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Models of Venus Tectonics: Evaluation and Application to 
Tessera Terrain. D.L. Bindschadler, and J.W. Head, Brown University Dept. of Geological 
Sciences, Providence, RI, 02912 (SPAN BRNPSG::BINDSCH) 

Models: A number of models have been suggested for the formation of the complexly 
deformed tessera terrain of Venus [I-51. We have used these and other models to set forth working 
hypotheses for the formation of tessera [6], which can be broadly divided into three formational models 
(those which produce the observed high-standing topography of the tessera) and two modificational 
models (those which are a direct result of high topography). The complexity of the tessera, including at 
least three distinctive subtypes [q, raises the possibility that this terrain may have more than a single 
mode of formation. Here we describe each model, note its basic predictions, and compare those 
predictions to observational constraints such as topography, LOS (line of sight) gravity anomaly data 
[8], morphologic and structural information derived from Venera image data. 

Horizontal convergence and crustal thickening may be driven by in-plane lithospheric 
stresses (as on Earth) or by flow within the mantle of Venus [9,10]. In general, convergent motion is 
expected to result in high topography, steep topographic slopes, and fold-and-thrust deformation at 
the surface. Crustal compensation of topography should result in a relatively small LOS anomaly over 
regions of tessera, given predicted crustal thicknesses for Venus of G O  km [ I  1,121. In addition, both 
strike-slip and extensional deformation are observed in terrestrial orogens such as the India-Asia 
collision and the Andean orogen, and might also be expected to occur on Venus 

Mantle upwelling may be manifested as the upwelling limb of a convection cell, a long-lived 
hotspot, or a diapir-like body. Such an upwelling will result in the formation of a &me-shaped region of 
high topography, characterized by extensional deformation, and possibly by volcanism [13]. Relatively 
large LOS gravity anomalies are anticipated, unless the characteristic depth of the source is quite 
shallow. Numerous workers have identified Beta, Bell, and Atla Regiones as likely surface 
manifestations of mantle upwelling. Such regions are thus likely to represent some part of the 
evolution of any tessera formed due to upwelling. 

Seafloor spreading or an analogous process is suggested to occur within Aphrodite Terra 
(141. On Earth, seafloor spreading results in the formation of an approximately orthogonal structural 
fabric consisting of transform faults and fracture zones in one direction, and abyssal hill topography in 
the other. Tessera formed near Aphrodite and transported north is predicted to be old compared to the 
undeformed plains that surround it. High topography is explained as being due to a relatively thick 
crust, suggesting that topography at plains-tessera contacts should be gently sloping. Steep 
topography is expected to occur at transforms due to juxtaposition of lithosphere of different ages and 
to thermal stress-supported bending of plate segments (151. Finally, a common feature of the terrestrial 
ocean floor are volcanic seamounts, which may be observable as small domes on the surfaces 
produced by a spreading process. 

Gravity sliding is defined here as a thin-skinned, predominantly brittle process involving the 
downslope movement and deformation of a wedge of material above a decollement. This process is 
expected to produce extensional features (e.g. a detachment fault) at or near local topographic highs, 
with structures becoming increasingly compressional toward local topographic lows. If topographic 
slopes are approximately radial about the highest topography, radial graben would also be expected to 
form, as observed in the aureole surrounding Olympus Mons on Mars [16]. 

Gravitational relaxation of compensated topography is distinguished from gravity sliding as a 
predominantly ductile process driven by gradients in vertical normal stress due to surface andlor crust- 
mantle boundary topography. In the case of crustally compensated topography, calculations predict 
extension of high topography and increasingly compressional deformation toward the edges of a 
topographic high [ l q .  Highest rates of extension occur at the highest elevations, but extension may 
occur even in relative lows if they lie above the level of the surrounding plains. If the high topography of 
the tessera is due to uplift rather than crustal thickness variations, a somewhat different scenario is 
predicted, see (131. 

Evaluations. Of the three formational models, characteristics of the tessera are in least 
agreement with the predictions of the mantle upwelling model. LOS gravlty data suggest relatively 
shallow compensation of Tellus Regio [8,71, in contrast to the great depths of Airy compensation 
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calculated for Beta and Bell Regiones [18,19]. Regions of tessera are typically characterized by steep 
slopes near the plains-tessera boundary and lower relief interiors, a plateau-like shape. Regions such 
as Bell and Beta are characterized by more gradually sloping, dome-shaped topography. In 
contradiction of the prediction of increasing surface deformation with time, we observe embayed 
regions of tessera on the flanks of Bell, which appear to predate the smooth, undeformed plains that 
dominate the surfaces of domal uplifts. It therefore seems unlikely that regions of tessera represent 
more-evolved Bell or Beta-like regions. We also suggest that gravity sliding may be ruled out as a 
significant contributor to formation of tessera. Examination of Venera images reveals a lack of features 
that could be considered analogous to detachment faults. Moreover, the simple structural fabric of 
upslope extensional features and downslope compressional features is not generally observed, with 
one notable exception. A small region of tessera southwest of Lakshmi Planum (-58ON, 310°E) 
exhibits structures predicted for gravity sliding [20].  This deformational pattern has not been observed 
elsewhere in the tessera. 

A number of predictions of the seafloor spreading model are consistent with characteristics of the 
tessera in eastern Laima Tessera (-50°N, 50°E). The region is characterized by an approximately 
orthogonal fabric (trough and ridge tessera [7 ] )  consisting of features suggested to be analogous to 
fracture zones and abyssal hills [21] .  Other major regions of tessera are characterized by different 
morphologic subtypes 171. Topography and age relationships along the boundaries of Laima are 
consistent with model predictions, and available LOS gravity data are consistent with crustal isostatic 
support of topography. However, domes analogous to terrestrial seamounts are not observed, and no 
topographic stepdowns are observed across troughs. The approximately orthogonal fabric of eastern 
Laima merges gradually into a non-orthogonal fabric in western and southern Laima, and the two 
longest and most distinct troughs in Laima (Baba-jaga and Mezas-mate Chasmata) are non-parallel. 
Such disturbances of the structural fabric could be associated with minor deformation, and we are 
currently quantifying observations as to the paralleVorthogonal nature of features in order to more 
objectively assess the model. 

Predictions of a model in which crustal convergence is followed by gravitational relaxation are 
consistent with most of the overall characteristics of sub-parallel ridged terrain (Tsr) and disrupted 
terrain (Tds), the remaining tessera subtypes [q. These include LOS gravity data, the presence of 
both Type II boundaries (which suggest deformation to plains to form tessera) [q, the presence of Tsr 
near the edges of regions of tessera [7] ,  and the association of tessera with the mountains of western 
lshtar Terra. Within the Tds, extensional features commonly crosscut other structures, indicating the 
late-stage extension predicted for gravitational relaxation. 

We are currently attempting to assess the seafloor spreading, convergence, and relaxation 
models in terms of the various tessera subtypes. One goal of this study is to link particular modes of 
origin with the rnorphologic classification scheme. Of particular importance would be the identification 
of transitional subtypes suggesting that at least some tessera have been reworked by distinct 
processes. Finally we plan to consider the implications of the models for the driving mechanisms of 
Venus tectonics. 
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