AIRBORNE GRAVITY FROM A LIGHT AIRCRAFT: CASERTZ 1990-1991
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Abstract: Over the past decade, as airborne gravity data acquisition and reduction has become increasingly refined,
its usage by academic, industrial and government researchers has expanded. Data collected from a Cessna 404 over
water and a ski-equipped Twin Otter over a grounded ice sheet, have demonstrated that airborne gravity can recover
anomalies with wavelengths of about 5 km to accuracies of better than 5 mgal. The Cessna 404 was used over the Long
Island Sound off the east coast of the U.S.A., a region with numerous marine and land gravity measurements.
Accelerations from the Bell Aerospace BGM-3 were reduced with pseudorange GPS positioning from a Trimble 4000
CA-codereceiver and with vertical positions and accelerations from a radar altimeter. The Twin Otter experiment was
flown over the West Antarctic Rift system as part of the CASERTZ (Corridor Aerogeophysics of the Southeastern
Ross Transect Zone, West Antarctica) program, where limited ground truth exists from surface gravity data. The
navigation in this experiment included CA-code and P-code pseudorange solutions, differential carrier phase
positions, radio transponder locations and pressure altimetry. Base stations were used for the differential GPS and for
the calibration of pressure altimetry. The results from an overflight of surface gravity data indicate that even in this

remote location airborne gravity can recover anomalies with accuracy adequate for geologic studies.
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Introduction

Gravity measurements provide first order insights into the
structure of both continental and oceanic lithosphere. As
gravity measurements are more economical than seismic
methods and can be collected rapidly, much of the earth’s
surface has been mapped using a land gravimeter. Unfor-
tunately this technique is primarily limited to regions ac-
cessible by roads. Subsequently, large regions of Africa,
South America, Greenland, Southeast Asia and Antarctica
remain unmapped.

Airborne gravimetry has become an important tool for
reconnaissance surveying of inaccessible regions during the
past decade (Bell ef al., 1990; Brozena and Peters, 1988;
Gumert ef al., 1985; Brozena, 1984). Advances in airborne
surveying were possible due to the high quality positioning
data available with the GPS system that was not available to
early airborne experiments (i.e. Thompson and LaCoste,
1960). Recent field programs of Lamont-Doherty Geological
Observatory and collaborating institutions are discussed
here. The purpose of this paper is to report on the successful
collection of airborne gravity data from small survey aircraft
and to discuss future directions of airborne gravity mea-
surements.

Principle of Airborne Gravity

Isolating the earth’s signal from accelerations introduced
during the measurement process is the major difficulty in
gravity surveys conducted from moving platforms. To ex-
tract a free air anomaly from the accelerations recorded by
a gravimeter mounted on an aircraft, the position, velocity

and vertical accelerations of the aircraft must be accurately
monitored (Table 1). Table 1 summarizes the observables
which are necessary to extract a free air anomaly from an
airborne gravity measurement. The typical values for each
quantity are listed as well as variations around the mean. The
sampling rate is also listed. For comparison the typical
ranges and variation for marine measurements are included.
The positioning sources and the necessary corrections for
these measurements are also outlined in Table 1.

The horizontal position of the aircraft is required to
accurately calculate the ellipsoidal and centrifugal compo-
nents of gravity. The motion of a gravimeter across a
rotating earth changes the effective rotation rate of the
sensor and consequently the centrifugal component of the
gravity field recorded. This effect is treated by removing a
velocity dependent term known as the E6tvos correction
(Eotvos, 1896; Harlan, 1968). The aircraft altitude is re-
quired both for the free air and the E&tvos corrections.
Vertical accelerations, which can be as large as 15000 mgal,
must be removed from the measured accelerations to isolate
the earth’s field.

Horizontal positioning for airborne gravity is possible
with either GPS pseudoranges solutions or positions from a
radio transponder system. The positioning accuracies re-
quired are similar to those necessary for marine gravity
work but the sampling rate must be much higher due to the
greater speeds.

Airborne gravity measurements are reduced to sea level
assuming a free air gradient of 0.3086 mgal/m. Absolute
vertical positions can be obtained either from laser or radar
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Table 1. Observables for airborne and marine gravity measurements.

