, granular devitrification products, small
shards, and phenocryst fragments. The shards are 0.06 to 0.4 mm in diameter
and have rinds of axiolitic crystallization and centers of larger terminated
crystals (clinoptilolite). Tiny hemispherulites (0.02 to 0.04 mm diameter)
fil1ing centers of some shards appear to be mordenite. Some shards also have
green-yellowish material with yellow birefringence partly filling central vugs.
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No pumice textures are discernible in this slide. Yellow-brown, clay-
rich patches probably were pumice clasts that were totally replaced during

authigenic crystallization,

Phenocrysts make up «»5% of the rock. They consist of fragments of quartz
and feldspar. Quartz 1is severely embayed.‘ Feldspars are rounded and
resorbed. About 20% of the phenocrysts are plagioclase; the rest are quartz
and/or sanidine. '

Lithics make up «1 to 2% of the rock,

10. G2-3250 (950.6 m) Nonwelded, zeolitized bedded tuff

The groundmass contains abundant streaks of filament-like clay alteration
products. The parts of the groundmass that do not have streaks of clay are
opaque in plana light and highly reflective in reflected light. About 40% of
the groundmass consists of opaque "dust”; the rest i1s very light tan in plane
1ight. Shards are generally 0.15 to 0.40 mm in length, Most shards still
retain points, some aven retain delicate hooks. Faint axiolitic structures
are visidble under high power; low-birafringent, coarser crystals occur in
shard centers.‘and opaque to low-birefringent materials occur on shard edges.
shards are outlinéd by white to pale-yellow birefringent clay. Most of the
alteration appears to be confined to the groundmass and not to the shards.
Shards are clear tovlight tan and nearly inseparable from the groundmass in
plane light. Microprobe data show all shards have altered to analcime and/or
clinoptilolite and mordenite.

Pumice clasts range in size from 0.8 to 4.0 mm in diameter. They are not
flattened but are well altered to filament-like clay. Vesicle space is filled
with brownish clays.

Phenocrysts consist of quartz, sanidine, and plagioclase. Most are
angular fragments of crystals and range in size from 0.1 to 0.5 mm, Very
sparse, euhedral biotite flakes up to 0.4 mm are undeformed but may have
broken or etched ends. One large, slightly rounded feldspar is 1.5 mn in
length. All phenoccrysts are unaltered. .
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I. Bullfrog Member of the Crater Flat Tuff

"1, G2-3308 (1008.3 m) Nonwelded, devitrified, vapor phase altered,
crystal-rich ash-flow tuff ' '

The groundmass ts thoroughly devitrified, consisting of sanidine and
cristobalite ranging from 0.02 to 0.03 mm in diametgt. These grains are

‘considerably coarser than devitrification products of shards. Sprays of fine

feldspar fil1l voids in groundmass. Shards are distinguishable only in plane
light, = They. have axiolitic devitrification with an opaque central axis.

. Average shard lengths range from 0.2 to 0.3 mm. The axial core of shards

sometimes contains clear, higher relief material. Vesicles in shards contain

prismatic authigenic(?) feldspar crystals. Some shard vesfcles are filled

with silica as well,
Pumice lapilli are 1 to 5 mm in length, flattened, and devitrified.

- Devitrification minerals are finer grained than those of the groundmass.

Vesicles are filled with coarse feldspar devitrification products similar to
those of the groundmass. The largest pumice has brownish clay alteration as
well as tiny crystals: growing into voids. "

The principal phenocrysts are plagioclase, sanidine, quartz, and biotite.
Plagioclase phenocrysts are 0.8 to 2.0 mn 1in diameter, often zoned, and mostly
resorbed around edges and in patches in centers of grainms. Plagi_oclasé also
occurs as a microphenocryst. Sanidine occurs as rounded grains 0.8 to 2.0 mm
across. At least one angular, resorbed quartz fragment, «0.9 mm in length,

‘was noted. = Biotite flakes are golden red-brown to nearly black-brown and

«0.5 to 0.7 mm long. Biotite also occurs as microphenocrysts 0.2 mm long.

2., G2-3366 (1026.0 m) ' Nonwelded to slightly welded, devitrified, ash-
flow tuff .. . : o : :

o

The groundmass.{is devitrified to very low birefringent grains of sanidine

‘and cristobalite «0.03 mm in size, - The groundmass is 1ight tan in plane

1ight. Many f{irregular voids contain tiny crystals growing into them, -but
fewer than in G2-3307. Tiny (~0.03-mm), doubly terminated, prismatic, clear
crystals occur adjacent to opaque crystals and patches. Shards are up to
0.2 mm in length, are characterized by axiolitic devitrification, have beige
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rims, and contain clear center fillings. Shards are subaligned, but not all
have the same orientations.

Pumice 12pilli are difficult to distinguish from lithic fragments. Two
types of pumice occur: (1) wavy patches of coarser devitrification products
and clays that look 1ike completely collapsed pumice, and (2) others that look
the same but have not been flattened. )

The principal phenocryst phases are quartz, plagioclase, sanidine, and
biotite. Most phenocryst fragments are resorbed on one or more sides,
sometimes until there 1s hardly anything left of the crystal. Quartz is *1 mm
long and 1s severaly embayed. Plagioclase phenocrysts range up to 0.9 mm fin
length, Some clots of plagioclase are larger, but the individual grains are
small, Sanidine is up to 1.5 mm length, Biotite laths are 0.3 to 0.9 mm
long, and straw or red-brown to almost opaque in color.

3. G2-3416 (1041.2 m) Partly welded(?), devitrified ash-flow tuff

The groundmass is tan and contains 10 to 15% opaque particles »0.01 mm 1n
diameter. It 1s coarsely devitrifed (0.02 to 0.06 mm) to feldspar and sflica.
Some finer grained, plumose devitrification phases, possibly consisting of
faldspar, also occur in the groundmass. Because of coarse devitrification,
shards are sometimes difficult to identify. In general, they are 0.2 to 0.4
mm long and have somewhat rounded edges. Axiolitic feldspar and silica are
comnon in the shards. There is some minor alignment of shards, but little if
any draping around phenocrysts. '

Pumice lapilli are large, undeformed, subangular to subrounded, finely
crystalline fragments. There is some brown alteration within these pumices,
consisting of iron oxides and stlica.

Phenocrysts are rounded, severaly resorbed, and embayed. Feldspars
0.5 to 1.0 mm long are full of tiny opaque alteration products preferentially
oriented along cleavages. Quartz phenocrysts are <1 mm long and rounded.
B1otite crystals are up to 0.4 mm in length, rounded on the ends, and golden
brown to nearly black. The biotite appears to be only slightly altered or

- oxidized.
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4. G2-3492 (1064.4 m) Nonwelded, devitrified, zeolitized ash-flow tuff

_ The groundmass 1s light beige in plane light. - Under crossed-nicols it
appears to be made up of finely crystalline, very low birefringent materials.
- Small vugs in the groundmass are filled by crystals of authigenic feldspar.
- Shards are 0.1 to 0.5 mm long, clear, and sometimes have be1§e rims. Delicate
shard features are generally well preserved. Shards are generally replaced by
zeolites. Fibrous mordenfte grows in from the edges of shards, looking like
rutilated quartz. The rims of shards, which are finely accicular and grow
perpendicular to the edge, are probably mordenite. There is no alignment of
shards. - o -

Pumice lapilli are undeformed, darker tan than the groundmass, and
contain brown streaks. in plane light. Every tubular vesicle is lined with
‘.yellow birefringent clay. Pumice contains phenocrysts of feldspar
(plagfoclase and probably sanidine), embayed quartz, and biotite fragments.

‘Phenocrysts make up 10% of the rock. Plagioclase (0 2 to 0.9 mm), quartz
(0.3 to 1.0 mm), and sanidine (+0.5 mm) are the principal phenocrysts.
Biotite (0.5 mm) is present in trace amounts. ‘All phenpcr&sts are rounded
and severely embayed. - B ' |

. 5. G2-3541 (1079 3 m) Nonwelded, devitrified, partia]ly zeolitized,
crystal-rich ash-flow tuff

The groundmass {s hmstly tan with flecks of opaque minerals. It has a
rather chaotic appearance because opaques appear as streaks and swirls in
plane light. Yellow-white birefringent clays look the same under crossed-
nicols. The groundmass 1s devitrified throughout; but only the clays show up
under crossed-nicols. " Shards are up to 0.5 mm in length and generally clear
in plane 1ight except for a few needles. The rims of the shards are clearer
than the centers. - The shards are replaced by zeolites (analcime) There 1s no
apparent lineation to the shards. -

- Phenocrysts make up 20 to 25% of the rock, Most are angﬁlar and broken.
. Some show evidence of resorption., = Quartz and sanidine are the most common
phenocryst phases. Plagioclase and biotite are»réidtively'minor phenocrysts
-phases, - : o
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J. Tram Member of tha Crater Flat Tuff

1. G2-3671 (1118.9 m) Nonwelded, slightly reworked bedded tuff

In general, this is an extremely immature, calcite-cemented, epiclastic
rock. Most of the very delicate shards (relict) are well preserved in a very
diverse, lithic-rich matrix. This sample is crossed by irregular fractures
<10 to 150 um wide and filled with calcite cement. About 55 to 60% of the
rock consists of material <200 um across, which is termed here as matrix.
This matrix consists of mostly relict shards in a microcrystalline cement.
The shards are beautifully preserved as relicts outlined by chains of 0.5- to
2.0-um hematite grains. No glass 1s preserved. Supported within this matrix
are coarser (>200-um) shards and small pumice clasts. The secondary
mineralogy of thesa coarser pyroclasts is variable, consisting of (1) inward-
growing, finely crystalline, equant, low-birefringent phases around open vugs,
(2) replacement phases with very low birefringence, and (3) pumice pyroclasts
(equant to slightly elongate) replaced entirely by anhedral phases of very low
birefringence. Elongate vesicles within the pumices are filled with finely
crystalline (<1- to 2-um) colorless phases with low birefringence. Some of
the vesicles in the 1long-tube pumice are replaced by colorless, highly
elongate, platy or fibrous phases with intermediate birefringence. This phase
is plastically deformed when compressed between adjacent grains.  Pumice
pyroclasts have only rare phenocrysts and are rimmed by microcrystalline
hematite. Delicate relict bubble-wall projections are preserved in some of
the pumice lapilli. Some vesicles in coarser pumice pyroclasts are filled
with carbonate cement, '

The most common phenocrysts are plagioclase, sanidine, quartz, and
biotite. Opaque oxides occur in trace amounts. Plagioclase has complex
oscillatory zoning and occurs as anhedral to subhedral grains 1 to 2 mm long.
Some thoroughly comminuted anhedral fragments of plagioclase are in the 300-
to 400-um size range. Sanidine occurs as unzoned equant, subhedral crystals 1
to 1.5 mm in diameter., Quartz {is found as equant, subhedral gréins in the

0.5-mm-diam range. Some elongate, broken fragments are up to 2 mm long.
Biotite occurs as subhedral, ragged-ended grains 0.5 to 0.75 mm in diameter,

The section 1s dominated by a 15- x 9-mm andesite(?) fragment.

Oscillatory-zoned plagioclase (150 to 1500 um) and opaque phenocrysts occur in
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_an aphanitic matrix of fine plagfoclase laths. The matrix plagioclase is
mostly tabular, but includes some extensions and hollow forms (quench

textures). ~ Some alteration of the andesite to clays(?) and hematite has
-occurred, : .

2. ‘GZ-’377241149.7 m) Nonweided. devitrified, 1ithic- and crystal-rich
© asheflow tuff ~ ,

~ About 50% of ‘t‘he' rock consists of very delicate, thin-walled relict
shards 100 to 500 um long and 10 to 150 um wide. The relict texture is
visible because of clusters of leum hematite grains 2along. former pyroclast
boundaries. The pyroclasts have been replaced by finely crystalline (3- to
10-uym ‘long), colorless, lou-birefringent phases and_a slightly higher

birefringent flaky phase. These replacement phases are sometimes finer along
“pyroclast rims and coarser in cores. Some cores of . shards have open void
~ spaces. These cores are rarely filled:with layered.,_botryoidal silica(?)
 phases. ~ Space between .the shards and pumice 1is. filled with very finely
crystalline (<2-um). colorless phases and ﬂnely crystalline hematite grains.
There are some coarser hematite phases (up to 40 um) scattered throughout the
groundmass, but they are a relatively minor component of the rock.

