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MAP C. ISOSTATIC GRAVITY-ANOMALY MAP

AEROMAGNETIC AND GRAVITY ANOMALY MAPS OF THE SOUTHWESTERN NEVADA VOLCANIC FIELD, NEVADA AND CALIFORNIA

37°30'

37°00°

45’

30'

36°15'

GEOPHYSICAL INVESTIGATIONS

MAP GP-1015
117°00 45' 30 15' 116°00° 115°45'
T T I [ [ |

- ' —{ 37°30°
| — 15’
- — 37°00°
= — 45
| i o
- —36°15'

| | | | |

117°00' 45' 30' 15' 116°00° 115°45'
-1049 -849 -650 —452 -253 143 540 738 937
GAMMAS
INTRODUCTION CONCLUSIONS
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characterize the ground-water flow pathways around the NTS.

The ER study area is in the south-central part of the northern Basin and Range Province
and is centered on the Timber Mountain-Silent Canyon caldera complexes of the south-
western Nevada volcanic field (fig. 1). The volcanic field is comprised of several overlapping
calderas and volcanic centers covering an area of approximately 1,800 km?Z, one of the
largest caldera systems in the United States (Snyder and Carr, 1984). Extensional normal
faulting has been active previous to, throughout, and after the emplacement of the calderas,
but more so during the late stages of volcanism (Christiansen and others, 1977). The region
is characterized by outcrops of thin, relatively flat-lying deposits of ash-flow tuffs and alluvial
deposits associated with the volcanic centers within and surrounding the caldera complexes
that have an accumulated thickness of more than 4 km.

The exposed Cenozoic volcanic and sedimentary rocks have been extensively studied as
part of the nation's nuclear testing and high-level waste disposal programs. Existing geologic
maps cover part of the ER study area (Frizzell and Shulters, 1990), and a map of the Pahute
Mesa 1:100,000-scale quadrangle has been revised and compiled from draft maps (Minor
and others, 1993). Although most of the area has been mapped in detail, the geologic
studies provide little control on the units most critical to ground-water flow. The pre-Tertiary
geology, mostly obscured by the volcanic units, consists of a 3.5-km-thick sedimentary
package of alternating carbonate and clastic rock units that form aquifers and aquitards,
respectively (Winograd and Thordarson, 1975). Additionally, little is known about buried
volcanic units and their possible influence on ground-water movement. The geometry and
depth of buried volcanic and pre-Tertiary geologic units can only be defined by indirect
methods such as regional reconnaissance geophysical mapping and drilling.

Published compilations of aeromagnetic data cover a large part of the ER study area
(Kirchoff-Stein and others, 1989; Hildenbrand and Kucks, 1988) and were initiated by
studies of the Nevada Test Site, but also included regional state-scale studies. The data used
for these previous compilations were obtained from older surveys, which have since been
superceded by the surveys covered by this report. Additionally, the previously published
aeromagnetic-anomaly maps were compiled at a 1-km grid interval, an order of magnitude
coarser than the 100-m grid interval used to produce the map in this study. Therefore,
much of the high resolution available in the detailed survey areas was lost due to the
coarseness of the 1-km grid.

The study area covers a region between lat 36°15' N. and 37°30' N., and long 115°45'
W. and 117°00' W. The maps cover the entire Beatty and Pahute Mesa 30- and 60-minute
(1:100,000-scale) quadrangle maps and parts of the Pahranagat Range, Indian Springs,
Death Valley Junction, and Las Vegas 1:100,000-scale maps (fig. 1). The aeromagnetic and
gravity-anomaly maps presented in this report form the basis of the geophysical contribution
to this multidisciplinary study.

COMPOSITE AEROMAGNETIC-ANOMALY MAP

Aeromagnetic data for the study area are a patchwork of fourteen surveys collected in a
piecemeal fashion over a period of two decades. Map A is a mosaic of these surveys and
shows the individual surveys at their original flight altitudes before the data were processed
to a common datum and merged into one data set. The surveys were flown with varying
flight-line spacing, altitudes, and flight specifications. Figure 2 and table 1 outline and
describe the flight specifications and manner in which the data were collected.

Most of the NTS and the central part of the ER study area are covered by detailed, high-
quality digital data (surveys 6, 7, 8, 10a-c, 11, and 12 in figure 2). The detailed surveys
were flown at low altitude with flight-line spacing of 800 m or less. The flight-line data for
these surveys are archived on 9-track magnetic tapes in retrievable digital form. However,
for surveys flown before 1971, the data are available as contour maps only and required
digitization along contour-line-flight-path intersections before further processing and
integration with adjacent surveys.

