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CONVERSION FACTORS AND ACRONYMS

Multiply By To obtain
centimeter (cm) 0.394 inch
kilometer (km) 0.621 mile
meter (m) 3.28 foot
millimeter (mm) 0.0394 inch

The following terms and abbreviations also are used in this compilation.

ka
mm/yr
myr

Ma

thousands of years old
millimeters per year
millions of year ago

millions of years old
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Compilation of Known and Suspected
Quaternary Faults within 100 km of

Yucca Mountain

By L.A. Piety

Abstract

Geologic data have been compiled for known and suspected Quaternary faults in southern Nevada
and southeastern California within about 100 km of the potential repository site at Yucca Mountain. This
compilation is based on published and readily available literature, including theses and dissertations. The
data set includes regional studies that attempt to identify and evaluate lineaments, scarps, and other possi-
ble tectonic landforms of possible Quaternary age, detailed studies that focus on a single fault, and geo-
logic studies that were completed for purposes other than evaluation of Quaternary fault activity. Studies
included in this compilation are those that were available as of December 1993. Faults that have known
or suspected Quaternary activity are presented on a topographic base map at a scale of 1:250,000. Data
for each fault that are pertinent to the assessment of future faulting and earthquake events are assembled
on description sheets and summarized on tables.

Faults that have known evidence for or are suspected of Holocene (<10 ka) or late Pleistocene
(>10 ka and <130 ka) surface rupture are highlighted on the map because these faults may be the most
likely to produce ground motions that could impact the potential repository. This compilation identifies
ten faults within 50 km of the site but outside the site area and an additional fourteen faults between 50 km
and 100 km of the site for which evidence for Holocene or late Pleistocene surface rupture has been
reported in the literature. The longest and most continuous of these faults is the northwest—striking, 250—
km—long Furnace Creek fault (including its possible extension into Fish Lake Valley), which is located
about 50 km west of the site. In addition to identifying known or suspected Quaternary faults within about
100 km of the site, this compilation demonstrates the lack of information for most of these faults. Future
work will undoubtedly change the portrayal of Quaternary faults presented in this report and on the accom-
panying map by eliminating some faults shown here, by adding other faults for which Quaternary rupture
has not yet been recognized, and by revising and refining the age designations and other data for many of
the faults.



INTRODUCTION

This report and accompanying map present the results of a compilation of published literature and readily
available data on known and suspected Quaternary faults within about 100 km of Yucca Mountain. The report and
map were prepared as part of Activity 8.3.1.17.4.3.2, “Evaluate Quaternary Faults Within 100 km of Yucca
Mountain”, which is an activity within Study 8.3.1.17.4.3, “Quaternary Faulting within 100 km of Yucca Moun-
tain, including the Walker Lane” (Department of Energy, 1988). The objective of Study 8.3.1.17.4.3 is to collect
and synthesize “information pertaining to the abundance, distribution, geographic orientation, displacement rate,
and recurrence interval of movement” for faults within about 100 km of Yucca Mountain (Department of Energy,
1988). An important purpose of the work summarized in this report and on the accompanying map is to provide
a basis and direction for future investigations under Activity 8.3.1.17.4.3.2. Specifically, this report shows in detail
what data are presently available for known and suspected Quaternary faults in the study area.

Data from Study 8.3.1.17.4.3 will be used to “assist in predicting the likely locations, timing, and magnitudes
of future faulting and earthquake events that could have an impact on the design or performance of the waste
facility” (Department of Energy, 1988). Data presented in this report may be used in preliminary analyses of future
faulting and earthquake events. The actual identification of earthquake sources will be performed under Study
8.3.1.17.3.1, “Relevant Earthquake Sources” (Department of Energy, 1988). Data will also support Activity
8.3.1.17.4.12, “Tectonic Models and Synthesis”. i

A preliminary draft of this report without the map was submitted as an interim report to the U.S. Geological
Survey in March 1993 (Piety and others, 1993). This report supersedes the interim report.

This work was supported by the U.S. Department of Energy under a Memorandum of Understanding (MOU)
between the U.S. Geological Survey and the U.S. Bureau of Reclamation dated January 13, 1986.

Regional Geologic and Tectonic Setting

Yucca Mountain is located in the central portion of the southern Basin and Range (fig. 1). Rocks of nearly
all geologic ages are present within the region, but volcanic rocks of Miocene age are especially common and volu-
minous. Geologic structures in this region are characterized in part by the elongate mountain blocks and alluvial
basins typical of other parts of the Basin and Range. The mountain ranges and intervening basins are the result of
late Cenozoic extensional faulting. Wernicke and others (1988) believed that, at the latitude of Yucca Mountain,
both normal and strike—slip faults have accommodated nearly 250 km of extension between the Colorado Plateau
and the Sierra Nevada during the last 20 m.y. It is clear from available data that dip—slip, oblique—slip, and strike—
slip Quaternary faults are all present in the region surrounding Yucca Mountain.

