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CONVERSION FACTORS AND ABBREVIATIONS

"Inch-pound”™ units of measure used in this report may be converted to
International System (metric) units by using the following factors:

Multiply By To obtain
Acre-feet (acre—-ft) 1,233 Cubic meters (m3)
Feet (ft) 0.3048 Meters (m)

Miles (mi) 1.609 Kilometers (km)

Geophysical and related units used in this report are as follows:

For gravity, milliGals (mGal).
For density, grams per cubic centimeter (g/cm3).

ALTITUDE DATUM

The term "National Geodetic Vertical Datum of 1929" replaces the formerly
used term "mean sea level” to describe the datum for altitude measurements.
The datum is derived from a general adjustment 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."
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GRAVITY SURVEY AND DEPTH TO BEDROCK

IN CARSON VALLEY, NEVADA-CALIFORNIA

By Douglas K. Maurer

ABSTRACT

Gravity data were obtained from 460 stations in Carson Valley, Nevada
and California. The data have been interpreted to obtain a map of approximate
depth to bedrock for use in a ground-water model of the valley. This map
delineates the shape of the alluvium—filled basin and shows that the maximum
depth to bedrock exceeds 5,000 feet, on the west side of the valley. A north-
south trending offset in the bedrock surface shows that the Carson-Valley/
Pine~Nut-Mountain block has not been tilted to the west as a simple unit, but
is comprised of several smaller blocks.

INTRODUCTION

Carson Valley is the major storage reservoir of high—-quality ground
water in the Carson River basin (Glancy and Katzer, 1975, page 15). Ground
water is a source of supply for the rapidly expanding urban population and for
agricultural production——a major economic base of the area. To assess the
impact of these demands on the ground-water system in Carson Valley, data on
the size and configuration of the reservoir are needed. Glancy and Katzer
(1975, page 13) note that several wells as deep as 1,000 feet fail to
penetrate basement beneath the valley fill; thus, the depth to bedrock is
unknown throughout most of the valley.

The purpose of this study, made during the period from April 1980 through
March 1981, was to determine the thickness of valley fill in Carson Valley
using gravimetric geophysical methods. A gravity survey measures differences
in the Earth's gravitational field over the study area, and depth to bedrock
can be calculated from these measurements.

GEOLOGIC SETTING

Carson Valley is bounded on the west by a steep, normal fault scarp with
5,000 feet of relief from the valley floor to the crest of the Carson Range
(plate 1). The east side of the valley rises gently toward the crest of the
Pine Nut Range through a fault system as much as 6 miles in width. The valley
narrows to, the north where the Carson River drains the valley and to the south
where the West Fork of the Carson River enters.

The mountain blocks bounding the valley to the east and west are
westward-tilted structural units (Stewart, 1980, page 113), with Carson Valley
occupying the downdropped western edge of the Pine Nut block (Moore, 1969,
page 18). Recent westward tilting of the Pine Nut block is shown by faulting
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along the east scarp of the Carson Range (Pease, 1979, page 15) and by
displacement of the Carson River to the west side of Carson Valley (Moore,
1969, page 18).

The Carson Range is composed mainly of Cretaceous granodiorite (Pease,
1979, page 2). The crest of the Pine Nut Range is also composed of granodi-
orite, probably similar to that found in the Carson Range (Moore, 1969,
page 18). In both ranges, some Triassic-Jurassic metavolcanic and medasedi-
mentary rocks are exposed (Moore, 1969, page 16; Armin and others, 1983).
Lower on the western flanks of the Pine Nut Range, Tertiary lake and stream
deposits crop out and dip westward beneath the alluvial fill of Carson Valley
(Moore, 1969, page 19).

In the north and south ends of the valley, the granodiorite and
metavolcanic rocks form isolated bedrock knobs in the hills east of Jacks
Valley, at Hot Springs Mountain, and in the hills south of Dresslerville
(Moore, 1969). A large exposure of Tertiary volcanic rocks, mostly andesitic
flows and breccia (Moore, 1969; Stewart and Noble, 1979), is located near the
southeast end of the valley.

