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INTRODUCTION

The most significant development in the field of
"geophysical applications of satellite altimetry" over the last
4 years has been the Geosat altimeter mission. While the Geos-
3 and Seasat missions [see Geos-3 Special Issue, 1979; Seasat
Special Issue I, 1982; Seasat Special Issue II, 1983]
demonstrated the potential of satellite altimetry for the
recovery of the marine geoid and gravity field, Geosat has
nearly realized the full potential of this method. Papers
published over the past 4 years confirm the importance of
these data for many geological and geophysical applications.
Moreover, the high accuracy and resolution achieved by the
Geosat altimeter suggests that data collected (or declassified)
over the next decade will provide our first global view of the
ocean basins at a resolution of 10 km. For the reader interested
in an overview of the satellite altimeter method as well as
basic orbit mechanics see chapters 14 and 15 of Stewart
[1985].

The U.S. Navy satellite Geosat was launched on March 12,
1985 into an 800 km altitude, nearly circular orbit with an
inclination of 108° [Jensen and Wooldridge, 1987,
McConathy and Kilgus, 1987]. During the first 18 months of
the primary Geosat Geodetic Mission (Geosat/GM), the orbit
of the spacecraft was allowed to drift so that ground tracks did
not repeat on a regular basis. This resulted in 200 million
kilometers of sea surface topography profile having an
average ground track spacing of 4 km over all ocean areas
between 72°N and 72°S. Most of these data are classified
although data south of 60°S in Antarctic waters were recently
declassified and reveal the full potential of the high-density
coverage (Figure 1) [McAdoo et al., 1990]. Papers discussing
the Geosat radar altimeter [MacArthur et al.,, 1987], its
performance [Sailor and LeSchack, 1987], and determination
of the ocean geoid [Smith III et al., 1987; Van Hee, 1987] are
found in a special issue of Johns Hopkins APL Technical
Digest [vol. 8, no. 2, 1987] devoted to the Navy Geosat
Mission.

After completion of the nominal 18-month geodetic
mission, the spacecraft was placed into a 17-day exact repeat
orbit suitable for observing changes in sea surface topography
associated with mesoscale ocean currents. The orbit was
arranged to follow the Seasat ground track to within 11 km and
repeat within a 1 km swath along a 17-day repeat track [Bom et
al., 1987]. This repeat orbit was maintained for 68 cycles (3-
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years) until the tape recorders on the spacecraft finally failed
after almost 5 years of continuous operation! These data can be
obtained from the National Ocean Data Center [Cheney et al.,
1987].

Since the data from the Geosat Exact Repeat Mission
(Geosat/ERM) were not classified, and the ERM track was
chosen for observing ocean dynamics [Mitchell et al., 1987],
most of the published literature on Geosat altimetry is related
to physical oceanography. These oceanographic applications
require much greater accuracy than is needed for the recovery of
the marine geoid and especially the marine gravity field
[Stewart, 1985]. A special issue of Journal of Geophysical
Research - Oceans [vol. 95, no. C3, 1990] is devoted to
unclassified research using Geosat altimetry [Douglas and
Cheney, 1990]. In addition to these special journal issues on
Geosat, there are many publications related to geophysical
applications of Seasat and Geosat altimetry. The remainder of
this report divides these applications into 5 sections; Geoid
and Gravity Errors, Regional Geoid Heights and Gravity
Anomalies, Local Gravity Field/Flexure, Plate Tectonics and
Gridded Geoid Heights/Gravity Anomalies.