Figure 1. Major known or suspected Quaternary faults in southern Nevada and southeastern California

in the region surrounding Yucca Mountain.

For this assessment of Quaternary faulting within about 100 km of Yucca Mountain, Data on specific known
or suspected Quaternary faults within the study area are presented. However, discussion of possible relationships
between these faults and proposed regional geologic structures has been omitted. A synthesis of various tectonic
models for the site and region will be conducted as part of Study 8.3.1.17.4.12, “Tectonic Models and Synthesis™
(Department of Energy, 1988).
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Figure 1. Major known or suspected Holocene and late Pleistocene (<130 ka) faults in southern Nevada and
southeastern California in the region surrounding Yucca Mountain. Faults have been compiled from Stewart and
Carlson, 1978; Nakata and others, 1982; Zhang and others, 1990; Dohrenwend and others, 1991, 1992; Hoffard,
1991; Reheis, 1991a, 1992; Reheis and McKee, [1991]; Reheis and Noller, 1991.
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Definitions

All tectonic features described in this report are called faults even if they have been labeled fault zones, fault
systems, or lineaments by previous workers. This was done for consistency. Some tectonic features have enough
data that differences in terminology could be distinguished on the basis of the following definitions; some of these
features may be more correctly called fault sets or fault systems. However, most of the tectonic features described
in this report have limited data available from only a single locality or, at most, a few localities so that the criteria
used to distinguish between the terms have not been determined. The following definitions have been used in pre-
paring this report.

Quaternary fault: Fault with displacement since approximately 1.6 Ma. In general, evidence for such
activity is displacement of deposits or surfaces of latest Tertiary or Quaternary age or geomorphic features
or characteristics indicative of Quaternary activity.

Known Quaternary fault: Fault with documented evidence of displacement during the Quaternary
(since approximately 1.6 Ma) presented on published geologic maps or in other literature. Documented
evidence may include descriptions of displaced Quaternary deposits or landforms, fault scarps on Qua-
ternary surfaces, faults or shears that displace Quaternary deposits as displayed in natural or man—made
exposures, or faults with historical surface rupture.

Suspected Quaternary fault: A fault or lineament that, based on presently available data (usually pub-
lished geologic maps or other literature), is suspected of having or representing Quaternary tectonic dis-
placement. Quaternary activity is suspected because the fault may have an apparent association (e.g.,
proximity, orientation, tectonic or structural setting) with a known Quaternary fault, or it may be in
deposits of uncertain but possibly Quaternary age. In this report, the category of suspected Quaternary
faults also includes lineaments that have characteristics similar to those of lineaments associated with
known Quaternary faults and that are on surfaces of known Quaternary age or of uncertain but possibly
Quaternary age.

Fault: “A fracture or a zone of fractures along which there has been displacement of the sides relative
to one another parallel to the fracture” (Bates and Jackson, 1987, p. 235).

Fault zone: “A fault that is expressed as a zone of numerous small fractures or of breccia or fault gouge.
A fault zone may be as wide as hundreds of meters” (Bates and Jackson, 1987, p. 237).

Fault set: “A group of faults that are parallel or nearly so, and that are related to a particular deforma-

tional episode” (Bates and Jackson, 1987, p. 236).

Fault system: “Two or more interconnecting fault sets”, which are “a group of faults that are parallel or
nearly so, and that are related to a particular deformational episode” (Bates and Jackson, 1987, p. 236-

237).

Lineament: “A mappable, simple or composite linear feature of a surface, whose parts are aligned in a
rectilinear or slightly curvilinear relationship and which differs distinctly from the patterns of adjacent

features and presumably reflects a subsurface phenomenon” (O’Leary and others, 1976, p. 1467).

Scarp or fault scarp: A relatively linear break in slope formed directly by movement along a fault and
separating surfaces at different topographic levels (Bates and Jackson, 1987, p. 236, 590).