The data were projected onto a Cartesian coordinate system using a Universal
Transverse Mercator (UTM) projection with a central meridian of 117° W. and a base
latitude of 36° N. Data from each survey were interpolated to a square grid using a
minimum-curvature algorithm (Webring, 1981); grid spacing was typically one-fourth to one-
third the original flight-line spacing. The magnetic-anomaly grid (total field intensity minus
the Definitive Geomagnetic Reference Field, or DGRF) was calculated (Sweeney, 1990) for
the appropriate time of year and elevation of the original survey. If an obsolete regional
magnetic field other than the DGRF had been removed, the outdated geomagnetic reference
field was added back and the appropriate DGRF was substracted from the grid.

The surveys were trimmed to the borders shown on map A using the computer program
JIGSAW (Cordell and others, 1992). The majority of the surveys used for this report have
some overlap with adjacent surveys. When surveys overlapped, the survey with the higher
quality data (closer spaced flight lines, digital, low altitude) was chosen to define the trimmed
edge. The white areas between surveys are the result of data being removed from around
the survey periphery before plotting in order to emphasize the areal extent of each survey
used to produce the merged aeromagnetic map (map B).

MERGED AEROMAGNETIC-ANOMALY MAP

Map B is a merged aeromagnetic-anomaly map of the fourteen surveys shown on map
A. The map is a representation of the data as if all surveys were flown at a constant altitude
(also called draped mode) above topography. An elevation of 122 m above terrain was
selected as the reduction datum level for the merged map. The majority of high-quality
surveys for this study were flown in a draped mode of 122 m and required no further data
processing in order to be merged with adjacent surveys. Filtering of the data can produce
distortion of anomalies and amplify the noise content of the data. Whenever possible, it is
best to leave data in original form in order to avoid producing unacceptable artifacts in the
resulting map. However, some of the older surveys on the periphery of the study area were
flown at level barometric elevations and required filtering (downward continuation) of the
data to the draped mode before merging with adjacent surveys.

For surveys flown at a constant barometric elevation, the data were analytically
continued to the draped surface of 305 m above ground using the method of Cordell
(1985). The method uses the gridded data from the older barometric surveys and calculates
an approximation of the magnetic field data as if it had been observed on an irregular
surface. The method calculates the magnetic field on a stack of horizontal levels using a fast
Fourier transform method (Hildenbrand, 1985). The horizontal levels are defined in such a
way that they extend over the elevation range of the irregular surface. The magnetic field is
then extrapolated from the intersections of the irregular surface and horizontal levels.

After reducing the data to an irregular surface (if necessary), each data set was regridded
to a 100-m interval and compared with adjacent surveys to determine a constant to add to
or substract from the data. Constants were chosen to best maintain continuity in field values
across survey boundaries. After constant adjustment, data from adjoining surveys were
merged by weighting and summing their values across the area of overlap. Weighting was
based on proximity to the areas of no overlap; that is, survey A was weighted close to 1 in
the area of overlap near the area covered only by survey A, and weighted close to 0 in the
area of overlap near the area covered only by survey B. The weights were opposite for
survey B. When a high-quality survey was merged to a low-quality survey, the area of
overlap between the two surveys was restricted to within 1 km of the high-quality survey. In
effect, this gave priority to the data of the high-quality survey during merging.

ISOSTATIC GRAVITY-ANOMALY MAP

Regional gravity data are available for the entire study area and include more than
19,000 stations from compilations of Saltus (1988a and 1988b) and Harris and others
(1989). The gravity data presented in this report are extracted from these previous
compilations and included here in order to provide a comprehensive set of geophysical
products. For more detailed descriptions of the gravity data and the data processing steps,
the reader is referred to the aforementioned publications.

Distances between stations are highly variable throughout the ER study area and range
from a few tens of meters in the Yucca Flat area to more than 15 km in the Spring
Mountains. Station locations are shown on map C to illustrate the variation in station
density. With the exception of the Yucca Flat area (fig. 1), the gravity data station spacing is
too coarse to allow for any detailed interpretations of three-dimensional structure. However,
map C does provide a regional view of the gravity field in the study area and can be used to
understand the geometry and relative depth to regional structures and lithologic units that
have strong density contrasts.

Observed gravity data values were calculated relative to the IGSN-71 datum
(International Association of Geodesy, 1974). Terrain corrections were computed using a
program by R.H. Godson (USGS, unpublished computer program, 1978), correcting for the
gravity effects of terrain from each station to a radius of 166.7 km using the method of
Plouff (1977). The Bouguer gravity anomaly values were calculated using a 2.67 g/cm3
reduction density employing standard USGS reduction equations (Cordell and others, 1982).
The Bouguer data were projected to a UTM projection using a central meridian of 117° W.
and a base latitude of 36° N., then gridded to 1 km using a computer program by Webring
(1981) based on a method of minimum curvature (Briggs, 1974).

