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Figure 1-12.  Panorama view of Mercury Valley and vicinity. 
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1.8/59.2 Stop 1-3:  Bonanza King Formation  
  (36E 34' 48.63" N; 116E 04' 0.28" W) 
 
CAUTION:  We will discuss this stop at the top of the bank on the right (3:00) side of the 
highway, then cross the road to examine the road cut.  Please exercise caution when crossing 
the road and while on that side of the road.  Traffic moves very fast.  This roadcut has a fault 
cutting the Bonanza King Formation.  Its location is shown in Figure 1-13. 
 
The Bonanza King formation is the thickest {1,400 m [4,600 ft]} of the Paleozoic formations in 
this area (Table 0-2).  It is composed of both limestones and dolomites and is typically dark grey 
to black.  To the west, it has a thick white unit that makes it easy to identify elsewhere  
(Stop 1-5).  
 
At the southwest end of this road cut is a small fault (Figure 1-14).  The beds dip into the 
hillside; however, the displacement on the fault cannot be readily determined, because the 
bedding is indistinct near the fault.  The fault zone is about 15 cm [6 in] wide and is filled with 
breccia (angular) fragments in a fine matrix.  On the left side of the fault is an orthogonal 
fracture system with fractures parallel and perpendicular to the fault.  In the saturated zone, this 
fault would act as a barrier to water moving perpendicular to the fault, but the fractures would 
provide a highly transmissive zone for water moving parallel to the fault.  A number of smaller 
faults are also present in this roadcut. 
 
2.3/61.5 Stop 1-4:  Lower Clastic Aquitard 
  (36° 33′ 41.28″ N; 116° 05′ 56.36″ W) 
 
CAUTION:  Be careful of traffic if you look at the rocks along the road. 
 
This stop location is shown on Figure 1-13.  The outcrop and road cut along US Highway 95 is 
in the Sterling quartzite, one of the formations that compose the Lower Clastic Aquitard.  The 
rock is gray to purplish gray with obvious bedding and other sedimentary features such as 
cross bedding (Figure 1-15) and graded bedding.  This rock probably formed as a river or 
near-shore marine (tidal) deposit, rich in quartz sand.  The rock was subsequently lithified, then 
the pores between the sand grains were filled with secondary quartz, reducing the intergranular 
porosity to near zero.  Water flow through a rock with porosity near zero can only be 
accomplished by fracture flow.  The combination of low porosity rocks, such as the rock at this 
outcrop, and other rocks, which are more plastic and do not readily fracture, results in the very 
low rate of water flow through the Lower Clastic Aquitard.  
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Figure 1-13.  Locations of Stops 1-3 and 1-4.  Stop 1-3 is a road cut in the Bonanza King 
Formation, a part of the Regional Carbonate Aquifer (RCA).  Stop 1-4 is at an outcrop of sterling 
quartzite, a part of the underlying Lower Clastic Aquitard (LCA).   
 
 
Several small faults indicative of compressional deformation, including a thrust fault and an 
apparent bedding plane thrust, can be seen along the road at this stop.   
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Figure 1-14.  Road cut through Bonanza King Formation.  A fault dipping to the right cuts the 
formation.  Fault has a fault zone composed of breccia fragments in a fine matrix; intersecting 
fractures cause rectangular-shaped rock. 
 

 
 

Figure 1-15.  Photograph of cross bedding in the sterling quartzite.  Cross bedding indicates the 
depositional environment was a stream channel or the tidal area of an ocean or lake.  The lines 
on the photograph help to define the cross beds.  Some examples of grade bedding can also be 
seen at this stop. 
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At the right side of the outcrop, away from the road, is a brass benchmark (Figure 1-16) used in 
the level-line survey to be discussed at Stop 1-5.  These monuments mark well-known 
locations with very precisely known elevation above sea level.  Repeated measurements made 
over a long timeframe are used to measure vertical changes in elevation at those benchmark 
locations.  This type of measuring system is being replaced by global positioning system 
(GPS) that provide more accurate and precise locations of points on the Earth’s surface.  In 
1984 the uncorrected observed elevation of this benchmark, L-408, was 864.43033 m 
[2,835.7622 ft] (Gilmore, 1992, Table 10a).  Comparisons of the 1915 and 1984 level line 
surveys with an earlier 1907 survey (Gilmore, 1992, Figure 4) show a broad area of the crustal 
uplift often exceeding 1 m [3.28 ft] has occurred between Stop 1-5 (Amargosa City) and 
Stop 1-1 (Corn Creek Road).  The surface water divide discussed earlier (Stop 1-1 and mileage 
52.4) occurs within this area, and its location may be partially controlled by regional uplift.  Also 
see Stop 1-5. 
 
0.25/61.7  Point of Rock alluvial fan at 9:00. 
 
 

 
Figure 1-16.  Photograph of Benchmark L-408.  This benchmark was installed in 1983.  It is a 
relocation of an earlier benchmark. 
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Material on this fan has moved (slid) toward the west, most likely under the influence of gravity.  
This is evidenced by the gentle folding (wrapping around) of the alluvium around knobs of 
carbonate rock that protrude through the alluvium.  
 
1.1/62.9 NV 160 to Pahrump, Nevada. 
 
HISTORY:  At 11:00 in the distance, we can see the southern central portion of the Amargosa 
Valley, which was one of the last places to be settled in Nevada.  A number of explorers and 
pioneers passed through or near here, perhaps as early as 1829–30 (McCracken, 1992).  The 
first recorded crossing through the area was in 1849 by miners headed to the California gold 
fields.  Ash Meadows (Stop 3-2), a system of springs barely visible at the west end of the 
Montgomery Mountains, was permanently settled in 1905.  The Amargosa Desert (especially 
around Ash Meadows) was said to be a lawless area that the Nye County sheriff was reluctant 
to enter until the late 1930s (McCracken, 1992). 
 
The playa at 10:00 (in front of the Montgomery Mountains) is the remains of a Pleistocene lake 
and spring system.  Tuff erosion north of the playa created fine volcanic material that reacted 
with the lake water to form extensive clay deposits all across the valley.  The resulting 
mineralogy was a function of the material and chemistry of the water.  International Mineral 
Ventures has a number of clay pits across the Amargosa Desert making it, in terms of area, the 
largest mine in the United States.  A half dozen or more different clay minerals have been mined 
here over the years. 
 
8.2/71.1 Las Vegas and Tonopah Railroad. 
 
Look for an old railroad grade crossing back and forth across the highway.  It is all that remains 
of the Las Vegas and Tonopah Railroad.  The railroad was in operation from 1906 to 1918. 
 
3.0/74.1 East Striped Hills (36E 37' 33.34" N; 116E 18' 30.81" W). 
 
Approximately 14.5 km [9 mi] to the north (2:00) is the south face of Little Skull Mountain.  The 
mountain is capped by a 10 mya basalt flow.  Immediately below the basalt are thin distal beds 
of Rainier Mesa and Paintbrush tuffs.  This is one of the most distal locations for the Paintbrush 
tuffs (except for ash falls).  Both units thicken to the northwest toward Yucca Mountain.  
Underlying the Rainier Mesa and Paintbrush tuffs and making up about two-thirds of the lower 
portion of Little Skull Mountain are beds of the Wahmonie Formation, a tuff that is not 
recognized at Yucca Mountain.  The Rock Valley fault passes south of Little Skull Mountain.  It 
is marked by a zone of northeast-striking, southeast-dipping earthquakes.  This cloud of 
hypocenters corresponds to activity on a blind fault that slipped in two earthquakes near Little 
Skull Mountain (magnitude 5.6 in 1992 and magnitude 4.4 in 2002). 
 
