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PREFACE

Yucca Mountain in southern Nye County, Nevada has been under investig-
ation since late 1977 to determine its suitability as the site for an under-
ground repository for the permanent isolation of high-level radioactive
waste. It has been the principle responsibility of the U.S. Geological
Survey, under agreement with the U.S. Department of Energy, to characterize
the geology and hydrology of the potential site and the surrounding region.

The present report covers the geologic factors of concern in evaluating
the potential repository site. It is preliminary because most of the investi-
gations are still 1ip progress. . The discussion generally includes data
acquired before January 1, 1983. As investigations are concluded, additional
reports will complete the description of specific aspects of the geology of
Yucca Mountain.

The technical data discussed in this report largely result from investig-
ations by members of the U.S. Geological Survey, with a contribution by Los
Alamos National Laboratory to the discussion of volcanism and volcanic haz-
ards. The principal contributers of technical drafts for this report include
Michael D, Carr, Wilfred J. Carr, David L. Hoover, Howard W. Oliver, Albert M.
Rogers, Robert B. Scott, Richard W. Spengler, Joann M. Stock, W C Swadley,
all of the Geological Survey, and Bruce M. Crowe of Los Alamos National Labor-
atory. Gary L. Dixon, Edward J. Helley, Gershon D. Robinson, John W. Whitney,
and James C. Yount, all of the U. S. Geological Survey contributed to editing
of the report. The manuscript benifited from technical reviews by Warren B.

Hamilton, George E. Ulrich, Carl M. Wentworth, and Robert L. Wesson.
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ABSTRACT

Yucca Mountain, located at the southwest corner of the Nevada Test Site
in southern Nevada, is being investigated as a potential site for the storage
of high-level radioactive waste. Sequences of ash-flow Euff like those at
Yucca Mountain potentially could provide multiple geologic barriers against
the release of nuclear waste, assuming that the geologic and hydrogeologic
setting of the site are favorable. This report describes the geology of the
Yucca Mountain site and presents preliminary conclusions on the basis of work
in progress.

Yucca Mountain occupies roughly 54 km? within the southern part of the
Great Basin subprovince of the Basin and Range, an arid region of generally
linear mountain ranges and topographically and hydrologically closed basins.
The mountain consists of several north-trending linear ridges, which are
underlain by blocks of resistant bedrock tilted eastward along steeply dipping
normal faults. These faults commonly are concealed in the narrow valleys that
separate the ridges. Yucca Mountain 1s flanked on the east and west by broad
alluvial basins,

Erosion has been slow in modifying the morphology of Yucca Mountain due
mainly to the arid climate and the relatively high erosional resistance of the
welded tuffs that make up the mountain. Considering past erosion rates, it is
likely that even under wetter climatic conditions erosion at Yucca Mountain
will continue to be relatively slow. Maximum stream incision rates of less
than 10 cm per 1,000 years for the past 300,000 years have been estimated for
Forty Mile Wash, the principal drainage along the east side of Yucca Mountain.

Rocks in the Yucca Mountain region range in age from Proterozoic, to
Quaternary. The older rocks are largely marine, deposited without significant
interruption during late Proterozoic and Paleozoic time on the western conti-
nental shelf of ancient North America. These rocks comprise the major hydro-
‘geologic units of the deep groundwater system., Mesozolic plutonic rocks crop
.out in the region west of Yucca Mountain, and to a lesser extent to the north-
east. No pre-~Cenozoic rocks crop out at Yucca Mountain. The Cenozoic rocks
of the region mainly consist of nonmarine volcanic and sedimentary rocks,
predominantly ash-flow tuffs of Mliocene age. Tertiary plutonic rocks occur in
the Death Valley area southwest of Yucca Mountain. Extensive and commonly

thick Pliocene and Quaternary alluvial, eolian, and lacustrine sediments fill



the valleys. Pliocene and Quaternary basaltic rocks crop out in a weakly
defined belt of volcanic centers passing west of Yucca Mountain. The nearest
basaltic volcanoes are in Crater Flat approximately 7 km from Yucca Mountain.

The documented geologic history of the Yucca Mountain region extends back
nearly 2 b.y. to the formation of the gnelssic crystalline rocks that are the
stratigraphic basement for the Upper Proterozoic and Paleozolc sedimentary
rocks in the region. Mississippian rocks in much of the region are flysch
deposited in response to compressive tectonism during the Late Devonian and
Early Mississippian, but no faults or folds clearly related to this orogeny
are recognized in the vicinity of Yucca Mountain.

