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C
ASERTZ (corridor aerogeophysics of the southeast Ross
transect zone) is a multiyear program to study the geolo-

gy, geophysics, and glaciology of the west antarctic rift system
by means of data collected from an integrated airborne
remote-sensing package installed on a Twin-Otter aircraft.
This unique aerogeophysical system consists of an ice-pene-
trating radar, laser altimeter, gravimeter, and magnetometer
with precise three-dimensional positioning provided by dif -
ferential carrier-phase global positioning system (GPS). Com-
bining information from these sensors and satellite imagery
provides a powerful synergistic set of tools for constraining
models of the extensional mechanics and geologic control of
ice dynamics across the west antarctic rift system. The interi-
or Ross embayment portion of the rift system was surveyed
during the 1991-1992 field season of the CASERTZ program.
This article presents preliminary results of the airborne gravi-
ty and GPS positioning segments of the experiment with a
short discussion of the topographic mapping capabilities of
the aircraft.

Variations in the gravity field of the Earth can be mea-
sured from an aircraft by correcting a vertically oriented
accelerometer for the vertical accelerations caused by aircraft
motion. The aircraft motion must be very precisely deter-
mined by nomnertial means. Airborne gravity measurement
from helicopters has been successfully used for oil prospect-
ing since the late 1970s (Hammer 1983). In the early 1980s, a
long-range P-3 Orion-based, fixed-wing system was devel-
oped and used to collect more than 350,000 line-kilometers
(km) of medium-resolution gravity profiles for geophysical
and geodetic studies in areas ranging from Greenland to the
oceanic basins surrounding the Antarctic Peninsula (Bell et al.
1990; Brozena 1991; Brozena 1992; Brozena et al. 1993).
Recently, fixed-wing airborne gravity systems have been oper-
ated aboard smaller aircraft such as a Cessna 404 (Bell, Coak-
ley, and Stemp 1991) and the Twin-Otter (Carson 1993; Bell et
al. 1992). The challenge faced by the CASERTZ program inves-
tigators was the integration of an airborne gravity measure-
ment system in a small aircraft along with the large amount of
equipment from the other sensor and data-acquisition sys-

tems. Available space and weight capacity were extremely
limited. Despite the difficulties, the CASERTZ aerogeophysi-
cal aircraft successfully collected about 25,000 line-km of
high-quality data over a 50,000-square-kilometer (km 2) por-
tion of the rift system during the 1991-1992 field season.
Tracks were flown as an orthogonal grid with a 5-km spacing.

Dual-frequency carrier-phase and P-code pseudorange
data were collected from two sets of three GPS receivers on
the aircraft and at the CASERTZ base camp. The multiple sets
of receivers were operated to provide data redundancy and to
allow automated editing of cycle slips (Peters, Brozena, and
Mader 1992). The flight periods were chosen as a compromise
between the magnetically quiet periods and the GPS satellite
coverage windows. About half of the flights were flown during
optimal periods of GPS geometry; the other half had periods
of very poor GPS coverage. Even so, full kinematic, double-
difference solutions (Mader 1986; Brozena, Mader, and Peters
1989) were obtained at the Naval Research Laboratory on 41
of the 43 4-hour flights. Surface topography profiles for each
track were calculated by subtracting the attitude-corrected
laser ranges to the ice from the GPS ellipsoidal altitudes of the
aircraft. Linear corrections to the GPS height series were
determined to minimize the difference in measured topogra-
phy at the more than 2,000 track intersections. After adjust-
ment, the topography discrepancy at all intersections where
both laser and GPS data were obtained indicated a root mean
square (rms) surface topography error of 82 centimeters (cm)
for the survey. This includes errors in the GPS heights, laser
ranges, and pitch-roll corrections. The intersections between
tracks obtained during good GPS coverage indicated a rms
error of 25 cm. This means that nearly all cycle slips were
fixed, and most phase ambiguities were correctly determined.

Preliminary reduction of the CASERTZ 1991-1992 gravity
data was recently completed at Naval Research Laboratory
using the GPS phase solutions. The data collected from a Bell
BGM-3 gravimeter modified for airborne use were corrected
for horizontal and vertical accelerations, platform off-level-
ing, Eotvos (horizontal velocity) effect, and normal gravity
(height and latitude). At this point, approximately 10 percent
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Free-air anomaly map from the 1991-1992 CASERTZ
aerogeophysical study. Contour interval is 5 mGal. Shading
changes every 30 mGal. Approximately 25,000 km were flown
during this field season on a 5x5 km grid. Valid gravity data from
these profiles are indicated by the dotted tracks.

of the data was discarded, primarily because of the dynamics
limitations of the gravimeter or stable platform being exceed-
ed. The resulting profiles were cross-over adjusted in a man-
ner similar to the topography profiles, yielding an rms error of
2.7 mffliGals (mGal). The preliminary free-air gravity anomaly
map is shown in the figure. The major portion of the signal
visible in this map is due to the ice-rock interface, the sub-ice
topography. Modeling and analysis of the gravity data will
require the actual sub-ice topography, which is currently
being reduced at the University of Texas to remove the signa-
ture of this interface. Crustal thickness and lithospheric struc-
ture can be estimated from the residual gravity anomalies.

