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(0-166 feet [ft]) SILTY, CLAYEY SAND WITH GRAVEL (SM/SC):
The interval consists primarily of layers of silty, clayey sand with gravel (SM/SC) with a layer of sandy clay (CL) from 67.5 to 75 ft. Fines typically display no 
plasticity. Gravel clasts are volcanic in origin and subangular to angular from 0 to 5 ft, and rounded to subrounded from 5 to 166 ft. Sediment color is 
predominantly yellowish brown (10YR 5/4) to reddish brown (5YR 4/4), very dark gray (N3), dark gray (N4), and dark grayish brown (10YR 4/2). No 
cementation is observed. Sediments react strongly with 10 percent (%) hydrochloric acid (HCl). All samples are dry.

(166 to 395 ft) ASH-FLOW TUFF (PRE-AMMONIA TANKS TUFF):
The tuff is light brown (5YR 5/6) from 166 to 240 ft, dark yellowish orange (10YR 6/6) from 240 to 360 ft, and moderate orange pink (5YR 8/4) from 360 to 395 
ft. The tuff is nonwelded, devitrified, and has an open/porous matrix. The unit is moderately weathered from 166 to 200 ft, slightly weathered from 200 to 240 ft, 
unweathered from 240 to 300 ft, and slightly weathered from 300 ft to 395 ft. The tuff contains 0 to 3% white (N9), orange pink (5YR 8/4), and pale orange 
(10YR 8/2) pumice clasts up to 20 millimeters (mm) in diameter with a pumice-rich (i.e., up to 50% pumice) zone from 360 to 370 ft and 1 to 5% reddish brown 
(10R 3/4) and dusky yellowish brown (10YR 2/2) lithic clasts up to 12 mm in diameter from 165 to 300 ft. The tuff is lithic-rich from 300 to 360 ft, with 5 to 20% 
variably colored clasts, mostly dusky yellowish brown (10YR 2/2), probably Paintbrush Tuff, up to 20 mm in diameter and up to 3% variably colored lithic clasts 
up to 10 mm in diameter from 360 to 395 ft.  The tuff is phenocryst-poor with up to 1% colorless sanidine, including chatoyant sanidine, up to 3 mm long, up to 
1% colorless quartz up to 3 mm in diameter. The interval from 200 to 300 ft contains 1% black and bronze biotite up to 3 mm long. A weak reaction to 10% HCl 
is observed in the first 5 feet of the unit. All samples are dry. The lower contact is gradational with the underlying ash-flow tuff.

(395 to 720 ft) ASH-FLOW TUFF (RAINIER MESA TUFF):
The tuff is light brownish gray (5YR 6/1) from 395 to 535 ft and medium light gray to very light gray (N6 to N8) below 535 ft. The tuff is nonwelded, devitrified, 
and has an open/porous matrix. The upper 5 ft from 395 to 400 ft is argillic and highly weathered; otherwise, the tuff is unweathered. The tuff contains up to 
10% light brownish gray (5YR 6/1) to very pale orange (10YR 8/2) to medium light gray (N6) and very light gray (N8) angular and partially vitric pumice up to 12 
mm in diameter, and 1 to 5% predominantly moderate brown (5YR 3/4) to grayish black (N2) lithic clasts up to 20 mm long. The unit is phenocryst-poor and 
has less than 2% feldspar, 1% quartz, and rare biotite. Samples show no reaction to 10% HCl. Moisture is noted  from 405 to 410 and 480 to 495 ft. All 
samples are wet after 535 ft. The base of the unit is in sharp contact with the underlying ash-flow tuff.