During Mesozolc time, a series of major mountain building events affected
the entire western margin of ancient North America. 1In the vicinity of Yucca
Mountain, this orogeny resulted in major thrust faults and folds. The
Mesozolc tectonism was important in establishing the distribution of the rocks
that control thé present flow patterns of deep groundwater.

Silicic volcanism accompanied by extensional tectonism began in the
region north of Yucca Mountain about 40 m.y. ago and was widespread in the
southern Great Basin throughout Miocene time (24 to 5 m.y. ago.) The silicic
tuffs and minor lava flows that make up Yucca Mountain were erupted between
about 14 and 11 m.y. ago. Volcanism has diminished during the past 8 m.y.,
and only limited basaltic volcanism has occurred in the region since about
5 m.y. ago. Several small basaltic centers were active during the Quaternary.

The stratigraphy and structure of Yucca Mountain have been explored in
three dimensions from geologic mapping and drilling. The mountain is under-
lain by a thick sequence of ash-flow and ash~fall tuff, lava, and volcanic
breccia that range 1in composition from rhyolite to dacite. Most of  the
subsurface volcanic units are continuous under Yucca Mountain., Major ash-flow
units, ranging from approximately 70 to 370 m thick, generally are separated
by reworked tuff or bedded-tuff units as much as several tens of meters
thick. Ash-flow units vary laterally and vertically in thickness, welding
characteristics, mineral composition, content of incorporated rock fragments,
and in degree and products of secondary alteration, '

Paleozoic stratified rocks underlie the volcanic sequence at Yucca Moun-
tain, but granitic intrusive rocks also could occur locally. Estimates of the
depth to the subvolcanic basement surface on the basis of geophysical data
range from less than 1 km beneath the southeast part of the Site to more than

3.5 km beneath the northwest part.



Yucca Mountain is in a region of complex Cenozoic structures character-
ized by normal faults, volcano-tectonic features, and major zones of strike—
slip faulting. The normal faults occur on many scales; a few range-bounding
faults have dip slip on the order of thousands of meters. In some areas,
normal faulting could have begun before volcanism, but much of the faulting
occurred at the same time as silicie volcanism, Faulting continued during the
Pliocene and Quaternary after silicic volcanism ceased.

A broad northwest-striking zone of right-lateral strike-slip faulting
called the Walker Lane occurs in the southwest part of the Basin and Range
province. The inception of faulting in this belt 1s not well dated, but some
faults were active from approximately 17 to 11 m.y. ago. Faults in the vicin-
ity of Yucca Mountain that could be related to the Walker Lane include north-
west-striking, right-lateral faults that parallel the Walker Lane trend and
complementary northeast-striking, left-lateral faults.

Tectonism and volcanism in the Great Basin continued during Pliocene and
Quaternary time. This activity is expressed by both normal and strike-slip
extenslonal faults and by localized basaltic volcanoes. The basalts are of
two types: (1) older basalt spatially related to waning silicic volcanic
centers, and (2) younger basalts that postdate silicic volcanism and occur
along a belt between Death Valley and the Pancake Range in central Nevada.
The younger basalts are the only type present near fucca Mountain. The last
volcanic eruptions in the vicinity of Yucca Mountain were 200,000 to 300,000
years ago.

Quaternary faults occur in the vicinity of Yucca Mountain, but dating of
thelr youngest movements is difficult. No unequivocal Holocene faulting has
been recognized at the Yucca Mountain site. Two areas having unequivical
Holocene faults, Death Valley and Yucca Flat, are recognized in the region.
Faults with possible early Holocene displacement occur both west and east of
Yucca Mountain.

Yucca Mountain itself consists of gently eastward-tilted fault blocks of
volcanic rocks. The potential site is in the largest of these blocks. Three
sets of steeply dipping Cenozoic faults and fractures cut'Yucca Mountain.
Most of the displacement on the principal set of block-bounding faults occur-
red between 12.5 and 11.3 m.y. ago.

The subsurface structure above about 1 km depth at Yucca Mountain is

similiar in style and complexity to surface structure. Subsurface data indi-



cates that fracturing, which 1s of fundamental concern 1in understanding
hydrology and evaluating mining conditions at the site, is most extensive in
brittle rock types such as densely welded tuff.

