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Gravity Anomalies and the Geodynamics of Lakshmi Planum, 
Venus. Robert E. Grimm and Roger J. Phillips, Department of Geological Sciences, Southem 
Methodist University, Dallas, Texas 75275. 

Introduction. Among the highland regions on Venus, Ishtar Terra, in particular the 
Lakshmi Planum region, is unique and may play a key role in understanding the geology of 
Venus. Although Lakshmi contains abundant volcanic features as do other highlands, the 
mountainous banded terrain bordering Lakshmi sets it apart from other regions. Gravity data can 
provide constraints on the intcmal processes responsible for these differences. We calculate the 
geoid anomaly at constant altitude over Laksbmi, and then test these data, together with the 
observed elevation, regional strain pattern, and inferred age against geodynarnic models. 

Gravity Inversion. The area under study here is approximately 55' - 70' N, 310°E - 
15OE. We use ORBSIM [I] and a linearized inversion technique to calculate a set of discrete 
surface masses that satisfy the observed linesf- sight accelerations. The geoid anomaly at 
uniform altitude q may be evaluated from this mass distribution. The geoid-to-topography ratio 
(GTR) was calculated in the spatial domain by linear regression and the long-wavelength 
apparent depth of compensation (ADC) was found from ADC = (GTR)g/2zGpc. 

The ADC as a function of z0 was also calculated for Bell Regio, a smaller but representative 
"hotspot" of Venus, using a similar point-mass inversion [2]. The ADC for Bell varies from 130 
krn at q = 250 km to 270 km at z0 = 700 km. This strong change with altitude indicates that 
longer-wavelength components arc compensated at increasingly greater depths and suggests that 
the thickness of the compensation zone is at least several hundred kilometers. The ADC for 
Lakshmi, however, is smaller and much more constant, 13Ok 10 km for z0 = 500 to 1400 km. 
Since the formal standard errors are small (given 1 mgal LOS measurement errors), it is difficult 
to reject the hypothesis that Lakshmi is indeed supported at nearly a single depth. 

Ceodynamic Models. We consider three broad hypotheses for the origin of Lakshrni 
Planum, but these models are not entirely mutually exclusive. Under local mantle upwelling 
[3,4], Lakshmi is the surface expression of a hotspot which produces topography both 
dynamically and by volcanic construction. This model holds that the mountain belts form as a 
result of incipient downward mantle retum flow. Under local mantle downwelling [5,6], cold 
sinking mantle beneath Lakshmi induces shear tractions on the m t ,  which thicken and elevate 
it; volcanism is the result of basal crustal remelting. Lithospheric delamination is da ted  to this 
hypothesis, having contributions to topography from both sinker-induced shear thickening and 
thermal buoyancy of hot mantle replacing the lithosphere. The exact mechanism for formation of 
mountain belts remains to be tested. A third scenario, regional compression, may be 
distinguished from the second in that Lakshmi is simply a locus of strain accumulation and 
crustal thickening from regional stress fields; neither broad downward mantle flow nor 
lithospheric subduction need occur. The formation of mountain belts and uplift of the plateau 
have been considered analogous to the Himalayas and Tibet [7,8]. The principal question for 
such a model is the source and magnitude of stress. Such forces could include "slab pull" (in 
this case probably beneath Lakshrni and hence resembling scenario Z), "ridge push" from extinct 
thermally elevated terrain, or shear tractions exerted by mantle flow. Since global lithospheric 
divergence and consumption is likely difficult to develop on Venus, it is possible that limited 
horizontal motions are driven by regional stresses until choked off. Localization of compressive 
forces could be due to structural or thermal heterogeneities in the crust or lithosphere, or due to 
variations in the velocity gradients of rnantle flow. 

Model Calculations. An endmember hypothesis, applicable to any of the three principal 
models, is that the plateau relief is entirely supported by thickened crust, either due to volcanic 
construction or crustal shortening. This extreme conesponds to simple Airy isostasy, and so the 
ADC represents the crustal thickness about which observed deviations are measured. A crustal 
thickness of 130-160 km beneath Lakshmi Planum and 100-130 km in the rolling plains is 
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necessary. Such a value is unlikely given prior estimates of 10-30 lan crustal thicknesses in the 
plains [9-111, analysis of long-term creep stability 1121, and the transition to denser eclogite at - 
70 lan depth [13]. Isostatic support by a crust of distinct composition (perhaps more felsic) may 
also be rejected as a Pratt mechanism requires thicknesses > 250 km. Lithospheric thinning or 
delamination will yield ADCs of only about 50 km. Moreover, only about 1.5 km of relief can 
be achieved by this mechanism [14]; if the remainder is accomplished by Airy-compensated 
volcanism, the net ADC will be even shallower. Supplemental dynamic compensation is 
requited. 

We extend a simple t w ~ e n s i o n a l  halfspace formulation [ll] to model the dynamic effect 
of a cosine-bell-shaped surface mass anomaly at depth. A suite of exploratory calculations uses 
three constant-viscosity layers: crudithosphere to 20 Irm, upper mantle to 700 km, and lower 
mantle. The uppermost layer may have a distinct density. We find that either upwelling or 
downwelling mantle may produce the geoid and topography observed for Lakshmi Planum, but 
under very different conditions. An upwelling (centroid 160 km, buoyancy stress 100 MPa) is 
acceptable if the crust does not strongly couple with the flow (i.e, its density contrast is ignored) 
and if the mantle is not layered A deeply-seated downwelling (400-600 km, buoyancy stress > 
200 MPa) can give the same effect, provided that the crust can be shear-thickened by rnantle flow 
and that a more viscous lower mantle exists. The ADC does not have as narrow a mode as a 
function of z0 as m the upwelling model. Incorporation of the effective viscosities of diabase and 
olivine [I 11 further suggests that uplift above a plume will be rapid, but that the thermal gradient 
must be high (-20 Kflrm) over the sinker so that substantial uplift will be attained in 0.1-1.0 b.y. 
Neither model, however, yields the surface stress distribution necessary to form the banded 
terrain as a primary consequence of the uplift. Azimuthal extension is predicted to a radius of 
400-1200 h, followed by a zone of strike-slip deformation. Radial compression does not occur 
until distances > 1300 km, i.e., in the surrounding plains. Regional compression can evidently 
deform the margin of Lakshmi into mountain belts, but its gwid signature is problematic. There 
is no evidence to date for a substantial gravity anomaly over Tibet, which is consistent with 
simple peripheral compression and isostatic crustal thickening [15]. If underthrust lithosphere is 
invoked to provide the large geoid anomaly over Laksbmi, the dynamic flow induced by the slab 
must be reckoned with. 

Discussion. A more complex model than those analyzed in detail here is needed to 
produce both the correct stress and ADC. Because of the narrow range of ADCs, we favor 
upwelling models in which a mantle plume has flattened out and the surface has been 
subsequently deformed. L a M d  must be distinguished from other paradigm hotspots on Venus 
by different environmental conditions (lithospheric heterogeneity?) or by being in a different 
stage of hotspot evolution. In this latter case, Lakshrni may represent an older hotspot; its crust 
may be somewhat thicker and its lithosphere weakened due to a protracted thermal history. An 
anomalously weak Lakshmi Planum could serve as a "strain magnet" which regional stress fields 
are able to deform. 
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