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Table 1. Summary of stratigraphic relations in the southwest Nevada volcanic field

Stratigraphic unit (I:f:) Source
Timber Mountain caldera complex

Paintbrush Group

Tiva Canyon Tuff 12.7  Claim Canyon caldera

Yucca Mountain Tuff Claim Canyon caldera

Pah Canyon Tuff Uncertain

Topopah Spring Tuff 12.8  Uncertain
Calico Hills Formation 12.9  Calico Hills and Area 20
Wahmonie Formation 13.0 Wahmonie volcano

il 1 complex

Crater Flat Group

Prow Pass Tuff Uncertain

Bullfrog Tuff 13.2  Area 20 caldera

Tram Tuff Prospector Pass caldera (?)

All data are from Sawyer and others (1994).

tions an important hydrologic and geologic barrier to
radionuclide transport beneath the potential repository
site (Broxton and others, 1993).

This report subdivides the Calico Hills Forma-
tion and Prow Pass Tuff into informal lithostratigraphic
units, provides criteria to identify them in outcrops and
boreholes, and describes their distribution in the Yucca
Mountain vicinity. Not included in this report is a dis-
cussion of the Wahmonie Formation, which is recog-
nized in exposures at Busted Butte (Broxton and
others, 1993) and Raven Canyon (Peterman and others,
1993). Although primary deposits of the Wahmonie
Formation have not been recovered in core samples in
the Yucca Mountain area, the biotite-rich character of a
volcaniclastic sandstone at the base of the Calico Hills
Formation suggests that it may contain reworked
Wahmonie Formation material.

The Calico Hills Formation is a series of rhyolite
lavas and tuffs extruded after the Crater Flat Group
caldera(s) formed at approximately 12.9 Ma (Chris-
tiansen and others, 1977; Sawyer and others, 1994;
table 1). Sawyer and others (1994) recently redefined
the formation to include the contemporaneous and pet-
rologically similar rhyolite lavas and tuffs of Area 20.
Exposures of the Calico Hills Formation in upper
Paintbrush Canyon and Fortymile Wash consist of five
lava flows and domes that are interstratified with pyro-
clastic and epiclastic deposits (Buesch and Dickerson,
1993). Lava flows are present in drill cuttings recov-
ered from boreholes in Midway Valley (R.W. Spengler,

1993, written commun. ), but are absent in cored bore-
holes within the potential repository site area. The Cal-
ico Hills Formation, which attains a thickness of mcve
than 1,400 feet in the Calico Hills (Frizzell and
Schulters, 1990), pinches out southward through the
study area and is absent at Raven Canyon (Peterman
and others, 1993).

The Prow Pass Tuff is a sequence of variably
welded pyroclastic deposits that erupted from an uni-
dentified source between 13.0 and 13.2 Ma (Sawyer
and others, 1994). Carr and others (1986a) cited gen-
physical evidence to hypothesize a caldera source b-ur-
ied beneath basin-fill deposits in Crater Flat. Howev-r,
Scott (1990) and Sawyer and others (1994) refuted tls
interpretation in favor of a caldera source north of
Yucca Mountain. The Prow Pass Tuff was recently ele-
vated in stratigraphic status from member to formation
by Sawyer and others (1994), and is the youngest fc~-
mation of the Crater Flat Group (table 1). It is expos=d
in Prow Pass (Carr and others, 1986a), where it und-=r-
lies tuffs of the Calico Hills Formation (Christiansen
and Lipman, 1965) and at Raven Canyon, where it
underlies the Wahmonie Formation (Peterman and
others, 1993). The Prow Pass Tuff thins gradually
southward across the potential repository site area frcm
greater than 540 feet in borehole USW G-2
(Maldonado and Koether, 1983) to approximately
300 feet at Raven Canyon (Peterman and others, 1997).
A welded zone within the Prow Pass Tuff led most p-e-
vious workers to conclude that it is a simple cooling
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unit (for example, Bish and others, 1981), but the more
detailed analysis presented herein supports the com-
plex cooling history inferred by Scott and Castellanos
(1984). Spengler and others (1979; 1981) divided the
Prow Pass Tuff into three units; although a tripartite
division subsequently was extended to other boreholes
(for example, Maldonado and Koether, 1983; Scott and
Castellanos, 1984), these early studies recognized
lithostratigraphic units that are not correlative.

