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STRESS ANALYSIS AND COMPARISON WITH VENERA 15/16 RADAR 
IMAGES. David R. Williams and Ronald Greeley, Department of Geology, Arizona 
State University, Tempe, AZ 85287 

The Tellus Regio highland offers a unique opportunity to model the lithospheric and 
sublithospheric structure on Venus. Because the region is covered by the Venera 15/16 radar images 
(1,2) as well as the Pioneer Venus (PV) altimetry (3) and gravity ( 4 3 ,  a comparison among these data 
can be made. Furthermore, Tellus Regio is located at the southern margin of the Venera 15/16 
coverage, where the PV altitude was still low enough (300-600 km) to allow for reasonably good 
resolution gravity measurements. The comparison is made using a lithospheric model developed for 
global stress calculations by Banerdt (6), and modified to incorporate regional stresses (7). The stress 
distributions estimated from this model are then compared to the surface morphology revealed in the 
Venera 15/16 radar images to constrain the relevant parameters. 

The first step involves a radargeologic interpretation of Tellus Regio. The highland area 
consists generally of a gently sloping dome about 1500 km in diameter. A geologic sketch map has 
been produced from this image, showing 6 major units (see figure). The dome field unit (df) at the 
western edge of the map is characterized by small domical hills within smooth plains. The relatively 
featureless smooth plains unit (ps) is in the southeast and southwest map area. Embayment relations 
indicate the smooth plains to be relatively young. Complex plains (cp), found to the north, are similar to 
the smooth plains except for a more mottled appearance. This unit contains irregular craterforms, some 
with associated flowlike features, interpreted as possible eruptive centers. The highland area of the 
map is dominated by the tesserae unit (t). This unit is characterized by series of parallel fractures which 
have disrupted the surface in a blocky, "parquet" terrain. The map shows the major structural trends 
within the tesserae, as well as Elliot Patera, an irregular craterform mapped as a volcano (2). The ridge 
belt units (rb) cut across the tesserae on its eastern and western margins, and appear to have formed 
subsequent to the tesserae terrain. They are inferred to result from intrustion of material along major 
fracture systems following deformation of the tesserae terrain. The complex terrain (dc), occuring in the 
northwestern part of the map, is similar to the complex plains with the addition of "cobwebw-like radar- 
bright features. Based on emplacement, cross-cutting and superposition, it appears the oldest unit is 
the complex terrain, followed in age by the complex plains, tesserae terrain, ridge belts, smooth plains, 
and dome terrain. The final stage of tectonic deformation appears to consist of large scale extension, 
forming the ridge belts. 

Stress models are calculated for comparison with the sketch map. The stress distribution is 
calculated in two parts, a global, long-wavelength stress (harmonic degrees 1 5 7) and a regional, shorter 
wavelength stress (7 s 1 s 30). Harmonic degrees greater than 30 are beyond the resolution of the 
available gravity data. The global stresses are solved for using the two-level compensation model of 
Banerdt (6). The lithosphere is assumed to be a thin, elastic spherical shell, and toroidal stresses are 
ignored. The harmonic coefficients for degrees 1-7 of PV topography (8) and equipotential anomaly (9) 
are used to calculate the net vertical load, equipotential anomaly at the crust-mantle boundary, crustal 
thickness anomaly, mantle density anomaly, and scalar load potential. The lithospheric flexure w is 
assumed to be related to the topography, H, by a degree of compensation constant, k: w=kH. This 
constant is one of the free parameters in the equation which can be varied to try and fit the observed 
stress patterns. The other free parameters are the crustal thickness, c, lithospheric thickness, L, and 
depth of the mantle to which density anomalies support surface stresses, M. For given values of these 
parameters, a global stress distribution is obtained. 

The regional stresses are calculated in a similar manner, except that the equations have been 
recast in terms of two-dimensional Fourier coefficients. The coefficients of the topography are 
calculated from the PV altimetry. The equipotential anomaly coefficients are obtained from an inversion 
of the PV line-of-sight (LOS) gravity data. The long and short wavelength coefficients are filtered out, 
and the degree 7-30 equivalent coefficients are calculsted in a similar manner to the global solutions. 
Regional stress distributions are then obtained for values of c, L, M, and k. For a given set of values, the 
regional and global stress solutions are combined, giving a stress distribution for Tellus Regio for 
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harmonic degrees 1-30. Varying the free parameters individually has shown that the crustal thickness 
has negligible effect on the stress distribution for Tellus Regio. Unless the mantle support is 
concentrated close to the surface, th9 depth of the mantle support also has little effect. The assumed 
lithospheric thickness and degree of compensation do have a large effect on the model stress 
distribution, however, and are therefore the best constrained parameters. 

Comparison of model stress distributions with the geologic sketch map shows that the best fit 
occurs for a degree of compensation between 0 and 0.5 ( i.e. the lithospheric flexure is from zero to half 
the topographic relief) and a lithospheric thickness greater than 5 km. The figure shows the stress 
distribution for k = 0.3 and L = 20 km, overlain on the geologic sketch map. The arrows show the 
deviatoric principal tensional and compressional stress directions. Where only one arrow is shown, the 
conjugate stress is vertical. Note the good agreement between the tensional stresses and the ridge 
belts and faults in the tesserae terrain, The highland area is underlain by anomalously thick crust and 
dense mantle, and the stresses are of the order of 20 to 30 MPa. The compensation is nearly isostatic, 
and is concentrated close to the surface. 

Bearing in mind the limitations of the data and the assumption that the most recent features 
observed at Tellus Regio reflect the present day stress distribution, the following interpretation is 
possible. The denser mantle beneath Tellus Regio represents a cooler, downwelling mantle plume. 
The horizontal mantle flow towards the stagnation point above this downwelling has entrained hot 
mobile crustal material, which is maintained in this region. The buoyancy of the crustal material caused 
upwarp and extension, as well as intrusive activity, inflation of the lithosphere, and surface volcanism. 
This interpretation can account for the observed surface features, inferred stress distribution, and 
calculated dense mantle and thick crust below the highland region. Note that this area is different from 
other regions of Venus, and so this interpretation does not necessarily apply to all highland areas. 
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