
EUSGS
S1l.mm-wfor a dumlgm$glWfu’ntn

NATL.HRIEAND CoNTIiNuIm

$3LNDNWIE IF..I.JILT,YmccA

cmTHE “
NIOUN71YW ~~vm~

Us. GEOLOGIU.L SURVEY

O~m-Me lle~ort 98–266

Prepared in cooperation with the
NEVADA OPERATIONS OFFICE,
LJ.S.DEPARTMENT OF EINERGY,under
interagency Agreement DE–A108–97NV12O33



Nature and Continuity of the Sundance Fault,
Yucca Mountain, Nevada

By Christopher J. Potter ‘, Robert P. Dickerson, and
Warren C. Day’

‘U S Geological Survey, Denver, Colorado,2PacificWestern Technologies, Ltd., Lakewood, Colorado. .

U.S. GEOLOGICAL SURVEY OPEN-FILE REPORT 98–266

This report is prelimina~ and has not been reviewed for conformity with
U.S. Geological Survey editorfal standafds or with the North American
Stratigraphic Code

Prepared in cooperation with the Nevada Operations 0f?7ce,
U.S. Department of Energy, under/interagencyAgreement
DE-AI08-97NV12033

UNITED STATES GOVERNMENT PRINTING OFFICE, WASHINGTON :1999

,.. ..,.— .—... — .- —.-—-------- ..--.— -—.—.. ,—-—... .



U.S. DEPARTMENT OF THE INTERIOR

BRUCE BABBITT, Secretary

U.S. GEOLOGICAL SURVEY

Charles G. Groat, Director

The use of firm trade, and brand names in this report is for identification purposes only and does
not constitute endorsement by the U.S. Geological Survey.

For additional information write to: Copies of this report can be purchased
from:

Chief, Earth Science Investigations Program U.S. Geological Survey
Yucca Mountain Project Branch Branch of Information Services

U.S. Geological Survey BOX 25286

Box 25046, Mail Stop 421 Denver, CO 80225-0286

Denver Federal Center
Denver, CO 80225-0046



CONTENTS

Abstract ...............................................................................................................................................................................................................................1
Introduction .......................................................................................................................................................................................................................... 2

Pu~ose and scope....................................................................................................................................................................................................2
Previous Work............................................................................................................................................................................................................2

Map Units .............................................................................................................................................................................................................................4

Results of Geologic Mapping. .................................... ........ .......................................................................................................................................4

Sundance Fault Zone ............................................................................................................................. ................................................................5
Ghost Dance Fault Zone ........................................................................................................................................................................................6

Character of Faulting in the Southern Part of the Map Area ................................................................................................................. 8
Little Prow &ea ........................................................................................................................................................................................................9

Sense of Displacement on the Sundance Fault Zone .........................................................................................................................................12
Discontinuous Nature of the Sundance Fault Zone and other Minor Faults ............................................................................................ 13
Conclusions ............................................................................................................................................................................. 14
References Cited . ...... . ......................................................................................... .............................................................................................................15

PLATES (in pocket)

Plate 1. Geologic map showing the Sundance Fault zone and adjacent areas, Antler Ridge area
2. Geologic map showing the Sundance Fault zone and adjacent areas, Diabolus Ridge to
3. Geologic map showing the Sundance Fault zone and adjacent areas, Little Prow area

FIGURES

Live Yucca Ridge

1. Index map showing the study area on Yucca Mounwin ............................................................................................................................. 3
2. Geologic map showing minor faulting on the south slope of Antler Ridge near coordinates 762,500 N., 563,350 E...... 2
3. Map showing splays of the Solitario Canyon Fault and other faults in the Little Prow area ...................................................... 11
4. Diagrammatic cross section showing general model for deformation in the Tiva Canyon Tuff ............................................... 15

Sea level: In this report “sea level” refers to the National Geodetic Vertical Datum of 1929 (NGVD) of 1929)-
a geodetic datum derived from a general adjustment of the first-order level nets of both the United States and Canada,
formerly called Sea Level Datum of 1929.

111

.-,.7 =.- .
-,-.-.— -- -. -— -- —-%.----Y ---.— —=- .--.. — .- =.. .-”



Nature and Continuity of the Sundance Fault,
Yucca Mountain, Nevada

By Christopher J. Potter, Robert P. Dickerson, and Warren C. Day

ABSTRACT

Detailed geologic mapping (1:2,400 scale)
was done in the northern part of the potential
nuclear waste repository area at Yucca Mountain,
Nevada, to determine the nature and extent of the
Sundance Fault zone and to evaluate structural
relations between the Sundance and other faults.
The mapping shows that the Sundance Fault zone
can be traced for about 2,500 feet, from Dead
Yucca Ridge to Live Yucca Ridge. The term Sun-
dance Fault zone is applied, in this report, to a
northwest-striking fault zone that cuts the crys-
tal-poor and the crystal-rich members of the
Miocene Tiva Canyon Tuff. This fault zone was
mapped across Dead Yucca Ridge and the
unnamed ridge that lies between Dead Yucca
Ridge and Live Yucca Ridge, and it continues to
the southeast across Live Yucca Ridge where its
displacement diminishes and it is less prominent.
At its northwest end, the Sundance Fault zone ter-
minates abruptly north of Dead Yucca Ridge. The
faults in this zone are almost exclusively charac-
terized by northeast-side-down displacement. The
maximum width of the Sundance Fault zone is
about 230 feet, and the cumulative north-
east-side-down vertical displacement across the
fault zone does not exceed 35 feet. Substantial
strike-slip displacement along the Sundance Fault
zone is not indicated by the field relations.

Southeast of the mapped extent of the Sun-
dance Fault zone, the Ghost Dance Fault can be
projected along a virtually straight trend beneath
the Quatemary sutilcial deposits in Split Wash

with no apparent offset along the Sundance Fault

zone. On the south slope of Antler Ridge near the

projected trend of the Sundance Fault zone, sev-

eral northwest-striking faults occur within a

550-foot-wide area, but they are mapped only

locally in the crystal-poor member of the Tiva

Canyon Tuff.

The Sundance Fault zone does not continue

north of Dead Yucca Ridge, and faults that have

similar trend and displacement patterns were not

mapped on the Little Prow. Abundant breccia

float on the Little Prow is related to a north-north-

easterly striking splay of the Solitario Canyon

Fault and to a northwest-striking fault that contin-

ues downslope into Drill Hole Wash and is not on

the Sundance Fault zone trend. A prominent

northwest-striking, northeast-side-down fault cuts

both members of the Tiva Canyon Tuff about

2,000 feet northwest of the Little Prow, but this

fault cannot be traced southeast to the Little Prow.

Individual faults in the Sundance Fault zone

and elsewhere at Yucca Mountain are vertically

and laterally discontinuous; one or more mecha-

nisms of strain accommodation may have affected

the Tiva Canyon Tuff to accommodate displace-

ments in the rock volume between the

discontinuous discrete fault segments. Two prob-

able mechanisms are distributed brittle

deformation, which is associated with diffuse

breccia bodies, and minor offsets along numerous

preexisting cooling joints.
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INTRODUCTION

Detailed geologic mapping of the potential
high-level nuclear-waste repository site at Yucca
Mountain, Nevada, provides data for site characteriza-
tion and repository design. A rigorous understanding
of the geometry, structural style, and relative age of
faulting is necessary for seismic hazard analysis, for
specific siting of storage drifts in the potential reposi-
tory, and in conjunction with detailed fracture studies,
for development of hydrologic models.