STUDY METHODS

Lithostratigraphic relations were reconstructed
within the Calico Hills Formation and Prow Pass Tuff
from studies of core samples recovered from bore-
holes USW G-1, G-2, GU-3, G4, and UZ-14, and
UE-25a #1, c#l, c#2, c#3, and UZ#16, and from obser-
vations of exposures at Prow Pass, Busted Butte, and

Raven Canyon. Preliminary observations were guided
by previously published lithologic logs and outcrop
descriptions (table 2).

Lithology is the principal criterion used to subdi-
vide the formations. Bedding features, clast size and
sorting, and matrix character distinguish the nature of
primary volcanic deposits (for example. pyroclastic
flow or pyroclastic fall) from their secondary (redepos-
ited) equivalents. Additional criteria used to define the
lithostratigraphy included degree of we'ding, second-
ary crystallization, alteration, pumice clast content and
size, lithic clast content, size and lithology, matrix
color, content, and composition, and ph-nocryst
assemblage and content. Visual estimates were made
of the amounts of pumice clasts, lithic clasts, and phe-
nocrysts using charts published by Kollmorgen Instru-
ments Corporation (1992). The phenocryst
assemblage, alteration minerals, and secondary crystal-

Table 2. Summary of published data used in this report

Stratigraphy of Calico Hills Formation (Tac) and Prow Pass Tuff (Tcp)

Byers and others, 1976 (Tac, Tcp)
Broxton and others, 1993 (Tac)
Peterman and others, 1993 (Tcp)

Carr and others, 1986a (Tcp)
Buesch and Dickerson, 1993 (Tac)
Sawyer and others, 1994 (Tac, Tcp)

Lithologic logs of drill core

Spengler and others, 1979 (UE-25a #1)

Byers and Warren, 1983 (UE-25J #13)

Scott and Castellanos, 1984 (USW G-3, GU-3)
Geldon, 1993 (UE-25c #1, c#2, c#3)

Spengler and others, 1981 (USW-G-1)
Maldonado and Koether, 1983 (USW G-2)
Spengler and Chornack, 1984 (USW G-4)
Geslin and others, in press (UE-25 UZ#16)

Lithologic logs of drill cuttings

Bentley and others, 1983 (USW H-5)
Rush and others, 1984 (USW H-1)
Whitfield and others, 1984 (USW H-4)

Craig and others, 1983 (USW H-6)
Thordarson and others, 1984 (USW H-3)
Whitfield and others, 1993 (USW UZ-6)

Spengler, written commun., 1993 (UE-25 WT#3, #16, #17, #18; USW WT-1, -2, -7, -10)
Petrographic descriptions, phenocryst mineralogy and geochemistry

Sykes and others, 1979 (UE-25a #1)

Broxton and others, 1982 (USW G-2)

Byers and Warren, 1983 (UE-25J #13)

Scott and Castellanos, 1984 (USW G-3, GU-3)
Caporuscio and others, 1985 (USW G-1)
Broxton and others, 1989 (USW G-2, GU-3, G-4)

Bish and others, 1981 (USW G-1)

Caporuscio and others, 1982 (USW G-2)

Maldonado and Koether, 1983 (USW G-2)

Warren and others, 1984 (USW G-1)

Broxton and others, 1986 (USW G-2, G-3, GU-3, G-4)
Peterman and others, 1993 (UE-25a #1)

Peterman and others, 1994, written commun. (USW G-1, G-2, G-3, GU-3, G-4)
Alteration mineralogy

Bish and others, 1981 (USW G-1)
Vaniman and others, 1984 (USW G-3, GU-3)
Bish and Chipera, 1986 (UE-25a #1, J#13: USW G-1)

