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Figure 1. Assumed isostatic compensation for the Reno 1° by 2° quadrangle, Nevada and California.
Hachures indicate low value.
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Figure 2.. Crests of gravity highs and troughs of gravity lows for the Reno 1° by 2° quadrangle,
Nevada and California. Thick lines indicate troughs of gravity lows. Thin lines indicate crests of
gravity highs. Both lines dashed where uncertain. Dotted lines indicate approximate locations of
tectonic lines and boundaries from John and others (in press, fig. 12). Fault systems: C, Carson; PL,
Pyramid Lake; W, Wabuska; and WSV, Warm Springs Valley. Structural and volcanic zones:
DM, Desert Mountains; LR, Lahontan Reservoir; PN-SR, Pine Nut Mountains-Singatse Range; and

STR, Stillwater Range.
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These gravity maps are part of a folio of maps of the Reno 1° by 2°
quadrangle, Nevada and California, prepared under the Conterminous
United States Mineral Assessment Program. Each product in the
Miscellaneous Field Studies Map MF-2154 folio is designated by a different
letter symbol, starting with A. The quadrangle encompasses an area of
about 19,000 km?2 in west-central Nevada and a narrow strip of eastern
California.

COMPILATION AND REDUCTION OF GRAVITY DATA

The gravity data consist of 2,194 data points after removal of
erroneous or redundant data from an initial data set. Sixty-nine data points
were obtained from a survey between Reno and Washoe Lake by Thompson
and Sandberg (1958; H.W. Oliver, written commun., 1986). Fifteen data
points were obtained from a gravity survey associated with seismic studies
between Fallon and Eureka, Nevada by Stanford University (Thompson, 1959;
R.R. Wahl, written commun., 1961). A total of 107 data points were obtained
from a survey by Gimlett (1967; National Geophysical Data Center, 1984) near
Warm Springs Valley. Forty-three data points were obtained from R.W.
Tabor (Tabor and others, 1983; H.W. Oliver, written commun., 1986) for an
area near Washoe Lake. A.H. Cogbill (1979; written commun., 1988)
provided 17 data points from a regional survey by Northwestern University.
The present study overlaps gravity data compiled by Erwin and Berg (1977) as
part of their preparation of a gravity map of the Reno quadrangle. J.W. Erwin
(1982; written commun., 1988) provided gravity data at 123 data points
obtained by the University of Nevada at Reno, the Nevada Bureau of Mines
and Geology, and other contributors. Saltus (1988b) provided 11 additional
data points from the University of Nevada at Reno. A total of 100 data points
were obtained from geothermal studies by the U.S. Geological Survey (USGS)
near Steamboat Hills and Wabuska (Peterson, 1975) and near Salt Wells
Basin (Peterson and Kaufmann (1977). A total of 475 data points were
obtained from an extensive USGS survey of an area near Carson Sink by
Wahl and Peterson (1976). A total of 184 data points were obtained as part of
USGS regional aquifer studies of valleys (Schaefer, 1983; Schaefer and others,
1984, 1986; Schaefer, 1988). A total of 162 data points were obtained from a
study associated with the adjacent Walker Lake 1° by 2° quadrangle (Plouff,
1987a). A total of 425 gravity stations were established in 1987 and 1988 as
part of the present study and for a study of the Pyramid Lake Indian
Reservation. Data for 17 USGS gravity stations collected in 1990 by J.M. Glen
(D.A. Ponce, written commun., 1991) near Churchill Butte also are included.
A total of 446 data points that were not part of other surveys were accepted
from a file of 4,194 data points in the Reno quadrangle obtained from the
Defense Mapping Agency (DMA) digital gravity file (National Geophysical
Data Center, 1984).

Values of observed gravity were tied to the International Gravity
Standardization Network of 1971 (IGSN-71) (Morelli, 1974). The primary
gravity base station (RENO, ACIC 0454-1, 979,674.65 mGal) used during
fieldwork for the present study is located near the southeast corner entrance
to the J.G. Scrugham Engineering Mines Building at the University of
Nevada, Reno campus, as described by Jablonski (1974). A tie also was made
to the base station at the Fallon airport (FALLON, ACIC 2351-1, 979,730.77
mGal). Observed-gravity datums for previous surveys were adjusted to the
IGSN-71 datum by direct ties during the present survey and by statistical
analyses of assumed repeated observations at the same locations by different
gravity surveys.

