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Abstract: In June 2008, during the T44 swath, the 

Cassini SAR (Synthetic Aperture Radar) observed 
sinuous channels in the South-west of the Xanadu re-
gion (Fig. 1 and 2). Some parts of these channels ex-
hibit very large radar cross-sections, up to 5 dB 
whereas the angle of incidence was ~20°. This is larger 
than allowed by the coherent backscatter model con-
sidered to explain the unusual reflective and polariza-
tion properties of the icy satellites [1] and only a few 
radar scattering mechanisms can be responsible for 
such high radar returns.  

We propose the presence of (transparent) rounded, 
icy rocks with size larger than the radar wavelength 
(2.18 cm) in the channels to explain the large radar 
cross-sections measured in these units, and discuss the 
geological implications. 

This paper is intended to contribute to understand-
ing the anomalously high radar backscatter measured 
in several regions of Titan and discussed in a compan-
ion paper [2]. 

 
Fig. 1: Xanadu region observed by the Cassini SAR 
superimposed on a combination of VIMS and ISS ob-
servations. Radar-bright channels revealed during the 
T44 radar swath are outlined in black.  

Radar-bright channels in South-west Xanadu:  
The channels revealed during the T44 swath are among 
the brightest units observed by the Cassini radar any-
where on Titan. Fig. 2 depicts their measured backscat-
ter values. The highest radar cross-sections are close to 
5 dB. Since parts of these channels probably have 
widths smaller than the pixelization of the radar reflec-
tivity, their radar cross-sections may be underesti-
mated. 

The flows appear to originate from rugged terrains 
consisting of overlapping mountain ranges. Their ori-
gin is likely to be fluvial, formed by rainfall of meth-
ane. The meandering morphology suggests a low re-
gional southward gradient [3]. 

 
Fig. 2: Radar-bright rivers observed during the T44 
radar swath with corresponding normalized radar 
cross-sections in dB.  

Backscattering interpretation: On Titan, the ef-
fective averaged dielectric constant is low (~1.7) [4]; 
surface materials are hydrocarbons, tholins and, in 
some places, water ice, possibly with ammonia. In 
such conditions, it is difficult to explain the measure-
ments of radar brightness higher than 3 dB at incidence 
angles of  ~20°. 

We might think of Titan’s surface as similar to the 
surfaces of highly reflecting icy satellites such as Eu-
ropa and Enceladus [5] which have been modeled with 
some success as low-loss inhomogeneneous media that 
lead to multiple scattering and depolarization of inci-
dent radar signals. Coherent backscattering has been 
argued to explain the high reflectivities seen [1]. How-
ever, coherent backscattering cannot account for radar 
cross-sections in excess of 3 dB. Double bounce effect 
on the wall of the rivers will be a more efficient scat-
tering mechanism but it is unlikely to occur in many 
places. We propose another hypothesis: channels are 
filled with rounded rock mainly composed of water-ice 
similar to those observed by the Huygens probe at its 
landing site.  
     Water-ice is a low loss medium; its microwave di-
electric constant ε’ is 3.13 and its loss tangent (ε’’/ε’) 
is less than 10-3 [6]. It has long been known that trans-
parent (or low-loss) spheres with diameter larger than 
the wavelength backscatter significantly more (of 
about an order of magnitude) than metal spheres of the 
same size [7][8][9]. This results from internal reflec-
tion on the rear surface of the sphere (Fig. 3). Scatter-
ing by transparent spheres has been well described by 
the Mie theory. Fig. 4 shows the theoretical Mie radar 
cross-section for a wavelength of 2.18 cm as a function 
of a, the radius of the spheres, for values ranging from 
0.1 to 150 cm. The radar cross-section σ of the ice 
spheres is normalized with respect to the correspond-
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ing geometric cross-section πa2. It reaches a maximum 
of ~15 dB for a sphere radius of ~20 cm at the wave-
length of  2.18 cm. For a sphere with radius values 
ranging from ~ 2 cm to 20 cm, the radar cross-section 
is higher than 5 dB. As the sphere grows larger (a>50 
cm), its normalized cross section approaches the re-
flectivity of a plane surface and thus its geometric op-
tics limit (~ -5 dB). The scattering properties of trans-
parent spheres is commonly exploited in the manufac-
ture of reflective paint. 

 
Fig. 3: Diagram of backscattering by ice spheres. 

 
Fig. 4: Theoretical smoothed Mie normalized radar 
cross-section σ/πa2 as a function of a for ice spheres at 
the wavelength of 2.18 cm. Figure adapted from [6]. 

Geological interpretation: Fluvial erosion on Ti-
tan is likely to be similar to fluvial erosion on the Earth 
[10] and may be responsible for the roundish shape of 
the (icy) rocks. [11] also points out that the transport of 
coarse sediments (derived from Titan’s water ice crust) 
during overland flow events may be common on Titan. 
     Our interpretation of the channels enhanced reflec-
tivity is consistent with the observations made by the 
Huygens probe on its landing site which has been iden-
tified as a dry riverbed or a basin downhill from sev-
eral channel networks [12][13]. The Huygens probe 
provided images of a surface covered with rock-like 
objects ~5-15 cm large and composed of dirty water-
ice. Evidence of erosion at the base of these icy rocks 
also strongly suggest fluvial activity. 
     Discussion and future work: Huygens images 
suggest that icy boulders present on Titan surface are 
sometimes better described as oblate spheroids (cob-
bles) than as true spheres. Scattering from spheroids is 
still well described by the Mie theory when their size is 

on the order of the wavelength but generally departs 
from this theory when they are much larger [14]. How-
ever, since ice spheres can easily have a backscatter 
cross-section as high as 15 dB, which is much more 
than needed to explain radar observations, we can rea-
sonably assume that transparent oblate spheroids can 
also be responsible for the high radar cross-section 
measured. Some experiments even suggest that oblate 
ice spheroids can exhibit higher reflectivities than ice 
spheres for certain attitudes to the beam of radiation 
[15]. In a near future, we will investigate carefully the 
scattering efficiency of transparent large spheroids as a 
function of their size and degree of non-sphericity.  
      Constraining the channels environment might help 
in understanding other radar-bright areas of Titan. In 
particular, triangular radar-bright regions have been 
identified at the end of some channels. They may be 
alluvial fans strewn with icy cobbles or boulders trans-
ported by rivers. For instance, Leilah Fluctus (Fig. 5), 
in the vicinity of Ganesa Macula, appears clearly on 
the 3-D flyover of the digital topographic model of the 
stereo overlap area between Ta and T23 as an alluvial 
flow associated with bright channels coming out from 
the surrounding mountains [16]. 

 
Fig. 5: Leilah Fluctus observed during the Ta swath. 
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