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Introduction:  This work presents a comparative study 

of the Magellan-based microwave properties and the 1-

micron emissivity of the surface for five crater-associated 

radar-dark parabolas, the neighboring plains and some other 

geologic units. The 1-micron emissivity was derived from the 

measurements done by the Venus Monitoring Camera on 

board the Venus Express spacecraft. The craters under study 

are Adivar, Bassi, Batsheba, du Chatelet (plus located nearby 

crater Caccini with non-parabolic radar-dark halo) and Sit-

well. All these craters are located in the latitude belt from 

25oS to 25oN where the geometry and other conditions for 

the VMC mapping are optimal. 

Data description and approach: Used for our analysis 

microwave properties include microwave emissivity, Fresnel 

reflectivity, surface roughness presented as root-mean-square 

slopes, and radar cross-section. These parameters depend on 

surface dielectric permittivity and surface roughness at dif-

ferent spatial scales. Dielectric permittivity at radio waves 

range of observation [see, e.g., 1] is dominantly controlled 

by the material bulk density. The latter is determined by ma-

terial porosity and by chemical-mineralogical characteristics 

of the solid materials [1, 2]. The values of 1-micron emissiv-

ity of the surface material depend on chemical / mineralogi-

cal composition of the Bbstudied materials and on their sur-

face textures, in particular on the grain size [e.g., 3]. 

Figure 1 shows the parabola associated with crater Adi-

var as an example of our work approach. In SAR images the 

parabola outer part is prominently dark and called as “parab-

ola dark” while its inner brighter parabolic area is called as 

“parabola bright”. Homogeneously dark areas within dark 

part of the parabola (outlined with white in Figure 1a) are 

called “parabola-dark-good”, the rest parts exhibiting some 

local brighter spots are called as “parabola-dark-not-good”. 

Also plains, tessera terrain and groove belts are seen in Fig-

ure 1. Grooves are relatively old linear zones of tectonic 

deformation; they are mostly graben in the plains materials 

[4]. Taking this into account and along with relatively small 

percentage of the area occupied by the groove belts compar-

ing to the plains, we included groove belts into the plains 

unit (Figure 1b). 

Three of five considered crater-associated parabolas have 

the inner brighter areas, parabolas bright. Four of investi-

gated craters are superposed on plains and the fifth one (Sit-

well) is superposed on rifted terrain which in this place is 

tectonically deformed plains. Thus in all five areas under 

study the source material for dark parabolas is the plains 

material. In three areas massifs of tessera terrain are also 

observed and studied. In the Sitwell area the observed there 

rifted terrain is additionally studied. And in the crater du 

Chatelet area the non-parabolic radar-dark halo of crater 

Caccini is also included into analysis. Non parabolic radar 

dark haloes are considered to be associated with craters older 

than those having the radar-dark parabolas [e.g., 5, 6, 7].  

 

Figure 1. a) Magellan SAR image of the parabola crater 

Adivar and its vicinities with boundaries of the dark parab-

ola, groove belts (GB) and tessera terrain (T), parabola-

dark-good parts are outlined with white; b) simplified map 

of the units under study. The image area is 1680 x 1680 km. 
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For all mentioned above units and subunits the micro-

wave parameters and 1-micron emissivity have been calcu-

lated and then compared.  

Landing sites: In our analysis the observations and 

measurements made at the Venera 9, 10, 13, 14 and Vega 1 

and 2 landing sites were also considered. At these sites evi-

dence of the presence of crushable highly porous material 

has been found. In TV panoramas this crushable material is 

seen as centimeter-scale layered rocks [8, 9]. Particles com-

posing the layered rocks are not distinguishable in the images 

so they should be finer than the image resolution: a few mil-

limeters for the rock outcrops close to the cameras. This 

agrees with the observed sharp layer to layer boundaries. The 

measurements of electrical resistivity of the surface materials 

in the Venera 13 and 14 sites made by [10] showed that it is 

unexpectedly low: 89 and 73 ohm·m. This may be due to a 

presence of hematite whose occurrence on the surface of 

Venus was suggested by the thermochemical calculations of 

[11, 12] and agrees with the surface color measurements [13] 

using optical color images taken by Venera 13-14, and is 

supported by the experiments by [14] and [15]. Electrical 

resistivity of hematite at 750K is 20 ohm·m [16] so its ad-

mixture could be a cause of the low resistivity at the Venera 

13, 14 sites.  