Stress measurements and modeling indicate a stress field with minimum
principal stress in a northwest direction in the vicinity of Yucca Mountain.
Hydrofracture experiments in one drill hole at Yucca Mountain show that the
magnitude of the least principal stress 1s only one third of the effective
confining pressure and effective vertical load. The state of stress warrants
careful evaluation with respect to the possibility of future normal faulting
at Yucca Mountain.

Much of the current seismicity in the southern Great Basin is associated
with north- to northeast-trending faults. Although Yucca Mountain appears to
lie within a zone of relative seismic quiescence, two small earthquakes have
been located several kilometers below the Site. Examination of the most
likely magnitudes on active faults in the Yucca Mountain region indicates that
the largest magnitude is M 7 to 8. The largest value of the most probable
peak accelerations at the Site, due to occurrence of these potential earth-
quakes, 1is 0.4 g and is produced by a M 6.8 earthquake on a nearby fault.
This result assumes that faults at Yucca Mountain are inactive. A probability
of less than four percent was calculated that a peak acceleration of 0.4 g
would be exceeded in a 30-year period at any given location in the region.

Rates of basaltic volcanism during the past 8 m.y. have been uniformly
low in the region. Basaltic eruptions were of small volume and short
duration, resulting in monogenetic scoria cones or clusters of scoria cones.,
Erupted magmas have been predominantly of hawalite compositions. These magmas
were formed repeatedly throughout the region for the last 6 to 8 m.y., with no
recognizable changes or trends in composition or ‘volumes through time. The
calculated values for the probability of disruption of a repository site at

Yucca Mountain by basaltic volcanism for a one year period range from 10"8 to

'~10_10. The likelihood of renewed silicic volcanism is considered very low.

The radiological consequences of repository disruption are interpreted to
be limited, based on calculated release values. The consequebces reflect the
small subsurface area of basalt disruption zones and the limited dispersal of
eruptive material by the predominant eruptive mechanisms. The combination of
volcanic hazard studies and risk assessment consistantly suggest a low hazard

of future volcanism at Yucca Mountain.,



INTRODUCTION

Geologic studies in the area of the Nevada Test Site, mostly by the U.S.
Geological Survey, date back to 1907. Concentrated research im the area began
in the late 1950's in connection with underground testing of nuclear weapons
(see Eckel, 1968, for a summary of earlier work). Geologic mapping of the
Nevada Test Site at 1:24,000 scale was largely completed during the 1960's.
Numerous geologic, geophysical, and hydrologic investigations at and near the
Test Site have provided the data necessary to construct the general geologic
framework and history of the area, and many detailed studies concerned with
nuclear testing have also been completed. However, efforts directed specific-
ally toward locating a nuclear waste repository at the Nevada Test Site are
relatively recent. Most of the specialized geologic investigations related to
waste disposal are still in progress and data are incomplete. Much of the
information already collected has yet to be completely analyzed, and much work
remains to be done, especially with regard to site-specific exploration,
tectonic framework, seismicity, and Quaternary history. Consequently, it is
not possible at this stage to provide a complete evaluation of many of the
geologic characteristics of the proposed site as related to waste storage.
Studies in progress will be presented in future publications.

The Nevada Test Site began to attract interest as a possible nuclear
waste storage site in the late 1970's. 1Initially, attention was focused on
low-permeability shale and granitic plutons. General studies were made of
areas underlain by shale and granitic rocks in southern Nevada (Simpson and
others, 1979; Spengler and others, 1979a), and detailed studies were made of
the argillite-rich Eleana Formation (Hoover and Morrison, 1980) and of known
or suspected plutons (Maldonado, 1977a, 1981; Maldénado and others, 1979;
Ponce, 1981) within the Nevada Test Site. More recently, emphasis has shifted
to consideration of ash-flow tuff as a host rock,.

Subsurface exploration at Yucca Mountain began in late 1978 (Spengler and
others, 1979b) and has demonstrated the presence of a thick sequence of ash-
flow tuff units having reasonable lateral continuity. Important problems are
s5till posed, however, by the complex tectonic setting, variafion in the physi-
cal characteristics of the tuff units, fracturing, and complex hydrologic

conditions.