Caporuscio and others, 1982 (USW G-2)
Bish and Vaniman, 1985 (USW G-4; summary)

Geophysical logs

Spengler and others, 1979 (UE-25a #1)
Muller and Kibler, 1984 (USW G-4)

Muller and Kibler, 1983 (USW G-1)
Nelson and others, 1991 (compilation)
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lization textures were characterized with the aid of a
hand lens or binocular microscope. The colors of pum-
ice clasts, lithic clasts, and matrix were described using
Munsell color charts (Geological Society of America,
1991; Kollmorgen Instruments Corporation, 1992).
Diagenetic alteration has obscured the matrix and pum-
ice textures that help to define the degree of welding
throughout much of the study area. Thus, the elonga-
tion (flattening) of pumice clasts was used to define
welding zones. Non- to partially welded zones were
visually identified by pumice clasts that are not highly
elongated. Moderately or densely welded zones have
visually deformed pumice clasts. The robustness of the
visual estimates was corroborated by measuring pum-
ice shapes in the welded unit of the Prow Pass Tuff
(unit 3) in three boreholes. Units visually identified as
non- to partially welded have average pumice flatten-
ing ratios (long axis divided by short axis averaged for
a minimum of

5 measurements) less than 4. In contrast, units identi-
fied as moderately or densely welded have average
pumice flattening ratios greater than 4.

Both formations are divided into informal lithos-
tratigraphic units and subunits that can be traced
throughout the Yucca Mountain region. Lithologic
units, which have distinct lithologies or macroscopic
physical characteristics, have depositional boundaries.
Subunits reflect more subtle variations (for example,
lithologically similar flow deposits) and have contacts
defined either by depositional features or other criteria
such as degree of welding.

Previously published petrographic descriptions,
X-ray diffraction data, chemical analyses, and geo-
physical logs (table 2) supplement our lithostrati-
graphic observations of the Calico Hills Formation and
Prow Pass Tuff and were used to evaluate whether our
lithostratigraphic units can be identified from these
data in noncored drill holes.

CALICO HILLS FORMATION

The Calico Hills Formation in the Yucca Moun-
tain region consists of rhyolite lava flows, pyroclastic-
flow and fall deposits, and volcaniclastic sandstone.
Five pyroclastic units, which are given informal
numerical designations that increase from the base
upward, overlie a bedded tuff unit and a basal sand-
stone unit. This section summarizes stratigraphic rela-
tions within the sequence of pyroclastic and
volcaniclastic units that comprise the Calico Hills For-
mation beneath Yucca Mountain, examines vertical and
lateral variations in their lithologic, geochemical, and
geophysical properties, and defines criteria to recog-
nize the lithostratigraphic units defined herein. The

rhyolite lava flows, which are identified in drill
cuttings in the northeastern part of Yucca Mountain
(R.W. Spengler, 1993, written commun.) and exposed
in the Calico Hills and Fortymile Wash regions (for
example, Christiansen and Lipman, 1965; Buesch and
Dickerson, 1993), are not included in this discussion.

Lithostratigraphic Unit Descriptions

The salient features of the Calico Hills Forma-
tion lithostratigraphic units are summarized below.
Appendixes | and 2 provide detailed descriptions of
lithologic contacts and lithostratigraphic units. Tabl=3
summarizes the lithostratigraphy of the Calico Hillr
Formation, and table 4 gives the depths-to-unit con-
tacts and apparent unit thicknesses in cored borehol=s.

The Calico Hills Formation is divided into seven
lithostratigraphic units. Included are five pyroclastic
units composed mostly of pyroclastic-flow deposits; an
underlying bedded tuff unit composed primarily of
pyroclastic-fall deposits with subordinate, primary, and
reworked pyroclastic-flow deposits; and a basal san-
stone unit that contains subordinate, reworked pyro-
clastic-flow deposits. Pyroclastic units are composed
of one or more pyroclastic-flow deposits with similar
macroscopic characteristics; flow deposits are sepa-
rated by locally preserved fall horizons. Pumice- and
lithic-fall deposits, which separate the five pyroclastic
units, are grouped arbitrarily with the superjacent pyro-
clastic unit. The five pyroclastic units described in this
report may correlate to the five lava flows recognized
in exposures of the Calico Hills Formation in Paint-
brush Canyon by Buesch and Dickerson (1993).