Standard formulas and constants were used to convert gravity
observations to Bouguer gravity anomalies so that the gravity maps would
merge with previous gravity maps (Plouff, 1987a; and Saltus, 1988a). The
theoretical value of gravity at sea level was calculated by applying the
Geodetic Reference System-1967 formula (GRS67) (International Association
of Geodesy, 1971, p. 60) and the free-air formula of Swick (1942, p. 65). A
reduction density of 2.67 g/cm3 for rocks above sea level was assumed, and
corrections for the Earth's curvature and terrain corrections were calculated
to a distance of 166.7 km. A 5-minute margin of gravity data from Plouff
(1982, 1987b, 1990) and Saltus (1988b) provided sufficient data coverage for
the area outside the Reno quadrangle to contour Bouguer gravity anomalies
to the edges of the quadrangle (sheet 1).

A residual isostatic gravity map (sheet 2) was prepared so that the
regional effect of isostatic compensation (fig. 1) present on Bouguer gravity
anomaly maps could be minimized. Isostatic corrections based on the Airy-
Heiskanen model (Heiskanen and Vening Meinesz, 1958, p. 135-137) were

method of Jachens and Roberts (1981). The parameters selected for the
isostatic model were 25 km for the normal thickness of the crust at sea level,
267 g/ cm3 for the density of the crust above sea level, and 0.4 g/ cm?3 for the
contrast in density between the lower crust and the upper mantle. These
parameters are the same as those selected for the isostatic residual maps of
the adjacent Walker Lake quadrangle (Plouff, 1984; 1987a) and for the state
of Nevada (Saltus, 1988c). For consistency, the effect of the Earth's curvature
was ignored in calculating the isostatic correction. Less than 0.8 mGal should
be subtracted from values of isostatic residual gravity near the shoreline of
Lake Tahoe to account for the effect of the mass deficiency of water in the
lake (Plouff, 1987a, fig. 4). Other lakes in the quadrangle are too shallow to
have a significant effect.

ACCURACY

Unique station names and elevations for all original data points were
plotted directly on the best available topographic maps, and data points then
were discarded, corrected, or accepted. Errors of geographic coordinates
equivalent to distances of 1 km were not unusual. One data point in previous
digital data files has a one-degree longitude error, which causes it to be
positioned near the middle of Pyramid Lake. Digital location errors did not
distort the gravity map of Erwin and Berg (1977), because their data locations
were hand checked. If two or more data points approximately coincide, the
approach during the present compilation was to retain only one data point
from the survey judged to be of higher quality or from the survey with the
greater number of nearby points.

Elevations also were updated during the present compilation.
Computer program STAELERR (Godson and Plouff, 1988, appendix C), which
compares station elevations with linearly interpolated digital terrain
elevations, was used to identify erroneous stations associated with anomalous
elevation differences. Data points generally were discarded if plotted
elevations disagreed by greater than about 10 m from interpolated
topographic elevations or the associated locations could not be shifted to
nearby benchmarks, spot elevations, or road junctions. Except for
information provided by A.H. Cogbill (written commun., 1988) and R.R. Wahl
(written commun., 1988), elevation sources and associated accuracies for
stations not located at benchmarks or spot elevations are not known.

Most terrain corrections for distances in the range from the station to
500 or 895 m were estimated by converting elevation estimates from
compartments bounded by cylinders to corresponding terrain corrections
(Hammer, 1939; Campbell, 1980). The remaining part of terrain corrections
to a distance of 166.7 km was done by using the USGS digital-terrain-
correction program BOUGUER (Godson and Plouff, 1988). The terrain model
consists of sea-level elevations for a combination of 15-second, 1-minute, and
3-minute grid compartments, which were obtained from topographic maps

digitized at scales of 1:250,000. Considering the coarse 200-ft (60-m) contour
interval of the topographic maps that were digitized, the error of the 15-
second terrain model, shown by running program STAELERR, generally is
less than one contour interval. The accuracy of combining inner terrain
estimates with digital terrain data has proved to exceed that of previous
complete cylindrical methods as well as to save considerable time and to
eliminate random errors. -

Data points were discarded if enclosing gravity gradients were
unrealistically high. Remaining single-station anomalies should be viewed
with caution, in case the anomalies are caused by mislocation or observed-
gravity errors.