Spengler and others (1994) proposed the exist-
ence of the northwest-striking Sundance Fault system
within the potential repository area, and of a continua-
tion of the Sundance Fault system to the northwest of
the potential repository area. In this report, the term
Sundance Fault zone is used, rather than the term Sun-
dance Fault system, because the specific geometric
and kinematic relations among the individual fault
strands are obscure. Because the age and extent of the
Sundance Fault zone were unknown prior to this
study, it was necessary to document its length and to
evaluate possible cross-cutting relations with other
faults, especially those of known or suspected Quarte-
rnary age.

In 1995, the U.S. Geological Survey, in cooper-
ation with the U.S. Department of Energy (DOE),
under Interagency Agreement DE-AI08-92NV 10874,
investigated the geometry and continuity of the Sun-
dance Fault along a 1,500 ft-wide northwest-trending
corridor from Antler Ridge to 1,000 feet northwest of
the Solitario Canyon Fault (U.S. Department of
Energy, written commun., 1994). In the Spring of
1995, the USGS mapped and studied a 2.5-mi-long,
1,850-ft-wide northwest-trending area of north-central
Yucca Mountain.

Purpose and Scope

This report summarizes the geologic mapping of
the 2.5-mi-long, 1,850-ft-wide area that includes the
Sundance Fault zone and its proposed continuation to
the northwest of the potential repository (fig. 1). The
mapping was done at a scale of 1:2,400, and the
mapped area is shown in figure 1 and on plates 1, 2,
and 3.

A geologic map was produced to characterize
the structure of the study area. In some places several
contacts remained unmapped because of poor expo-
sure. Because the defined geographic boundaries of

the study area are not necessarily related to the
Sundance Fault zone, numerous faults were mapped
that are not apparently related to the Sundance Fault
zone, particularly in the northwestern part of the map.
The southeastern end of plate 1 and the northwestern
end of plate 3 are beyond the limits of the study area,
and the geologic map is less complete in those areas.

Nevada State Coordinates (in feet) are used to
specify locations in this report. These coordinates are
for the central zone of Nevada and are based on a
Transverse Mercator projection. The origin of this
projection for the central zone of Nevada is latitude
34”45’N., and the central meridian is at longitude
116°40’W.

Previous Work

The Sundance Fault system of Spengler and
others (1994) was identified as a zone of almost verti-
cal, 320°- to 3300-striking faults, at least 900 ft wide,
in the northern part of the potential repository area at
Yucca Mountain. Many of the faults within the Sun-
dance Fault system had minor northeast-side-down
offset, and Spengler and others (1994) also inferred
substantial components of dextral strike-slip offset. In
fact, Spengler and others (1994) suggested that the
Ghost Dance Fault was offset in a dextral sense along
the Sundance Fault system by about 150 ft.

C.A. Braun and L.G. Martin (Science Applica-
tions International Corporation, written commun.,
1995) prepared a detailed 1:480-scale map along the
Ghost Dance Fault and adjacent parts of the potential
repository block at Yucca Mountain. The northern part
of their map overlaps the map in this report (parts of
pls. 1 and 2), and in this area, the map in this report
was based on the same survey control that Braun and
Martin established with permanent survey markers on
a 200-ft spacing, based on the Nevada State Coordi-
nate system. C.A. Braun and L.G. Martin (Science
Applications International Corporation, written
commun., 1995) mapped the Sundance Fault on the
south flank of Live Yucca Ridge, based principally on
a 3-ft-wide northwest-trending breccia zone. They
inferred the presence of the Sundance Fault beneath
colluvial cover of Quatemary age in Split Wash and
mapped a 20-ft stratigraphic offset along the Sundance
Fault on the southeast flank of Antler Ridge. In addi-
tion, they mapped numerous minor northwest-striking
faults within 500 ft of the proposed Sundance Fault;
these minor faults are the faults included in the Sun-
dance Fault system of Spengler and others (1994).

2 Nature and Continuity of the Sundance Fault, Yucca Mountain, Nevada
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Figure 1. Study area on Yucca Mountain, Nevada.

As originally proposed by Spengler and others

(1994), the Sundance Fault system was about 1 mi
long, extending from southeast Antler Ridge, across
Split Wash to Live Yucca Ridge. They suggested that
the system may continue for an unspecified distance
(at least 1.9 rni) to the southeast and northwest, based
on observations of structural Iineaments, concentra-
tions of brecciated rock, and other northwest-striking
fault sets. On the basis of geologic reconnaissance,
C.A. Braun and L.G. Martin (Science Applications

; KILOMETER

International Corporation, written commun., 1995)
reported that the Sundance Fault could be traced for at
least 2.8 rni, from the southeastern flank of Antler
Ridge, across the northern part of the potential reposi-
tory area, and into a northwest-striking fault mapped
by Scott and Bonk (1984) between the Little Prow and
the Prow of Yucca Mountain.

Scott and Bonk (1984) did not map the Sun-
dance Fault, but they used aerial photographs to infer
several northwesterly fracture trends that compose a

INTRODUCTION 3



2,500-ft-long feature across Live Yucca Ridge just
west of the Ghost Dance Fault and across the three
ridges to the north, including Dead Yucca Ridge and
the two unnamed ridges that flank it. This feature cor-
responds in part to the Sundance Fault system as
defined by Spengler and others (1994).

MAP UNITS

The bedrock in the map area is entirely in the
12.7-Ma Tiva Canyon Tuff (Sawyer and others, 1994).
In this report, map units were used that are based on
the informal stratigraphic nomenclature of Geslin and
others (1995) and Buesch and others (1996) and are, in
general, separated by boundaries that can be mapped
at a scale of 1:2,400. Plates 1 through 3 indicate the
correlation between the map units used in this report
and those of Buesch and others (1996).

Map units used in this report for the crystal-poor
member of the Tiva Canyon Tuff (vitric, lower nonli-
thophysal, lower Iithophysal, middle nonlithophysal,
and upper lithophysal) are similar to zones informally
defined in that member by Buesch and others (1996).
The middle nonlithophysal map unit (cpmn3 on plates
1–3) corresponds to the upper subzone (Tpcpmn3) of
the middle nonlithophysal zone of Geslin and others
(1995) and Buesch and others (1996). The lower litho-
physal map unit in this report includes the lower
lithophysal zone and the two lower subzones of the
middle nonlithophysal zone as defined by Buesch and
others (1996). A map unit described as upper litho-
physal, middle nonlithophysal, undifferentiated is
used in the northwestern part of the map area (Wren
Wash, Diabolus Ridge, Little Prow area; pls. 2 and 3)
because the contact between the middle nonlitho-
physal and the upper lithophysal zones is difficult to
recognize because of the abundance of lithophysae in
the upper part of the middle nonlithophysal zone in
this area. Although the map units in the crystal-poor
member largely are based on the presence or absence
of Iithophysae, which are a secondary feature, the con-
tacts between the map units are continuous smooth
surfaces that are amenable to geologic mapping.

