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Gravity, Aeromagnetic and Rock-property Data of the
Central California Coast Ranges

By V.E. Langenheim

Abstract

Gravity, aeromagnetic, and rock-property data were collected to support geologic-mapping,
water-resource, and seismic-hazard studies for the central California Coast Ranges. These data are
combined with existing data to provide gravity, aeromagnetic, and physical-property datasets for this
region. The gravity dataset consists of approximately 18,000 measurements. The aeromagnetic dataset
consists of total-field anomaly values from several detailed surveys that have been merged and gridded
at an interval of 200 m. The physical property dataset consists of approximately 800 density
measurements and 1,100 magnetic-susceptibility measurements from rock samples, in addition to
previously published borehole gravity surveys from Santa Maria Basin, density logs from Salinas
Valley, and intensities of natural remanent magnetization.

Introduction

The central California Coast Ranges are located between the San Francisco and Los Angeles
metropolitan areas (fig. 1). Although not as populous as those metropolitan areas, this region hosts major
agricultural areas that depend heavily on groundwater, such as the Salinas, Santa Maria, and Cuyama
Valleys. The region is also traversed by multiple northwest-striking to west-northwest-striking faults,
the geometry of which has been a source of controversy. Potential-field data are an important component
for modeling basin and fault geometry; in the central California Coast Ranges, the data in this report
have been used to constrain the geometry and cumulative offset on some of the major faults, such as the
San Gregorio-San Simeon-Hosgri and the Reliz-Rinconada Faults (Langenheim and others, 2013).
Accompanying this report are gravity, aeromagnetic, and rock property datasets that were key for that
analysis and can be useful for future water resource and seismic-hazard assessments.
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Gravity Data Sources, Reductions, and Accuracies

Gravity data in the central California Coast Ranges have been compiled from many sources.
Previously collected onshore data (orange dots in fig. 2) were obtained from the compilation of Snyder
and others (1982), which included measurements published as part of the California Division of Mines
and Geology Bouguer gravity-map series at a scale of 1:250,000 (Bishop and Chapman, 1967; Burch
and others, 1971; Hanna and Smith, 1974; Hanna and others, 1975; Rietman and Beyer, 1982) and as an
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isostatic-gravity map at a scale of 1:750,000 (Roberts and others, 1990). A significant source of onshore
data is the Defense Mapping Agency (red dots in fig. 2); the agency not only compiled additional data,
but also collected data on an approximate 1 mile grid south of latitude 36°15'N. from the 1960s to the
1980s. Additional data are from the U.S. Geological Survey (green dots in fig. 2) for the Monterey,
Point Sur, and Paso Robles 1:100,000-scale quadrangles (Langenheim and others, 2002; McPhee and
others, 2011; Watt and others, 2011) and from data collected for the Santa Maria and San Luis Obispo
1:100,000-scale quadrangles during 2008-2013.

Offshore data come from several sources. The most accurate data are from ocean-bottom
measurements in the Monterey Bay area (Brooks, 1973; Cronyn, 1973; Souto, 1973; Spikes, 1973;
Woodson, 1973; open, dark blue circles in fig. 2). The other two sources of offshore data are derived
from ship-track data, do not include observed-gravity values, and are less precise in measurement and
location. South of latitude 35° N., data are from a 4-km grid (Beyer, 1980; open blue circles in fig. 2);
north of latitude 35° N., the data are from a 6-km free-air anomaly grid (Decade of North America
Project, 1987; solid blue circles in fig. 2). These data are locally augmented by points digitized from
intersections of Bouguer gravity-anomaly contours with track lines (Chapman and others, 1990; Pacific
Gas and Electric Company, unpublished map).