The Striped Hills (2:00) are underlain by a nearly complete section of Paleozoic rocks.    The 
clastic aquitard rocks form the smooth hills to the south, and the carbonates of the Regional 
Carbonate Aquifer form the higher craggy hills to the north.  The younger Paleozoic rocks 
(Silurian and Devonian) occur in the northern part of the hills.  The rocks of the Regional 
Carbonate Aquifer dip to the south at 60E in the northern hills.  In the low pass between the 
higher hills, the rocks (Zabriskie Quartzite) are vertical (rotated 90E).  At the southern end of the 
hills, the rocks dip steeply 85E to the north and are thus overturned (i.e., rotated more than 90E).  
This means the original top of the beds is now on the underside in the outcrops along the road 
up the southernmost hill.  The overturned fold will be discussed at the next stop (Stop 1-5).  
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The flat area at the top of the southernmost hill is the site of a Yucca Mountain seismic 
monitoring station, one of 28 stations within a 50-km [31.1-mi] radius of Yucca Mountain 
(University of Nevada-Reno, 2006).  That site is also the location of a GPS station, a permanent 
station in the DOE–State of Nevada’s global positioning system network (Wernicke,  
et al., 2004). 
 
5.2/79.3 Stop 1-5:  Village of Amargosa City, Formerly the Hamlet of 

Lathrop Wells, Nevada 
  (36E 38' 35.74" N; 116E 23' 52.25" W) 
 
Geography 
 
Beginning at 12:00 (northwest on US Highway 95) and looking clockwise, you will see the 
following features (see also Plate 1 and Figure 1-17). 
 
 12:00   Grapevine Mountains  
 1:00   South end of Yucca Mountain 
 2:00   Busted Butte with Yucca Mountain beyond (Stops 2-1, 2-2, and 2-3) 
 3:00   Mouth of Fortymile Canyon and upstream source of Fortymile Wash  
 4:00   Calico Hills 
 5:00   Little Skull Mountain 
 6:00   Striped Hills  
 7:00   Skeleton Hills 
 9:00   North Central Amargosa Desert (Eagle Mountain is the triangular 

 mountain in the distance) 
 10:30   Big Dune in front of the Funeral Mountains   
 10:30–11:00 Funeral Mountains with Death Valley (Stops 3-7 and 3-10) on the far side 
 
Geology 
 
Origin of Yucca Mountain 
 
The rocks underlying Yucca Mountain were formed by the eruption of several large calderas 
(volcanoes) (Figure 0-1), between approximately 15 and 12.7 mya.  These calderas 
(Claim Canyon, Timber Mountain) (see Figure 0-1) were located north and northwest of 
Yucca Mountain and deposited hot ash to form rocks at Yucca Mountain.  The resulting flows of 
hot ash and pumice traveled in excess of 16 km [10 mi] and developed an internal layering 
related to cooling (see Stops 1-8 and 3-11).  
 
Volcanic Stratigraphy 
 
The volcanic stratigraphy of the southwestern Nevada volcanic field is given in Table 0-3 and 
will be discussed at other stops.  The repository horizon is within the Topopah Spring Member 
of the Paintbrush Tuff (Table 1-1; Stop 2-1).  All of the hills to the northwest, north, and 
northeast are underlain by Miocene volcanic rocks. 
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Figure 1-17.  Digital elevation map of Yucca Mountain area.  The flat areas (devoid of shadows) 
are alluvium.  Note:  Fortymile Wash, which we will cross several times, is deeply incised in its 
northern reach and not incised near US Highway 95. 
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Table 1-1.  Modified stratigraphic column for the Miocene volcanic rocks in the Yucca Mountain area 

Stratigraphic Unit Age (ma) Other Designations 
Timber Mountain Group   
 Rainier Mesa Tuff 11.6  
Paintbrush Group   
 Tiva Canyon Tuff* 12.7 
 Yucca Mountain Tuff  
 Pah Canyon Tuff  
 Topopah Spring Tuff 12.8 

PTn includes non- and moderately 
welded basal Tiva Canyon Tuff, Yucca 
Mountain Tuff, Pah Canyon Tuff, and 
the uppermost non- and moderately 
welded Topopah Spring Tuff 

 Crystal-rich Member   
 Crystal-poor Member   
 Lithic-rich zone   
 Upper lithophysal zone  
 Middle non-lithophysal zone   
 Lower lithophysal zone  
 Lower non-lithophysal zone  

Repository Host Horizon (RHH) 
contains the lower part of the upper 
lithophysal zone, the middle  
non-lithophysal zone, lower lithophysal 
zone, and the lower non-lithophysal 
zone 

 Vitric zone   
 Calico Hills Formation 12.9  
Crater Flat Group‡ 13.1  
 Prow Pass Tuff   
 Bullfrog Tuff 13.25  
 Tram Tuff 13.9  
Lithic Ridge Tuff 15.2–14  
*Seen at Stop 2-2. 

Seen at Stop 2-1. 
‡Seen at Stop 1-8. 

 
 
Geodesy 
 
Geodesy is the determination, by observation and measurement, of the exact positions of 
points on the Earth’s surface.  Tectonics is the study of the deformation of the Earth’s crust on a 
regional or global scale.  Neotectonics is the study of current crustal deformation, here defined 
as extending over the last 5 million years in the Yucca Mountain region.  On the surface of the 
Earth’s crust, a point can move horizontally and/or vertically relative to another reference point, 
or more recently, to an Earth-orbiting satellite(s).  That movement can help define the 
neotectonics of a region.  Formerly measured by precise optical triangulation surveys, positions 
of points are now measured very accurately with global positioning systems using orbiting 
satellites.  The vertical positions of points in this guide were measured by accurate level-line 
surveys.  Interferometric Synthetic Aperture Radar can be used to measure vertical changes, 
although it has not been used as routinely as global positioning systems for monitoring vertical 
changes outside areas where rapid changes (e.g., volcanoes) are expected or where rapid 
changes are known to have taken place (e.g., earthquakes). 
 
Wernicke, et al. (2004) determined the horizontal position of a number of points (16) in the 
Yucca Mountain region.  They determined that (i) there is increasing horizontal movement from 
east (Mercury, Nevada) to west (Sierra Nevada Mountains) (extension deformation) and 
(ii) movement becomes more north-northwestwardly oriented (shear) to the west.  Other 
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interpretations such as a consistent northwest trend or apparent movements depend on the 
reference point used in the data analysis. 
 
Level-line surveys were run in the Yucca Mountain region in 1905, 1907, 1915, 1982, and 
1983–84 (Castle, et al., 2005; Gilmore, 1992).  Using the 1982 data relative to the 1907 data, a 
conceptual model for vertical movement of the crust along US Highway 95 can be developed.  
Figure 1-18 is a portion of Figure 10 from Gilmore (1992) and shows the station changes in 
height for the 1915 and 1983–84 surveys relative to the 1907 survey.  Station Z 16 is located 
just east of this stop.  East of station Z 16, the station heights increase in height relative to 
station Z 16.  To the west, the stations show a decrease, although the first three points are still 
positive relative to the 1907 survey.  This suggests a subtle tectonic boundary occurs between 
this stop and the Striped Hills (i.e., between stations Z-16 and B-17 in Figure 1-18).  This 
boundary may coincide with the northward projection of Winograd and Thordarson’s (1975) 
gravity fault in Ash Meadows (Stop 3-2). To the west of this stop, the change in height becomes 
progressively smaller, then increasingly negative near the Bare Mountain fault.  This suggests 
that the crust between a point east of this stop and the downthrown side of the Bare Mountain 
fault is subsiding by bending, stepping down along small faults, or tilting.  The development of 
alluvial fans in southern Crater Flat (Ferrill, et al., 1996a) also suggests active subsidence of the 
hanging wall of Bare Mountain fault.  This, along with additional evidence to be discussed at 
Stop 1-6, suggests this active tilting structure extends from the Bare Mountain fault to about 
1 km [0.6 mi] east of here.  As discussed at Stop 1-6, detectable subsidence also may die 
out northward.   
 
East of station Z 16, the crust is rising relative to the 1907 data.  Note that the maximum change 
in height (and maximum elevation) in the 1984 survey occurred east of Mercury, near where the 
surface drainage divide occurs.  Based on the 1984 data, the height changes decrease toward 
Las Vegas from that point.  This observation is consistent with the discussion of the lake beds at 
mileage 46.7. 
 