Map units in the crystal-rich member of the
Tiva Canyon Tuff correspond to four subzones (crys-
tal-transition, mixed-pumice, pumice-poor, and
vitrophyre) informally defined in that member (Geslin
and others, 1995; Buesch and others, 1996). The first
three of these map units crl, cr2, and cr3 on pls. 1–3)
are primary depositional units, in contrast to the zones

in the crystal-poor member, which are based on sec-
ondary features. The base of each of these three
depositional units (crl, cr2, and cr3) is a gradational
contact. However, mesoscopic criteria can be applied
to the bases of the mixed-pumice and pumice-poor
subzones, so that those contacts can be accurately
identified within 3 ft where they are well exposed in
the field. The base of the crystal-transition subzone is
somewhat more difficult to pinpoint because it is
characterized by a more gradual change and usually is
determined by the use of a hand lens. Where the sub-
zone is well exposed, it can be accurately identified
within 3 feet.

RESULTS OF GEOLOGIC MAPPING

This study was done to test a hypothesis that a
single, throughgoing, northwest-striking Sundance
Fault zone occupies the area included in the map (fig.
1). Although the geologic mapping revealed numerous
faults in the map area (pls. 1–3), a continuous zone of
northwest-striking faults that cut the crystal-poor and
the crystal-rich members of the Tiva Canyon Tuff
could be traced for only 0.3 mi along strike, crossing
Dead Yucca Ridge and the unnamed ridge (informally
named Purgatory Ridge in this report) that is between
Dead Yucca Ridge and Live Yucca Ridge (pi. 2). The
faults in this zone are almost exclusively characterized
by northeast-side-down displacement. The maximum
width of this zone is 230 ft, and the cumulative north-
east-side-down vertical displacement across the fault
zone does not exceed 35 ft. The term Sundance Fault
zone is applied herein only to the zone where both the
crystal-poor and the crystal-rich members of the Tiva
Canyon Tuff are displaced by faults and to fault
strands that are directly along strike where displace-
ment is diminishing. The Sundance Fault zone extends
from Dead Yucca Ridge to the south flank of Live
Yucca Ridge and is about 2,500 ft long.

Several northwest-striking faults occupy a
550-ft-wide area on the south flank of Antler Ridge to
the east of the Ghost Dance Fault (pi. 1), but they can
be mapped only locally in the crystal-poor member of
the Tiva Canyon Tuff and do not seem to be thoroug-
hgoing structures because they do not cut the
crystal-rich member. Thus, although the presence of
minor northwest-striking faults in the ridges to the
south of Split Wash can be recognized, the southeast-
ern extent of the Sundance Fault zone is inferred to be
north of Split Wash, on Live Yucca Ridge. The Ghost

4 Nature and Continuity of the Sundance Fault, Yucca Mountain, Nevada



Dance Fault can be projected along a virtually straight
trend beneath the Quaternary colluvial cover in Split
Wash and is not offset by the Sundance Fault zone.
Details are discussed in the section of this report enti-
tled “Ghost Dance Fault Zone.”

The Sundance Fault zone does not seem to con-
tinue north of Dead Yucca Ridge, and faults that have
the Sundance Fault zone trend and displacement pat-
terns were not mapped on the Little Prow (pi. 3).
Abundant breccia float on the Little Prow is related to
a north-northeasterly striking splay of the Solitario
Canyon Fault and to a northwest-striking fault that
continues downslope into Drill Hole Wash (not on the
Sundance trend). A prominent northwest-striking,
northeast-side-down fault, previously mapped by
Scott and Bonk (1984), cuts both members of the Tiva
Canyon Tuff about 2,000 ft northwest of the Little
Prow, but this fault camot be traced southeast to the
Little Prow.

The results of this report differ significantly
from those of Spengler and others (1994). In this
report, the Sundance Fault zone has a mapped length
of 2,500 ft, compared to 1.9 mi or greater suggested by
Spengler and others (1994). On plate 1, the Sundance
Fault zone is absent on Antler Ridge and on the ridge
that separates the two main tributaries of Split Wash,
whereas Spengler and others (1994) mapped the Sun-
dance Fault zone on these ridges. On plate 1, the
Ghost Dance Fault is projected to continue straight
beneath Quaternary sufilcial deposits in Split Wash,
whereas Spengler and others (1994) interpreted 150 ft
of dextral displacement of the Ghost Dance Fault by
the Sundance Fault beneath Split Wash. Spengler and
others (1994) presented their interpretations of the
Sundance fault based on observations made during
detailed mapping of the Ghost Dance Fault, whereas
this report summarizes comprehensive mapping of the
Sundance Fault zone. In this report, consistent strati-
graphic and structural criteria were used in the
recognition of faults, including clear offset of stratig-
raphy and the presence of breccia. In several places
where faults are reported by Spengler and others
(1994), no breccia or stratigraphic offsets were recog-
nized by the authors of this report.

Sundance Fault Zone

The Sundance Fault zone, as mapped on Live
Yucca Ridge, Purgatory Ridge, Dead Yucca Ridge,
and in the intervening washes (pi. 2), has many of the

general characteristics of faulting seen throughout
Yucca Mountain. These characteristics include a lack
of vertical and lateral continuity of individual fault
strands, apparent exploitation of cooling joints by
faults, prominent breccia zones that mayor may not
correlate with mappable stratigraphic displacement,
and a general lack of slickenlines or other fabrics that
would, if present, aid in kinematic determinations.

The Sundance Fault is exposed on the south
flank of Live Yucca Ridge as a 2-ft-wide tabular brec-

cia body that strikes 340°, dips vertically, and can be
traced in outcrop in the lower lithophysal zone of the
Tiva Canyon Tuff for about 30 ft up from the base of
the slope (pi. 2). Crude subhorizontal corrugations in
the scarp of the breccia zone may be interpreted as
mullions (Spengler and others, 1994). Higher in the
slope, breccia float is common along the projected
trend of the breccia zone. Northwest of the breccia

zone, the tops of the lower lithophysal and middle
nonlithophysal zones are offset in an east-side-down
sense by about 5 fc this is interpreted as the trace of
the Sundance Fault. This trace projects across a saddle
at the top of Live Yucca Ridge, but the outcrop pattern
of the base of the crystal-rich member of the Tiva
Canyon Tuff on either side of the saddle does not
require an intervening fault (that is, an unfaulted cross
section can be drawn across this saddle). Thus, the
northwest-striking fault mapped on the south flank of
Live Yucca Ridge may not actually cross the top of
the ridge. This fault is included in the Sundance Fault
zone because it projects into the area where the Sun-
dance Fault zone is well exposed in the next wash to
the north, as described in the following paragraphs.