Phenocrysts make up »20% of the rock. The principal phenocrysts are
quartz, plagtoclase, and biotite. Quartz is usually subhedral to anhedral and
200 to 400 ym in diameter. Plagioclase occurs as slightly elongate, subhedral
phenocrysts 450 to 600 ym long., Biotite occurs in euhedral laths up to 300 um
Tong. | o

Lithic fragments make up »30% of the rock. These 1ithics consist of
" older andesftic to rhyolitic tuffs, These chics are 1 to 4 mm long and
slightly elongate. They are domfnated by pale-brown, finely crystalline
secondary phases. Very' faint relict textures can be barely identified.
"Ferromagnesium phenocrysts are replaced by hematite; plagloclase phenocrysts
are altered to carbonate and clay. Quartz phenocrysts are unaltered. A less
‘common type of lithic are lavas with trachytic texture.' Plagioclase
phenocrysts in these lava Tithics are altered to calcite and clay.
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3., G2-3875 11181.1 m) Partly welded, dévitrified. crystal-rich tuff

Relict shards and pumices ares difficult to distinguish because they merge
into the matrix. The "rims" of hematite described 1in previous Tram samples
are absent here. These hematite rims seem typical of only nonwelded tuffs in
this sequence. Shards and pumice lapilli are replaced by rims of pale-brown,
low-birefringént materfal <2 um across and cores of low-birefringent anhedral
phases (alkali feldspar or silica) up to 15 um across. The areas between
pyroclasts are made up of finely crystalline (<5-um) phases, including platy
clays and pa]e-brown; low-birefringent phases. Pumices are ragged and poorly
preserved. They are generally 2 to 4 mm long and slightly elongate. These
pumice lapilli are replaced by pale;brdwn.' low-relief smectites with some
traces of alkalikfeldspar or 5102. The cores of saveral pumice lapilli are
replaced by calcite.

Phenocrysts make up +20% of the rock. The most common phenocrysts are
plagioclase; quartz, oxfides, and sanidine. Most phenocrysts are subhedral or
broken and 200 to 1000 um in length. Plagloclase phenocrysts are either
unzoned or have oscillatory 2oning. The oxides are mostly replaced by
hematite,

Lithic fragments make up ~15% of the rock. They consist mainly of older
tuffs that are similar to those described for G2-3792. In addition to the
older tuffs, there are also broken spherulites and thoroughly altered lavas.
The lavas have a trachytic texture, but nearly all mineral phases are replaced
by carbonate and lou-birefriﬁgent microcrystalline phases, heavily stained by
hematite.

4., 62-3933 (1198.8 m) Partly welded, devitrified, crystal-rich,
bedded(?) tuff

Relict textures are difficult to sea in this unit because of extreme
alteration. Faint patterns of what appear to be oriented, slightly deformed
pumice pyroclasts are dominant and make up most of the sample. - These l- to
4-mm-long pyroclasts are wispy, "ghosts” of the original pumice lapilli. The
pumice has been replaced by low-birefringent, granular alkali feldspar and
5102 (8 to 24 um) interspersed with a higher birefringent low-relief brown
clay. Relict elongate vesicles ian pumices are marked in some cases by
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parallel lines of medium-brown, finely crystalline phases, The matrix between
relict pumices is composed of low-birefringent, colorless, finely crystalline
secondary minerals, 'Some matrix pore space is fflled with calcite (»5% of the
rock). There may be some epidote in the groundmass.

The phenocrysts in this sample are similar modally and in size to those
described in G2-3875, with only minor differences. ‘Biotite, for example, is
more common than 1in the upper part of the Tram. Plagioclase phenocrysts are
commonly strained and show undulatory extinction. Also, most phenocrysts are
shattered and broken. Sulphide and hematite are accessory phases. Lithic
fragments make up »5% of the rock. They consist of well-formed plumose, 1ight-
tan spherulites, and older crystallized tuffs.

5; 62-4005 (1220 7 m) Nonwelded, devitrified, crysta]-rich ash-flow
tuff :

This rock consists of shards and pumice pyroclasts (both are relicts) in
veny fine-grained, brown or orangish-brown matrix material. The relict shards
are replaced by colorless, low-birefringent, fibrous phases (1 to 3 um) along
outer edges and 12- to 20-tm granular phases -in cores.  Both shards and
pumices are outlined by a matrix containing small (<l-m) hematite grains.
Low-relief (in reflected light), reddish-brown, low- to medium-birefringent
clays occur in the matrix. Some void spaces in the matrix are filled with
carbonate and low-birefringent, coarsely crystalline phases. Delicate, wispy
pumices up to 3.5 mm long are identiffable in the matrix. These pumices are

replaced by pale-brown, low-relief smectites. Some pumices are aphyric and
others have glomeroporphyritic clots of plagioclase, biotite, and magnetite.
Biotite (up to several mm in diameter) {s prominent as a phenocryst in the
pumice pyroclasts. Plagioclase phenocrysts are subhedral or euhedral and are
zoned. ] . :
, Phenqcrysts make up 0401 of the rock. The most commonfphenocrysts are
plagioclase with oscillatory zoning. Less common are quartz, amphibole(?),
biotite, and oxides. Nearly 2ll phenocrysts are subhedral or anhedral, having
been broken or shattered.:  The amphibole and bibtite-phenocrysts are extremely
altered. : - ‘ »

Lithic fragments make up 7 to 10% of the rock. They consist of older
tuffs with hematite-stained spherulites and pale-brown lavas with faint
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relict-flow banding and phenocrysts of amphibole, plagioclase, and biotite
(all altered or replaced by secondary minerals).

K. Rhyodacite Lava Between the Tram Member of the Crater Flat Tuff and
Lithic Ridge Tuff

1. G2-4090 (1245.58 m) Ash flow at the top of horndlaende-biotite
rhyodacite lava flow

The groundmass 1s greatly recrystallized to granular quartz and feldspar
intergrowths bounded by brown clay-rich 2ones. Fine-grained (<0.1-mm)
carbonate growths cut across textures of the clay-quartz-feldspar mixture in
the matrix. Shard relicts show slight deformation and draping around
phenocrysts. These shards have undergone complete granular recrystallization
to quartz and fe]dspar. Pumice lapillt are characterized by collapsed
vesicles. At one end of the thin section the lapilli are almost totally
replaced by blue clay. Pumices at the other end of the thin section retain 2
granular texture with minor amounts of clay.

Plagioclase phenocrysts make up 20 to 25% of the thin section. Some
plagioclase grains are up to 3 mm in length, but most are <0.5 mm., Strongly
zoned andesine i{is the commonest type of plagioclase, but many grains are
heavily altered to carbonate and clay replacements. Multistage plagioclase
growth 1s suggested by btotite-rich cores mantled by bdiotite-free rims.
Quartz phenocrysts (<0.5 mm) make up 1% of the thin section and typically are
slightly strained and rounded, Biotite (<1.0 mm) comprises 1% of the rock and
1s characterized by brown-red to straw-yellow pleochroism. Amphidole (+0.3
mm) occurs in traca amounts and is heavily altered, possibly to chiorite,
serpentine, and clay. Zircon and oxides are accessory phases.

Lithic fragments include porphyritic dacita with phenocrysts of
hornblende and plagioclase. Hornblende 1s completely replaced by opaque
minerals. The groundmass of these 1ithics is feldspathic with trachytic flow
orientation. These 1ithics are not accidental inclusions.

Yeins cutting the rock are characterized by botryoidal crystobalite
walls, and centers of granular quartz. There is some clay near the vein walls,
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2. G2-4124 (1257.0 m) Altered, vitrophyric, hornblende-biotite
rhyodacite lava flow

The matrix forms »55% of the sample; much has been altered to isotropic
pale-brown analcime. Relict perlitic cracks are filled by birefringent clay.
Rare patches of, matrix have recrystallized to albite(?). rare calcite, and
brown clay (final infilling).

Phenocrysts consist of plagioclase, amphibole, and biotite. Plagioclase
grains (25%) have strong to moderate oscillatory zoning and many have been
broken in areas of concentrated brecciation. The cores of these crystals are
labradorite. The maximum size of plagioclase crystals is «3 mm.- Amphiboles
(10%) are largely altered or disaggregated and have olive-green to pale
- yellow-green pleochroism, Amphibole crystals are up to 1 mm long and
_subhedral. Biotite (5%) occurs as well-preserved phenocrysts. Crystals are
commonly subhedral and up to 1 mm across. Accessory phases include abundant
titanomagnetite and apatite and rare 2zircon, ' '

:L' Bedded Tuff Between the Tram Member of the Crater Flat Tuff and the
Lithic Ridge Tuff : : '

 G2-4167 (1270.1 m) Devitrified, crystal-rich, bedded tuff

The groundmass 1s a patchy yellow-brown tolor.and consists of numerous
clays in “"grid" pattern simflar to the nonwelded ash flow in sample G2-4005.
~ Calcite is very abundant, 2lthough most is concentrated in large grains (1
mm), replacing pumice fragments as well as plagioclase and amphibole(?) pheno-
crysts. Shards have been replaced by granular silica and feldspar inter-
growths, There {is 1ittle apparent deformation, but relfct shards are
difficult to identify. Pumices are also recrystallized to granular quartz and
feldspar intergrowths and to clay. Some pumices contain apple-green spheroids
of very finely intergrown quartz-feldspar-clay., : .

"~ Plagloclase phenocrysts make up 25 to 30% of the rock. They are up to 3
mn in- length but average +0.7 mm. Oscillatory zoning is common. Many plagio-
- clase phenocrysts are almost completely replaced by calcité,and clay. Biotite
phenocryst§ make up 1% of the rock. They are generally up to 0.5 mm long,
‘red-brown to straw-yellow, - and contain inclusions of zircon and possibly
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apatite. Traca quartz is present in the rock as very small (»0.2-mm),
unstrained grains. Amphibole(?) may be present in this sample, but it {is
nighly altered and replaced by calcite. Accessory minerals include magnetite
(1argely altered to hematite), zircon, and apatite,

Lithic fragments consist of biotite-dacite clasts (0.8 cm) with relict
flow-deformation in the groundmass. There are also smaller lithics with a
very fine-grained, feldspathic (trachytic) texture.

M. Lithic Ridge Tuff

1. G2-3199 (1279.9) Densely welded, crystal-rich tuff

The groundmass 1is dark brown and consists of granular quartz, feldspar,
and scattered clays. Calcite is abundant as patchy microcrystalline zonas »1
mn in diameter, daveloped across pumice and groundmass areas, Shards are
replaced by blocky quartz and feldspar that have undulatory extinction and
might have been strained after replacement. Pumices are severely flattened
and are characterized by abundant dark clay. Some pumices enclose "euhedral”
calcite, replacing plagtoclase.

Plagioclase phenocrysts make up 20% of the rock and are up to 1 mm in
length but average «0.05 mm,  Oscillatory zoning and biotite-plagioclase
intergrowths are common. Some plagicclase grains are partfally to totally
replaced by calcite. Biotite makes up <1% of the rock and 1s up to 0.7 mm in
length, The biotite is dark red-brown to straw-yellow and contains apatite
inclusions. Quartz occurs in trace amounts as small (<0.2-mm), unstrained
grains.

Lithic fragments consist of recrystallized shard-rich vitrophyres and a
biotite-bearing volcanic breccfa with vesicles filled by quartz and feldspar.
Accessories include magnetite-hematite and apatite.

2. 62-3209 (1282.9 m) Nonwelded, devitrified 1ithic-rich tuff

The groundmass fis pale tan to dark brown and contains quartz-feldspar
intergrowths and abundant fine-grained clay and calcite. Dark patches of

nonbirefringeht blue clay are abundant but small (<0.3 mm). Some shards have
béen replaced by granular quartz-feldspar intergrowths; other shards are
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totally replaced by calcite.  Pumices are well pres'ervec_l though somewhat
flattened and totally replaced by calcite. '

Quartz phenocrysts Vmalke" up +5% of the rock, They are slightly strained
or unstrained and as much as 0.5 mm across. Plagioclase phenocrysts make up
about 8% of the rock and generally have slight normal zoning from oligoclase
cores, These plagioclase grains are up to 2 mm in size and are replaced by
clay but not calcite. “sanidine makes up 4% of the rock and is up to 1 mm in
size. Bfotite makes up 2% of the rock and is typically deep yellow to very
dark brown-black and heavily oxidized. Accessory phases include sparse zircon
and oxidized magnetite (<0.2 mm). B

A diverse assortment of 1lithic fragments comprise «60% of the thin
section and are 1 to 2 cm in size. Biotite-hornblende-plagioclase dacite
lithics make up ~40% -of the thin section, Biotite is rimmed by heavy
oxidation, and amphiboles are completely' oxidized or replaced by calcite. The
plagioclase is generally oligoclase or andesine. Vugs are lined with euhedral
authigenic quartz and albite crystals and are filled by calcite. Microgranu-
lar silicic volcanic 1ithic fragments (devitrifled) with biotite phenocrysts
make up ~2% of the rock, Helded silicic tuff chics (#5% of the rock) are
characterized by abundant shard structures with granular or radiotaxial
replacement  and by quartz, sanidine. ‘and plagioclase phenocrysts. Very
feldspathic silicic volcanic lithics (w90$ plagioclase) with biotite pheno-
crysts (completely replaced) make up +2% of the thin section., Several aphyric
1ithics (+5% of the rock) represent welded tuff replaced By quartz, feldspar,
clay, and carbonate. thhlcs consisting of large. coalesced spherulites up to
3 mm across make up 4% of the thin section.

