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Abstract

The relationship between carbonate waters from the Texas, Travertine, and Nevares springs in
Death Valley (within the Southern Funeral Mountain Range) and the groundwater flowing under Y ucca
Mountain has yet to be conclusively demonstrated. Currently there is only one accessible monitoring
well that has penetrated the Lower Carbonate Aquifer near Yucca Mountain. There is only one
accessible well that penetrates the Lower Carbonate Aquifer down-gradient of Y ucca Mountain.

The U.S. Department of Energy has awarded Inyo County grant funds for a geophysical and
drilling program to evaluate the connection between the Lower Carbonate Aquifer (LCA) in the
Amargosa Valley and the Southern Funeral Mountain Range. The program consists of a series of
geophysical surveys to characterize the geological structure of the LCA in the Southern Funerd
Mountain range, and the drilling of five monitoring wells into the LCA.

In FY2002 and FY 2003, a total of 59 miles of gravity data were collected in the Armagosa
Valley near Bat Mountain in the Southern Funeral Mountains. The interpreted LCA surface shows a
complex topography with steep dips and severa probable faults. The data was used to select drilling
locations for four monitoring wells to be drilled at depths of 1,000 to 4,000 feet.

Approximately 9 miles of continuous magnetic data and 8 TEM soundings were collected in the
Scotty’s Junction area of Sarcobatus Flats to map the Sarcobatus Fault as part of a water resources
investigation being conducted by the USGS on behalf of the National Park Service. Previous mapping
had indicated several possible locations of the fault. The magnetic data indicated the presence of a fault
system of at least three faults. The TEM soundings indicated that the faults were steeply dipping normal
faults.

This work is a continuation of surveys we conducted in previous years. The previous surveys
included TEM soundings at the Travertine, Texas, Nevares, and Grapevine Springs to determine the
hydrogeologic controls influencing the location of these springs. Future geophysical efforts will
concentrate on providing additional subsurface control to help quantify the groundwater discharge to the
saltpan of Death Valley.

I ntroduction

Death Valey, well known for having the lowest elevations in North America, is located in Inyo
County, Cdlifornia. It lies in the southwest corner of the Great Basin physiographic province and in the
southwest portion of the Death Valey Drainage Basin (DVDB). The Great Basin and DVDB are within
the northern part of the Basin and Range physiographic province. Numerous northwest-trending



mountain ranges and intervening broad and flat valleys, or basins characterize the Basin and Range
province. The ranges are spaced about 20-30 km (12 to 18 miles) apart.

The DVDB covers an area of about 40,100 km2 (15,800 mi.2). Surface and ground water
drainage in the Basin is, in general, towards Death Valley. The DVDB includes several northwest
trending basins and ranges. The mountain ranges cover about 25 percent of DVDB, and can be greater
then 80 km (50 miles) in length, and 8 to 24 km (5 to 15 miles) wide. The altitude of these ranges varies
between 304 to 2,743 meters (1,000 to 9,000 feet) above valley floors. The intervening basin can extend
over 120 km (75 miles) in length, and can range in width from 3 to 40 km (2 to 25 miles). The valley
floors are relatively flat, with altitudes ranging from 5,000 feet in the northern half of the DVDB to
below —60 meters (-200 feet) in Death Valley.

Y ucca Mountain, Nevada is the site of the only proposed high-level nuclear waste repository in
the United States. The site is approximately 50 km (30 miles) east of Death Valley. The repository was
designed using the philosophy of multiple barriers, both engineered and natural, each of which impedes
the potential movement of contaminants. The proposed repository would be constructed in the
unsaturated zone above the water table in Tertiary tuffaceous rocks. The principal potential transporting
mechanism for contaminants is moving groundwater. Underlying the repository, at a depth of
approximately 2 km (6,000 feet), is the extensive Lower Carbonate Aquifer (LCA) that is known to be
highly permeable. Various investigators suggest that the points of ultimate discharge from the Lower
Carbonate Aquifer are the springs on the eastside of Death Valey, within Inyo County.

