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Observation of Titan by Cassini have provided in-
formations on its shape and gravity field [1, 2]. The
observed shape differs significantly from the hydro-
static equilibrium shape, while the gravity field does
not show significant departure form hydrostaticity.
These observations imply that the topography anoma-
lies are compensated by thickness and/or density vari-
ations. In order to assess the amplitude of these vari-
ations, we developped an interior structure model re-
producing simultaneously the gravity and topography
data. We compare our derived maps of ice shell thick-
ness and density with global mapping of surface fea-
tures compiled from radar, ISS and VIMS data, in or-
der to highlight any possible correlation.

1. Methods :

Figure 1: Titan’s internal structure. With
HS , HL, HH , and HC the variations respectively
above the surface (RS), the ice I base (RL), the ocean
base (RH), and the core radius (RC).

The interior of Titan (figure1), is assumed to be

composed of a rock-dominated core, a high pressure
ice, a liquid water ocean, an ice I shell [3, 4] and a crust
of clathrate [5]. The position of each interface can vary
laterally and these variations are determinated in or-
der to match both gravity and topography data. The
shape of each interface is determinated by the density
jump across the interface and the gravitational pertu-
bation induced by the other interfaces (external and in-
ternal). Various density contrasts and averaged layer
thicknesses are considered.

Alternatively to ice shell thickness variations,
Choukroun and Sotin [5] proposed that the regional
negative topography at Titan’s poles may be explained
by subsidence associated with substitution of methane
by ethane in a clathrate hydrate cap. In order to test
this hypothesis, we also computed a model including
a dense clathrate cap.

2. Outer shell thickness:
Figure 2 presents Titan’s topography and typicals
maps of ice shell thickness obtained for a set of pa-
rameters. The ice shell thickness is correlated with
topography: the shell thickness is thin at the poles and
thick at mid latitude. The maximum amplitude varia-
tions are of the order of 6 km. As shown in figure 2(c),
the effect due to the presence of an ethane clathrate cap
is not negligeable. As expected, the ice shell thickness
is reduced at the poles, but the thickness observed at
mid-latitude is increased. The ice shell variations can
then be used to constrain the dynamical model of Ti-
tan’s ice shell. For instance it may be related to the
tectonic surface features.

3. Correlations with surface fea-
tures
Several features on Titan surface are supposed to be
possibly from endogenic origin [6, 7]. A global map-
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ping of geo-morphological features on Titan is made
using Synthetic Aperture Radar (SAR), Visual and
Infra-red Mapping Spectrometer (VIMS) and Imaging
Science System (ISS) data from the Cassini spacecraft,
integrated into a GIS system. Our map of ice shell
thickness will then be compared with orientation and
distribution of the main geo-morphological features on
the surface to analyse the possible links between endo-
genic and exogenic processes. Future modelling will
include derivation of stress map associated with ice
shell thickness variations and comparison with surface
feature distribution.
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Figure 2: a) Titan’s topography. b) Ice I shell tick-
ness including surface (HS)and basal (HL) eleva-
tion variations for an average shell thickness of 100
km. c) Same parameters as b) with an additional 3
km thick polar cap of ethane clathrate. Those re-
sults were obtained for the following parameters: av-
erage thickness=100km, density jumps: clathrate/Low
water ice=100 kg.m−3, Low pressure ice/water =137
kg.m−3, water/High pressure ice=95 kg.m−3, High
pressure ice/Core=1940 kg.m−3 .
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