Holocene: The time period that includes about the last 10,000 years.
Late Pleistocene: The time period between about 10,000 years ago and about 130,000 years ago.
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COMPILATION OF KNOWN AND SUSPECTED QUATERNARY FAULTS WITHIN 100 KM
OF YUCCA MOUNTAIN ’

Methods

The primary purposes of this report and accompanying map were to systematically identify all potential Qua-
ternary faults that are within about 100 km of the potential nuclear waste repository at Yucca Mountain and to assem-
ble available data about their Quaternary activity into a consistent and usable format. Principal references used in
this compilation are regional studies that have examined small-scale (1:124,000 to 1:58,000) aerial photographs for
geomorphic features that might indicate Quaternary surface rupture (Schell, 1981; Dohrenwend and others, 1991,
1992; Reheis, 1991a, 1992; Reheis and Noller, 1991; fig. 2). Faults that underwent Quaternary surface rupture are
assumed to exhibit one or more geomorphic features that are preserved on surfaces of known or suspected Quater-
nary (primarily) or latest Tertiary age and that are visible on aerial photographs or on the ground. These features
include scarps; disrupted drainages; alignments of vegetation, drainages, topographic saddles, hills, tonal or color
differences, springs, spring deposits, and depressions; and range fronts that are linear, steep, and faceted. These ref-
erences include reconnaissance—level field examination of some of these geomorphic features.

Figure 2. Extent of previous studies that evaluated Quaternary displacement along faults in the area

covered by plates 1 and 2.

Three additional primary references for this compilation are products of regional studies in which data on
faults with possible Quaternary displacement in California have been collected and evaluated (Hart and others,
1989; Jennings, 1985, 1992) (fig. 2). These three studies were principally undertaken as part of a fault evaluation
program designed to carry out the objectives of the Alquist—Priola Special Studies Zones Act. Because the part of
California that is near Yucca Mountain is sparsely populated, faults in this area were given less attention in these
studies than were similar faults in other parts of the state.

All of these regional studies, which cover the study area except for the portion south of latitude 36°N. and a

small area northeast of Yucca Mountain north of latitude 37°N. (fig. 2), have probably identified most of the features
that could be attributable to Quaternary surface rupture. They have also inferred type of displacement on associated
faults on the basis of the geomorphic features visible on the aerial photographs. From characteristics of surfaces
affected by or overlying the faults, these studies also provide an estimate of the age of youngest surface rupture (e.g.,
Dohrenwend and others, 1991, 1992). However, only rough estimates of the ages of the surfaces can be inferred
from aerial photographs, and these studies yield no information about the lengths of ruptures, the amount of dis-
placement caused by individual ruptures, the amount of total displacement, slip rate, and recurrence, because these
parameters cannot be estimated from aerial photographs. Consequently, more detailed studies of individual faults
were used as supplemental sources of information if such studies are available. These more detailed studies include
field mapping, measurement of topographic scarp profiles, interpretation of trench exposures, and radiometric dating
of displaced and undisplaced deposits and surfaces. These studies can directly address the amounts of displacement,
the number of displacements, slip rates, and recurrence, as well as provide better age estimates. However, these
studies are primarily limited to one or, at most, a few localities along a fault that may be several tens of kilometers
long and may consist of several strands. Thus, the representativeness of this information for an entire fault is not
known. With exception of some faults within about 5 km of the potential waste repository (site faults), no fault
within 100 km has yet been studied in enough detail at enough localities to estimate values for all of the above
parameters or to understand their variation along the entire fault.
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Figure 2. Extent of previous studies that evaluated Quaternary activity along faults in the area covered by
plates | and 2. Numbers indicate the references, which are listed by number in appendix 4. For the upper drawing,
references are Y-415 (Jennings, 1985), Y-427 (Hart and others, 1989), Y-852 (Dohrenwend and others, 1991),
Y-853 (Dohrenwend and others, 1992), Y-1020 (Jennings, 1992), and Y-1032 (Schell, 1981). For the lower draw-
ing, references are Y-238 (Reheis and Noller, 1991), Y-239 (Reheis, 1991a), and Y-813 (Reheis, 1992). Numbers

preceded by “Pl.” show the plate numbers within these references. YM indicates the location of the potential
nuclear waste repository at Yucca Mountain.



Additional faults that were not shown by either the regional studies that specifically evaluated possible Qua-
ternary tectonic features or the more detailed studies of Quaternary displacement on individual faults were taken
from geologic maps completed with the primary objective of portraying the distribution and structure of pre—Qua-
ternary rocks (e.g., Albers and Stewart, 1972; Cornwall, 1972; Frizzell and Shulters, 1990). Possible Quaternary
surface rupture was inferred for faults that are shown on these maps as displacing Quaternary (or Quaternary/Ter-
tiary) deposits or as faulted contacts between Quaternary deposits and older units. Because associated geomorphic
features that would indicate Quaternary surface rupture are not usually noted by the authors of these maps, the pres-
ence of such features is not known unless they are shown by one of the studies specifically evaluating possible
Quaternary tectonic features. In general, the only information about Quaternary surface rupture obtainable from
the geologic maps are crude estimates of both Quaternary rupture length and age of the youngest ruptured units.