PREVIOUS GEOPHYSICAL STUDIES

Listings of gravity data without interpretations were cited in the
section on "Compilation and reduction of gravity data." Thompson and
Sandberg (1958) reported the structural significance of gravity data collected
near Virginia City. Thompson (1959) interpreted gravity data collected along
an east-west seismic line through Fallon, Nevada. R.R. Wahl (written
commun., 1965) interpreted gravity data collected in a large area near the
Carson Sink. On the basis of gravity data, Gimlett (1967) estimated the
configuration of basement beneath Warm Springs Valley for a study applied
to groundwater studies. Erwin (1970) interpreted a gravity map of an area
near Mason Valley. Stanley and others (1976) interpreted magnetotelluric
and gravity data collected in the Stillwater-Soda Lakes geothermal area.
Hastings (1979) tied interpretation of seismic and gravity data to data from a
deep drill hole near Fallon, Nevada. Cogbill (1979) studied the possible

gravity data in a large region of the western Great Basin, including the Reno
quadrangle. Tabor and others (1983) interpreted gravity and shallow seismic
data collected near Washoe City, Nevada. Benoit and Butler (1983) reported
on geothermal studies at four localities in the Reno quadrangle. Schaefer
(1983) interpreted gravity data for a hydrologic study of Dixie Valley.

INTERPRETATION
GENERAL

Interpretation of gravity data contributes to the understanding the
regional geology for the purpose of evaluating mineral resource potential (for
example, Brooks and others, 1987; Hardyman and others, 1987; McKee and
others, 1987; Diggles and others, 1988; Vercoutere and others, 1988). Gravity
anomalies reflect the effect of sedimentary deposits or lateral density
contrasts between adjacent rocks, with higher values of gravity anomalies
located over denser rocks.

GRAVITY ANOMALIES ASSOCIATED WITH LAKES

The greatest contrast of density in the Reno quadrangle is between
lake water and the surrounding bedrock at the same range of depths. The
gravity low associated with Lake Tahoe is not apparent, however, because
there are no data points along the west slope of the Carson Range nor along
the lake shore north of Glenbrook to generate a gravity gradient over the
edge of the expected gravity low associated with Lake Tahoe. The gridding
and contouring programs interpolated values toward data points to the west
across the lake and to the east toward geologic terranes with density contrasts
and values of associated gravity anomalies unrelated to the gravity field near
the edge of Lake Tahoe.

The gravity anomaly associated with Pyramid Lake is the most
intense closed gravity low in the quadrangle. As in the case of Lake Tahoe,
the lack of data points offset inland from data points near the shore
diminished the observed effect of water in Pyramid Lake. Most of the
amplitude of the gravity low reflects the thickness of underlying sediments

that fill the basin beneath the lake, as evidenced by the southeastward
continuation of the intense gravity minimum along the Truckee River.
Gravity lows also are located over Washoe and Carson Lakes, but the gravity
lows mostly reflect thick sediments in the underlying basins rather than the
effect of water in the most recent surface depressions.

GRAVITY ANOMALIES ASSOCIATED WITH VALLEYS AND BASINS

The configurations of gravity lows in valleys and basins mostly reflect
the thickness of sediments beneath the valleys and basins, because
sediments have low densities in contrast to the surrounding bedrock at the
same range of elevations (depths) as the sediments. As a broad
generalization, average densities of sediments range from about 1.9 to 2.3
g/cm3 in contrast to average bedrock densities of about 2.5 to 2.7 g/cm3 or
greater. On the basis of gravity modeling, Jachens and Moring (1990) applied
a function of sediment density with depth to estimate the thickness of
Cenozoic deposits (depth to pre-Cenozoic basement) throughout Nevada.
Applying a second function of density contrast with depth, they also
estimated the thickness of Cenozoic volcanic rocks where Cenozoic volcanic
rocks are exposed.

