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VENUS: A CONTRAST IN EVOLUTION TO THE EARTH. W. M. Kaula, 
University of California, Los Angeles. 

The atmosphere of Venus greatly affects the long-term 
evolution of the planet's bulk because it raises the temperature 
throughout the interior and prevents recycling of volatiles, as 
occurs in Earth. The D:H ratio on Venus is only slightly higher 
than on Earth, leading to the inference that any water layer on 
Venus could have been only a fe ters deep (1) . However, Venus 
has about 80 times as much 3bl+yQAr as the Earth, plausibly a 
result of not being hit by a great impact as was the Earth late 
in formation (2). Hence Venus also retained more water, which 
probably is still deep within the planet, because of the much 
greater solubility in3g+a%a of H20: about 700 times that of Ar 
(3) . Outgassing of Ar occurred very early cause Venus's 
atmosphere has only one-third as much radiogenic "Ar as that of 
Earth's, despite a similar K:U ratio (4). 

Comparable heat sources but less effective subduction of 
crust (due to thinner lithosphere and lack of water) resulted in 
a more voluminous crust on Venus (5). Although some features 
similar to the Earth's ocean rises have been inferred in western 
Aphrodite (6), the lack of enough rise leads to the inference 
that less than 15% of the heat flow from Venus could be by sea 
floor spreading, in contrast to 70% on Earth (7). This does not 
preclude horizontal motions of the surface driven by convective 
flows. But convective support of the great plateaux would cause 
severe shear in surrounding crust more than a few lan thick (8). 
Hence a voluminous crust would be highly distorted and variable 
in thickness, since crustal rocks are much weaker than ultramafic 
(9). Venus's convective system may reach the surface some 
places, but most places it is concealed by piled up old crust 
varying in thickness up to perhaps 70 km, a limit set by the 
basalt: eclogite transition. 

Some features of Venus require appreciable strength in the 
outer 100-150 km. The high depth-diameter ratio of craters in 
the plains around Ishtar require high viscosities, limit-ing 
crustal thickness to about 20 )cm (10). The high ratio of gravity 
to topography around the most prominent features on Venus yield 
a range of apparent depths of compensation from 100 to 400 )an 
(11). Hence there cannot be an asthenosphere in the upper 200 h 
(12). These data rule out a simple model of a thick crust 
shutting off mantle convection from the surface, because it would 
lead to a convective boundary layer at the top of the mantle, and 
hence some 10's of kilometers of superadiabatic gradient. To 
support the prominent features, there must be a strong coupling 
of mantle flow with crust and lithosphere. 

This high upper mantle viscosity requires both a significant 
upward differentiation of heat sources (to lower temperature 
gradients) and an absence of volatiles. The absence of an ocean 
keeps volatiles from getting from the surface to the upper 
mantle. Why volatiles have not risen from greater depths appears 
to be due to the nStolper Effectn: at pressures above 6 to 10 
GPa (200-300 km deep), silicate liquids are more dense than their 
crystalline phases, from greater compressibility (13). Material 
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in .the upper mantle 60uPd be dried out in this manner, The 
effect may be small, but it has existed 4.5 billion years. 

Transfer of heat through the lithosphere and crust is a 
proble . If heat is delivered by npipesn to the surface, about 9 200 km /year volcanism is required (14). This is contradicted by 
low rates inferred from sulfur zhemistry and crater counts and 
morpholegy (15) : less than 2 km /year. Hence there must occur 
either (a) termination of magma pipes as plutons; or (b) a dearth 
of upper mantle heat sources. (a) is expected from a thick 
crust, while (b) is expected from a dry upper mantle, since heat- 
producing EPL8s would have been removed with the volatiles either 
upward or downward. The latter would be expected to create a 
zone of low viscosity and high heat contents below several 100 Ptm 
deep. This is indicated by the long wave-length component of 
Venus8s uncorrelated gravity field being markedly smaller in 
amplitude than predicted from the Earth's field (41). 

The absence of an asthenosphere on Venus may also account 
for the dearth of linear features like the Earth's ocean rises', 
Three-dimensional computer experiments of thermal convection in 
spherical shells with constant viscosity obtain upwellings that 
are cylindrical rather than linear in pattern (16). 

It was evident from the Pioneer Venus altimetry that Venus 
does not have ocean spreading and subduction, and that the con- 
vective sources necessary to support the few major features must 
be deep. It now seems clear that the stiffness of the upper 
mantle results from a combination of no oceans and the Stolper 
effect. But this makes a vexed question of crustal disposition: 
is the crust non-uniform in tRiskness and greatly distorted, or 
recycled almost as effectively as the Earth's by mechanisms not 
yet identified? It is hard to predict how the Magellan data will 
help answer 'this central question (17). 
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