
LPSC X I X  237 

TOPOGRAPHIC STEPS OCCURRING ACROSS LINEAR DISCONTINUITIES, APHRODITE TERRA, 
VENUS: A COMPARISON TO THERMAL BOUNDARY LAYER PREDICTIONS; L.S.CRUMPLER and JAMES W. 
HEAD, Department of Geological Sciences, Brown University, Providence, RI 02912 

Introduction: One of the most distinctive characteristics of terrestrial lithospheric recycling is the presence of a global 
network of rises associated with lithospheric divergence [I]. Because of the large scale of such rises, their presence should be 
detectable on Venus if they occur. The topographic and morphologic aspects of Aphrodite Tern have been recently compared 
with many characteristics known to occur at diveagent plate boundaries on Earth [2,3,4]. In previous sbdies we have shown that 
some of these features include linear discontinuities analogous to fracture zones, broad linear rises, offset of these rises along 
major discontinuities analogous to transform faults, and a broad topographic symmetry analogous to thermal boundary layer 
topography associated with formation, cooling and subsidence of newly created lithosphere. 

This interpretation can be tested because of the predictions it makes both about the nature of local scale features that 
should occur and about large scale tectonic features beyond Aphrodite. Some of the large scale predictions have been discussed 
previously [4]. An additional characteristic of lithospheric divergence that should be visible at Pioneer-Venus resolutions are the 
broad topographic steps associated with fracture zones [S]. In the following we consider evidence for the presence of such features 
together with the predictions h m  theory, both of which form an additional consistency test for our previous interpretations. 

Predictions. If the offset of the linear rises and the broad bilateral symmetry are analogous to transform faults and 
thermal boundary layer topography, then the topography associated with the linear discontinuities is predicted to have the 
following characteristics: (i) distinct topographic steps, (ii) sense of down-stepping that is consistent with the sense of offset at 
the linear rise cresf (iii) amplitude of the topographic step that is dependent on the size of the rise crest offief (iv) absolute 
altitude of both sides of the topographic step that is dependent on the distance from the the axis of the rise crest, and (v) 
topographic troughs or linear and elongated lows in the adjacent plains along the discontinuities. 

Analysis. In order to test these predictions we performed the following analysis. The presence of topographic steps was 
considered by (i) examining the nature of the topography across the linear discontinuities as seen in map plan, and (ii) by 
plotting the probable northern projection into the lowlands of the known linear cross-strike disconinuities (Fig. 1) and 
c o n s ~ t i n g  a profile at right angles across the predicted northern position of the CSD's using digital Pioneer-Venus altimetry 
data. This profile is then compared with that calculated fmm thermal boundary layer theory taking into account the offsts of the 
rise crests at the fracture zones. The choice of profile location was selected in this case in order to avoid obvious complexities in 
topography such as regional domes, basins, and ridges; we selected a profile (X-X', Figure 1) that passes through the fewest 
variations in topography in order to keep residual effects at a minimum. 

In map view several steps in the regional topography are evident, notably along the northern extension of CSD's 4,5,6 
and 8. In addition a distinct elongated depression lies along the northern projection of CSD 1 and a similar depression occurs 
near the northward projection of CSD 5. Both CSD's occur at large offsets of the rises. Such depressions often occur on Earth 
along zones of large ridge crest offset where many closely spaced fracture zones result in a regional trough [Heezen fracture zone]. 
These features suggest that in addition to the linear nature of the CSD's where they cross the highland, the CSD's exert a strong 
control on the topography of the lowlands, in places imparting a distinct orthogonality to the regional contours there. 

The altimetric profile along line X-X' (Fig. 1) is shown in Fig. 2A. The one-dimensional resolution of the Pioneer-Venus 
data is such that distinct steps are not as apparent in the profile as they are in the regional surface altitudes as seen in the map 
compilations of Pioneer-Venus data Because it is the regional changes in elevation across domains rather than point to point 
changes that are potentially significanf we have taken the average surface altitudes within each domain (Fig. 2B). Along the line 
from X to X' the elevation drops approximately one kilometerBetween CSD's 2 and 4 and between CSD's 7 and 8 the topography 
rises several hundred meters. Between CSD's 3 and 5.6 and 7, and 8 and eastward the topography falls several hundred meters per 
step. 