3. 62-4267 (13615 m) 'smnm welded, devitrified ash-flow tuff

- The groundmass 1s very pale yellow and shard rich, It is very distinct
from sample 62-4209. - Clays are abundant 1n flattened pumices and along
fractures but are otherwise relatively rare. Shards are largely replaced by
granular quartz and feldspar intergrowths and by calcite. ‘Shards exhibit only
very slight deformation. Typical relict pumices are only slightly flattened
and are totally replaced by calcite, except for rare albite crystals. Rarer
pumices(?) are more strongly flattened and replaced by clay.
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Lithic fragments make up «3% of the thin section. The most common types
are: (1) glassy siliceous vitrophyre with granular shard replacement and
spherulitic zones (»0.5 cm), (2) biotite-magnetite dacitic(?) lava, and (3)
neavily altered feldspathic sandstone (~0.5 cm) containing abundant clay.

The principal phenocrysts are quartz, plagioclase, sanidine and bfotita.
The quartz (up to 1 mm) makes up 4% of the rock and is slightly strained.
plagioclase (up to 2 mm) makes up 7% of the rock, exhibits siight oscillatory
or normal zoning, and is partially replaced by clay. Sanidine (up to 2 mm)
makes up 4% of the rock. Bfotite comprises about 1% of the rock and is up to
1 mm in size. Accessories include apatite, zircon, magnetite, and ilmenite(?).

4, G2-4329 (1319.5 m) Slightly welded, devitrified ash-flow tuff

The groundmass contains abundant, slightly deformed relict shards in a
dark-brown matrix with abundant clay. Blue clays (poorly birefringent and
dark) replace some pumices. Shards are abundant and dominantly replaced by
granular quartz and feldspar intergrowths; otherwise they are totally replaced
by calcite, and/or albite. Pumices are sparse and small (<1 to 2 mm) and
replaced by granular quartz-feldspar intergrowths. Calcite 1is re.atively
rare, fn contrast to Lithic Ridge samples from higher levels.

The principal phenocrysts are quartz, plagioclase, sanidine, and biotite.
Quartz cystals are unstrained, are <1 mm in size, and make up 2% of the rock.
Plagioclase (7%) 1is generally slightly zoned and extensively altered to
birefringent clay. Sanidine (4%) occurs in‘crystalsvup to 1.2 mm in size,
Biotite (<1%) occurs as yellow-brown to dark black-brown crystals <0.7 mm in
size. Accessory phases include magnetite (oxidized) and one very small zircon.

Lithic fragments consist of (1) highly altered quartzite (5% of thin
section), (2) oxide-rich altered glass of unrknown primary composition (+4% of
thin section), (3) badly altered biotite-hornblende dacite(?) (2%), and (4)
spherulitic and altered-spherulitic silicic volcanic fragments containing
badly altered biotita and plagioclase and crossed by a fracture that is 1ined
with authigenic albite crystals. '
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5, G2-4467 (1361.5 m) Slightly welded, devitrified ash-flow tuff

{

The groundmass is very pale brown, with large (0.5-cm) patches of blue
clay and one small patch of green (chlorite) alteration. Calcite is scattered
as patches within the groundmass; it replaces some pumices and fills
- fractures. Calcite fis apparently more abundant in thin sectfons containing
blue clay. Relict shards are replaced by granular quartz .and feldspar. Most
pumice 1apil1l1{ are slightly flattened and altered to poorly birefingent dark-
blue clay. Blue clays occur along with albite and some fine-grained chlorite.
Relict textures are very poorly preserved. The thin section contains a large
(0.7-cm) vesicle(?) lined by clay. This “vesicle" may represent a complete
. pumice loss. : :

The principal phenocnysts are plagioclase. sanidine, quartz, and biotite,
Plagioclases (4%) are up to 1 mm in length, have subdued oscillatory zoning,
and are heavily altered to clay t calcite. Sanidine phenocrysts (3%) occur as
‘unzoned, unaltered, euhedral tabular crystals up to 1 mm across. Quartz (3%)
is usually very slightly strained and broken.. Biotite phenocrysts (<1%) are
up to 0.3 mm in diameter. Accessory phases include zircon (rare) and
magnetite, ,

Lithic fragments consist of the following types: (1) biotite-hornblende
dacite(?) containing relict pseudomorphs of ferromagnesian minerals character-
ized by opaque rims and albite, opaque, and chalcedony interfors (3% of thin
section); (2) feldspathic volcanic fragments (<1% of thin section); (3) brown
spherulite fragments 1 to 2 mm in size (<1% of thin section); and (4) mottled
yellow clay replacement of a feldspathic volcanicérock (<lz”bf thin section).

o '62-4570 (1392.9 m) Slightly waldeq,‘devitrified aah-flow tuff

The groundmass of this sample is pale brown and contains abundant relict
shard forms, Minor calcite 1s typfcally associated with alteration of
plagioclase phenocrysts. Shards have recrystallized to granular quartz and
feldspar. Pumices are a relatively minor constituent of the sample. They are
flattened, deformed, and largely replaced by birefringent clay.

Phenocrysts consist of sanidine, plagioclase, quartz, and biotite,
Sanidine (6%) occurs in unaltered crystals .up to 2 mm in dfameter. Plagio-
clase crystals (4%) are poorly zoned albite-oligoclase up to 1.5 mm 1long.
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They are badly altered to clay and calcite. Quartz (1%) occurs as small,

" proken grains <0.5 mm across. Biotite (<1%) occurs as dark-brown to pale-

ow laths <1 mm in length.

Lithic fragments consist of the following: (1) a large fragment (1.5 cm
in diameter) of feldspathic volcanic rock with calcite/clay alteration anrd no
evidence of ferromagnestan minerals (voids in this clast are filled by zoned
silica phases); (2) spherulites with some poorly zoned plagioclase grains that
nave fan-like growths up to 1.5 mm in diameter (»3% of thin section); (3)
plagioclase-iotite dacite(?); and (4) badly altered hornblende(?)-biotite
dacite (<2% of thin section). ,

yell

7. G2-4788 (1459.4 m) Slightly welded, devitrified ash-flow tuff

The groundmass 1is similar to that of the previous samples. Shards are
slightly deformed or undeformed and are replaced by granular intergrowths of
quartz and fel'dspar. Pumices are only slightly deformed and almost entirely
replaced by clay. (Clays continue laterally from pumices into seams and
fractures. Pumica lapilli are much more abundant than in G2-4570 but less
flattened. "

Phenocrysts consist of’sanidine, quartz, plagioclase, and biotite, Sani-
dine (4%) usually occurs as unaltered, euhedral to subhedral, tabular grains
<1 mm in diameter. Quartz (2%) occurs as moderately strained, broken grains
0.5 ™M across. Plagioclase (2%) 1is typically poorly zoned, extensively
replaced by calcite, and <1 mm in diameter. Biotite (<1%) occurs as altered
grains <0.2 mm long.

Lithic fragments consist of the following types: (1) feldspathic
volcanic rock with well-preserved plagioclase (12 of thin section); (2)
granoblastic, recrystallized feldspathic volcanic rock containing sanidine,
plagioclase, and quartz (2% of thin section); and (3) badly altered
biotite-dacita (2% of thin section).
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" N.__Bedded Tuff at the Base of the Lithic Ridge Tuff

62-4805 (1464.6 m) Nonwelded, devitrified, pumice-rich bedded tuff

This sample 1s dominated by recrystaliized pumice and by clay
interfacings between pumices. Very few shard structures are evident., The
pumice fragments are only slightly deformed but are sometimes draped aroung
plagioclase and biotite grains. Pumice fragments range in size from *1 mm to
1 cm; pumice replacements are dominantly albite, quartz, and 2lkali feldspar,
Birefringent clays arerconcentrated in seams between pumice fragments. Some

'pumices contain voids lined by euhedral authigenic albite.

Phenocrysts consist of plagioclase, sanidine. quartz, and biotite,

_Plagioclase (9%) 1s very poorly zoned and generally very poorly preserved.
"Hany grains contain voids filled by calcite. . Sanidine (3%) occurs as rather
~small (<0.34nn). altered grains, These grains frequently contain voids,
though less commonly than in plagioclases. Quartz (3%) occurs as rounded and
‘embayed grains. Biotite s rare and occurs as small, heavily altered crystals
<0.2 mm 1in size. ; Accessory phases include titanomagnetite, zircon, and

apatite.} : '
The only lithics occurring in . this sample are spherulites; they make up
~ <2% of the rock.

0. Rhyolite Laias

l. G2-4838 (1474.6 m) Slightly welded, devitrified ash-flow tuff

The matrix is“heevi]y recrystallized to feldspars and quartz. No shard
forms are evident.:iPumices-ere spindled and only very slightly draped, - They
are typically replaced by granular feldspar and quartz intergrowths as well as

by calcite. Clays are alsc common within pumice, though they are concentrated
around the margins of pumice remnants. o

Phenocrysts consist of plagioclase, sanidine, quartz, and -‘biotite. The
blagioclase (8%) consists of altered grains with voids (plucked?) and calcite
» replacement in cores. Individual plagioclase grains range up to 2 mm but
average wl:mm, »Glomeroperpnyritic,clots of plagioclase are up to 0.5 cm in

diameter. Sanidine grainsv (<1%) are altered and small (<0.5 mm). Quartz
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((1;) occurs as rounded or frayed grains <0.5 mm across. Biotite (<1%) occurs
as frayed grains up to 2 mm across with interlayered oxides. Accessory phases
include titanomagnetite (oxidized), zircon, and apatite.

Lithic fragments are very rare, making up +1% of the rock. They consist
entirely of broken spherulites.

2. G2-4924 (1500.8 m) Top of recrystallized dacite lava flow

The matrix 1s very faintly banded and heavily recrystallized. Granular
intergrowth of quartz, plagioclase, and sanidine are the principal matrix
components. Birefringent brown clays are evenly distributed throughout the
groundmass. Calcite is localized along fractures.

The principal phenocrysts consist of plagtoclase and biotite. The
plagioclasé (51)‘15 moderately zoned oligeclase. Calcite aiteration fs common
in plagloclasa coras. Except for fractures, all calcite within the thin
section occurs as an alteration of plagioclase. Individual plagioclase grains
are up to 0.5 cm 1in length; there are some glomeroporphyritic clots of
plagioclase or of plagfoclase and biotite. B8iotite makes up 3% of the thin
section and commonly contains apatite inclusions. Some biotites are distended
along cleavage by quartz-feldspar intergrowths. The largest biotite grains
are +1 mm. in length; the average grain size is 0.5 mm. Accessories include
titanomagnetites with zircon inclusions, apatite, and freestanding zircon.

3. G2-5017 (1529.2 m) Flow-banded interior of dacite lava flow

The matrix is coarsely recrystallized to sanidine and quartz. Quartz
patches are up to 0.2 mm across, and sanidine <0.02 mm, Fairly dark to
pale-dark flow-banding is common. Late-stage, pale aldbite flow-bands parallel
to principal flow-banding have well-defined plumose terminations. Spherulites
of quartz, albite, and sanidine are up to 0.5 cm in diameter in the matrix.

The principal phenoccrysts are plagfoclase and biotite. Plagioclase (5%)
consists of unzoned to very slightly zoned oligoclase, Some plagiocclase
grains hava faint sanidine rims., Calcite alteration of cores {s common.
Individual plagtoclase grains are up to 0.5 c¢m across but are commonly 1 mm

. 1n size. Biotite makes up <1% of the rock. Individual grains are up to 2 mm

long and are poorly preserved. Some bfotite grains are expanded along
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cleavage or embayed by groundmass recrystallization, Greenish coloration and
low birefringence of biotite suggests abundant alteration to chlorite,
Inclusions of apatite and zircon are common within biotite. Accessory
titanomagnetites {<0.3 mm) also contain zircon and apatite inclusions.