Much of the bedrock on the north slope of Live
Yucca Ridge is obscured by colluvial cover, including

several large talus fans, making mapping of small fault
offsets difficult. Small breccia bodies are present near
the projection of the Sundance Fault, and one north-
west-trending breccia zone was mapped at the top of
the middle nonlithophysal zone, approximately on
trend with the northwest-striking Sundance Fault
mapped on the south side of the ridge.

Northwest-striking faults exposed on Purgatory
Ridge, and in the washes to the north and south of Pur-
gatory Ridge, are on trend with faults on Live Yucca
Ridge described in the preceding paragraphs and com-

pose the most prominent part of the Sundance Fault
zone. These faults cut contacts in the crystal-rich and
crystal-poor members, displacing them in a north-
east-side-down sense. Low on the south slope of the
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ridge, four northwest-striking faults define a
230-ft-wide fault zone that produces a cumulative 30

ft of northeast-side-down displacement of the top of
the middle nonlithophysal zone. There is abundant
brecciation in this zone. Two of the faults can be
traced across the wash to the south of Purgatory Ridge
along a 335° trend to the base of the north slope of
Live Yucca Ridge, where they displace the top of the
middle nonlithophysal zone where it is sparsely
exposed through talus. Higher on the south slope of
Purgatory Ridge, two faults, about 25 ft apart, produce
22 ft of cumulative northeast-side-down displacement

of the top of the upper lithophysal zone (base of the
crystal-rich member). The more easterly of the two
faults is marked by a prominent breccia zone. In the
saddle at the top of Purgatory Ridge, there is just one
mapped fault that produces 20 to 25 ft of displacement
of the base of the mixed-pumice subzone in the crys-
tal-rich member. This displacement can be mapped on
the north and on the south sides of the saddle. Lower
contacts on the north side of Purgatory Ridge are diffi-
cult to map because the slope is mostly mantled by
talus, and Sundance Fault zone displacements mapped
in the crystal-poor member on this slope are inferred
based on faults mapped near the top of Purgatory
Ridge and on the north side of Coyote Wash, which
together define a 330° trend.

On the north side of Coyote Wash (south slope
of Dead Yucca Ridge), the Sundance Fault zone is
mapped low in the slope as four faults that compose an
80-ft-wide, northwest-striking fault zone and together
produce about 35 ft of northeast-side-down displace-
ment of the top of the middle nonlithophysal zone.
This contact is sporadically exposed between thick
Quatemary deposits, but the faults can be inferred as
the exposed segments of the contact step up to the
west. At the top of Dead Yucca Ridge, one north-
west-striking fault offsets the base of the crystal-rich
member by about 25 ft (northeast side down). If the
trend of this fault, mapped high on Dead Yucca Ridge

(pi. 2), were continued down the ridge to the south, its
projected position would be about 115 ft east of the
east edge of the fault zone mapped low on Dead
Yucca Ridge. This fault is one of the most prominent
examples of the discontinuous nature of individual
faults in the Sundance Fault zone.

The Sundance Fault zone does not continue
north of Dead Yucca Ridge. On the next ridge to the
north, the base of the crystal-poor member is exposed
on both sides of a low saddle toward which the Sun-

dance Fault projects. This contact is subparallel to the
top of the ridge. The contact projects across the saddle
with an easterly dip of 4° to 6°, which is actually
slightly less than typical dips in this part of Yucca
Mountain. Thus, the map pattern seems to eliminate
any fault displacement in excess of a few feet across
this saddle. No fault was mapped on the south slope of
this ridge, although there is a prominent north-
west-striking joint set exposed in the upper lithophysal
zone on that slope.

Presence of the Sundance Fault zone south of
Split Wash is not verified because the mapping does
not indicate the presence of a throughgoing, north-
west-striking fault zone that cuts the crystal-rich and
the crystal-poor members of the Tiva Canyon Tuff on
Antler Ridge (pi. 1). Although several minor north-
west-striking faults are mapped in the crystal-poor
member on the south slope of Antler Ridge, unfaulted,
northeast-dipping contacts were mapped at the top of
the middle nonlithophysal zone, at the base of the
crystal-rich member, and at the base of the
mixed-pumice subzone across the slope north and
northwest of drill hole USW H-4. C.A. Braun and
L.G. Martin (Science Applications International Cor-
poration, written commun., 1995) mapped the
Sundance Fault on this slope, with about 20 ft of
northeast-side-down displacement of the base of the
crystal-rich member of the Tiva Canyon Tuff, and
their 3250-striking Sundance Fault projects through a
point about 160 ft east of drill hole USW H-4 in the
wash south of Antler Ridge. The mapping for this
report, which used the same survey control pins used
by Braun and Martin, indicates that the Sundance
Fault is not present at this location.

Where the Sundance Fault zone is most fully
developed, on Purgatory Ridge and Dead Yucca
Ridge, the fault zone is widest in the middle nonlitho-
physal zone and seems to narrow to a single strand in
the overlying crystal-rich member. The implications
of this unusual structural pattern are presented in the
section, “Discontinuous Nature of the Sundance Fault
Zone and other Minor Faults.”

Ghost Dance Fault Zone

A part of the north-striking Ghost Dance Fault
zone is exposed in the southern part of the study area
on Antler Ridge, Live Yucca Ridge, and Purgatory
Ridge (pls. 1 and 2). (For a broader discussion of the
Ghost Dance Fault over its entire mapped extent, see

6 Nature and Continuity of the Sundance Fault, Yucca Mountain, Nevada



Day and others (1998)). On the south slope of Antler
Ridge, the Ghost Dance Fault, which herein is the
fault that has maximum displacement in the Ghost
Dance Fault zone, is exposed near 763,000 N.,
562,350 E. (Nevada State Coordinate system; pl. 1)
and is marked by a 3- to 6-ft-wide breccia zone along
which contacts have been displaced about 40 ft down
to the west. The fault strikes 5° low in the slope and
bends to a 0° (due north) strike in the middle of the
slope. A 3450-striking fault, which is about 65 ft west
of the Ghost Dance Fault at the top of the Antler Ridge
Pavement (ARP-1, pl. 1) pavement (low on the slope),
is marked by a prominent breccia zone and produces
10 ft of west-side-down offset of the top of the middle
nonlithophysal zone. The displacement diminishes
upsection; there is about 3 ft of displacement of the
base of the crystal-rich member, and the unnamed
fault cannot be identified above that contact.

The Ghost Dance Fault crosses Antler Ridge to
the north of ARP-1, about 360 ft east of a pronounced
saddle, and produces about 40 ft of west-side-down
displacement of the base of the crystal-rich member of
the Tiva Canyon Tuff on the north slope of Antler
Ridge (pi. 1). However, the Ghost Dance Fault does
not affect the base of the upper Iithophysal zone,
directly downslope from the footwall cutoff of the
base of the crystal-rich member. Fifty feet to the east,
a north-striking fault occupies the middle of the slope
and produces about 40 ft of west-side-down displace-
ment of the base of the upper lithophysal zone. This
latter fault strand has all the attributes of the Ghost
Dance Fault, including its orientation, the presence of
a 3-ft-wide breccia zone, and the amount and sense of
displacement. The locus of the Ghost Dance Fault,
therefore, steps across 50 ft to the east on this slope.
This relation was originally shown on an unpublished
map by C.A. Braun and L.G. Martin (Science Appli-
cations International Corporation, written commun.,
1995).