Observed gravity values onshore and from ocean-bottom measurements were referenced to the
International Gravity Standardization Net 1971 (IGSN71) gravity datum (Morelli, 1974). Free-air
gravity anomalies were calculated by using the Geodetic Reference System 1967 formula for theoretical
gravity on the ellipsoid (GRS67; International Association of Geodesy and Geophysics, 1971) and
standard formulas for the free-air correction (Blakely, 1995; Telford and others, 1976). Bouguer,
curvature, and terrain corrections (to a distance of 166.7 km; Plouff, 1977) were applied to the free-air
anomaly at each station to determine the complete Bouguer anomalies at a standard reduction density of
2,670 kg/m*. Because topography is locally composed of low-density Cenozoic deposits, particularly in
the Santa Maria Basin, the Gabilan Mesa, and the Irish Hills, the onshore data also were processed using
a reduction density of 2,000 kg/m®, which was chosen because it appeared to minimize correlation of
topography composed of Neogene deposits with local gravity lows. An isostatic correction was then
applied to remove the long-wavelength effect of deep crustal and/or upper mantle masses that
isostatically support regional topography. The isostatic correction assumes an Airy-Heiskanen model
(Heiskanen and Vening-Meinesz, 1958) of isostatic compensation; compensation is achieved by varying
the depth of the model crust-mantle interface, using the following parameters: a sea-level crustal
thickness of 25 km, a crust-mantle density contrast of 400 kg/m®, and a crustal density of 2,670 kg/m*
for the topographic load. These parameters were used because (1) they produce a model crustal
geometry that agrees with seismically determined values of crustal thickness for central California, and
(2) they are consistent with model parameters used for isostatic corrections computed for the rest of
California (Roberts and others, 1990). Furthermore, changing the model parameters does not
significantly affect the resulting isostatic anomaly (Jachens and Griscom, 1985). The computer program
ISOCOMP (Jachens and Roberts, 1981) directly calculates the attraction of an Airy-Heiskanen root by
summing the attraction of individual mass prisms making up the root and thus calculating the isostatic
correction; the resulting isostatic residual-gravity values should reflect lateral variations of density
within the middle to upper crust.

The offshore data, except for the ocean-bottom measurements, do not have observed-gravity
values. The track-line and gridded data consisted of either free-air or Bouguer anomaly values. For
gridded data south of latitude 35° N., and for track-line data, the free-air anomaly values were not
available and, thus, were approximated by estimating the correction from the Bouguer gravity values
using a digital terrain model of 1-minute and 3-minute data. For gridded data north of latitude 35° N.,
free-air values were available, although it is not known which free-air formula was used to calculate



these values. All the data were reduced to isostatic anomalies in the same way as for the onshore
measurements.

The main sources of error are inaccurate elevations and/or inaccurate terrain corrections. Errors
associated with terrain corrections may be 5-10 percent of the value of the total terrain correction. The
average error based on the average terrain correction (3.68 mGal) is about 0.4 mGal, but in the most
rugged areas of the Santa Lucia Range, the individual errors may be as large as 4 mGal. Errors resulting
from elevation uncertainties are probably less than 0.5 mGal for most of the data because the majority of
the stations are at or near bench marks and spot and surveyed elevations, which are accurate to about
0.1-3 m. Elevations of the subset of measurements collected by the U.S. Geological Survey were
obtained using a GPS system with an accuracy of 1 or better, resulting in an anomaly accuracy of 0.18
mGal or better. Measurements for which elevations were controlled by contour interpolation are
expected to have errors of up to 1.2 mGal. In general, the total uncertainties for the onshore and ocean-
bottom data shown on the map are estimated to be less than 2 mGal, although in many areas the data are
considerably more accurate. The ship-track data are less accurate, with errors in the gravity
measurement alone as high as 3 mGal (Oliver, 1980, p. 4). For the ship-track data south of latitude 35°
N., McCulloch and others (1989) found that the crossing error was no greater than 4 mGal, with a
majority of track-line crossings having a less than 1-2 mGal error.

Aeromagnetic Data

Aeromagnetic data are composed of several surveys (U.S. Geological Survey, 1980, 1987,
1996a, 1996b, 2001, 2005; Langenheim and others, 2009; Graymer and others, unpub. data; this report)
that were flown at a nominal height of 150-305 m above ground along flightlines spaced 530-800 m
apart (fig. 3; table 1). Accuracy of these surveys is 1 nT or better. The aeromagnetic data were adjusted
from their nominal height above ground to a common datum 305 m (1,000 ft) above ground. The base
levels were adjusted to be the same and then we merged by smooth interpolation across survey
boundaries to produce an aeromagnetic map of the study area (fig. 4). Magnetic data collected by
helicopter at a nominal elevation of 50 m above ground for the Irish Hills (Langenheim and others,
2012) and by boat along the coast from San Simeon to Point Sal (Sliter and others, 2009, revised 2010)
are available.