The pyroclastic units contain from 1 to 12 per-
cent phenocrysts of sanidine, quartz, and plagioclas-.
with subordinate biotite and Fe-Ti oxide minerals.
They contain lithic clasts that include devitrifed, con-
monly flow-foliated, felsic lava, pumiceous tuff, and
obsidian. The lithostratigraphic units described herein
are zeolitically altered (Caporuscio and others, 1982;
Bish and Chipera, 1986); thus, matrix and pumice clast
colors will differ in areas where the units have not be=n
zeolitized.

Unit5

Unit § is a grayish pink to orange pink, non- to
partially(?) welded pyroclastic-flow deposit that varies
from 0- to 68-feet thick in the boreholes studied at
Yucca Mountain. Pumice clasts constitute from 20 to
30 percent of the unit and have a yellowish color that is
similar to that of pumice clasts in units 4 and 2. Uni* 5
is distinguished from other pyroclastic units by a bimo-
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Table 3. Calico Hills Formation lithostratigraphy

Unit S - Non- to partially welded, pumiceous pyroclastic-flow deposit
Stightly elongated pumice clasts; bimodal distribution of pumice clast sizes; 20 to 30 percent pumice. Light colored ptmice clasts;
moderate reddish-orange to grayish-pink matrix. Base marked by thinly bedded fall deposits.
Unit 4 - Nonwelded, pumiceous pyroclastic-flow deposit
Volcanic lithic clasts are large (20 to 70 mm), isolated or in swarms; prominent clasts of moderate reddish-orange tuff. Light cotored
pumice clasts; very pale orange to grayish orange-pink matrix. Lithic-poor sections appear similar to unit 2. Base merked by a

heterolithologic sequence of fall deposits.

Unit 3 - Nonwelded, lithic-rich pyroclastic flow deposit

Lithic clasts comprise 5 to 10 percent, locally 10 to 30 percent (near the base and in several intervals within the unit); predominantly
devitrified volcanic rocks with local obsidian. Grayish-orange to grayish-yellow or pinkish-gray matrix. The basal lith*c-rich fallout is

an excellent stratigraphic marker.

Unit 2 - Nonwelded, pumiceous pyroclastic-flow deposit
20 to 40 percent light colored pumice clasts; moderate pink or moderate orange-pink matrix. The fall deposit at the base of the unit

contains porcelaneous ash layers.

Unit 1 - Nonwelded, lithic-rich pyroclastic-flow deposit
15 to 20 percent devitrified volcanic lithic clasts near base; lithics decrease upward to 3 to 7 percent. Light colored pumice clasts;
grayish orange-pink to light greenish-gray matrix; 7 to 12 percent phenocrysts.
Bedded tuff unit

Interbedded coarse-grained fallout deposits, pyroclastic-flow deposits (many reworked or with paleosols), and thinly bedded
porcelaneous ash-fall deposits. Pyroclastic-flow deposits have 13 to 25 percent phenocrysts.

Basal sandstone unit

Massive to laminated, immature volcaniclastic sandstone; very pale orange to moderate red; medium to coarse grained; accumulations
of argillic pumice clasts and rare sedimentary structures including load casts, pinch and swell structures, and flame structures. Locally

interbedded with reworked pyroclastic-flow deposits.

dal distribution of pumice clast sizes. Larger pumice
clasts (20 to 60 mm) are slightly flattened (the flatten-
ing ratio is visually estimated at 3:1), whereas smaller
clasts have diameters of 2 to 12 mm and equidimen-
sional shapes. Lithic clasts of grayish-brown, devitri-
fied volcanic rock, mostly smaller than 10 mm,
compose from 2 to 5 percent of the unit. The lower
contact is a sequence of thinly bedded, fine-grained fall
deposits that are less than 2-feet thick.

