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~ntroduahn Radar imaging and altimetry data from the Magellan mission have revealed a 
diversity of d e f m o n a l  features at a variety of spatial scales on the Venus surface [I]. The radar 
images from Magellan constitute an impmvement in resolution by at least an order of magnitude 
over the best hag- previously available [e.g., 231. In this papet we discuss what those images, 
a& their interpretations, are revealing about the styles of lithospheric deformation on Venus, the 
i n f d  mechanical properties of the lithosphere, and their implications for the tectonic history of 
the planet We focus the discussion on data obtained dming the first four months of mapping, 
representing about 40% of the surface of the planet 

Observarions. The phins of Venus record a supposition of different episodes of deformation 
and volcanism. This deformation is manifested in areally distributed strain of modest magnitude 
and in zones of concentrated lithospheric extension and shortening. In areas of distributed 
defamation, the characteristic spacing between tectonic features (graben, small ridges, or narrow 
lineations) ranges from 1 Irm or less to tens of km. The strain patterns are commonly coherent 
over hundreds of km, implying that even many local features reflect a long-wavelength processes. 

Much of the strain in lowlands regions is concentrated in &$om&m belts: intensely 
deformed linear to cmrvihear regions 50-100 km wide and hundreds of km long separated by 
radardark and less def& regions of plains a few hundred Irm across. The deformation belts 
stand hundreds of meters higher than the surrounding plains, indicating that they are products of 
lithospheric shortening and crustal thickening. There is also an approximate correlation between 
radar brightness, indicative of intensity of deformation, and total relief, presumably a measure of 
mstal shortening. A number of older linear features show offsets and changes in trend where 
they cross deformation belts, indicating that some horizontal shear has accompanied shortening. 

Mountain belts, obsexved to date only in Ishtar Tem, represent still greater degrees of 
lithosphdc shonening and crustal thickening. Modest harizontal shear has accompanied 
compression in several mountain belt regions Magellan images have for the first time revealed 
widespread evidence for lateral extension and gravitational collapse of mountainous tefiain. 
Relationships between compressive and ex&nsional s-tructures iadicate that lateral spreading has 
occurred both during and following active crustal convergence. Mapatic and volcanic activity has 
accompanied the lateral extension in several rnmminous turains and adjacent regions. 

Venus displays two principal geometrical variations on large-scale lithospheric extemi0~1: the 
qyxsi* CoroMe and brwd rises with linear rift zones. Both are sites of si-t volcanic 
flux, and both are plausibly attributed to convective upwelling in the underlying mantle [e.g.,Pfl, 
with the srrrficial expression a function of both the geometry and buoyancy flux of the upwehg. 

Some of the most complexly deformed terrain are the feserae: broad, elevated, &-bright 
regions characterized by two or more sets of intersecting linear features [2]. Magellan images of 
tesmae to date reveal pervasive deformation at a variety of scales, ranging from tens of km down 
to the limit of radar resolution. Tesserae display signiscant (5 km or more) local relief as  well as 
limited volcanism confined to the outer rnagins and isolated interior pockets of smooth and 
therefore comparatively undeformed plains. 

Dkcussion. A number of generahations may be made about tectonic styles on Venus on the 
basis of Magellan data analyzed to date. Examples of both hurizontal shortening and horizontal 
extension are abundant on the Venus surface at scales ranging f h n  the 1-km scale that 
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characterizes the spacing between tectonic features in a number of regions to the 1000-km scale that 
governs the large scale physiography of major structures and the spatial coherence of many smaller 
s d e  patterns of strain, Horizontal shear has evidently occurred in the lowland deformation belts 
and in the mountain belts, but such shearing tends to be broadly distributed and to accompany 
hcaizontal stretching or shortening. No clear examples have yet been documented of long, large- 
offset strike-slip faults such as those typical of oceanic and some continental areas an Earth. 

The various scales of defamation arise from the coq- mechanical and dynamical 
structurt of the Venus interior. The 10-30 km scale is plausibly attributed ho the response of a 
strong upper crustal layer, while the defcxmation of a m n g  upper mantle layer can account for 
tem& features with characteristic scales of a few hundred km [q. The scale of a few hundred to 
a few thousand lan, particularly if evident in the long-wavelength gravity as well as the 
topography, is likely dominated by mantle convection and its associated dynamic stresses and heat 
transpoh The scale of a few km and less involves either intemal deformation of the upper crust or 
tectonic disruption of a thin surficial layer decoupled themally or mec)lanimny h m  the remainder 
of the oth& strong upper crust. 

In general compressive features zae more evident than extensional featlrres in the areas viewed 
to date by Magellan. To some extent this is coincidental, in that there are many large highland 
regions thought to be sites of lithospheric extension that have yet to be imaged. The prevalence of 
compressive strucmes, however, may be in part because compression is w p a n i e d  by crustal 
thickening and uplift, and the elevated terrain is less susceptible to resurfacing by volcanic burial. 
Extensional fault systems, in contrast, and large rift systems in particular, may show a tendency 
for self-erasme, in that significant lithospheric stretching should lead to pressure release melting in 
the mantle [71 and volcanism that will act to bury the tectonic evidence for extension. In the 
absence of significant weathering and d o n ,  the lifetime of high topography is limited by ductile 
flow in the thickened lower crust that must at least partly suppurt the topographic relief once active 
compression ceases. The widespread evidence for lateral extrusion and mfkial extension in the 
mountains of Ishtar T m  documents the tendency for such ductile flow to occur. The very steep 
regional slopes (20-30") marking some of the edges of r Planum and the h n t  ranges of the 
mountain belts provide evidence that dynamical processes have been recently operative. 

We have seen no evidence to date for tectonic behavior similar to -trial oceanic regions, 
ie., nearly rigid lithospheric plates with horizontal dimensions of 103-104 km and active 
defarmation confined to plate boundary zones a few kilometers to tens of kilometers across. Nor 
have we seen analogues to oceanic fracture zones or to deep sea trenches. Rather much of the 
temnic behavior on Venus appears to be reminiscent of activdy deforming continental regions on 
,Earth, with deformation distributed across broad zones one to a few hundred kilometers wide 
separated by comparatively stronger and less deformed blocks having dimensions of hundreds of 
kilometes On Earth, the continental lithosphere in tectonically active areas is weaker than typical 
oceanic lithosphere because of the greater thickness of more easily deformable crust Because of 
the much greater surface temperature on Venus, the lithosphere on Venus should behave in a weak 
manner for crustal thicknesses less than are typical of continental regions on Earth. 

In general, the intensity of deformation and state of preservation of tectonic features on Venus 
are strong functions of local topographic relief. Elevated regions tend to be areas of thicker crust 
and therefore a thicker layer of weak lower crust susceptible to ductile flow. Such regions thereby 
serve as concenaators of regional lithospheric strain, such as the lowland deformation belts and the 
mountainous terrain. Elevated regions, partkuhly areas uplifted by c~mpression and crustal 
shmning, are also less susceptiile to volcanic resurfacing and thus are more likely to preseme 
records of deformation spanning one or more episodes of sipiflcant strain. We suggest that much 
of the surface of Venus may have only two possible fates: volcanic burial and compdvely long- 
team preservation as relatively elevated and intensely deformed texain. The first fate is represented 
by the abundant volcanic plains. The second fate may be primarily represented by tessera texrain. 
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