Gravity lows are clearly associated with most sedimentary basins in
the Reno quadrangle. Furthermore, in the case of a large valley such as
Carson Sink, deep basins within valleys are delineated by separate gravity
lows. Although mostly on the basis of two gravity stations at the east end of a
traverse to Lone Rock (Wahl and Peterson, 1976), a gravity high near the
outcrop of Cenozoic volcanic rocks indicate that a shallow basement possibly
consisting of volcanic source rocks near Lone Rock separates two large
sedimentary depocenters reflected by gravity lows in Carson Sink. A
complex, but nearly flat-topped gravity high with a low amplitude between
the Fallon Indian Reservation and the Stillwater National Wildlife Refuge
reflects intrabasement density contrasts within bedrock concealed at shallow
depth.

GRAVITY ANOMALIES ASSOCIATED WITH TERTIARY
IGNEOUS ROCKS

Ash-flow tuff is generally less dense than pre-Cenozoic and other
Cenozoic igneous rocks, and, consequently, gravity lows may be associated
with thick accumulations of ash-flow tuff. On the basis of compositional,
chronologic, and paleomagnetic similarity of surrounding tuff, Best and

Sink.  Although the interpretations of detailed geologic features are
uncertain, gravity lows are associated with many calderas in the Western
United States (Plouff and Pakiser, 1972; Greene and Plouff, 1981; Lipman,
1984, fig. 2; Snyder and Carr, 1984, fig. 2; Carle, 1988). Therefore, if a volcanic
source of surrounding tuff deposits is located beneath Carson Sink, its
location most likely is marked by a gravity low in Carson Sink. A one-station
gravity low--partly substantiated by data points to the north and south along
the elongate outcrop--may be centered over the thickest part of the exposure
of ash-flow tuff in the Stillwater Range near the northeast corner of the
quadrangle. A minimum in the elongate gravity high associated with the the
West Humboldt Range overlies an outcrop of ash-flow tuff, but the tuff is too
thin--probably a distal outflow sheet (D.A. John, written commun., 1991)--to
account for the anomaly. A gravity minimum south of Mount Lincoln, which
interrupts an elongate gravity high associated with the pre-Cenozoic core of
the Stillwater Range, may reflect the location of the thickest ash-flow tuff, but
this explanation may be to simple for this area of complex geology. Two
gravity lows between Fairview Peak and Bell Flat near the southeast corner of
the quadrangle may reflect the location of the thickest ash-flow tuff between a
large gravity low to the east and the large gravity low associated with Fairview
Valley to the west. Distinct gravity lows are not associated with extensive
outcrops of ash-flow tuff near the east edge of the quadrangle. A small
gravity low between Winnemucca and Warm Springs Valleys in the
northwest corner of the quadrangle protrudes eastward into exposures of ash-
flow tuff in the Virginia Mountains. Gravity lows that might be associated
with exposures of ash-flow tuff in the northwest corner of the quadrangle are
masked by large regional gravity gradients.

A north-elongated 16- by 35-km gravity low with an amplitude of less
than 10 mGal, which overlies an extensive exposure of Tertiary volcanic rocks
in most of the Pah Rah Range, may reflect basement rocks with low densities
in addition to thick volcanic rocks, because the anomaly extends southward
into pre-Cenozoic rocks and northward into Warm Springs Valley. Extensive
gravity lows in the Truckee Range and along the northwest edge of the Hot
Springs Mountains probably reflect the subsurface vertical extent of exposed
volcanic rocks and the effect of underlying basement rocks with low densities.

Exposures of Tertiary basalt and intrusive rocks, which are denser
than most extrusive rocks, probably do not have distinct associated gravity
anomalies, because their volumes are small or they are partly surrounded by
pre-Cenozoic rocks with similar densities.

