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TECTONIC RESPONSE TO MANTLE DYNAMICS IN VENUS 
R. J. Phillips, Dept. of Geological Sciences, Southern Methodist University, Dallas, TX 75275 

Introduction. Large apparent depths of isostatic compensation on Venus (ADCs), inter- 
preted in conjunction with Earth-scaled temperature gradients [I], lead to the hypothesis that 
some of the topography of Venus must be dynamically supported by flow in the mantle [2,3]. 
Here we examine the consequences of such flow for tectonic stresses in the lithosphere and, in 
particular, whether such stresses could lead to large-scale tectonic disruption both locally and at 
large distances. 

Stresses Magnitudes. In elementary terms, we view the interaction between mantle con- 
vective flow and an overlying lithosphere in terms of shear stresses (a, ) and normal stresses 
(a,) imparted by the flow to the base of the lithosphere. ~or rnaf  stresses are largely 
responsible for uplift of the topography, but may also give rise to modest deviatoric horizontal 
normal stresses (2%) in the lithosphere. Shear stresses can impart large horizontal normal 
stresses (%,). Estlrnates for a,, and a,, can be obtained from the topography and the free-air 
gravity field, respectively, provided that the dominant wavelengths of these fields are large 
compared to the depth of the convective flow. - For compensated topography, regardless of the mechanism of compensation, =a, = 
ptgohd2, where pt is topographic density, go is planetary gravity, and h is topographic helght. 
On Venus, this yields about 13 MPa of stress for each kilometer of eievation. For a diabase 
rheology [4] and a temperature gradient of 15 K/km, 13 MPa of stress will cause significant 
creep strain in crusts of thickness 10 krn or more. 

If the base of the lithosphere is subject to shear tractions from mantle flow, then a stretch- 
ing mode [5] of lithospheric deformation, %,, may be important. Under the long wavelength 
constraint stated above, the shear stress a, is directly proportional to the depth-density 
"dipole" [6] of the mantle flow field, as is the free-air gravity anomaly. The horizontal stress in 
the lithosphere is directly related to a,, through the equilibrium equation. This leads to an 
estimate [7] of a lower bound of the magnitude of the lithospheric in-plane force, Fb(k) = 
[gol(2nkG)]g(k), where k is wavenumber, G is the universal gravitational constant, and g(k) is 
the free-air gravity anomaly. An identical result is obtained when the dipole is the isostatic 
structure of the cooling oceanic boundary layer on Earth [8,9]. This result remains a lower 
bound as long as there is no low viscosity channel (LVC) beneath the lithosphere. Large ADC 
values imply that there is no LVC in Venus [7]. 

Fast Fourier Transform techniques have been used to generate the spatial distribution of 
Fb(x,y) in the Tellus Regio/Bell Reg iobda  Planitia region by performing an inverse transform 
on Fb(k) as calculated from the free-air gravity anomaly for that region [lo]. No directional in- 
formation was retained in this calculation and a, is assumed to be negligible. The gravity field 
was downward continued to the surface and resolution considerations dictated that wavelengths 
shorter than 700 krn be excluded. The results of this calculation are shown in Figure 1. A strict 
interpretation of these results, which we do not promote, would be that all of the topography in 
this region of Venus is dynamically supported and that regions of positive topography (e.g., 
Bell Regio, 500 E, 300 N) are associated with mantle up-welling, while negative topography 
(e.g., Leda Planitia, 600 E, 450 N) is associated with down-welling. There certainly may be 
other mechanisms of topographic compensation, notably crustal thickness variations [l 11 and 
thermal compensation in the lithosphere [10,12]. The main point here is that dynamic support 
of topography should be accompanied by stretching forces in the overlying lithosphere and that 
free-air anomalies on Venus itnply that their magnitude might be at least a few times 1012 N/m. 

Comparisons to Earth. The basal shear stresses associated with the Fb solution in Fig- 
ure 1 are typically a few MPa. This falls within the range, although at the upper end, of various 
estimates of the basal shear stress acting on the terrestrial oceanic lithosphere [13,14,15,16]. 
These stresses are generally considered to be tectonically unimportant. On Earth, the existence 
of a low viscosity zone that would lead to low values of basal stress and uncouple the oceanic 
plates from the underlying convecting mantle is uncertain. On Venus, the postulated thinner, 
hotter lithosphere leads to more tectonic disruption for the same level of stress. This is il- 
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lustrated in Figure 2, where we show the deformation associated with a 1 km dynamic uplift of 
a lithosphere com sed of a 10 km diabase crust overlying a websterite mantle (dT/dz = 15 
Wkm, deldt = Is). Failure zones are associated with stresses that exceed the yield stress in 
a strength envelope diagram. 

Transmittal of Stress Over Large Distances. The in-plane forces, Fb, determined here 
are comparable in magnitude to ridge push forces, Fr, estimated for the Earth. We next ask, are 
the tectonic forces on Venus discussed above capable of being transmitted over large distances 
and initiating faulting far from their source of origin? At long wavelengths, where flexural ef- 
fects are unimportant, simple compensated uplift of a lithospheric layer will lead to tensional 
stresses in the "uplands". But there will be no stress in the "plains", unless the lithosphere starts 
to creep. This is because the local potential energy anomaly associated with topography is sup- 
ported by local stresses. Out in the plains there is no potential energy anomaly (or defect). 
Creep effects cannot be expected to affect the plains more than a distance of approximately the 
horizontal dimension of the uplift. 

A cooling, moving, thermal boundary layer, such as the oceanic lithosphere, carries a 
potential energy defect out into the plains: it is the cool over-dense lithosphere (negatively 
buoyant) that must be balanced by local internal stresses [8,9]. A key element in this model is 
that the isostasy is carried entirely in the lithosphere, and that the sub-lithosphere is of constant 
density. In this configuration, the internal pressure of the lithosphere, which is a maximurn in 
the plains, can be directly equated, because of the isostatic assumption, with the maximum 
ridge height, confounding what is a local phenomenon with the concept of a ridge push. 
Presumably, this local stress could, in places, lead to compressional failure, enabling un- 
derthst ing or even subduction. In order to apply the concept of long-distance stress transmit- 
tal to Venus, we have to postulate that the region between the area of dynamic topography and 
the area of tectonic disruption is itself tectonized, for example, part of a thern~al boundary layer 
of convection. f 

Conclusions. Topography caused by dynamic processes in Venus could be associated 
with extensive deformation, but the stresses may not be transmitted great distances away from 
regional disturbances. Testing of these hypotheses is currently underway. 
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Figure 1. Map of in- lane stress, Fb. Figure 2. Lithospheric failure zones 
Contour units are 1072 N/m. for 1 lun of dynamic uplift. 
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