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Introduction:  In the absence of detailed optical 

images of the Venus’ surface, indirect inferences from 

microwave remote sensing data are important. In [1] 

we have analyzed Venus surface backscattering func-

tion F(θ) for 0.25° – 4.75° incidence angles θ derived  

from Magellan radar altimeter (RA) experiment (12 cm 

wavelength) [2]. The principal component (PC) analy-

sis have shown [1] that the observed F(θ) variability 

can be reduced to a set of three formal parameters: (R0) 

surface reflectivity, (PC1) relative proportion of hori-

zontal facets, and (PC2) general roughness. 

Parameter PC1 is a weighted difference between 

radar echoes at higher (θ ≥ 2.75°) and lower (θ ≤ 

1.75°) incidence angles. Lower PC1 values correspond 

to sharper near-nadir backscattering peak, therefore, a 

higher proportion of horizontal (within 1° – 2°) facets. 

PC1 and PC2 contain 40%, and 25.9% of the total F(θ) 

variability and exhibit signal-to-noise ratios of 4.1 and 

3.1, respectively. We have argued [1] that PC1 is 

mostly controlled by surficial aeolian deposits and can 

be used to assess their presence and nature. 

In the present work we used predicted (based on 

PC1-PC2 analysis) surface distributions of different 

aeolian features to study the diversity of plains and to 

trace the aeolian deposits with respect to large- and 

small-scales roughness.  

Reference areas:  Using Magellan SAR images 

and Earth-based observations [3] we choose several 

reference areas [1] showing distinct presence or ab-

sence of aeolian deposits (Tab. 1):  

DF, a complex of radar-dark flows (~39°N ~28°E, 

~11×10
4
 km

2
) which can be considered as a sample of 

smooth volcanic plains free of aeolian deposits; 

MU, a representative of wind streaks area (~25°S, 

~339°E, ~0.9×10
4
 km

2
), a part of this area is occupied 

by Menat Undae dune field [4] (~0.1×10
4
 km

2
);  

MP, a smooth and rather thin mantle identified due 

to a high linear polarization in Arecibo radar data [3]; 

it comprises several extents near craters Carson 

(~2×10
4
 km

2
), Aurelia (~6×10

4
 km

2
), Barton (~2×10

4
 

km
2
), and Anya (~2×10

4
 km

2
);  

MD, a field of microdunes [4] to the southwest 

from crater Stowe (48.75°S, 226.5°E, ~43×10
4
 km

2
); 

the dunes are not resolved in radar images, therefore, 

their spacing is much shorter than 100 m; 

AU, Al-Uzza Undae transverse dunes field (~68°N, 

~90°E, ~2×10
4
 km

2
) [4, 5]; individual dunes are 0.5-2 

km long and 0.2-0.5 km wide.  

All “aeolian” reference areas (AU, MU, MD, and 

MP) are characterized by low PC2 (Tab. 1). The typi-

cal ranges for large dunes (AU) and microdunes (MD) 

overlap significantly, indicating similar shapes of F(θ) 

for these reference areas. We considered surfaces with 

F(θ) within one standard deviation from the mean val-

ues in the PC1-PC2 domain (Tab. 1) as those that can 

potentially have deposits specific to the respective ref-

erence areas. We calculated the area percentage P of 

such surfaces for different subdivisions of Venus’s 

surface and discuss the results below. 

Tab. 1. Mean values M and standard deviations s of PC1 

and PC2 for the reference areas. 

PC1 PC2 Reference area 

M s M s 

DF, dark flow -2.50 0.78 0.00 0.43 

MU, wind streaks -1.35 0.96 -0.80 0.38 

MP, mantled plains -0.39 0.77 -0.41 0.58 

AU, transverse dunes 0.65 0.73 -0.43 0.54 

MD, microdunes 0.92 0.57 -0.55 0.54 

Surface roughness:  Fig. 1a shows the proportion 

of coverage by DF- and aeolian-like features with re-

spect to large-scale (≥ 12 cm) characteristic slopes ξ 

obtained from the Hagfors’ roughness parameter [6]. 

The smoothest surfaces on Venus show the enhanced 

DF-like coverage (Fig. 1a); the lowest-ξ DF-like sur-

faces include both the smooth lavas of the DF area 

itself and some darkest parts of radar-dark diffuse fea-

tures (DDF) [1] interpreted as thick loose deposits. 

Moderately smooth (ξ ∈ 1°…2°) surface has a high 

coverage by thick MU- and thin MP-like loose mantles. 

Slightly rougher surfaces (ξ ∈ 2°…3°) have a peak 

coverage by dune-like (AU + MD) signatures. Dunes 

and microdunes themselves can enhance large-scale 

surface roughness. ~57% of surfaces having ξ of 2°-3° 

seem to be covered by loose material 

(MU+MP+AU+MD). 

SAR radar cross-section σ (relatively to the global 

mean [7]) can be considered as a measure of a small-

scale (<< 12 cm) surface roughness (Fig. 1b). “Mean” 

surface (σ ≈ 0 dB) shows rather abundant (~20%) thin 

mantles and dune-like signatures. Darker surfaces ex-

hibit also enhanced proportion of “sand” sheets MU. 

The total surface coverage by possible aeolian deposits 

is much higher for radar-darker (low σ) areas than for 
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brighter ones. The observed trends are consistent with 

thin mantles and dunes being formed by aeolian re-

working of thick DDF mantles.  

  
Fig. 1. The coverage by references-like surfaces versus: (a) 

large-scale surface roughness; (b) radar cross-section. 

Plain units:  The coverage by references-like sur-

faces for different plain units from the geologic map 

[8] is shown in Fig. 2. The highest total proportion of 

aeolian-like surfaces is observed for regional plains 

rp1 and rp2: 0.42 and 0.41, respectively. Smooth and 

lobate plains have the proportion of 0.36, while ridged 

and densely lineated plains aeolian deposits are not 

typical (0.11 and 0.22, respectively). Smooth plains 

show relatively thicker mantles and less abundant 

dunes-like signatures than regional and lobate plains. 

The total percentage of aeolian-like signatures for 

individual plain areas is shown in Fig. 3. The areas of 

the named Planitias were manually outlined. Colors 

from bright blue to violet, to purple, to orange (Fig. 3) 

correspond to changes from the lowest (7%, Navka 

Planitia; ~10% Undine Planitia) to the highest (~70%, 

Aino Planitia) percentage.  

Conclusions:  Our study shows that aeolian fea-

tures on the Venus, especially, unresolved microdunes, 

can be partly responsible for surface roughness at 

large-scales (> 12 cm). Radar-dark surfaces seem to be 

in the process of transformation due to aeolian activity. 

The total area that may be covered with aeolian depos-

its within regional plains, dominant terrains on Venus, 

is high (over 40%). The percentage of aeolian deposit 

coverage varies greatly among different extents of 

plains. These variations can be caused by different 

amount of fines due to different age and/or different 

textures of original lava surface that may favor either 

accumulation or removal of fines by winds.  

 
Fig. 2. The proportion of references-like surfaces for differ-

ent types of plains. 
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Fig. 3. The total coverage (expressed as a percentage) by aeolian-like deposits for different Planitiae over Magel-

lan topography map between 70°N and 70°S latitudes.  
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