Airborne Marine
Ranges Sampling Ranges Sampling Positioning Used to
Quantity Rate Rate Source Calculate
XY 140 km 1-2 Hz 500 km 0.1 Hz GPS Pseudorange Ellipsoidal
Position (60 m) (500 m) Radio Navigation Gravity
Eotvos
Correction
Elevation 200-2000 m 4 Hz Om not Differential GPS Free Air
@) (£20 m) measured Pressure Altimetry Correction
Radar Altimetry Eo6tvos
Correction
XY 200-500 1-2 Hz 6-20 km/h 0.1 Hz GPS Pseudorange Eotvos
Velocity km/h (£ 1 km/h) Radio Navigation Correction
(20 km/h)
z +15000 4 Hz + 200 not Pressure Altimetry Vertical
Accele- mgal mgal measured Differential GPS Accelerations
ration (removed
by
filtering)

altimetry over the water. Over land or grounded ice either
differential GPS techniques or pressure altimetry corrected
for barometric changes can be used for vertical positioning.
This correction is unnecessary for marine gravity which is
collected on the equipotential surface.

Accurate velocities are necessary for both marine and
airborne work (Table 1). For a marine gravity measurement
collected at velocities of 20 km/h, where the height term is
zero, the maximum E6tvds correction is approximately +75
mgal (Bell and Watts, 1986). Due to the higher aircraft
velocities (240-500 km/h) and the non-zero height term, the
airborne E6tvos correction is much larger than the marine
correction and can be as great as 2500 mgal. Like the marine
Eo6tvos correction, the airborne E6tvos correction is primarily
dependent upon the vehicle’s velocity and heading. Real
time pseudorange positions and velocities provided by the
GPS navigation system provide E6tvés corrections accurate
to better than 1 mgal (Hammer, 1983; Brozena, 1984;
Gumert et al., 1985).

Accurate monitoring of aircraft vertical accelerations is
critical for the recovery of free air anomalies with an
airborne gravity system. In the marine environment, the
vertical accelerations of the gravimeter are assumed to
average to zero over short periods as the ship travels over the
equipotential surface. Subsequently, these marine accel-
erations are removed by filtering over 3—5 minute intervals.
In the airborne environment, vertical accelerations are not
periodic and have wavelengths that correspond closely to
geological features. Vertical accelerations, with post-filtering
amplitudes of 600 mgal and periods of 0.1-600 s must be
calculated from accurate position data and removed from
the measured accelerations. These vertical accelerations are
calculated from a variety of altimetry sources. Over water,
radar altimeters can be used to recover the position of the
aircraft while over land, interferometric GPS solutions with
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accuracies on the order of 0.1 m are sufficient for airborne
gravity measurements (Mader and Lucas, 1989; Brozena et
al., 1989).

Gravimeters

The requirements for an airborne gravity meter include a
sensor with a rapid response time (~2 s or less) and a
stabilized platform with variable periods capable of with-
standing the entire spectrum of aircraft motion. Weight, size
and power consumption are important operational consid-
erations. The majority of the airborne gravimetry work done
to date has used marine gravity meters with limited modi-
fications. These systems include the Bell Aerospace BGM-
3, LaCoste-Romberg S and straight line meters and
Bodenseewerk KSS-31. Efforts are currently underway to
design a system specifically for airborne use (both by Bell
Acerospace and LaCoste-Romberg). The difference between
marine and airborne systems is primarily in the response
times of both the platform and the sensor. The experiments
described here utilized an unmodified Bell Aerospace BGM-
3 marine gravity system exclusively.

The Bell Aerospace BGM-3 gravity meter system was
designed for marine use. From crossover analysis of well
navigated marine surveys (Wessel and Watts, 1988), gravity
anomalies obtained from this system have been shown to be
accurate to better than 1 mgal (Bell and Watts, 1986). The
system, consisting of a 60 cm? platform and two drawers of
electronics which fit into 0.36 m of a standard equipment
rack, is extremely flexible for restricted space installations.

Aircraft Positioning
Horizontal navigation

The Global Positioning System (GPS) has opened the
door to wider applications of airborne gravity. This system


