Seismicity 
  
Seismicity provides additional information that characterizes the neotectonics model of an area 
by specifically providing information on the location of active deformation along faults.  DOE has 
operated seismic stations in the Yucca Mountain region since the early 1980s.  As pointed out 
at mile 70.6, one station occurs in the Striped Hills.  The historic seismicity in this area is 
dominated by the 1992 Little Skull Mountain earthquake with a magnitude of 5.6 (M = 5.6) and 
its subsequent aftershocks.  Historically, the region beneath Yucca Mountain has been an area 
of relatively low seismicity, as would be expected from its location relative to major faults like the 
Bare Mountain and Rock Valley faults.  Epicenters of earthquakes often occur in linear zones 
or in clusters, including those along the Mine Mountain fault, the Rock Valley fault, the Carrara 
Fault, and other faults to the north and west.  There is little evidence of earthquake activity in 
the area of the proposed tectonic boundary (i.e., the gravity fault), indicating either it is not a 
fault-dominated boundary or it is a boundary with minimal earthquake activity. 
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Figure 1-18.  Level-line data from Beatty to Las Vegas, Nevada (from Gilmore, 1992).  See 
Geodesy Section for discussion. 
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Geology of the Striped Hills 
 
Figure 1-19 shows the Striped Hills from this stop, while Figure 1-20 is a view from a few miles 
west of this stop.  In Figure 1-19, the contact between the beds of the Lower Clastic Aquitard 
and the Regional Carbonate Aquifer is indicated by the arrow.  The rocks are dipping (tilted) 
because they have been folded by compressional deformation (Figure 1-20).  Along the left side 
of Figure 1-19, the thick white unit is a characteristic lithology seen in the Bonanza King 
Formation in this area.  It is also visible in Figure 1-20. 
 
In Figure 1-20, the rocks are dipping (tilted) because they have been folded by compressional 
deformation.  The Zabriskie quartzite (indicated by the arrow), forming the reddish brown low 
rubbly hill between the two low passes, has a vertical dip.  In the hill to the right, the bedding in 
the Woods Canyon formation, although not observable in the photo, is overturned (bed rotated 
more than 90E) so that the original top of the bed is on the underside.  The geologic structure is 
an overturned syncline as indicated by the dotted lines in Figure 1-20. 
 
0.0/0.0  LUNCH.  Junction with NV 373.  Reset odometer. 
 
0.2/0.2 Right turn to Lathrop Wells Gate Road.  This road leads to Jackass Flat and 

Yucca Mountain.  
 
1.7/2.0 Left turn onto the road parallel to the power line. 
 
2.0/4.0 Stop 1-6:  Reasonably Maximally Exposed Individual 

Location Near Fortymile Wash and US Highway 95  
 (36E 40' 12.73" N; 116E 26' 25.06" W) 
 
Just north of this location, where Fortymile Wash crosses the southern boundary of the Nevada 
Test Site, is a possible location of the reasonably maximally exposed individual (REMI).  The 
reasonably maximally exposed individual is defined at 10 CFR 63.312. 
 
Definitions at 10 CFR 63.302 and 63.312 indicate that the reasonably maximally exposed 
individual lives in the accessible environment south of 36E 40' 13.6661" North latitude at the 
southern boundary of the Nevada Test Site, about 60 m [200 ft] north of this stop.  
 
Fortymile Wash is one of the major surface water drainages from the western part of the 
Nevada Test Site.  The drainage basin extends to the south boundary of Pahute Mesa, more 
than 48 km [30 mi] to the north, and includes the western part of Jackass Flat and the eastern 
slopes of Yucca Mountain.  Although the Fortymile Wash drainage basin is >777 km2 [>300 mi2], 
Fortymile Wash seldom flows because much of the basin receives <15 cm/yr [<6 in/yr] of 
precipitation (Hardman, 1965).  For exampe, flow in the wash was recorded March 10–11, 1995, 
and February 23–24, 1998 (Tanko and Glancy, 2001).  In both years, the water in the wash 
flowed across US Highway 95 and joined the Amargosa River.  In 1998, the Amargosa River 
flowed into Death Valley and formed a small lake at Badwater, California (Stop 3-8). 
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Figure 1-19.  Striped Hills from Stop 1-5.  Contact between Regional Carbonate Aquifer (to the 
left) and Lower Clastic Aquitard (to the right) is indicated by the arrow. 
 

 
Figure 1-20.  Striped Hills from west of Amargosa City.  Overturned syncline is indicated by 
dashed lines.  BK—Bonanza King Formation, Z—Zabriskie Quartzite, and WC—Wood 
Canyon Formation. 
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From 1.6 km [1 mi] to 22.5 km upstream from this stop, Fortymile Wash is confined to an 
increasingly deeper and narrower {approximately >305-m [>1,000-ft]-wide} steep-walled 
channel, incised into the alluvial fill of Jackass Flat (Figure 1-21; Day 2, Stop 2-1).  About 1.6 km 
[1 mi] north of here, the channel begins to widen and the bounding channel walls become 
noticeably lower.  Upstream from that point, erosion is the dominant process during periods of 
flow; below that point and here, deposition becomes a larger part of the fluvial process. 
 
One other noticeable process occurs along Fortymile Wash, as seen in Figures 1-17 and 1-21.  
At Busted Butte, the channel of Fortymile Wash is nearly north-south.  South of that point, the 
wash has a 25 to 30E more southwestwardly trend.  In addition, mapping (Pelletier, et al., 2005) 
within the distributive part (Figure 1-22) of the wash shows the modern channel(s) occurs only in 
the center and along the western margin of the wash.  It also shows that most of the older 
alluvial unit, Qa3 has been eroded away on the eastern side of the channel, while on the west 
side of the wash, the pattern of the erosional remnants of the older alluvium suggests the active 
channel(s) is (are) incising into the Qa3 surface and leaving uneroded remnant “islands” of Qa3.  
Topographic profiles also show the western channel of the wash is at a slightly lower elevation 
than the eastern channel.  These observations suggest the channel is gradually migrating 
westward, probably due to the slight regional tilting described at Stop 1-5.  This interpretation is 
consistent with the explanation by Ferrill, et al. (1996a) for increased subsidence along the 
south end of the Bare Mountain Fault (Stop 1-10).  They propose that because of a steeper dip 
along the southern portion of the Bare Mountain fault, the southwest corner of Crater Flat is 
deeper and subsiding faster than along the northern portion of the fault (this will be discussed at  
Stop 1-10).  
 
Because the Fortymile Wash drainage basin lies wholly within the southwestern Nevada 
volcanic field, an abundant variety of volcanic rock types is found in the debris within the 
channels of the wash.  The detritus consists of a variety of tuffs and basalt that are strong and 
resistant to mechanical abrasion. 
 
3.5/7.6 At the dirt road junction (curve), turn right. 
 
1.2/8.8 Stop 1-7:  Lathrop Wells Cone  
 (36° 41' 08.78" N; 116° 29' 42.53" W) 
 
The Lathrop Wells volcano is 75,000 to 80,000 years old (Heizler, et al., 1999) and is composed 
of basalt lava and ash.  The total volume of the eruptive products is estimated to be 0.09 km3 
(0.02 mi3) and consists of lava, proximal ash fall (cinder cone), and distal ash fall (i.e., beyond 
the immediate vicinity of the cinder cone). 
 