All mapped faults that are portrayed by previous workers as disrupting deposits or surfaces of known or sus-
pected Quaternary age are included in this compilation even if the reported geologic interpretations or age esti-
mates are inconsistent. This was done because (1) the objectives, evaluation methods, and scales differed among
the numerous references used to compile this report, (2) preparation of this report included no independent evalu-
ation of the mapped faults, scarps, lineaments, or range fronts either on aerial photographs or in the field, and
(3) this compilation is supposed to provide a basis for additional study of known and suspected Quaternary faults.
Geomorphic features (e.g., scarps, lineaments, linear range fronts, etc.) that are interpreted as possibly indicating
Quaternary surface rupture by at least one worker are also included in this compilation and are called faults even
though no associated fault has yet been documented. Additional study may eliminate some of these geomorphic
features as being tectonic in origin.

Known and suspected Quaternary faults identified from the literature were compiled onto a base map at a
scale of 1:250,000 (pls. 1 and 2). This scale was chosen because the faults could be readily shown relative to the
potential waste site and topographic features, and the entire area could be included on a map of manageable size.
Faults were transferred from maps in the cited references by visual inspection. Accuracy of the locations of the
faults is dependent upon the scale of the original maps. Previously mapped faults are labeled using fault names
employed by previous authors as indicated in appendix 2. If no name was reported in the literature, faults were
assigned names taken from nearby physiographic features. Geomorphic features that have not yet been related to
a known and previously named fault have been included with or combined into faults, if possible, on the basis of
similarities in (1) relationship to physiographic features (e.g., along a range front, within a valley), (2) strike or
trend, and (3) type of displacement and were assigned names taken from nearby physiographic features. It is
unknown if these geomorphic features are structurally related. Occasionally, several relatively short faults in one
area are discussed together even though they have variable strikes, relationships to physiographic features, or types
of displacement (e.g., Central Spring Mountains faults, Saline Valley faults). This was done for ease of discussion
and is not meant to imply a geologic relationship among the faults.

During the initial stages of this compilation, an attempt was made to collect and examine all published and
unpublished data. However, this compilation is primarily limited to published literature and other readily available
data that were available as of December 1993. The compilation concentrates on major faults in the region, espe-
cially those within 50 km of the potential waste repository. Although faults at distances greater than 100 km are
also included in this compilation, less effort was made to identify all the potential Quaternary faults (and the asso-
ciated references) at this distance than for faults within 100 km of the site. References were organized into a data
base and assigned an accession number beginning with “Y-". This was done to provide a unique identifier for each
reference and to indicate that the reference is part of the data base for Yucca Mountain. References were initially
examined in a cursory manner. Those directly addressing geomorphic features that might be related to Quaternary
fault displacement, those showing the distribution of Quaternary deposits and surfaces, and those presenting age
estimates for Quaternary deposits and surfaces were examined in the most detail. Relatively little time was spent
reviewing articles discussing regional tectonic models and pre—Quaternary geology.



Although Activity 8.3.1.17.4.3.2 indicates that faults within 100 km of Yucca Mountain will be evaluated for
possible Quaternary displacement, the study plan suggests concentration on faults within approximately 45 km of
the site (the distance stated there as the distance to the Furnace Creek fault), “because faults in this area are consid-
ered to have the greatest potential for producing ground motions that may affect repository design and performance”
(Department of Energy, 1988). Consequently, this compilation, while including known and suspected Quaternary
faults within about 100 km of the site, has focused on faults within about 50 km of Yucca Mountain, the measured
distance to the Furnace Creek fault from the site using an arbitrary location near the center of the potential repository
site as the site location (pl. 2). Radius circles at distances of 50 km and 100 km from the potential nuclear waste
repository site at Yucca Mountain are denoted on plates 1 and 2. Faults within about 5 km of the potential repository
site are shown on figure 3 and are included on the description sheets and in the summary tables, although Quaternary
activity on these faults is being examined under separate studies (8.3.1.17.4.2, “Location and Recency of Faulting
Near Prospective Surface Facilities”, and 8.3.1.17.4.6, “Quaternary Faulting Within the Site Area”). These fault:
are included in this compilation so that their characteristics could be compared to those of faults farther from the
site. Faults that are greater than 100 km from Yucca Mountain are also included in our assessment because (1) the
Quaternary displacement histories of these faults may be used to infer Quaternary displacement histories along
faults closer to the site, (2) some of these faults may merge with or be part of faults within 100 km of the site, or
(3) these faults may impact the interpretation of the regional tectonic setting for the site. Furthermore, a few faults
at distances greater than 100 km from the site are specifically mentioned in the study plan, for example the Pahrana-
gat fault (Department of Energy, 1988).

