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In several recent studies [ I  , 4 ] ,  we have explored the nature of western Aphrodite Terra, an extensive linear highland region 
on Venus, using a variety of data sets, and have found evidence for linear cross-strike discontinuities and symmetrical topog- 
raphy analogous to fracture zones and related topography found in terrestrial oceanic crustal environments. Using these initial 
studies as a basis, we now focus on several more specific tests for the possible presence of segmented lithospheric plates and 
lateral crustal spreading in this area of Venus. 

Evidence for the presence of lithospheric plates and crustal spreading at divergent plate boundaries on the Earth includes: 1) 
the presence of linear oceanic rises, 2) the presence of fracture zones oriented generally orthogonal to the rises, 3) the symmetry 
of topography normal to oceanic rises, 4) the link of this topography to the evolution of the thermal boundary layer away from 
the plate boundary, 5 )  the location of median valleys along the crests of some rises, 6) lateral offsets of the oceanic rise or ridge 
at fracture zones, 7) transform faults located along fracture zones between ridge offsets, 8) seismic activity localized along 
transforms, 9)  the presence of symmetric magnetic stripes parallel to the rise and their increasing age as a function of distance 
from the rise crest, 10) volcanism concentrated at ridge crests as new crust and lithosphere are created, 11) localized anomalies 
in the topography of rises linked to enhanced volcanic activity (e.g., Iceland), and 12) the eventual splitting and separation of 
such topographic anomalies to produce mirror image topographic features away from the ridge crest. Lack of seismic and 
magnetic data for Venus preclude testing for the presence or absence of localized earthquakes (#a) or magnetic anomalies (#9 ) .  
Most other characteristics of terrestrial divergent plate boundaries cited above have topographic or morphologic manifestations, 
however, and the purpose of this paper is to test for their presence in western Aphrodite Terra. 

One of the most distinctive characteristics of the topogra hy of Venus is Aphrodite Terra, a broad, linear highland region 
that stretches for 21,000 km along the equatorial region [27. On the basis of low-resolution topography alone, Kaula and 
Phillips [3]  concluded that there are extensive areas on Venus characterized by a broad, generally symmetrical topographic rise, 
but that these areas differ from terrestrial oceanic rises in three important ways: I )  shapes are different, 2) rise heights are 
variable, and 3) there does not appear to be a mosaic of interconnected rises. Accepting the concept that broad linear 
topographic rises are the best candidates for possible divergent plate boundaries, we focus on the nature of the western part of 
Aphrod~te Terra (Fig. 1) and on the identification of additional topographic and morphologic features that might reveal the 
nature of these topographic rises and test the idea that they might represent lithospheric plate boundaries. 

On Earth, fracture zones are long, narrow linear zones about 60 km wide consisting of irregular ridges and valleys aligned 
with the zonal overall trend, and cutting across both rises and the surrounding abyssal plains for distances up to several thousand 
kilometers. Ocean floor depth commonly changes across a fracture zone, and the crests of oceanic rises are often offset by 
many hundreds of kilometers along fracture zones. On Venus, Crumpler et al. [ I ]  have recently identified a series of linear and 
parallel discontinuities that extend for several thousand kilometers across Aphrodite Terra and into the surrounding lowlands. 
They trend in a N200W direction nearly perpendicular to Aphrodite, and are separated by distances of many hundreds of 
kilometers (Fig. 1 ) .  The discontinuities are characterized by abrupt topographic changes from one side to the other, steep slopes 
within the zone, and associated troughs and peaks, all occurring over a distance of 100-200 km. They are topographically most 
distinctive in the central Aphrodite Terra area and become less pronounced as they trend into the surrounding lowlands. The 
linear discontinuities thus subdivide the Aphrodite region into a series of rectangular segments 400-500 km wide and several 
thousand kilometers long, each parallel and striking in a NW-SE direction (Fig. 1 ) .  

A fundan~ental characteristic of topographic rises on Earth is bilateral symmetrical topography across rises in a direction 
parallel to fracture zones. On Venus, topographic profiles across Aphrodite Terra oriented parallel lo the cross-strike discon- 
tinuities show remarkable bilateral symmetry [4] .  Each individual profile is characterized by three components of symmetry: 
1) a broad sweeping concavity across each hall of the profile segment extending laterally for several thousand kilometers, 2) a 
central symmetrical steep-sided plateau approximately 2000 km wide, and 3) individual features 100-500 km wide which ap- 
pear in the same position on both sides of the broadly symmetrical profile. In addition, 1) within a zone between cross-strike 
discontinuities parallel profiles are very similar to each other, 2) when topographic profiles are compared between zones, the 
general symmelry of each profile is clear, but the details of symmetry differ. Thus, the western Aphrodite region shows 
topographic symmetry in a manner similar to oceanic rises and divergent plate boundaries on Earth. 