4, G2-5144 (1567.9 m) Lower brecciated lava flow, below spherulitic zone

The g}oundmass consists of dark-brown masses of poorly birefringent clay
and fine-grained quartz and feldspar. It §s seamed by fractures (auto-
clastic?) that are filled with granular quartz, Some fractures are filled or
lined with albite. No calcite occurs 1in these fractures, although it is
abundant in the groundmass. Spherulites are rare (<1%) in the groundmass and
up to 3 mm across. These spherulites consist of quartz-feldspar radial
growths that apparently postdate the autoclastic fracturing.

The principal phenocrysts are biotite, amphibole, and plagioclase.
Euhedral biotite crystals (3%) 1 mm in length are relatively well preserved
and commonly contain apatite inclusions. Amphibole phenocrysts (rare) consist
of relicts completely replaced by clays and quartz and outlined by black
opaque 2zones. These amphibole relfcts are »0.6 mm across. Plagioclase is
notably rare in this thin section (<1%), compared to higher portions of this
flow. A1l plagioclase grains are completely altered to calcite and albite.
Accessories include titanomagnetite, zircon, and apatite.

P. Quartz Latite Lavas

1. G2-5206 (1586.8 m) Autoclastic top of crystal-rich lava flow

The groundmass contains ragged intergrowths of birefringent brown clay

with fine-grained feldspars and quartz. Sparse fractures are filled with
quartz and may be 1ined by albite. Autoclastic brecciation is very s]ight if
present at all. ’

The principal phenocrysts consist of plagioclase, biotite, amphibole, and
pyroxene.  Plagioclase s very abundant (30%) and extremely altered to
red-brown birefringent clay. Alteration to calcite 1s absent. A few

- unaltered patches show original polysynthetic twinning. Plagioclase grains
are up to 0.5 cm in length but average «+2 mm. Bfotite (4%) occurs in
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moderately well-p_reserved crystals up to 1 mm long and averaging »0.3 mm.
pmphibole phenocrysts (lz)rarg'tctally replaced by quartz and opaques.
Relicts of these grains are up to 1 mm long, though many are <0.3 mm (possibly
two populations), Pyroxene pseudomorphs (<1%) have octagonal outlines and
apatite inclusfons; they are completely replaced by granular quartz,
Accessories 1nclude t1tanomagnet1te, apatite. zircon, and rare sphene (one
grain).

2. 62-5305 (}617.0 m)v Interior of lava flow

The groundmass {s dark brown and has very low birefhingence. It consists
f'clays intergrown with feldspar and quartz. Most fractures cutting the

groundmass are irregular and dominantly clay filled. A large vein, houever,
4s filled by -granular quartz ‘and calcite or clay. Calcite fillings are
concentrated near the centerline of this maJorz vein, wheréas clay fillings
Aconcentraté in sparry growth centers of the groundmass.

. Phenocrysts 1include plagioclase, amphibole,. biotite. .and pyroxene(?).

The plagioclase (7%) is poorly preserved, slightly zoned oligoclase, with some
sanidine rims. There 1is thorough replacement of cores (and some complete
crystals) by élay and calcite,  Some plagioclase occurs with biotite as
gTomeroporphyritic clots. Plagioclase phenocrysts“ahe up to 2 mm 1in length
" and average 1 mm. All amphibole phenocrysts (3%) are completely replaced by
quartz, opaques, and dark low-reflectivity rims; relict grains are up to 2 mm
long, Biotite (<1%) s extensively replaced by opague minerals. Pyroxene(?)
relfcts make up <1% of the rock. They now consist of tabular quartz
pseudomorphs. Accessories include titanomagnetites, apatite, and zircon.

3. 62-5379 (1639.5 m) Interior of middle rgiodacite lava flow

‘The matrix consists of 1ntergrown Ciays, quartz. and feldspars. Yellow-
brown clays predominate at the walls of fractures and vofds that have been
filled by granular quartz. The last mineral precipitated in voids is calcite.

Phenocrysts include plagioclase, amphibole, biotite, and pyroxene(?).
Plagioclase (7:) is extensively altered to clay and/or calcite. Grains
average «0,7 mm in size though some are up to 1 cm. Glomeroporphyritic clots
are ‘common. Amph1b01es (31)‘ are . totally replaced by quartz, fine-grained

67




&

=3

oxides, and an opaque phase of low reflectance. Crystal relicts average «q s
mm in size. Biotite grains (1%) are altered and up to 2 mm long. Pyroxenes
(<1%) are replaced by octagonal quartz pseudomorphs, Accessory phases includa
titanomagnetite, 2ircon, and apatite.

4. G2-5493 (1674.3 m) Silicified interior of rhyodacite lava

The matrix consists of very pale yellow-brown intergrowths of feldspars
and quartz. Clay is not as abundant as in sample G2-5379., Fractures with
widths up to 0.5 mm are (1) filled with quartz, (2) lined with quartz and have
a second-stage calcite filling, or (3) lined with quartz and have a second-
stage clay filling.

Phenocryst phases include plagioclase, biotite, amphibole, ang
pyroxene(?). Plagioclase (10%) is altered and cores are replaced by calcita
and clay. Zoning is very poorly preserved if present at all. There is some
aevidenca for two-stage growth. Grains are up to 3 mm long; some are in
glomeroporphyritic clots with biotite and magnetite. Biotite (3%) consists of
well-preserved grains up to 2 mm long. Amphiboles (1 to 2%) are «»0.5 mm in
diameter and totally replaced by quartz and oxides. Some amphibole relicts
have biotite inclusions, Probable pyroxenes (<1%) are pseudomorphed by
quartz. Accessories include zircon, apatite, and titanomagnetite.

5. G2-5596 (1705.7 m) Pumice-rich, basal zone of middle rhyodacite lava
flow

The matrix consists of coarse (0.l1-mm) granophyric quartz intergrown with
feldspar and interstitial clay. Pumice fragments are unflattened, up to 0.5
cm in ‘diameter, and make up more than 70% of the thin-section area. Pumice
replacements are one of two types: (1) vesicle walls altered to clay and
vesicles infilled by quartz and feldspar with no crystals larger than 0.01 mm,
and (2) total pumice replacement by two or three calcite crystals with vesicle
walls preserved by clay. '

, Phenocryst phases are plagioclase and biotite. Plagioclase phenocrysts
(8%) are badly altered and have abundant calcite in thaeir cores.  Some
crystals are as large as 0.5 cm. There fs no apparent zoning. Biotite grains
(1%) are also very badly altered. The original pleochroism has been washec
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out, probably becaﬁse of alteration to: cﬁlorite. Alteration of biotite
results in lensoid. inclusions of sphene. Accessories include apatite, zircon,
and titanomagnetites,

Q.  Ash-Flow Tuff

1. 62-5638 (1718.5 m) Lithic<rich lahar or reworked, devitrified,
lithic-rich tuff , B .

This fs-a reworked sample and probably contains a mixture of pyroclastic
and lava-type volcanic rocks. Crystals are rounded and broken; lithic frag-
ments are varied and rounded. - This type of assemblage might be indicative of
a lahar. The matrix is pale yellow-brown and has a low birefringence. It
contains polygonal intergrowths of authigenfc quartz and feldspar surrounded
by clays. The clays are clear and colorless, with first-order birefringence
colors. Some might be chlorite. Pumices are sparse (1 to 2%), deformed, and
completely replaced by quartz, feldspar, and clays. :

The “phenocrysts" are broken grains that may include many accidental
crystals. Plagioclase crystals (4. to 5%) are very badly altered; some are
completely replaced by calcite., Quartz (<1%) occurs as angular or rounded
grains <0.5 mm in diameter. Amphiboles (<1%) are typically <0.2 mm across and
broken. Some grains are not too badly altered; others are completely replaced
by calcite. Bfotite (<1%) is generally altered to chlorite ¢ clay. Accesso-
- ries include titanomagnetite and zircon. Some titanomagnetite crystals have
well-preserved cores and oxidized rims. ’ ' |
‘ Lithic fragments make up >50% of the rock. They are :very diverse and

show more variety than in. the Lithic Ridge Tuff, Included are: (1) pyro-
clasts with relfct vapor phase crystallization, (2) trachytic-textured
volcanic feldspathic rocks, (3) a diktytaxitic plagtoclase-porphyritic
volcanic rock, (4) a plagfoclase vitrophyre with quartz and analcime(?) 1ined
~vesicles, and (5) a porphyritic dacite.

2. 62-5657 (1724.3 m) Densely welded, devitrified ash-flow tuff

. Al matrix and shard @gtgriais\afe éompletely recrystallized to extremely
fine-grained quartz, fe]dspaé{:qnd clay(?). -Vugs in.the groundmass are lined
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by euhedral authigenic albite.. Pumices are up to 3 cm across and make up ~15%
of the thin section. They consist of euhedral phenocrysts of plagioclase and
subrounded titanomagnetite in a dark, yellow-brdwn clay-rich matrix. All
pumices are completely collapsed.

Phenocrysts consist of plagioclase, sanidine, biotite, and quartz. The
plagioclase (+5%) is altered to albite and calcite. Polysynthetic twinning is
preserved. Most grains ‘are <2 mm in diameter. Sanidine (+3%) is replaced by
albite(?). Biotite (w1 to 2%) 1is replaced entirely by colorless, coarse,
highly bdirefringent clay. Quartz (<1%) occurs as small grains <0.3 mm in
diameter. Accessories include apatite and titanomagnetite. Apatite grains
are very coarse (0.4 mm Tong) and occur in glomeroporphyritic clots of opaque-
plagioclase-biotite. Large, anhedral apatite masses also occur in one corner
of the thin section, ' ‘

Lithic fragments consist of the following: (1) plagtoclase-porphyritic
volcanic rocks with patchy, i{ntergrown feldspar recrystallization of the
groundmass (»2% of thin section); (2) plagioclase-porphyritic, uncollapsed
pumices with very fine-grained vug fillings (<1% of thin section); (3)
feldspathic, coarsa-plagioclase, vesicular porphyritic lava with vesicles
filled with yellow-brown clays and chlorite (»2% of thin section); and (4)
fragmented spherulites (<<1%).

R. Dacite Lavas

1. G2-5696 (17356.1 m) Upper part of plagioclase-rich dacite lava flow

The groundmass is very dark brown and consists of a mixture of clay, feld-
spar, carbonate, and quartz. Many vugs are lined by quartz and filled with
multiple (two-stage) chlorite growths. A composita, breccia-filled vein cuts
part of the thin section, '

Phenocrysts consist of plagioclase, hornblende, and pyroxene. The plagio-
clase (25%) occurs in grains typically «0.5 mm in diameter but up to 2 mm.
A1l plagioclase 1s completaly altered to albite (unzoned) and calcite. Relict
hornblende grains. (3%) are generally <0.3 mm across, though one grain is *0.5
mm, All hornblende 1s completely replaced by chliorite and quartz. Relict
pyroxena grains (1%) ara generally <0.2 mm long, though one grain is 1.5 mm
long. As with hornblende, the pyroxene is replaced by chlorite and quartz,
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although more quartz {s evident.  Accessories include titanomagnetite and

zircon(?).

2. G2-5820 (1773.9 m) Middle of plagioclase-rich, dacite lava flow

Thejgroundmass is made up of pale yellow=brown, very fine-grained, quartz-
feldspar-clay intergrowths, ‘There are some free patches of calcite, although
most octurs as a replecement of pyroxene and amphibole, There is a major vein
cutting through the fhlh section., It consists of fiﬁe-grained (0.05-mm)
polygonal quartz filling, coarse calcite patches (<2.0 mm), and interstitial
polygonal chlorlte (0.05 mm). . One wall of the vein .1s heavily hematite-
stained. | '

Plagioclase (30%) is the dominant phenocryst phase. It is only slightly
altered to sericite, Strong normal zonation of labradorite to andesine fs

‘well preserved. Most ‘plagioclase crystals are <1.0 mm in length. Relict

amphibole grains (<1%) are replaced by calcite. Relict pyroxene (<1%) fis

"~ replaced by calclte t quartz, Titanomagnetfite is an accessory phase.

