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High resolution radar imagery and altimetry from the Magellan mission indicates the existence 
of fold-and-thrust belts on Venus [I]. Many of these belts may be due to Venusian accretionary 
wedge deformation, which is mechanically analogous to wedge deformation seen on Earth. We 
have developed a critical taper model of Venus wedge mechanics that predicts topographic profiles 
remarkably similar to those generated from Magellan altimetry. Typical topographic profiles of 
Venusian wedges, such as that of Uorsar Rupes shown in Figure 1 (adapted from [2]), are 
characterized by a toe that dips gently toward the interior of the fold-and-thrust belt, an intermediate 
region where the slope increases abruptly, and a relatively flat region at the crest of the wedge.. 

The observed topographic profiles may be explained in terms of the thin-skinned 
approximation for a critical Coulomb wedge [31. If pore fluid pressure is neglected, the critical 
taper of a wedge everywhere at failure is: 

where a is the surface slope, P i s  the dip of the decollement, p is the depth-averaged density, g i s  
the gravitational acceleration, and H is the wedge thickness. The basal shear stress, zb, is given by 
pbpgH + Sb, where p b  is the coefficient of friction on the decollement and Sb is the cohesion on 
the decollement. The differential stress in the wedge base, AH, is 2pgH[~ in@~/ ( l - s in@~) ]  + CHI 
where @H is the angle of internal friction in the wedge base, and CH is the uniaxial compressive 
strength in the wedge base. Beneath the brittle-ductile transition, a power-law term may be 
substituted for the cohesive terms as follows: 

where E' is the strain rate, A is the viscosity coefficient, n is the power-law exponent, Q is the 
activation energy, R is the ideal gas constant, To is the surface temperature, and k = ToVT (VT is 
the temperature gradient). The depth at which the values defined by equation (2) become less than 
the frictional strengths define the brittle-ductile transitions on the decollement (Sbf < zb) and within 
the wedge (CHI < AH). This transition always occurs within the wedge before it occurs along the 
decollement (Figure 2) for two reasons. First, the wedge material generally has some cohesive 
strength, while the decollement does not. Also, the coefficient of friction on the decollement must 
be less than or equal to that within the wedge. 

With these approximations, the critical taper model predicts the following wedge geometry 
(Figure 3): a cohesive toe with a narrow taper, corresponding to the region where both the wedge 
and the decollement are in the frictional regime; a sharp increase in slope, where the decollement is 
frictional and the wedge base is ductile; and a flat wedge crest, where both the decollement and the 
wedge base exhibit ductile deformation. If the wedge thickness at the toe is small enough, the 
model also predicts a region that dips into the interior of the wedge, as shown in Figure 4, where 
the predicted wedge profiles are shown for several different values of surface temperature. It is 
likely, however, that the observed dip into the wedge interior is due, at least in part, to flexure 
induced by the weight of the wedge. As shown in Figure 4, the predicted wedge crest elevations 
are strongly dependent on the assumed surface temperature. This is consistent with the findngs of 
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[I], where a strong correlation was found between wedge relief and the elevation at the toe of the 
wedge, indicating that the large temperature gradient within the Venusian atmosphere could have a 
significant effect on the location of the brittle-ductile transition within the crust. 
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Figure 3. Schematic diagram of the wedge Figure 4. Model elevation vs. distance from 
deformation predicted by the critical taper the wedge toe for several different values of 
model. surface temperature. Material properties are 

those of diabase, and the following wedge 
parameters were used: p = 6", p = p b  = 0.6, 

& = 10-l4 s-l, and VT = 15" Ckm. 
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Figure 1. Cross-section of Uorsar Rupes Figure 2. Strength vs. depth within a wedge 
taken from altirnetry data. Adapted from and on the decollement. Rheological properties 
Connors and Suppe [1991]. are those for diabase. From Suppe and 

Connors [submitted, 199 11. 


