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MAXWELL AND THE ANDES: ANALOGOUS STRUCTURES? 
A. Lenardic, W. M. Kaula, and D. L. Bindschadler, UCLA Dept. 

Earth & Space Sciences, Los Angeles CA 90024. 

Models are generally best tested by the most extreme 
outcomes. The highest structure on Venus is Maxwell Montes, part 
of Ishtar Terra; on Earth, the Himalayas. But almost as high 
topographically (and higher in gravity anomaly) is the Andean 
chain. It also is more directly relatable to plate tectonics. 

Maxwell Montes has a steep western front with intense 
parallel folds and thrust faults at 15-25 km spacing. 
Gravitational modification is only to the flanks, 900 km apart. 
Volcanism is only on the east slope, triggered by the great 
impact crater Cleopatra. 500 km east of the crest is a drop to a 
plateau of arcuate ridges, western Fortuna Tessera, extending 
another 900 km. 

The Andes have a more marked trench. They are moderately 
wider but much longer than Maxwell; volcanism is confined to the 
western Cordillera. The Brazilian Shield, like Fortuna Tessera, 
appears to be an older terrain whose resistance contributes to 
the pile-up of the mountains. 

The source of the lithosphedre underthrusting the Andes is a 
spreading rise 4000 km away. Interrupting the sweep from the 
rise to the trench are the Galapagos Rise, the Nazca Ridge, and 
the Easter Fracture Zone, interpreted as due either to plumes or 
temporal evolution of the plate system. 

But only 500 km west of the Maxwell front occur varied 
terrains with 2-km changes in elevation and apparently unrelated 
patterns. Thus the lithosphere underthrusting Maxwell appears to 
arise from deeper in the mantle than that for the Andes. Flow 
patterns seem to vary within a few 100 km in Venus, despite the 
stiff upper mantle required by high gravity: topography ratios. 
It is thus important to interpret Maxwell Montes in the context 
of a model for the more widescale regime, Ishtar Terra, analogous 
to the plate tectonic interpretation for the southeast Pacific. 

We are applying two-dimensional finite element computations 
to these problems. The emphasis is necessarily different between 
the two planets. In application to the Andes, we can prescribe 
a velocity field plus lateral, as well as vertical, variations in 
structure, such as the dip of subduction; evolve the computation 
to a quasi-steady-state; and determine whether this state is 
consistent with observed topography, gravity, seisnicity, 
volcanism, etc. In application to Ishtar, it is appropriate to 
start at a more primitive stage: a simple flow pattern and 
stratified composition, with stiffer rheology than the Earth's. 
The evolution must be much longer before examining whether there 
results a structure similar to western Ishtar Terra: a 2000-km 
plateau surrounded by mountain belts, with secondary features 
such as considerable volcanism in the plateau and older deformed 
terrains both within the plateau and outboard of the belts. Then 
within this quasi-steady-state can more detailed models be 
undertaken to address particular properties of Maxwell Montes. 
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Modeling: Recent numerical modeling of crust/mantle interaction on Venus has 
lead to the hypothesis of a two phase evolutionary sequence for the formation of Ishtar 
Terra (1). The first phase is driven by bulk mantle flow due to thermal convection and 
leads to the formation of proto-Lakshmi Planum in the form of a broad, thickened crustal 
block over a mantle downwelling. The second phase, caused ultimately by the thermal 
perturbation exerted on the mantle by the thickened crustal block, is characterised by 
the triggering of a thermal mantle plume that changes the nature of mantle downwelling 
leading to a slab-driven tectonic pulse resulting in orogenesis peripheral to the plateau. 
During this mountain building phase flow associated with lithospheric subduction and bulk 
thermal convection interact strongly and different types of interaction lead to differing 
mountain structures. For a relatively weak plume the lithosphere underthursts at a flat 
angle leading to a narrow mountain belt whose flanks are extending while for a stronger 
plume the angle is slightly steeper leading to a broader mountain belt that is in a greater 
state of compression. Within the framework of the model, the difference between Maxwell 
and the narrower mountain belts of Ishtar is explained by a slightly steeper lithospheric 
underthursting beneath Maxwell due to the presence of a mantle plume nearer to the 
Maxwell side of Laksmi. Throughout model evolution the two drivers of flow, bulk mantle 
convection and the sinking of a lithospheric slab, remain strongly coupled and ultimately 
bulk convection comes to dominate as the negative density of the slab wanes. At this point 
the mountain belts begin to collapse. 

Our Andes modeling assumes that mantle flow is driven principally by lithospheric 
subduction and that the Andes form as a result of crustal thickening in response to the 
flow generated by the subduction of the Nazca plate and the push of Brazilian shield as 
suggested by Isacks (2). We have tested how crustal thickening will differ for differing 
subduction angles characteristic of the Central Andes (angle=30 degrees) and the North- 
ern and Southern Andes (angle=15 degrees). Initial results suggest that the first order 
differences between the Central and Northern/Southern Andes can be explained by the 
interaction of differing subduction angles with crustal bouyancy forces. In this respect 
it appears that for both the Earth and Venus the angle of lithospheric underthrust can 
strongly determine the morphology of mountain belts. Similarly, crustal thickening in 
response to mantle flow forces may be important in mountain building processes on the 
two planets. However strong differences in the ultimate driving forces of mountain belt 
formation may exist on the two planets. On Earth it appears that plate tectonic forces 
dominate where as on Venus lithospheric sinking appears to be a rarer, shorter lived event 
that remains coupled to mantle flow due to the lack of an asthenosphere. 
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