The continuity of the top of the middle nonlitho-
physal zone of the Tiva Canyon Tuff beneath the
upper, westerly Ghost Dance Fault strand indicates
that the Ghost Dance Fault is not offset by a younger
fault in this location. The two overlapping fault
strands probably meet at depth and are part of an
upward-branching Ghost Dance Fault zone. The abun-
dant breccia float that is present between the two fault
tips probably formed in an accommodation zone
through which brittle deformation was distributed in
the mass of rock between the two fault splays. Alter-

natively, the Ghost Dance Fault may have stepped
over along a preexisting discontinuity, such as a north-
west-striking cooling joint or a set of closely spaced
northwest-striking cooling joints. In such a case, the
preexisting cooling joint would be the site of intense

brecciation and dip-slip displacement compatible with
the displacement of the Ghost Dance Fault strands.

Fifty feet east of the topographically higher,
westerly Ghost Dance strand on the north slope of
Antler Ridge, a northwest-striking fault offsets the

base of the crystal-rich member by 15 ft (west side
down). This fault projects into the brecciated area
between the two Ghost Dance Fault strands and may
be related to the accommodation of displacement
across the discontinuous Ghost Dance Fault.

In the vicinity of the overlap of the two Ghost
Dance Fault strands on the north slope of Antler
Ridge, the presence of several other northeast- and
northwest-striking faults was inferred. On the Ghost
Dance Fault hanging wall, two northeast-striking
faults offset the base of the crystal-rich member of the
Tiva Canyon Tuff by a total of 35 f~ these faults are
not exposed but are based on mapping of the contact
where it is sporadically exposed through abundant
talus cover. The projected intersection of the main
northeast-striking fault with the Ghost Dance Fault is
covered by a thick talus mantle. Because the north-
east-striking fault may merge with the Ghost Dance
Fault, and because the northeast-striking fault has an
east-side-down sense of displacement and seems to be
confined to the footwall, the fault intersection has the
effect of reducing the total displacement across the
Ghost Dance Fault by about 35 ft. This effect may, in
part, explain the decreased displacement observed
across the Ghost Dance Fault on the north side of Split
Wash.

The northwest-striking faults mapped east of the
topographically lower, easterly Ghost Dance strand
are based on offsets of the top of the middle nonlitho-
physal zone and are somewhat speculative because
they cannot be traced more than a few feet on the out-
crop-poor, talus-covered slope. Therefore, it is not
known whether the northwest-striking faults merge
with the Ghost Dance Fault downslope beneath the
covering deposits.

If the northwest- and northeast-striking faults
formed synchronously with the movement on the main
splay of the Ghost Dance Fault, these faults may be
part of a larger upward-widening (horsetailing) of the
Ghost Dance Fault zone. This geometry was
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documented by Day and others (1998) in the Ghost
Dance Fault zone to the south in the Whale Back
Ridge area and along several smaller faults in the
Azreal Ridge area. The sparse bedrock exposure on
the north slope of Antler Ridge along the Ghost Dance
Fault zone, however, restricts further conjecture.

Low on the north slope of Antler Ridge, the
Ghost Dance Fault is marked by a persistent
01 O“-striking breccia zone in an area of sparse out-
crop. From there, the Ghost Dance Fault projects
across Split Wash on a 010° trend to meet the
mapped exposure of the Ghost Dance Fault where it
cuts the top of the lower nonlithophysal zone of the
Tiva Canyon Tuff (in the footwall) near the base of
the south slope of Live Yucca Ridge (pi. 1). The
Ghost Dance Fault was not mapped on the nose of
the ridge separating the two main tributaries of Split
Wash. The fault contact proposed in that location

(Spengler and others, 1994) was mapped in this
report as a normal transition between two parts of the
lower Iithophysal zone (from the hackly fractured

part of the unit up into a higher part of the unit that
lacks hackly fracture). This transitional nature is well
exposed in cleared pavements nearby at the base of
the south slope of Live Yucca Ridge. Because the
Ghost Dance Fault does not seem to exist on the nose
of the ridge separating the two main tributaries of
Split Wash, there is no need to invoke any strike-slip
displacement of the Ghost Dance Fault by a younger
fault, or right-stepping of the Ghost Dance Fault
along an older structure. The Ghost Dance Fault

projects beneath the Quatemary sutilcial deposits
straight across Split Wash.

On the south slope of Live Yucca Ridge (pls.
1 and 2), the Ghost Dance Fault trends due north to
slightly west of north and has about 10 ft of
west-side-down displacement. A second fault, about
35 to 65 ft to the east, strikes 020° and offsets the
upper and lower contacts of the middle
nnonlithophysal unit of the Tiva Canyon Tuff by 10
ft (west-side-down). This latter fault does not seem
to continue up or down the slope for any distance
as a discrete fault. The displacement along the
Ghost Dance Fault on this slope can be identified
by discrete offsets at the base of the middle
nonlithophysal map unit and the base of the crys-
tal-rich member. At the top of the middle
nonlithophysal zone, there is no discrete fault dis-
placement, but there is a distinct west-side-down
flexure in this contact (with an amplitude of about

10 ft) across the breccia zone associated with the
main trace of the Ghost Dance Fault. At the top of
the ridge (pi. 2), the mapped location of the Ghost
Dance Fault steps eastward by about 55 fu the two
splays do not connect in map view but may con-
nect at depth. On the north slope of Live Yucca
Ridge and on the eastern nose of Purgatory Ridge,
there is about 15 ft of west-side-down displace-
ment along the Ghost Dance Fault (pi. 2). North of
this location, the Ghost Dance Fault continues
beyond the map area, and displacement diminishes
to zero in the Wren Wash vicinity (Scott and Bonk,
1984).

Character of Faulting in the Southern Part
of the Map Area

In addition to the Sundance and Ghost Dance
Fault zones, numerous minor faults were mapped on
Antler Ridge, Live Yucca Ridge, and on the two small
ridges that are between the tributaries of Split Wash
(pls. 1 and 2).

