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The possibility of a thin lithosphere due to high surface temper- (1) and relatively large depths of 

compensation (2) has led to the suggestion that topography may be dynamically supported by buoyancy forces 

beneath the lithosphere. Thermal isostasy may support up to several kilometers of topography (3). Vertical 

normal stresses exerted on the base of the lithosphere by a convecting mantle may also create surface topography 

(43). Stress supported topography can also result from horizontal stresses in a lithosphere of variable 

thickness. Lithosphere thickness variations can arise fromheating due to convection in the underlying mantle or 

convective instability of the bottom of the lithosphere. A simple example is shown in Figure 1 which 

considers a thickness change AJiI over a horizontal distance 2L in a lithosphere of mean thickness H with a 

remotely applied horizontal compressive stress a,. The bottom portion of this diagram shows the steady-state 

stress supported topography that results for several values of WL. The lithosphere is treated as a viscous fluid 

with a stress exponent n=3. The effect of small variations in the lithosphere thickness can be represented as a 

shear stress o,(x,H) = an dhfdx, where h = H + AH(x), applied to the base of a layer of uniform thickness H. 

Flow in the layer due to this applied shear stress induces a vertical velocity at the surface which produces 

topography. The resulting topography also relaxes gravitationally at a rate proportional to its amplitude. After 

about one relaxation time, a steady-state topography, reflecting a balance between the vertical velocity due to 

layer thickness variations and gravitational relaxation, is attained. Note that since there is no applied net vertical 

force, the stress supported topography exerts only a net moment on the layer which balances the moment 

created by the horizontal force acting at different depths on the two sides of the thickness variation. 

The top diagram in Figure 1 shows schematically the superposition of topography resulting from thermal 

isostasy and the layer thickness variation. This qualitatively resembles topography in Ishtar Terra where the 

elevated plateau of Lakshmi Planum is surrounded by fringing mountain belts (6). The simplest example may 

be Vesta Rupes on the southern margin of the plateau, but significant elevation change also occurs across Akna 

and Freyja Montes. For an applied horizontal stress on the order of 1 kilobar and a width L of 50 km, a 

lithosphere thickness change of 30 km produces 1 krn of stress supported topography. In this model, the 

topographic low bordering the plateau is more pronounced than that observed around Lakshmi Planum. 

However, the comparable width of highs and lows is a consequence of the simplicity of the model which treats 

only small variations in lithosphere thickness. In a model with larger lithosphere thickness variations, thicker 

lithosphere in areas of low elevation would result in a broader topographic low. It is worth noting that similar 

features are associated with the Tibetan plateau: the Himalayas and the flanking Ganga basin border to the 

plateau to the south. These features and the gravity anomalies associated with them have been attributed to 

elastic flexure of the subducted Indian plate (7,8). The present example shows that similar features may be 

produced by compressional deformation of a lithosphere with varying thickness. 
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Figure 1. Topography due to horizontal stresses in a lithosphere (shaded) of variable thickness. Amplitude of 
stress-supported topography (bottom) is proportional to AH/S where S=pgUo,,. Superposition of thermal 
isostatic and stress-supported topography shown in top diagram. 
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