Many of the variations in Bouguer gravity anomalies in the study area reflect density
inhomogeneities related to geologic features in the middle to upper crust but are masked by
longer wavelength anomalies related to topography and isostasy. A regional gravity field
based on the Airy-Heiskanen isostatic compensation model (Heiskanen and Vening Meinesz,
1958) was calculated and removed from the gridded Bouguer anomaly data (regional field is
shown in Saltus, 1988b) to filter out the long-wavelength anomalies derived from deep
crustal structures and enhance anomalies associated with upper crustal sources. Isostatic
corrections were made using the procedure of Simpson and others (1986). To make isostatic
corrections to these data, the following parameters were used: an upper crust density of
2.67 g/cm3, a sea level crustal thickness of 25 km, and density contrast between the lower
crust and upper mantle of 0.4 g/cm3. These are the same parameters used for the Nevada
state isostatic gravity map of Saltus (1988b), so the maps are consistent.
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feasible for the majority of the data in the study area because the surveys were flown with
similar specifications. However, the older surveys were difficult to integrate with the detailed
surveys, and gradients at the survey boundaries between the Timber Mountain survey and
the adjacent older surveys to the north were unavoidable. In order to preserve the anomaly
texture and quality of the Timber Mountain survey data (as well as the data from other
detailed surveys), a fine grid interval was chosen, which was not appropriate to the more
regional surveys. Rather than degrade the data from the more detailed surveys, the older
surveys were originally gridded to an interval appropriate to their flight specifications, then
regridded and merged at the 100-m grid interval. Gradients are evident at this boundary
and the obvious textural changes from the Timber Mountain survey to the older surveys
should be regarded as artifacts of the merging process and differences in the quality of data
and should not be attributed to any change due to different geologic sources or lithologies.

The data from the older aeromagnetic surveys are, in general, of poor quality compared
to that of the more recently flown high-resolution surveys, but they do provide a synoptic
view of the regional magnetic field over the study area and allow for interpretation of
anomalies that extend across survey boundaries. However, the data from the older surveys
are of insufficient quality across survey boundaries. However, the data from the older
surveys are of insufficient quality to provide proper analysis of short-wavelength anomalies
related to subsurface geologic structures that could have some influence on ground-water
movement.

ACKNOWLEDGMENTS

The authors wish to thank Pat Hill for organizational help in the early part of this
project, and V.E. Langenheim, D.A. Ponce, and R. Saltus (all with the U.S. Geological
Survey) for the digital gravity and aeromagnetic data.

DIGITAL DATA AVAILABILITY

The digital data for maps A, B, and C, are available as USGS standard-format grids from
the EROS Data Center, U.S. Geological Survey, Sioux Falls, South Dakota, 57198 and
through the National Geophysical Data Center, Boulder, CO, 80303.
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Figure 1. Map showing caldera boundaries (after Sawyer, unpub. data), selected topographic features
(modified from Frizzell and Shulters, 1990), and areas covered by 1:100,000-scale (100K) topographic
quadrangle maps.
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Figure 2. Index map showing locations of aeromagnetic
surveys used for this study. Numbers refer to table 1.

Table 1. Aeromagnetic data specifications for surveys used in the map compilation for this study
(AG, above ground; B, barometric); numbered areas refer to figure 2

Area Name Year Flight elevation Flight spacing Flight Reference
flown (m) (m) direction
1  Sarcobatus 1963 2440 B 800 E-W Philbin and White, 1965a
2 Black Mountain 1963 2440 B 1600 E-W Philbin and White, 1965b
3  Silent Canyon 1963 2440 B 1600 E-W Philbin and White, 1965c¢
4 Wheelbarrow Peak 1963 2440 B 1600 E-W Philbin and White, 1965d
5  Climax Stock 1980 2286-2440 B 1600 E-W Bath and others, 1983
6  Pahute Mesa 199293 122 AG 400 E-W Grauch and others, 1993
7  Timber Mountain 1977 122 AG 400 E-W U.S. Geological Survey, 1967
8  Yucca Flat: Jet 1990 146 AG 400 E-W Jet Propulsion Lab, 1990
Propulsion Lab unpublished
9  Death Valley 1979 122 AG 1600 N-S Geodata International, 1979
10a Lathrop Wells 1978 300 AG 800 N-S Langenheim and others, 1991
10b Lathrop Wells 1978 122 AG 400 E-W Langenheim and others, 1991
10c Lathrop Wells 1978 122 AG 800 E-W Langenheim and others, 1991
11  Yucca Flat 1971 122 AG 400 E-W U.S. Geological Survey, 1971,
unpub. aeromagnetic map
of Yucca Flats, NTS, scale
1:24,000
12 Mercury 1982 305 AG 400 E-W U.S. Geological Survey, 1984
13 Las Vegas 1982 305 AG 1600 E-W U.S. Geological Survey, 1983
14 Southern Nevada 1978 305 AG 1600 E-W U.S. Geological Survey, 1979
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