Stop 1-7 is at the eastern edge of a lava flow originating from the northeastern side of the cinder 
cone (Figure 1-23).  An older flow occurs to the south of this flow (Valentine, et al., 2005).  
Surface texture of the flow is rough and blocky and is referred to as aa lava. 
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Figure 1-21.  Image shows eastern and western channels of Fortymile Wash.   
A–Striped Hills, B–Specter Range, C–Skeleton Hills, D–Lathrop Wells cinder cone,  
E–Busted Butte, F–Yucca Mountain, and G–Little Skull Mountain, and western distributary  
and channels. 
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Figure 1-22.  Geologic map of Fortymile Wash (modified from Pelletier, et al., 2005).  Map 
shows prevalence of youngest alluvium (yellow) and incision of younger channels (shown by 
green, blue, and yellow) into older alluvium (grey) on northwestern (left) side of wash.  Note 
older alluvium (grey) on southeast (right) side of channel has been removed by erosion, 
indicating channel is moving to northwest with time. 
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Figure 1-23.  Image of Lathrop Wells cinder cone looking south-southeast.  Paths of two lava 
flows are indicated by the arrows.  The older lava flow is indicated by the blue arrows and the 
younger is indicated by the red arrow.  A thin sheet of wind-blown sand covers much of the 
younger lava flow.  Southerly road from Cinder Cone intersects US Highway 95 near top 
of image. 
 
 
The Lathrop Wells cone has the shape of a classic cinder cone (Figure 1-24), although mining 
operations are slowly degrading the shape.  Cinder cones are formed from accumulated 
ballistically ejected clasts during explosive eruptions.  The clasts fall to earth and accumulate in 
a ring around the vent.  The cone builds up, maintaining a slope near the angle of repose for 
granular material.  Valentine, et al. (2005) recognize two periods of cone building.  Deposits of 
the earlier period are coarser with the beds dipping inward toward the vent.  Deposits of the 
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later phase are fine grained and thinner bedded and the bedding dips outward, except within 
the crater. 
 
The distal ash fall occurred in a fissure along the Solitario Canyon fault about 14 km [8.7 mi] 
north of the cinder cone.  The ash was probably washed into the open fissure from surface 
deposits of the ash.  It has been assumed that this fissure was opened by an earthquake that 
was coincidental or occured shortly after the Lathrop Wells cinder cone eruption.  Several other 
similar occurrences of ash have been noted in the region; however, they have not been 
confirmed to have originated from the Lathrop Wells volcano.  
 
Return to US Highway 95. 
 
1.3/10.1 Turn right on US Highway 95. 
 
2.0/12.1 Turn right onto dirt road. 
 
0.2/12.3 Three Nye County Early Warning Drilling Program (EWDP) drill holes (3D, 3DS, 

and 3 DB) are on the pad at 3:00.  Hole 3D was drilled to a total depth of 762 m 
[2,500 ft].  Lithology of the hole included alluvium {0–76.5 m [0–251 ft]}, mixed 
Tertiary sedimentary rocks {76.5–570 m [251–1,870 ft]}, and Tertiary 
sedimentary rocks {570–762 m [1,870–2,560 ft]}.  The water level in 3D is at a 
depth of 80 m [262 ft].  

 

 
Figure 1-24.  Lathrop Wells cinder cone from US Highway 95.  Lava flow is on the right side and 
in front of Cinder Cone in middle distance.  View is northwest. 
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0.3/12.6 Stop 1-8:  Raven Canyon  
 (36° 41' 07.02" N; 116° 32' 14.33" W) 
 
In Raven Canyon (Figure 1-25), the Bullfrog Tuff (Table 0-3) (Peterman, et al., 1996) is 
exposed.  This stop provides an opportunity to see a variety of tuffs in a short walk up the 
canyon.  Several different types of bedded tuffs occur at the bottom of the canyon.  Partially 
welded and welded tuffs occur farther up the canyon.  Pumice fragments are present in some of 
the tuffs.  The sequence of tuffs seen walking up the canyon, starting with the nonwelded tuff 
and proceeding to densely welded tuff, is common to many volcanic sequences in Nevada 
(Stop 3-11). 
 
 

Figure 1-25.  Location of Stops 1-7, 1-8, 1-9, and selected geologic features 
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A mudflow deposit is exposed at the upper end of Raven Canyon.  Clasts in a mudflow deposit 
indicate a scarp existed nearby at the time of its emplacement.  Several lines of evidence 
suggest the presence of a northeast trending, down to the west, fault.  This fault (i.e., the Raven 
Canyon Fault) is considered inactive.  Based on differences in stratigraphic thicknesses, the 
fault was active 13.25–12.8 mya (Drake, et al., 2003). 
 
Return to US Highway 95. 
  
0.7/13.7 Crater Flat Tuff section (36° 41' 1.93" N; 116° 32' 57.39" W). 
 
The ridge (Figure 1-26) at 3:00 to 4:00 is the type locality of the Crater Flat Group tuffs 
(Table 1-1), which are older than the Topopah Spring Tuffs (Stop 2-1).  The Crater Flat Group is 
composed, from youngest to oldest, of the Prow Pass, Bullfrog, and Tram Tuffs.  At this 
location, the Tram Tuffs is not present.  The layering seen from the highway is typical of large 
tuff outcrops.  On hillsides, the different types of tuffs can be identified by topography and color.  
Typically, welded tuffs form cliffs and are darker colored, while bedded, nonwelded, and ash fall 
tuffs are lighter colored and form slopes because of their weaker nature.  The ridge top to the 
bottom of the topmost cliff is underlain by Tiva Canyon Tuff.  The lighter colored slope below the 
cliff is underlain by bedded and nonwelded tuffs often referred to as PTn at Yucca Mountain.  
Lighter colored bedded and nonwelded tuffs often occur between the darker colored ash flow 
tuffs.  The next cliff below the PTn is Topopah Spring Tuff, in turn underlain by the thin, 
slope-forming Prow Pass Group, the topmost member of the Crater Flat Group tuffs.  Below the 
non- to partially welded Prow Pass Tuff is welded Bullfrog Tuff.  Also at this location, which is 
more distant from its source volcanoes than is Yucca Mountain, the Calico Hills Formation is no 
longer present between the Paintbrush and Crater Flat Groups (Table 1-1). 
 
0.2/13.9 The wash at 1:00 to 2:00 is where surface water exists through the hills from 

Crater Flat (Figure 1-25).  To the left at 9:00 is the approximate location of 
Rose’s Well, a stop for both stage coaches and the Las Vegas and Tonopah 
Railroad.  The well was approximately 64 m [210 ft] deep and was the only 
source of water between Ash Meadows and Beatty, Nevada. 

 
0.5/14.4 Pleistocene spring deposits 
 
The white deposits, about 3.2 km [2 mi] north (at 2:00), are Pleistocene spring deposits.  
Because the groundwater path for these deposits and others in the nearby area are 
predominantly through the silicic-rich tuffs, the paleospring deposits are composed of silica 
rather then calcium carbonate like the springs in the Las Vegas Valley.  
 
Nye County wells NC-EWDP wells 9SX and 9S are sited on those spring deposits.  Beneath the 
13.7-m [45-ft]-thick spring deposits are 89 m [292 ft] of alluvium and 18.3 m [60 ft] of welded tuff 
breccia (http://www.nyecounty.com/ewdp_pages/Phase1/9SX_main.htm on October 25, 2007).  
The water table is at a depth of 30.8 m [101 ft].  Modeling (Winterle, 2005) suggests that if a 
regional rise in the water table occurred, the spring at this location and at several other nearby 
locations would start to flow long before the rising water table reached the elevation of a  
Yucca Mountain repository.  The modeling also shows that most of the spring flow would be 
from the Crater Flat area and that the eastward and southeastward flow from Yucca Mountain 
would be relatively unaffected. 
 
2.7/16.5 Turn right through gate. 
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Figure 1-26.  Type locality of Crater Flat tuffs.  Photograph looking north from US Highway 95 at 
mileage 96.2.  Caprock is Tiva Canyon tuff.  Bullfrog Tuff is below light-colored tuff midway 
down the mountain. 
 