It was suggested by [17] that the finely layered high-

porous surface materials seen at the Venera sites are lithified 

deposits of previous parabolas whose surface with time be-

came relatively rough so they lost the radar-dark appearance. 

Work [18] also suggested that lithified extended deposits 

from the crater Sanger, modified by tectonic processes, are 

seen in the Venera 9 panorama. So the described above 

properties of the material at the Venera-Vega landing sites 

may be applied to observed now parabolas.  

Summary. As a result of these comparisons and analyses 

the following conclusions have been made: 

The 1-micron emissivity which characterizes the upper-

most hundreds-microns-thick layer of the parabola mantles 

usually show some correlation with the microwave parame-

ters over the parabola area: the lower 1-micron emissivity, 

the lower Fresnel reflectivity, the higher microwave emissiv-

ity. For the parabola mantles having the same composition 

the lower 1-micron emissivity indicates smaller mantle parti-

cles.  

Differences in bulk properties of parabola units having 

the same 1-micron emissivity appear to reflect differences in 

the mantle material packing style in the particles mix if the 

particles have the same sizes. 

The parabola mantle porosity could be the key point to 

explain variations of microwave properties over the whole 

parabola area including inner bright parts. Particular values 

of mantle porosities cannot be estimated based on data avail-

able but observed variations of Fresnel reflectivity over the 

single crater parabola area (considering the same ejecta mate-

rial) can occur due to differences in parabola mantles poros-

ity of 7.1%, 6.3% and 9.7% for craters Adivar, Batsheba and 

du Chatelet, respectively. 

The 1-micron emissivity alone cannot provide direct an-

swers on particular properties of the mantles but it is a useful 

parameter in comparative studies involving mantles’ micro-

wave properties and characteristics of particular impacts. 

Properties of the radar bright inner parabola parts, ob-

served within the three of five studied parabolas, possibly 

indicate more turbulent (comparing to radar-dark parts) 

deposition environment, thinner parabola mantles and/or 

only partial coverage of the underlying surface.  

Non-parabolic halo of crater Caccini exhibits characteris-

tics close to those of the dark parabolas. Because non para-

bolic radar-dark haloes are considered to be older than the 

parabolic ones this suggests that in the process of shrinking 

of parabolic halo into non-parabolic one the considered pa-

rabola parameters remain mainly unchanged.  

The observed differences in microwave emissivity and 

Fresnel reflectivity between parabolas and the adjacent plains 

may indicate that parabola materials are more weathered with 

oxidation of their iron into hematite since subsurface plains 

material is not easily accessible for the atmosphere gases. 

This is a hypothesis to check in future studies. 

If the finely layered rocks seen in TV panoramas of Ven-

era 9, 10, 13, 14, represent the material of past parabolas, the 

parabola mantle granulometry should be of millimeters scale 

and finer.   

Comparisons of properties for tessera terrain and plains 

showed that in all studied cases tessera material has higher 

microwave emissivity, lower Fresnel reflectivity, signifi-

cantly higher surface roughness and radar cross-section and 

lower 1-micron emissivity. This confirms suggestions of 

earlier works on non-basaltic composition of tessera material.  

Distinctive (from plains) composition of tessera material 

indicates also effective down-slope movement of surface 

material on the rough surface of tessera bringing to the sur-

face new portions of the pristine tessera material. 

Comparisons of rifted terrain in the area of crater Sitwell 

and plains showed that high tectonic deformation is the main 

factor that influenced the majority of rifted terrain properties 

including its microwave emissivity.  
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