On the south slope of Antler Ridge (pi. 1), for
1,300 ft east of the Ghost Dance Fault, numerous
northwest-striking faults and several north- and north-
east-striking faults offset contacts in the crystal-poor
member of the Tiva Canyon Tuff but do not continue
up into the crystal-rich member. None of these faults
are considered to be part of the Sundance Fault zone
because they do not constitute a continuous,
well-defined zone. Breccia occurs along many of these
faults, and there also are pods of breccia distributed
across the slope that have no apparent relation to
faults. On this slope, displacement of the base of the
crystal-rich member was mapped along only one fault
in addition to the Ghost Dance Fault. However, the
base of the crystal-rich member is poorly exposed
along most of this slope—there could be additional
minor concealed offsets (with 3 ft or less of displace-
ment) of this contact. Stratigraphic throw across the
mapped minor faults ranges from 1 to 20 ft, with most
displacements in the 3 to 10 ft range. Almost all of
these faults have a mapped length of less than 150 ft,
and none of them have a mapped length in excess of
300 ft. These limited fault lengths do not seem to be an
artifact of poor bedrock exposure. In almost every
place, the mapped extent of fault strands is constrained
by unfaulted contacts that cross the projected location
of known faults that are mapped either upslope or
downslope.
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The discontinuous nature of faulting requires
that fault displacements be balanced by some sort of
distributed deformation in the rock mass between the
mapped discrete faults. Much of the breccia on this
slope, most of which is only in float, may have devel-
oped as part of a distributed brittle deformation that
operated in concert with the discontinuous discrete
faults to accommodate strain in the strata. This refor-
mational style is best seen on plate 1 near coordinates
762,500 N., 563,350 E. (Nevada State Coordinate
system). The field relations in this area are shown at a
larger scale in figure 2. In this area, a small graben is
bounded by a northeast-striking fault that has 16 ft of
displacement and by a northwest-striking fault that has
22 ft of displacement. Displacements were determined
from the map pattern of the lower lithophysal/middle
nonlithophysal contact. Downslope (to the south), the
northwest-striking fault seems to truncate the north-
east-striking fault (or the northeast-striking fault
merges into the northwest-striking fault), based on the
trends of breccia mapped on the slope. Neither the
northeast- nor the northwest-striking fault can be
traced an appreciable distance upslope. The breccia
zone that marks the northeast-striking fault cannot be
traced above the base of the middle nonlithophysal
unit (in the footwall), and the top of the middle nonli-
thophysal zone is not offset along the projected trace
of this fault. Instead, a northeast-striking fault located
65 ft to the west offsets this contact by 15 ft. Pods of
breccia occupy the middle nonlithophysal unit
between the two noncontinuous northeast-striking
faults. These breccia pods may have originated as a
zone of distributed brittle deformation accommodating
the displacement on the two northeast-striking faults.
The northwest-striking fault that bounds the west side
of the small graben cannot be traced upslope as a sin-
gle discrete fault, but seems to branch into several
smaller northwest-striking splays that offset the top of
the middle nonlithophysal zone. Thus, the upsection
continuation of one of the graben-bounding faults
jumps laterally through an accommodation zone that
has distributed brittle deformation, and the other
bounding fault branches into at least three splays
upsection. The result is a complex zone of deforma-
tion that constitutes an instructive case example of
common styles of deformation in the Tiva Canyon
Tuff at Yucca Mountain (fig. 2).

Little Prow Area

One of the initial objectives of this study was to
evaluate the proposed intersection of the Sundance
and the Solitario Canyon Faults, just west of the Little
Prow. The Little Prow area was mapped and no
evidence could be found that the Sundance Fault
crosses Yucca Crest near the Little Prow. Instead,
breccias exposed on the Little Prow are related to a
pattern of northwest- and northeast-striking faults.
Three subzones of the crystal-rich member of the Tiva
Canyon Tuff (the mixed-pumice, pumice-poor, and
vitrophyre subzones) are distinctive map units on top
of the Little Prow; juxtapositions of these three units
define the fault patterns mapped in this area on plate 3.
About 540 ft north of drill hole UZ-N27 (pi. 3), abun-
dant breccia float litters the surface near the tips of
two faults, a northwest-striking fault and a north-
northeast-striking fault that bound a prow-shaped
horst.

The northwest-striking fault is identified on the
Little Prow by a juxtaposition of the mixed-pumice
subzone against the pumice-poor subzone of the Tiva
Canyon Tuff, defining a northeast-side-down sense of
displacement. Displacement on the fault diminishes to
the northwest, so that the pumice-poor subzone is
exposed around the fault tip. To the southeast, the
fault trends downslope toward Drill Hole Wash; two
splays of this fault can be mapped through the base of
the mixed-pumice subzone and the base of the crys-
tal-rich member. The cumulative stratigraphic throw
across the two fault splays totals 15 fc one of these
splays can be mapped farther downslope where it cuts
the top of the lower lithophysal zone. There are sev-
eral west-northwest-striking faults lower on this slope,
but the relation of these faults to the longer north-
west-striking fault is not clear.

The north-northeast-striking fault is defined on
the Little Prow by a juxtaposition of the vitrophyre
subzone with the pumice-poor subzone of the Tiva
Canyon Tuff, this fault loses displacement along strike
to the north-northeast and does not continue beyond
its brecciated intersection (or near-intersection) with
the northwest-striking fault discussed in the preceding
paragraph. South of that brecciated intersection, the
vitrophyre occupies a thin 15- to 25-ft wide, discontin-
uous strip of outcrop that commonly is bounded on its
east side by breccia. The north-northeast-striking fault
bounds the east side of the vitrophyre. It is an
east-side-down fault that has undergone strike-slip dis-
placement because it offsets a northeast-striking fault
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Tiva Canyon Tuff
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Figure 2. Geologic map showing minor faulting on the south slope of Antler
Ridge near coordinates 762,500 N., 563,350 E. (Nevada State Coordinate sys-
tem). Reference coordinates (Nevada State Coordinate system) are shown at
map border. Refer to plate 1 for geologic and geographic context of this small
area on Antler Ridge.

by 100 ft in a left-lateral sense near the southwest cor- Southwest of the map area, this fault (designated by S,
ner of plate 3. Both of these faults merge with the fig. 3) is identified as one of the principal splays of the
Solitario Canyon Fault west of the map area (fig. 3). Solitario Canyon Fault (Scott and Bonk, 1984; Day
This is a case of one splay of the Solitario Canyon and others, 1998); it forms the main break in the
Fauh cutting another. cliff-forming, resistant part of the crystal-rich member

The vitrophyre-bounding fault tracks the west of the Tiva Canyon Tuff on the west-facing slope of
side of Yucca Crest for about 2,600 ft (pls. 2 and 3). Solitario Canyon, producing about 100 ft of strati-
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Figure 3. Splays of the Solitario Canyon Fault and other faults in the Little
Prow area. This map illustrates how fault splays shown on plate 3 relate to the
Solitario Canyon Fault.
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graphic throw, and merges with the Solitario Canyon
Fault near the base of the slope (fig. 3).

A third splay of the Solitario Canyon Fault
strikes northeast and intersects the top of the Little
Prow at elevation 4,850 ft (pi. 3). Displacement
diminishes near the top of the ridge so that the pum-
ice-poor subzone is only partly cut by this third splay
of the Solitario Canyon Fault.

The main strand of the Solitario Canyon Fault
zone crosses the saddle separating the Little Prow (to
the southeast) from Ammo Ridge to the northwest and
produces 70 to 80 ft of west-side-down stratigraphic
throw on the southwest-facing slope just south of that
saddle. One thousand feet north of the saddle between
the Little Prow and Ammo Ridge, the west-side-down
stratigraphic throw on the Solitario Canyon Fault is 35
ft. By comparison, the northeast-striking splay (desig-
nated by S, fig. 3) has about 100 ft of displacement on
the west-facing slope of Solitario Canyon. The north-
ward decrease in displacement on the main strand of
the Solitario Canyon Fault (evident in Scott and Bonk,
1984) is accomplished, at least in part, as large com-
ponents of the displacement are transferred from the
main fault strand by northeast-striking splays.