On Earth, axial regions of rises are highly linear between fracture zones and are offset up to several hundred kilometers at 
the fracture zone or  transform fault. In addition, the detailed structure and morphology of axial regions is linked to spreading 
rates. On slow spreading ridges such as the mid-Atlantic ridge, the summit is characterized by a median valley or rift 10-20 km 
wide and a kilometer deep, extensive intrusions and localized extrusive volcanism, and occasional larger volcanoes on the floor 
and flanks. On fast-spreading ridges like the East Pacific Rise, there is strong axial symmetry, and local volcanoes, but no 
median rift valley. In some places, greater-than-average rates of volcanic activity, perhaps related to hot spots (e.g., Iceland), 
produce broad plateaus several hundred kilometers wide superposed on the divergent boundaries. On Venus, in western 
Aphrodite 'Terra, within a zone between cross-strike discontinuities, the centers of symmetr of adjacent topographic profiles 
define a linear crest of symmetry extending from one cross-strike structure to the next (Fig. l r  and trending about N70°E. The 
structure of linear axial regions is variable. In some zones, the axial region is characterized by a 100-300 km wide, 1-2 km deep 
linear trough, with local domical topography on the flanks. Similar features in central Beta Regio are interpreted to be rift zones 
with associated olcanoes on the basis of high-resolution images. Rift-like topography is especially well developed in the Dali 
Chasma area o, central Aphrodite. In other discontinuity-bounded domains, the axial region is characterized by a linear 
topographic crest with no apparent axial trough. Thus, in terms of their general linearity and range of morphology, the axial 
ridges in western Aphrodite are very similar to axial regions of divergent plate boundaries on Earth. 

On Earth, the region between ridge offsets along the fracture zone is known as a transform fault, and is characterized by 
ridge crest separation distances of up to 1000 km, intense shear, different ages of crusts on opposite sides of the zone, changes in 
topography across the zone linked to the difference in ages, and enhanced earthquake activity. On Venus, in the western 
Aphrodite region, linear centers of symmetry are offset at cross-strike linear features in a consistent right-lateral sense with 
offset distances ranging from 200-1200 km (Fig. 1) .  If the ridge crests represent the axes of divergent plate boundaries, and the 
cross-strike structures represent fracture zones and transform faults, then the topography opposite the end of the ridge crest 
should be lower than the ridge crest, and the amount of topographic change should increase with increased amounts of right- 
lateral offset on the ridges. These relationships are observed (Fig. 1) .  

In summary, we find evidence in western Aphrodite Terra for 1) the presence of linear topographic rises. 2) symmetry of 
topography normal to these rises, 3) broad concave topography suggesting relations to a cooling thermal~~oundary layer, 4) the 
location of median valleys along the crest of some rises, 5) the presence of fracture-zone-like features oriented generally or- 
thogonally to the rises and maximum topographic s mmetry in directions parallel to these features, 6) lateral offset of the 
topographic rise at the fracture-zone-like features, 7 r  topographic relations consistent with transform faults between the offset 
ridge crests, and 8) volcanism often located at the ridge crest. Given this strong similarity in topography, morphology, and 
configuration, is there evidence for ongoing divergence and crustal spreading? 

On Earth, principle evidence for actual divergence and lateral movement of crust and lithosphere comes from chronologic, 
seismic and magnetic data, which are unavailable or not relevant on Venus. Three factors, however, provide evidence that 
active divergence and crustal s reading may be taking place: 1) the magnitude and direction of to ographic changes across the 
fracture-zone-like features o n b e n u s  are consistent with changes in age implied by the ridge crest ogsets, 2) the broad aspects of 
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topographic symmetry of the rises are consistent with a change in altitude as a function of time as newly-created crust cools, 
contracts. thickens, and sinks as  it moves away from the ridge crest, 3) the nature of one aspect of the topographic symmetry of 
rises on Venus (that is, the individual features 100-500 km wide which appear in the same position on both sides of the broadly 
syrnmerrical profile) strongly suggests that topographic segments are formed initially at the ridge crest and then rifted and moved 
laterally apart to their present position equidistant from the ridge crest. 

In summary, the Venus data indicate: 1) strong bilateral symmetry of topographic elements at great distances (>I500 km) 
from the ridge crest, 2)  similarities to terrestrial divergent boundary topography in terms of broad symmetric evolving thermal 
bounctary layer: profiles linked to the indivihal  zones rather than to Aphrodite Terra as a whole, and 3) a relationship of 
topography across transform-like ridges consistent with spreading age relationships. On the basis of these data we conclude that 
there is evidence for ongoing divergence and crustal spreading in western A hrodite Terra, Venus. 

Relerences: [ I ]  Crumpler, e l  a,., 1987, LPSC XVIIE, this volume; f2] Schaber, 1982, G R L ,  9, 499; [3]  Kaula and 
Phillips, 1981, GRL,  8, 1187; [4] Crumpler and Head, 1987, LPSC XVIII, this volume. 

Flg. 1. 1,ocation of major topographic discontinuities and centers of bilateral symmetry in western Aphrodite Terra. Symmetry 
axes are offset at discontinuities. 

floor steps; ( R )  trough-like fracture zone; (C) bilaterally symmetric ridge with rectangular map shape. 
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