GEOID AND GRAVITY ERRORS

Errors in sea surface topography measurements arise from
altitude measurement errors, and radial orbit errors. For
geophysical applications, one is interested in geoid height so
that ocean dynamic topography and tides are also considered as
error sources. At the global scale (4000 - 40000 km), the most
accurate geoid height models are derived by tracking and
modelling the orbits of many artificial satellites. Satellite
altimeter data have also been incorporated into these global
solutions and various methods have been used to decompose
the sea surface topography into the marine geoid and the
dynamic topography [Tapley et al., 1988; Marsh et al., 1990;
Denker and Rapp, 1990]. While the geoid height is known
quite accurately at the global scale, most recent geophysical
applications of satellite altimetry tend to be regional (400 -
4000 km) and local scale (< 400 km) studies where the absolute
height of the sea surface above the reference ellipsoid is rarely
an important consideration; instead changes in geoid height
within the region are desired. In many studies, especially at the
local scale, the geoid height measurements are converted to
gravity anomalies or deflections of the vertical (i.e. geoid
slope). Since these quantities are both spatial derivatives of
the gravitational potential (or geoid height), errors in sea
surface slope are the most important consideration. One
microradian (prad) of sea surface slope corresponds to 0.98
milligal (mgal) of along-track gravity disturbance. The sources
and magnitude of error in sea surface slope are given in the
Table 1.



SANDWELL: GEOPHYSICAL APPLICATIONS OF SATELLITE ALTIMETRY 133

TABLE 1. Errors in Sea Surface Slope

Error Source Height (m) Length Scale (km) Slope (urad)
Land, Ice <4.0 10 < 400
Dynamic Topography 1.0 > 100 <10
Altimeter Noise 0.05 > 10 <5
Wet Troposphere <0.1 > 100 <10
E/M Bias 0.1 > 200 <05
Height Acceleration < 0.02 >70 <0.5
Orbit GDR 3.0 10000 0.30
Ocean Tide 0.10 > 1000 < 0.10
Tonosphere 0.10 > 1000 < 0.10
Orbit GEM-T1 0.85 10000 0.085

The largest slope errors occur when the altimeter footprint
intersects land or ice causing a a rapid change in elevation that
is unrelated to the geoid [Brooks and Lockwood, 1990]. For
example, at a coastline a 4 meter change in elevation can occur
over a distance of a few Geosat footprints (~ 10 km) resulting
in a slope error of 400 prad. The land radar reflections can be
eliminated with a very precise land-sea mask, however, early
radar returns from sea ice can only be edited by comparing the
data with previous or nearby measurements. The second largest
source of sea surface slope error (< 10 prad) is caused by
changes in elevation associated with western boundary
currents (i.e. dynamic topography) [Zlotnicki and Marsh,
1989]. This dynamic topography has a scale ranging from 100
km to 10,000 km and can de divided into a permanent
component and a component that varies with time.

Altimeter noise, which is primarily due to inaccurate
determinations in the round-trip travel time of the radar pulse,
is a major source of error especially at short wavelengths
[Marks and Sailor, 1986; LeSchack and Sailor, 1988].
Individual Geosat altimeter profiles have an rms slope error of
about 6 prad although this can be reduced to less than 1 prad by
averaging many repeat profiles [Sandwell and McAdoo, 1990].
The averaging also increases the along-track resolution of the
Geosat data from about 30 km (full wavelength) to about 20
km. However, because "repeating” profiles repeat only within
a 1 km band, one must be especially careful when averaging or
differencing repeat profiles in areas where the sea surface slope
is high [Brenner et al., 1990].

The remaining error sources make almost negligible
contributions to the slope error budget either because the
height errors are less than 0.1 m or because these errors have a
large correlation length. Errors in the wet tropospheric
correction [Zimbelman and Busalacchi, 1990; Monaldo, 1990;
Emery et al., 1990; Liu and Mock, 1990] are generally less
than 0.1 meter and occur over a length scale of greater than
100 km resulting in a slope error of less than 1 prad.
Similarly, the electromagnetic bias caused by stronger radar
return from a wave trough than a wave crest, is generally less
than 0.1 m and has a length scale of greater than 200 km
resulting in a slope error of less than 0.5 prad [Hayne and
Hancock, 1990; Walsh and Jackson, 1989; Ping, 1990]. The
height acceleration, or curvature in the altitude profile, can
also introduce slope measurement errors which are generally
less than about 0.5 prad (< 0.02 m over a length > 70 km)
[Hancock et al., 1990].

