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ABSTRACT

During the 1960’s and 70’s, hazardous materials were released onto the ground
surface at the National Aeronautics and Space Administration — White Sands Test Facility
(NASA—-WSTF) northeast of Las Cruces, New Mexico. Currently, NASA is seeking to
identify and classify the nature and extent of the geologic units that influence migration of
the hazardous constituents released at this facility. This thesis is part of this effort, and
focuses on mapping the top of bedrock and any features contained within the bedrock and

overlying alluvium which may influence groundwater flow in the vicinity of the facility.

Approximately 42 miles (67.6 km) of shallow seismic reflection data, well log
information from over 80 wells, and a local gravity survey, were used to produce a new top
of bedrock map. Several features on this map may affect groundwater flow. Remotely
sensed data were used (o examine the bedrock lithology and drainage patterns. There are
three major faults crossing NNW across the facility, two of which combine to form the
castern boundary fault for the Jornada basin. There are two types of bedrock encountered
through drilling on the NASA-WSTF, Tertiary andesite to the west and Palcozoic marine
deposits to the east. Gravity modceling shows that the eastern basin bou ndary fault juxtaposes
Paleozoic marine deposits against Tertiary volcanics. This fault has around 7900 ft (2400
m) of displacement. This same model also constrained the Western Boundary Fault Zone-1
to around 1700 ft (517 m) of down to the west displacement, producing a maximum alluvial

thickness in the Jornada basin of 2600 ft (790 m).
v
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Several minor faults and natural paleo—topographic features combine to produce
two paleochannels trending westward away from the San Andres Mountains. Groundwater
may be funnelled into these depressions by natural bedrock topography and faults, and

channeled off to the west along with the contaminants.
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INTRODUCTION

Since the establishment of the National Aeronautic Space Administration White
Sand Test Facility NASA—-WSTF) in 1964, there have been few studies of the local geology.
Questions still remain about the location and displacement of faults within the Jornada basin.
[tis these faults that control the location and type of bedrock beneath the NASA—~WSTF. The
top of bedrock controls the flow direction of the groundwater and the type of bedrock could
significantly effect the rate of groundwater flow through the bedrock.

Site—specific hydrologic processes are important at the NASA—WSTF as propellants
and solvents have been either accidently or purposely disposed of on the surface of the
ground and stored in leaking underground storage tanks (LUSTS) over a number of years.
Ground surface contamination and dumping has caused a plume of contaminants to enter and
be carried along with the groundwater. NASA is now required to characterize the hydrologic
cycle through the NASA-WSTF, in order to model the contaminant plumes through time.
This model is part of a report from NASA to the Environmental Protection Agcncy (EPA) as
part of a Resource Conservation Recovery Act (RCRA) Facility Investigation/Corrective
Measure Study (RFI/CMS). This becomes important when one considers that the third—most
populous city in New Mexico, Las Cruces, is less then 18 miles (29.0 km) to the southwest of
the NASA-WSTF (Figure 1). This thesis combines additional local data and regional
geologic information in order to present a more detailed picture of geology which may affect
the hydrologic flow under the site. A subset of these results were used by the NASA-WSTF

in their report to the EPA early in 1996.
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In 1987 and 1988, approximately 42 miles (67.6 km) of shallow seismic reflection
data on the NASA-WSTF were acquired for NASA by Charles B. Reynolds and Associates
(CBR&A) (Reynolds and Associates, 1987, 1988) for the purpose of mapping the top of
bedrock in the subsurface. The purpose of this thesis is to present the results of a
re—evaluation and reinterpretation of these data in conjunction with additional gecophysical
and drilling data that have accumulated since acquisition of the seismic data in 1988.