 
0.3/16.8 Stop 1-9:  Paleospring Spring Diatomite Deposit, 
 Nye County Well EWDP 1DX  
 (36° 42' 34.05" N; 116° 35' 22.98" W), and 
 Sinkhole (36° 42' 52.76'' N; 116° 35' 23.42" W)  
 
At this stop (Figure 1-25), Pleistocene paleospring deposits, Nye County Early Warning Drilling 
Program (EWDP) wells 1DX  and 1S (Nye County Nuclear Waste Repository Project Office, 
2006), and a sinkhole in alluvium will be discussed.  Nye County wells EWDP 1DX  and 1S are 
located on a diatomaceous paleospring deposit.  Well 1DX penetrated through 19.8 m [65 ft] of 
spring and valley fill deposits, then valley fill to a depth of 50.3 m [165 ft].  Below the base of the 
valley fill to the total depth of the hole at 762 m [2,500 ft] are interbedded tuffs and Tertiary 
sediments.  The base of the deepest tuff encountered in the hole was at a depth of 424 m 
[1,395 ft].  The Tertiary sediments below the deepest tuff represent sediments deposited in 
Eocene through  Miocene basins and are the oldest indication of extensional deformation in the 
Yucca Mountain region.  Two different water levels are monitored in these holes.  The water 
level in a fractured tuff is monitored by 1DX, where the depth to the water level is approximately 
55.9 m [180 ft].  A shallower water level is monitored by 1S, in valley fill (alluvium), at a depth of 
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approximately 16.8 m [55 ft].  The diatomaceous tufa (rock formed at spring mouths) of the 
paleospring deposit is silica rich in keeping with its location just south of the silica-rich tuffs of 
the southwestern Nevada volcanic field.  A similar spring deposit occurs in the southern end of 
Crater Flat north of here. 
 
About 700 m [2,297 ft] north-northwest of 1DX is a sinkhole in alluvium. Such features are rare, 
and while its origin is not confirmed, dissolution of carbonate (limestone fragments in alluvium 
and/or caliche) probably played a role.  The sink appears to have developed along a possible 
extension of a fault mapped in the hills to the northwest (Sandberg, et al., 2001).  The dark rock 
on the skyline to the northwest is the remnant of a 12 mya basaltic cinder cone.  A carbonate 
megabreccia is also extensively exposed (Figure 1-25).  Megabreccias have been observed at 
several locations in southwestern Nevada, including borehole UV-2 in Crater Flat, Black Marble 
Mountain (on second half mileage 19.83), and near Stop 3-12.  It is believed that the breccias 
formed during a period of maximum deformation about 11 Ma. 
 
Return to US Highway 95; turn right. 
 
2.7/19.8 Black Marble Mountain is at 2:00. 
 
Black Marble Mountain is a large block of Bonanza King Formation.  Gravity data indicate it is 
resting on less dense (tuff) rocks, suggesting it slid into its current location from Bare Mountain.2  
 
1.2/21.0 Right turn toward Steve’s Pass. 
 
3.2/24.2 Stop 1-10:  Crater Flat/Bare Mountain Fault  
 (36° 46' 42.53" N; 116° 36' 55.54" W) 
 
Geography 
 
Looking north down the road (i.e., 12:00)  
 
 1:00–2:00  Skyline–west flank of Yucca Mountain 
 11:00–3:00  Foreground:  Crater Flat 
 1:00–3:00  On Crater Flat are Little, Red, and Black Cones (from south to north)  
 3:00–4:00  Middle distance:  4.0 mya basalts 
 9:00–11:00  Bare Mountain 
 
Also see Figure 1-27. 
 
Crater Flat 
 
Because of the volcanoes, evidence for recent faulting, and the evaluation of seismicity in the 
Yucca Mountain region, Crater Flat has been the focus of numerous geologic and geophysical 
studies.  Crater Flat is a desert basin, surrounded on its west by Bare Mountain, on the north by 
the westward extension of Yucca Mountain, to the east by the southward extension of Yucca 
Mountain, and on the south by the low range of hills we drove parallel to after leaving Stop 1-9 
and crossed through at Steve’s Pass (see Figures 1-17 and 1-27).  Beyond the hills to the north, 
and out of sight is an abrupt transition to the Claim Canyon Caldera, which is part of the  
                                                 
2 John Stamatakos, personal communication, 2006. 
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Timber Mountain–Oasis Valley caldera complex (Figure 0-1) and the source of most of the  
Miocene tuffs in the region (Byers, et al., 1976; Carr, 1988; Christiansen, et al., 1977;  
Sawyer, et al., 1994). 
 
Crater Flat is nearly a closed basin, with a narrow outlet for surface waters to flow into the 
Amargosa Desert in the southeast corner between Stops 1-8 and 1-9 (Figure 1-17).  The ground 
water hydrology of eastern Crater Flat has been investigated with a number of DOE and Nye 
County EWDP drill holes, mostly on the east side of the flat.  Two drill holes, VH-1 and VH-2, 
were drilled to explore the deeper structure beneath Crater Flat. 
 
In addition to VH-1 and VH-2, various geophysical studies including surface magnetic (see 
magnetic survey), aeromagnetic (see magnetic survey), gravity, electrical, and seismic 
reflection and refraction surveys and geologic mapping in the hills to the north and south, as 
analog geological areas, have been used to develop a geological picture of Crater Flat.  
Geophysical surveys (Brocher, et al., 1998; Langenheim, 2000; McCafferty and Grauch, 1997; 
Ponce and Oliver, 1995; Snyder and Carr, 1984) supported by geologic data (Faulds, et al., 
1994; Fridrich, et al., 1998) to the north and south indicate the basin deepens to the west and 
south.  The sequence of rocks beneath the surface includes a variable thickness of valley fill 
(alluvium) that thickens to the west and that may be at least 10 mya, as it rests on 10.5-to 
11.0-mya basalt in VH-2 (Stamatakos, et al., 2007); a series of Miocene tuffs similar to those at 
Yucca Mountain; and Paleozoic-Neoproterozoic basement rocks, similar to those seen at earlier 
Day 1 stops.  In addition, there are localized buried basaltic volcanoes and lava flows 
interbedded within the alluvium.  A megabreccia of Paleozoic carbonate rocks (as on the hill 
above the sinkhole at Stop 1-9) overlie 11.2-mya basalt in VH-2.  Miocene volcanic rocks 
identified in VH-2 include tuffs of the Crater Flat, Paintbrush, and Timber Mountain Groups 
(Table 0-3).  
 
West-dipping, closely spaced, small- to moderate-sized normal faults offset the rocks beneath 
Crater Flat, including the alluvium.  Some are blind faults (see fault) that do not reach the 
Earth’s surface and were identified with the use of a seismic reflection survey (Brocher, et al., 
1998).  Major basin development occurred between 12 and 11 mya and has continued to the 
present, but at a declining rate (Fridrich, et al., 1998). 
 
Crater Flat gets its name from the cinder cones you see from this stop (Figure 1-27).  From this 
stop, three 1 mya cinder cones, Little, Red, and Black Cones (south to north), and remnants of a 
3.75-mya volcano center are visible.  A fourth cinder cone, Northern (also known as Makani) 
Cone, cannot be seen from here.  Six magnetic anomalies have been detected by surface and 
aeromagnetic surveys suggesting there may be six additional volcanic centers present beneath 
the surface.  Three basaltic centers or lava flows have been proven by drilling, including the one 
in VH-2 near Black Cone (Perry, et al., 2005; Stamatakos, et al., 2007).  Radiometric age 
determinations on samples from the buried volcanoes indicate they are 10.0 mya or older 
(Stamatakos, et al., 2007). 
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Figure 1-27.  This image shows the locations of Stops 1-10 through 1-13.  The locations of 
selected younger (approximately 1.0 mya) and older (3.75 mya) volcanic features are shown.  
The extent of alluvial fans in Southern and Northern Crater Flat is indicated by the green lines 
(marking the proximal section of the fans) and the orange line (marking the distal ends).  The 
differing widths of the fans are evident.  Red lines are locations of the Bare Mountain Fault 
(BFM) and Windy Wash Fault (WWF). 
 