Radial orbit error, which is major error source for
oceanographic applications, is only a minor contribution to

the slope error budget. For example, the operational orbit error
distributed with the Geosat/ERM geophysical data records
[Cheney et al., 1987] is known to have errors of 3 m rms and a
correlation length of greater than 10000 km; this results in a
slope error of less than 0.3 prad. Using more tracking data and
improved gravity models (e.g. GEM T-1), the radial orbit error
in Geosat altimeter profiles has been reduced to 0.85 m [Shum
et al., 1990; Haines et al., 1990]. This reduces the slope error
to < 0.085 prad. Errors in the ocean tide models can range up
to 0.1 m and generally have a length scale of greater than 1000
km [Cartwright and Ray, 1990] resulting in a slope error of
less than 0.1 prad. Finally unmodelled delays of the radar
pulse, as it propagates through the ionosphere, can produce a
height error which is generally less than 0.1 m over a length
scale of generally greater than 1000 km [Musman et al., 1990]
resulting in a slope error of less than 0.1 prad.

In summary, the major sources of error in the regional
geoid height, gravity anomalies and vertical deflections are
land/ice radar returns, short-wavelength dynamic topography,
and broad-band altimeter noise. Repeating altimeter profiles
can be used to identify errant radar returns from land and ice and
thus eliminate these errors. Moreover, averaging many repeats
can reduce the errors in sea surface due to both changes in
dynamic topography and altimeter noise as long as these
errors are uncorrelated in time. Errors due to unknown
permanent dynamic topography cannot be reduced and
therefore one must be careful when interpreting satellite
altimeter profiles near areas if intense western boundary
currents.

REGIONAL GEOID HEIGHTS AND GRAVITY ANOMALIES

During the past 4 years, several global geoid height and
gravity anomaly models have been developed from satellite
altimeter profiles [Marsh et al., 1986; Haxby, 1987; Pavlis
and Rapp, 1990; W. F. Haxby personal communication;
1990]. Because of the nature of the satellite altimeter error
budget, these models are quite accurate at the regional scale and
thus have been used for investigations of lithospheric cooling
with age [Jung and Rabinowitz, 1989] as well as the
compensation depths of thermal swells and oceanic plateaus.

Several studies have compared the relationship between
geoid height and topography on a global basis or over a large
number of features. Rapp [1989] performed a global cross
correlation between gravitational potential and topography.
The goals of his study were: to determine the decrease in power
with increasing spherical harmonic degree (5-180) for both
geoid height and equivalent rock topography, to determine the
correlation coefficient between the two spectra and to
determine an average compensation depth assuming an Airy
model (~30 km). Cazenave and Dominh [1987] examined the
marine geoid/topography transfer function in the 1000 - 4000
km wavelength band in order to determine the average depth
and mode of compensation; prior to the analysis they removed
the effects of lithospheric cooling. Geoid/topography
correlations exceeded 0.5 between wavelengths of 1000 and
2000 km and the average ratio was 2.5 m/km.

Other studies isolated individual oceanic swells and
plateaus prior to calculating the geoid/topography ratios.
There is still some debate on how the longest wavelength
components of the geoid should be removed. Sandwell and
Renkin [1988] calculated geoid/topography ratios over 10
swells and plateaus in the North Pacific and found the highest
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ratio associated with the southeast end of the Hawaiian Swell
(5.5 m/km) and lower ratios further downstream from the
hotspot. The lowest ratios (1 - 2 m/km) were observed over
Airy-compensated plateaus. A similar global study of 53 areas
[Sandwell and MacKenzie, 1989] was also performed to
establish the compensation mechanisms of these features,
especially the oceanic plateaus. Cazenave et al., [1988]
performed a global analysis of 20 swells and troughs and
discovered that the ratio of geoid height to topography
increases as the square root of the age of the plate; a later study
of 23 swells tends to confirm this result [Monnereau and
Cazenave, 1990]. They interpreted this relationship as either
due to increasing asthenospheric viscosity with lithospheric
age or in terms of the increase in the thickness of the
lithosphere at the expense of a constant viscosity
asthenosphere.