Inyo County has participated in oversight activities associated with the Y ucca Mountain Nuclear
Waste Repository since 1987. The purpose of Inyo County® oversight is to ensure that repository siting
and subsequent repository activities do not adversely impact the public health, safety, or welfare of
County residents, including Death Valley National Park. A primary concern of Inyo County is
groundwater flow between the alluvia and carbonate aquifers at Y ucca Mountain and in Inyo County.

The hydrogeology of the Death Valley Drainage Basin is important to the understanding of the
movement of ground water from Yucca Mountain and the spring discharge in Death Valley National
Park (DVNP). In an idealized basin and range setting, ground water generally moves downward from
mountai nous recharge regions, then laterally toward discharge areas, and then upward into the discharge
arees.

The United States Department of Energy (DOE) has hypothesized that water moving under
Y ucca Mountain flows through unconsolidated valley fill deposits and discharges in the Ash Meadows
area of the Armagosa Valley. Bredehoeft and Winograd hypothesized that the large volume of water
discharging from the springs in the Furnace Creek area of Death Valley requires drainage from a larger
regiona flow system, including the Yucca Mountain area. To document this connection, King and
Bredehoeft (1999) studied the geochemical signature of springs in Death Valley and found them to be
similar to the geochemical signature of the lower carbonate aquifer, suggesting connection to a regional
flow system. The geophysical surveys described in this paper were conducted as part of this work to
help determine the geol ogic factors controlling spring discharge in Death Valley.

Previous Geophysical I nvestigations

Time Domain Electromagnetic Induction (TEM) soundings were collected in 2000 at the
Traverting, Texas, Nevares, and Grapevine Springs in Death Valley, California, to determine the
hydrogeologic controls influencing the location of the springs and to determine the subsurface extent of
the Paleozoic carbonates exposed in the Funeral and Grapevine Mountains (Jansen et al., 2003). The



TEM data appears to have mapped faults in close proximity to the springs at Texas, Travertine and
Nevares Springs. At Texas and Travertine Springs, the interpreted faults are present along a synclina
structure along the West Side of the Funeral Mountains. The position of Travertine, Texas, and several
other springs appears to be controlled by a fault along the western limb of the syncline. Nevares Spring
appears to be controlled by the Furnace Creek fault adjacent to the Funeral Mountain block. The
presence of these faults are confirmed by seismic and magnetic data (Machette et al., 2000, Blakely et
a, 2000). The location of the springs along the faults appear to indicate that the faults act as flow paths
for ground water into Death Valley from aregional flow system.

Current Geophysical | nvestigations

Bat Mountain Area

In 2002, we conducted gravity, magnetic and TEM surveys along the east side of the Funera
Mountains near Bat Mountain and Death Valley Junction. Figure 1 shows the location of the survey aress.
A total of 22 miles of gravity data was collected using a LaCoste and Romberg model G gravity meter with
station spacings of between 250 and 1,000 feet. The data was processed using the GravMaster and
GravModeler packages by Geotools Corporation. Terrain corrections were made using digital elevation
models. Station position and elevation were measured using differential GPS. Continuous magnetic data
was collected aong the gravity transects using a Geometrics G858G cesium magnetometer with an
integrated GPS system. Much of the survey area was considered to be wilderness or environmentaly
sensitive which limited the methods and equipment that could be used for the survey work.

The data from the Bat Mountain area was used to construct maps of the top of the LCA under a
portion of the Armagosa Valley and select preliminary locations for four monitoring wells to be drilled into
the LCA. The data from the Death Valey Junction area was used to map the position of the Funera
Mountain Fault on the west side of Bat Mountain as support for a groundwater monitoring project being
conducted by the National Park Servicein cooperation with the USGS.

The Bat Mountain dataindicated that the elevation of the top of the LCA varied by several thousand
feet over distances of a few thousand feet. Given the cost implications of drilling to these depths, we
determined that additiona geophysical work was warranted to refine the shape of the LCA surface and
improve our chances of finding sites where we could drill into the LCA at reasonable depths. An additional
37 miles of gravity and magnetic data and were collected in 2003 to accomplish these goals.