 
Bare Mountain Fault 
 
To the west of this stop is the eastern front of Bare Mountain.  The mountain is composed of 
Neoproterozoic to late Paleozoic sedimentary and metasedimentary rocks, similar to those 
seen to the east of here at Stops 1-3, 1-4, and 1-5 (Carr and Monsen, 1988; Hamilton, 1988; 
Maldonado, 1990; Monsen, et al., 1992).  These rocks have undergone large scale folding and 
thrust faulting and show evidence of increasing metamorphism to the northwest.  The folding 
faulting and metamorphism indicate a long and complicated geologic history, much of it prior to 
burial beneath the Miocene tuffs (Ferrill, et al., 1998; Hoisch, 2000; Scott, 1990).  Similarly, 
deformed basement rocks are thought to underlie the Miocene tuffs at Crater Flat and  
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Yucca Mountain.  A variety of dating techniques indicates that the latest phase of extensional 
deformation in the Bare Mountain–Crater Flat–Yucca Mountain region began between 14 and 
13 mya and has continued episodically until the present day.  Additional information on Bare 
Mountain geology is provided at Stop 1-13 and in the description of the Sterling mine that 
follows the next stop. 
 
The Bare Mountain fault is a north-south-striking, east-dipping, normal fault that separates Bare 
Mountain from Crater Flat.  Bare Mountain is in the footwall (see fault) of the fault; Crater Flat is 
in the fault’s hanging wall.  The fault can be traced, by seismic reflection data, to a depth of at 
least 3.5 km [2.2 mi] and possibly as deep as 6 km [3.7 mi], with a constant dip of 64° ± 5° 
(Brocher, et al., 1998).  Seismic reflection (Ackerman, et al., 1988; Mooney and Schapper, 
1995) and seismic refraction (Brocher, et al., 1998) methods estimate the throw at 2 and 5 km 
[1.2 and 3.1 mi].  Fault dips measured at the mountain front vary from 50 to 70° (Monsen, et al., 
1992).  At the eastern margin of Crater Flat is Yucca Mountain, 15 to 25 km [9.3 to 15.5 mi] from 
the trace of the Bare Mountain fault.  The geometry of the Tertiary volcanic sequence beneath 
Crater Flat and at Yucca Mountain, together with the magnitude of the throw on the Bare 
Mountain fault, indicates that the Bare Mountain fault has a listric shape (i.e., flattening to 
subhorizontal at a depth of several kilometers).  There appears to be more displacement along 
the fault to the south, and that part of the fault may be more active (Fridrich, et al., 1998).  At 
this stop one can compare the width of alluvial fan development to the north (11:00 to 12:00), 
where it is wider, and to the south (7:00 to 8:00) where it is narrower (see Figure 1-27).  This is 
also reflected in the steepness of the slopes developed on the alluvial fans, as can be readily 
seem from this stop.  The much steeper slopes and narrower fans to the south have been 
interpreted as indicating that subsidence in that area keeps pace with the deposition of alluvium 
from the mountain and does not allow the active alluvial fans to build or develop far out into 
Crater Flat.  To the north, development of the alluvial fans is in an area with a slower rate of 
subsidence; the alluvial fans further into Crater Flat have a shallower surface slope.  Ferrill, et 
al. (1996a) interpreted these differences as indicating the fault is either more active and/or the 
fault dip is steeper to the south.  Active subsidence to the south is supported by the level-line 
data discussed at Stop 1-5 (Figure 1-18).  Those measurements show that along US 95, 
between 1915 and 1984, there may have been more than 100 mm [3.9 in] of ground subsidence 
on the hanging wall side of the Bare Mountain Fault.3  
 
A number of interpretations of the origin of fault have been proposed.  Carr (1982, 1988)  
initially interpreted the Bare Mountain as a caldera ring fault and later as a normal fault on  
the west side of a large rift structure (Carr, 1984).  The former interpretation was later  
eliminated by seismic data (Brocher, et al., 1998).  Carr’s Kawich–Greenwater Rift was a  
north-northeast-trending zone that was defined, in part, by the calderas of the Southern Nevada 
volcanic field to the north of Yucca Mountain.  Brocher, et al. (1998) using seismic data, and 
Faulds, et al. (1994) using geologic data, interpreted the fault as an east-dipping master fault 
that bounds a half graben.  Based on geometric modeling Young, et al. (1992) and Ferrill, et al. 
(1996b) also proposed the fault is part of a half graben, but rather than the deep planar faults 
that Brocher prefers, they propose that the Bare Mountain fault is a listric fault with the fault 
plane dip becoming shallower with increasing depth and nearly horizontal somewhere between 
4 and 12 km [2.5 and 7.5 mi].  The shallowing of dip of the fault plane with depth causes the dip 
of the beds to rotate into the fault plane (see insert in Figure 1-9).   
 

                                                 
3 Alan Morris, personal communication, 2005. 
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Unconformities within the Miocene tuff sequence indicate that faulting was active during 
volcanic activity (Christiansen, et al., 1977; Monsen, et al., 1992; Sawyer, et al., 1994).  Eight 
faults at Yucca Mountain and the Bare Mountain fault have evidence of Quaternary slip  
(Ferrill, et al., 1996a; Keefer and Menges, 2004).  Present-day seismicity in a triangular area is 
approximately coincident with Crater Flat, and its extension under Yucca Mountain is almost 
nonexistent (University of Nevada-Reno, 2006).  However, surrounding areas are somewhat 
active.  The western flank of Bare Mountain is marked by a linear zone of earthquake activity 
approximately parallel to the trace of the Bare Mountain fault.  
 
Yucca Mountain 
 
Yucca Mountain is an east-dipping cuesta.  From this stop we are looking at the steeper 
western slope.  On Day 2, between Stops 2-1 and 2-2, we will drive up the shallower sloping 
east side of the cuesta.  The topography in the proposed repository portion of Yucca Mountain 
is controlled by north-south-striking, west-dipping faults (Scott and Bonk, 1984).  Across  
Yucca Mountain, from east to west, the more prominent faults are the Paintbrush Canyon, Bow 
Ridge, and Solitario Canyon faults, which transition into the Fatigue Wash, Windy Wash (Stop 
1-11), Northern Crater Flat, Black Cone, and Bare Mountain faults in northern Crater Flat.  Still 
smaller faults such as the Ghost Dance and Sundance faults at Yucca Mountain and a number 
of unnamed faults in Crater Flat are interspersed between these faults.  The Bare Mountain fault 
is the master fault for this extensive system of faults. 
 
As originally named, “Yucca Mountain” included not only the north-south ridge we are looking at 
but also the hills along the north end of Crater Flat (Ball, 1907).  Ball’s geologic mapping of this 
part of Nevada was truly a monumental feat.  From June to November of 1905, Ball and his field 
party mapped 22,144 km2 (8,550 mi2).  The mapping, about 117 km2 (45 mi2) per day, was 
carried out on foot and horseback and with the “aid of field glasses.”  Although he apologizes for 
the “…many inaccuracies of the geologic map…” he proved to be remarkably insightful 
(Figure 1-28). 
 
2.3/26.5 Right turn on road across Crater Flat. 
 
1.3/27.8 Road to VH-2. 
 
1.3/29.1 The proposed rail corridor for Yucca Mountain will pass near this location and 

continue to the southeast around the southern end of Yucca Mountain. 
 
