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T H E  ROLE O F  MANTLE CONVECTION IN THE FOFMATION O F  HIGHLAND 
REGIONS O N  VENUS, Walter S. Kiefer and Bradford H. Hager (Division of Geological and 
Planetary Sciences, California Institute of Technology, Pasadena CA, 91125) 

The Equatorial Highlands 

The  Equatorial Highlands of Venus consist of several quasi-circular regions of high topog- 
raphy (up to 5 km above mean planetary radius) and large geoid anomalies (up to 100 m). I t  
has been shown (1) that  these highland regions are probably the surface swells of hot, upwel- 
ling mantle plumes and that  a plume model can explain existing observations of both geoid 
and topography for these regions. In our models, we treat the lithosphere as a high viscosity 
fluid with a free-slip surface. Banerdt (2) has argued that  inclusion of a thin elastic layer on 
top of the viscous mantle can significantly alter the geoid and topography calculated for a con- 
vection model. Because the elastic lithosphere is quite thin on Venus, i t  cannot affect the long- 
wavelength geoid and topography by flexural effects; rather, the key issue is whether the top 
boundary of the viscous mantle is a free-slip or a neslip boundary. For the wavelengths 
included in our plume models (I), we find that  the top boundary condition changes the calcu- 
lated geoid and topography by less than about 5 to  10 %. Our conclusion is consistent with 
that  of Richards and Hager (1984), but is based on independent computer programming. 

Our models assume that  the mantle flow structure is locally axisymmetric. This is con- 
sistent with the observed planforms of the topographic uplifts and geoid anomalies in the 
Equatorial Highlands. However, the rift zones in the Equatorial Highlands are typically long, 
linear structures which extend from one highland region to another (4). In the deep interior, 
plumes are relatively isolated from one another, and our assumption of axisymmetry is at least 
approximately correct on a local basis. In the upper boundary layer, however, the horizontal 
flows from the various mantle plumes must interact. This interaction affects the pattern of 
lithcepheric stress and presumably leads to the formation of the observed pattern of rift zones. 

Ishtar Terra 

Another region on Venus which may be related to mantle convection is Ishtar Terra. Like 
the  Equatorial Highlands, Ishtar is a region of high topography and a positive geoid an* 
maly(5,6). The  tectonic structures in Ishtar are quite different from those in the equatorial 
regions, however, so tha t  a mantle plume model is unlikely to apply to Ishtar. Eastern Ishtar 
(east of Maxwell Montes) consists primarily of parquet terrain and is 1 t o  3 km above mean 
planetary radius (m.p.r.). Western Ishtar is centered on Lakshmi Planum, a 1500 km wide 
oblong to irregularly shaped plateau which is 3 to 4 km above m.p.r. and shows little evidence 
of tectonic deformation. Lakshmi is surrounded on three sides by the mountain belts Akna, 
Freyja, and Maxwell Montes, which rise 7 to 11 km above m.p.r. These mountain belts show a 
pronounced banded structure which approximately parallels the contact between the moun- 
tains and Lakshmi and which is typically interpreted as having a compressive origin(7-10). 

We propose tha t  the high topography and compressive deformation observed in western 
Ishtar is due to a region of downwelling mantle which has tectonically thickened the overlying 
crust. Assuming reasonable crust and mantle densities, the crust needs to be 15 to 25 km 
thicker than normal to account for the observed topography of Lakshmi. However, the 
downwelling mantle flow creates a topographic low which also must be filled, so the total cru- 
stal  thickening which is necessary may be much more than 25 km. The  observed positive 
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gravity anomaly is due both to the high topography and to the cold, high density thermal 
anomalies in the mantle. 

Observations of tectonic structures provide additional constraints on models for the for- 
mation of Ishtar. The  high topography will tend t o  cause horizontal extension, whereas the 
downwelling mantle will cause horizontal compression. At  least in the initial stages of the for- 
mation of Ishtar, the compressive stresses must have dominated and could have formed the 
observed mountain belts. Because Lakshmi is surrounded on three sides by mountains, a 
quasi-circular planform for the mantle downwelling might seem plausible. Such a model, how- 
ever, predicts compressive structures which are oriented radially to  the plateau center, which 
disagrees with the observed orientation of the mountain belts. A more complicated downwel- 
ling geometry could lead to the observed orientation of compressive structures. The  distribu- 
tion of mountain belts will also be influenced by heterogeneities in the strength of the crust. 
Multi-stage deformation histories (e.g., 11,12), in which the direction of principal compression 
changes with time, may a h  have played a role. 

The  high topography of Ishtar causes a large pressure gradient directed away from the 
center of Ishtar. A t  equilibrium, the resulting force must be balanced by shear stresses applied 
by the mantle on the base of the crust. The required shear stress level depends both on the 
horizontal length scale of the convection cell and on the crustal thickness in the plains sur- 
rounding Ishtar. Assuming that  convection extends throughout the entire mantle of Venus, a 
horizontal length scale of about 3000 km is appropriate. If the crust in Venus's plains regions 
is 10 t o  20 km thick (13-15), then the required shear stress is about 8 to 11 bars. On the other 
hand, if the crustal thickness in the plains is 100 to 170 km (16), then the required shear stress 
is 40 to 60 bars. These are minimum estimates of the required shear stress because they con- 
sider only the shear stress needed t o  support the topography of Lakshmi Planum. In order to 
support the topography of Akna, Freyja, and Maxwell Montes, the mantle shear stress in at 
least some areas around Ishtar will need to be substantially higher than the above estimates. 
Estimates of the shear stress a t  the base of the lithaphere on Earth are typically only a few 
bars (17-19). If similar values are relevant t o  Venus, then the crust in the plains regions of 
Venus must be quite thin in order to explain Ishtar in this way. If the crustal thickness in the 
plains surrounding Ishtar is large, then either the mantle shear stresses are larger on Venus 
than on Earth or  a different mechanism must be found to support most of the topography in 
Ishtar. 
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