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MANTLE PLUMES O N  VENUS: A MODEL F O R  T H E  EQUATORIAL 
HIGHLANDS AND A POSSIBLE CONNECTION WITH THE OVOIDS, Walter S. Kiefer and 
Bradford H. Hager (Division of Geological and Planetary Sciences, California Institute of 
Technology, Pasadena CA, 91125) 

The  Equatorial Highlands of Venus consist of several quasi-circular regions of high topog- 
raphy, rising 4 t o  5 km above the surrounding plains(1). These highland regions are associated 
with large positive geoid anomalies(2) and extensional tectonism(3). We have shown tha t  the 
geoid anomalies and most of the topography must be related to  convective activity in the 
mantle(4), although a smaller amount of the topography can be due t o  volcanic construction. 
In the case of Beta Regio, the volcanic component of the topography has been estimated t o  be 
about 1 km(5). These observations have led to  suggestions tha t  the Equatorial Highlands are 
the surface swells of hot, upwelling mantle plumes(4,6,7). We have modeled these plumes using 
a cylindrical axisymmetric finite element convection code(8). In this abstract, we summarize 
the current s ta tus  of this modeling effort and also suggest a possible connection between man- 
tle plumes and some of the ovoids. 

On Earth,  hotspot swells have dynamic topography of 1.5 km or less(9) and long- 
wavelength geoid anomalies of 15 m or less. In contrast, Venus's Equatorial Highlands have as 
much as 4 km of dynamic topography and geoid anomalies of up to  80 m. In order t o  explain 
such large geoid anomalies and dynamic topography, we propose tha t  Venus's asthenosphere is 
substantially more viscous than Earth's asthenosphere. Our models allow Venus's lower mantle 
t o  be about a factor of 10 more viscous than its upper mantle, although this value is somewhat 
dependent on the precise value of the Rayleigh number for Venus. In contrast, modeling of the 
Earth's geoid indicates a lower mantle viscosity which is about a factor of 300 more viscous 
than the asthenosphere(lO). The  estimated viscosity profiles of both planets may be biased by 
the neglect of the temperature and stress dependence of viscosity. The  inferred lack of an 
asthenosphere on Venus is in agreement with our earlier modeling of the long-wavelength 
admittance spectrum(4) and is also consistent with the results of models which relate tectonic 
features on Venus to  convective stresses(l1). One possible explanation for the difference in the 
viscosity profiles of the two planets comes from a consideration of mantle heat transport. 
Because Venus and Earth are expected t o  have similar mantle heat fluxes, the two planets 
should have similar Rayleigh numbers and hence similar appropriately averaged viscosities. 
The  effective surface viscosity may be higher on Earth than on Venus, indicating that  the 
viscosity in some parts of Venus's mantle would be higher than the viscosity a t  the same 
depths in the Earth's mantle. The  difference in asthenosphere viscosities may be related to 
differences in the mantle volatile content of the two planets(l1) or t o  differences in interior 
temperature. 

Relatively isolated features in the Equatorial Highlands, such as Atla and Beta Regiones, 
tend to be approximately axisymmetric. In contrast, Ovda Regio is about twice as long in the 
East-West direction as it is in the North-South direction. Thetis Regio is also somewhat 
elongate, but  t o  a lesser extent than Ovda. The  centers of Ovda and Thetis are only 3500 km 
apart,  so the elongation of these two topographic swells may be a consequence of the close 
proximity of their underlying plumes. The  presence of two nearby plumes could lead to  
enhanced lithospheric thinning in the region between the two plumes. This  would cause higher 
than normal topography in the region between the two plumes and could explain the 
elongated nature of these two swells. An additional possibility is that  the upwelling region 
under Ovda may be somewhat elongated. Our modeling indicates that  the geoid anomaly for 
an elongated upwelling is smaller than for a cylindrical upwelling, in agreement with the obser- 
vation tha t  Ovda's geoid anomaly is smaller than geoid anomalies in other parts of the 
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Equatorial Highlands(2). 

An alternative model for Ovda and Thetis proposes tha t  they are terrestrial type spread- 
ing centers(l2). However, this model fails t o  satisfy several observational constraints, involving 
peak topographic elevations, the variation of topography with distance from the highland 
centers, and the correlation between geoid anomalies and topography(8,13). I t  therefore 
appears tha t  a spreading center type process has played a t  most only a small role in the 
development of the Equatorial Highlands. The  high viscosity which we have inferred for 
Venus's asthenosphere would cause a large drag on the base of any moving plates, providing a 
possible explanation for the apparent lack of plate tectonics on Venus. 

If a t  some time plume activity ceases a t  a given location, the topographic swell will relax, 
the rate of volcanism should decline, and any shield volcanoes which have formed may 
undergo viscous relaxat,ion. The  ovoids which were discovered by Venera 15 and 16 (14) are 
similar in size to shield volcanoes and may in some cases represent the end stages of the col- 
lapse of a shield volcano. In this model, the annulus of concentric ridges that  characterizes the 
ovoids is the result of stresses created during the gravitational relaxation process(l5), while the 
size and planform of the ovoid, along with its associated volcanic flows, are inherited from the 
preexisting volcano. Bell Regio, a 900 by 1300 km highland region which is about 1 km higher 
than the surrounding plains, may be an example of a partially relaxed plume swell. It  contains 
a 250 x 400 km ovoid and Tepev Mons, a 250 x 350 km shield volcano(l6). The  occurrence of 
these two features as part of the same highland unit suggests a genetic relationship between 
the two features and supports the model described above. Themis Regio is a highland region 
which contains several ovoids(l7) which appear t o  line up along a shallow rift structure(3). 
Themis may be another example of a partially relaxed plume swell, perhaps a t  a later stage of 
evolution than Bell Regio. These observations of Bell and Themis Regiones indicate tha t  some 
ovoids may be related t o  plume activity, although other models(l8,19) may be necessary for 
the ovoids which occur in Venus's rolling plains provinces. 
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