Figure 3. Known and suspected Quaternary faults near the potential repository at Yucca Mountain.

Of the faults shown on plates 1 and 2, those faults with known or suspected Historical, Holocene (<10 ka), or
late Pleistocene (10 ka to 130 ka) displacements at any locality along their length are emphasized on the plates by
thicker lines because these faults are the most likely to produce ground motions that may adversely affect the poten-
tial repository site. Faults shown by the thinner lines on the plates have known or suspected Quaternary displace-
ment that is either thought to be older than late Pleistocene (>130 ka) or whose age cannot be more specifically
defined at this time. Thus, late Pleistocene and Holocene displacements cannot be ruled out on many faults shown
by the thinner lines. In designating the faults primarily by age, relative significance of faults determined on the basis
of rupture length or amount of displacement is not obvious. For example, faults that have experienced one Holocene
or late Pleistocene surface rupture are combined with faults that have experienced several surface ruptures during
this same time interval. For example, the Death Valley, Furnace Creek, and Panamint Valley faults, which have evi-
dence for multiple Holocene surface ruptures, are portrayed in the same way as the Carpetbag fault, which is
reported to have evidence for late Pleistocene fault rupture that is limited to fracturing.

Faults that are portrayed only in Tertiary deposits or on Tertiary surfaces are generally not included in this
compilation even though they have been noted by previous workers to be potentially young faults (Dohrenwend and
others, 1991, 1992; Reheis, 1991a, 1992; Reheis and Noller, 1991). Faults expressed solely in Tertiary deposits or
on Tertiary surfaces were excluded in order to focus the compilation on those faults that have reported evidence for
known or suspected Quaternary displacement. Faults in Tertiary deposits or on Tertiary surfaces are shown on the
plates only if they align with (and thus may be related to) faults or fault-related geomorphic features of known or
suspected Quaternary age. Thus, all faults in pre—Quaternary deposits or on pre—Quaternary surfaces are treated in
a similar manner. Eventually many of these faults may need to be examined to determine if they could have expe-
rienced Quaternary displacement, but additional study should probably be focused initially on those faults with
known or suspected Quaternary surface rupture.






In addition to compiling the faults on plates 1 and 2, description sheets were assembled for each fault shown
on the plates, for some faults near the potential nuclear waste repository (fig. 3), and for two faults outside of the
area covered by the plates (the Cedar Mountain fault and the State Line fault that are shown on fig. 1). The descrip-
tion sheets summarize available information about fault location, fault strike and length, estimated ages of dis-
placed and undisplaced Quaternary deposits, scarp characteristics, total displacement, Quaternary displacement,
single—event displacement, slip rate, and recurrence of Quaternary surface rupture (appen. 2). These criteria were
chosen because they will likely be important in evaluating whether or not a fault should be considered an earth-
quake source. A more detailed discussion of the information included on the description sheets is given in appen-
dix 2.

The data on the description sheets presented in appendix 2 are summarized in tables in appendix 1. These
summary tables were put together so that the characteristics of the individual faults within a given radius from the
potential waste repository could be readily compared and contrasted. The methods used to assemble the tables are
described in appendix 1. -

Limitations of the Data Presented in this Compilation

The faults depicted on plates 1 and 2 and the data reported on the description sheets (appen. 2) and summa-
rized in the tables (appen. 1) are influenced by a number of factors. First, the distribution of the faults and their
age assessments are strongly biased by the information that is available in published literature. Some of the faults
and the information about them have been inferred from studies in which the primary objective was something
other. than evaluating young fault displacements. The detail of mapping for faults varies considerably throughout

the region. For example, studies evaluating possible Quaternary fault displacements south of latitude 36°N. are

limited to investigations done at scales of 1:250,000 or smaller (fig. 2). In contrast, some faults have been mapped
at a scale of 1:24,000 or larger.

