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Introduction: There is broad agreement that impact cra-
ters on Venus (with D>11 km) in the process of their forma-
tion acquire radar-dark parabolas (DP) composed of airfall 
deposits. With time the parabolas degrade and shrink into 
clear dark halo (CH), then to faint halo (FH) and finally 
completely disappear (NH = no halo) (see e.g., [2, 5, 9, 11]). 
So the DP-CH-FH-NH sequence is the age sequence with DP 
craters being the most recent and the NH craters being the 
most ancient. In this work we study the areal distribution of 
presently observed and partly or completely degraded airfall 
deposits in the vicinities of the Venera-Vega landing sites 
and consider the surface panoramas in the light of informa-
tion on the Venus surface acquired by the landers. 

Outlining parabolas: On the USGS Magellan-based 
maps for three large regions where the Venera-Vega landers 
made their on-surface observations (Venera 8, 13, 14; Ven-
era 9, 10; Vega 1, 2) we drew the model parabolas around 
each crater >11 km in diameter. From the data on the forty 
nine now observed dark parabolas [7] we found that the pa-
rabola mean length/width ratio is ~1 and that the best fit of 
the parabola area (A, km2) vs. crater diameter (D, km) de-
pendence (BF49 line) is A = 26928D – 124000. Taking in 
mind that the observed parabolas are at different preservation 
states, thus representing themselves the age sequence, we 
selected the twenty parabolas whose data points on the plot 
were above the BF49 line and calculated the best fit for 
them: A = 29846D + 59000 (LRG = larger parabola line). 
We believe that the LRG line represents better the A(D) 
dependence for fresh, non-degraded parabolas. Figure 1 
shows examples of the model parabolas around craters Stuart 
and Bathsheba.  

 

                   
Figure 1. Model parabolas around craters Stuart (left) and Bath-
sheba (right). 

Drawing parabolas around craters >11 km in diameter 
was done using the BF49 and LRG dependences. In both 
cases the percentages of area covered one or more times by 
parabolas and the area not affected by any model parabola 
have been determined. It was found that in the regions of the 
Venera-Vega landing sites, which in the sense of their geol-
ogy are typical for Venus, the percentages of area covered by 
the model parabolas vary from ~40 to ~60% for the BF49 
option and from ~80 to ~90% for the LRG one. Because the 
LRG option seems to correspond to the case of not-degraded 
parabolas, the latter estimates probably better represent the 
past+present distribution of the parabola deposits. The cov-
erage of specific Venera-Vega landing ellipses (circle R = 
100 km) by the model parabolas is given in Table 1. 

On the maps produced the parabolas were classified de-
pending on the class of the crater (DP, CH, FH, NH, Ob-
scured) around which the parabola was drawn. Because the 
DP-CH-FH-NH sequence is the age sequence, the resulting 
maps show the history of parabola emplacement. Figure 2 
shows an example of such a map. 

 

 
Figure 2. Map of model LRG parabolas for the Venera 8, 13 and 14 
region. NA –areas not affected by model parabolas. It shows in 
particular that the Venera 8 landing ellipse is 100% covered with 
parabolas of two CH craters. 
 
Table 1. Percentages of the area of the landing ellipses cov-
ered by the model parabolas. 
        Option BF49 Option LRG 
Venera 8 0% 100%, CH, CH 
Venera 9 90%, FH, NH 100%, FH, FH, NH 
Venera 10 50%, CH, FH 100%, CH, FH 
Venera 13 20%, CH, CH 95%, CH, CH, FH 
Venera 14 15%, FH 70%, DP, CH, FH 
Vega 1 80%, CH, FH 100%, CH, CH, FH 
Vega 2 0% 50%, CH, CH 

 
Surface at the landing sites. All TV panoramas taken at 

the landing sites show the presence of finely layered deposits 
(see e.g., Figure 3) and soil mechanics measurements indi-
cate that these rocks are mechanically weak and porous (ρ ≈ 
1.5 g/cm3) and at least a few tens of centimeters thick (see 
summary in [3]).  