The above analyses of geoid height versus topography
over swells and plateaus were primarily concerned with a
single admittance estimate over the intermediate wavelength
band (400 - 4000 km). Because of this, it was impossible to
separate the effect of crustal thickening from the deeper
thermal compensation. A number of studies treated individual
areas in greater detail in order to learn more about the strength
and structure of the plate at the time the feature formed. An
admittance approach was used to investigate the compensation
mechanisms and flexural rigidity beneath the Del Cano Rise
and Crozet Bank [Goslin and Diament, 1987], and the
Mozambique Ridge [Maia et al.,, 1990]. Even using this
standard admittance approach it is often difficult to
differentiate among various compensation mechanisms.
Because of this, a linear filter approach [McNutt and Shure,
1987] was used to investigate the compensation of the the
Canary Island Group [Filmer and McNutt, 1989] and the
Bermuda Rise [Sheehan and McNutt, 1989]. This same linear
filter method was combined with heat flow observations to
demonstrate that the Cape Verde Rise must be at least partially
supported dynamically by a mantle plume [McNutt, 1988].
Geoid height and topography data were used with surface wave
observations to suggest that the Superswell region of the
south Pacific is dynamically supported by a broad mantle
upwelling; the ratio of geoid height to topography is negative
which is consistent with a low viscosity layer beneath the
lithosphere [McNutt and Judge, 1990].

A number of studies focussed on the lineated gravity
anomalies first discovered by Haxby and Weissel [1986] in the
Pacific and Indian Oceans. While the original observations
have been confirmed, there is still considerable debate
concerning the origin of these features. Cazenave et al. [1987]
performed a spectral analysis of the gravity lineations in the
Indian Ocean and determined that they are oriented at N40°E,
they have a characteristic wavelength of 200 km and they
occur only on the northeast side of the southeast Indian Ridge.
They speculated that the gravity lineations are due to small-
scale convection that is organized into longitudinal rolls by
the rapid absolute motion of the Indo-Australian plate.
Moriceau and Fleitout [1989] performed a spectral analysis of
the short-wavelength gravity lineations in 7 areas of the
Pacific in order to compare their directions to present and past
absolute plate motion directions. To reduce the edge effects
associated with spectral analysis, they first constructed the
Laplacian of the geoid (i.e. vertical gravity gradient). The
directions of the gravity lineations in 6 of the 7 areas agreed
fairly well with past and present absolute plate motion
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direction suggesting that the gravity lineations are related to
either plume-like or roll-like convective motions in the
mantle; the older lineations may be crustal expressions of
earlier volcanic activity above numerous mantle plumes. Based
on the discovery of en-echelon volcanos superimposed upon
on of the more prominent gravity lineations, Winterer and
Sandwell [1987] have suggested that the gravity lineations are
lithospheric boudins caused by north-south extension of the
Pacific plate. McAdoo and Sandwell [1989] analyzed the ratio
of vertical deflections derived from repeat profiles of Geosat
altimetry and 6 seafloor bathymetry profiles in the Central
Pacific. They found no evidence of deep compensation for the
gravity rolls suggesting that they are not dynamically
supported. However, their results are quite uncertain because
the coherence between gravity and seafloor topography is very
low in the 200 km-wavelength band. Similar lineated gravity
anomalies were discovered in the South Atlantic [Fleitout et
al., 1989] and attributed to numerous plumes. More research is
required to establish the origof these elusive features.

