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Introduction: Eolian dune fi elds found within Ti-
tan’s equatorial region between +30° latitude cover ap-
proximately 15-17% of the moon’s surface [1,2]. These 
dominantly linear dunes are similar in form, size, and 
radar refl ectivity to the large dunes of the Namib, Saha-
ran, Saudi Arabian, and Australian deserts [3, 4]. Terres-
trial dune patterns and their variation in width and spac-
ing are the surface expression of the inputs (sediment 
supply, wind velocities, and topography) controlling the 
formation and dynamics of the dunes [5, 9]. Analysis of 
parameters such as dune width and spacing has revealed 
important aspects of dune-forming processes, regional 
conditions and relative ages of geomorphic features for 
Earth [7], Mars [9] and Titan [8]. These studies help 
us better understand surface-atmosphere interactions, 
to potentially reveal sediment sources and further con-
strain sediment transport patterns [7, 8, 9, 10, 11].

Approach: Within Titan’s dune fi elds, initial stud-
ies of dune parameters utilizing a broad, global ap-
proach have shown that dunes are generally wider at 
low latitudes (with an infl ection point at 7° S) [2, 4, 
8, 12, 13] However, the evolution of dune width and 
spacing as material is transported in the migration di-
rection (west to east) through a given sand sea system 
is not as well understood on Titan [13]. Likewise, the 
relationship between dune width and spacing with re-
gional elevation and  local topographic obstacles is not 
well constrained. Using data gathered from Cassini’s 
Synthetic Aperture Radar (SAR), we analyzed the 
morphometric variation in dunes across one of Titan’s 
major sand seas, Belet. 

The Belet Sand Sea is located on Titan’s trailing 
hemisphere between -30° and 25° latitude and 65° and 
150° W longitude, and is in a topographically low ba-
sin approximately -600 m in elevation [15] (Fig. 1). [4] 
and [2] describe Belet as the largest sand sea on Titan 
with an estimated area of 3.3 + 0.6 million km2 and 
a sand volume of 610,000-1,270,000 km3, double the 
size of the combined Arabian sand seas on Earth. Com-
pared to other Titan sand seas, the dune forms in Belet 
are tightly spaced, exceptionally straight and long and 
have SAR-dark, sand-rich interdunes in the center of 
the sand sea [14, 3, 4]. 

Using a new method developed in ArcMap 10.3 we 
produced approximately 90,000 new width and spac-
ing measurements in Belet. We incorporated these new 
measurements with previously collected data across 
T21 and T8 in our analysis [2, 13].  The SARTopo and 
altimetry values are averaged into 100 km2 bins, ac-
cording to the approximate horizontal resolution  [19, 
22]  (Fig. 1). To allow for greater precision, we are cur-
rently only including  elevation data that overlaps with 
dune width and spacing measurements. 

Results and Discussion: In Belet, average dune 
widths are smallest at approximately 10° - 20° N lati-

tude and greatest at approximately 10° - 20° S latitude. 
This slightly diff ers from the previously established 
trends for a global correlation between dune width with 
latitude (Fig. 2) [2, 4, 8]. Dune widths also show an 
east-west trend over the Belet region with the larger 
widths located at approximately 100° - 110° E longi-
tude. The analysis of dune width as a function of ele-
vation shows almost no dependency (Fig. 3). Widths 
show a very weak dependence on distance from the 
sand sea margin (fi g. 4)  Dune patterns in Belet appear 
to vary as a function of either latitude, longitude, dis-
tance from the sand sea margin, or elevation. However, 

Fig. 1 The estimated maximum extent of the Belet Sand Sea 
is outlined in green [2]. SARTopo and altimetry data overlie 
SAR (Synthetic Aperture Radar) swaths with Imaging Science 
subsystem (ISS) basemap . The topographic data are mapped 
over the Belet region through T95, and are referenced to the 
geoid as characterized by [18]. The total number of data points 
(z = 443,650) is reduced to 8,586 after spatially-joining aver-
age values per 100 km2 bins, given that the horizontal reso-
lution is approximately 10 km [19, 22]. SAR data: T08 , 28 
Oct, 2005, T21 , 12 Dec, 2006, T49, 21 Dec, 2008, T61, 5 
Aug,  2009. 

Fig. 2 Dune width measurement locations across the Belet 
Sand Sea are shown in red  and the width values are plotted on 
the Z-axis. Y-axis is latitude. X-axis is longitude. The second 
order polynomial trends show the largest dune widths tend ap-
proximately toward the geographic center of the Belet region.  
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it is more likely the variation is due to some combina-
tion of these boundary conditions [9]. The box plot also 
demonstrates the variability in width distribution as a 
function of elevation. Notice that diff erent positive and 
negative trends exist for particular elevation intervals. 
This may be due to the infl uence of local topographic 
obstacles disrupting dune patterns on a relatively small-
er scale. Because dunes will sometimes fl ex around, or 
thin over obstacles, the impact of slope must also be 
considered (Fig. 5). 

Conclusions: New analyses of dune widths in the 
Belet Sand Sea corroborate the global correlation be-
tween decreasing dune width and latitude. Additional-
ly, we fi nd that variation in dune width and spacing is 
not only infl uenced by elevation at the regional scale, 
but it is also strongly infl uenced by the local scale and 
slope of topographic obstacles. Parametric analysis of 
dune paramaters provides valuable insight to under-

standing Titan’s surface and atmosphere, and how the 
interaction of these factors infl uence sand transport pat-
terns. We will continue mapping dune patterns across 
Belet and potential relationships with boundary condi-
tions such as elevation, geographic position, obstacle 
interaction, and distance from upwind/downwind mar-
gins to further characterize Titan’s sediment transport 
system. 
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Fig. 3 The dune width and spacing distributions for the Belet 
Sand Sea are plotted as a function of elevation (bin size = 35 
m). Linear regression is derived from the width and spacing 
means. The nearly non-existent trends over the dataset indi-
cate that more localized factors such as shorter wavelength 
topography are more eff ective in forming dune patterns  com-
pared to large scale changes in elevation [15]. 

Fig. 5 Left: Radar dark dunes are diverted around the bright 
topographic obstacles as the dunes migrate from west to east. 
The variation in dune width measured around the obstacle 
suggest a dependence on distance and/or relative position to 
topographic obstacles. Right:  SARTopo profi le overlaid on 
SAR imagery. The data contained in the red circle illustrate 
how dunes can thin and become more widely spaced when 
interacting with elevated terrain. This phenomena may be ex-
plained by the elevated feature inducing compression and ac-
celeration of wind fl ow and consequently an increased trans-
port capacity and a net loss of material [4].
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Fig. 4 Dune widths across the Belet Sand Sea plotted as a 
function of distance from the nearest sand sea margin. Dune 
widths tend to increase slightly with increasing distance from 
the margins. 
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