Among other hypotheses it was suggested by [3] that the 
layers may be composed of erosional or pyroclastic material 
transported from somewhere, deposited and lithified. At the 
time when [2] was published it was not known that pyroclas-
tic volcanism on Venus should be rare if ever present [8] and 
the studies of crater associated airfall deposits on Venus 
were at their very early stage (see e.g., [4]). Now, taking into 
account the broad coverage of the Venusian surface with the 
past and present dark parabolas, we suggest that the layers 
seen on the Venera panoramas may be parabola airfall 
deposits which were then partly lithified and partly eroded 
by the subsequent eolian activities including normal “mete-
orological“ winds and winds generated by nearby impacts 
(see e.g., [10]), both large and forming parabolas and small 
ones, forming parabola-free craters and splotches.  
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Figure 3. Portion of the Venera 14 panorama B. For scale: the teeth 
in the lower left are 5 cm apart. 

Terrestrial analogs. The analogs of such deposits on 
Earth could be some pyroclastic deposits, e.g. the famous 
Mount St. Helens eruption (Figure 4) and airfall deposits of 
nuclear explosion tests, e.g. the Bravo test (Figure 5).  

 

 
Figure 4. The St. Helens May 18, 1980 eruption (left) and the map of  
isochrons of the ash deposition (right). 

The Mt. St. Helens eruption is the largest among very re-
cent pyroclastic eruptions: 24 MT energy of its ash-
producing blast; >3 km3 of the displaced material; 25 cm 
thick ash deposits at 16 km to 1 cm at 500 km downwind 
[http://vulcan.wr.usgs.gov/Volcanoes/MSH/May18/summary
_may18eruption.html]. 

  

 
Figure 4. The Bravo thermo-nuclear test blast, March 1, 1954 (left) 
and the map of the radioactive fallout (right). 

At the Bravo test, the 15 MT explosion produced a crater 
1.6 km across and 60 m deep [www.bikiniatoll.com]. The 
radioactive fallout of the test affected the Japanese ship Fu-
kuru Maru 100 miles east of Bikini. “Gritty snow-like” mate-
rial (crushed coral reef) of fallout rained down on the boat 
for nearly three hours. On Rongerik Atoll, ~200 miles from 
the explosion, the fallout thickness was 0.6 to 1.2 cm.  

Taking in mind the 3-order of magnitude differences be-
tween energies of the St. Helens eruption and the Bravo ex-
plosion, from one side, and the impacts producing the small-
est Venusian craters with parabolas, on the other side, as 
well as the significantly higher capacity of Venusian atmos-

phere (compared to Earth’s) to carry the debris load, the 
meter-scale initial thickness of the parabola deposit looks 
reasonable. The radiophysical properties analysis suggests 
that the parabola deposits are tens cm to a few meters thick 
[6]. 

Deposition of the parabola-forming airfall may resemble 
the deposition of snow in intense snowstorms on Earth, e.g.,  
similar to the ~18 hour-long one in Providence, R.I., USA, 
on February 17-18, 2003, when ~50 cm thick layer of snow 
was deposited. By the next day, deflation/sublimation of the 
snow caused the initially massive looking snow deposit to 
show prominent cm-scale layers resembling those observed 
on the Venusian surface (Figure 6). 

 

 
Figure 6. Layered texture of snow deposited on the Brown University 
campus by the February 17-18, 2003, snow storm. A pencil in the 
center left is 7 mm thick. 

Conclusion. The model crater-associated radar-dark pa-
rabolas cover 80-90% of the surface in the regions of the 
Venera-Vega  sites. The layered deposits seen at the Venera 
9, 10, 13, 14 panoramas and consisting of porous, mechani-
cally weak material may be the partly lithified and then par-
tially eroded parabola deposits. If so, the interpretations re-
lated to the sources of the materials studied by lander geo-
chemical instruments may need revision. In particular, the 
possibility that deep-seated (>1-3 km) rocks (plutonic rocks, 
tessera basement below the regional plains) may be part of 
the analyzed material should be taken into consideration [1]. 
This possibility also should be taken into account in select-
ing landing sites for future missions to Venus. 
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