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Introduction: Dune fields on Titan are suffi-

ciently abundant, covering ~15% of the surface ±30° 

of the equator [1,2], that they represent the results of 

major, global atmospheric and surface processes on 

Titan. Thus, a detailed analysis of these features will 

illuminate important relationships and processes and 

will raise questions about dune-forming mechanics 

and history. Using pattern analysis of certain dune-

field parameters, including crest-to-crest spacing and 

width, as has been done in terrestrial dune studies [3], 

it is possible to make preliminary inferences about the 

history of Titan’s dunes. Parameter analysis  reveals 

different dune populations, number of dune forming 

events, relative duration of stable dune building con-

ditions and approximate age [3]. Studies of these pa-

rameters and comparison to Earth-bound studies re-

veal similarities to Earth’s linear dunes, including 

width and spacing trends. However, unlike other ter-

restrial dune fields, Titan’s dunes only represent a 

single population over much of the satellite.   

Methods: Dunes appear dark to Cassini’s 2.17 

cm Synthetic Aperture RADAR (SAR) because of 

absorptions by the dune-forming particles, while in-

terdune areas are bright due to scattering by fractured, 

mostly water-ice bedrock. We measured several as-

pects of dune morphologies using the USGS program 

ISIS, including dune widths, crest-to-crest dune spac-

ing and global dune locations. Width and spacing 

measurements along individual dunes on several radar 

swaths (namely T25, T23, T21, and T28) were made 

at approximately 5 km intervals (suitably closely 

spaced, as corroborated by test measurements at 1.76 

and 0.8 km intervals). Since most dunes are many 

times longer than 5 km, this frequency ensures mul-

tiple coverage across individual dunes. Widths were 

measured from one light/dark boundary to the next 

across radar-dark areas perpendicular to the long axis 

of the dunes. A similar measurement scheme was 

used to measure interdune spacing across light areas 

perpendicular to the dune long axis. Crest-to-crest 

dune spacing was approximated by adding the aver-

age dune width for a particular area, in this case the 

average dune width for each degree of latitude, to the 

interdune spacing. This method was used because 

Cassini RADAR image resolution is not good enough 

(~300 m) to see individual dune crests. 

Comparisons of dune width and spacing have 

been used in terrestrial dune pattern analyses to iden-

tify different dune populations. We applied these 

comparisons to our Titan dune data and compared the 

results with previously completed terrestrial dune 

studies [4,5].  

Results and Discussion: There is a general in-

creasing trend between spacing and width of dunes on 

Titan, graphed as 38 data points representing mean 

width and spacing measurements of thousands of li-

near dunes measured in the equatorial leading hemis-

phere (radar swaths T21, T23, T25; Fig. 1). This 

trend is similar to that seen in 34 data points 

representing mean width and spacing measurements 

of linear dunes from around the Earth [4,5,6] (Fig. 1). 

All of these data fit a trendline of slope 0.50 with R
2
 

value of 0.75 (Fig. 1). The mean width of all dunes 

measured for this study is approximately 1 km, which 

corresponds with the mean width of linear dunes 

found in the Namib sand sea [4].  

 

 
Figure 1 – comparison of widths and spacing of 

linear dunes from around the world and on Titan 

 

The good correlation between Earth-bound and 

Titan’s linear dune spacings and widths strengthens 

the idea that Earth’s dunes may be used as a proxy for 

study of Titan’s dunes, and enables us to compare this 

work with studies already conducted [3,4,5,6].  

A study of physical parameters of various dunes 

on Earth, including linear dunes in the Namib sand 

sea (a reasonable terrestrial analogue for Titan’s li-

near dunes [1,7]), includes identification of different 

populations of dunes within the same dune field. 

These are highlighted as inflection points on cumula-

tive probability  curves (Fig. 2a) [3]. No inflection 

points or discontinuities are visible in cumulative 

probability curves of spacing and width of Titan’s 

dunes (Fig. 2b), indicating there is only one popula-

tion of linear dunes on the satellite.   
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Figure 2a- Cum. probability curve of linear sand 

dunes in Namibia. Notice that populations are sepa-

rated by inflection points or breaks in the data. 

 
Figure 2b – Cum. probability curve of linear dunes 

on Titan. There are no breaks or inflection points in 

the data indicating a single population. 

 

Discussion and implications: The lack of breaks 

or inflection points in the cumulative probability 

curves for Titan indicate that, at least on a large scale, 

there is only one population of linear dunes. We do 

not have the image resolution to see such features as 

superimposed forms, which are separated by the in-

flection point between populations A and B (Fig. 2a) 

[3]. Even so, a single population of large dunes, 

moon-wide, indicates at least two possibilities about 

Titan’s climate history. First, there has only been one 

period where conditions were such that linear dunes 

could be constructed. The second possibility is that if 

there were other dune-forming periods in the past 

with different wind or sediment conditions, the cur-

rent conditions have been present long enough to 

completely erase any evidence of the previous condi-

tions or older dunes.  

In comparison, the Agneitir Sand Sea in Mauri-

tania is composed of three sets of linear dunes of dif-

ferent ages and sizes superimposed on top of each 

other (Titan’s linear dunes visible at RADAR resolu-

tions correspond in size to two of the three popula-

tions of linear dunes in the Agneitir). These three sets 

of dunes are evidence that conditions have shifted 

over time, but without the severity or duration re-

quired to erase evidence of past conditions. If condi-

tions on Titan have changed relatively recently, we 

might expect to see the readjustment recorded in the 

dune populations like in the Agneitir, but this isn’t the 

case in the dunes measured for this study. 

Conclusions: Titan’s dunes are remarkably simi-

lar, even on a detailed pattern level, to many linear 

dunes found on Earth. They have similar mean widths 

for the areas studied and follow the same trend of 

increasing width with spacing. Cumulative probability 

curves show that, unlike the terrestrial dunes ob-

served for this study, Titan’s dunes are comprised of 

a single population of linear dunes. This result reveals 

that the dune-forming conditions currently on Titan’s 

surface are either the only conditions in Titan’s histo-

ry suitable for making dunes, or if there were other 

climatically different periods of dune formation, evi-

dence of these has been completely erased by the 

current conditions. 
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