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Introduction: Sand dune patterns cover a significant 

portion (~20%) of Titan’s equatorial regions [1,2] and pro-
vide a robust record of Titan’s surface climate and environ-
ment.  Studies focused on these dune fields have character-
ized dune morphologies, how the morphologies vary spatial-
ly and how the dunes interact with local topography [1,2]. 
These studies provide a foundation for interpreting Titan’s 
equatorial dune-forming wind regime and sediment supply 
[1-3] and have highlighted a number of outstanding questions 
related to the timing of the dune-forming winds. What dura-
tion of winds are needed 
to change Titan’s dune 
patterns? Could Titan’s 
dune field patterns be in 
equilibrium with long-
term (Milankovitch) cy-
cling of surface winds? 
Do observed dune mor-
phologies show evidence 
for a changing environ-
ment? We use the con-
cept of dune reconstitu-
tion time, which is the 
time needed to reorient a 
dune crestline [4], to 
explore these questions 
and investigate the time-
scales needed to generate 
and modify Titan’s dune 
patterns.   
 
Dune reconstitution time 
depends on both the dura-
tion/strength of a wind 
flow from a given wind 
direction and the size of a 
dune. All else being 
equal, the largest dunes 
with longest crestlines 
require longer duration 
flows to reorient.  Appli-
cation of this concept 
means that changes in 
wind direction, cyclic or 
permanent, that are short-
er in duration than the 
time needed to reorient 
Titan’s largest dunes 
(e.g., one component of a 
bi-model wind system), 
will not be reflected in orientation of the largest dunes, but 
may be recognized in small dunes, which reconstitute over 
shorter timescales.  Here we make new measurements of 
Titan’s sand dunes at a wide range of spatial scales, use these 
measurements in a simple model of dune reorientation [5] 

and calculate time scales required to reorient a range of dune 
sizes on Titan. In addition, we make new observations of 
dune morphologies that indicate a change in the dune form-
ing winds. These dunes occur in regions where sediment 
availability is limited possibly due to the presence of a damp 
surface or deflationary lag.   

 
Methods: We use Cassini Radar data in a GIS envi-

ronment to identify different dune-field patterns and dune 
morphologies, digitize dune crestlines and extract measure-

ments of the dune-field 
pattern parameters - crest 
length, crest spacing and 
crest orientation for sta-
tistical analysis and in-
corporation into the [5] 
model of dune reorienta-
tion times. Crest length 
and crest spacing in Ti-
tan’s dune fields are re-
lated through a power 
law relationship with a 
similar slope to dune 
field patterns observed on 
Earth and Mars (Figure 
2), validating the use of a 
geometric model to pre-
dict their evolution.  The 
geometric model of [5] 
predicts the reorientation 
timescale of an out-of-
equilibrium crestline to 
reorient to a new steady 
state orientation at a rate 
that is a function of (1) 
the crestline length taken 
as defect density (ρ), 
ρ = N/L where L is total 
crestline length and N is 
the number of defect 
pairs, (2) defect migra-
tion rate and (3) the an-
gular difference between 
the out-of-equilibrium 
crestline and steady-state 
orientation. We directly 
measure crestline length 
(i.e., defect density) as an 
input for the model, use 

[6] estimate of 1 m/yr as a maximum defect migration rate 
and explore a range of deviations from steady state to con-
strain possible timescales over which the range of dune sizes 
in Titan’s dune fields may change. 
 