The difference in altitude across a kacture zone can be described from thermal boundary layer theory if the offset of the rise 
crest is known, and the altitude of both surfaces in terms of mean planetary radius can be determined given the spreading rate at 
the rise axis. Our previous work has shown that the topography of Western Aphrodite Terra and the sloping adjacent lowlands can 
be modeled as representing spreading rates of a few cm/yr. The morphology of the Aphrodite highland is clearly more plateau-like 
and cannot be the result of simple thermal boundary layer relations. To determine the altitude @I) of the thermal boundary layer 
component, we adopt a method wherein the plateaus of central Aphrodite are removed and a least squares fit of the residual sloping 
topography on either side is made with a (distance)l/2 relationship. The expression relating altitude to distance fmm the rise 
crest along profiles parallel to the CSD's throughout Aphrodite is 

h = h ,  - Syr)l/Z, (eqJJ 

in which the average value of R from our least squares fits is 4.550 kmll000km-1/2 and r, the distance from the rise axis, is 
expressed in thousands of kilometers (distance/1000). The best fitting value of h,, for each of the profiles examined varies over a 

range o f f  1 krn. Kaula and Phillips [I] showed that the height of the rise can be specified for Venus, as for the Earth [6] ,  using 
&=p LaATI2dp (es.n) 

where p is rock density, L is lithospheric thickness, a is the coefficient of thermal expansion, AT is the temperature difference 
between the surface and depth L, and ap is the density difference between water and the underlying rocks; ap for waterless Venus 
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is effectively the same asp. L is estimated to be 94 km, and AT is estimated to be 1015 K [I]. Using typical value of p (3300 
kg/m3) and a (3.2 x h,, is estimated to be 1 5  km above mean planetary radius, or 6053.3 km. OUT best fit to multiple 

profiles as outlined above yielded $=6053.9, a value of tk rise heights that is only a few hundred meters above the value 

estimated in previous analyses [I]. 
Results. Using equation (I], we then calculated the expected value of h, the surface altitude, along the profile X-X', from 

the observed distance of X-X' fiom the rise awis. The results are shown in Fig. 2C. The form of X-X' calculated from the divergent 
hypothesis predicts distinct downward steps in the 

topography from west to east, the largest step occurring along the largest offset of Aphrodite (CSD 5). It also predicts that the 
altitude of the surface for domains 6 through 9 should lie at and below the mean planetary radius. Comparing the theoretical 
results to the observed topography along profile X-X' shows the following similarities: (i) both the observed and predicted 
profiles lie within 1 km of the mean planetary radius, (ii) the western half of both the observed and the predicted profiles lies 
above mean planetary radius and the e a s w  half lies below mean planetary radius, (iii) the largest topographic step occurs at 
CSD 5, and (iv) topographic down step occur at CSD's 3,4,5,6 and 8. Differences include a pronounced positive step in 
topography of the observed profile in domains 2.3 and 8. These positive features can be seen on the map (Figure 1) to result 
from the fact that the profile track crosses off-axis symmetry elements previously identified [4] as non-thermal topographic 
elements that were split and separated highlqnd pla-u segments. 

Conclusions. The topography across the northern projections of known CSD's in the lowlands north of Aphrodite 
Terra is consistent with the prediction that the CSD's are fracture zones and that Aphrodite Terra and its sloping adjacent lowlands 
represent areas of awtal/lithospheric diveagence on Venus. Topographic features include: (i) elongate topographic depressions 
lying along and parallel to the trend of CSD's, (ii) distinct topographic steps in regional altitude across the CSD's, (iii) sense of 
the topographic steps which depends on the sense of the offset of the rise crest axis, (iv) amplitude of the topographic step 
which depends on the size of the rise axis offset, and (v) absolute altitude of the regional surface which depends on the distance 
from the rise crest. These characteristics are consistent with predictions based on the morphology and topography of the 
Aphrodite highland presented previously. These observations further support the hypothesis that the &tails of the topography 
and morphology in Aphrodite Terra are linked to the behavior of a diverging, cooling and subsiding lithosphere created at rise 
crests and evolving toward thermal equilibrium 
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