There is a breccia zone that is 12 to 30 ft wide
along the main strand of the Solitario Canyon Fault in
the map area (pi. 3). Abundant brecciated basalt is
exposed in an unnamed trench excavated across the
Solitario Canyon Fault on the Little Prow–Ammo
Ridge saddle. On the southwest-facing slope just south
of the saddle, brecciated basalt and apparently intact
unbrecciated outcrops of basalt are present in the brec-
cia zone. The basalt likely intruded the Solitario
Canyon Fault zone, then was brecciated as parts of the
fault zone were reactivated. Isotopic ages of correla-
tive basalts are 9 to 10 Ma (Scott, 1990), and samples
of brecciated basalt from the trench on the Little
Prow–Ammo Ridge saddle have recently been dated
at 10 to 11 Ma (E.I. Smith, University of Nevada, Las
Vegas, oral commun., 1995). Thus, the intrusion of
these basalts into the Solitario Canyon Fault zone and
their subsequent brecciation is consistent with the gen-
erally accepted timing of deformation at Yucca
Mountain (Scott, 1990); the largest magnitude exten-
sion was between 13 and 11.5 Ma, and displacement
on some faults (such as the Solitario Canyon Fault)
continued into the Quaternary Period.

This study included partial geologic mapping of
the next ridge north of Ammo Ridge (pi. 3), although
this ridge is northwest of the original study area (the

northwestern limit of which was defined by the DOE
as a point 1,000 ft beyond the projected intersection of
the Sundance and Solitario Canyon Faults). On top of
this ridge, 2,100 to 2,300 ft northwest of the Little
Prow–Ammo Ridge saddle, there is a north-north-
west-striking fault that juxtaposes the mixed-pumice
and pumice-poor subzones of the crystal-rich member
of the Tiva Canyon Tuff. On the southwest-facing
slope below the ridge, there seems to be about 60 ft of
east-side-down displacement of the base of the
mixed-pumice subzone, although the bases of the
mixed-pumice and the crystal-transition subzones can-
not be located precisely on the east side of the fault
because of limited bedrock exposure on this slope.
Ten feet of displacement of the base of the upper litho-
physal zone, lower in the slope, was mapped along the
probable continuation of this fault. Fault displacement
on the north-northwest-striking structure seems to
diminish rather abruptly to the south on this slope.
There are several discontinuous breccia bodies
exposed on low on the slope, indicating the possibility
of distributed brittle deformation that may have
accommodated the displacement mapped on the dis-
crete fault at the top of the ridge.

The north-northwest-striking fault mapped on
the ridge north of Ammo Ridge continues to the north-
west of the study area, based on the mapping of Scott
and Bonk (1984) and Day and others (1998). Its extent
and offset are larger than the extent and offset of the
Sundance Fault zone.

SENSE OF DISPLACEMENT ON THE
SUNDANCE FAULT ZONE

The geologic mapping in this report indicates
that east-side-down dip-slip displacements character-
ize the Sundance Fault zone. The 1995 mapping
included in this report produced no firm evidence for
strike-slip motion along the Sundance Fault zone. No
slickenlines were found, and the crude subhorizontal
mullion-like structures near the base of the south slope
of Live Yucca Ridge were too poorly defined to con-
stitute compelling strike-slip evidence. On Dead
Yucca Ridge and Purgatory Ridge, where the Sun-
dance Fault zone is best developed, the outcrop
patterns of the zones of the Tiva Canyon Tuff indicate
that the strata dip easterly to east-southeasterly (pi. 2).
With these stratal dips, the northeast-side-down offset
along the northwest-striking Sundance Fault zone
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would be inconsistent with dextral strike-slip motion,
but such stratal offset could hypothetically be pro-
duced by sinistral strike-slip motion. Large amounts of
pure strike-slip displacement could not have occurred
in the places (on Live Yucca Ridge and the ridge north
of Dead Yucca Ridge) where stratigraphic throw
across the Sundance Fault zone diminishes to zero; in
these places, there is a divergence of 30° to 45°
between the strike of the strata and the strike of the
Sundance Fault zone, so strike-slip motion would have
produced stratal displacement. Hypothetically, oblique
slip along the Sundance Fault, in the unique direction
defined by the intersection of the strata and the fault,
could be invoked to explain zero stratigraphic throw at
the ends of the mapped Sundance Fault, but this singu-
lar situation is unlikely, and there is no evidence for it.

DISCONTINUOUS NATURE OF THE
SUNDANCE FAULT ZONE AND
OTHER MINOR FAULTS

An important aspect in the deformation of the
Tiva Canyon Tuff at Yucca Mountain, as determined
in this study, is the discontinuous nature of faulting
along minor fault zones, such as the Sundance Fault
and perhaps even the Ghost Dance Fault, which are
not block-bounding structures. A comparison of the
Solitario Canyon Fault and the Sundance Fault illus-
trates pertinent points. The Solitario Canyon Fault is
one of the principal block-bounding faults of the
Yucca Mountain area and is marked in the study area
by a breccia zone that is at least 12 ft wide. The fault is
a continuous structure that can be mapped for many
miles and also has long continuous splays (Chris-
tianson and Lipman, 1965; Lipman and McKay, 1965;
Scott and Bonk, 198% Day and others, in press). The
Sundance Fault zone, however, consists of fault
strands that commonly have little lateral or vertical
continuity, even on a single ridge.

The south slopes of Purgatory Ridge and Dead
Yucca Ridge (pi. 2) provide several examples of the
vertical and lateral variability of the geometry of the
Sundance Fault zone. On both ridges, several fault
strands compose a 75- to 230-ft-wide zone at the top
of the middle nonlithophysal zone of the Tiva Canyon
Tuff, low on the south-facing slopes. On both ridges,
only one fault strand is mapped up into the crystal-rich
member at the top of the ridge, but the displacement
along this single strand is somewhat less than the

cumulative displacement across the broader Sundance
Fault zone that cuts the top of the middle nonlitho-
physal zone.

These map patterns along the Sundance Fault
zone exemplify a stratigraphically controlled faulting
style. A zone of discrete, discontinuous faults affects a
broader area in the crystal-poor member of the Tiva
Canyon Tuff than in the overlying crystal-rich mem-
ber. This geometry seems to contrast with the
upward-splaying, or horsetailing pattern commonly
observed along the Ghost Dance Fault zone (Day and
others, 1998); yet, the upward-splaying geometry
along the Ghost Dance Fault zone is documented in
the crystal-poor member. The upward-splaying geom-
etry along the Ghost Dance Fault zone may not
continue up through the crystal-rich member. In this
study, only one strand of the Ghost Dance Fault was
mapped in the crystal-rich member across the tops of
Antler Ridge and Live Yucca Ridge. Thus, the Sun-
dance and the Ghost Dance Fault zones may be
characterized by a similar stratigraphic control of
faulting.