LOCAL GRAVITY/FLEXURE

Improvements in satellite altimeter measurements have
enabled investigators to analyze the geoid signatures of
relatively small scale features such as fracture zones,
seamounts and spreading ridges. Geoid signatures across
fracture zones (i.e. age offsets in the seafloor produced at
transform faults) consist of a geoid step (reflecting a change in
depth and thermal structure) [Crough, 1979] and flexural
features within 200 km of the fracture zone. The lithospheric
flexures are due to differential subsidence [Sandwell, 1984]
and/or thermal bending moment [Parmentier and Haxby,
1986]. These multi-component models have been refined by
Wessel and Haxby [1989; 1990] and now provide excellent fits
to the new Geosat profiles in the Pacific. These recent models
suggest that all three components (thermal edge effect, thermal
bending moment and differential subsidence) are important
along large-offset fracture zones (> 10 Ma offset). Moreover,
Wessel and Haxby [1989] confirmed that measurements of the
geoid step due to thermal subsidence will be systematically
underestimated by 30-40% if the flexural effects are not
considered. Sandwell [1984] found that the underestimate of
the thermal step increases with fracture zone age from 20% at
20 Ma to 50% at 80 Ma if only flexure due to differential
subsidence is considered. By properly accounting for the
flexural effects, Wessel and Haxby [1989] found that
lithospheric models, derived from depth versus age studies, are
compatible with the geoid data across fracture zones. Several
other studies did not account for the biases due to the flexural
effects and found that the geoid steps across fracture zones were
incompatible with the lithospheric cooling models [Gilbert et
al,, 1987; Marty and Cazenave, 1988; Driscoll and Parsons,
1988; Freedman and Parsons, 1990; Marty et al., 1988]; these
studies required substantially thinner asymptotic plate
thicknesses or plate thicknesses that varied with age. Small-
scale convection was invoked to explain this anomalous
behavior. Whether lithospheric flexure or small-scale
convection is responsible for the reduction in measured geoid
step amplitude, it has become clear that measurements of geoid
steps do not provide robust estimates of the asymptotic
thickness of the cooling lithosphere.

One of the major successes of satellite altimetry has been
the mapping and characterization of seamounts. For example,
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prior to the Seasat altimeter mission, the existing bathymetric
soundings of the seamounts along the Lousiville Ridge were
sparse. Seasat profiles revealed many uncharted volcanos
along the Lousiville Ridge. These data were used to conduct a
highly successful SeaBeam survey along the crest of the
Lousiville hot spot chain [Lonsdale, 1988]. In addition,
numerous Seasat profiles crossing the Louisville Ridge were
used along with existing bathymetry and gravity data to
estimate the flexural rigidity of the lithosphere when the
seamounts formed [Watts et al, 1988]. Another shipboard
study of the Austral archipelago has demonstrated that when a
seamount is detected on at least two neighboring profiles the
seamount can be located to a precision of 15 km [Baudry et al.,
1987]. Craig and Sandwell [1988] examined all of the Seasat
profiles to identify seamount signatures and to measure the
peak to trough amplitudes of the features. Using 14 well
surveyed seamounts in the Pacific, they found that the
characteristic diameter of the seamount was equal to the
distance between the peak and the trough in the vertical
deflection profile. Seamount population densities were shown
to vary substantially across major fracture zones; in the
Pacific, the seamount population density decreases from the
young side to the old side of the fracture zones. The major
limitation in characterizing seamounts using Seasat and
Geosat data is the large cross-track spacing between profiles.

In addition to locating seamounts, the amplitudes and
widths of the gravity signatures can be used to estimate the
effective elastic thickness of the lithosphere in areas where
topography data are also available [Watts, 1979]. Studies of
seamounts in the north Pacific showed that the effective elastic
thickness is proportional to the square root of the age of the
lithosphere when the seamount formed; the base of the elastic
layer is approximately defined by the 450°C isotherm. New
results from the Seasat data have shown that there is a broad
area in the south-central Pacific where the elastic layer is
thinner than expected [Calmant and Cazenave, 1987; Calmant
et al.,, 1990]. Based on this evidence and other anomalies in
the region, it was proposed that the lithosphere was thermally
disrupted.