The Tertiary lake and stream deposits are variable in their degree of
induration (Pease, 1979, page 4). They are described as soft sediments by
Moore (1969, page 19), and as shales, siltstones, and sandstones by Stewart
and Noble (1979). They are predominantly fine grained and similar in compo-
sition to the Pliocene Truckee Formation near Virginia City, Nev., 20 miles
north of Carson Valley (Moore, 1969, page 13). Thus, these deposits probably
form a hydrologic unit underlying Carson Valley. Moore (1969, page 19)
suggests a total thickness of several hundred feet for the Tertiary sediments,
and Robert C. Pease (1981, Nevada Bureau of Mines Geology, written
communication) stated that 600 feet of Tertiary sediments are exposed in the
hills east of Jacks Valley.

Sediments of Quaternary and Tertiary age probably form the major
hydrologic unit in Carson Valley. The sediments range in lithology from
fine-grained, flood-plain deposits of the Carson River on the valley floor to
coarse Tertiary gravel, capping the semiconsolidated Tertiary sediments on the
west flank of the Pine Nut Range.

Because water wells are drilled in both the Tertiary lake and stream
deposits and in the unconsolidated Quaternary sediments, both will be treated
as valley fill for purposes of gravity modeling.

METHODS OF DATA COLLECTION AND REDUCTION

The gravity measured by the gravity meter is in part determined by the
density of materials which lie beneath it. A reading taken over a section of
low density valley—-fill deposits that overlie more dense crystalline bedrock
is less than if the bedrock composed the entire section. This difference is
referred to as a gravity anomaly. Corrections are made for altitude, latitude,
earth curvature, and terrain roughness; and a value is computed for the
measurement called a Bouguer anomoly. Measurements made over bedrock stations
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reflect differences in the bedrock densities and the same corrections are
applied to obtain a Bouguer anomoly for these stations. Bedrock stations on
both sides of a valley define a regional gravity gradient. Subtracting the
regional gradient from Bouguer anomolies measured over the valley fill gives a
residual anomoly which is proportional to the thickness of the valley-fill
material.

Gravity readings were taken at 460 stations (plate 1) in the study area
at approximately a half-mile spacing. Most of the stations were located using
topographic maps at a scale of 1:4,800 with a 5-foot contour interval. These
maps, prepared for the Carson Valley Conservation District by Genge Aerial
Surveys, Sacramento, Calif., permitted a location accuracy of 25 feet and a
station altitude accuracy of *1.5 feet. Sixty of the station altitudes were
taken from preliminary U.S. Geological Survey topographic sheets (scale,
1:24,000), where altitudes of road intersections and hilltops were photo-
grammetrically determined within *6 feet. Four of the station altitudes on
the east side of the valley were interpolated from contours on U.S. Geological
Survey topographic maps (scale, 1:62,500) where altitudes were determined to
an accuracy of *12 feet.

A Texas Instruments Model-IIII gravity meter, with a scale constant of
0.0965 mGal (milliGal) per scale division, was used for the survey. This
scale constant allowed readings to the nearest 0.01 mGal. A gravity base
station used in this study, ACIC-2358-1, is located at the Douglas County
Airport. The observed gravity of 979,606.24 mGal (Chapman's [1966] datum
by Plouff, 1982), was used to tie in all stations. This base was read three
times a day to provide corrections for tide and instrument drift.

The gravity readings were reduced to observed gravity and then
converted to Bouguer anomalies using a computer program written by Plouff
(1977). The program uses the International Gravity Formula of 1930 to
calculate the anomaly, and applies corrections to the readings for altitude,
latitude, earth curvature, and terrain from 1.42 to 103.6 miles from the
station. A geographic grid interval of 1 minute was used for the digital
terrain model. Terrain corrections from O to 1.42 miles were estimated by
hand, using the Hayford-Bowie (1912, page 43) template. Hand terrain
corrections were a maximum of 20 mGal along the crest of the Carson Range.
The section titled "Gravity Data" lists the observed gravity and Bouguer
gravity anomolies for the stations. The observed gravity data are also
included in a regional gravity survey by Oliver and others (1982).

