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FINITE ELEMENT MODELING OF VENUSIAN CORONAE. DM. Janes and HJ.Melosh, Lunar and Planetary 
Laboratory, University of Arizona, Tucson, AZ 85721 

Coronae are large circular features discovered in the Venera 15 and 16 radar images of Venus in areas adjacent to 
Ishtar Terra and Tethus Regio. They are generally characterized by a set of concentric ridges and grooves having 
diameters of 150 to 530 krn standing 0.7 to 2.0 km high; their centers are usually somewhat depressed but 
nonetheless stand above the level of the surrounding terrain (1,2), and they are often surrounded by a broad moat, 
typically about 50 km wide but less than 0.5 km deep (3). Radar signatures indicate that similar materials make up 
the coronae and the surrounding plains (4). Together with the morphology of the region, this suggests that both 
may be volcanic in nature. 

We employ finite element modeling to examine the tectonics and topographic evolution of a large volcanic 
construct emplaced suddenly on a lithosphere. We fmt model the volcano itself to determine the state of stress 
within it and the sense and orientation of any resulting tectonic features. The volcanos treated as axisymmetric and 
initially parabolic in profile. It has a crust of finite thickness with an exponential viscosity profile (decreasing 
downwards). We vary the initial aspect d o ,  the boundary condition beneath the volcano, whether or not a central 
pipe containing the viscous interior material reaches the surface, and the thickness of the crust. 

Figure 1 shows the stress field within the surface elements at various times for a volcano with a 1 km central 
height and a radius of 200 km The lithosphere beneath the volcano is rigid, there is no central pipe, and the crust 
has a thickness of 250 m: At time t - 0, gravity is turned on resulting in simple self-compression of the load and 
(since Poisson's ratio is taken to be 0.25) the radial and hoop s m e s  are 113 the vertical, gravitational, stress. As 
the load is allowed to elax through time, the radial stress becomes extensional near the volcano center and 
compressional throughout most of the volcano's upper layers, as required to form concentric compressional features, 
particularly at the volcanos periphery, when, after 50 My, the radial stress becomes the most compressional, leading 
to the possibility of buckling parallel to the volcano's edge. However, in each case the radial stress is the 
intermediate principal stress axis. The hoop stress is the least compressive principal stress and the vertical is the 
most compressive. This should lead to normal faulting oriented radially to the load center. 

Figure 1: Stress evolution within a lkm high, 200 km wide volcano 

Varying the initial aspect ratio and the cmst thickness by factors of two in each direction produces similar results, 
namely that the hoop stress is always the least compressional while the vertical stress is the most compressional. 
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Nor does the addition of a central pipe of viscous ,gaterial affect the relationship that'the radial s a s s  is intermediate 
between the vertical and hoop stresses. Allowing the load to move freely over the underlying surface produces 
extensional radial and hoop stresses throughout the crust of the load at all timesteps but does not alter the 
relationship between the principal stress axes. Thus the formation of the concenttjc ridge and grooves around the 
coronae does not seem to be the mult of a simple tectonic response of an elastic crust to relaxation over time. 

Alternative possibilities for the formation of the concentric ridge and-grooves are that inidally radial fractures 
open, breaking the crust into several discrete wedge-shaped pieces that then slide off over the viscous interior 
inducing radial compression and folding at the volcano's periphery. Perhaps the simplest explanation is that the 
ridges and grooves are viscous folding produced during overland lava flow similar to pahoehoe lavas and rhyolitic 
flows (5) but on a much larger scale. 
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Figure 2: Cross-sectional evolution of the volcano and surrounding terrain. 

We next examine the effect of the load on the lithosphere to find the characteristics of any surrounding moat. 
Figure 2 shows the predicted cross sectional profile at various times for an axisymmetric parabolic bad 1 km hi h 
and 200 km wide emplaced on a la) km thick lithosphere overlying an asthenosphere with a viscosity of 7 5 x l d 3  
Pas. At the end of 100 My the center of the moat has been depressed approximately 150 m below the surface and 
the has a width of 100 to 200 lun, although it is difficult to define an outer boundary on the basis of slope change. 
In general, the slope in the surrounding lithosphere as it bends under the weight of the load is initially much 
shallower than the slope of the load itself and continues to be significantly shallower for periods of 10's of millions 
of years. Models varying lithospheric thickness, rheological profile, and initial load height show similar pesults. 
Only for bads substantially larger than those observed and for relatively thin lithosphetes do the slopes leading into 
the moat from the load and exterior sides approach the same steepness. With closer determination of the depth, 
breadth and relative steepness of the two sides of the moat by the Magellan mission, further constraints can be placed 
on the age of the coronae and the thickness of the lithosphere beneath them 
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