GRAVITY ANOMALIES ASSOCIATED WITH PRE-CENOZOIC ROCKS

Gravity highs are associated with most mountain ranges in the
quadrangle, because rocks beneath the ranges are denser than sediments at
the same elevation in adjacent valleys. Gravity highs also are associated with
pre-Cenozoic outcrops adjacent to Cenozoic volcanic rocks, because pre-
Cenozoic rocks are generally denser than Cenozoic volcanic rocks. Edges of
gravity highs associated with isolated outcrops of pre-Cenozoic rocks in the
Reno quadrangle, except where there are extensive outcrops of pre-Cenozoic
rocks and interfering regional gravity gradients near Carson City, apparently
show the lateral extent of pre-Cenozoic rocks concealed at shallow depth.
Furthermore, amplitudes of surrounding gravity gradients qualitatively reflect
the steepness of contacts along edges of concealed pre-Cenozoic rocks, an
important consideration when estimating the extent of pediments along the
edges of valleys. Pre-Cenozoic rocks may be concealed at shallow depth
beneath gravity highs that do not enclose pre-Cenozoic rocks, for example,
beneath elongate gravity highs to the southwest of the Pyramid Lake-Truckee
River gravity low, to the southwest of the southwest end of the West
Humboldt Range, the Dead Camel Mountains, and the Lahontan
Mountains. Alternatively, the gravity highs in the Dead Camel and Lahontan
Mountains may reflect thick accumulations of Cenozoic basalt (D.A. John,
written commun., 1991).

The steepest gravity gradient in the quadrangle overlies the south
side of Marble Bluff (southeast of Pyramid Lake). The gradient is too high to
be associated only with the interface between the dense rocks composing
Marble Butte and the sediments beneath Pyramid Lake and Truckee Valley.
The rocks beneath Marble Bluff and beneath the northeastward continuation
of the gravity high must be significantly denser than basement rocks beneath
valley sediments and beneath areas outside other edges of the gravity high.

A distinct gravity high is centered over pre-Cenozoic intrusive rocks
near the northwest flank of the Barnett Hills (northeast of Rawhide Flats in
the south-central part of the quadrangle). Gravity highs also overlie pre-
Cenozoic intrusive rocks in contact with other pre-Cenozoic rocks near
Churchill Butte and over an unnamed hill between North Valley and the

extends northeastward beneath Churchill Valley. Sources of these gravity
highs are uncertain without further studies of compositions and densities of
nearby pre-Cenozoic rocks.

TECTONIC FRAMEWORK

Trends of the basins and ranges reflect the underlying tectonic fabric
and may show a pattern that reflects the existing stress field. Axes of gravity
highs generally follow crestlines of ranges, and axes of gravity lows, although
irregular in detail, generally follow topographic trends of valleys. The effect
of topography is taken into account in calculating gravity anomalies so that
gravity anomalies reflect the distribution of densities associated with the
rocks beneath featureless topography such as Carson Sink. Plouff and
Isherwood (1980, fig. 2) showed that trends of gravity highs and lows are
rotated in a left-lateral sense as they approach the Garlock Fault from the
north near the Coso Range in southeastern California. A plot of lines that
follow axes of crests and troughs of gravity anomalies (fig. 2) may reflect
components of the tectonic fabric that underlies the Reno quadrangle. Loci
of the lines were manually derived from the isostatic residual gravity map
(sheet 2), because computer-generated extrema from a 5-km data grid
clustered near the lines but were too sensitive to local variations of the
gravity-anomaly field to be uniquely defined. The lines also are more
smoothly continuous than computer-generated lines over the steepest gravity
gradients, which are useful to approximately delineate steep contacts
between bodies with distinctly different average densities and to depict major
normal-fault zones such as those along the southwest edge of Pyramid Lake
and both sides of the Stillwater Range.

Although there is some discontinuity and superposition of local
trends with markedly different orientations, a southeast- to south-southeast-
trending zone through the Warm Springs Valley, Pyramid Lake, Lahontan
Reservoir, and Desert Mountain’s structural systems (fig. 2; John and others,
in press, fig. 12), which apparently truncate major northeast-trending gravity
anomalies to the northeast. Gravity-anomaly trends are sharply changed
near the Carson Fault Zone, but easterly trends of the Lahontan Reservoir
and Desert Mountains zones are not reflected by gravity-anomaly trends (fig.
2). Gravity-anomaly trends are distorted near structurally deformed areas in
the Stillwater Range and between the Pine Nut Mountains and the Singatse
Range. Effects of bending, horsetailing, chevronning, and secondary
orthogonal trends seem to be present, but further speculation concerning the

significance of the gravity-anomaly trends and relations to boundaries of

major provinces is beyond the scope of this report.
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