S. Baked Conglomerate and Reworked Tuff

1. 62;5885 (1793.7 m) . Baked volcanic conglomerate

The matrix makes up ¢80$ of the rock, It consists of pale-yellow,
silty(?) material recrystallized to coarse, patchy feldspar and fine-grained
clay. Freestanding crystals in the matrix include plagioclase and quartz.
The plagioclase (12%) is rounded and completely replaced by calcite. Plagio-
clase grains range from 1 mm to 0.01 mm in size. Quartz (1%) is angular and
0.01 to 0.4 mm in size. Clasts are matrix supported and consist of: (1)
devitrified tuff(?) with quartz-filled voids (»2%), (2) rare small pumice (1
mm), (3) plagioclase-porphyritic lava(?) (<<1$). and (4) feldspathic lava with
trachytlc texture (<<l%)

2. GZ-5895 (1796.84@) .Reworked devitrified ash-flow(?) tuff

Shards are very poorly preserved. Those that. are evldent have been
replaced by calcite (and rarely by quartz and albfte) Pumices are abundant
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(~103) and small (1.0 mm) and have abundant clay fillings, Most are
unflattened or only slightly elongate. Rounding of pumice may indicate some
reworking, Lithic fragments are rare (<1%) and consist of heavily carbonate-
altered lava(?) and "brown hair” spherulites.

The principal phenocrysts are quartz, feldspar, and biotite, The quartz
(3%) is subangular to rounded and embayed. One grain is 1.3 mm; others are
<0.2 mm, Feldspars (<2%) are totally replaced by calcite. Rare feldspar
grains contain relict polysynthetic twinning. Some grains may be relict
sanidine(?). Relict biotite grains are rare (<1%) and consist of magnetite
fnclusions and clay. Accessaries fnclude zircon and titanomagnetite,

3. G2-5926 (1806.2 m) ODevitrified ash-flow tuff

Shards are reasonably well preserved. Thera is some replacement by
calcite and quartz/faldspar; other shards have undergone total dissolution,
and the remaining void space is ‘lined with sparse authigenic albite. Pumices
are small (€2 mm) and rare (<4%). They are slightly flattened and entirely
replaced by claj. Lithic fragments are rare (<23) and consist of felsic
volcanic fragments with trachytic texture. They have a yellowish matrix,
sodic plagtioclase phenocrysts, and radial and fan'spherulites.

The principal phenocrysts include plagioclase, sanidine, and quartz., The
plagioclase (4%) has some calcite and clay alteration bdbut is relatively well
preserved. There is some moderate to normal zoning in some 'grains.
Compositionally the plagfoclase is dominantly aldbite, although there is some
oligoclase. Most individual grains are ~0.5 mm in diameter, though some are
up to 1.0 mm. Sanidine phenocrysts (1%) have about the same size range as
plagfoclase. Quartz (1%) occurs as angular, unstrained grains. Accessories
include zircon and titanomagnetite.

T. Unnamed Ash Flows

1. G62-5951 (1813.9 m) Devitrified, vapor phase altered ash-flow tuff

Thera has been total dissolution of some shards; a few albite crystals
line the remaining voids. Other shards have been replaced by calcite or
albite * quartz. There are abundant spherulites with radial and plumose

72




—- .- .

structure. Pumices are up to 1 cm long, greatly flattened, and replaced by
clay, calcite, albite, and quartz. Apparently calcite and albite replacements
do not occur together. Lithics are rare (<1%) and consist of spherulite and
trachytic lavas. -

Phenocrysts consist of piagfoclase. quartz, sanidine, amphibole(?), and
biotite. The plagtoclase (8%) 1is 'characterized by calcite replacement of
crystal cores or of complete crystals., The total replacement of plagioclase
by calcite is most effective where the original plagioclase grain occurs along

a fracture. Some polysynthetic twinning is preserved, but there 1is no
_apparent zonation, Quartz (1%) occurs as angular to embayedrgrgins 0.5 to 1.0

mn in diameter. Sanidine (1 to 2%) is microperthitic and less altered to
calcite than plagioclase. Relict amphibole(?) occurs fn trace amounts and
consists of 6paqne outiines of amphibole end-sections replaced by quartz,
Biotite(?) also occurs in trace amounts and 1s replaced by & coarse, colorless.
clay. Accessories include abundant zircon and titanomagnetite.

~

2. G2-5992 (1826.4 m) Devitrified ash-flow tuff

Shards have been totally dissolved and later fnfilled by authigenic
minerals. Some have albite 1inings and calcite cores. Others are Infilled by
quartz and albite. Pumices are highly flattened (~10: 1) and replaced
dominantly by very coarse-grained clay. Lithics (+1%) 1include spherulite
fragments 0.5 to 1.0 mm in diameter and rare clasts of felty-textured volcanic
rock with a very dark matrix. | ;

Phenocrysts 1nclhde plagioclase, sanidine, quartz., and amphibole(?).
Plagioclase (7%) 1s generally replaced by calcite. Crysta1s are relatively
unzoned and average about 0.5 mm in diameter., Some grains occur in glomero-
porphyritic clots. Sanidine occurs in rare grains (1%) with clay alteration.
The average size of sanidine phenocrysts 1is «0.5 mm. Quartz (2%) occurs as
irregular and embayed crystals 0.5 to 1.0 mm in diameter. Amphibole(?) occurs
as relicts with opaque crystal outlines and quartz or calcite cores,

. Accessories 1nclude ebundant euhedra! zircon and titanomagnetite.
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ITI, THIN SECTION DESCRIPTIONS FUR DRILL HOLE UE25b-1H, FROM 2400 FT TO T.D,

A. Bullfrog Member of the Crater Flat Tuff

1. UE25b-1H-2402 (732.1 m) Partly to moderately welded, devitrified,
vapor phase altered, crystal-rich ash-flow tuff

The groundmass is finély devitrified to equigranular silica and feldspar.
In plane light it is light tan and clear except for small (<0.01-mm) opaque
phases. Spheru!itic sprays and sheaves of crystals indicate probable vapor
phase crystallization.

Relict shards are 0,05 to 0.02 mm in diameter, are unaligned, and still
retain much of their original morphology. They are clear in plane lighf and
somgtimes have an opaque axis. Recrystallization may have concentrated opaque
dust at the centers of thase shards. Quartz and feldspar in shard interiors
appear to be coarser than along shard rims,

Relict pumice clasts are identifiable by brown clay(?) alteratior along
what are probably collapsed vesicles. The framework of pumice lapr.lii is
devitrified to granular silica and feldspar. There are some radiating
crystals of feldspar and silica within the pumice. Most pumices appear
flattened or stretched out.

Phenocrysts make up «20% of the rock. The principal phenocryst phases
consist of rounded, embayed quartz (<0.8 mm), plagioclase (0.15 to 0.8 mm),
probable sanidine (0.4 mm), and darkened, altered biotite (0.15 to 0.5 mm).
There are rectangular and prismatic crystal forms pseudomorphed by alteration
products. These pseudomorphs may represent altered pyroxene or amphibole.

2. UE25b-1H-2525 (769.6 m) Coarsely devitrified tuff

The whole rock s extremely altered, and original structures such as
shards and pumices are no longer identifiable. Therefore, the degree of
welding cannot be estimated in thin section. The groundmass is fine-g}ained
and has a very léw birefringence. Devitrified feldspar and silica have grain
sizes of 0.02 mm in the groundmass and up to 0.5 mm in what might havé been
_pumice lapil11i, Phenocrysts are extremely resorbed and embayed, even biotite.
Plagioclase phenocrysts are altered and have overgrowths of sanidine(?){ Some
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nocrysts are not significantly ‘altered but still are

sanidine phe :
M’ai overgrowths. Many plagioclase crystals are totally replaced
nave

‘,,d Mrefrlﬂge"t ‘material. Quartz crystals are deeply embayed and
.,cllﬂ ’
y Vv :

wtt o poles: | |
5b-1H-2596 (791.3 m) Partly welded, devitrified, vapor phase
250=2"" _
- W
rock is very similar in appearance to UE2S5b-1H-2625, ‘except that the
™is

are gore intact. The groundmass ‘1s totally devitrified to <0.01

{ns of feldspar and silica. Most mineral grains are granular but

l.z"::nct pargins,  Coarser devitrified crystals are clear in plane
'::r qrained materdal is 1ight tan,

'F”uu shards consist of flat streaks of coarser devitrification

., The original size of shards appears to have been 0.5 to 0.6 mm. In

plass light, fine sprays of needles up to 0.02 mm long can be seen growing

cauarés the centers of the shard from the edges.
~ menccrysts consist mostly of quartz and feldspar, Most"phenocrysts_ are

reended, resorbed, and somewhat embayed around the edges. ‘Plagtoclase

* phesecrysts are severely altered and contain many holes. Biotite crystals are
\lsgatly bent and have wavy extinction. The color of biotite grains ranges
tren gold-red brown to almost black,

t$

4, UE2SD-1H-2737 (834.2 m) Partly welded, devitrified, vapor phase
altered ash-flow tuff ' ' '

The groundmass is Tight tan and has a texture of tiny (0.05-mm), clear,

wre-lite patches, Ltarger devitrification products ‘consist of feldspar or
l“‘u. ’ ‘ T . . o

Relfct shards are sharp and distfnct. These shards are reddlsh-brovm
Wit the pale-tan groundmass. ~ Most are 0.1 to 0.7 mm in size and totaily
*Wlke by very fine-grained devitriflcation products. Some shards are
Sheligneg ang flattened. giving 2 false 1mpress10n of flowage. Some are

e round pumice and phenocrysts.r The pumices themselves are flattened
o % totally collapsed. Some pumices are undeformed. Evidence about the

of weldfng seems conflicting in different parts of the thin section.



but it seems that the welding is greater than in the previous two samples,
The dagree of alteration, however, doesn‘t seem as severe as in previous thin
sections,

Phenocrysts make up «~5% of the rock. Feldspars, quartz, and biotite are
the dominant phenocryst phases. As in previous samples, most are rounded,
resordbed, and embayed.

5. UE25b-1H-2832 (863.2 m) Slightly welded, devitrified, and zeolitized
ash-flow tuff

The groundmass consists of a mixture of fineograined devitrification(?)
products and zeolites. .

Ralict shards are generally «0.1 mm in size. Some shards have axiolitic
texture with opaque dust concentrated at their centers. Glass in some shards
has dissolved away, and clinoptilolite has crystallized in the resulting
voids. In general, shards are not flattened and have random orientations.

Probable relict pumice lapilli consist of fine-grained devitrification
products with abundant clays.

Phenocrysts make up 7 to 10% of the rock and consist of plagioclase,
sandine, quartz, and biotite. About 50% of the rock i3 phenocryst-free,
possible pumice. The other 50i contains 7 to 10% phenocrysts. The feldspar
phenocrysts are mostly large (1 to 1.5 mm), nearly euhedral, and variously
twinned. Some plagioclase phenocrysts are replaced by calcite. Quartz
phenocrysts (<0.1 mm) are sometimes resorbed and embayed. Biotite occurs in
kinked grains 0.4 to 0.3 mm long.

6., UE25b-1H-2855 (870.2 m) Zeolitized, crystal-rich bedded tuff

The groundmass is completely altered to golden-yellow clays and zeolites.
Except for the clays it is clear 1in plane 1ight and nearly tisotropic under
crossed-nicols. Alteratfon of the rock 13 so complete that neither shards npf
pumices can be distinguished from the groundmass. '

Phenocrysts make up 20 to 25% of the rock. Most consist of highly
fractured and fragmented quartz and feldspar 0.4 to 0.7 mm in diameter. Some
phenocryst fragments are strongly rounded and embayed. There are or’y a few
bent biotite phenccrysts.
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B. Tram Member of the Crater Flat Tuff .

1. UE25b-1H-2953 (900.1 m) Partly welded, devitrified ash-flow tuff

Relict shards are more or less oriented and slightly deformed, especially
around phenocrysts. They have been replaced by fibrous spherulitic bundles
of colorless mineral phéses. The matrix between shards is filled with low-
birefringent, colorless to pale-brown, equant, anhedral phases 5 to 12 um in
diameter. Hematite grains <1 to 10 mm in diameter are scattered throughout -
this matrix. | | s

Pumice pyroclasts are 1 to 5 mm long and 0. 5 to 2 mm wide., The larger
pyroclasts are poorly preserved and difficult to identify, Vesicles are
elongate and tubular. Smaller pumice pyroclasts are outlined by trains of
hematite grains <1 um in diameter. All glass in the pumices has been replaced
by spherulitic bundles made up of individual crystals 2 to & um wide and 30 to
50 um lohg. Granular 1{ron(?) oxide phases are scattered throughout the
Spherulite bundles. Relfct vesicles in the pumices are filled with equant,
anhedral, low-birefringent phases and scattered grains .of hematite (<2 um).
Some vesicles in less deformed pumice pyroclasts have open voids in their
centers, rimmed with 60- to 90-um coloriess phases (zeolite?)

