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Multiple gravity and radar altimetry flybys by the
Cassini-Huygens orbiter at Titan provided complemen-
tary constraints on the internal structure of that large
satellite [1, 2] . These measurements indicate that Titan
is mostly relaxed to hydrostatic equilibrium and is char-
acterized by a moment of inertia of about 0.34. Mitri et
al. [2] inferred from that observation that Titan is only
partially differentiated and that its rocky core is domi-
nated by hydrated silicates. Such a model, was predicted
by [3] who suggested that, following differentiation, Ti-
tan’s core was entirely made of antigorite and remained
so until present. However, as pointed out by [4], that
model does not take into account the consequences of
silicate dehydration when temperature reaches about 900
K. If a large part of the core is subject to dehydration,
the resulting density structure may not be consistent with
the constraints inferred from the gravity field and shape.
We explore possible evolution models for Titan’s core
for different initial conditions on the nature of its silicate
component, taking into account silicate dehydration.

Observational Constraints

Because of the size of a putative icy shell, up to 700 km
thick, it is necessary to properly model the effect of pres-
sure on the densities of water liquid and ice phases. Pres-
sures in Titan’s icy shell can reach 1.5 GPa, so that liq-
uid water density can reach 1.2 g/cm3 and could even
be larger if one assumes the presence of solutes. If Ti-
tan’s shell is entirely frozen, then the density increases
from 0.92 g/cm3 for outer ice Ih to 1.4 g/cm3 for ice VI
overlaying the core. Thus assuming an icy shell with a
uniform density of 0.9 g/cm3 as considered by [1] can
lead to an erroneously low theoretical moment of inertia.
For the core, we considered the presence of hydrated and
anhydrous silicates in various amounts and a range of
density for the hydrated silicate phase from 2.55 g/cm3

(Antigorite) to 2.9 g/cm3, and used the approach by [5]
to compute the density profile in the core.

The density structures that best match the mean mo-
ment of inertia require the core to have a radius between
2000 and 2200 km and the inner core of anhydrous sili-
cate to be smaller than 1300 km in radius. We also found
that the observed moment of inertia is consistent with the
presence of a metallic core, as long as the latter is smaller
than 500 km in radius. In order to narrow down the range
of possible core structures for Titan, we search for ther-
mal evolution models with different initial conditions on
the nature of the silicate assemblage.

Thermal Evolution

The idea that part of the silicate phase in icy satellites
could be hydrated was introduced by [6]. It was first ap-
plied to Titan by [7, 8], although these models did not
explore the impact of hydrated silicates thermophysical

properties on the long-term evolution of the core. Exper-
imental investigations of silicate hydration in the condi-
tions of large icy satellites were carried out by [5]. These
authors demonstrated that at the end of differentiation
most of the silicate in Ganymede could have been hy-
drated, on top of the hydrated silicate possibly supplied
by thermally processed planetesimals. Fortes et al. [3]
further assumed that all the silicate in Titan is composed
of antigorite. None of these models took into account
the dehydration of the silicates at temperatures that were
most likely reaches in the large cores of these objects.

We model the evolution of Titan ’s core following
the approach used by [9] for Ceres but updated with pa-
rameters relevant to Titan’s high pressures and a more
accurate representation of the silicate dehydration event.
Antigorite dehydration occurs in two stages with the pro-
duction of forsterite and talc and then of enstatite, ac-
companied by the release of water. Both reactions are
endothermic. They span a temperature range from 823
to 973 K at a pressure of 1.5 GPa and 743 to 873 K at
Titan’s core pressure.

For the present study, we assumed like [3] that the
core is made up of 100% antigorite. Adding lizardite and
chrysotile also increase the complexity of the problem as
they dissociate at lower temperature, by up to 70 K, with
respect to antigorite, but they are expected to represent
no more than 20% of the silicate volume. For the initial
concentration in long-lived radioisotopes, we choose a
mean chondritic composition. We also tested the conse-
quences of depleting the content of the hydrated silicate
in 40K and 238U as a result of leaching during aqueous
alteration. Potential implications of 40K leaching were
first explored by [7, 3] for Titan and [9] for Ceres.