Second, the scale of the maps in the original references influences the accuracy of the location of faults
shown on plates 1 and 2. Faults that were shown on 1:250,000—scale maps could be directly transferred onto the
base map. Faults shown by Reheis (1991a, 1992) and Reheis and Noller (1991) are portrayed on 1:100,000-scale
maps with metric contour intervals requiring that the location of the faults on plates 1 and 2 be approximated. In
addition, faults shown on maps with scales significantly smaller than 1:250,000, especially where topographic fea-
tures are lacking and those shown on maps with scales significantly larger than 1:250,000 are also difficult to por-
tray accurately. The purpose of plates 1 and 2 is to show the regional pattern of known and suspected Quaternary
faults. Cited references should be consulted for the accurate location of an individual fault.

Third, the delineation of faults with Historical, Holocene, and late Pleistocene displacement should be con-
sidered with caution. Whereas some of these faults have documented evidence for one or more surface ruptures
over much of their length during these time intervals (e.g., Death Valley fault, Furnace Creek fault, Panamint Val-
ley fault), such displacement may be recorded at only a single locality along faults several tens of kilometers in
length (e.g., Rock Valley fault, Bare Mountain fauit). Extrapolation of data from a single site to the entire fault
may not be a valid method of assessing the characteristics of the entire fault. In addition, faults shown on plates 1
and 2 as not having Historical, Holocene, and late Pleistocene displacement are not necessarily older Quaternary
" faults. These faults may have experienced younger ruptures that have not yet been identified or documented.

Fourth, assembling short, individual fault traces (or tectonic—related geomorphic features) into one fault and
implying a single seismotectonic source, when no such grouping has been previously described in the literature, is
very subjective and the resulting fault shown and labeled on plates 1 and 2 may not bear any relationship to geo-
logic reality. Relationship to physiographic features, strike, type of displacement, and the criteria used to group
the faults, can all vary along a single known fault. The faults that result from these groupings not only influence
the visual image presented on the plates, but also affect various fault characteristics, most notably fault length,
reported on the description sheets and in the summary tables.
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Fifth, the data shown on the description sheets and in the summary tables are influenced by all the factors that
limit assessment of Quaternary displacement along faults and by the differences in interpretation that result from
each worker’s skills and biases. These include, but are not limited to, problems in accurately dating the ages of Qua-
ternary deposits, problems with determining the exact relationship between Quaternary deposits and faults (e.g., is
the deposit really displaced?), problems of finding Quaternary deposits of several appropriate ages in proximity to
the fault, and factors (e.g., climate, location, degree of cementation, erosion, deposition) that influence the preser-
vation of scarps and other geomorphic features indicative of Quaternary displacement.

Sixth, the compilation of the description sheets and, especially, the summary tables required putting the vari-
ous types of age data found in individual references into a single time scale. The reported ages of the deposits and
surfaces in relationship to the faults do not always allow this to be done easily. Terms such as late Pleistocene or
late Quaternary are used in different ways by individual workers, sometimes without specifying the age range that
is meant. Additionally, both relative and numerical age estimates often have large uncertainties. As a result,
reported ages for displaced deposits sometimes overlap with or appear to be older than the ages for the undisplaced
deposits. Also, ages noted by some authors cross the age categories used by other authors and in this compilation.

Seventh, a compilation such as this can never be complete, in part because work is ongoing. This report and
accompanying map are a first attempt to compile the information available as of December 1993 into a usable format
for future studies. As in any study, existing work may been unintentionally overlooked. Thus, original references
should examined before beginning any detailed study of a particular fault.



PATTERN OF KNOWN AND SUSPECTED QUATERNARY FAULTS WITHIN ABOUT
100 KM OF YUCCA MOUNTAIN AND ACCOMPANYING DATA

Ten faults within 50 km of the potential waste repository have Holocene or late Pleistocene (<130 ka) dis-
placements. Of these ten faults, the longest and most continuous is the northwest—striking Furnace Creek fault
about 50 km southwest and west of the potential repository site (pls. 1 and 2). This fault is reported to have evi-
dence for recurrent surface displacement along most of its 250 km length (including its possible extension into Fish
Lake Valley). This fault may be even longer if it connects with the north—striking Death Valley fault, which also
exhibits evidence for recurrent Holocene displacements, immediately to its south. If these faults represent a single
fault system, then the length of the entire system would be at least 325 km, by far the longest geologic structure in
the region with reported recurrent Holocene displacements.

