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We have upwardly continued gravity data from the buried Chicxulub impact basin on Earth to 
typical orbiting spacecraft altitudes. The signal is negligible above 100 km, indicating that orbital line- 
of-sight (LOS) gravity will give no information about the subsurface structure of impact basins on the 
terrestrial planets unless the basin is extremely large (> 1 0 0  km diameter). The gravity signal of the 
subsurface structure of an impact basin has most of its energy at shorter wavelengths than the structure 
itself, and shorter wavelength signals are preferentially decreased by upward continuation. Forward 
modeling of the signature caused by the Mead impact basin on Venus indicates that its topography 
should produce about a 20 mgal anomaly at Magellan altitude, but that only about 5 mgals of the 
anomaly would be clearly distinguishable from the signature of the regional field. Preliminary analysis 
of the Magellan LOS data over and around Mead indicate that this is the case. 

INTRODUCTION. The Chicxulub structure on Earth is the only impact basin for which gravity 
data has been collected at high resolution and at an elevation of a few hundred meters above the structure. 
Here we use this data set to evaluate the gravitational signature at satellite altitudes for impact basins on 
other planets, particularly the Mead impact basin on Venus observed with LOS gravity data collected by 
the Magellan orbiter (-180 km altitude for Cycle 4 data). 

Based on drill-core and gravity analysis, the Chicxulub structure is estimated to have a diameter of 
-280 km and a multi-ring morphology [I]. Reburial depth varies from -700 m near the rim to -1.3 km 
in the center. Because the Chicxulub basin is filled with sediments similar to the upper target lithologies 
the majority of the observed gravity signature is due to the original subsurface structure of the basin 
rather than crater topography. The impact itself was into sedimentary rocks extending to 2 km depth, 
underlain by crystalline rocks. Mead basin has a diameter of 270 km, and a maximum depth of -1 km. 
Thus, Mead and Chicxulub are similar-sized features. The near-surface density structure of Venus is 
unknown, but it is unlikely that density changes with depth more rapidly than on Earth. 

The surface gravity signature at Chicxulub [Fig. 11 is negative compared to the suirounding terrain, 
with a a maximum anomaly -30 mgals below regional values. Although there is a positive signature 
associated with uplifted deep basement the overall signature is negative due to brecciation of material in 
and around the transient cavity. If Chicxulub was not buried, the free-air anomaly associated with the 
topography would be roughly -120 mgals. Thus, the surface free-air anomaly of an intact 300 km impact 
basin should be negative, and a substantial fraction of this siganl is due to the subsurface structure. 

Figure 1 shows the Chicxulub gravity data upwardly continued to different altitudes, and the signal 
is negligible at Magellan altitude. Figure 2 shows that the upward continued signal of a simple 
topographic model of a Chicxulub-sized basin produces a 16 mgal anomaly at Magellan altitude. 
Consequently, the total free-air basin signal at Magellan space craft altitudes is almost entirely due to the 
contribution from crater topography. Upward continuation multiplies the amplitude of the signal by 

e-Wh where h is altitude and h is wavelength. The Chicxulub data indicate that the gravity signature 
due to substructure is concentrated at wavelengths that are roughly one fourth those associated with the 
topography of an unburied basin. Thus, at Magellan altitude the signature due to the topography of Mead 
should be reduced by a factor of about 6 and the subsurface signature is below detection. 

The width of the topographic model's signal [Fig. 21 at Magellan altitude is substantially larger than 
the surface feature, making it likely that much of the signal will be difficult to separate from regional 
gravity signatures. In fact, when the gravity is calculated due to the topography in a 1000 x 1OOO km grid 
surrounding Mead pig .  31, simple techniques for removing a regional gravity signature (such as a planar 
fit to the regional field) leave only about a 5 mgal anomaly that can be directly associated with the crater. 
This corresponds closely with the observed signal we obtained from inspection of the Magellan LOS 
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gravity profiles over and around Mead. 
In summary, as a rule of thumb, we suggest that useful information about the subsurface structure of 

impact basins cannot be gained at spacecraft altitudes greater than about 1/10 the diameter of the basin. 
At altitudes approaching the basin's diameter even the signature associated with the topography of a basin 
may be difficult to separate kom surrounding structures. 

REFERENCES. [I]  Sharpton V.L. et al. (1993) Science, 261, 1564. 
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Figure 1. Chicxulub gravity data upward continued to various elevations. At Magellan altitude the 
signal is negligible. 
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Figure 2. Gravity signal at different 
altitudes directly over a simple topographic Figure 3. Topographic profile across Mead 
model of an impact basin (crustal density of impact basin and cotresponding gravity signal 
2500 kg m-3 used). Inset shows shape of the produced by the regional topography. Profile is 
anomaly at two different elevations. 1000 km across. 
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