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Introduction:  Dune fields are abundant on both 

Earth and Titan. They represent the results of major, 
global atmospheric and surface processes. A detailed 
geomorphologic study of these features can reveal im-
portant relationships and processes and illuminate the 
evolution history of the surface. Titan is a unique and 
useful place for studying dunes on a large scale. Nearly 
all dunes on Titan are linear in form and are located in 
large dune fields that cover nearly 15% of Titan’s sur-
face [1,2,3]. Many of these dune fields stretch across 
several hundred to over a thousand kilometers and to-
gether span nearly the entire equatorial region, in many 
places reaching to ±30º [1,2,3,4]. Statistical studies of 
certain dune parameters, such as dune width, crest 
spacing and length, termed pattern analysis, has led to 
recent important inferences about the history of dune 
fields on Earth and Mars [5,6]. Such things as the 
number of dune-forming events, relative duration of 
stable dune-building conditions and relative age of 
dunes have all been determined with statistical pattern 
analysis [5,6]. Presented here are the results and con-
clusions from a detailed geomorphological study and 
statistical pattern analysis of Titan’s linear dunes. 

Methods: Measurements were made of several as-
pects of dune morphologies, including dune width, 
crest-to-crest spacing, crest length and global dune 
locations, using the USGS program ISIS. Width and 
spacing measurements along individual dunes imaged 
in several radar swaths (namely T25, T23, T21, T28, 
T44 and T48) were made at approximately 5 km inter-
vals.  Widths were measured from one light/dark boun-
dary to the next across radar-dark areas perpendicular 
to the long axis of the dunes. Because Cassini RADAR 
image resolution is often insufficient (~300 m) to see 
individual dune crests, crest-to-crest dune spacing was 
approximated by adding the average dune width for a 
particular degree of latitude to the average interdune 
spacing for that same degree of latitude. Crest lengths 
used in this study were gathered previously by Lorenz 
and Radebaugh [7]. Altogether, nearly 6,000 dunes 
were measured. 

The method for statistical analysis of dune-field pa-
rameters and population identification used in this 
study were adapted from a similar study on terrestrial 
dunes by Ewing et al [5]. 

Results and Discussion: Parameter Trends. Figure 
1 shows the trends of the average width and crest spac-
ing of all dunes measured per degree latitude. Though 
the fit of the data to lines with slope -29 and -22 re-
spectively is not particularly tight for either parameter 

(width R2 = 0.26, spacing R2 = 0.40), both plots clearly 
show negative correlation with latitude increasing to 
the north. This decrease in dune size and spacing with 
latitude may have many causes including stabilization 
by liquids [8,3] and differing construction times [5]. 

 
Figure 1 – Average dune widths and spacings for all 
measured dunes on Titan 
 

The north polar region of Titan is dotted with lakes 
filled with liquid methane [9]. While most of these 
bodies of liquid are located far to the north of the 
dunes measured for this study, it might be possible that 
the effects of a moist climate are felt by the northern 
dunes, resulting in decreased mobility. Since the south-
ern hemisphere is exiting summer, a seasonally dryer 
climate could have resulted in increased sediment mo-
bility allowing those dunes to grow larger than those in 
the north [10]. If the differences in dune widths are 
seen by Cassini to persist throughout the change to 
northern summer, it can be inferred the northern cli-
mate is persistently wetter than the south, consistent 
with the duration of the northern winter compared to 
the southern [11], or that the cause of the dune spacing 
is unrelated to humidity. 

Differences in construction time may also be an 
important factor in the variation in dune 
widths/spacings with latitude. Ewing et al [5] point out 
that both increased dune size and spacing are characte-
ristics of more mature dune fields; that is, they have 
been in place in current wind and sand supply condi-
tions for a long time. If this is the case it would imply 
that favorable conditions for dune building began in the 
southern hemisphere and have gradually swept north. 

Statistical analysis. Cumulative probability plots 
are used to identify populations based on the principle 
that given a certain set of dune-forming conditions, a 
single population of dunes will emerge characterized 
by a unique set of parameters (i.e. dune width, spacing, 
etc.) each with a unique set of statistics. A single popu-
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lation is represented by a straight line on a lognormal 
plot of cumulative probability of width or spacing. If 
conditions are altered a new population will emerge 
indicated on the cumulative probability plots by inflec-
tion points or breaks in the data. The linear dunes of  
the Agneitir Sand Sea in Mauritania, for example, are 
composed of three superimposed sets of linear dunes of 
different ages and sizes, each constituting a unique 
population [5,12] (Fig. 2). Titan’s linear dunes visible 
at Cassini RADAR resolutions would correspond in 
size to the largest two populations of the Mauritanian 
dunes. The three populations of the Mauritanian dunes 
are evidence that dune-forming conditions have 
changed at least twice since the original dune-building 
episodes [12]. Cumulative probability plots constructed 
from Titan’s dune parameters display no such inflec-
tion points or breaks in the data (Fig. 3). 

If there had been a change in dune-forming condi-
tions on Titan, significant enough to begin realigning 
the existing dunes, we would expect to see this read-
justment or realignment recorded in the dune popula-
tions like in the Agneitir; however, this is not the case. 

 

 
Figure 2 - Cum. probability plot of linear sand 

dunes in the Agneitir Sand Sea [5].  
 
The lack of breaks or inflection points in the data 

seem to suggest that, on the largest scales, Titan’s 
dunes belong to a single population. That there is only 
one population moon-wide indicates a number of pos-
sibilities about Titan’s climate history, the first that 
there has only ever been a single period of dune build-
ing on Titan. The second possibility is that there have 
been multiple periods of dune building that produced 
different populations of dunes, but the current period 
has been active long enough to completely erase any 
evidence of those periods, or they are small enough 
that they are not visible to Cassini RADAR.  

Single populations of dunes are not unheard of on 
Earth [5]. What is unusual and perhaps unique about 

Titan’s large linear dunes is that they do not show mul-
tiple populations of superimposed or flanking dunes 
like analogous terrestrial dunes in the Namib, Agneitir 
and eastern Saharan sand seas [5]. Scatterometry mea-
surements of dunes and interdunes also do not show 
evidence for flanking or superposed dunes [3] 

 
Figure 3 – Cumulative probability plot of crest spac-
ings for all dunes measured on Titan.  
 

Conclusions: Both width and spacing of dunes on 
Titan decrease with northward increasing latitude. This 
trend is consistent with, but certainly not limited to, 
increased dune sediment stabilization and/or shorter 
construction times with latitude increasing to the north. 
Though higher-resolution images and larger sample 
size may eventually reveal another story, it is apparent 
that the nearly 6,000 dunes measured at different loca-
tions across Titan at sizes of 1 km and greater comprise 
a single population on Titan. This suggests that, unlike 
analogous dunes in the Namib and Agneitir sand seas, 
dune-forming conditions currently on Titan are either 
the only dune-friendly conditions in the moon’s histo-
ry, or the current conditions have been stable and ac-
tive long enough to erase any evidence of past condi-
tions.  
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