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CONVERSION FACTORS

Except for geophysical and related units of measure, only the inch-pound
system is used in this report. Conversion factors from inch-pound to metric
units are listed below.

Multiply By To obtain
Feet 0.3048 Meters
Miles 1.609 Kilometers

Geophysical and related units of measure used in this report are as follows:
For gravity, Gals and milliGals.
For density, grams per cubic centimeter.

ALTITUDE DATUM

The term "National Geodetic Vertical Datum of 1929" (abbreviation, NGVD
of 1929) replaces the formerly used term "mean sea level” to describe the
datum for altitude measurements. The NGVD of 1929 is derived from a general
ad justment of the first-order leveling networks of both the United States and
Canada. For convenience in this report, the datum also is referred to as "sea
level.” .



GRAVITY SURVEY OF DIXIE VALLEY,

WEST-CENTRAL NEVADA

By Donald H. Schaefer

ABSTRACT

Dixie Valley, a northeast—-trending structural trough typical of valleys
in the Basin and Range Province, is filled with a maximum of about 10,000 feet
of alluvial and lacustrine deposits, as estimated from residual-gravity
measurements obtained in this study.

On the basis of gravity measurements at 300 stations on nine east-west
profiles, the gravity residuals reach a maximum of 30 milliGals near the
south-central part of the valley. Results from a three-dimensional inversion
model indicate that the central depression of the valley is offset to the west
of the geographic axis. This offset 1is probably due to major faulting along
the west side of the valley adjacent to the Stillwater Range.

Comparison of depths to bedrock obtained during this study and depths
obtained from a previous seismic-refraction study indicates a reasonably good
correlation. A heterogeneous distribution of densities within the valley-fill
deposits would account for differing depths determined by the two methods.



INTRODUCTION

Physical Setting

Dixie Valley, approximately 35 miles northeast of Fallon, Nev. (figure 1),
is a northeast-trending structural trough. The valley is about 50 miles in
length and attains a maximum width of 14 miles. It is bordered on the west and
northwest by the Stillwater Range, on the east and southeast by the Clan Alpine
Mountains, on the south by Fairview Valley, and on the north by the Tobin Range.
The bordering mountains reach a maximum altitude of about 8,900 feet above sea
level and have a maximum relief of more than 4,000 feet above the valley floor.

The valley floor slopes toward the Humboldt Salt Marsh in the west-central
part of the basin. The salt marsh is a playa underlain by thick accumulations of
salt and mud. Dixie Hot Springs and numerous other springs in the adjacent
mountains and alluvial fans, along with occasional runoff from the mountains,
keep the playa covered with water throughout most of the year.

Agriculture is the only industry in the valley. Alfalfa is cultivated for
seed and feed, and cattle are grazed throughout the valley.

Previous Work

The ground-water system of Dixie Valley was studied in a reconnaissance by
Cohen and Everett (1963). Wells in the valley were inventoried, and some aspects
of ground-water quality were discussed.

The geology has been studied in detail by many investigators interested in
the seismic, tectonic, and geothermal activity in the valley. The overall
geology was mapped by Willden and Speed (1974) and Johmson (1977).

Another intensive study was that of Thompson and others (1967), which
included geologic as well and geophysical aspects. Effects of earthquakes on
wells and springs in Dixie Valley were described by Zones (1957). 1In recent
years, due to increased interest in the geothermal resources of the valley,
energy companies have undertaken geophysical and geologic studies in several
parts of the valley. Many of these data have not yet been released to the
public.

Purpose and Scope

The purpose of the study, prepared in cooperation with the U.S. Bureau of
Land Management, was to provide the Bureau with the necessary information to
assess the geothermal resources of Dixie Valley and determine the potential
for interaction between the thermal and non-thermal ground-water systems.

































Depth-to-bedrock determinations by seismic refraction were used as a
check against depths computed from residual-gravity data. The comparisons are
listed in table 1. In general, the two sets of depth determinations are in
good agreement. Of the depths computed in the seismic-refraction study, about
67 percent are within 1,000 feet of the depths computed using the
three~dimensional inversion model and gravity data.

Most of the differences between seismic- and gravity-calculated depths to
bedrock can probably be attributed to invalid density contrasts assumed in the
inversion model. For this study, sufficient data are not available to
determine actual variations in density along each profile; as a result, only
one density-contrast was used for the entire study area. Use of different
values for density contrast would result in different solutions. A discussion
in the next section demonstrates the sensitivity of the depth estimates to
small changes in density contrast.