0.2/29.3 VH-1 to right. 
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Figure 1-28.  This figure is a copy of page 150 from Ball (1907) and is part of his original, and 
probably earliest, description of Yucca Mountain.  The cinder cone described as being 4 miles 
east of Rose’s Well is the Lathrop Well cinder cone.  The Post-Jurassic pegmatite was based on 
a single piece of rock found in association with one of the cinder cones in Crater Flat.  The 
“… narrowness of the canyon farther downstream…” probably describes that portion of Beatty 
Wash about where the rail line to Yucca Mountain would cross it. 
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3.1/32.4 Stop 1-11:  West Face of Yucca Mountain  
 (36° 48' 51.15" N; 116° 30' 55.22" W)  
 
The west flank of Yucca Mountain is readily visible from this stop, midway across Crater Flat 
(a couple of miles east of VH-1).  Figure 1-29 shows the Paintbrush tuffs (mainly Tiva Canyon 
Member and Topopah Spring Member) stratigraphy that underlies Yucca Mountain.  The range 
from the crest of the mountain to the top of the light bed is underlain by the Tiva Canyon 
Member.  Below the light-colored tuff is the Topopah Spring Member.  The intervening 
light-colored bed is nonwelded tuff (PTn), composed of basal nonwelded Tiva Canyon Member, 
Pah Canyon Tuff, Yucca Mountain Tuff, and upper nonwelded Topopah Spring Member.  
Figure 1-30 is a closeup of the nonwelded tuff from the west flank of Yucca Mountain.  Plug Hill 
is the low reddish hill to the right of the road (Figure 1-29).  It is composed of younger  
Timber Mountain tuffs (Ammonia Tanks and Rainier Mesa Members) (Table 1-1).  The Solitario 
Canyon fault is along the base of Yucca Mountain.  In Figure 1-29, the younger (stratigraphically 
higher) Timber Mountain tuffs appear below the older Paintbrush tuffs on Yucca Mountain 
because the normal west-dipping Solitario Canyon fault has dropped them to a lower elevation 
in front of Yucca Mountain.  
 
Just ahead of this stop, near where the road crosses the small wash (Figure 1-31), the 
north-south trending Windy Wash fault crosses the road.  The 25-km [15.5-mi]-long normal fault 
dips to the west (i.e., the down thrown side is to the west) (Figure 1-31).  This is one of the most 
extensively studied faults on the west side of Yucca Mountain.  In addition to field mapping, the 
fault was trenched at several locations and was the target of a seismic refraction survey.  About 
6.4 km [4 mi] south of here, the fault offsets a 3.7 ma basalt flow (Figure 1-31).  The seismic 
survey consisted of 3 profiles, totaling 1,700 m [5,577 ft] in length (Whitney and Berger, 1998).   
 
 

 
Figure 1-29.  View of west face of Yucca Mountain.  Solitario Canyon fault line scarp.  Light 
tone unit (A to B) in the middle of Yucca Mountain is the PTn (See Figure 1-28).  The low hill in 
the center and left side of the picture is Plug Hill and is composed of younger Timber Mountain 
Tuffs.  The foreground shows creosote bush and sagebrush growing on the desert pavement. 
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Figure 1-30.  View of Nonwelded Tuff (PTn) between overlying Welded Tiva Canyon Member 
and underlying Topopah Spring Tuff.  Note stone stripes with desert varnish crossing PTn. 
 
 
The profiles were designed to estimate the thickness of the alluvium overlying the basalt on the 
down thrown side of the fault.  Using the alluvium thickness {100 m [328 ft]} and the age 
(3.7 mya) of the basalt, a long-term slip rate of 0.027 mm/yr [0.001 in/yr] for the last 3.7 million 
years was calculated.  Trenches across the fault (Figure 1-31) revealed 4 periods of surface 
displacement along the fault, the last occurring about 5,000 years ago.  Thickness and age 
estimates from the trenches were used to estimate a Quaternary slip rate of 0.012 mm/yr  
[4.0 × 10−5 in/yr].  This compares favorably with similar Quaternary slip rates on the Fatigue 
Wash and Solitario Canyon faults and led Whitney and Berger (1998) to conclude that 
deformation at Yucca Mountain has been virtually constant for the past 3.7 million years, 
perhaps with some episodes of temporal clustering of earthquakes.  
 
Turn around and return to US Highway 95. 
 
4.9/37.3 The Sterling gold mine. 
 
The Sterling gold mine is on the lower slopes of Bare Mountain at 1:00.  This mine has recently 
been activated.  In 2005, an exploration program by its owners, Imperial Metals Corporation of 
British Columbia, found two new ore bodies.  One, referred to as the 144 Zone, is about 204 m 
[670 ft] underground; the other, referred to as the Panama Zone, is near the earlier mined 
Ambrose Pit.  The two ore bodies are distinctly different in size and character. 
 
The Sterling mine was discovered around 1905 and mined intermittently until 1940 (Gillstrom, 
2006).  A sustained mining operation started in 1980 with mining from three surface pits and 
one underground area.  The gold was extracted from the ore using the heap leaching process 
with cyanide as the solvent.  Approximately 5,528 kg [195,000 oz] of gold were produced 
between 1980 and 1997, when the operation was suspended. 
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Figure 1-31.  Stop 1-11 is at the Windy Wash Fault.  The west-dipping fault is indicated by the 
north-south red line.  Two trenches (star) excavated across the fault indicated multiple periods 
of movement.  Three seismic survey lines (white lines) were run to determine approximately 
30 m [100 ft] of offset of a basalt lava across the fault.  VH-1 and VH-2 mark the locations of two 
drill holes used to determine the geology near the volcanic centers.  VH-2 encountered a 20-m 
[99-ft]-thick basalt at a depth of 360 m [1,180 ft] (Carr and Parrish, 1985). 
 
 
The Panama ore body is 30 to 37 m [100 to 120 ft] below the surface and is similar to the other 
shallow deposits that were previously mined.  The ore occurs in a breccia pipe along the 
Sterling thrust.  The ore-bearing zone is about 15 m [50 ft] thick and 18 m [60 ft] wide and dips 
45° to the southeast.  The host rock is a silicified and oxidized siltstone.  The current estimated 
ore body is 93,476 metric tons [103,040 tons] at 2.32 g [0.082 oz] of gold/ton (Gillstrom, 2006).  
With a gold price of $912.75 as of May 11, 2009, this ore body has an estimated value of about 
$7.7 million. 
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The 144 Zone ore body is described as sediment-hosted disseminated precious metal deposits.  
According to Gillstrom (2006), the 144 Zone is associated with a sequence of silty dolostone in 
the base of the Bonanza King formation and limestone at the top of the Carrara formation, near 
a high-angle Reudy fault and dike.  This estimated ore body is 194,640 metric tons 
[214,554 tons] at 6.1 g [0.216 oz] of gold/ton (Gillstrom, 2006).  At the gold price noted, this ore 
body has an estimated value of about $50 million.  This makes the combined ore bodies worth 
about $58 million. 
 
6.5/43.8 Junction with US Highway 95; turn right. 
 
2.8/46.6 Entrance to USEcology.  Follow USEcology Road (fence) to northwest corner of 

site.  Do not enter site. 
 
0.8/47.4  Stop 1-12:  U.S. Ecology Low-Level Waste 
 Site/Bare Mountain  
 (36° 46' 10.37" N; 116° 41' 44.64" W)  
 
The Beatty Low-Level Waste (LLW) Facility was licensed in September 1962 by the 
U.S. Atomic Energy Commission to dispose of low-level radioactive waste from commercial 
operations.  The first operator was California Nuclear, Inc., followed by Nuclear Engineering, 
Inc., now known as the USEcology Corporation.  This was the first privately operated,  
land-burial LLW disposal site in the United States [previous disposal of LLW was conducted at 
sea by Nuclear Engineering, Inc; [Ryan, et al. (2007)].  At start-up, licensing criteria specific to 
LLW did not exist.  Liquid wastes were disposed in unlined trenches, and caps of local soil were 
not more than 0.9 m [3 ft] thick.  In 1976, responsibility for regulating LLW facilities passed to 
the newly formed U.S. Nuclear Regulatory Commission.  Two decades of experience with such 
operations enabled NRC to develop the 10 CFR Part 61 regulation (December 1982) in effect 
today.  In the newer trenches, the top of waste is at least 2.4 m [8 ft] below ground surface, 
covered by at least 0.6 m [0.2 ft] of local soil.  The LLW site was closed on December 31, 1992.  
 