The geologlic setting of the Yucca Mountain site is discussed herein at
three scales as outlined in Figure 1. These are referred to as the Candidate
Area, Site Vicinity, and Site.

The Candidate Area, which provides a frame of reference for discussing
the regional setting of Yucca Mountain, includes the area within a 100-km
radius of the proposed site as specified in Nuclear Regulatory Commission
guldelines (10CFR60). It contains the surface and subsurface hydrologic
systems that include Yucca Mountain, except for a small part of the surface
drainage along the Amargosa River in the southern parts of the Amargosa Desert
and Death Valley. The limits of the surface hydrologic flow system are the
principal technical base for definition of a Candidate Area. Although the
Candidate Area provides a useful base for discussion of the regional geologic
framework, it does not strictly conform to the limits of the area that might
be directly affected by waste storage at Yucca Mountain,

The geology of the Candidate Area 1s shown on the 1:500,000-scale geo—
logic map of Nevada (Stewart and Carlson, 1978) and the 1:750,000-scale
geologic map of California (Jennings, 1977). An index to larger scale
geologic mapping in the Candidate Area was compiled by Fouty (1984). Regional
isostatic residual gravity data for the Candidate Area are shown at 1:500,000-
scale on figure 2 (in pocket). Aeromagnetic data are not available for the
entire Candidate Area, however a 1:1,000,000 scale aefomagnecic map of Nevada
has been compiled by Zietz and others (1978).

The Site Vicinity, depicted at a scale of 1:48,000 on figures 3 and 4 (in
pocket), was arbitrarily defined to include features thought to be of greatest
significance in evaluating the local geologic setting of Yucca Mountain. A
1:48,000 scale aeromagnetic map is available for the Site Vicinity (Kane and
Bracken, 1983).

The Site, which is the specific area under consideration as a potential

»

nuclear waste repository, 1is in the central part of Yucca Mountain, The

: . geology of the Site i1s generalized on figures 5 and 6 from 1:12,000 scale

mapping by Scott and Bonk (1984). Geologic mapping is currently being supple-
mented by analysis of remote sensing imagery, electrical resiséivity studies,
low-altitude aeromagnetic studies and seismic refraction and reflection stud-
ies. These studies are aiding 1in the location of concealed faults, the
assessment of fault and fracture patterns, and the mapping and interpretation

of pre-Cenozoic rocks.
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GEOMORPHOLOGY

Geomorphic processes acting in conjunction with tectonism are responsible
for the present topography of the Site. These processes, continue to affect
the landscape, and future tectonism and (or) changes in climate could alter
present patterns and rates of erosion and deposition. Changes in erosion and
deposition could in turn affect topography, drainage patterns, and groundwater
recharge and flow patterns. To estimate the nature and magnitude of future
surficial changes and to appraise their effect on waste isolation at the Site,
it 1s necessary to characterize the landforms in the Candidate Area and to

understand the processes that have shaped them.
Physiography and Topography

The Candidate Area 1lles within the southern Great Basin, the northern
subprovince of the Basin and Range physiographic province (Figure 7). The
Basin and Range physiographic province in the western United States corres-
ponds to a region of Cenozoic extensional tectonism, which includes the Mojave
and Sonoran Deserts in addition to the Great Basin. The Great Basin is gener-—
ally characterized by linear, fault-bounded ranges separated by alluviated
basins filled with sediment eroded from adjacent ranées. Throughgoing streams
rarely connect adjacent basins. Most drainages are internal within individual
basins. The topography of the region 1is closely related to late Cenozoic
tectonism. Range fronts typically are steep and Quaternary basin-fill
deposits that border the ranges are broken by fault scarps in many areas
(Slemmons, 1967).

The Great Basin is bordered on the south by the Mojave Desert and the
northwesternmost part of the Sonoran Desert. This physiographic boundary
coincides with a major structural boundary, the Garlock Fault, and with a zone
of abrupt transition in seismicity and principal geophysical characteristics
(Eaton and others, 1978). The Mojave and Sonoran Deserts are typically lower
in topographic relief than the Great Basin, mountain fronts are less well
defined than in the Great Basin, and highlands are surrounded by wide
complexes of pediments and alluvial fans. Christiansen and McKee (1978)
suggest that the higher average elevation and greater topographic relief of

the Great Basin reflect active extensional tectonism, in contrast to the
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Mojave and Sonoran desert areas to the south that are nearly stabilized areas
of former extension.