The other nine faults within 50 km of the potential repository site for which Holocene or late Pleistocene
surface ruptures have been reported include the following (listed in order of increasing distance from the site): the
north—striking Bare Mountain fault located 14 km west of the site, the north—northeast—striking faults along the
east side of Oasis Valley located 24 km northwest of the site, the northeast—striking Rock Valley fault located
24 km south of the site, the north— to northwest—trending Beatty scarp located 26 km west of the site, the north—
striking Ash Meadows fault located 34 km south of the site, the northeast—striking Eleana Range fault located
37 km northeast of the site, the northwest—striking Amargosa River fault located 40 km south of the site, the north—
striking Yucca fault located 40 km northeast of the site, and the north—striking Carpetbag fault located 43 km north-
east of the site (pls. 1 and 2). Of these faults, only the Rock Valley fault, the Ash Meadows fault, the Yucca fault,
and the Carpetbag fault have suggested lengths of greater than 30 km. Displacements along these faults have been
reported to be normal, lateral, or oblique.

Fifteen more faults that are reported to have Holocene or late Pleistocene displacements are located between
>50 km and about 100 km from the potential waste repository. The longest of these faults is the north— to north—
northwest—striking Panamint Valley fault, which is at least 80 km long, and the northwest—striking Hunter Moun-
tain fault, which is also about 80 km long. These two faults may represent a continuous fault system similar to the
Death Valley and Furnace Creek faults to the east. The closest approach of these faults to the site is about 95 km.
Other relatively long faults on which Holocene or late Pleistocene displacements have been noted are the generally
north—striking, 85—km—long Kawich Range fault located 57 km north of the site, the northwest—striking, 70—km—
long Pahrump fault located 70 km south—southeast of the site, the north—striking, 60—km—long West Pintwater
Range fault located 76 km east of the site, the north—to north—northeast—striking, 55—km—long Belted Range fault
located 55 km northeast of the site, and the north—striking, 50~km—long Cactus Flat fault located 84 km north of
the site (pls. 1 and 2). Except for the Hunter Mountain fault and the Pahrump fault, most of these faults generally
strike north. _

Thirty—three faults that are reported to have Holocene or late Pleistocene displacements are located at dis-
tances greater than 100 km of the potential waste repository but within the area covered by plates 1 and 2. These
faults, some of which have received more extensive work than faults within 100 km of the site, are included
because some may be related to closer faults and some of these are specifically noted in the study plan (Department
of Energy, 1988).
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Available data on the Quaternary activity on the known and suspected Quaternary faults within the study area
are assembled on description sheets in appendix 2 and in summary tables in appendix 1. Data for selected charac-
teristics that are needed to assess each fault’s potential seismic hazard are listed in tables 1 through 3. These tables
highlight the lack of data about known and suspected Quaternary faults within about 100 km of Yucca Mountain.
Even for faults within 50 km of the site, data are generally based on only limited or reconnaissance studies. For only
a few faults have the parameters been estimated that will be needed to assess the potential of these faults for future
earthquake activity (e.g., potential rupture length, type of displacement, amount of displacement per event, slip rate,
and recurrence of surface—rupturing events). Even for these few faults, examination of available maps and reports
indicates that these values are often rough guesses, are based on limited field data, or are estimated for only a short
section or at only a single locality along the fault. A primary obstacle in calculating slip rate and recurrence is the
lack of reliable age estimates for deposits or surfaces displaced by or burying the faults. Although the dating of
deposits and surfaces is a continual problem in Quaternary studies, for many faults within 100 km of Yucca Moun-
tain, no attempt has yet been made to map the distribution of Quaternary deposits in relation to the faults and to
evaluate the potential for obtaining numerical ages on these deposits. The possibility for correlating Quaternary
deposits and surfaces with those that have been studied in detail in Midway Valley (e.g., Gibson and others, 1991;
Wesling and others, 1992) has also not been evaluated. In addition, types of displacement and amounts of displace-
ment have not yet been determined. The component of strike—slip displacement, in particular, needs to be addressed
because some initial workers assumed that displacements along faults in the area were principally dip slip, an
assumption that subsequent workers have suggested may not-be correct for some faults. In addition, conclusions of
some studies are contradictory and open to alternative interpretations.

Additional examination of faults in the region may eliminate some of the known and suspected Quaternary
faults shown on plates 1 and 2, may add other faults that do have Quaternary displacements but are as yet unrecog-
nized, or may change the age designations and other information shown on the plates and noted on the description
sheets and in the summary tables. Hopefully, future studies will provide additional detailed information to expand
our knowledge of these faults, so that those within about 100 km of the potential waste repository can be evaluated
on the basis of more uniform and reliable data.
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APPENDIX 1. DATA TABLES FOR KNOWN AND
SUSPECTED QUATERNARY FAULTS WITHIN ABOUT
100 KM OF YUCCA MOUNTAIN

INTRODUCTION

This appendix contains tables that summarize properties of known and suspected Quaternary faults
located within the area covered by plates 1 and 2. It includes known and suspected Quaternary faults
within 100 km of the potential waste repository at Yucca Mountain. Data shown on these tables have been
extracted from the description sheets presented in appendix 2. The tabulated properties provide informa-
tion about possible earthquake sources relevant to the potential waste repository. The properties shown in
the tables in this appendix are listed below. The tables in which the properties appear are shown in paren-
theses.