Phenocrysts make up »15% of the rock. The principal phenocrysts are
quartz, sanidine, plqgioclase, and biotite. The quartz (1 te 3 mm) is equant
and subhedral and 'sho‘ns’l_some resorption. Sanidine occurs in crystals up to 3
mn long crossed bykr‘nultiple ,frsctures with traces of alteration 2along some
fractube_surfaces. - Plagfoclase ph‘eriocrysts' are zoned, about the same size as
sanidines. and méy show considerable alteratfon. Biotite occurs as oxidized
crystals 300 um to 1. 5 mm long. »

Lithic fragments make up »§% of the rock and consist of highly altered,

' hematite-stained older tuffs.

2. UE25b-1H-3050 (929.6 m) Moderately to densely welded, s1ightl
zeolitized,,devitrified, crystal-rich ash-flow tuff )

This rock is very similar to UEZSb-lH-2953. except that it is more -
welded. Relict shards are consistently deformed and ‘oriented by compaction
and welding., The main body of each shard is generally 30 to 300 um long and
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replaced by colorless, low-birefringent phases up to 700 um long. The matrix
supporting the shards is replaced by low-birefringent granular phases similar
to those described in UE25b-1H-2953.

Pumice pyroclasts have been replaced by pale-brown fibrous bundles
similar to those described in the previous sample. Voids in the pumices are
filled with carbonate and low-birefringent, colorless phases in patches up to
140 um across. Some of the pumices have plagioclase phenocrysts replaced by
phyllosilicates and carbonate.

Phenocrysts make up »20% of the thin section. They are similar to those
described in UE25D-1H-2953.

Lithic fragments make up 5% of the rock and consist of highly oxidized
older tuffs,

3. UE25D0-1H-3095 (943.4 m) Well bedded, moderately to densely welded,
crystal-pich tuff

Bedding in this rock is defined by variations in phenocryst content from
bed to bed. Individual beds are 1 to 3 mm thick and exhibit grading to some
degree. Lithic fragments are concentrated in phenocryst-rich beds. This
could be a surge deposit associated with a pyroclastic flow.

The rock consists mostly of relict shards and rare relict pumice pyro-
clasts. Well-preserved shards range from 60 ¥m long and 15 um wide to 600 um
long and 60 um wide. Vesicles are highly elongate to equant., Most shards are
tabular with flared ends. They are repléced by pale-brown to colorless spher-
ulitic bundles with fibrous phases usually <1 um wide. The matrix between
shards consists of low-birefringent, colorless, granular, anhedral phases 3 to
50 um across and scattered hematite grains 1 to 20 um in diameter.

Phenocrysts make up «»20 to 25% of the rock. Most are subhedral and
exhibit no fracturing. Quartz occurs as equant to slightly elongate
phenocrysts 300 um to 1 mm in diameter. Sanidine (40 to 800 um) occurs as
subhedral phenocrysts. Plagioclase phenocrysts (+1 mm diamg;er} have some
zoned cores but are generally replaced by clays(?) and carbonate. Biotite
occurs as 400- to 1000-um phenocrysts oriented parallel to welded shards.

Lithic fragments make up 5 to 10% of the rock. They consist of highly
oxidized, hematita-rich altered tuffs.
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4., UE25b- 1H 3098 (944.3 m) Moderately to densely welded, devitrified
tuff .

This sample is nearly identical to UE25b-1H-3050 except for a slightly
smaller percentage of phenocrysts and the presence Aof pervasive fractures,
The main fracture 1s 60 um-8 mm wide and is filled with optically continuous
phases up to 5 mm in diameter. This irregular, branching fracture runs the
length of the thin section. Fracture surfaces are coated with an irregular

“imass of OpaqueAphases, mixed with hematite or goethite(?) in a zone 24 to 150
‘um wide. The center of the vein is filled with carbonate. At a distance of 1

to several millimeters out, there are small (0.5- to l.mm-long, 60-um-wide)
fractufes-,that are parallel to the main fracture. In places, there are
several en echelon fractures filled with carbonate. Several relict pumices
near these fraétures are partly replaced by carbonate. All fractures cut
across the fabric of the rock, and there appears to be little control of
direction or shape by‘original texture. .

S. UE25b- lH 3163A1964 1 m) Moderately to densely welded, devitrified
tuff

This rock s similar to uezsr:-m-soso. except that it contains more

pumice (»40%). Relict shards are devitrified to pale-brown to deep orange-

brown phases with low-birefringence and fibrous habit, The shards are
supported by a matrix of hematite and 10- to 50-um, -{rregular, low-
birefridgent, colorless phdses. The pumice pyroclasts -are compacted, ragged
relicts generally 2 to 4 mn long. They are deformed when in contact with
phenocrysts. Thesé,pumices‘are!replaced by pale-brown spherulitic phases <1
um wide. Pheﬁbcrysts in the pumice include quartz, sanidine, plagioclase, and
biotfte. . o

Phenocrysts make up 15 to 20% of the rock. They are similar in composi-
tion and proportion to UE25b-1H-2953. The plagioclase phenocrysts. have zoned

" cores. In some plag!oclase cores, rims are criss-crossed with thin irregular

fractures that are altered .to clays(?) and carbonate. ,
A large fracture runs the full length of the thin: section cutting across
a1l phases and the fabric developed in the rock. It is, on the average, 1.25
mm- wide. There {s «1.25-mm lateral offset of a lithic fragment by this
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fracture. Zonation of minerals lining the fracture is assymetric. Opaque,
botryoidal phases are better developed and thicker on one wall of the fracture
than the other. Calcite crystals (0.5 to 2 mm) fill the fracture,

6. UE25b-1H-3185 (970.8 m) Moderately to densely welded, daevitrified
tuff

Relict shards are very difficult to identify in this sample. They are in
the 100- to 200-um size range and are replaced by pale-brown to colorless,
very finely crystalline sheaves of very low-birefringent minerals. Pumices
occur as compacted, elongate clasts, up to 6 ™ long. They are draped around
the edges of phenocrysts. Relict textures are outlined by finely crystalline
hematite phases. All pumices have been recrystallized, and vesicles are
filled with coarse secondary phases including some smectite. Terminated
crystals project 1into some of the open vesicles. Pumice frameworks are
replaced by light-tan to colorless granular phases 40 um to 1 mm in diametar.

Phenocrysts make up 10 to 15% of the rock. Plagioclase (0.7 to 1.2 mm)
occurs as subhedral crystals and, in contrast to the Upper Tram, is fairly
fresh and unaltered. Some of the plagioclase phenocrysts form glomeroporphy-
ritic clots. Sanidine is less common than plagioclase and occurs in large
(>1.2 mm), subhedral crystals, some of which are resorbed. Quartz occurs in
large (2- to 3-m), resorbed, subhedral crystals. Biotite occurs as oxidized,
tattered flakes up to 2 mm long. Allanite 15 an accessory phase occurring in
subhedral to euhedral crystals frequently associated with oxides.

Lithic fragments make up <5% of the rock. They consist of 1- to 3-mm,
highly altered, almost unrecognizabdle tuffs and lavas.

Fractures form a trellis-like pattern in the thin section. The main
fracture i3 ortented normal to the welded fabric, with branches extending a
few millimeters parallel to the fabric. The fractures are filled with a
mosaic of sparry calcite, with calcite crystals 0.5 to 1.5 mm long. Some
appear to have pseudomorphed an earlier blocky phase growing out from fracture
surfaces. = The fracture tips are filled with a barded, colorless, low-
birefringent secondary mineral., Banding 13 developed in the fractures because
of changes in the size of the secondary minerals.
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7. UE25b-1H-3196 (974.1 m) Moderately to densely welded, devitrified,
vapor phase altered crystal-rich tuff

Relict shards are 'extremely difficult to identify and appear to be
replaced by pale-brown, fibrous phases. These shards are supported by a pale .
brown, finely crystailline (<4-um) matrix that contains some carbonate. Large
spherulites occur 1in the matrix on one edge ,6f._the thin section. Relict
pyroclasts are not very clear, but can be identified, Trains of sub-um
hematite outline the pumice pyfbclasts; All pumices are compacted and welded
and stretched around phenocrySts and 1lithic fragments. They have been
replaced by two phases: (1) pale-brown, very low-birefringent, equigranular
phases <4 um and (2) colorless, fairly low-birefringent phases up to 150 um
long and 30 um wide (filling former vesicles?). Both phases have fairly high
relief in reflected light, but the first phase has a little more texture.

. Some pumices have a medium-brown smectite(?) rim and a core of colorless,

equigranular phases about 25 to 150 ym in diameter. Some of these cores are.
surrounded by 0.5-mm-diam spherulites. o

. Phenocrysts make up w25% of the rock. Quartz 1s subhedral and up to 1.5
mn in diameter. Plagiolese‘ (<0.6 mm) occurs as subhedral crystals with
oscillatory zoned crystals that are partly replaced by calcite, Sanidine
occurs as frregular chips and laths up to 1 mm long. . Biotite forms oxidized

laths up to 1 mm long, Allanite is an accessory phase, occurring as subhedral

to euhedral twinned crystals 400 um long. o

Lithic fragments make up «~5% of the rock and consist of mostly sub-
rounded, equant to elongate lava clasts. They are severely altered; plagio-
clase phenocrysts are replaced by calcite and the groundmass by clays(?).
These 1ithics are possibly andesites.

8. UE25b-1KH-3225 (983.0 m) Moderately to densely welded, devitrified

tuff

About three quarters ‘of this thin section consists of a subrounded lithic

fragment of andesite; it 1s similar to thosé qescribed in the previous sample.

The 1ithic is contained within a welded tuff. Pumice and shard relicts in the
tuff are compacted and wrapped neatly around the end of the lithic fragment.
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Pore space within the tuff is filled with coarsely crystalline (150-um
anhedral, colorless phases (authigenic alkali feldspar or silica?).

9. UE25b-1H-3267 (995.8 m) Moderately to densely welded, devitrifie
tuff

In general.'this rock is very similar to UE25b-1H-3196. Relict pumice
and shards consist of equigranutar, colorless, low-birefringent phases (5 t
15 um) and medium-brown, fibrous smectite(?). The medium-brown smectites make
up »35% of the matrix materials. Phenocrysts and 1ithic fragments are similas
to those described in UE25b-1H-3196.

10. UE25b-14-3326 (1013.8 m) Moderately welded, devitrified tuff

This rock 1s similar to UE25b-14-3196, only with less relict pumice and
more sﬁards. Relict pumice makes up +30% of the matrix. Relict shards(?) are
replaced by pale-drown, medium-birafringent, 10- to 20-um smectites(?). The
matrix between shards consists of colorless, very low-birefringent phases in
5- to 10-um stze range; A slightly coarser version of these phases can be
found in lenticular patches in cores of relict pumices.

Lithic fragments consist of older, metamorphosed tuffs and badly altered
andesite lava fragments. Some matrix in the older tuffs has been replaced by
50- to 150-um-diam spherulitic bundles of colorless, low-birefringent phases.

This rock has the same phenocryst assemblage as UE25b-1H-3196. Calcite
fil1s irregular, branching veins in the rock (<5% by volume). These veins
range in width from 10 to 300 um.

11. UE25b-1H-3393 (1034.2 m) Nonwelded, davitrified, and zeolitized tuff

Relict shards are well'preserved and consist of long, curved forms with

2 to 4 cusps. The matrix consists of broken phenocrysts and finely crystal-
line (3- to 20-um) phases, i-.iuding: (1) colorless, low-birefringent phases

(high relfef in reflected 1light), (2) medium-brown, low-birefringent, low-
relief smectite(?), (3) sub-um hematite, (4) anhedral pale-green chlorite(?),

and (5) large (4- x 2-mm), irregular patches of sparry calcite. Pumice pyro-
clasts are highly inflated; vesicularity probably makes up 85% of these
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pumices. Pumice cIasts are 2 to 4 mm w1de. with vesicles up to 2 mm in
diameter and vesicle walls of *10 to 50 um thick, They are similar 1in
appearance to pumices from some peralkaline tephras, This must have been a
Jow-viscosity magma or one with a high gas content., Glass has been replaced
by coarse phases with very low birefringence and high relief (analcime?).
Phenocrysts make up «»10% of the rock, Santdine occurs as 0.5-to 1.5-mm,

equant, resorbed phenocrysts. Plagioclase with oscillatory zoning occurs in

. the 0.,5- to l1-mm size range. Many are altered, with a network of veins across

the phenocrysts. Quartz. occnrs as broken, subhedral forms up to 1 mm across.
Biotite forms ragged, oxidized crystals up to 1.5 mm long. Allanite is a rare
accessory phase occurring as subhedral grains up to 400 um long. ‘

Lithic fragments (>4 mm) consist of older welded tuff, replaced by
carbonate (calcite) and medfum-brown smectites. Aphantic lava fragments are
probably andesites.