(720 to 876 ft) ASH-FLOW TUFF (RANIER MESA TUFF):
The tuff unit is composed of 3 subunits. Overall, the tuff is moderately weathered from 720 to 760 ft, highly weathered from 760 to 780 ft, moderately to slightly 
weathered from 780 to 795 ft, and fresh below 795 ft. The upper subunit from 720 to 762 ft is dark yellowish brown (10YR 2/2) to light brown (5YR 5/6) and 
nonwelded with an open/porous, altered matrix. Pumice clasts are replaced by cryptocrystalline silica. The upper subunit also contains 20% light brownish gray 
(5YR 6/1) pumice up to 20 mm in diameter, up to 5% variably colored lithic clasts up to 3 mm in diameter, 1% feldspar phenocrysts up to 2 mm long, 1% 
quartz phenocrysts up to 3 mm in diameter, and no mafic minerals. The middle subunit from 762 to 780 ft is pale reddish brown (10R 5/4) and consists of a 
clayey, matrix-supported, crystal ash tuff with no observed pumice or lithic clasts. It contains 15 to 20% feldspar phenocrysts up to 5 mm long and 15 to 20% 
quartz phenocrysts up to 2 mm in diameter. The matrix is intensely clay altered or argillized, and this subunit may represent a paleosol horizon. The lower 
subunit from 780 to 876 ft is a pale yellowish brown (10YR 6/2), homogeneous, nonwelded, devitrified, pumiceous tuff, with most of the pumice and lithic clasts 
completely to partially weathered out, imparting the tuff with a distinctive porous texture. This subunit also has an open, porous matrix. The lower section is 
phenocryst-poor, with no observed feldspar, 1% quartz phenocrysts, and rare mafics. Samples show no reaction to 10% HCl. The lower contact is sharp with 
the underlying ash-flow tuff.

(876 to 1,065 ft) ASH-FLOW TUFF (TIVA CANYON TUFF):
The tuff color ranges from grayish brown (5YR 3/2) to moderate brown (5YR 3/4). Color changes correspond approximately with changes in the degree of 
welding and the presence or absence of vapor-phase alteration. The tuff unit has a dense/non-porous matrix and a generally fresh and unweathered 
appearance. The zones are as follows:
876 to 900 ft (UPPER LITHOPHYSAL ZONE): The zone is grayish brown (5YR 3/2), moderately welded, vapor-phase altered, and crystal-poor. The zone 
contains 1% predominantly sanidine feldspar phenocrysts, rare quartz phenocrysts, 1% bronze biotite, and rare very pale orange (10YR 8/2) pumice clasts up 
to 4 mm in diameter. Vapor-phase mineralization fills lithophysal cavities and coats grain surfaces.
900 to 1,000 ft (MIDDLE NONLITHOPHYSAL ZONE): The zone is olive gray (5Y 4/1) to moderate brown (5YR 3/4), densely welded, devitrified, and 
crystal-poor. The zone contains 1% feldspar phenocrysts, rare quartz phenocrysts, and trace mafic minerals; rare medium light gray (N6) lithics clasts that are 
less than 4 mm in diameter; and no observed pumice clasts.
1,000 to 1,020 ft (LOWER LITHOPHYSAL ZONE): The zone is moderate brown (5YR 3/4), densely welded, vapor-phase altered, and crystal-poor. The zone 
contains 1% feldspar phenocrysts, rare medium light gray (N6) pumice clasts up to 20 mm in diameter, no observed quartz phenocrysts or mafic minerals, and 
no observed lithic clasts. Vapor-phase alteration occurs as thick grain coatings. Lithophysae are poorly developed.
1,020 to 1,045 ft (BASAL VITROPHYRE): The zone is moderate brown (5YR 3/4), densely welded, and vitric with spherulitic texture below 1,026 ft. 
Phenocrysts are rare and pumice clasts are vitric. The contact between the overlying devitrified zone and this vitric zone is gradational with the matrix 
becoming more vitric with depth. This lower vitric zone is poorly developed. The dark translucent glass typical of vitrophyres is altered and appears to be 
incipiently devitrified.
1,045 to 1,065 ft (NONWELDED BASAL ZONE): The zone is moderate brown (5YR 3/4), nonwelded, devitrified, and crystal-poor, with rare feldspar 
phenocrysts, no observed quartz phenocrysts, and no mafic minerals. The lower interval in this zone is similar in texture and color to the nonwelded basal zone 
at 27P from 349 to 355 ft, but lacks the well-developed glass shards. The lower contact is sharp with the underlying ash-fall tuff.

(1,065 to 1,080 ft)  ASH-FALL TUFF (PRE-TIVA CANYON TUFF):
The tuff is moderate yellowish brown (10YR 5/4), nonwelded, vitric, weathered, and has an open/porous matrix. The tuff contains up to 30% yellowish gray (5Y 
7/2) to moderate orange pink (5YR 8/4) pumice clasts less than 3 mm in diameter, 1% dusky brown (5YR 2/2) angular lithic clasts 5 to 10 mm long, and 1% 
sanidine feldspar. Quartz phenocrysts and mafic minerals are not observed. The rock is in sharp contact with the underlying ash-flow tuff.