The eastern and western physiographic boundaries of the southern Great
Basin are sharp and coincide with structural and geophysical boundaries. The
high Colorado Plateau on the east is a tectonically stable area underlain by
relatively undeformed Paleozoic, Mesozoic and Cenozoic strata that unconform-
ably overlie Precambrian crystalline basement rock (Stewart, 1978). The
boundary between the Colorado Plateau and Great Basin is a complex series of
bold escarpments that coincides with the easternmost of the Basin and Range
extensional faults. The Sierra Nevada on the west is primarily underlain by
Mesozoic granitic rocks. The boundary between the Sierra Nevada and the Great
Basin is also a steep, fault-controlled mountain front. The northern Great
Basin is bounded on the east, west, and north by the middle Rocky Mountains,
Cascade Mountains, and Columbia Plateau, respectively (Figure 7). These
provinces are not discussed here because of their great distance from the
Candidate Area.

Mountain ranges make up approximately 35% of the landscape in the Great
Basin (Figure 8); intermontane sedimentary basins, several erosional desert
stream valleys and a few dissected plateaus make up the remainder (Peterson,
1981). The mountain ranges characteristically are 50 to 150 km long and 5 to
25 km wide., They are fairly linear and rise steepl§ 2 to 3 km above sealevel,
and as much as 3.6 km locally (Stewart, 1978). Ridgecrests are continuous and
many are jagged. The largest ranges, especlally in central Nevada, are
roughly parallel and trend northward. The mountain ranges are mostly fault-
bounded blocks modified by erosion. Commonly, both sides of a range are
faulted, giving rise to steep range fronts cut by deep canyons and ravines
(Peterson, 1981). Deep V-shaped canyons and ravides are incised into bedrock,
their channels are perpendicular to range fronts; alluvial fill commonly forms
flat or terraced canyon floors, particulary in large canyons. Other ranges
are only faulted along one flank, 1i.e. tilted, such that the faulted range
front is steep and the opposite front slopes more gently. The ridges at Yucca
Mountain are small examples of such a landform. Isolated small elongate
mountains surrounded by wide alluvial slopes are common in the basins. These
mountains are the highest parts of nearly buried, fault-bounded blocks.

The broad intermontane basins of the Great Basin are deep sediment-filled

structural depressions (grabens or half grabens) between the high-standing,






fault-bounded blocks (horsts) that make up the ranges (Peterson, 1981).
Structural relief across the range-bounding faults between bedrock units under
the valleys and equivalent units in adjacent ranges is commonly 2 to 5 km, and
the typical thickness of sedimentary fill determined from:drill holes in the
basins 1s between a few hundred meters and more than 3 km (Stewart, 1978).
Most surface drainage systems in the Great Basin are closed either within a
single intermontane basin or within several adjacent basins that are connected
across low bedrock divides. Only the Colorado River system in the southeast
part of the Great Basin and the Snake River system in 1its northern part
discharge into the sea.

The depositional topography of the intermontane basins, created through
alluvial filling of the broad structural depressions, contains two distinctive
geomorphic elements, pledmont slopes and nearly level basin floors (Figure 9,
A); mountain ranges can be considered a third major element (Peterson,
1981). Piedmont slopes include all of the terrain between the steep mountain
fronts and the level basin floors. Slopes on the pledmonts are generally less
than 15% (8.5°), whereas slopes in the mountain ranges are greater. The
pledmont slopes consist of complex systems of coalescing alluvial fans and
dissected alluvial fans that flare out downslope onto the basin floors (Figure
9, B). Pediment surfaces are cut across all or part of some piedmont
slopese. The flat basin floors are typlically covered by fine-grained
sedimentary deposits that accumulate in and around ephemeral lakes (playas).
Some intermontane basins lack flat floors, but have axial ephemeral streams
flowing along the intersection of opposing pledmont slopes near the centers of
the basins.

Erosional stream valleys occur throughout the Great Basin ranges.
However, perennial streams are few, and erosion ié generally accomplished by
flash flooding. Most streams in the Great Basin are graded to the baselevels
of closed internal basins. Consequently, streams cut down only where base-

«r Jlevel changes have occurred in response to local controls such as tectonism
and stream capture. External factors such as climate change can also affect
stream equilibrium. Intermittently downcutting streams typically form steep~
walled, flat-bottomed or terraced dry washes with relativély straight courses,
like Fortymile Wash near Yucca Mountain.

