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Introduction. Magellan radar altimeter (RA) meas-
urements were processed independently by teams at 
MIT and at Stanford University. The latter team fo-
cused on surface roughness properties. Initial results 
from that work were reported in [1]. Later the results 
were archived in the PDS as the so-called SCVDR data 
set (Surface Characteristics Vector Data Record), where 
data are stored as points along orbits, and the GVDR 
data set (Global Vector Data Record), where data are 
presented in a map-projected gridded format. We are 
now applying these data to geology-related studies.  

Doppler centroid maps:  Here we report on our 
preliminary results on the study of the Doppler centroid 
shift fD, one among a number of parameters from the 
SCVDR and GVDR. The RA echo has been sampled 
according to the Doppler shift into 17 bins, 935 Hz per 
bin (details are in [1]). This sampling is equivalent to 
subdivision of the RA footprint into 17 stripes normal to 
the orbit track. The single-burst footprint size is ~25 km 
near the Magellan orbit periapsis (~10°N) and up to 220 
km in the polar regions. For a globally horizontal sur-
face with an isotropic backscattering function, the echo 
spectrum is symmetric with respect to the Doppler fre-
quency corresponding to the nadir, and the maximum 
echo returns from the nadir stripe. For many areas on 
Venus, however, the observed Doppler spectrum is sys-
tematically biased toward either positive or negative 
frequencies [1], as quantified by the Doppler centroid 
shift fD. This means that the strongest echo in the along-
track direction is coming from either ahead (fD>0) or 
behind (fD<0) the nadir, respectively. This effect is cor-
related among different orbits over hundreds of kilome-
ters on Venus, and is considered to be real [1]. Uncer-
tainties in the Doppler shift due to inaccuracy of orbit 
and gravity field knowledge is at least 2 orders of mag-
nitude smaller than the observed effect. The SCVDR 
data set includes estimates of fD from altimeter echoes 
averaged over each five RA bursts along orbits. With 
these data, we generated a gridded map of fD. Our map 
provides better visual sharpness in comparison to the 
analogous map from GVDR data set, which is useful for 
morphological comparison with radar images. Small 
parts of this map are shown in the insets in Fig. 1 and 2. 

Physical meaning of Doppler centroid: The rea-
son for the fD shift from the nadir can be large-scale 
surface tilts [1]. One bin (935 Hz) corresponds to the 
surface tilt of 0.4° over the footprint close to the orbit 
periapsis (low latitudes) and up to 0.8° in the polar re-
gions. There are many examples where large-scale 

slopes of meridianal direction or pronounced isolated 
topographic features amid plains are clearly seen in the 
fD maps (e.g., wide arrow in Fig. 1). In large tessera 
areas, relatively steep large-scale slopes are ubiquitous, 
and fD for each RA burst is defined by the actual bal-
ance of ten-km-scale slopes of different orientation 
within the footprint. This leads to an extremely noisy, 
spotty appearance of tessera in our map (e.g., T in 
Fig. 1). Sharp boundaries between units with extremely 
different normal reflectance can cause a shift of fD; we 
encountered examples of this kind. These places in most 
cases should have high formal standard deviation of fD 
over the five RA bursts forming one SCVDR data point, 
and our gridding procedure reduces the role of such 
footprints in the maps. 

In the plains, there are usually no large-scale slopes 
that can affect fD, while its systematic deflection from 
zero is observed in many locations. Since large-scale 
strong anisotropy of electromagnetic properties of sur-
face material is absolutely improbable, the only cause 
for the observed backscattering anisotropy is anisotropy 
of subresolution-scale surface topography and structure, 
like saw-like small-scale topography considered in [1]. 
Thus, in flat areas, the Doppler centroid is a measure of 
the north-south asymmetry of surface topography 
(roughness) at scales from centimeters to hundreds of 
meters. Since the slopes - Doppler shift relationship and 
the footprint size strongly change with spacecraft alti-
tude, fD is much more sensitive to the slope asymmetry 
near periapsis (low latitudes) than at high latitudes.  