(1,080 to 1,810 ft) ASH-FLOW TUFF (TOPOPAH SPRING TUFF): 
The tuff color is variable and related to changes in the degree of welding and presence or absence of vapor-phase alteration. The degree of welding and 
vapor-phase alteration defines each subzone. The unit is predominantly devitrified, with zones of intense vapor-phase alteration. The matrix is dense, and 
nonporous except in the nonwelded zones. The zones are as follows:
1,080 to 1,085 ft (UPPER NONWELDED ZONE): The zone is moderate yellowish brown (10YR 5/4), nonwelded, pumice-rich with 10% altered, white (N9) 
pumice clasts, and lithic-poor with 1% multi-colored lithic clasts.
1,085 to 1,115 ft (CAPROCK ZONE): The zone is composed of dark reddish brown (10R 3/4), densely welded, and devitrified glass and contains 30% white 
(N9) to moderate orange pink (10R 7/4) pumice clasts less than 3 mm long, 15 to 20% feldspar phenocrysts up to 2 mm long, 15 to 20% quartz phenocrysts, 
and sparse biotite.
1,115 to 1,175 ft (UPPER NONLITHOPHYSAL ZONE): The zone is pale brown (5YR 5/2) in the upper section and grades downward to light brown (5YR 5/6) 
below 1,150 ft. Welding increases with depth from weak to moderate at 1,150 ft to dense at 1,155 ft.  The upper section from 1,115 to 1,150 ft is crystal- and 
pumice-poor; the lower section from 1,150 to 1,175 ft is crystal-rich with  5% feldspar phenocrysts up to 2 mm long and 2% quartz phenocrysts up to 2 mm in 
diameter.
1,175 to 1,330 ft (UPPER LITHOPHYSAL ZONE): The zone is light brown (5YR 5/6), moderate to densely welded, and devitrified. Lithics and pumice are 
absent, except in the lower part of the interval from 1,300 to 1,330 ft, which contains 1% moderate brown (5YR 3/4) lithic clasts up to 5 mm in diameter. The 
zone is crystal-poor, with less than 2% combined feldspar and quartz phenocrysts. The zone is intensely vapor-phase altered. Vapor-phase mineralization 
coats cavities, alters pumice clasts, and extends outward into the groundmass. Lithophysae are not observed in drill cuttings.
1,330 to 1,400 ft (MIDDLE NONLITHOPHYSAL ZONE): The zone is grayish orange pink (5YR 7/2), moderately to densely welded, and crystal-poor. There is 
little to no pumice present and vapor-phase alteration is absent to minor (i.e., less than 1%).
1,400 to 1,595 ft (LOWER LITHOPHYSAL ZONE): The zone is mottled moderate brown (5YR 4/4) and medium gray (N5), moderately to densely welded, and 
crystal-poor. The interval is intensely vapor-phase altered. The tuff contains rare altered pumice the same color as the matrix; rare medium gray (N5) angular 
lithic clasts up to 4 mm long, a few of which are glassy; 1% feldspar phenocrysts with sanidine predominating; and 1% quartz phenocrysts from 1,400 to 1,440 
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ft. Quartz phenocryst are absent below 1,440 ft. Lithophysae are absent; the zone is defined by the presence of intense vapor-phase alteration similar to that 
noted in the upper lithophysal zone.
1,595 to 1,723 ft (LOWER NONLITHOPHYSAL ZONE): The zone is mottled moderate brown (5YR 4/4) and light brown (5YR 4/6), moderate to densely 
welded, and crystal-poor. The zone contains rare grayish black (N2) to brownish black (5YR 2/1) lithic clasts up to 6 mm long, less than 1% feldspar 
phenocrysts, rare quartz phenocrysts, and no observed pumice or mafic minerals. Vapor-phase alteration is present as grain coatings, but  lithophysae are not 
observed. The contact between the lower lithophysal  and lower nonlithophysal zones is gradational and based principally on the style of alteration of the 
groundmass. Below the contact, the matrix appears to be finer grained or massive.
1,723 to 1,773 ft (BASAL VITROPHYRE): The zone alternates between black (N1) and moderate brown (5YR 5/6) and is densely welded and predominantly 
vitric, with subordinate incipient devitrified zones. The zone is aphanitic, with no observed pumice fragments, pheonocrysts, or lithic fragments. Devitrified 
zones are partially argillically altered and possibly zeolitized. The highest degree of vitrification occurs in the middle of the zone from 1,755 to 1,760 ft.
1,773 to 1,810 ft (NONWELDED BASAL ZONE): The zone is moderate orange pink (5YR 8/4) to light brown (5YR 5/6) to moderate yellowish brown (10YR 
5/4), non to weakly welded, and devitrified. The zone contains 4% variable colored lithic clasts up to 4 mm long from 1,773 to 1,795 ft, up to 1% light brown 
(5YR 5/6) pumice clasts up to 1mm in diameter, 1% feldspar phenocrysts, no quartz phenocrysts, and no mafic minerals. Below 1,795 ft, lithic content 
increases to 30% and the unit becomes pumiceous, with 10% white (N9) pumice clasts up to 5 mm in diameter.

