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Three data sets can be used to assess Venusian tectonics: Pioneer Venus Orbiter (PVO) 
altimetry (I), PVO line-of-sight (LOS) gravity (2), and Venera 15/16 radar images (3,4). None 
cover the entire planet, the PVO data being centered near the equator, and Venera images 
covering the north pole down to about 25 degrees north. Although the three data sets partly 
overlap, the resolution of the LOS gravity decreases significantly at higher latitudes, due to the 
increasing altitude of the PVO, and is insufficient for small-scale regional studies above about 
60°N. This leaves a band between about 25ON and 60°N where Venera radar images, PVO 
topography, and regional scale PVO LOS gravity are available. One of the more interesting 
regions within this overlap band is the Tellus Regio highland area. 

This study involves the calculation of the surface stress distributions for various values of 
tectonic parameters for Tellus Regio and the comparison of these stress distributions with the 
surface features imaged by the Venera 15/16 radar. In order to calculate the stress distributions, 
we first need to know the surface equipotential anomaly, which can be estimated from the LOS 
gravity data. The PVO LOS gravity represents the spacecraft accelerations due to mass 
anomalies within the planet. These accelerations are measured at various altitudes and angles to 
the local vertical and, therefore, do not lend themselves to a straightforward conversion. This 
makes a maximum likelihood inversion of the LOS gravity necessary (using the measured PVO 
topography as an a priori constraint on the result) in order to obtain a minimum variance 
estimator of the surface equipotential anomaly field (5). 

Equations for a global thin elastic shell, representing the elastic portion of the lithosphere, 
have been presented by Banerdt (6). The assumptions inherent in these solutions are that the 
shell thickness is less than about 1/10 the planetary radius, that the shell is isotropic, single- 
layered, and continuous, and that the toroidal terms, representing rotational forcing, can be 
neglected compared to the poloidal terms, which account for pure loading. Solving these 
equations requires one further assumption, which will vary depending on the particular model 
chosen. These models currently include: 1) topographic support due entirely to a combination of 
density anomalies in the mantle, lithospheric flexure, and the resulting deflection of the crust- 
mantle boundary, 2) support due to crustal thickness variations combined with lithospheric 
flexure and deflection of the crust-mantle boundary, and 3) a support model where both mantle 
density anomalies and crustal thickness variations are considered, and the shell flexure is 
proportional to the topography. The equations are solved for subsurface mass distribution and 
lithospheric flexure using the topography and surface equipotential anomaly as data. We also 
assume a lithospheric, crustal, and upper mantle thickness for a given model. The flexure and 
mass results are used to solve for a surface stress distribution, which is represented as 
magnitudes and directions of principal tensile and compressive stresses. 

Banerdt's original formulation (6)  solves for the surface spherical harmonic coefficients on 
a spherical shell. We have recast the solutions to be applicable to Fourier coefficients in order to 
solve for regional scale as opposed to global scale stresses. The dependence of the solutions on 
spherical shell geometry has been retained. The solutions themselves give the short and 
intermediate wavelength stresses generated by topography and flexure in the immediate vicinity 
of the Tellus Regio area. These regionally induced stresses are combined with the long- 
wavelength global stress field, calculated using the spherical harmonic formulation (6). The 
stress distribution is then compared to the surface features shown in the high resolution Venera 
radar images of the Tellus Regio area. 

Tellus Regio shows a number of interesting geological features (3,4). These include 
complex systems of long sub-parallel ridges and grooves (trending in various directions) and 
associated wide valleys and flat depressions. A large proportion of the central part of this region 
is characterized by a chaotic parquet terrain. The northern and southern margins of the elevated 
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region are covered with plains-forming material. Preliminary calculations of regional stress 
distribution show close correlation between principal stress directions and various surface 
features. For the case of density anomalies in the mantle loading the lithosphere from below, or 
supporting a lithosphere loaded at the surface, unreasonably high stresses on the order of 1 to 3 
kbars result. If crustal thickness variations are included in the solution, and the lithospheric 
flexure is assumed to be proportional to the topography, more reasonable values for the regional 
surface stresses result, on the order of 0.1 to 0.5 kbar. Assuming a thinner lithosphere 
decreases the magnitude of these stresses only slightly. Calculations for an end-member 
lithosphere with a thickness of only 1 km show stresses ranging up to - 0.3 kbar. Variations in 
assumed crustal thickness have almost negligible effect on the magnitude of the stresses. The 
principal tensional and compressive directions are perpendicular to the dominant linear surface 
features for values of flexure consistent with a lithosphere loaded from above. Solutions for 
regional stresses for a lithosphere loaded from below do not show a good qualitative match 
between stress direction and surface morphology. 

Future work on this project will involve several tasks: The relative geological ages for the 
surface features must be derived so that proper comparisons can be made with the stress fields. 
A more precise "dynamic" inversion of the LQS gravity is planned, incorporating the ORBSIM 
(orbital simulation) program of the Lunar Planetary Institute in Houston (7). This involves 
calculating LOS gravity Green's functions for "unit" masses of specified surface blocks for each 
observation of each orbit. The best fitting surface mass distribution is then obtained by inverting 
for weighting functions of the surface mass blocks, giving the equivalent surface mass 
distribution corresponding to the observed LOS gravity. This is converted to the surface 
equipotential anomaly. Use of this more p:recisely calculated equipotential will allow for 
increasingly accurate assessments of the regional stresses. More complex models for the loading 
geometry and lithospheric configuration will also be computed and compared to the observed 
surface morphologic features. These models will include more realistic lithospheric rheologies, 
different geometries of surface and subsurface load distribution, and more complete models of 
mantle flow and support. 
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