Unit 4

Unit 4 is a nonwelded, pumiceous pyroclastic-
flow deposit that may be light gray, shades of grayish
pink, or moderate orange pink. It has an apparent
thickness that varies from 0 to 188 feet in the boreholes
studied at Yucca Mountain. Pumice clasts, which com-
pose from 10 to 30 percent of unit, typically have diam-
eters of 15 to 30 mm and yellowish to white colors.
Lithic clasts comprise only 1 to 5 percent of the unit but
help to distinguish unit 4 from other pyroclastic units.
Particularly distinctive are large (up to 70 mm) volca-
nic lithic clasts, mostly devitrified lava in shades of
brown or gray, that occur in swarms or as isolated
clasts, and clasts of reddish-orange, crystal-rich, pumi-

ceous tuff. The latter compose approximately 10 to
30 percent of the lithic population in unit 4 but are rare
in units 3 and 2. Where lithic-poor, unit 4 can be con-
fused with unit 2 because they have simi ar matrix and
pumice clast colors. However, the underlying unit 3 is
the most laterally extensive lithostratigraohic unit in
the Calico Hills Formation at Yucca Mo ntain (see
below) and provides stratigraphic contert that allows
their differentiation. The base of unit 4 is marked by a
heterolithologic sequence of thinly bedd=d fall depos-
its, reworked pyroclastic-flow deposits, nd tuffaceous
sandstone that has an aggregate thickness of less than
14 feet.

Unit3

Unit 3 is a nonwelded, lithic-rich pyroclastic-
flow deposit that may be shades of very pale orange,
grayish orange, orange pink, or grayish yellow. The
apparent thickness of this unit varies from 72 to
328 feet in the boreholes studied at Yucca Mountain.
White, yellowish, or pinkish pumice clasts compose
from 10 to 25 percent of the unit (locally 30 to 40 per-
cent near the upper contact). Unit 3 contains from 5 to
10 percent lithic clasts, with localized zones in which

6 Lithostratigraphy of the Calico Hills Formation and Prow Pass Tuff (Crater Flat Group) at Yucca Mountain, Nevada
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lithic concentrations are from 10 to 50 percent. Lithic
clasts are primarily devitrified lava in shades of
blackish red, reddish brown, grayish brown, and light
gray. Subordinate, but distinctive, clasts of black
obsidian, and rare clasts of reddish-orange tuff occur
throughout the unit. Although the matrix color and
pumice content and color of unit 3 are similar to those
of unit 1, the units can be differentiated by their phe-
nocryst contents (1 to 6 percent in unit 3 compared to 1
to 12 percent in unit 1), and the presence of obsidian in
unit 3. A lithic-rich fallout deposit at the base of unit 3
is a marker horizon observed in core from all boreholes
except USW GU-3. The fallout is less than 3-feet
thick.

Unit 2

Unit 2 is a nonwelded, pumiceous pyroclastic-
flow deposit that has a distinctive pink to orange-pink
matrix. It has an apparent thickness that varies from
0 to 178 feet in the boreholes studied at Yucca Moun-
tain. Pumice clasts compose from 20 to 40 percent of
the unit, are typically smaller than 20 mm, and yellow-
ish, pale orange, or white. Lithic clasts are sparse
(from 1 to 3 percent, locally 3 to 5 percent), mostly
devitrified lava, and rarely reddish-orange tuff. Several
thin (less than 0.5 feet) fallout deposits occur in the
middle of unit 2. Fallout deposits at the base of unit 2
are ash- rich, have a distinctive, porcelaneous appear-
ance, and are less than 3-feet thick.

