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Introduction:  Landing on Venus is challenging, 

because information about the details of its surface is 
limited to only a few places. Panoramas taken at 4 
Venera landing sites [1] gave examples of terrains that 
can be expected. Although the exact Venera landing 
site locations are unknown, analysis of the Magellan 
radar images of the landing ellipses [2] led to conclu-
sion that all 4 landers landed on plains and fairly well 
represent the variety of plains on the planet. It is cru-
cial for future missions, however, to assess factors im-
portant for landing safety on other types of Venusian 
terrains, especially on the tessera. The general view 
that tessera is rough is generally correct, but this de-
mands quantification. In the surface engineering mod-
els used for lander design and mission planning, the 
surface is usually described by probability distribution 
of slopes at several baselines and by rock population. 

Here we present a test study that can be considered 
as a prototype for a part of the work necessary in the 
course of site selection for a future landing mission. 

Slopes from stereo:  About 50% of the Venus sur-
face, including ~70% of the tessera area, is covered by 
Magellan radar imaging more than once. Almost eve-
rywhere the additional radar image(s) is/are taken at 
different look angle. This makes it principally possible 
to derive topography from stereo. Automated deriva-
tion of topography from radar stereo is much more 
difficult than for the usual optical stereo images be-
cause of specific noise, low parallax/resolution ratio, 
and insufficient geodetic accuracy. There are works of 
some success (e.g. [3]), however, useful DEMs for 
tessera are not available yet. 

When both radar images in the stereo pairs are left-
looking, the stereo can be seen visually. Despite the 
abovementioned shortcomings of radar stereo imaging, 
such stereo gives a good view of topography at 0.2 - 20 
km scale (for longer distances stereo view can be mis-
leading). Heights and slopes of individual features can 
be estimated measuring parallax shifts, as it is de-
scribed, e.g., in [4]. The accuracy of such estimates is 
rather low; it is never better than 50 m of elevation. It 
is important to take into account the actual resolution 
of the Magellan radar images in cross-track (east-west) 
direction; it changes from 90 to 400 m. 

As an example, we studied in detail the topography 
from stereo for a small typical part of Fortuna Tessera 
(Fig. 1). Radar images of 1st and 3rd cycle of Magel-
lan mapping were taken at incidence angles 26.7° and 
14.7°, respectively. Very steep incidence in the 3rd 
cycle is inevitably associated with low (370 m) cross-

track resolution, however, it favors detection of steep 
west-facing slopes. We carefully examined the area 
shown in Fig. 1 and found, that, except for a few short 
(<1 km) cliffs, there is only one scarp with identifiable 
radar layover in the 3rd cycle image (that is noticeably 
steeper than 15°); it is shown by the arrow in Fig. 1. Its 
height is about 350 m, and steepness about 30°. All 
other west-facing slopes in the area are gentler than 20° 
or/and lower than 100 m. This situation differs from 
rift zones, where 30° steep slopes are common. 

 

Fig. 1. A small part of Fortuna Tessera. Portion of F-MIDR 
60N026;1. Radar look is form the left. Yellow circles show 
flat horizontal sites whose radar cross-section is plotted in 
Fig. 4. Arrow shows the only steep scarp in the scene. 

Rock population:  Radar images are sensitive to 
the presence or boulders on the surface: boulders in-
crease the actual roughness that influences radio wave 
scattering; hence, they increase the radar cross-section. 
The cross-section, however, is influenced by a number 
of different factors, and the amount of boulders cannot 
be derived from the radar cross-section unambiguously. 

Fig. 2 shows examples of how a surface densely 
covered by boulders can look in the radar images. 
Troughs in the SE part of Lakshmi Planum have steep 
slopes. Fig. 3 shows a schematic reconstruction of a 
section of these features. (Slopes and elevations listed 
in Fig. 3 are derived from radar stereo for the site 
shown in Fig. 2. The upper steep cliff produces radar 
shadow. The radar shadow can be distinguished from 
radar-dark east-facing slopes by its lower noise level). 
The radar-bright band at the foot of the slope is the 
surface covered with downslope mass-wasted blocky 
material. In the narrower depressions in the same area 
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(Fig. 2) bright bands associated with eastern and west-
ern slopes overlap, while in wider troughs they leave a 
dark floor in the middle. Very similar but wider bright 
features associated with higher scarps in equatorial rift 
zones were documented in [5] (see Fig. 7 there) and 
interpreted as rock avalanches. There is probably a 
correlation between scarp height and the length of the 
rock avalanches: the higher the scarps, the longer the 
avalanche.  

 

Fig. 2. Collapse features in SE Lakshmi Planum. Portion of 
Magellan mosaic F-MIDR 60N335;1. Radar look is from the 
left. Yellow line shows the site interpreted in Fig. 2 
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Fig. 3. Schematic interpretation of the radar image in Fig. 1 
with the use of stereo mosiac F-MIDR 60N335;301. 

We measured radar cross-sections of the rock ava-
lanches and other typical surfaces (Fig. 4); not surpris-
ingly, the cross-section of rock avalanches is higher. 
We compared it with typical radar cross-sections of the 
tessera surface. We visually inspected stereo images of 
the studied area in Fortuna Tessera and found several 
sites that are flat and horizontal at 100s-m scale (Fig. 
1). The radar cross-section for these areas is similar to 
that of the flat Lakshmi Planum surface and noticeably 
lower than that of the rock avalanches. This indicates 
that the tessera surface is much smoother than the rock 
avalanches at the scale of meters and decimeters. The 
general impression that the tessera is radar-bright is 
related to abundant west-facing bright slopes, which 
produce the impression of bright surface at full-
resolution mosaics or apparent brightening at reduced 
resolution. 

We carefully inspected the tessera area shown in 
Fig. 1 and did not find any occurrence of rock ava-
lanches similar to shown in Fig. 2 or in [5]. This may 
be related to the fact that typical slopes in Fig. 2 and in 
rift zones are much higher and steeper than in tessera. 
Unresolved rock avalanches still can exist, for exam-
ple, at the foot of the steep scarp shown with the arrow 
in Fig. 1. If the boulder band is narrower than 200 m, it 
would not be distinguishable in Fig. 1. In addition, as 
noted in [5], rock avalanches are poorly distinguishable 
on west-facing slopes. In Fig. 1 steep east-facing scarps 
are not well identifiable (due to high noise level); as a 
result, some narrow (unresolved) bands of boulders can 
be misinterpreted as faint tectonic lineaments. 
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Fig. 4.  Radar cross-section (as a function of the incidence 
angle) of three horizontal areas in Fortuna Tessera (shown in 
Fig. 1) compared against radar cross-sections of the typical 
flat surface of Lakshmi Planum (Plateau), dark floor of the 
depressions and rock avalanche material ("boulders"), see 
Fig. 2, 3. Cross-sections are averaged over homogeneous 
areas (4-20 km2). Plotted is the radar cross-section normal-
ized by the global trend in the same way as Magellan radar 
mosaics. 

Conclusions and future work. We showed that: 
(1) in a typical tessera, steep (>20°) 100-m-scale slopes 
are rare; (2) the surface of a typical tessera is not 
densely covered with decimeter-meter-size boulders; 
and (3) detailed study of stereo Magellan images of 
prospective landing sites is useful for assessment of 
landing safety. 

Systematic quantitative study of rock avalanches on 
Venus can be used to establish quantitative relationship 
between rock avalanche width and the scarp height, as 
it was done in [5] for landslides. This relationship can 
be used to assess the area of unresolved rock ava-
lanches in tessera. 
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