+Strike of the fault (Bbles 8, 13, 18)

« Tpe of displacement identified along the fault (Fables 8, 13, 18)

« Estimated length of the fault (Bbles 4, 9, 14)

« Percent of the fault$ total length that has experienced late Quaternary surface rupture (Tables 4, 9,

14) .

+Closest approach of the fault to the potential waste repository at Yucca Mountain (Tables 4, 9, 4)

-Estimated age(s) of the youngest displaced deposit(s) (Tables 5, 10, 15)

«Estimated age(s) of the oldest undisplaced deposit(s) (Tables 5, 10, 15)

*Amount of displacement that occurred in the youngest surface—rupturing event (Tables 5, 10, 15)

«Amount of displacement that has occurred during the late Quaternary (Tables 5, 10, 15)

+Slip rates or apparent slip rates estimated for time intervals during the Quaternary (Tables 6, 11, 16)

«Estimated number of surface—rupturing events for time intervals during the Quaternary (Tables 7,

12, 17)

*Recurrence interval between surface—rupturing events during the late Quaternary or the Quaternary

(Tables 8, 13, 18)

Two additional pieces of information are shown for the faults:

+Plate or figure number where the fault is shown (Tables 4, 9, 14)

*Reference(s) from which the data were taken (Tables 4, 5, 8, 9, 10, 13, 14, 15, 18). The numbers

beginning with “Y-"" have been arbitrarily assigned to the references. The references are listed by

these numbers in appendix 4.

The faults shown in the tables in this appendix are grouped by distance from the potential waste
repository at Yucca Mountain as follows: faults within 50 km of Yucca Mountain (tables 4 through 8,
pages 18 through 35), faults between >50 and 100 km from Yucca Mountain (tables 9 through 13, pages
36 through 55), and faults at distances greater than 100 km from the site but within the area covered by
plates 1 and 2 (tables 14 through 18, pages 56 through 75).

Previous workers have subdivided several faults into segments (although these are not necessarily
rupture segments). These segments or sections are listed separately in the tables under the fault name.
Some individual traces of a fault have received enough study that they are also listed separately under the
fault name. In addition, some separate, short faults are listed together under one name on plates 1 and 2
and on the description sheets in appendix 2. These short faults are shown under the name for the group of
faults, but properties are listed for each short fault.
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Large uncertainties exist in the ages of the displaced and undisplaced deposits. These uncertainties
partly reflect the problems in determining the ages of Quaternary deposits. In some cases, ages have been
estimated at different localities along a fault, but studies are not detailed or extensive enough to determine
if the differences.in ages actually reflect differences in rupture histories. These uncertainties sometimes
result in age estimates for the youngest displaced deposits that overlap with or are younger than the age
estimates for the oldest undisplaced deposits.

DISCUSSION

The tables in this appendix demonstrate that, with but a few exceptions, little data about the prop-
erties listed above are available for known and suspected Quaternary faults within about 100 km of the
potential waste repository at Yucca Mountain. The exceptions are the faults within about 5 km of the site
(site faults) and a few other faults that have received relatively detailed study (e.g., the Carpetbag fault
in Yucca Flat). Additional studies may eliminate some faults listed in the tables in this appendix by dem-
onstrating that no Quaternary surface rupture has occurred. Additional studies may also change the way
in which some faults are portrayed on plates 1 and 2. Previously mapped fault traces that have known or
suspected Quaternary activity and geomorphic features (e.g., scarps, lineaments, and linear range fronts)
that may indicate Quaternary surface rupture have been grouped together where these traces and geomor-
phic features have similar strikes or trends and similar relationships to topographic features (e.g., at or
near the base of a mountain range), and a similar senses of displacement, if they are indicated. However,
once an understanding of fault displacements and their ages becomes clearer, grouped fault traces as
shown on plates 1 and 2 may change. This could be significant for some properties shown in the tables
in this appendix. An example is fault length, a property used to assess potential hazard but one that is
primarily dependent upon how individual fault traces have been grouped together.

Compilation of existing data is in constant revision because of the continuing study of the faults
near and around Yucca Mountain. Because of this, a primary goal of this compilation is to provide an
exhaustive bibliography of what was available as of December 1993. 'Additional studies will, hopefully,
provide the data necessary to complete the tables in this appendix.
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