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Introduction. Global maps of the spatial and spectral variation of the geoid/topography 
admittance of Venus are now available from recent Magellan data [I]. The admittances varies 
between about 0 and 35 m/km, in contrast to the range -6 to 12 nlflun derived for Earth. Two 
different scenarios for convection-driven lithospheric deformation fit the admittance observations 
[I]. In the first, compressive highland plateaus are expressions of present mantle downwelling, 
broad volcanic rises are expressions of mantle upwelling, and the lowlands overly regions with no 
substantial vertical motion in the upper mantle. This model is characterized by active ongoing 
crustal deformation. In the second scenario, compressive highland plateaus are remnants of an 
earlier regime of high crustal strain, the crust presently does not thicken or thin significantly in 
response to mantle-convective tractions, and most long-wavelength topography not associated with 
the earlier regime arises h m  normal convective tractions at the base of the lithosphere. Here, we 
explore models that specifically address this second scenario with negligible lithospheric 
deformation. 

Admittance Curves. Values of the admittance for selected geographic regions are shown in 
Figure 1. The admittances are calculated from a spherical harmonic expansion of topography 
based on Magellan altimetry [2,3] and a spherical harmonic expansion of the geoid (MGN40D) 
based on Magellan spacecraft tracking data [3]. At both long (-3000 km) and medium (-1500 km) 
wavelengths, the globally averaged admittance is approximately 15 m/lan. The lowest admittances 
calculated thus far occur in highlands characterized by extensive compressional tectonic 
deformation. For example, Ishtar Terra, and Ovda and Alpha Regiones, have admittances of 3 - 
10 m/km (Fig. 1). Under the hypothesis of the variable regime, such regions are interpreted to be 
tectonic fossils of a previous period of deformation. In contrast, highland regions such as Beta, 
Atla, and Eistla Regiones, characterized by high admittance values, extensive volcanism and 
rifting, are interpreted as sites of current mantle upwelling [4-91, while the lowest regions such as 
Atalanta and Lavinia Planitiae are sites of current mantle downwelling. The admittance over the 
volcanic swells is typically more than 30 m/km at long wavelengths, as shown in Figure 1. The 
plains and lowlands also have admittances greater than 15 m/krn. Airy isostatic models for these 
areas require unreasonably large apparent depths of compensation, approximately 200 km [7]. 
Furthermore, the spectral behaviour of the admittances for most of these regions is inconsistent 
with a purely Airy compensation mechanism [5]. 

Convection Mo&ls. We are conducting a series of finite element convection calculations 
designed to test the consistency of the variable regime against the admittance constraints. We use a 
2-dimensional cylindrical domain (infinite in the z direction) with either depth-dependent or fully 
temperaturedependent viscosity. These are time-dependent whole-mantle models. We calculate 
topography, geoid, and the resulting admittance as functions of time, position, and wavelength. 
We explore the sensitivity of the admittance to the Rayleigh number, the degree of internal heating, 
and the variation in upper mantle viscosity structure. 
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Figure 1. Geoidtopography admittances for selected regions of Venus. The admittances are 
shown as shaded rectangles whose horizontal extent represents the limits of the harmonic degree 
band and whose vertical extent corresponds to two standard deviations in the admittance estimate. 
For reference, theoretical geoidltopography admittance curves for Airy isostasy with different 
compensation depths (50, 150, and 300 km in bottom-to-top order) are shown [lo, 111. 
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