This stratigraphic control of faulting reflects a
fundamental contrast in strength between the crys-
tal-rich and crystal-poor members of the Tiva Canyon
Tuff. Because the Sundance Fault zone is wider and
has more individual faults in the crystal-poor member
compared to the crystal-rich member, the crystal-poor
member seems to have been less competent (weaker)
than the crystal-rich member. Such a strength contrast
may be related to inherent physical properties, as mea-
sured in experimental deformation of unjointed
samples, or it may be related to mesoscopic character-
istics, such as the number and distribution of cooling
joints, which were produced before substantial tec-
tonism affected the welded tuff. The available
experimental data indicate that the sampled zones of
the crystal-poor member (cpll, cpmn, and cpul) and
the crystal-transition subzone (crl) at the base of the
crystal-rich member have greater tensile and ultimate
strengths than the overlying subzones (cr2 and cr3) of
the crystal-rich member (Boyd and others, 1996).
However, a greater abundance of cooling joints
(which have preferential northwest- and north-
east-striking orientations) were observed in the
crystal-poor member than in the crystal-rich member.
Thus, the broad distributed brittle deformation of the
crystal-poor member is attributed to the availability of
preexisting cooling joints in that member for exploita-
tion by the Sundance Fault zone. The narrower, more
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restricted deformation in the crystal-rich member is
attributed to the lower frequency of cooling joints in
that member.

The lack of vertical continuity for individual
fault strands through the different stratigraphic levels
requires a mechanism for lateral accommodation of
strain in the Tiva Canyon Tuff. A diagrammatic cross
section in figure 4 shows a discrete, larger displace-
ment fault cutting the crystal-rich member and shows
numerous faults that have smaller displacement in the
crystal-poor member, as observed in the field. Strain
compatibility in the stratigraphic section requires
movement along subhorizontal planes, including gen-
tly dipping breccia zones (which are observed),
layer-parallel slip (which seems to have locally pro-
duced gouge and breccia along partings in the strata),
and minor discrete gently dipping faults (not docu-
mented. but locally inferred on the basis of map
patterns). The accommodation probably occurred in a
distributed fashion along locally exposed, gently dip-
ping breccia zones that functioned as zones of
decoupling (fig. 4). As such, the faulted crystal-poor
member has numerous irregular small blocks that have
slipped or rotated, or both, along preexisting joints and
synkinematic breccia zones. In contrast, the relative
paucity of cooling joints in the overlying crystal-rich
member has confined the offset to fewer discrete
faults between larger, undeformed blocks (fig. 4).

The most striking contrast in deformation of
the crystal-rich and the crystal-poor members of the
Tiva Canyon Tuff is present where faults cut the
crystal-poor member, but no faults can be mapped
through the overlying crystal-rich member. The best
example is on the south slope of Antler Ridge, where
numerous northwest-striking faults (and a few north-
and northeast-striking faults) produce minor offsets
in the top and bottom of the middle nonlithophysal
unit (pi. 1). The cumulative displacement due to
minor faults offsetting the top of the middle nonlitho-
physal zone is 40 ft (east side down) across a
700-ft-wide domain east of the Ghost Dance Fault. In
this area, a single mapped fault produces 6 ft of
west-side-down displacement of the base of the crys-
tal-rich member. The degree of resolution afforded
by the spotty outcrop control allows the possibility of
several unmapped faults with up to 6 feet of dis-
placement of this contact; however, no mapped faults
cut the better exposed base of the mixed-pumice sub-
zone near the top of the south slope of Antler Ridge.
As discussed in the section entitled “Character of

Faulting in the Southern Part of the Map Area,” the
discontinuous nature of faulting on this slope recluires
lateral accommodation of strain, probably by distrib-
uted brittle deformation manifested by diffusely
distributed breccia zones in the upper part of the
crystal-poor member (upper lithophysal zone).
Because discrete faults do not seem to continue up
through the crystal-rich member on this south slope,
the crystal-rich member must be draped above the
faults that cut the lower part of the section. Perhaps
because of a relative scarcity of cooling joints in the
crystal-rich member, it functioned as a competent
beam that resisted faulting and, in this case, simply
was gently tilted above the fault blocks that affect the
lower units. Such tilting above predominantly north-
west-striking faults may account for the northeasterly
dip that characterizes these units on Antler Ridge.

Lateral accommodation of displacement is
needed in places where the Sundance Fault zone
seems to jump across strike. An example is on Dead
Yucca Ridge, where the position of the fault on the
ridge top is 115 ft east of the projected trace of the east
edge of the Sundance Fault zone mapped near the base
of the slope (pi. 2). This map pattern is similar to the
places where the Ghost Dance Fault steps normal to
the strike to a new location (north slope of Antler
Ridge and top of Live Yucca Ridge; pls. 1 and 2). The
two fault strands may meet at depth in each of these
places; the shallow step-over may occur along a pre-
existing cooling joint or along a zone of distributed
brittle deformation. Detailed analyses of the step-over
areas were prevented by the poor exposures of bed-
rock there.

CONCLUSIONS

The principal conclusions regarding the Sun-
dance Fault zone and other faults in the map area are
as follows:

1. The Sundance Fault zone has a mapped length of
2,500 ft, extending from Dead Yucca Ridge to
Live Yucca Ridge. Across Dead Yucca Ridge
and Purgatory Ridge, the Sundance Fault zone is
as much as 230 ft wide, cutting the crystal-poor
and the crystal-rich members of the Tiva
Canyon Tuff, and has a maximum cumulative
northeast-side-down displacement of about 35
ft. Displacement diminishes to the south on
Live Yucca Ridge. The faults in the Sundance
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Fiaure 4. Diagrammatic cross section showing a general model for deformation in the Tiva Canyon Tuff, based on observa-
tion made dukg geologic mapping along the-Sundance Fault zone.

Fault zone are almost exclusively characterized
by northeast-side-down displacement.

2. Individual faults in the Sundance Fault zone and
elsewhere are laterally and vertically
discontinuous. The Sundance Fault zone
consists of numerous discontinuous faults that
occupy abroad zone in the crystal-poor member
of the Tiva Canyon Tuff and a narrower, more
discrete zone in the crystal-rich member not all
faults in the crystal-poor member can be mapped
continuously up into the crystal-rich member.
This apparent upward-narrowing geometry
probably results from variations in strength in
the Tiva Canyon Tuff section. Discontinuous
faults require accommodation of displacement
in the unfaulted parts of the Tiva Canyon Tuff,
apparently by distributed brittle deformation
and, locally, by minor movements along
preexisting cooling joints.

3.

4.

5.

6.

The Ghost Dance Fault can be projected as a

continuous structure across Split Wash and is

not offset by the Sundance Fault zone.

Abundant minor faults in the crystal-poor

member of the Tiva Canyon Tuff on the south

slope of Antler Ridge are not continuous

through the crystal-rich member, which may be

draped as a monocline above the lower faults.

Abundant breccia on the Little Prow can be

attributed to intersecting northeast-and

northwest-striking faults that are unrelated to

the Sundance Fault zone; the Sundance Fault

zone does not cut the Solitario Canyon Fault.

A prominent northwest-striking fault is mapped

at the northwest end of the map area, between

the Little Prow and The Prow; this fault is

distinct from, and seems unrelated to, the

Sun dance Fault zone.
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