Unit 1

Unit 1 is a nonwelded, lithic-rich, pyroclastic-
flow deposit that occurs in shades of pinkish gray or
greenish gray. White- to pale greenish-yellow pumice
clasts compose from 10 to 15 percent of the unit. It is
from 0- to 191-feet thick in the boreholes studied at
Yucca Mountain. The amount of lithic clasts increases
downward from 3 to 7 percent near the top of the unit,
to 15 to 20 percent near its base. Lithic clasts, mostly
grayish-red or moderate brown, sparsely porphyritic
lava, typically are smaller than 15 mm, but locally vary
up to 60 mm. Phenocrysts generally compose from 7
to 12 percent (locally 1 to 7 percent) of unit 1. The
phenocryst content of unit 1 is lower than that of
pyroclastic-flow deposits in the subjacent bedded tuff
unit (10 to 25 percent), but is typically higher than in
the overlying pyroclastic units.

Bedded Tuff Unit

The bedded tuff unit is a distinctive, complex
stratigraphic package containing abundant coarse-

grained fallout deposits and subordinate primary and
reworked pyroclastic-flow deposits and ash-fall depos-
its. The unit varies in total apparent thickness from 30
to 128 feet in the boreholes studied at Yucca Mountain.
Interbedded pyroclastic-flow deposits typically are
from 5- to 10-feet thick, contain abundant phenocrysts
(10 to 25 percent) and are brown, clay-ri~h and (possi-
bly) reworked. This unit also contains thin, porcela-
neous ash-fall deposits.

Basal Sandstone Unit

The basal unit of the Calico Hills Formation is an
immature, volcaniclastic sandstone that is from 0- to
18-feet thick. This laminated to massive unit locally
contains load casts, pinch and swell stru~tures, and
flame structures. It varies from very pal= orange to
moderate red, is medium- to coarse-grain=d, and poorly
sorted, with abundant lithic clasts and sv-arms of argil-
lically altered pumice clasts. Rare, interbedded pyro-
clastic-flow deposits are reworked, typically brown and
clay-rich, with subrounded to subangular phenocrysts
and pumice clasts.

Lateral Distribution and Regional Correlation

The lithostratigraphic units of the Calico Hills
Formation were correlated through eight cored bore-
holes at Yucca Mountain (fig. 2). Outcrops of the Cal-
ico Hills Formation were examined at Prow Pass and
Busted Butte (fig. 1) to investigate if the lithostrati-
graphic units could be identified in field exposures.
Pyroclastic units 2 and 3 and the bedded tuff unit are
present in all boreholes except USW GU-3 (see below).
The basal sandstone and pyroclastic units 1, 4, and 5
are laterally discontinuous (fig. 2).

In borehole USW GU-3, the bedd=d tuff unit is
overlain by vitric tuffaceous material. 2 lthough
mostly disaggregated, the brown, clay-ri~h appearance
of these deposits suggests that they are ¢ distal,
reworked facies of the pyroclastic-flow deposits to the
north. Abundant pumice clasts (Scott an1 Castellanos,
1984) and glass shards that were not degraded to the
point of destruction indicate minimal mechanical
reworking and short transport distances. Obsidian
lithic clasts in these deposits permit a tertative correla-
tion to pyroclastic unit 3, which contains obsidian
clasts in USW UZ-14. However, it is alsn possible that
this unit correlates to more than one pyroclastic unit.

The outcrop of Calico Hills Formation at Busted
Butte (Broxton and others, 1993) is a sequence of
poorly lithified, brown, clay-rich deposits that locally
contain black obsidian clasts. It is similer to the depos-

8 Lithostratigraphy of the Calico Hills Formation and Prow Pass Tutf (Crater Flat Group) at Yucca Mountain, Nevada
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its recovered from borehole USW GU-3 as described
above and likely has a similar genesis. The basal sand-
stone unit, the bedded tuff unit, and pyroclastic units 4
and 5 are recognized in zeolitically altered exposures at
Prow Pass (Broxton and others, 1993).

