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RIDGE BELTS ON VENUS: EVIDENCE FOR COMPRESSIONAL ORIGIN. Sharon L. Frank 
and Ja'mes W. Head, Dept. of Geological Sciences, Brown University, Providence, RI 02912 

Introduction. Ridge belts on Venus, first noted by Barsukov, et a1 [ I ]  in the radar images from Venera 
15/16, were described as similar to wrinkle ridges on other terrestrial planets and interpreted as com- 
pressional structures [ I  ,2 ] .  Since then, Kryuchkov, [3] has proposed a classification scheme based 
on the morphology and spacing of ridges in a ridge belt, and Sukhanov and Pronin [4.5,6] have 
proposed that they represent extensional features resembling spreading features on Earth. We have 
studied the morphology of ridge belts on large and small scales, continued classifying ridge belts 
based on Kryuchkov's scheme [7], and correlated the position of ridge belts to Pioneer Venus topog- 
raphy. Here we will focus on the theories for formation of the ridge belts. 
Description. Ridge belts are distinguished by closely spaced, linear to sinuous, parallel to sub-parallel 
ridges arranged in a sinuous band. Most of these ridges have a distinct bright-dark pattern, with a 
sharp contact between the bright radar-facing and dark away-facing slopes. Ridges within belts tend 
to be 3-15 km wide and 10-200 km long [ I ] ,  and are either directly adjacent to each other or 
separated by mottled, grey plains. Wlthin ridge belts, localized plains units from several km to 100s 
of km wide are bounded by arcuate ridges, forming eliptlcal-shaped plalns regions reminiscient of 
augen in gneissic metamorphic fabric (Fig. 2 from [7]). In places linear features cut across the ridge 
belt at angles from 30-90° (Fig. 2 from [7 ] ) ,  and can sometimes be followed for hundreds of km. 
While most ridges are unaffected by these features, some appear to be offset by them, suggesting 
strike-slip motion aiong the Ilneaments. Ridge belts most often occur at elevations within 2 km of the 
planetary mean, and correlation of ridge belts to Pioneer Venus topography shows that most ridge 
belts occur either on linear highs or on slopes adjacent to these highs. Venera topography shows 
that many ridge belts lie on broad highs up to 1.5 km high, though a few do occur in topographlc 
depressions. The two major ridge belts in topographic lows are those located at 700N, 1800E, and 
480N, 24OE, the valleys of which are both about 300 km wide and 1.5 km deep. The morphology of 
ridge belts spans a range from the distributed, simple deformation of those with narrow, widely 
spaced ridges, to increasingly localized and more complex deformation as rldge elements become 
more closely spaced and complex. Ultimately, In at least two places, entire ridge belts occur in 
troughs. 
Distribution. The distribution of ridge belts in the northern section of Venus varies with longitude (Flg. 
1). Ridge belts are most abundant between 150 and 2500E, where they trend predominantly north- 
south and are arrayed in a fan-shaped pattern verging towards the north pole. To the east of thls, 
between 250 and 3600E, ridge belts are scarce, and the few that are present tend to have more of an 
east-west trend. In the area 0-900E, ridge belts are more abundant again, but thls time in a more 
orthogonal pattern. These ridge belts are also closely associated with the large areas of deformed 
tesserae, usually bounding the tesserae. Ridge belts are again essentially absent from 90-150°E. 
Origin. We follow the initial interpretation of Basilevsky, et a1 (21 that the ridge belts are compres- 
sional features and cite the following additional evidence: 
1) The broad morphology of these features is similar to the maria wrinkle rldges [ I ] ,  which are inter- 
preted to be formed by compressional (e.g. [a] )  and vertical [9] movements: 
2) The more detailed morphology of ridges within the belts is similar to the mountains surrounding 
Lakshmi Planum, which have uniformly been interpreted as compressional [ l o ,  11,12.13] ; 
3) Ridge belts and the ridges within them are generally sinuous, as are compressional features on the 
Moon and Mars, while extensional features on the Moon and Mars tend to be more linear or broadly 
arcuate; 
4) Lineaments that cut across ridge belts and adjacent plains often trend at a 60° angle to the ridge 
belts (Fig. 2 from [7]) and where there is evidence of some strike-slip motion it is often in a direction 
consistent with compression and shortening across the ridge belt. Under extensional stresses, one 
would expect transform-type faults at angles near 900 to the rldge trend; 
5) The curvature of ridges around the eiipticai plains regions (the augen) (Fig. 2 from [7] ) resembles 
deformation of less competent material around more rigid bodies. In this case the eiiptlcai plalns 
regions are interpreted as less deformed or undeformed blocks. 

Recently, Pronin & Sukhanov [4,5,6] have proposed that ridge belts are of extensional origin on 
the basis of the following evidence: 1) some ridge belts are in troughs, 2) volcanic structures are 
visible aiong rldge belts, 3) where ridge belts cross some other structures, these structures are not 
visible within the ridge belt, and 4) ridges within belts sometimes turn into graben. These aspects. 
however, are not unique indicators of extension. The graben, for example, are often oriented at an 
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angle to the overall trend of the ridge belts (Fig. 2 from [7 ] ) ,  and could represent pull-apart basins 
which have developed along strike-slip faults. Futhermore, volcanlc activity is not limited to regions 
of extension, but is common in compressional environments (e.g, island arcs). In addition, llnear 
topographic depressions are not restricted to regions of rifting, but can be formed by several 
processes in a compressional environment. A linear surface load, such as a mountain belt, will cause 
flexure of the lithosphere and produce a broad, shallow trough parallel to the load. Also, folding of 
crustal layers will produce a series of linear highs and lows of similar scale. Finally, brittle faulting and 
underthrusting of large thicknesses of crustal and llthospheric material will result in flexure of part of 
the deforming medium, whlch will produce linear troughs. The depressions In whlch some ridge belts 
lie are too deep and narrow to be explained by flexure, and too large in scale to be explained by 
folding. Perhaps these linear troughs may be due to some form of large-scale underthrusting on the 
venusian surface. 
Conclusions. Although each ridge belt should be interpreted in terms of its local characteristics and 
geological environment, we believe that the weight of the evidence supports an origin in a compres- 
sional environment for the examples we have examined and mapped In detail. A compressional origin 
for ridge belts implies that compressional stresses have played a major role In the formation of the 
tectonic features on Venus north of 30°N. A first-order assesment of the distribution of ridge belts In 
Fig. 1 suggests that compressional stresses were evenly distributed over the area between 150 and 
250° E, and that the region between 0 and 900 E underwent a more complex deformation. possibly 
involving deformation at the edges of larger, more rigid blocks. 
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Figure I .  Distribution of tectonic units in Venera 1511 6 coverage. Revised from [ I  4,151 
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