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Introduction: Titan’s labyrinths have been first de-

tected in the Cassini RADAR SAR images in 2007, 

when the spacecraft flew over the Sikun Labyrinthus re-

gion during the T39 flyby (Figure 1). They consist in 

sets of complex valleys that range from polygonal to lin-

ear features with morphological similarities with terres-

trial karst lanforms [1]. These similarities as well as nu-

merical calculation of the solubility of Titan’s solids in 

the liquids [2], led to the conclusion that dissolution 

must somehow drive the landscape evolution in the ar-

eas, mostly located close to the poles [3]. In this work, 

and following our previous study [6], we are testing the 

dissolution hypothesis by comparing the natural land-

scapes visible in the Cassini RADAR SAR images, with 

the results of a 3D Landscape Evolution Model (LEM) 

that includes dissolution as the major geological pro-

cess, coupled to a SAR image simulator.  

 

 
Figure 1: Sikun-Ecaz-Tupile labyrinth area as seen 

from the T39 Cassini RADAR SAR data. 

 

Landscape simulations: We based our approach on 

the Channel-Hillslope Integrated Landscape Develop-

ment (CHILD) Landscape Evolution Model (LEM) de-

veloped by Tucker et al. [4]. This model was modified 

by Fleurant et al. [5] to include dissolution in the land-

scape formation.  

The intial mesh is set as a planar surface covered by 

a 100.0 ±0.1 m organic layer with a 100 m spatial reso-

lution over a 40×40 km area. We perform simulations 

by varying a dissolution rate, a hillslope diffusion rate, 

a sink spatial density (designed to simulate pre-existing 

fracturation network), or the slope of the mesh.  

The values of the dissolution and diffusion parame-

ters are adapted to the Titan case. Reference dissolution 

rates are based on those computed for solids in pure liq-

uid methane rains by Cornet et al. [2], with a variation 

to also allow lower dissolution rates to explore the pa-

rameter space. The hillslope transport coefficients are 

modified from terrestrial values to reflect the longer 

timesteps (driven by longer seasons to be modelled on 

Titan).  

The input precipitation scheme is extracted from the 

climate simulations over a Titan year published in Liu 

and Schneider [7]. The stochastic description of rain-

falls as implemented in the CHILD model [4] to allow 

for some variability in intensity without affecting the 

seasonality. The landscape simulations are carried out 

over 10 MTyr, equivalent to ~300 Myr on Earth.  

 

SAR image simulations: Cassini/RADAR SAR 

images are the only high resolution imagery data avail-

able, where labyrinths are resolved (Figure 1). We com-

pute synthetic SAR images based on the Digital Eleva-

tion Models (DEMs) generated with the landscape evo-

lution model. The radar backscatter simulations are 

based the procedure described in Paillou et al. [8], 

adapted to generate 2D images. For each simulated 

landscape, we therefore build a topography-SAR image 

pair based on the GOM model and the characteristics of 

the Cassini RADAR (f=13.78 GHz, =2.18 cm), the di-

electric properties of tholins [8], and the orbital config-

uration during the Cassini T39 flyby (look angle and al-

titude). Volume scattering is currently not included. The 

approach has been validated on a test case on Earth 

(Cockpit Country in Jamaica).  

 

Results: Figure 1 shows the output of 3 simulations 

performed using a dissolution coefficient of 10-6 

(roughly one order of magnitude lower than organics in 

pure liquid methane [2]), a hillslope transport coeffi-

cient of 10-2 m/Tyr and 10 sinks per axis.  The top sim-

ulations are presented after 5 MTyr, and the bottom sim-

ulation corresponds to 10 MTyr. Even without invoking 

mechanical erosion, it appears that oriented features can 

develop over sloped surfaces thanks to the circulation of 

fluids over a soluble substratum, while a flat substratum 

do not show particular orientation of the valleys/ridges, 

as expected. The absence of preferential orientation 

seems in agreement with the morphologies observed in 
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the polygonal to residual labyrinths (Figure 1), espe-

cially if the landscape has been exposed to several mil-

lions of years of chemical erosion (e.g. 10 MTyr case). 

This allows the radar facets to be spaced by a few kilo-

meters, as observed for the polygonal and isolated 

ridges on Figure 1. Interestingly, the simulations also 

indicate that residual hills of only a few tens of meters 

in height (here ~20 m-high) are able to generate radar 

patterns similar to what is observed on Sikun Labyrin-

thus. This could indicate that a surface organic layer un-

dergoing dissolution (if present on Titan) would perhaps 

not be thicker than a few tens of meters in some areas 

on Titan, regardless of the global elevation of the terrain 

(e.g. ~300 m above the plains for the labyrinths).  

 

Conclusions: Our model produces digital elevation 

models of landscapes formed by dissolution and 

hillslope diffusion under Titan’s surface conditions and 

timescales. These simulations are used to compute syn-

thetic Cassini SAR images of the surface. These images 

are then compared with the actual Cassini/RADAR 

SAR images of Titan over the labyrinths. Preliminary 

comparisons show similarities between simulated and 

actual Cassini SAR images. Further work will include 

the statistical analysis of the modelled landscapes in or-

der to infer possible quantitative information about Ti-

tan’s high latitude terrain.  
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Figure 2: Exanples of three simulated landscapes and their associated synthetic Cassini SAR images (illumination 

from the left) with the same landscape parameters. The topography shown corresponds to the central portion of the 

simulated DEM while the SAR images represent SAR simulations over the entire DEMs (40x40 km). Top panel: 

influence of an initial slope, which leads to the development of linear. Middle panel: simulation with a flat surface, 

where randomly oriented ridges and valleys develop. Bottom panel: previous simulation after 10 MTyr.  
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