Until the radar is available, the free-air map does provide
significant information about the morphotectonic structure
of this area. Active volcanism has been proposed on the basis
of preliminary profile analysis combined with satellite
imagery (Blankenship et al. 1993). Circular magnetic anom-
alies visible in the aeromagnetic map of the CASERTZ
1991-1992 prepared by the U.S. Geological Survey have been
modeled as highly magnetized shallow sources and interpret-
ed as probable late Cenozoic sub-ice volcanos (Behrendt et al.
in preparation). Several of the magnetic anomalies have cor-
responding gravity anomalies visible in the figure. The large
circular gravity high near 81.6 0S 110.5W correlates with a cir-
cular magnetic high of 200 nanoteslas (nT). The active vol-
canic center, postulated to be at 81.8 0S 111°W, is located on
the side of a lobate extension to the circular gravity anomaly
and may be a rift zone eruption from the primary edifice or
the beginning of a new volcanic center. The three gravity
highs located near 83.1°S 108°W enclose a 300 nT positive
magnetic anomaly. The gravity highs may correspond to a

single volcanic edifice with the magnetic high located over a
large central caldera.

The gravity also reveals a complex fabric of lineated
topography. The large linear negative gravity anomaly near
the center of the figure trends dominantly southwest to
northeast. On closer inspection, it consists of a series of lows
offset along south-southeast to north-northwest lineations
oblique to the trend of the axis of the gravity negative. These
oblique trends appear in the aeromagnetic data and have
been interpreted as "rift fabric" by Behrendt et al. (in prepara-
tion) parallel to the shoulder of the west antarctic rift system
(Behrendt et al. 1991). The gravity lows may represent rhom-
bochasms or pull-apart basins formed in a transtensional
environment (Kellogg and Rowley 1989, p. 25; Storey 1992).
Alternatively, the deep southwest trending lows may be sim-
ple extensional grabens on this portion of the west antarctic
rift system. Combined analysis of models of crustal structure
developed from the gravity and aeromagnetics and new data
from the 1992-1993 CASERTZ data to the southwest of the fig-
ure will help to distinguish between the alternatives.
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Geomagnetic activity and its implications for the 1991-1992
CASERTZ aeromagnetic survey in Antarctica

R.W. SALTUS and R.P. KUCKS, U.S. Geological Survey, Denver, Colorado 80225-0046

s part of aeromagnetic survey operations, the total field
eomagnetic variation was recorded at the corridor aero-

geophysics of the southeast Ross transect zone (CASERTZ)
base camp (82°22'S 118°10'W) for 61 days from 16 November
1991 to 16 January 1992. This turned out to be a period of low
worldwide geomagnetic activity, but as is typical in Antarcti-
ca, geomagnetic variation exceeded 500 nanoteslas (nT) on
noisier days. Comparison of geomagnetic variation recorded
simultaneously at several sites shows remarkably good agree-
ment at distances of up to 200 kilometers (km) within the sur-
vey area, especially during magnetically quiet times. The
design of the survey (5-km-square flight grid) and a reduction
technique combining removal of base station geomagnetic
variation and adjustment of flightline intersections yield an
aeromagnetic map accuracy of about 10 nT.

The CASERTZ project is an ambitious attempt to use air-
borne geophysical measurements (gravity, radar, and mag-
netics) to understand the glacial and tectonic structure of a
remote region (location of the survey is shown in figure 1). As
part of the aeromagnetic survey, the daily variation of the
Earth's magnetic total field intensity was recorded at the
CASERTZ base camp. These data served two purposes: to
assist in flight scheduling by determining the magnetically
quietest time of day and to correct survey data for temporal
magnetic variation. Before survey flights began, data were
collected at 1-minute (mm) intervals for tracking of geomag-
netic variation. Once survey flying began, the base station was
operated in two modes: 5-second (s) recordings during flights,
and 30-s recordings at other times.

The base station data were recorded for 61 days from 16
November 1991 to 16 January 1992 (a sample of the data is
shown in figure 2). This was a period of generally quiet world-
wide geomagnetic conditions (Kp, the K-derived planetary
index, ranged from 1 to 5). Geomagnetic variation exceeded
500 nT on noisy days, a level routinely observed in polar
regions (for example, Whitham and Anderson 1962; Damaske
1989; Skilbrei et al. 1990). This large variation is in keeping
with the location of the survey area within the southern auro-

ral zone, the zone of most frequent occurrence of the aurora
australis, closely related to geomagnetic disturbances. Varia-
tions of 50 nT per minute were observed during noisy periods,
a level unacceptable for aeromagnetic surveying.

During the installation of remote radio navigation bea-
cons at the beginning of the season, several remote record-
ings of geomagnetic variation were made concurrently with
base station recording at the CASERTZ camp. Comparison of
these records, recorded at sites as much as 200 km away, to
the base station records shows good correlation (root mean
square variation generally better than 10 nT) for wavelengths
from 5 to 30 mm. Comparisons made at magnetically quiet
times showed agreement to within 5 nT (figure 3). This degree
of correlation for widely spaced observations is unusual for
auroral regions (Damaske 1989; Skilbrei et al. 1990).

Figure 1. Location of the 1991-1992 CASERTZ aeromagnetic survey.
Locations of several permanent scientific bases are also shown.
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