The re—evaluation of the seismic data was initiated for two reasons. First, the drilling
of around 100 additional monitoring wells since 1988 has led to significant discrepancies
between the 1988 elevation to bedrock maps based on seismic data and elevation to bedrock
as determined by the more recent monitoring wells. Differences are greatest in off—site areas
where discrepancies of over 300 ft (94.1 m) can be seen in the southernmost part of the base.
Second, more recent analysis of well data from within the bedrock has led to the suggestion
that there may be lithologic units in the bedrock which may have important influences on
regional and site-specific hydrologic processes. Of particular interest is the “Charlene
shale™, a Paleozoic horizon found in the eastern portion of the base that may prevent vertical
migration of fluids. Subsurface mapping of this layer or other lithologic markers would give
significant information on geologic structure and therefore fluid movement within the
bedrock beneath the site.

In this thesis, several types of data play important roles. At the forefront are seismic
reflection sections and well log information (Figures 2 and 3). The seismic lines are
interpreted with the aid of top of bedrock information from the well logs. Since there are
over 140 wells on the base with 88 of those penetrating into bedrock, an accurate top of

bedrock map is insured. Seismic data, top of bedrock map, and well information are used to
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interpret the locations of faults, paleochannels, and any other structures which may inhibit or
direct groundwater flow.

Synthetic seismograms were generated from well logs from three wells on the
facility. This effort had two main goals. The first is to ensure an accurate tie between the
seismic reflection sections and the top of bedrock in the wells. Sonic and density logs from
these wells will be used to generate a reflection coefficient series, which in turn will generate
the synthetic reflection sections. The second goal is (o explore the possibility of
intra—bedrock mapping on a shale layer within the Paleozoic portion of the bedrock.

New data collected as part of this thesis includes site~wide gravity and magnetic
surveys, and a Vertical Seismic Profile (VSP) survey in the 600-D well. The purpose of the
VSP was to provide a means of checking the velocities used in time—to—depth conversion of
the seismic data. Collection of almost 85 new magnetic stations within the confines of the
facility aid in the placement of very large faults and in the rough determination of the alluvial
isopact and bedrock type. The addition of almost 100 new gravity stations are used in the
determination of horizontal placement and vertical displacement of faults within the
NASA-WSTF. Thematic Mapper images comprise the final portion of the thesis. A
possibility exists that some of the buried faults may produce surface displacement. Through
side looking radar imaging of the region. these faults might be detected.

In this thesis, I will present the following: 1) an updated and improved bedrock
elevation map, 2) an alluvial isopach map, 3) synthetic seismograms based on well log data
from from three wells in the site, 4) results of a VSP study in well 600-D, and 5) produce a
complete Bouguer gravity map and magnetic intensity map based on surveys conducted

during the re—evaluating period.
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REGIONAL GEOLOGY

Geologic History

During latest Precambrian time, rifting and continental drift gave birth to the
proto—continent of North America around 650 — 500 Ma. The rifted continental margins of
interest are the Cordilleran in the west and Ouachita in the east. Throughout Early Paleozoic
time both of the new continental edges accumulated thick shelf sediment. Continued passive
subsidence along these margins may have allowed the margins to become connected around
the southern end of a stable cratonic arch (Dickinson 1981 ). The southern portion of New
Mexico was at the very southern tip of the this arch (Figure 4). Due to this stability of the arch
and the passive tectonism during this time, the craton was eroded leaving a wide areal
expanse having very little relief (Seager, 1981). Localized deposition history of central New
Mexico can be seen in the stratigraphy (Figures 5 and 6).

In Late Cambrian to Early Devonian time, seas transgressed ENE across the southern
tip of the arch depositing marine sediments unconformably upon the eroded Precambrian
and Cambrian rocks of southern New Mexico (Seager, 1981). In the Late Paleozoic,
southern New Mexico buckled under the stress produced by the Permo—Carboniferous
Ouachita orogeny. Under the present day NASA—-WSTE, this tectonism produced a
downwarped area. At the beginning of the Permian, continued subsidence of this basin
allowed shallow marine waters teeming with life to invade the region (Seager, 1981). The
creatures produced mounds which were preserved in the sand and clay of the Panther Seep

formation (Kottlowski, 1994).
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