(1,810 to 1,820 ft)  ASH-FALL TUFF (PRE-TOPOPAH SPRING TUFF BEDDED TUFF):
The tuff is a moderate yellowish brown (10YR 5/4) with a nonwelded, devitrified, and argillically altered open/porous matrix. The tuff is weathered and clay-rich. 
The tuff contains 10% soft white (N9) argillized pumice clasts up to 4 mm long and 30 to 40% fine, variably colored lithic clasts less than 4 mm in diameter. 
Phenocrysts are absent. The top of the interval is possibly reworked, as the material has a sandy, clastic texture with a clay-rich matrix. The lower contact is 
sharp with the underlying ash-flow tuff.

(1,820 to 1,905 ft.) ASH-FLOW TUFF (WAHMONIE FORMATION): 
The tuff  is moderate yellowish brown (10 YR 5/4) to light brownish gray (5YR 6/1) below 1,860 ft. The unit is nonwelded, devitrified, and has an open/porous 
matrix. The tuff appears weakly to highly weathered, especially below 1,870 ft. The tuff contains 10% white (N9) pumice clasts up to 10 mm in diameter, 4% 
variably colored lithic clasts up to 2 centimeters (cm) in diameter, 1% quartz and feldspar phenocrysts up to 3 mm in diameter, and 4% mafic minerals, 
predominantly biotite and lesser hornblende. Pumice clasts are soft, argillically altered, and bleached white (N9), which impart a distinctive speckled texture to 
the rock. The interval is distinguished by mafic-rich mineralogy, with biotite occurring both as finely disseminated phenocrysts and as large (i.e., 5 mm x 2 mm) 
euhedral biotite "books." The lower contact is sharp with the underlying ash-flow tuff.

(1,905 to 2,278 ft) ASH-FLOW TUFF (PROW PASS TUFF):
The tuff color ranges from grayish orange (10YR 7/4) from 1,905 to 1,980 ft to grayish orange pink (5YR 7/2) and light brownish gray (5YR 6/1) from 1,980 to 
2,040 ft to pale red (5R 6/2) from 2,040 to 2,215 ft and pale reddish brown (10R 5/4) below 2,215 ft. The tuff is predominantly nonwelded, with the exception of 
a weakly welded zone from 2,210 to 2,260 ft, devitrified with minor vapor-phase alteration from 1,980 to 2,020 ft, and has an open/porous matrix that becomes 
dense/non-porous below 2,220 ft. The tuff contains sparse, undeformed multi-colored pumice clasts that range up to 8 mm in diameter; 1 to 5% multi-colored 
lithic clasts, including distinctive red siltstone fragments up to 10 mm in diameter; 1 to 2% feldspar and quartz phenocrysts; and 1% mafic mineral content. 
Pumice colors vary from moderate yellow green (5GY 7/4) to grayish orange (10Y 7/4) to light gray (N7) to very pale orange (10YR 8/2)  to moderate yellow 
(5Y 7/6). The top of the tuff from 1,905 to 1,910 ft displays a sandy texture and may represent a reworked horizon. From 2,116 to 2,120 ft  the tuff is 
characterized by  large red lithic clasts 3 cm long that constitute 10% of the rock. In the basal section, below 2,220 ft, the tuff contains up to 15% lithic clasts. 
Sanidine is the predominant feldspar phenocryst species and  biotite is common. The lower contact from 2,270 to 2,276 ft is grayish orange (10YR 7/6) and 
oxidized; from 2,276 to 2,278 ft the rock is reddish brown (10R 4/6), strongly oxidized, foliated, and slickensided.