Dissected volcanic plateaus within the Great Basin commonly are underlain

by thick sequences of flat lying ash-flow tuff. These plateaus generally are
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areas that were not strongly faulted. The degree to which such plateaus are
dissected largely 1s influenced by the amount of relative subsidence in sur-
rounding areas, as well as the amount of rainfall and the competence of

bedrock.

Physiographic Elements
Candidate Area

The Candidate Area can be subdivided physiographically into five grossly
defined elements or areas that have characteristic suites of landforms formed
by a common set of geomorphic processes and geologic conditions. The physio-
graphy of each of these areas reflects regional variations in surficial
processes and bounding geologic conditions, such as bedrock type and struc-
ture., The major physiographic areas recognized within the Candidate Area
are: 1) the north-trending basins and ranges in the eastern and far northern
parts, 2) the dissected volcanic plateaus in the north-central part, 3) the
irregularly shaped mountains and broad alluvial valleys along the Nevada-
California border, 4) the north- and northwest-trending basins and ranges in
the south and southwest parts, and 5) the Spring Mountains in the southeast
(Figure 10, in pocket). .

1) North-trending basins and ranges such as the Belted Range and Kawich
Valley and the Halfpint, Pintwater, and Desert Ranges and adjacent valleys are
typical of the smaller (50 km long and 5 to 10 km wide) basins and ranges of
the Great Basin (See Figure 10 for place names). Mountain range, piedmont
slope, and basin plain landforms similar to those 1§sted above are typical of
the northernmost and eastern parts of the Candidate Area. The ranges are
underlain by Proterozoic and Paleozoic sedimentary rocks and Tertiary volcanic
rocks in fault-bounded blocks.

2) Prominent dissected volcanic plateaus include Pahute Mesa, Timber
Mountain, Shoshone Mountain and northern Yucca Mountain. The typical features
of such plateaus in the Great Basin are relatively flat summit surfaces with
minor relief, and steep slde slopes covered with rubble. Many have patterned
ground 1like stone stripes. The plateaus are underlain by relatively

undeformed Tertiary volcanic rocks.
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3) A 50- to 100-km-wide belt of broad alluvial basins and irregularly
shaped low ranges roughly parallels the California-Nevada border. This belt,
called the Walker belt (Stewart, 1980), includes such basins as Sarcobatus
Flat, the Amargosa Desert, Crater Flat, and Jackass Flats. Highland areas
include the Gold Mountain area, Bullfrog Hills, Bare Mountain, and Yucca
Mountain. Additionally, the belt includes the irregularly trending hills,
ridges, and basins north of Pahrump Valley and the Spring Mountains, and south
of the Shoshone and Timber Mountains, between the Amargosa Desert and the
north end of Las Vegas Valley. The belt coincides generally with the drainage
basin of the Amargosa River south of Beatty, Nevada. The irregular pattern of
highlands and basins 1is largely a result of structural complexity as well as
varlability in erosion rates. The belt also coincides with part of the Walker
Lane, a complex zone of normal and strike-slip faults.

4) The major basins and ranges in the southern and southwestern part of
the Candidate Area include Death Valley, Panamint Valley, northern Pahrump
Valley, the Panamint, Grapevine, Funeral, and Black Mountains, and the Nopah,
Resting Spring, and Greenwater Ranges. These basins and ranges are typical of
landforms in much of the Great Basin, as are those in the eastern and
northernmost part of the Candidate Area. However, recent tectonic activity in
the southwestern part of the Candidate Area, particularly in Death Valley, has
created a landscape having some of the greatest tépographic relief in North
Anmerica.

5) The Spring Mountains are a dissected, relatively high standing struc-
tural block underlain by stratified Upper Proterozoic and Paleozoic sedimen-
tary rocks. The Spring Mountain block was relatively undeformed during the
Cenozolc as compared to the surrounding area, and much of the topographyy is
controlled by the pre-Cenozoic structure and relative resistance of the rocks
to erosion. Deep canyons are cut essentially at right angles to the trend of
the range,

Elevations in the Candidate Area range from 86 m below sea level in Death
Valley to 3,633 m on Charleston Peak in the Spring Mountains, 100 km to the
southeast., Typically, the topographic relief varies between about 300 and
1000 m over distances of 50 km, except in the Death Vailey area where eleva-
tion differences are more than 3400 m over similar distances.

