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Conclusions about the tectonic state of Venus remain in the realm of 
I I informed speculation" (1) but there is considerable agreement that the 
planet is volcanically active, that its mantle convects, and that its elastic 
lithosphere is thin, buoyant, and in slow motion. High areas were 
interpreted as dynamically maintained thermal anomalies with thinned 
lithosphere. Extension is important, compression less certain (1,2,3,4). 

As spreading ridges (if they exist) are likely to be lower on Venus than 
on Earth (5) and the basalt-to-eclogite transition deeper ( 2 ) ,  push and pull 
on a subducting slab would be lower. In fact, it is unlikely that the 
venusian equivalent of an oceanic plate could reach negative buoyancy 
sufficient to induce and maintain subduction at angles of about 45". As a 
result, it has been debated whether plate tectonics can be effective on Venus 
( 6 ) ,  and, if so, whether it might take forms unknown on earth (3). These 
doubts have been reinforced by the absence, within the resolution of 
available images, of well-defined features resembling terrestrial mid-ocean 
ridges or arc-trench systems (7). A related problem deals with the thermal 
balance of Venus: If heat generation of Earth and Venus is about the same, 
how is heat lost on Venus, in the absence of well-defined divergent plate 
margins? 

The postulated state of Venus is strikingly similar to that of 
terrestrial back-arc basins and related regions of thin-skin tectonics and 
"extensional orogeny", e.g., the ductile stage of the North American Basin 
and Range province. In the Oligocene, the East Pacific Rise was so close to 
the American plate (before actual collision) that newly-generated oceanic 
lithosphere was thin, hot, ductile and buoyant and convergence rates were 
slow (8,9). As slab push and pull approached zero (lo), the subducted 
oceanic plate probably no longer subsided but may have been underplated 
beneath the North American lithosphere. It no longer acted as a heat sink, 
so that the normal tendency toward back-arc extension was greatly enhanced. 
A simple andesite arc extended into a zone of andesitic and ignimbritic 
volcanism 1,000 km wide. As on much of Venus, topography was characterized 
by rounded domes (resurgent domes and ring-fracture domes of ignimbrite 
calderas) clustered in crudely circular or elliptical patterns, tens to 
hundreds of km in diameter, separated by ignimbrite outflow plains (11). 
Andesite stratovolcanoes were randomly scattered. The axis of the province 
was characterized by nonvolcanic domes ("turtlebacks") of metamorphic core 
complexes. Low-angle normal ("detachment") faults left too little relief to 
inhibit spreading of ignimbrite sheets. During and after extension, 
elevations rose 1-4 km by both isostatic and dynamic processes (8). The 
modern block-fault topography is a late brittle-deformation stage that need 
not be reached in the hotter conditions of Venus. 

Terrestrial back-arc processes can be continental (Basin-Range), oceanic 
(Western Pacific), or hybrid (Sea of Japan). Present information suggests 
thpt basaltic volcanism dominates Venus, so that thin-skin tectonics may be 
biased toward oceanic types. If continental types exist, siliceous volcanic 
rocks probably belong to the tonalitic association (12), as in terrestrial 
provinces that lack highly evolved sialic basement (e.g., Sierra Madre 
Occidental, Mexico; Taupo Zone, New Zealand). 
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Tectonic models and heat-balance calculations of Venus should not assume 
that convergent plate margins are necessarily characterized by narrow arcuate 
arc-trench systems, compressional tectonics, and negligible heat loss. As 
there is neither cold water nor cold air to cool newly-generated ocean-type 
lithosphere, the conditions of the Basin and Range province may be the rule. 
Convergent plate margins characterized by broad zones of extension and 
volcanism are major sites of heat loss, comparable to mid-ocean ridges and 
intraplate hot spots. In terrestrial backarcs, much of the heat is 
transferred by interaction of magmas with sea water or meteoric water. On 
Venus, surficial rock-water water interactions are unlikely; consequently, 
explosive volcanism and hydrothermal convection are likely to be less common, 
and lava extrusions more common, than on Earth. 

Back-arc extension and other skin tectonic regimes can result from 
various causes; they probably dominated the Archean Earth. In some ways, 
later examples (e.g., Proterozoic Pan-African event, (13); late Hercynian of 
Eurasia, (14); mid-Cenozoic Basin and Range Province; intraplate rifts of 
various ages) are local reversions to Archean conditions. These conditions 
may have remained dominant on Venus into the present (6). 
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