(2,278 to 2,815 ft) ASH-FLOW TUFF (BULLFROG TUFF):
The tuff color ranges from moderate reddish brown (10R 4/6) from 2,278 to 2,315 ft to blackish red (5R 2/2) from 2,315 to 2,365 ft to moderate brown (5YR 
3/4, 4/4) from 2,365 to 2,740 ft to light brown (5YR 5/6, 4/4) from 2,740 to 2,805 ft to pale olive (10Y 6/2) from 2,805 to 2,815 ft. These color changes 
correspond roughly with the changes in the degree of welding with depth. The rock is nonwelded from 2,278 to 2,325 ft, weakly to moderately welded from 
2,325 to 2,360 ft, densely welded from 2,360 to 2,490 ft, and non to moderately to densely welded below 2,490 ft. The tuff is predominantly devitrified, with 
minor intervals of vapor-phase alteration occurring between 2,400 and 2,580 ft. Locally, spherulitic texture is observed from 2,545 to 2,580 ft. The matrix of the 
tuff is open/porous from 2,278 to 2,320 ft, dense from 2,320 to 2,800 ft, and open/porous below 2,800 ft. The unit contains sparse dark gray (N3) and pinkish 
gray (5YR 8/1) pumice clasts up to 5 mm in diameter, 1 to 5% variably colored lithic clasts, 1 to 5% readily visible dark quartz phenocrysts from 2 to 5 mm in 
diameter, 1 to 3% lath-shaped altered plagioclase phenocrysts up to 3 mm long, and 1% mafic minerals, mostly biotite. Lithic clasts are composed 
predominantly of angular siltstone fragments, with local reaction halos that extend into the matrix. Mineralogically, this unit contains plagioclase significantly in 
excess of alkali feldspar. The plagioclase phenocrysts are argillized to a soft white (N9) material imparting a distinctive speckled texture to the rock. A zone 
from 2,410 to 2,485 ft contains 10 to 15% dark quartz phenocrysts. The interval from 2,385 to 2,400 ft contains numerous quartz veinlets, possibly 
fault-related, that are 1 to 3 mm thick and contain a few euhedral quartz crystals up to 3 mm long. Black iron-manganese oxides form thin coatings on some of 
the lithic fragments and phenocrysts and a few display slickensided striations etched into the coatings. The lowest subunit from 2,805 to 2,815 ft is a basal 
tuffaceous sandstone and consists of a pale olive (10Y 6/2), strongly cemented, medium-grained sandstone with well-rounded and well-sorted grains. The 
basal tuffaceous sandstone unit is in sharp contact with the underlying ash-flow tuff.

(2,815 to 2,900 ft Total Depth) ASH-FLOW TUFF (TRAM TUFF):
The tuff is light brown (5YR 6/4) from 2,815 to 2,860 ft and grayish orange (10YR 7/4) from 2,860 to 2,900 ft. The tuff is nonwelded from 2,815 to 2,835 ft and 
weakly welded from 2,835 to 2,900 ft. The matrix is open/porous from 2,815 to 2,835 and 2,855 to 2,865 ft, and dense/nonporous elsewhere. The tuff is 
devitrified. The tuff displays a weathering profile and is highly weathered from 2,815 to 2,820 ft that grades to unweathered below 2,830 ft. The tuff contains 0 
to 15% pale greenish yellow (10Y 8/2) pumice clasts up to 8 mm in diameter, 0 to 50% variably colored lithic clasts up to 10 mm in diameter, 1 to 3% colorless 
and very light gray (N8) feldspar phenocrysts to 3 mm long, 1 to 3% colorless and very light gray (N8) quartz phenocrysts to 3 mm in diameter, and 1% black 
(N1) biotite. Lithic clasts are highly variable and include altered glassy volcanics, lava flow fragments, rhyolite tuff, and rare siltstone.