Physical-property Data

Density and magnetic properties of rock samples are crucial parameters for modeling gravity and
magnetic data. Density measurements (orange dots on fig. 5) were compiled for the crystalline rocks of
the Salinian Complex from Ross (1972, 1982) and for ophiolite at Point Sal from Kempner (1977). Rock
samples were also collected in the central California Coast Ranges for rock-property analyses. Densities
were determined by using a precision Sartorius electronic balance. All rocks were weighed dry in air
(Wa), saturated in water (Ww), and saturated with water in air (Ws). From these measurements, grain
density, dry-bulk density, and saturated-bulk density were calculated using the following formulas:

Grain density = Wa/(Wa—Ws),
Dry bulk density = Wa/(Ws—Ww), and
Saturated bulk density = Ws/(Ws—Ww).

Also included in this report are density data from five borehole gravity surveys in the Santa Maria Basin
(Beyer and others, 1985). Density logs from 11 boreholes in the central Salinas Valley (Tiballi and
Brocher, 1998) are also provided.



Magnetic susceptibilities (magenta dots in fig. 5) were measured by using a Geophysica KT-5
susceptibility meter and are reported to 0.1 to 0.01x10-3 Sl units. The Geophysica KT-5 calculates
volume susceptibility by assuming the sample shape is an infinite half-space. The instrument’s ability to
measure magnetic susceptibility is affected by surface roughness, weathering, and sample size, all of
which can result in an underestimation of a sample’s true susceptibility. The magnetic-susceptibility
values reported represent the highest reading on the hand sample. Also included are natural remanent
magnetization intensity measurements of ophiolite at Point Sal and Cuesta Ridge, of the Monterey
Formation at Mussel Rock (Beebe, 1986; Nichols, 1978), and of the La Panza granite (Ed Mankinen,
written commun., 2008). More detailed information on natural remanent magnetization of rocks from
the Irish Hills is available (Langenheim and others, 2012).

Conclusions

Gravity, aeromagnetic, and physical property-data are compiled for use in geologic-mapping,
water-resource, and seismic-hazard studies of the central California Coast Ranges. More than 14,000
gravity measurements onshore provide nearly uniform coverage south of latitude 36°15'N. Offshore data
consist of ocean-bottom measurements and gridded and contour-trackline intersection data from ship-
track measurements. The central California Coast Ranges have detailed, fairly uniform aeromagnetic
data from multiple surveys flown at a maximum line spacing of 800 m and maximum flight height of
305 m above terrain. Density, magnetic-susceptibility, and natural remanent magnetization intensity
measurements are also included as constraints for potential-field modeling.
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Figures

Figure 1.  Index map of the central California Coast Ranges. Red lines indicate Quaternary faults modified from
Jennings and Bryant (2010).



Figure 2. Gravity measurements in the central California Coast Ranges. Black lines indicate Quaternary faults
modified from Jennings and Bryant (2010).



Figure 3. Aeromagnetic surveys of the central California Coast Ranges. See table 1 for specifications.



Figure 4.  Merged aeromagnetic map of the central California Coast Ranges. Magenta lines indicate Quaternary
faults modified from Jennings and Bryant (2010).
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Figure 5.  Density and magnetic property measurements of the central California Coast Ranges. Red lines indicate
Quaternary faults modified from Jennings and Bryant (2010).
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Table 1. Aeromagnetic-survey specifications.

Nominal flight
Flightline spacing, Flightline height above terrain,
Name Date flown in meters direction in meters Reference
U.S. Geological
Los Padres 1979 800 NE-SW 305 Survey (1980)
U.S. Geological
Parkfield 1986 800 NE-SW 305 Survey (1987)
U.S. Geological
Carrizo 1994 800 NE-SW 350 Survey (1996a)
U.S. Geological
Gabilan Range 1995 800 NE-SW 305 Survey (1996b)
San Gregorio- U.S. Geological
Hollister 1999 536 NE-SW 150-245 Survey (2001)
Salinas Valley U.S. Geological
North, South 2002 530 NE-SW 245 Survey (2005)
Langenheim and
Paso Robles 2008 800 NE-SW 305 others (2009)
Graymer and others
Carmel 2009 800 NE-SW 305 (in press)
Santa Lucia 2009 800 NE-SW 305 This report
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