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Introduction:  The mechanism responsible for the 

observed age of the Venusian surface continues to be 
debated. Recent thermal emissivity observations from 
the VIRTIS instrument on Venus Express have been 
interpreted to be ‘hotspots’ with positive gravity 
anomalies, broad topographic rises, and recent volcan-
ism [1] and the authors attribute these hotspots to deep 
mantle plumes. The authors further argue that there are 
nine such hotspots on the surface of Venus.  The spa-
tial variability in the emissivity data between the rises 
appears to favor a gradual resurfacing mechanism 
[2,3].  While the internal structure of Venus is poorly 
constrained, if the swells identified by Smrekar et al 
[1] are indeed the result of deep mantle plumes, this 
may be sufficient to distinguish between the cata-
strophic and progressive resurfacing mechanisms. 

Method: I present 3D spherical temperature-
dependent convection calculations in the stagnant-lid 
and semi-mobile lid regimes and examine the resulting 
gravity, topography, melt production, and heat flow.  
While there are significant uncertainties in the struc-
ture of the Venusian interior, I use Earth-like parame-
ters with the notable exception of mantle viscosity.  
Kiefer and colleagues [4] have argued that the viscos-
ity of the Venusian mantle is more uniform with depth 
than estimates of Earth’s radial viscosity profile [5].  
This could be the result of the lack of water on Venus 
and the absence of an asthenosphere. Recently, Pauper 
et al. have argued that an increase in viscosity with 
depth greater than a factor of 30 with a thick, high-
viscosity lid provides an acceptable fit to the gravity 
and topography [6].  As I will demonstrate, the as-
sumed mantle viscosity is the key difference between 
the plume-dominated, progressive resurfacing mode of 
convection versus the catastrophic recycling mode of 
convection. 

 Results: Calculations with catastrophic resurfac-
ing develop a degree-1 internal structure and, Venus is 
notable among the terrestrial planets in lacking degree-
1 structure in topography or gravity.  As observed by 
Roberts and Zhong, a significant viscosity increase 
with depth leads to the development of degree-1 con-
vection [7] and catastrophic resurfacing.  On the other 
hand, a uniform viscosity with depth leads to stable 
convection with multiple plumes and favors progres-
sive resurfacing.  Hence the Venusian gravity, topog-
raphy and emissivity can be reconciled with a dry Ve-
nusian mantle with a relatively uniform viscosity, fa-
voring the progressive resurfacing mechanism. 
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