ﬂ 12. UE25b-1H-3469 (1057.4 m) Nonwelded, zeolitizéd tuff

This rock 1is very similar in appearance to UE25b-1H-3393, except that
relict pumices and shards have smaller vesicles, and large lithic fragments of
lava or hypabyssal magma are common. The lithfcs consist mostly of 300- to
400-um plagi'oclase. Mafic(?) phases have been replaced by calcite and brown
smectites(?). Some lithic fragments contain well-developed sheaves of what
appears to be chlorite, |

13. UE25b-1H-3506 (1068.6 m) Nonwelded, zeolitized tuff

. This sample is nearly identical to UE25b-1H-3393 and 3469, Phenocrysts
make up »zoz of the rock, matrix 50%, and lithics +30%. The thin section fis
dominated by 2 large lithic fragment that may have been a glassy lava(?). No

relict pyroclasts are visible. = Phenocrysts of oxidized biotite, plagioclase, ° |

oxides, and- sanidine occur in.a matrix of granophyric colorless phases with
low birefringence and 10 to. 600 um in size.
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14. UE25b-1H-3571A (1088.4 m) Thin section across fracture fill

This fracture consists mostly of sparry calcite with crystals up to 4 mm
long., Some fractures 1in the calcite are filled with colorless, low-
birefringent, fibrous phases up to 150 um in diameter. Angular bits of broken
volcaniclastic sediment occur in the middle of the fracture fill. Irregular
chains of chlorite (4 to 5 mm long, 60 to 300 um wide) cross the calcite., The
chlorite is associated with fine-grained hematite(?). It appears. that the
rock was brecciated before being engulfed by the calcite-chlorite bearing
solutions. ‘ '

15. UE25b-1H-3571B (1088.4 m) Reworked, bedded tuff

This sample appears to be an extremely tmmature tuffaceous sandstone
consisting of 7- to 250-um size sand grains in a low-relief, pale-brown matrix
of 311t to medium grain sand. The population of sand grains includes: (1)
subrounded to subangular quartz, (2) altered tuffs replaced mainly by low-
birefringent equigranular phases; some with small spherulites, (3) subangular
to angular sanidine, (4) aphanitic lavas (altered) with replacement of
groundmass by smectites, (5) spherulite fragments, (6) angular to subangular

allanite grains, (7) subangular plagioclase grains, and (8) subrounded to
subangular opaques.

16. UE25D-1H-3660 (1115.6 m) Nonwelded, zeolitized tuff

This sample 1s very similar to UE25b-1H-3393. Phenocrysts make up »7% of
the rock, matrix 68%, and lithics 25%. Pyrite is disseminated throughout the
matrix, Fractures are characterized by brecciated clasts of tuff surrounded
by calcite and colorless, equigranular phases (analcime?). Both sides of the
major fracture have a 0.5-nm-thick layer of sparry calcite. Calcite extends
out 1 to 2 mm into the matrix from the fracture walls. The upper walls of the
fracture contain well-developed, 0.5-mm-long analcime crystails. Plumose

growths of calcite grew inward in the central cavity. There may have been
some movement or shear along this fracture before it was filled by secondary
minerals.
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17. UE25b-1H=3767 (1148.2 m) Nonwelded, zeolitized, 1ithic-rich tuff

This sampie too 1s_yery similar to UE25b-1H-3393, Une main difference is
tnat this sample contains 3 to 5% subhedral to euhedral pyrite (1 to 30 um)
scattered through the matrix. Also, ~ there are several l- to 3-nm-long

, 'lenticular zones where a lithic fragment(?) has been replaced ‘by medium-brown,

fibrous, lowe-relief smectites. Phenocrysts make up 7 to 10% of the rock,
lithic fragments 20 to 25%, and matrix 65 to 73%.

18, UE25b-1H-3835 (1168.9 m) Nonwelded, zeolitized, lithic-rich tuff

Again, this sample {s similar to UE2Sb-1H-3393. One major difference is
that this sample ‘contains significantly more brown, fibrous smectite im
lenticular zones in the matrix. Also, sparry calcite cement occurs in small
clusters throughout the matrix, 'Irregular. microcrystalline patches of
chlorite are still common throughout the matrix. Lithics consist of older,
altered, welded, an& nonwelded tuffs as well as highly altered and oxidized

andesitic lavas. Phenocrysts make up 10 to 15% of the rock. lithic fragments
40%, and matrix 45 to 502.

C. Unassigned Bedded Tuff Between the Tram Member, Crater Flat Tuff,and

Lithic Ridge Tuff

UEZSb 1H-3956 (1205 8 m) Moderately welded, devitrified crystal-rich
tuff

The matrix is a mfxture of (1) colorless, equigranular phases 3 to 10 um

in diameter, (2) pale-brown, micaceous,,medium-birefringent phases, and (3)

disseminated calcite, Only faint outlines of shards are preserved; they are
outlined by the pale-brown phases. ~ The relict pumice pyroclasts have been-
compacted and are deformed when 1in contact with a phenocryst or lithic
fragment. The pumice pyrocl;stsihave been replaced by a colorless to pale-
brown, micaceous phase with medium to.high birefringence. - Each phase is 1 um

wide and 10 to 30 um long. All are oriented parallel to the relict grain of

the pumice.y
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Phenocrysts make up »20% of the rock. Plagioclase phenocrysts are 150 um
to 4 mm long and occur as angular, subhedral crystals, About 25% exhibit
oscillatory zoning, and some are partly replaced by calcite, Sanidine occurs
as anhedral grains 600 to 800 um long. Som@ are partly pseudomorphed by
calcite. Biotite occurs as rare, strongly pleochroic, oxidized grains 600 to
700 um long (occasionally up to 2 mm) present in glomeroporphyritic clots.

Lithic fragments make up 2% of the rock and consist of subrounded
orange-brown or light-brown older tuffs,

D. Lithic Ridge Tuff

UE25b-1H-3988 (1215.5 m) Moderateiy welded, devitrified crystal-rich
tuff

The matrix consists of pale-brown, equigranular phases (3 to 30 um long)
in firregular to equigranular patches, separated by medium-brown, low-relief
(1n reflected light), fibrous smectites(?). The smectites are in zones 3 to
10 um wide. Scattered throughout are 30- to 100-um-long patches of a
colorless, medium-birefringent micaceous phase. There are also occasional
200+ to 300-um patches of colorless phases cored with pale-green, equigranular
chlorite(?). Only rarely are. relict shards visidble; they are preserved by
2eolite(?) phases or outlined by smectite. The fabric is mostly preserved by
relict, compacted pumice pyroclasts that make up 20% of the matrix. These
pumicas have been replaced by a dark-brown, fibrous smectite(?). The
pyroclasts are 3 to 4 mm long and 300 to 500 um wide,

Phenocrysts make up ~20% of the thin section. They consist mostly of
subhedral, oscillatory zoned plagfoclase 200 um to 3.1 mm long and lesser
amounts of 200- to 500-um-long, subhedral sanidine, Bfotite occurs in trace
amounts as 0.5- to 1.5~-mm oxidized crystals. Some of the longer biotite
crystals are compressed and deformed with the larger pumice pyroclasts.

Lithic fragments make up +5% of the rock. Most consist of older tuffs
replaced mainly by finely crystalline equigranular phases 90 to--200 um long.

There are also traces of oxidized, porphyritic lava lithics with plagioclase
phenocrysts ia a trachytic groundmass.

Fractures in the rock are 10 to 20 um wide and both parallel and normal
to the fabric. These fractures are filled with calcite. In a few places
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opaques partially line fracture walls, but ‘in general calcite is the dominant
fracture fill,
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FELDSPAR MICROPROBE DATA FOR USW-G2
Yucca Mountain Member of the Paintbrush Tuff

Microprobe analyses of feldspars in USW-G2-304
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Microprobe analyses of feldspars

FERIA'
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Mfcroprobe analyses of feldspars in USW-G2-331 (cont)

Microprobe analyses of feldspars in USK-G2-338
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Unnamed Bedded Tuff Between the Yucca Mountain and Pah Canyon Members of the Paintbrush Tuff

Microprobe analyses of feldspars in USW-G2-358
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Microprobe analyses of feldspars in USW-G2-395
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Microprobe analyses of feldspars in USW-G2-501
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© Microprobe analyses of feldspars in USW-G2-547

