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Introduction.  Extended radar dark diffuse features 

(DDF) associated with craters on Venus surface are 
interpreted as deposits (mantles) of loose material 
ejected and lifted by the impact. The DDF exhibit the 
diversity of shapes from roughly parabolic to nonuni-
form complex patterns on Magellan images and are 
observed for about one half of all impact craters on the 
planet.  

The presence of the mantles strongly affects the ob-
servable radiophysical properties of the surface, as well 
seen in the Magellan data. In the present work, we es-
timate the possible depths of the deposits responsible 
for the DDFs through the analyzing Magellan micro-
wave emissivity and SAR data.  

Approach.  To study the effect of the mantles on 
the radiophysical properties we use the model devel-
oped in [1]. According to this model, the mantled sur-
face is considered as a half-space of one material repre-
senting the substrate covered with a homogeneous layer 
of another material representing the mantle. The upper 
atmosphere-mantle interface is supposed to be flat. The 
scattering at the mantle-substrate interface is calculated 
under the Kirchhoff approximation [e.g., 2] through the 
ray optics approach. For suggested electric properties of 
both materials, and measured emissivity and side-
looking radar cross-section, the model allows estima-
tion of the mantle thickness. 

For this study, the Magellan 1st cycle results of ac-
tive and passive microwave probing experiments were 
used. C1-MIDR mosaics were used as a source of SAR 
radar cross-section σ, and the emissivity maps (GEDR 
data set) were used as a source of emissivity values E. 
The study was limited to within ±66° of latitude, be-
cause of low emissivity resolution at higher latitudes.  

Mantle material loss tangent. The prediction of the 
mantle thickness strongly depends on the suggestion of 
the loss tangent of the mantle material. The loss tangent 
influences the attenuation of radio waves during their 
passage through the mantle. The attenuation is propor-
tional to )exp(tan~ L⋅ε⋅∆ , where L is the path of 
the radiation in the mantle material with dielectric per-
mittivity ε and loss tangent tan∆. The pass of radiation 
L depends on the mantle depth and incidence angle; the 
effect of ε is weaker and ε ≈ 3-8 as constrained from 
radiophysical data. The basis for choice of the loss tan-
gent of surface material on Venus is poor.  

We tried to constrain the loss tangent through com-
parison with some independent estimation. We used the 

calculations of amount of deposited loose material from 
a mechanical model of material ejection and emplace-
ment from [3] for crater Carlson (24.2°S, 344.1°E, 37.6 
km) shown in Fig. 1. Tab. 1 shows the Magellan-data-
derived mantle thickness in locations marked with “1” 
through “5” in Fig. 1 for different values of loss tan-
gent. These data are accompanied by the mechanics-
derived thickness calculated in [3] roughly at the same 
locations. Both sites chosen and data referenced corre-
spond to the deepest mantles in different parts of Carl-
son dark parabola. The mantle thickness predicted from 
cratering mechanics [3] and derived from radiophysical 
properties roughly coincide for 0.001 < tan∆ < 0.005. 
These values are similar to those obtained for a variety 
of dry powdered terrestrial rock samples [4].  

 

   Fig. 1. 
Table 1.  

Tan∆ Model mantle depth, m 
 Site 1 Site 2 Site 3 Site 4 Site 5 

0.001 1.5 4.1 6.0 5.9 7.4 
0.002 0.8 2.0 3.0 2.9 3.7 
0.003 0.5 1.4 2.0 1.9 2.5 
0.004 0.4 1.0 1.5 1.4 1.85 
0.005 0.3 0.8 1.2 1.1 1.5 
0.006 0.25 0.75 1.0 0.9 1.25 
0.007 0.23 0.6 0.85 0.8 1.05 
0.008 0.2 0.5 0.75 0.7 0.9 

From [3] 0.5 ÷ 1 > 1 > 1 > 1 > 1 
Thick mantles. A very thick mantle would cause 

high absorption of radiation on its pass to the substrate 
and back. This would lead to the situation where the 
substrate would be invisible through the mantle. The 
side-looking radar cross-section for such a surface 
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would fall down to zero. Very low radar cross-sections, 
however, are not observed on the Venus surface. Even 
for the darkest parts of DDF, the measured radar cross-
section is usually above the thermal noise. This can be 
explained in several ways. First, the upper mantle sur-
face can be not exactly flat due to some alteration proc-
esses that roughen the surface. 