Sarcobatus Flats

In April of 2002, we collected approximately nine miles of continuous magnetic data and eight
TEM soundings in the Scotty’s Junction area on the Sarcobatus Flat. The TEM data was collected suing a
Geonics EM57 with coil spacings of 50 to 100 meters. The magnetic data was collected using a
Geometrics G858G cesium magnetometer with an integrated GPS system. Figure 1 shows the location
of the survey area. The surveys were conducted to map the Sarcobatus Fault and define the geometry of
the valley fill deposits as part of awater resources investigation being conducted by the USGS on behalf
of the National Park Service. Previous mapping had indicated several possible locations of the fault.

Discussion of Results

Bat Mountain Area
A total of 59 miles of gravity and magnetic data were collected in the Bat Mountain and Death
Valley Junction areas. Figure 2 shows the location of the Bat Mountain area survey lines. The Data was



modeled assuming three layers; a surficial layer with a density of 1.9 that represents unconsolidated
valley fill depsoits, an intermediate layer with a density of 2.4 that represents semi-consolidated tertiary
valley fill deposits, and a basal layer with a density of 2.7 that represents the LCA. Figure 3 presents the
modeled field data for Line 13 that runs from the base of Pyramid Mountain approximately two miles
northeast to the state line area. The modeled data predicts over 3,000 feet of relief on the LCA surface
with several steep dips that suggest faults.

Figure 4 is a plot of the predicted elevation of the LCA surface in the Armagosa Valley
superimposed on the topography of the Funeral Mountains. The data indicates that Pyramid Peak and
Bat Mountain appear to project topographic ridges into the basin, while Schwaub Peak apparently does
not. The map also shows a northwest-southeast trending ridge located approximately one half mile
northwest of the contact of the valley fill deposits and the Funera Mountains. The ridge suggests a horst
feature with a small graben between the ridge and the Funeral Mountains, and a much larger depression
on the basin side of the horst. Based on the presence of the horst feature, we hypothesize that this
portion of the Armagosa Basin may contain northeast trending normal faults that represent projections of
the basin and range faults that separate the individual peaks of the southern Funeral Mountains and a set
of orthogonal normal faults that parallel the funeral mountain range and form positive horst block of the
LCA under the basin fill.

From the gravity data, it appears that the depth of the top of the LCA varies by over 6,000 feet in
the survey area. The present surface topography largely conceals the magnitude of the structure on the
LCA surface. Figure 5 is a projection of the LCA surface with surface topography shown as contours on
the upper surface of the image. The proposed location of four monitoring wells chosen on the basis of
the initial 2002 survey are aso shown on the figure. Based on the 2003 data, the location of the
monitoring wells will be shifted slightly to correspond with the tops of the buried structures.

The magnetic surveys detected anomalies of less than 100 nT. that did not correspond to the
apparent faulting observed on the gravity data. We interpret the lack of correlation between the magnetic
data and the gravity data to indicate that the faulting is not displacing deeper magnetic rock. The
magnetic data appears to be responding to changes in volcanic ash deposits in the valley fill material.
The TEM soundings detected a resistive half space at the locations of the apparent highs on the LCA
surface as indicated by the gravity data. The resistive half space was too deep to be detected by the TEM
survey off of the top of the structures.

Sarcobatus Flats

Figure 6 is a contour map of the magnetic data collected in the Scotty’s Junction area of
Sarcobatus Flat. The data shows approximately 600 nT of variation on the magnetic field in the survey
area. Three faults were inferred in the survey area based on linear trends of steeply dipping slopes on
the magnetic field as shown on Figure 6. The figure also shows the location of eight TEM soundings.
The TEM data was modeled using the TEMIX program by Interpex, Ltd. The modeled TEM soundings
were plotted as four profile lines as shown on Figure 6. Figure 7 is typical of the profiles. It shows a
series of resistive units (typicaly 100 to 300 Ohm* meters) interlayered with more conductive units
(typically less than 50 Ohm* meters). The layers are interpreted to represent coarse grained and fine
grained valley fill deposits that are offset by the faults. The TEM data suggests that the faults are high
angle normal faults that step down eastward into the basin. Taken together, the magnetic and TEM data
suggests that the Sarcobatus fault is a fault zone that consists of several normal faults, rather than a
single fault plane.