Vertical deflection profiles with very high accuracies (< 1
prad or < 1 mgal) and resolutions (~ 20 km wavelength) have
been constructed by averaging many repeat cycles of
Geosat/ERM data [Sandwell and McAdoo, 1990]. This new
globally uniform data set of along-track gravity profiles was
used to examine spreading ridge axes on a global basis [Small
and Sandwell; 1989]. Slow spreading ridges (< 60 mm/yr)
usually have high amplitude gravity troughs (40-100 mgal),
while fast spreading ridges (> 70 mm/yr) are characterized by
low-amplitude ridge axis highs (~ 15 mgal). Unexpectedly, it
was found that the transition from axial trough to axial high
occurs abruptly at a spreading rate of 60-70 mm/yr. This result
has provided important new constraints on physical models of
spreading ridge axes.

PLATE TECTONICS

When it was discovered that oceanic fracture zones and
transform faults produce prominent linear geoid anomalies that
are apparent in satellite altimeter profiles [Haxby, 1987
Gahagan et al., 1988], it was evident that these data could be
combined with magnetic anomaly profiles and shipboard
bathymetry profiles to improve plate reconstructions of the
oceans. To establish the relationship between the geoid
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signature of a fracture zone in relation to the fossil plate
boundary, Shaw [1988] performed a detailed investigation of
1500 Seasat profiles crossing 15 small offset fracture zones in
the south Atlantic. The the trough along each satellite
altimeter profile roughly coincides with axis of the fracture
zone. Moreover, it was shown that the depth of the geoid
trough is inversely proportional to the spreading rate at the
time of formation. Geoid and gravity troughs are also apparent
along active transform faults and have been used along with
bathymetric profiles, and earthquake slip vectors to determine
121 transform azimuths. These directional data were combined
with 277 spreading rate estimated to construct a "current plate
motion" model [DeMets et al., 1990]. A new feature in this
plate model is a diffuse plate boundary located in the central
Indian Ocean [Stein et al., 1989].

For detailed plate reconstructions, fracture zone lineations
derived from satellite altimeter profiles, provide tight
constraints on paleo-spreading directions. In addition,
magnetic anomaly identifications, provide substantial
information on the age of the seafloor as well as spreading
rates but they are usually not sufficiently dense for accurate
determination of spreading directions. Thus, most of the
recent plate reconstruction models have combined these
complementary data types. Seasat data have provided
important new constraints on the opening of the South
Atlantic [Shaw, 1987; Gilbert et al., 1989; Shaw and Cande,
1990] because shipboard coverage of this area is sparse.
Seasat data [Stock and Molnar, 1987] and Geosat data [Mayes
et al, 1990] were also combined with sparse shipboard
coverage to greatly improve the plate reconstructions for the
South Pacific for the late Cretaceous and Cenozoic periods. In
the Indian ocean, Seasat data were combined with Mesozoic
anomaly identifications and seismic reflection data to
constrain the relative motion between Madagascar and Africa
[Coffin and Rabinowitz, 1987; Cochran, 1988]. The
Southwest Indian ridge [Royer et al., 1988] and Southeast
Indian ridge [Royer and Sandwell, 1989] were reconstructed
from the Late Cretaceous to the present time using new fracture
zone constraints from Seasat and Geosat profiles. These
Indian Ocean results are summarized in Royer et al. [1989].
Much recent work has focussed on Southern Ocean tectonics
where shipboard data are sometimes very sparse. A
reconstruction of the South American-Antarctic plate motion
over the past 50 Ma has revealed a major change in spreading
direction at 20 Ma [Barker and Lawver, 1988]. Because many
repeat cycles of Geosat data span several Antarctic summers,
coverage of the Southern Ocean gravity field is nearly
complete up to the Antarctic coastline [Sandwell and McAdoo,
1988].