Figure 3 is an isopach map of the composite
apparent thickness of the Calico Hills Formation (the
five pyroclastic units, bedded tuff, and basal sand-
stone). The figure utilizes data collected from cored
boreholes (table 4) and is supplemented with thickness
data from borehole logs produced from drill cuttings
and observations of down-hole video. Apparent thick-
ness distribution maps of individual lithostratigraphic
units were not constructed due to a paucity of data. The
formation thickness map defines a paleovalley on the
eastern edge of Yucca Mountain. Four boreholes in the
northern part of the paleovalley contain lava flows
(from north to south: UE-25 WT #6, UE-25 WT #16,
UE-25 WT #18, UE-25 WT #4; R.W. Spengler, 1993,
written commun. ), indicating that the flow of lava was
topographically controlled in this area.

Mineralogy, Geochemistry, and Alteration

Numerous workers have studied the mineralogy,
geochemistry and alteration of the Calico Hills Forma-
tion (table 2). Phenocryst data collected by petro-
graphic analysis and elemental data collected by X-ray
fluorescence analysis were evaluated by lithostrati-
graphic unit. Bulk mineralogical compositions deter-
mined by semi-quantitative X-ray diffraction analyses
document the types of alteration products within the
Calico Hills units.

Phenocryst Mineralogy

Some lithostratigraphic units in the Calico Hills
Formation can be differentiated by their phenocryst
mineralogy. Figure 4 shows the percentage of felsic
phenocrysts (as reported in Broxton and others, 1989)
in each of the five pyroclastic units and the bedded tuff
unit. The petrographic data are limited; no samples
were analyzed from the basal sandstone and only one
sample studied from pyroclastic units 4 and 5. Never-
theless, the felsic phenocryst content of the bedded tuff
unit (13 to 24 percent) is markedly different from that
of the pyroclastic units (less than 12 percent), and pyro-
clastic unit 1 (7 to 12 percent) is distinct from units 2
through 5 (less than 7 percent). Visual estimates of
mafic silicate phenocryst abundance indicate that the
basal sandstone unit contains significantly more biotite
than the overlying pyroclastic units.

Figure S is a plot of the proportions of quartz(Q),
alkali feldspar (K) and plagioclase (P) (from Broxton
and others, 1989) in the felsic phenocryst assemblage.
The limited petrographic data define compositional
fields that comprise the bedded tuff unit ard pyroclastic
unit 1; pyroclastic unit 2; and pyroclastic units 3, 4, and
5. Additional petrographic analyses are needed to
determine if these three fields are robust.

Geochemistry

Elemental compositions determined by X-ray
fluorescence analysis (Z.E. Peterman and others, 1994,
written commun.) differentiate the basal sandstone
unit, bedded tuff unit and the pyroclastic units. These
data do not, however, distinguish the five pyroclastic
units. Figure 6 illustrates the variable, brt high Sr and
low to moderate Rb concentrations of the basal sand-
stone that are distinct from the Sr and Rt concentra-
tions of most pyroclastic samples (3 of 46 pyroclastic
samples overlap other fields). Samples collected from
the bedded tuff unit have intermediate Sr and Rb abun-
dances. Figure 7 shows that samples of t~e basal sand-
stone have distinctly higher Ti than samples of the
pyroclastic units. Pyroclastic unit | has variable Ti
concentrations that overlap fields for the bedded tuff
unit and pyroclastic units 2 through 5.

Alteration History

Zeolite minerals are restricted to four strati-
graphic intervals at Yucca Mountain inclding the
Calico Hills Formation and upper Prow Pass Tuff,
which compose zeolite interval II (Vaniman and others,
1984). X-ray diffraction analyses of core samples by
Caporuscio and others (1982), Vaniman and others
(1984), Bish and Vaniman (1985), and Bish and
Chipera (1986), and of outcrop samples by Broxton
and others (1993) show an abundance of authigenic
zeolites in all units of the Calico Hills Formation.
Pyroclastic units have extremely high cliroptilolite and
mordenite contents (approximately 40 to 80 percent;
Caporuscio and others, 1982; Vaniman and others,
1984; Bish and Vaniman, 1985; Bish and Chipera,
1986) that contrast with the somewhat lcwer zeolite
content of the bedded tuffs and basal sandstone.