Anisotropy of small-scale topography on Venus has 
been also observed at larger radar incidence angles with 
Magellan SAR data. In [2], three cases of very strong 
east-west asymmetry were interpreted to be due to the 
presence of microdunes at the surface. Systematic study 
[3] has revealed that much weaker east-west asymmetry 
is ubiquitous. It has been attributed to small-scale dunes 
and ripples, and in some locations inherent anisotropy 
of lava flow surfaces could not be excluded. 

Analysis of Doppler centroid maps. 
Global trends. The plain areas of pronounced non-

zero fD are concentrated in a wide equatorial belt, which 
is an obvious result of the latitude trend of fD sensitivity 
to roughness anisotropy. In the northern hemisphere 
large areas typically have fD > 0, while on the southern 
hemisphere the sign is typically the opposite (although 
some exceptions of this trend exit). If we suggest that 
the roughness anisotropy is due to microdunes or rip-
ples, fD > 0 corresponds to longer gentler upwind slopes 
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facing north and shorter steeper downwind slopes fac-
ing south. Thus, the observed hemispherical trend cor-
responds to equatorward global wind pattern. The same 
pattern has been noted in [4] for the wind directions 
inferred from wind streaks not related to the parabolic 
features. This agreement supports the suggestion of 
aeolian origin of the roughness anisotropy. 

Correlation with bedrock geology. We searched for 
correlations of contrasts in the fD map with geologic unit 
boundaries, using Magellan SAR mosaics. There is no 
global correlation between fD and SAR cross-section, 
except the abovementioned spotty pattern of tesserae 
(Fig. 1). In some places, however, we do see correspon-
dence between areas of peculiar fD and geological units, 
namely, distinctive lava flows. One of the best examples 
is shown in Fig. 2, where the radar-bright lava flow has 
fD < 0 contrary to the global trend. This signature might 
be due to inherent anisotropy of the lava flow surface 
related to flow direction, but it is more probable that 
accumulation of loose material in wind shadows on the 
extremely rough (radar bright) flow surface gives long 
gentle down-wind slopes. 

Correlation with surficial deposits. There is no uni-
form correlation between fD and diffuse radar features 
related to surficial deposits. However, we see a number 
of examples (as shown in Fig. 1), where crater-related 
parabolas or other diffuse features have fD ≈ 0, while the 
volcanic plains unit over which the parabola is super-
posed has a pronounced N-S slope asymmetry. Gener-
ally, absence of roughness asymmetry is typical for dark 
parabolas, although there are several exceptions. fD ≈ 0 
for the parabolas is consistent with the hypothesis that 
they are formed by a meter-scale-thick flat-surface man-
tle of loose material deposited after the impact [5, 6]. 
Recently multipolarization Arecibo radar observations 
gave independent support for this model [7]. Thus, the 
mantle remains flat for a geologically long enough time 
to form a few more large craters, and formation of 
dunes and ripples is a geologically long process. 

Discussion and future work: The anisotropy of 
small-scale topography adds a new dimension to under-
standing Venus surface properties and surficial deposits. 
Further work on the correlation of areas of well-
expressed asymmetry with geological features seen in 
the SAR mosaics is underway in order to understand the 
role of wind-related processes in asymmetry formation. 
The fD map is a potential source of information on the 
presence and distribution of surficial deposits. This in-
formation is critical for planning future landing mis-
sions to Venus. The anisotropy is also useful for study 
of parabola surface properties and the sequence of their 
degradation, which can help in reconstruction of Venus' 
geological history [e.g., 8].  
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Fig. 1.  Magellan SAR mosaic of crater Bassi (35 km diame-
ter, 19°S 64.7°E, thin arrow) and vicinity. Inset shows the 
Doppler centroid map of the same area, gray shades denote fD 
≈ 0, dark and bright shades mean deflection of the Doppler 
centroid from nadir. Wide arrow shows a ridge with clear 
expression in the Doppler centroid map. T, Ovda Tessera. 

 
Fig. 2.  Magellan SAR mosaic of Sedna Planitia (50°N, 
345°E). Inset shows the Doppler centroid map of the same 
area, as in Fig. 1. Arrow shows a radar-bright (rough) lava 
flow with a well-pronounced anisotropy signature. 
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