The site is in river deposits of the intermittent Amargosa River.  The alluvium is about 183 m 
[600 ft] thick at the site and is composed of layers of mixed sand, gravel, silt, and clay (see 
Figure 1-32).  The sediments were deposited by the ancestral Amargosa River; they do not 
originate from streams draining the nearby southwest flank of Bare Mountain (Nichols, 1987).  
This interpretation of the stratigraphy is supported by an electrical survey (Abraham and 
Lucius, 2004) that identified a prominent southeast-trending and continuous gravel layer at a 
depth of 20–25 m [80–82 ft].  The bed also thickens and dips gently toward the center of the 
valley to the southwest.  A second thinner gravel bed occurs between 0.5 and 2.2 m [1.6 and 
7.2 ft] below the surface.  The water table at this site ranges from about 85–115 m  
[278.9–377.3 ft] below the land surface (Fisher, 1992). 
 
The LLW site occupies the western half of the 0.34 km2 [80 acres] waste site.  The LLW site 
consists of 22 trenches with varying lengths of 91–244 m [300–800 ft], widths of 1.2–107 m  
[4–350 ft], and depths of 1.8–15.2 m [6–50 ft].  Approximately 133,089 m3 [4.7 million ft3] of 
waste was buried.  By 1992, 640,000 curies of byproduct material, 1.8 million kg [4.0 million lbs] 
of source material, and 274.4 kg [605 lbs] of special nuclear material were emplaced.  Concrete 
markers post the trench dimensions and waste characteristics within each trench.  The State of 
Nevada leased the eastern part of the site for hazardous waste disposal starting in 1970.  It is 
operated as a Resource and Conservation and Recovery Act of 1976 and a Toxic Substance 
Control Act of 1976 (e.g., polychlorinated biphenyls) waste disposal facility.  A 61-m  
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[200-ft]-wide buffer zone and chain-link fences separate it from the LLW site (Andraski, et al., 
2004) (see Figure 1-33).  
 
In 1994, high levels of tritium and carbon-14 were detected west of the waste site in a research 
well (Prudic and Striegl, 1995).  Early results showed concentrations of tritium in soil–water 
vapor in 4–100 Bq/L [100–3,000 pCi/L] range from 5.5 to 108.8 m [8 to 357 ft] depth 
(Prudic, et al., 1997).  At a depth of 1.7 m [5.5 ft], concentrations of 740–3,700 Bq/L  
[20,000–100,000 pCi/L] were detected just outside the fence line.  Later results from plant and 
soil analyses indicated maximum concentration of tritium of 4,900 B1/L [132,162 pCi/L] in 
gravelly sand in the subroot zone {1–2 m [3.3–6.6 ft] depth} of creosote bushes on the western 
edge of the site and a second, lesser concentration of 19 Bq/L [500 pCi/L] beyond the south 
fence line.  Elevated levels of tritium were measured up to 430 m [1,410.8 ft] beyond the fence 
line (see Andraski, et al., 2004, Figure 2).  Results indicate “preferential transport of tritium away 
from the waste source occurs in coarse-textured layer beneath the root zone, from which it 
moves upward and is subsequently released to the surface environment” (Andraski, et al., 
2004). A few years after the initial discovery of the radionuclides beyond the disposal area, it 
was determined that tritium, chloroform, and CFL-113 (freon) migrated preferently in the deeper 
gravel bed (Stonestrom, et al., 2004).  The discovery of radionuclides beyond the site boundary 
was made when the State of California was considering a LLW site in another part of the 
Mojave Desert near Ward Valley, California.  The radioactivity in the alluvium at the Beatty site 
heightened the controversy surrounding acceptance of the Ward Valley site, also an 
alluvium site.  The Ward Valley LLW site was dropped from consideration in 1999. 
 
The U.S. Geological Survey established its Amargosa Desert Research Site at the Beatty site in 
1983 to serve as a field laboratory to study arid land processes (U.S. Geological Survey, 2006).  
The Amargosa Desert Research Site became part of the U.S. Geological Survey Toxic 
Substances Hydrology Program in 1997.  The U.S. Geological Survey’s Mojave Desert  
Waste–Burial Site Field Laboratory, on 40 acres adjacent to the LLW site, has been monitoring 
flow and transport since about 1985 (Andraski, et al., 1995). 
 
Results from the U.S. Geological Survey monitoring program suggest that low average annual 
precipitation and high average annual evapotranspiration would prevent water from percolating 
downward more than about 0.61 m [2 ft].  From 1985–1992, annual precipitation at the field 
laboratory ranged from 1.4–16.5 cm [.55–6.51 in] and monthly precipitation ranged from  
0–5.94 cm [0–2.34 in].  Monthly average temperature ranged from 3.0–33.3 °C [39–92 °F].  
Most of the precipitation falls during the cooler winter months when evaporation is at low levels.  
Modeling using averaged annual data apparently has underestimated infiltration in arid 
conditions when precipitation and evaporation potential is seasonal.  A more rapid method of 
collecting tritium from plant samples versus soil–gas samples is promising. 
 
The U.S. Atomic Energy Commission and later the U.S. Nuclear Regulatory Commission’s 
experience in regulating the Beatty facility contributed to its significant role in assisting the 
states, including Nevada, to undertake regulatory responsibility for LLW sites.  
 
Return to US Highway 95. 
 
0.8/48.2 Turn left onto US Highway 95. 
 
3.9/52.1 Turn right onto unpaved road. 
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Figure 1-32.  US Ecology low-level radioactive waste disposal site stratigraphy (DOE, 1994, 
Figure 2) 
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Figure 1-33.  Beatty, Nevada, low-level waste site locations of trenches, creosote-bush 
samples, buffer zone, and contoured tritium concentrations (Andraski, et al., 2004) 
 
 
2.6/54.7 Stop 1-13:  Gold Ace Mine Fault System (OPTIONAL) 
 (36° 49' 50 .79" N; 116° 41' 22.50" W) 
 
There are many complex structures within Bare Mountain (Figure 1-34).  An example of listric 
faulting is observed at this stop.  The obvious feature across the valley is the Bonanza King 
Formation and topmost Carrara formations cut by a series of small southeast-dipping normal 
faults (Ferrill, et al., 1998).  This style of faulting carries upward into the overlying rocks, as seen 
by the offset of the white unit, which is also observed in the Striped Hills.  The bottommost fault 
is the master fault of this system, the Gold Ace Mine Fault, and it separates the Carrara and 
Bonanza King formations from the rocks of the lower aquitard (e.g., Sterling Quartzite and 
Johnnie Formation).  The Gold Ace Mine Fault can be mapped northwest across Bare Mountain 
(Monsen, et al., 1992) and is a major structural feature within the Bare Mountain block.  Across 
the fault, higher grade metamorphic rocks in the footwall fault are juxtaposed against lower 
grade metamorphic rocks in the hanging wall, representing an estimated 3 km [1.9 mi] of 
displacement.  Notice how the dip of smaller faults above the Gold Ace decrease as they 
approach it.  
 
Detailed structural analysis (Ferrill, et al., 1998), including determining the orientation of the 
plunge of the intersection of bedding planes and fault planes, bedding planes and cleavage, 
and measuring the orientation of fold axes demonstrates that Bare Mountain has been tilted 
~30° to the northeast (~N 40° E).  As a result of this plunge, the view across the valley is a 
nearly perpendicular cross section through the fault system (see fault) (Ferrill, et al., 1998).  
Geologic mapping suggests the Gold Ace Mine Fault system is pre-middle Miocene. 
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Figure 1-34.  Paleozoic structures on south face of Bare Mountain rocks of the Lower Clastic 
Aquitard occur below and above rocks of Regional Carbonate Aquifer.  Photo looking north from 
US Highway 95 at mileage 127.0. 
 
 
As noted earlier, the structure observed in the Bare Mountain block may be representative of 
the structures in the Paleozoic rocks beneath Yucca Mountain. 
 
Drive to Longstreet Inn on the California–Nevada border (36° 24' 44.87" N; 116° 25' 24.15" W). 
 
 
END OF FIRST DAY. 
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