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Analysis of Topography and Line of Sight (LOS) Accelerations over Western Aphrodite: 
Evaluation of a Spreading Center Model. C. Sotinl, D. ~enske2, J.W. ~ e a d 2 ,  E.M. ~armentier2, 
1) Laboratoire de Geophysique, Bat. 509, Universite Paris XI, 91405 Orsay Cedex, France. 2) Department of 
Geological Sciences, Brown University, Providence, RI, 02912. 

Pioneer Venus altimetry and LOS acceleration data are used to assess the hypothesis of Head and Crumpler 
(1987) (1) and Crumpler and Head (1988) (2) that Western Aphrodite Terra represents a site of plate spreading on 
Venus. In previous studies (3), models of spreading centers under Venus conditions predict that the major difference 
between the Earth and Venus would be the influence of the enhanced surface temperature on upper mantle 
temperatures on Venus resulting in a thicker crust (about 15 km). In this study, we show that a simple spreading 
center model (i.e. cooling of the lithosphere) can explain the observed topography between 150 and 1000 km from 
the ridge axis. In this region topography alone is not sufficient to constrain both the spreading rate and mantle 
temperalure. LOS accelerations depend strongly on the spreading rate, and therefore provide an important additional 
constraint on this plate spreading model. To explain steeper topographic slopes at 1000 km from the axis of 
symmetry an additional process like crustal thickness variations or ridge jumps must be considered. Analysis of 
LOS acceleration have been performed assuming variations in crustal thickness and calculations are currently being 
performed to test these data in the framework of a ridge jump model. 

Analysis of topography. If Western Aphrodite Terra is a spreading center, then the topography should 
vary as a function of the square root of age from an axis of symmetry. To test this hypothesis, we choose domain 
number 3 (Fig 1) which is the largest one between two Cross Strike Discontinuities (C.S.D.'s) (1 and 2). The mean 
topography is calculated within 100 km wide bins parallel to the axis of symmetry and plotted as a function of the 
square root of the distance from the axis (Fig 2). From Figure 2, three distinct regions are defined. The first 
corresponds to a central trough less than 300 km wide. The second region, between 150 and 1000 km on each side 
of the axis, provides a reasonable fit to a straight line. The third, at distances greater than 1000 km, is characterized 
by relatively flat topography. A fit to Region 2 suggests that a model of thermal boundary layer can explain the 
observed topography of this region. For comparison, we have calculated a similar average topography for a section 
of the Mid-Atlantic Ridge (MAR) between the Oceanographer and Atlantis fracture zones. A least-squares regression 
between topography and square root of distance provides a similar correlation coefficient: 0.90 for the domain in 
Ovda Regio, and 0.92 for the MAR. The slope of the best fitting straight line (0.091 * 0.007 kmln) provides a 
relation between the mantle temperature and the spreading rate. The change in elevation between Region 2 and 
Region 3 may be explained by similar topographic scarps observed at terrestrial spreading centers due to 1) ridge 
jumps ( 4 3 ,  or 2) a hot spot, such as Iceland, that yields a thicker crust and a steep-sided topographic plateau (6). 
The main difference between Western Aphrodite and mid-ocean ridges is the presence of a 300 km wide trough. Such 
a trough is also present along the crest of the MAR, but it is much narrower. This could imply a wider region of 
crustal extension or emplacement on Venus. 

Analysis of Line Of Sight (LOS) accelerations data: We use a two dimensional distribution of 
mass which characterizes the cooling of an oceanic lithosphere and crustal thickness changes to compare the 
observed LOS acceleration along a single orbit track with those obtained with the ORBSIM program (7). Results 
for orbit 438 are plotted in Figure 3. One of the major problem is that the orbit tracks are oblique to the CSD's and 
some edge effects may exist due to the possible juxtaposition of lithosphere of different ages. We also compare 
these dynamic LOS accelerations with static LOS accelerations for the same mass distribution. In Figure 4, both 
dynamic and static LOS accelerations are plotted for tracks number 195 and 437 whose orbits were nearly identical. 
The static and dynamic models are equivalent for orbit 437, but differ significantly for orbit 195. On this basis we 
use orbits 427 to 449 to synthesize an orbit perpendicular to the axis of symmetry in a central band 3 degrees wide 
and parallel to the CSD's to compare with a static LOS model (Fig 5). The fit is good especially for the domain 
2000 km long about the axis of symmetry. Different sets of values (mantle temperature, spreading rate, crustal 
thickness) have been simulated, taking into account analysis of topography. We note that the LOS acceleration 
profile strongly depends on the spreading rate. Lower and upper bounds for half spreading rates are 0.3 and 0.5 
cdyear, respectively. This analysis is now being extended to ridge jumps. 

Conclusions: On the basis of this analysis, we conclude that b t h  the topographic and LOS acceleration data 
are compatible with a spreading center model for Western Aphrodite Terra. However, this model requires either 
variations in the crustal thickness or a ridge jump to explain the topographic scarp at 1000 km from the axis. This 
yields constraints on the mantle temperature (1450 f 250 C), and spreading rate (less than 1 cmlyear). 
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8305, 1983. (7) Phillips, R. J., et al., JGR, 83, 5455, 1978. 

O Lunar and Planetary Institute Provided by the NASA Astrophysics Data System 



ANALYSIS OF TOPOGRAPHY AND LOS ACCELERATIONS 
C. Sotin, et al. L P S C  XX 1035 

Ovda Regto.  
Orb t l  4 3 8  

7 0  90 

Figure 1: Domain between CSD's 2 and 3 
(light solid lines) showing the axis of 
symmetry (heavy solid line). Orbit 438 is 
represented as dotted line. Diamond pattern 
area corresponds to region where the 
synthetic profile was determined. 

Square root of distance from Uae axis 

Figure 2: Elevation versus the square root 
of distance from the axis of symmetry. In 
domain 2, a linear fit is obtained with a 
correlation coefficient equal to 0.90. Each 
point is the average of topographic points 
within 100 km wide bins parallel to the 
axis. Standard deviation on each mean 
point is represented as the vertical bar. 
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Figure 3: LOS acceleration for orbit 438. The dotted line is the 
observed LOS acceleration. Open and filled squares represent 
LOS accelerations calculated by the program ORBSIM with mass 
distributions for spreading center models corresponding to half 
spreading rates equal to 0.30 and 0.45 cmlyear, respectively. 
The mantle temperature is 160O0C. 

Figure 4: Comparison between dynamic and static calculations 
of LOS accelerations along orbits 195 and 437 for a spreading 
center model where the iantle temperature equals 1 6 0 0 0 ~  and 
the half spreading rate equals 0.45 cmtyear. For orbit 437, the 
static (open squares) and dynamic (crosses) calculations are 
similar. For orbit 195, the dynamic model (filled squares) has a 
much lower amplitude than the static model ( f ied  diamonds). 
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Figure 5: Synthetic LOS accelerations profile (full diamonds) 
parallel to the CSD's within the diamond pattern region in 
Figure 1 compared with a spreading center model (dotted line). 
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