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STRUCTURE AND TECTONIC STYLE OF VENUS. 
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The similarity between both oceanic floor and venusian rolling plains hypsometric 
distributions has been interpreted in terms of thermal isostasy process (1). Based on the thermal 
isostasy modelling developped by (2) and considering two different global tectonic styles (plate 
or hot spot tectonics), it has been shown that hypsometry is very sensitive to thermal parameters 
such as the heat flux and the mantle temperature (3). For each tectonic style, synthetic 
hypsometric curves are generated for different values of the thermal parameters. The best fit 
with the observed venusian rolling plains hypsometric distribution is used to constrain the 
tectonic style and the mantle temperature of Venus. In turn, it can be used along with the 
topographic distribution to estimate the lithospheric structure (thermal and mechanical 
thicknesses, thermal gradient and heat flux) of the venusian rolling plains domain. 

For the Earth, when considering the plate tectonics case, the best fit to the oceanic 
hypsometric curve leads to a mantle temperature of 1350 f 100 "C and a minimal heat flux of 45 
f 10 mWlm2 (4) which is in good agreement with the estimates obtained from the analysis of 
the depth-age and heat flux-age relationship (5,6). In the hot spot tectonics case, the minimal 
heat flux is estimated to 32 f 10 mWlm2 which is much lower than the measured heat flux of 
the old oceanic lithosphere (7). 

For Venus, in the plate tectonics case, the best fit to the venusian rolling plains hypsometric 
curve yields a physically too high mantle temperature of 1780 f 100 "C while in the hot spot 
tectonics case it leads to a mantle temperature estimate of 1580 + 100 "C (4). This latter result is 
in agreement with the analysis of the venusian global topographic distribution revealing a spatial 
pattern which is in favor of a hot spot tectonics rather than an Earth-like plate tectonics (8). 

From this mantle temperature and from the rolling plains elevation difference distribution with 
respect to the reference level corresponding to the planetary radius of 6052.8 km (I),  one 
estimates distributions of thermal and mechanical lithospheric thicknesses and of heat flux and 
thermal gradient (figure 1). The modal and maximal thermal lithospheric thicknesses are 
estimated as 90 and 105 + 10 km, respectively. The corresponding thermal gradient has a modal 
and mean value of 13 and 16 f 3 "Ckm, respectively, and the modal and mean heat flux is 
found as 40 and 60 -t 10 mWlm2, respectively. Both estimates are in agreement with those of 
(9) based on lithospheric flexural modelling. The mechanical thickness is estimated as the depth 
of the 727 "C isotherm (10). Its modal, maximal and mean values are found as 20,25, and 16 + 
5 km, respectively, which are in accordance with recent results from flexural modelling of the 
venusian lithosphere (1 1). 
Our maximal thermal lithospheric thickness estimate (about 100 km) is much lower than the 
estimate of 300 krn (12) which results from the cooling of a semi-infinite half-space during 500 
ma. To reach this 300 km thick as the maximal thermal thickness, the mantle temperature, 
estimated from our approach, needs to be lower than 900 "C. The above inferences concerning 
the venusian lithosphere may appear at variance with the possibility that Venus might be inactive 
for the last 500 Ma (13). However, our approach does not provide with any time frame for 
Venus history and this puzzling question remains to be worked out. 

The areas of highlands lying above the reference level of 6052.8 km can also be accounted for 
by the addition of a variable thickness crust (2). The crustal thickness needed is ranging from 0 
to about 15 km (considering a crustal and mantle density of 2.82 glcm3 and 3.2 glcm3, 
respectively) (2). By this way nearly 90 % of the venusian surface is taken into account, the 
remaining surface area corresponds to the lowlands (below 6051 krn). 
This work reveals that hypsometry can be used as a discriminant investigative tool of the 
lithospheric structure and of the tectonic style. It also yields an estimation of the mantle 
temperature at the base of the lithosphere. Based on this result, it is our proposal that 
hypsometry may be also considered to constrain the convective mantle structure. Indeed the 
hypsometric curve of the modelled topography is very sensitive to the viscosity parameter and 
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allows discrimination among different numerical experiments of the venusian mantle convection 
(14). 
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Figure 1: Inferred lithospheric structure of the venusian rolling plains domain (lying between 
the planetary radius of 6051 and 6052.8 krn). These distributions are estimated by considering a 
thermal isostasy modelling and from the topographic distribution obtained with a 200 meters bin 
width. 
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