A computer program was then used to grid and contour the anomalies on a
half-mile grid spacing. Nineteen readings were taken at stations on bedrock
and Bouguer anomalies at these stations were contoured separately, by hand, to
delineate the regional gradient of the gravity field. Lines of equal Bouguer
gravity and the regional gradient are shown on plate 1. The regional gradient
was then subtracted from the Bouguer anomolies to obtain residual anomalies,
which should reflect the thickness of valley fill.

1 The use of brand names in this report is for identification purposes
only and does not constitute endorsement by the U.S. Geological Survey.
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Densities of 2.67, 2.00, and 1.70 g/cm3 (grams per cubic centimeter)
were then assigned to bedrock, alluvium, and Tertiary sediments, respectively.
A bedrock density of 2.67 g/cm3 is the standard value used for gravity surveys
(Zohdy and others, 1979, page 90) and is an average of density values obtained
by Pease (1979) for metamorphic and granitic rocks in the Carson Range. A
density of 2.00 g/cm3 is used for valley-fill sediments by other authors in
the Great Basin (Gimlett, 1967, page 18; Healey, 1970, page B52; Eaton and
Watkins, 1970, page 545). The 1.70 g/cm3 value for Tertiary sediments was
obtained from Pease (1979, page 19), who measured the density of sediments in
Carson Valley, and from Gimlett (1967, page 18), who measured the density of
sediments of the Truckee Formation which, as discussed previously, are similar
to the Tertiary sediments found in Carson Valley.

The densities and residual gravity anomalies on a half-mile grid
spacing were used as input to a three-dimensional inversion program from
Cordell (1970). Using this program, depth to bedrock was calculated on a
half-mile grid throughout the valley. The program was run once using a
density contrast of 0.67 g/m3 and again with a density contrast of 0.97 g/m3
to obtain estimates of depths to bedrock on the east side of the valley where
the less dense Tertiary sediments probably compose the entire valley-fill
section. Depths obtained were then hand-contoured to obtain a depth-to-
bedrock map (plate 2).

ERRORS IN GRAVITY MEASUREMENTS AND METHODS

Measurement Errors

The accuracy of the Bouguer gravity anomalies is limited by accuracy of
the station altitudes and their horizontal positioning, and by repeatability
of the readings.

Repeat readings were taken at 40 stations. Fifteen percent agreed
within 0.03 mGal of the original reading, 60 percent agreed within 0.10 mGal,
98 percent agreed within 0.25 mGal, and 100 percent were within 0.49 mGal.
Most station altitudes are known to the nearest 3 feet, giving a 0.18-mGal
error; positions are known to within 25 feet, giving a 0.01-mGal error. Thus,
the total error of each anomaly can be approximately 0.20 mGal. The maximum
repeat error of 0.49 mGal occuring within the 0.20-mGal error possible for
each anomaly gives a total "worst case” error of 0.69 mGal in observed
gravity.

As a check on the accuracy of the calculated depths, the "worst case"
error of 0.69 mGal was added to and subtracted from the values of the residual
anomalies along a profile through the deepest part of the valley. The
resultant depths differed from those calculated using the actual residuals by
an average of 107 feet and by a maximum of 180 feet out of a total depth of
about 5,000 feet.