GRIDDED GEOID HEIGHTS/GRAVITY ANOMALIES

The major limitation of the existing (unclassified) satellite
altimeter data sets is that the along-track resolution of the data
is much better than the characteristic spacings of the altimeter
profiles (Table 2) except in the area between 60°S and 72°S
where the high-density Geosat Geodetic Mission data were
recently declassified (Figure 1). Because of the poor coverage
in the remaining ocean areas, some resolution is lost when the
geoid profiles are interpolated onto a uniform grid. To
partially overcome this problem, Haxby [1987] has identified
lineations in the Seasat altimeter profiles; when a lineation
crosses an area where there are no satellite observations, data
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TABLE 2. Resolution of Gravity Field from Satellite
Altimeter Profiles

Precision Along-Track  Cross-Tracka
Satellite (1 mgal =0.98 prad) Resolution, A Resolution, A
Geos-3 30 prad 70 kmb 20-400 km
Seasat 10 prad 50 kmb ~ 80 km
Geosat/ERM <1prad 20 kme 164 km
ERS-1d <1 prad 20 km 82 km
Topex/Poseidond <1prad <20 km 314 km

a Cross-track wavelength resolution is twice the characteristic track
spacing at the equator.

b Along track wavelength resolution based on 0.5 coherence [Marks
and Sailor, 1986].

c Along track wavelength resolution based on 0.5 coherence [Sandwell
and McAdoo, 1990].

d Estimated accuracy and along-track resolution. Cross-track
resolution based on planned orbit repeat cycle.

points are added to guide the interpolation algorithm. This
procedure greatly improves the resultant geoid or gravity
anomaly surface but can also introduce false trends. In areas of
dense Geos-3 coverage, Sandwell [1987] developed a 2-D
biharmonic spline method that down-weights the Geos-3 data
relative to the more accurate Seasat data. McAdoo [1990] has
provided a summary of how gravity anomalies are constructed
by first taking the along-track derivatives of the geoid height
profiles. This differentiation avoids the crossover analysis
problem which becomes increasingly difficult as spacings the
satellite profiles decreases to less than the along-track
resoltion of the data (< 10 km). Others have been quite
successful at gridding Geosat profiles as well as combinations
of Geos-3, Seasat and Geosat profiles [Hwang, 1989].
Bostrom [1989] has shown that the gridded gravity
anomaly map produced by Haxby [1987] is quite valuable in
discovering the presence of thick sediment accumulations.
These data are used quite extensively by the petroleum
exploration industry although most of the results are
unpublished [see brochures by: Hayling, 1990; Fairhead,
1988]. Better coverage is required in almost all fields of marine
geophysics but especially in the exploration community. The
European Space Agency satellite ERS-1 will greatly improve
the coverage of the marine geoid and gravity field especially
when these data are combined with Geosat/ERM data and Seasat
data. The Topex/Poseidon will also provide limited new
coverage. However, to achieve the highest accuracy and
resolution, a new dedicated satellite altimeter is required; the
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Geosat Tracks

—58

—60

—62

Fig. 1. Satellite altimeter profiles from the Geosat Geodetic Mission
have a characteristic spacing of 2 km for latitudes between 60°S and
72°S. Satellite altimeter profiles from the Geosat Exact Repeat
Mission (17-day repeat cycle) have much greater spacing (160 km at
equator) but are not classified. In addition, many repeat cycles can be
average to improve the along track accuracy and resolution.

orbit of this new altimeter should not repeat on a time scale of
less than 6 months in order to obtain cross-track resolution
that is commensurate with the demonstrated along-track
resolution. To obtain sub-milligal accuracy, the mission
should last for about 5 years. This long lifetime can be used to
reduce the random altimeter noise as well as the variations in
sea surface topography due to ocean currents. Very recent
results from declassified Geosat/GM data south of 60°S clearly
demonstrate that improved altimeter coverage of the oceans
will reveal all crustal features having dimensions greater than
about 10 km. Such resolutions will not be achieved on a global
basis by shipboard surveys in our lifetimes.
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