TABLE 1.--Comparison of depths to bedrock calculated
from seismic and gravity surveys

Average depth or range of depths
in deeper part(s) of profile (feet)

Seismic
profile1 Seismic survey2 Gravity survey
1 4,470-6,070 3,000
2 4,810-6, 800 5,000-7,000
3 Not recognized 1,000 or less
4 3,800 3,000-4,000
5 2,500-10,500 4 ,000-6,000
6 3,650 2,000
7 a2 ,000~4,000 2,000-5,000
8 Not recognized 3,000
9 3,500-4,300 1,000~-3,000
10 6,000 3,000
11 2,800 3,000
12 6,200 5,000-6,000
13 7,000+ 5,000~7,000
14 1,000-4 ,000 1,000

1 gee figure 4 for location of profiles.
2 Depths from Meister, 1967, page 59.
2 Depth estimated from Meister, 1967, page 39.
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Limitations of the Survey

As with any geophysical technique, errors in measurements and invalid
assumptions make the final interpretation less than exact. Limitations of the
equipment are sometimes unavoidable but nonetheless enter into the overall
error of interpretation.

One source of error due to equipment limitations is the reproducibility
of measurements. A study of reproducibility with the same gravimeter used in
this study was done in the Black Rock Desert, nearly 100 miles northwest of
Dixie Valley, and showed the error of reproducibility to be about 0.3 milliGal
(Schaefer and others, 198l).

The locations of stations as determined by the loran system are accurate
to within about 60 feet or about 0.0l minute of latitude. This corresponds to
a maximum error of 0.018 milliGal. The altitude of the gravity stations is
probably accurate to *5 feet, which can result in an error of 0.30 milliGal.

If the worst possible case is assumed in which altitude, latitude, and
meter error are maximized, the Bouguer gravity values--and hence the residual
gravity values used to compute depths to bedrock—--could be in error by as much
as 0.62 milliGal. Computations for the depth model were tested using that
value for maximum error, and the results indicate that depths could differ by
as much as 300 feet; however, the average difference is only about 100 feet.

Another potential source of major error is the assumed density contrast
between bedrock and valley fill. To test the density assumptions, a sensi-
tivity analysis was done for a representative profile by using the inversion
program over a range of density values for the valley-fill deposits from
1.97 g/cm to 2.37 g/cm ——a common range of densities for valley-fill-type
materials, according to Telford and others (1976, page 25). The results,
showing the errors and maximum depths computed for various density contrasts,
are listed in table 2. A density of 1.97 g/cm yields the smallest error, but
depths calculated using this density seem to be too small when compared with
depths obtained from seismic refraction.

TABLE 2.--Maximum depths with different densities

Density of valley fill Density contrast
(grams per cubic (grams per cubic Maximum depth

centimeter) centimeter) (feet) Error!
1.97 0.70 5,800 0.286
2.07 .60 7,400 .356
2.17 .50 10,100 475
2.27 .40 15,500 .699
2.37 .30 27,800 1.15

I Calculated by (1) squaring the difference between measured and
calculated gravities at each station along the profile, (2) summing
the squares for the profile, and (3) taking the square root of the sum.
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RELATION BETWEEN BEDROCK CONFIGURATION,
GEOTHERMAL DEVELOPMENT, AND SEISMICITY

On the basis of the amount of time and effort invested by energy
companies to delineate and define the geothermal resources of Dixie Valley,
there can be little doubt that these resources will be developed at some time
in the future.

As to the effect of geothermal development in the valley, the relatively
thick section of valley-fill deposits may, to some extent, act as a buffer to
the interaction between thermal and nonthermal ground water. Numerous faults
are apparent in the depth-to-bedrock configuration (plate 2). Whether the
faults can act as conduits for the migration of poor-quality ground water
would be a worthwhile topic of more detailed study, once major production in
the valley has begun.

Some indication of the possible effects of geothermal production in this
seismically active valley may be known when analysis of the seismic monitoring
is completed. Preliminary results indicate little correlation between
seismicity and steam withdrawal (H. M. Iyer, U.S. Geological Survey, written
commun., 1980). Only one earthquake with a magnitude greater than 1.0 on the
Richter scale was detected during the 2-month monitoring period. These
preliminary results may not, however, reflect possible adverse effects of
major production.
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