Scott et al. [5] tested for convection onset in the core.
Grasset et al. [8] also predicted vigorous convection in
Titan’s core hydrated assemblage, but neither study ac-
counted for silicate dehydration. It is unlikely that con-
vection can start in mantles dominated by hydrated min-
erals before the dehydration temperature is achieved. Es-
pecially, it seems that antigorite begins dehydrating at
about 850 K while its viscosity is above ∼ 1021 Pa s [4]
although the viscoelastic properties of antigorite-rich as-
semblages are an ongoing matter of discussion [e.g., 10].
Also, Scott et al. [5] pointed out that tidal heating could
be significant in the hydrated silicate phase. Again, it
is not clear whether or not tidal heating could become a
significant heat source before the onset of silicate dehy-
dration.

Several representative models are presented in Fig. 1.
The first model (Fig. 1a) assumes that a fraction of the
core is made up of dry silicate, and that the silicate has
preserved its initial content in long-lived radioisotopes
(i.e., no leaching of potassium). The core temperature
reaches the silicate dehydration conditions for a radius
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of about 1700 km. Using a mean chondritic composition
in long-lived radioisotopes results in complete dehydra-
tion about 2.5 Gy after formation. This process may be
accelerated as a function of the specific heat of the min-
eralogical assemblage. On the other hand, dehydration
may happened on a longer timescale if the model takes
into account the possibility that part of the long-lived ra-
dioisotopes was leached as a result of hydrothermal cir-
culation (Fig. 1b.). We find it possible for the core to
remain mostly hydrated, provided that at least 20% of
the initial potassium content was leached from the rock.
Thus dehydration could be an ongoing process in Titan’s
core.
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Figure 1: Thermal evolution scenario for Titan’s core.
This evolution is independent of the evolution of the
icy shell that is not modeled in this study. Assumption
that Titan’s core is composed of 2%wt. anhydrous sil-
icate following differentiation; (a) assumes no leaching
of potassium from the silicate; (b) and assumes leaching
of 20% of potassium content as a result of hydrothermal
activity. HD: hydrated silicate; DS: dry silicate.

Implications

Its relatively large moment of inertia could indicate that
Titan’s core is partially differentiated. Models consis-
tent with both observations and thermal modeling im-
plies that a large part of the silicate is in the process of

dehydrating. This can be explained by the fact that dehy-
dration can be a very long process that spanning several
billion years. That timescale is a function of the thermal
properties of the hydrated silicate assemblage as well as
the amount of 40K leached as a result of hydrothermal
activity.

As silicate dehydration is very much energy-
consuming, it prevents extensive differentiation of a
metallic core. As a corollary, formation of a large metal-
lic core in Ganymede implies either a greater content in
anhydrous silicate after differentiation, or, most likely,
extra heat from tidal heating, which Titan is apparently
lacking [11].

The fate of the high-temperature water escaped from
the silicate as a result of dehydration also needs to be
modeled in details. Water may remain under pressure
leading to partial melting of the rock as observed in sub-
duction zones. If that partial melt can reach the surface,
then it should thermally perturb the high-pressure icy
layer, leading to local melting possibly associated with
hydration reactions with the silicate magma.

This modeling highlights the importance of better un-
derstanding hydrothermal activity in icy bodies. This re-
sult may have implication for all satellites that underwent
differentiation, such as Enceladus, Europa, Ganymede,
etc. Whether hydrated silicates were supplied by plan-
etesimals as a result of an early phase of 26Al decay heat
or later on during differentiation may have consequences
on the overall chemistry of the silicates and ocean with
potential implications for the astrobiological potential of
these objects.
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