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COMPARISON OF MAGELLAN DATA WITH THE INTERIOR DENSITY STRUC- 
TURE OF VENUS; R. R. Herrick and R. J. Phillips. Department of Geological Sciences, 
Southern Methodist University, Dallas, TX 75275 

Introduction. A model for the interior density structure of Venus has been constructed 
by stipulating that the long-wavelength topography and geoid elevations are explained by the 
sum of density anomalies associated with mantle convection and lithospheric compensation 
mechanisms [I]. For convenience the latter are represented by a single Auy surface because 
individual lithospheric components cannot be resolved at the wavelengths considered here. 
Mantle convection is represented at a single depth by mass perturbations that drive viscous 
flow. We inverted 13th degree and order spherical harmonic representations of the topography 
and the geoid to create global representations of the mantle convection pattern and near-surface 
density anomalies, and then forward modeled the topography caused by these surfaces. Here 
we compare the modeled topography to a global synthesis of Magellan data in an attempt to 
associate interior processes with observed morphologic features. 

Four global data bases were compiled for comparison with the modeled topography: 
impact craters [2], coronae (31, large volcanic structures, and tesserae. For the purposes here, 
a large volcanic structure has a caldera or a dome-like shape, obvious associated volcanic 
flows, and at least a 30&b diameter. In addition, the volcano must rise 1 krn above the 
surrounding plains, unless it is located in a region of hgh-standing topography. 

The crater distribution is spatially random [2]. No correlation exists between the crater 
density and the modeled topography. Two possible scenarios explain this randomness: resur- 
facing occurs catastrophically over large areas at infrequent intervals or resurfacing occurs 
randomly in small areas. Two end member models for the latter scenario are: extensive 
resurfacing is preferentially occurring in certain areas (e.g. over mantle plumes), and these 
areas change with time quickly enough that large areas do not become crater deficient, or 
several different processes resurface the planet in patches. The lack of correlation of crater 
density with areas of crustal thickening implies that there is not a crustal age dichotomy such 
as on Earth. 

Figure 1 shows the large volcanic structures plotted over topography resulting from mantle 
convection, and there is a high correlation between these data sets. Although it is no surprise 
that mantle upwellings are associated with formation of large volcanoes, it is significant to note 
that there are relatively few large volcanoes located away from upwellings. This suggests that 
either upwellings do not move much with time and/or other features besides large volcanoes 
significantly resurface the planet (and cover old volcanoes). If a direct caweleffect relationship 
is assigned between upwellings and large volcanic structures, then at least some movement 
of the convection pattern with respect to the lithosphere must have occurred to explain those 
volcanoes not over upwellings. 

The coronae were found to be clustered ahout the mean planetary radius when plotted 
on the total topography, the dynamically supported topography, and the topography resulting 
from lithospheric processes. T h s  implies that if coronae are associated with mantle convection 
they are not directly linked to upwellings or downwellings. Coronae, however, are closely 
associated with major rifts. 

Figure 2 shows locations of large regions of tesserae plotted over the topography resulting 
from crustal thickening. A high correlation exists between the large regions of tesserae and 
those of positive topography produced by lithospheric processes (indicating negative density 
anomalies in the Lithosphere). We suggest that tesserae are regions of anomalously thick 
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crust. Tesserae, however, do not correlate with upwellings, downwellings, or high or low 
crater density. 

Finally, we note that the ma.jor downwelling regions are all associated with planitiae that 
are relatively featureless or covered with ridge belts. While these plains have no large shield 
volcanoes, there is extensive evidence of volcanism in the form of small domes and other 
small volcanic features. 

I)iscussion. Based on the above ohservations we offer the following global tectonic 
scenario. Large volcanic structures are associated with mantle upwellings and planitiae are 
associated with downwellings. The clustering of large volcanic structures over upwellings 
combined with the globally random crater distribution rules out the possibility that large 
volcanoes are the only (or even the predominant) means for resurfacing the planet. The 
clustering of coronae about mean planetary radius in both the modeled and total topography 
and their association with rifts suggests they are related to mantle convection, but they are 
not surface expressions of either upwellings or downwellings. The role of tesserae is more 
enigmatic. Tesserae may represent cn~stal remnants that are subsequently being deformed and 
resurfaced. These remnants may have been formed as the result of magrnatism associated 
with plume initiation 141, or they may represent a previous epoch of the planet's history 
dominated by a different tectonic style. 
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Figure 1 .  1,ocations of 
large volcanic structures 
plotted on topography 
due to mantle 
convection. 
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Figure 2. Tesserae 
locations plotted on 
topography due to 
lithospheric density 
anomalies. 
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