HEOlA  FL0L8 FE0bA  FEUM  FLUSC fauel (I 'Y [ S T Y TRy Y [T S TT R (T3 U20  peuds  frulC QIR Rude  FLOXC flusa  fi0ve
PLAGIGCLASE Pt MCRTSTS SARIDINE PukauCarsts
Si, .93 .20 .02 NI . 8,99 (YR T M08 8246 2.5 0002 WY Wl W WY 82 [N RV WY S ¥ 0.2y .5
A, 2.3 RN 2.0 .M M6 2.0 9.0 1.0 e 2.0 W 23.08 2400 Wyl e 1028 19,08 % 1023 %4 e
fed ° 12 [0 B W WY .08 (X3 08 W04 e [ X I W R N 1Y [ X R W™ SV el 003 AW .08  0.03
o [ X X e 0.0 0w . [X] L 0.0 W 6 w00 .l W @ ek e oW [ X ™
(7] [ X X 000 6w 6w .0 1.4 L2 L ew LS el ww [13 TR 2 N NP3 LY LW LD 283 2.2
(71 s an E XTI N [ WY (X o.% oM e 1 [ " K R X ) e oM a2 o L2 .4 0.8 i
gy 8.4 AW [ % P W T % T X ) $.00 .12 o M Sz W [ Y5 T W WYY % S0 a2 LX I ¥ f
[3 L2 L2 [IS TN N T % ') [ %) “n 12 e [ %S W W LM R e LR 8 &% " a2
n .l w9 wW.oe 9199 a9 .y? w.n w2 w.e WS .65 WA W8 .0 Wl W W W2 WD W W .
- Cotien terawls based o4 (Y} ’
st 2.682 2.3 2.8 .84 2.408 .0b6 2966 2.1 2.2 2,600 2.5 2.260 2.009 2% 294D 2,628 2.92 2.9 2.M2 2.6 2.982 {
Al [T B 1] M6 402 b2 1.3 .82 a3 46N L2 Le 122 L3 .03 b )05 (X TR I TRy W 1 (I WY
fe C 06 0.0 .00 G0 6000 . 0.6000 0.000 .00 0.002 W0 G.Gub Wb S 60ul  g.ou 0.000 Ol 6.0 0.0 0.0W
[ 0008 G0 000 60 G0 0w .00 SW0 S0 A0 KW Bu0 U BW BUN 5000 LW BUW GUN U.UW B0
[ G0 0,000 6.000 0.000 6.0 800 [ X" 0.Q21 0,026 .00  8.82) WA G WD G2 5002 SN 0.G26 8620 .00 0.0
Co 0.202 8.W [ NY R Y R WS %Y .0 0016 wuri alh 08 a2 N 00l S0 Wb 06 Ga M0el [ X7 S X473
e 0.4 0229 0.8 %02 G4l [ XYY 046 S 0.4y 0.0 LMl 0.4 610 0. 043 040D .2 .06 L4kl [ X TR ¥}
[ s8N [ X} F R WL R W/ 0.0% .42 042 6.4W G4l G417 Susd B30 LM KM 0450 A5 0.40 AN 0.0 Sem
Sun [ Y7 I X1 S007 5000 e S0 4980 .55 Guh 5,000 A% S0 W7 4.0 4w .02 ) % .02 4 AW
Nol.}_potassium teigiper (Ur], sivite (An), sad ensrinite {As) '
ue 1.0 2.1 X 1. 2 3.8 . 0.y N e Ww.e e a? “®w.s b W 2.1 W2 e w.l! K29
~» By na 5.8 .2 e .4 “%.4 8.4 &0 Mo 0.8 N [ I W R X ©®.9 W &a “w.s Wy i
[ [T X TR ] [TY B ' R I 1) n.e 2.9 |8} 2.4 W2 22 as NI Ly 2. .2 .0 20 (X 2.4 2.4
Microprobe analyses of feldspars in USW-G2-548
|
FE03A  FEQla FEOSA  FEOSE  FEWAC fLOIA  floN fusd  FEow :f..“‘: “_‘2: [T R T {" VI " 1] FEueA  FEusd  Frued uA  Flus  sEuac
PLASIUCLASE P uuiRYSIS PLAGIOCLASE PENOLATST WITH SARIBINE Rin T e T VTINES )
10, 6.6 621 65.93 .03 W20 W K. ®.as W M 0.8 G [T TY 65.60 .00 .M el e ez
Ao, s 2w w0 .2 N .0 22.08 2.4 2.9 2.5 1000 lo.be le.% 1908 08 2.0 .02 s w8 .l
Fou [ ¥ “z w2 ols [T %) .2 &y i . w2 a2 W L e s 02 ez
oy el oW W LW  uw [ X X [N X 02 S 0. [ X e 008 W ©LUl e vl
(™) 0.y e % oM s (X R X 0.0 oW N L6 e L8 L Lot e e Lo 28 e
Coi RV N ] 2.9% LI 0. [ TR, NS 7 N ™ “0 e L [ X' %] [ TR RS WYY e W s
e ¥ [ X" X ) . & e LD e .8 N LI IR | Y X .62 4. 6 s ¥ S0 4a u%
50 LY L& LYl L2 e &R LN [T % L 016 sm [N N *R L8 Lo L 8% 1.0
n 9.0 10043 108 L .G .13 w.9  lel.W Ll.2e e .07 w42 .80 0.2) 100.% o). wu. b .9 .Y w8l
Catrom 1 T os 8{0
$ 2,830 2.460  2.W1% 2004 2,404 2.0 2.810 2.80% 22.%4 .88 298 2.9 2.8 2.9 2% 280 2.0 2,9 2.9 2.m
) 114 LN [NITEE NI ] L2 L 1093 b6 LUS eed e 1,020 L.62e [RCTL R WY I Y™ 1.02% Lo 1N
‘e 0.010 0.810 0.009 0.007 8006  B.00h S0 006 .49 SUIp B 00w  0.008 S0 Ouué 0.000 0.0 O.d Q. 0.82
"y 0000 .00  0.W0 8000 0.0W o0 0.0 0.0  6.000 LU0 0.0 00w 00 0.008 0.600 000 0W Ouw 00w 0.0W
™M Q004 00 O.WA S0 S0 0L 0 0.0 KOW w2 0.0 w018 .02 G0 0.0 0007 0.0  0.uz6 .4 0.
[0 0074 0.8 0.1 6.1/ 0.3 0.2u4 0126 01%  0.400 Ll 00y yow [ X7 "I N 11 ] [ XTT O STV WY 0020 w02¢  u.m
~ G732 0.2 0020 8.4 0606 0.6 B.25) Q.18 0.%43 AW LY 0.4 e 04D QA 069 o.N)) [R TR W Y R ¥
3 o L.l 0.106 0.4% 0.0M 0.042  U.ule 0.003  0.028 0.uey 050 0.5% 0502 0.5 0.53% ouiv 0.0 U518 A% G0l
Sun A Ave A9l A% 5.0 5,016  5.007 [X T RS “w) 500 S0 s.003 6.9 LR I KR WY SWl ey S
Nol.2 potassiva feldsper {ur), olbite (AD), ane anorimiie {An)
ur (X} 9.3 .o [ XY 3.8 4.0 T.e 6.4 2.t e 5.9 2.0 s .8 8.2 .5 | YU B V] 'Y}
N 1% TR [ B L9 T V% 1 YR I X 1.8 8.2 .y @4 LI R 1 @s s ©0 0 B Ly
M LA BN TR [L DS T 72 B X w.e il .y ey Wy [ ] () 2.9 2.0 (R | RV XY P FXE TN




Microprobe analyses of feldspars in USW-G2-561
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Microprobe analyses of feldspars in USW-G2-723
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Pumiceous Tuff Between the Pah Canyon and Topopah Spring Members of the Paintbrush Tuff
Microprobe analyses of feldspars in USW-G2-762
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o Topopah Spring Member of the Paintbrush Tuff
Microprobe analyses of feldspars in USW-G2-770
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Microprobe analyses of feldspars in USW-G2-770
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Microprobe analyses of feldspars in USW-G2-898 (cont)

> Microprobe analyses of feldspars in USW-G2-984
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Microprobe analyses of feldspars in USW-G2-984 (cont)
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Microprobe analyses of feldspars in USW-G2-1133 .
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Microprobe analyses of feldspars in USW-G2-1281 : 4 .
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Microprobe analyses of feldspars in USW-G2-1420
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Microprobe analyses of feldspars in USW-G2-1664
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Microprobe analyses of feldspars in USW-G2-1745
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Microprobe anaiyses of feldspars in USW-G2-1752 .
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é Microprobe analyses of feldspars in USW-G2-2158
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Micr:obrobe analyses of feldspars in USW-62-2325
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Microprobe analyses of feldspars in USW-G2-2430
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Tram Member of the Crater Flat Tuff

Microprobe analyses of feldspars in USW-G2-3671
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Microprobe analyses of feldspars in USW-G2-3933 Microprobe analyses of feldspars in USW-G2-4005
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Microprobe analyses of feldspars in USW-G2-4090
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Lithic Ridge Tuff
Microprobe analyses of feldspars in USW-G2-4199
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Microprobe analyses of feldspars in USW-G2-4467
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Bedded Tuff at the Base of the Lithic Ridge Tuff
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Microprobe analyses of feldspars in USW-G2-4805
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~ Microprobe analyses of feldspars in USW-G2-4838
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Rhyolite Lavas
Microprobe analyses of feldspars in USW-G2-5017
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o Quartz Latite Lavas
Microprobe analyses of feldspars in USW-G2-5493
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Ash-Flow Tuff

Microprobe analyses of feldspars in USW-G2-5657
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Dacite Lavas
Microprobe analyses of feldspars Microprobe analyses of feldspars
in USW-G2-5696 in USW-G2-5820
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Microprobe analyses of feldspars in USW-G2-5820 (cont)
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§ Baked Conglomerate and Reworked Tuff _
Microprobe analyses of feldspars in USW-G2-5895
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Unnamed Ash Flows

Microprobe analyses of feldspars in USW-G2-~5992
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§ 2. FELDSPAR MICROPROBE DATA FOR UE25b-1H
Bull frog Member of the Crater Flat Tuff
Microprobe analyses of feldspars Microprobe analyses of feldspars
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Microprobe analyses of feldspars
in UE25b-1H-2855
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-Tram Member of the Crater Flat Tuff

Microprobe analyses of feldspars
| in UE25b-1H-2953
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Microprobe analyses of feldspars
in UE25b-1H-3050
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APPENDIX B
MAFIC PHENOCRYST MICROPROBE DATA

1. MAFIC PHENOCRYST MICROPROBE DATA FOR USHW-G2
Yucca Mountain Member of the Paintbrush Tuff

Microprobe analyses of mafic phenocrysts in USW-G2-331
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b Unnamed Bedded Tuff Between the Yucca Mountain and Pah Canyon Members of the Paintbrush Tuff
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Microprobe analyses of mafic phenocrysts in USW-G2-395
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= Pah Canyon Member of the Paintbrush Tuff
Microprobe analyses of mafic phenocrysts in USW-G2-501
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Microprobe analyses of mafic phenocrysts in USW-G2-762
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Microprobe analyses of mafic phenocrysts in USW-G2-770
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Microprobe analyses of mafic phenocrysts in USW-G2-1691
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Bedded Tuff Between the Topopah Spring Member of Paintbrush Tuff and Yuff of Calico Hills

Microprobe analyses of mafic phenocrysts
in USK-G2-1745
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Microprobe analyses of mafic phenocrysts
in USW-G2-2158
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Microprobe analyses of mafic phenocrysts
in USW-G2-2325
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Microprobe analyses of mafic phehoctysts
in USW-G2-2430
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Prow Pass Member of the Crater Flat Tuff
Microprobe analyses of mafic phenocrysts in USH-G2-3250
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8ullfrog Member of the Crater Flat Tuff

Microprobe analyses of mafic phenocrysts
in USW-62-3308
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Microprobe analyses of mafic phenocrysts
in USH-62-3366
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5 Tram Member of the Crater Flat Tuff
Microprobe analyses of mafic phenocrysts in USW-G2-3671
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Rhyodacite Lava Between the Tram Member of the Crater Flat Tuff and Lithic Ridge Tuff

Microprobe analyses of mafic phenocrysts in USW-G2-4090
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Quartz Latite Lavas

Microprobe analyses of mafic phenocrysts Microprobe analyses of mafic phenocrysts
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2. MAFIC PHENGCRYST MICROPROBE DATA FOR UE25b-1H
Bullfrog Member of the Crater Flat Tuff

Microprobe analyses of mafic phenocrysts in UE25b-1H-2832
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- APPENDIX C
1 PLOTS OF FELDSPAR MICROPROBE DATA FOR UsSW-G2

YUCCA MOUNTAIN MEMBER, PAINTBRUSH TUFF

BEDDED TUFF BETWEEN YUCCA MOUNTAIN AND PAH CANYON MEMBERS,
PAINTBRUSH TUFF

153




or © ashr

- o s QA BN A« BIAGE (4 1 W8

154

PAH CANYON MEMBER, PAINTBRUSH TUFF

BEDDED TUFF BETWEEN THE PAH CANYON AND TOPOPAH SPRING
MEMBERS OF THE PAINTBRUSH TUFF




TOPOPAH SPRING MEMBER, PAINTBRUSH TUFF

© PRIMARY FELDSPAR PHENOCRYSTS
© VAPOR PHASE SANIDINE

Ad
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BEDDED TUFF BETWEEN TOPOPAH SPRING MEMBER OF PAINTBRUSH TUFF
AND TUFF OF CALICO HILLS

TUFF OF CALICO HILLS

0 PRIMARY FELDSPAR PHENOCRYSTS
* AUTHIGENIC ALXALI FELDSPAR IN GROUNDMASS
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PROW PASS MEMBER, CRATER RAT TUFF
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TRAM MEMBER, CRATER FLAT TUFF

HORNBLENDE-BIOTITE RHYODACITE LAVA

An
0 PRIMARY FELDEPAR PHENOCRYSTS

4

Y or
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UTHIC RIDGE TURF

BEDDED TUFF AT BASE OF LITHIC RIDGE TUFF
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RHYOLITE LAVA

An

O PRIMARY FELDSPAN PHENOCRYSTS
% AUTHIGENIC RECAYSTALLIZED PHENOCRYSTS

or

QUARTZ LATITE LAVA

An
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UNNAMED ASH FLOWS
An

X AUTHIGENIC RECRYSTALLIZED PHENOCRYSTS

DACITE LAVA
An

© PRIMARY FELDSPAR PHENOCRYSTS
X AUTHIGENIC RECRYSTALLIZED PHENOCRYSTS
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BAKED CONGLOMERATE AND REWORKED TUFFS

An

X AUTHIGENIC RECRYSTALLIZED PHENOCRYSTS
AND AUTHIGENIC ALBITE IN GROUNDMASS j

Ad

UNNAMED ASH ALOWS

An
X AUTHIGENIC RECRYSTALLIZED MAGIOCLASE
PHENOCRYSTS
+ AUTHIGENIC RECRYSTALLIZED SANIDING
PHENOCRYSTS

Ad
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2. PLOTS OF FELDSPAR MICROPROBE DATA FOR UE25b-1H
g BULLFROG MEMBER, CRATER FLAT TUFF

TRAM MEMBER, CRATER FLAT TUFF
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APPENDIX D

1. PLOTS OF MAFIC PHENOCRYSTS
MICROPROBE DATA FOR USW-G2

YUCCA MOUNTAIN MEMBER , PAINTBRUSH TUFF
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BEDDED TUFF BETWEEN PAH CANYON AND TOPOPAH SPRING
' MEMBERS OF THE PAINTBRUSH TUFF
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TUFF OF CALICO HILLS
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TRAM MEMBER, CRATER FLAT TUFF
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2. PLOTS OF MAFIC PHENOCRYST MICROPROBE
DATA FOR UE25b-1H

BULLFROG MEMBER, CRATER FLAT TUFF
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