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Introduction 
Magellan altimetry, radar and Cycle 4 gravity data have raised important questions concerning 

the nature of support of topographic features on Venus. Distinguishing between static and 

dynamic support of some of the shorter wavelength topographic features requires exceedingly 

careful analysis of the gravity data, in terms of understanding the shortest wavelengths which are 

resolvable. For example, models of flexural support of topographic features predict a gravity / 

topography transfer function which has a shape determined in part by the elastic plate thickness. 

Gravity observations in the wavelength band 200-800 krn are required to investigate elastic plate 

thicknesses in the range 10-40 km. A "rule of thumb" estimate for the maximum horizontal 

resolution of the gravity data is 2-4 times the spacecraft altitude (400-800 km near periapsis for 

Cycle 5 data). We present some resolution analyses, using Cycle 5 gravity data, in order to 

determine the maximum spatial resolution of the data in specific regions. This type of analysis can 

then be used to design fdters to isolate certain wavelengths in the gravity signal. 

Gravity data from the Magellan spacecraft was first available whilst the spacecraft was still in 

an elliptical orbit around Venus (Cycle 4 data). Earth-based tracking of the spacecraft produces 

Doppler velocity residuals which can be processed to obtain line-of-site (LOS) gravitational 

accelerations and/or a spherical harmonic representation of the global gravity field [I, 21. High 

resolution regional gravity studies have been performed using the inversion package GASP, which 

uses an orbit simulation procedure to model LOS accelerations [3]. 
One of the major limitations of both of the methods described above is the problem of 

establishing the maximum spatial resolution of the gravity data. This varies considerably for the 
Cycle 4 data, due to the elliptical spacecraft orbit, and in fact spherical harmonic solutions based on 

Cycle 4 data alone are only useful in the latitude band 30°S - 50°N. Magellan is currently in a 

more nearly circular orbit (200-600 km) and thus the Cycle 5 data will yield a much improved 

estimate of the high latitude gravity field. The amplitude of the shortest wavelength resolvable 

features depends upon several factors including the noise level and the viewing geometry. The 

maximum resolution available from spherical harmonic gravity solutions is determined by the cut- 

off level in the expansion and any regularization imposed during the inversion (Kaula's rule). 

Current regional inversions use LOS accelerations computed from smoothed (splined) Doppler 

residuals, and the smoothing may affect the true spatial resolution of the models. 

Resolution analysis procedure and some preliminary results 
We have taken 8 sequential Cycle 5 X-band orbits over a test area (Figure 1, white tracks). 

This region is not ideal for the type of analysis we present, because although some short 
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wavelength topographic features are present, they are of low amplitude and do not have a strong 

associated gravity signal. The region was selected purely on the basis of accessibility of Cycle 5 

data at the time of writing and we intend to extend this study as further Cycle 5 data becomes 

available. The cross track spacing of adjacent orbits (-10 krn) is much less than the shortest 

wavelength that we expect to resolve so the individual tracks should show common short 

wavelength features. Raw Doppler residuals for each of these orbits are plotted against time in 

Figure 2, where the zero time corresponds to 60°N and the sampling frequency is 0.5. Gaps in the 
Doppler residual records were filled by linear interpolation and the resulting records were padded 

to a length of 256. The resulting records were stacked end-to-end to produce two time series: the 

first series contained the first (N- 1) orbits, the second series contained the second (N-1) orbits. A 

joint spectral analysis of these two series was performed: this type of analysis yields the power 

spectra, cross-spectra, transfer functions, coherence and phase between the two time series. 

Resolvable wavelengths in the gravity data should have a coherence >- 0.5 and the phase should 

vary smoothly as a function of wavenumber. Preliminary results, using the data shown give a 

coherence of > 0.9 for wavelengths longer than 800 km, about 4 times the spacecraft altitude in 

this region. We expect that this is a minimum estimate of the spatial resolution of the gravity data 

for such spacecraft altitudes, because of the lack of strong short wavelength signals in our test area. 
Coherence analyses from other areas, e.g. over proposed flexural signatures will be presented. 

Figure 1: Topography + Orbit Tracks 

[Orbit tracks (white), data gaps (black)] 

Figure 2: Doppler Residuals 
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Figure 2: Doppler ResiduuLs (MGN40E removed) 
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