There are no perennial streams within the Candidate Area, except for the

uppermost reaches of a few streams in the highest parts of the Spring Moun-
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tains. The largest river is the ipntermittent Amargosa River, 250 km long,
which flows southward through the Amargosa Desert, draining the Site Vicinity,
and eventually discharging into an ephemeral lake ipn southern Death Valley.
The course of the Amargosa River appears structurally controlled. It heads on
Timber Mountain and would naturally drain to Sarcobatus Flat except for inter-
ception of its drainage through the Bullfrog Hills by a canyon controlled by
the Beatty Fault. The Colorado River and its tributaries to the east and
southeast of the Candidate Area are the only through-going streams near the
Candidate Area. The Las Vegas Valley in the southeastern part of the Candi-
date Area 1s part of the Colorado River drainage but contains no perennial

streams.
Site Vicinity and Site

Physiographic elements in and near the Site can be divided as follows:
(1) the ridges and valleys that make up Yucca Mountain, (2) the irregular
rugged topography north of Yucca Wash, (3) the piedmont slopes surrounding

Yucca Mountain on the south and east, (4) Fortymile Wash east of Yucca

.wﬁghntain, (5) Jackass Flats east of Fortymile Wash, and (6) Crater Flat west

of Yucca Mountain.

1) Yucca Mountain is made up of a prominent grbup of north-trending, en
echelon, fault-block ridges and valleys stretching southward from Beatty Wash
on the north to U.S. Highway 95 in the Amargosa Valley (Figure 11). The Site
is located near the middle of this group of ridges and valleys. Topography at
the site 1is controlled by the high-angle faults, which tilt the resistant
volcanic strata eastward. Slopes are locally steep on the west-facing escarp-
ments eroded along the faults and in some of the’ valleys that cut into the
more gentle eastward-facing dip slopes. Narrow valleys and ravines are cut in
bedrock; wider valleys are floored by alluvial deposits into which terraces
have been cut by intermittent streams. Locally, small sandy fans extend up
the lower slopes of Yucca Mountain and spread out on the valley floors. East
of the crest of Yucca Mountain, drainage is into Fortymile Wésh; west of the
crest, streams flow southwestward down fault-controlled canyons and discharge
in Crater Flat.

2) Yucca Mountain terminates abruptly on the northeast at Yucca Wash, an

erosional valley which drains southeastward to Fortymile Wash, Intermittent
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Elevations in the Site Vicinity range from about 640 m in the Amargosa
Desert south of the Site to 2,151 m at Shoshone Peak in the volcanic highlands
northeast of the Site. The crest of Yucca Mountain reaches an elevation of
approximately 1500 m, and the maximum local topographic relief within the Site
is approximately 300 m.

Geomorphic Processes

Geomorphic processes in the Candidate Area are governed by the structural
setting and climate. Active processes have been observed during geological
mapping; however, detailed study and monitoring of these processes are incom-
plete. Understanding surficial processes under the present climatic condi-
tions serves as a starting point for interpreting older surficial deposits,
evaluating past changes of climate, and predicting the effects of future
surficial processes within the bounds of predicted future tectonism and cli-
mate change.

The Candidate Area has an arid climate characterized by infrequent, but
intense precipitation, strong insolation, large daily ranges of temperatures
and relative humidity. These characteristics govern the alluvial slope proc-
esses and eollian processes at the Site, as well as the rates of physical and
chemical rock weathering. 1In the present—day envirénment, rock weathering is
dominated by physical weathering processes that cause repeated expansion and
contraction of near-surface rocks: diurnal heating and cooling; freezing and
thawing; and salt crystallization. Chemical weathering plays a minor role
because of the lack of both the moisture and the decaying vegetable matter
needed to form corrosive carbonic acids.

The annual precipitation ranges from 6 cm at the lowest elevations to 50
cm at the highest elevations and averages 10 to 25 cm io most parts of the
area. Rain falls mostly during the winter; however, summer convective
thunderstorms tend to produce the largest single storms and largest runoff
events. Precipitation falls mostly in the mountains and the resulting hill-
slope runoff collects into channels that discharge into the closed intermon-
tane basins. Several intermittent streams in the Site Vicinity are presently
being monit<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>