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FLEXURE ON VENUS: IMPLICATIONS FOR LITHOSPHERIC ELASTIC 

THICKNESS AND STRENGTH; C.L. Johnson and D.T. Sandwell, Scripps Institution of 

Oceanography, La Jolla, CA. 92093-0208 

Features similar to flexural signatures seen on earth are displayed in Magellan altimetry data. 

Aphrodite Terra displays arc-like topographic structures with similar morphology and scale to 

subduction zones in the East Indies on the Earth (1). Flexural ridges, trenches and outer rises are 

seen around several Venusian coronae (2) and at Freyja Montes (2,3). A model of flexure of a thin 

elastic plate is used to establish the elastic and mechanical thickness of the Venusian lithosphere, 

the temperature gradient, and the bending moment needed to support the outer rise. In places 

where the lithosphere is flexed beyond its elastic limit the model provides an estimate of the 

saturation bending moment and of the strength of the elastic lithosphere. 

Model 
The Venusian lithosphere is modeled as a thin elastic plate over a fluid mantle. Only features with 

a large radius of curvature were considered so that a 2-dimensional approximation could be used. 

The mean radius and regional topographic gradient are included in the flexural model. Flexure due 

simultaneously to (a) a line load on a continuous elastic plate and (b) a bending moment applied to 

the end of a broken elastic plate is considered. Free parameters in the model are thus the flexural 

parameter a, the mean radius co, the regional gradient cl, the coefficient of the bending moment 

term c2, and the coefficient of the line load term cg. These parameters are varied simultaneously, 

until the RMS misfit between the observations and the model is a minimum. For each profile 

across a given feature we obtain an elastic thickness and an estimate of the bending moment and 

curvature at the first zero crossing of the profile. 

Results 

Figure 1 shows an example of the model-fitting procedure at Nightingale Corona (63ON, 130°E). 

There is a prominent flexural moat and outer rise along the south-eastem portion of the corona, as 

seen in profiel 1218 (Figure 1). The mean RMS misfits from modeling of 14 Magellan altimeter 

profiles across the corona edge are shown in figure 1. It is evident that elastic thicknesses in the 

range 18-25 km best fit the observations. Moderate to high surface stresses ( > 50 MPa) are 

predicted across the trench and to the outer rise. Circumferential fractures are seen out to the trench 

axis, but not on the outer rise. Based on previous studies of the area around Nightingale Corona 

(3), we believe that fracturing on the outer rise may be obscured by younger lava flows. Results 

from modeling several flexural features are summarized in Table 1. Curvatures and elastic 

thicknesses are used to estimate the mechanical plate thickness (43) and hence lithospheric thermal 

grabent, except in the cases of Artemis and E. Diana Chasma which are both flexed beyond the 
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elastic limit ( - rn-I). In these two cases the bending moment provides an estimate of 

lithospheric strength. Using recently processed altimetry orbit data, we will extend this study to 

several other trenches in order to better characterize global variations in lithospheric elastic 

thickness, temperature gradient and strength of the lithosphere. 

Table 1 

Elastic Curvature Mechanical a d z  Bending 
-8 -1 Thickness (km) (10 m ) Thickness @) (OK/kmj Moment ( 1 0 ' 0  

Freyja* 10 - 25 10 11 - 30 9.5 - 26 0.6 

Eithinoha* 10 - 30 29 12 - 42 6.8 - 24 0.9 

Nightingale 18 - 25 18 21 - 32 9.1 - 13.6 1.1 

Hengo* 30 - 45 3 32 - 49 5.8 - 8.9 1 .O 

Latona* 27 - 60 29 37 - 82 3.5 - 7.7 6.1 

Artemis* 30 - 45 103 - - - - - - - - ---------- 25.4 

E. Diana 20 - 25 199 - - - - - - - - ---------- 12.4 

* from Table 3 of Sandwell and Schubert (2) 

References 
(1) McKenzie et al.; J. Geophys. Res., submitted Sept '91 
(2) Sandwell, D. & G. Schubert; J. Geophys. Res., submitted Sept '91 
(3) Johnson, C. & D. Sandwell; J. Geophys. Res., submitted Sept '91 
(4) Solomon, S. & J. Head; Geophysical Res. Letters, 17, '90. 
(5) McNutt, M.; J. Geophys. Res., 89, '84 

O Lunar and Planetary Institute Provided by the NASA Astrophysics Data System 