Second, the absorption in the mantle material could 
never be high enough to hide the substrate. This holds 
when all three of the permittivity, the loss tangent, and 
the mantle thickness values are not too high. The crater-
related deposits for crater Carlson were shown to be up 
to several meters thick [3]. If the mantle physical prop-
erties are not unusual, the mantles would be partly 
transparent.  

If we assume tan∆ = 0.003 thickest mantles inside 
parabolic features are equal to: 6 m - crater Faustina, 
22.1°N, 4.7°E, (craters diameters D < 30 km); 3.6 m - 
Sitwell, 16.6°N, 190.4°E, (D = 30 – 35 km); 5.0 – Ban 
Zhao, 17.2°N, 146.9°E, (D = 35 – 40 km); 1.7 m – Ha-
yasi, 53.8°N, 243.9°E, (D = 40 –50 km); 4 m – Cald-
well, 23.6°N, 112.4°E, (D = 50 – 60 km); 4.6 m –
Boleyn, 24.4°N, 220.1°E, (D = 60 – 70 km); and 3.6 m 
– Boulanger, 26.6°S, 99.3°E, (D = 70 – 80 km).  

Thin mantles. The case of thin mantles formally 
comes out of the limits of ray optics validity. The lower 
limit of mantle thickness, above which the diffraction 
effects can still be averaged out, is one wavelength of 
radiation in the mantle material. When the mantle per-
mittivity is ε the wavelength of radiation λm inside man-
tle is equal to mm ελ=λ / , where λ is the wave-
length in the free space. In the Magellan experiments 
λ=12.6 cm, and, for example, for mantles with permit-
tivity of 4.4, like for some mantles near the crater Carl-
son (Fig. 1), λm is ~ 6 cm.  

The mantle depth of 6 cm becomes comparable with 
the vertical roughness scale, which for terrestrial ana-
logs of Venus plains varies in the 2 cm –10 cm range 
[5]. In “Venera –9, -10, 13, -14” panoramas the surface 
shows comparable vertical topography scale [6, 7]. The 
loose material could fill depressions (smaller then spa-
tial resolution of radar images) and causes partial radar 
darkening. It seems probable that the surface would be 
a combination of patches of relatively thick mantle (so 
the model is applicable) and unmantled surface. The 
emissivity of the partly mantled surface would depend 
on the proportion of mantled areas.  

If the mantle is thin but not patchy, the emissivity 
would have some intermediate value between that of 
clean and mantled surfaces. When the mantle layer is 
thin, the absorption of radiation does not play an impor-
tant role, and the difference between pure and mantled 
surfaces is not seen distinctly in SAR images. However, 
the mantle keeps almost the same E value over the 

whole of its extent. This would cause the presence of 
distinctive features in emissivity images; e.g. the crater-
related emissivity parabolas [8] can be such features. 

In Fig. 2 emissivity (a) and radar (b) images for cra-
ter Nadine (7.8°N, 359.1°E, 18.8 km; marked with ar-
row) are shown. The crater is characterized by a dis-
tinctive emissivity parabola and faint radar-dark fea-
tures. Mantle depth estimates for 3 values of mantle 
material loss tangent in 4 sites are presented in Tab. 2. 
The highest radar contrast in the area is 6.8 dB. It is 
caused by mantles of 1.5 m thick (Tab. 2, tan∆=0.003). 
The majority of the parabola is formed by thin mantles, 
about 20 cm thick. At site Z the mantle thickness is not 
recognized with the model used and points to very thin 
mantles. 

 

Fig.2 
Table 2. 
Tan∆ Mantle depth, m 
 Y X W Z 
0.001 1.3 0.45 4.5 <0.1 
0.003 0.45 0.2 1.5 <0.1 
0.005 0.25 0.1 0.9 <0.1 

Conclusions. 
(1) The loss tangent of mantle material appears to 

be in the 0.001÷0.005 range, which is similar to terres-
trial dry powders. (2) The thickest mantle recognized 
for radar dark parabolic features reaches several meters. 
(3) Thin mantles down to 10 cm are not seen in SAR 
images but exhibit emissivity features like emissivity 
parabolas. 
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