Echo Canyon Line

A gravity profile was conducted on the eastern flank of Death Valley on the west side of the
Funeral Mountains. The profile line extends from the mouth of Echo Canyon approximately 4.5 miles to
the southwest as shown on Figure 8. The LCA is exposed in outcrops aong the western edge of the
Southern Funeral Mountains but the exposure is truncated by the Furnace Creek Fault that trends
roughly north-south along the eastern edge of Death Valley. In the field, the Furnace Creek Fault
appears to dip to the west at a dip of less than 45 degrees. Thisis contrary to prevailing thought, which
held that the dip of the fault should be closer to vertical. The purpose of the line was to map the structure
of the LCA beneath the alluvia fan deposits west of the mountains in an attempt to estimate the dip of
the fault.

Figure 9 shows modeled density section from the gravity data. The modeled section indicates
that the LCA surface appears to dip consistently at a shalow dip to a depth of about 2,000 feet at a
distance of approximately two miles beneath the alluvial material and then dips much more steeply to a
depth of over 8,000 feet.

The modeled density section correlates to a geo-electrical section constructed in 2002 from six
TEM soundings. The geo-electrical section indicates a resistivity half space gently dipping westward
under the alluvia deposits to a depth of about 2,000 feet at a distance of about 2 miles along the line
before the resistor is too deep to be detected by the TEM method. A monitoring well drilled
approximately two miles north of the profile line indicated that the upper unit on the TEM profile
consists of coarser grained valley fill deposits while the middle unit consists of finer grained deposits.

Lower Carbonate Aquifer Research Program

In FY 2004, we will be conducting additional gravity profiles and TEM soundings aong the
eastern side of Death Valley in the Furnace Creek Ranch area. The focus of the survey will be to map
the base of the upper coarse-grained portion of the alluvial fan deposits and map the base of the valley
fill and aluvial fan sequence. Much of the areais designated as wilderness, so the geophysical data will
provide the only subsurface information available. The results of the survey will be used to help quantify
the groundwater discharge to the salt pan through unconsolidated materials that is bypassing the major
spring complexes in the area.

Conclusions

The geophysical surveys conducted for Inyo County have provided subsurface information not
available from other sources. In many areas more invasive methods such as drilling will never be
allowed. Geophysical dataisthe only means of gathering subsurface information in these areas. In other
areas, the geophysical data has provided critical subsurface control to direct test boring information and
provide correlation between control points. The geophysical datawill provide critical information for
directing the test drilling program and filling data gaps between borings. This information will be
essential in understanding the groundwater flow between Y ucca Mountain and Death Valley.
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Figure 1.: Location map for geophysical surveys.



Figure 2.: Bat Mountain survey line locations.

Figure 3.: Gravity line running between Pyramid Mountain and State Line Area.



Elevation of the LCA (ft msl)

Figure4.: Correlation of the surface topography of the Funeral Mountains and the Lower Carbonate
Aquifer surface in the Bat Mountain Area.

Figure5.: Elevation of the top of the Lower Carbonate Aquifer in the Bat Mountain Area of the
Southern Funeral Mountains.



Figure 6.: Magnetic intensity map of the Scotty’s Junction Area of the Sarcobatus Flat.
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Figure7.: Interpreted TEM cross section of the Scotty’ s Junction Area.



Figure8
Grapevine Springs TEM Profile

Figure 8.: Echo Canyon Gravity, Magnetic and TEM profile line locations.

Figure 9.: Echo Canyon gravity line.