Interpretive Errors

Errors in the interpretation of gravity data can occur as a result of
(1) the assumed density assignments, (2) the assumption that densities of
alluvial fill and basement are uniform, and (3) the validity of regional
gravity contouring.
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The computer program used to calculate depth to bedrock does not take
into account varying densities with depth that might be significant if the
less dense Tertiary sediments underlie the valley-fill materials. A thick
section of less dense material would, in effect, increase the density contrast
between bedrock and valley-fill materials, resulting in shallower calculated
depths to bedrock. On the other hand, densities of valley fill probably
increase with depth of burial, causing a decrease in density contrast. These
two factors would tend to compensate for each other on the west side of the
valley, where a thick section of unconsolidated valley-fill probably overlies
less dense Tertiary sediments. In either case, the change in calculated depth
to bedrock is relatively small. If the entire section consisted of less dense
Tertiary sediments on the west side of the valley, the difference in calcu-
lated depths to bedrock is less than 30 percent. Drillers' logs show that
valley-fill materials are at least 1,000 feet thick on the west side of the
valley. Thus, errors in calculated depths to bedrock due to unknown horizon-
tal density variations are significantly less than 30 percent. Known lateral
variations in density are corrected as described in the section, "Methods of
Data Collection and Reduction.”

Errors in contouring the regional gravity gradient are related to the
uncertainty of large hand terrain corrections required for bedrock stations
taken on mountain peaks and to estimation of the regional gradient over the
center of the valley where no bedrock reading can be taken. Hand terrain
correction errors may be as large as 2 mGal, and the error of estimating the
regional gradient may approach 10 mGal. The latter could result in an error
of 20 percent in calculated depth to bedrock. Estimating the regional
gradient over large valleys is a problem inherent in all gravity studies. If
calculated depths correspond closely to known depths, this error is probably
small.

INTERPRETATION OF GRAVITY DATA

The distribution of Bouguer anomalies in Carson Valley follows the
general trends shown by Erwin and Berg (1977) and Oliver and others (1982).
Lines of equal depth to bedrock are shown on plate 2. The most conspicuous
feature is a deep, elongate basin beneath the western half of Carson Valley.
The depth of fill beneath Carson Valley exceeds 5,000 feet at a location about
2 miles southeast of Walleys Hot Springs. North of this basin, a bedrock high
extends under Hobo Hot Springs to just south of Stewart, forming a separate
basin beneath Jacks Valley up to 1,400 feet deep.

The steep gravity gradient on the east side of the basin implies offset
of the basement. The offset extends from the west margin of Hot Springs
Mountain to the Minden-Gardnerville area, with about 2,000 feet of relief.
This north-trending scarp and the mapped zone of faulting on the east side of
the valley imply that the Carson-Valley/Pine-Nut-Mountain block has not been
tilted as a unit but is composed of at least two separate parts.

Depth to bedrock in the east half of the valley averages about
1,000 feet. A bedrock high extends south from Hot Springs Mountain about
3 miles. A basin with a maximum depth of 2,900 feet occurs east of this
bedrock high. Bedrock beneath Fish Spring Flat appears to be relatively flat
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and varies from 600 to 800 feet in depth. Two smaller basins occur between
Fish Spring Flat and Gardnerville; the northern basin is 1,900 feet deep and

the southern one 1,600 feet deep. These basins are separated from the main
western basin by a ridge with 200 to 300 feet of relief.

The depth—to-bedrock configuration in plate 2 is consistent with well
logs in the valley. Wells penetrating more than 20 feet of bedrock are
plotted on plate 2 along with the depth where bedrock was first encountered.
The depths correspond with calculated depths, and no wells were found to
exceed calculated depths. The well penetrating bedrock at 750 feet was
drilled after this interpretation was completed and tends to confirm the
density contrasts assigned to valley-fill and bedrock materials.

SUMMARY

Data from 460 gravity stations in Carson Valley have been interpreted to
obtain a map of approximate depth to bedrock, and the shape of the buried
basin. The data show that the Carson-Valley/Pine~Nut-Mountain block has been
tilted as two or more separate blocks. A structural scarp trends north-south
near the center of the valley creating a deep, elongate basin under the west
half of the valley and a relatively flat bench on the east.

Interpreted maximum depths show about 5,000 feet of fill on the west side
of the basin and a thickness of over 2,000 feet for Tertiary sediments on the
east side of the basin.



PRINCIPAL FACTS FOR
GRAVITY STATIONS
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