The distribution of zeolitic alteration within the
five pyroclastic units is depicted in figure 8A and
within the bedded tuff and basal sandstone units in
figure 8B. These figures illustrate that zeolite mineral-
ization is pervasive in the northern part of Yucca
Mountain (Caporuscio and others, 1982; Bish and
Vaniman, 1985; Bish and Chipera, 1986; Broxton and
others, 1993), but absent in southern locations (USW

10 Lithostratigraphy of the Calico Hills Formation and Prow Pass Tutf (Crater Flat Group) at Yucca Mountaln, Nevada
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Figure 4. Content of felsic phenocrysts in the Calico Hills Formation plotted by lithostrati-
graphic unit. Data are from Broxton and others (1989).
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Figure 5. Triangular plot of the proportions of quartz (Q), alkali feldspar (K) and plagioclase
(P) phenocrysts in the felsic phenocryst assemblage of the Calico Hills Formation. Data are
from Broxton and others (1989).
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Figure 7. Strontium versus titanium plotted by lithostratigraphic unit for the Calico Hills
Formation. Data are from Z.E. Peterman and others, written commun. (1994).

GU-3 and Busted Butte) where the Calico Hills Forma-
tion is vitric (Vaniman and others, 1984; Broxton and
others, 1993). This distribution indicates that ground
waters interacted extensively with the Calico Hills For-
mation in the northern part of the Yucca Mountain area
(Vaniman and others, 1984). Differences in the amount
of zeolites in the pyroclastic and bedded tuff units may
be due to differences in their content of primary glass.
Nevertheless, zeolites are more widely distributed in
the bedded tuffs than in the pyroclastic units (fig. 8)
suggesting slightly different alteration histories.

Geophysical Signatures

Geophysical logs from numerous boreholes that
penetrate the Calico Hills Formation at Yucca Moun-
tain are compiled in Nelson and others (1991), who
noted that density, porosity, resistivity, and magnetic
susceptibility logs are most useful for correlating the

Calico Hills Formation. Figure 9 shows that contacts
between pyroclastic units cannot be distinguished 1y
changes in geophysical character. However, the los
show distinct changes at the contact between the prro-
clastic units (which have distinctively low measured
values) and the bedded tuff unit, which is recogniz=d
by downward increasing density and magnetic suscep-
tibility, decreasing porosity, and resistivity that gener-
ally increases then decreases (fig. 9). The basal
sandstone unit is distinguished by downward decreas-
ing density, resistivity and magnetic susceptibility, and
increasing porosity (fig. 9).

The geophysical signatures of the Calico Hills
Formation lithostratigraphic units primarily reflect
their lithology and content of authigenic minerals [zeo-
lites, smectite, alkali feldspar and quartz; (Nelson and
others, 1991)]. The differing physical properties of
nonwelded pyroclastic-flow material, crystal-rich fall-
out tephra and volcaniclastic sandstone likely explains
the different density and porosity values of the pyrn-
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Calico Hills Formation
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Figure 9A. Geophysical logs compared to the lithostratigrapic units of the Calico Hills Formation.
(A) Borehole USW G-1, (B) Borehole USW G-4, and (C) Borehole UE-25a #1. Geophysical logs
and static water level are from Nelson and others (1991).
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Calico Hills Formation
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Figure 9B. Geophysical logs compared to the lithostratigrapic units of the Calico Hills Formation.
(A) Borehole USW G-1, (B) Borehole USW G-4, and (C) Borehole UE-25a #1. Geophysical logs
and static water level are from Nelson and others (1991)--Continued.
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Figure 9C. Geophysical logs compared to the lithostratigrapic units of the Calico Hills Formation.
(A) Borehole USW G-1, (B) Borehole USW G-4, and (C) Borehole UE-25a #1. Geophysical logs
and static water level are from Nelson and others (1991)--Continued.
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