Results/Discussion: 

Figure 1: Types of reoriented crestlines from each dune field. 
White arrows highlight features in each panel. (A) Standard 
SAR data showing star dune. (B) De-noise SAR data showing 
same star dune as in A. (C) and (F) show barchans dunes 
with elongate southern horns indicating the influence of a 
second wind. (D) Star dunes forming in sediment supply lim-
ited areas. Note star dune arms adjacent to upper right white 
arrow within the subpanel extending into a bright area in-
terpreted as a damp or deflationary availability limited sur-
face. (E) Barchanoid and reoriented crestlines.  
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Dune morphologies of a bi- or mulit- modal wind re-
gime.  
Analysis of Cassini Radar imagery reveals dune-field pat-
terns with long, continuous crestlines, those with shorter, 
broken crestlines and those with highly broken, discontinu-
ous crestlines and an overall patchy appearance.  A range of 
dune morphologies exist within each of these pattern types 
that indicate either a cyclic or permanent change in the wind 
regime.  Within the degraded and patchy dune patterns these 
dune morphologies include elongate horns of barchans dunes 
and the intersecting crestlines of star dunes (Fig. 1).  Barchan 
dunes with elongate horns are recognized as forming in a bi 
or mulit- modal wind regime where sand availability is low 
[7,8]. Star dunes, or dunes with crestlines that intersect at 
nearly 90 degrees, are well recognized as forming under a bi 
or multi- modal wind regime [9]. Within the degraded and 
continuous patterns, reoriented portions of linear dune crest-
lines are visible (Fig. 1).   
 
Availability limited surfaces. The degraded and patchy 
dune-field patterns and the barchan and star dunes typically 
occur where long, continuous crestlines become broken or 
segmented.   We interpret the degradation of the pattern as 
the result of a change in the surface conditions from 
transport-limited to availability-limited because of deflation 
to or a relative rise in a damp surface or coarse lag surface 
(Fig. 1D and 1F).  Evidence supporting this interpretation 
arises from the maintenance of wide crest spacing within the 
degraded zones that is the same as the crest spacing of the 
long, continuous dunes, but a degradation of the crestline 
length (Fig 2).  In other words, the spacing of the original, 
continuous crestline pattern is maintained, but crestlines are 
broken as sand is lost from the primary dune.  The barchans 
and star dune patterns arise within these availability-limited 
areas because the crestlines are shorter and respond to either 
a cyclic component of a bi- or multi- modal wind or an over-
all shift in the wind regime.    
 
Timescales of dune reorientation. Our new observations 
provide the foundation for determining the timescales of 
dune-forming winds because the wind must have been suffi-
ciently different from the formative winds of the primary 
dune pattern for a minimum amount of time to reconstitute 
the shorter crestlines into a different orientation. We explore 
the possible timescales for the dune forming winds using our 
measured crestline lengths and a model of dune pattern reori-
entation by [5] (Fig. 2). Model results indicate that Titan’s 
longitudinal dune patterns may be formed with a bi-modal 
wind that has a duty- cycle between seasonal and ~106 Earth 
years, illuminating the possibility that the dune patterns pro-
vide a deep time record of Titan’s climate and surface pro-
cesses. This result is consistent with terrestrial studies of 
dune-climate interactions, which show that Earth’s largest 
dune fields host multiple generations of dune patterns that 
represent cycling of long-term climate patterns [10-12]. 
 

Conclusions: We identify new dune types on Titan that 
demonstrate the presence of a wind regime with a least two 
directionally varying components that is either part of a cy-
clic change in the winds that may vary from seasonal to tens 
of thousands of years or as part of a permanent change in 

Titan’s surface winds.  The presence barchans with elongate 
horns and star dunes precludes the need for alternative modes 
linear dune development such as crestline elongation because 
of sticky grains in a unidirectional wind as proposed by [3].  
We find these new dune types within areas of the dune field 
where the primary linear dune pattern is degraded and inter-
pret this broken pattern as a change in sediment availability 
because of deflation to or a relative rise in a damp surface or 
deflation to a lag surface.  
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Figure 2:	  Relationship between dune crestline de-
fect density and spacing spanning several orders 
of magnitude. Note that areas of Titan’s dune 
fields in which the pattern is isolated (patchy) (Fig. 
4A) or degraded (Fig. 4B)  plot away from the 
trend line with a spacing that is greater than the 
anticipated defect density, indicating they are out 
of equilibrium with their formative environment 
[13]. 
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