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Abstract

We develop a numerical tool which couples satellite
thermal and orbital evolution. The thermal evolution
is based on 1D conductive code while the orbital evo-
lution uses an N-body approach. As a first example we
study the evolution of Enceladus and Dione. Our pre-
liminary results show that their eccentricity evolution
is different from a case using constant tidal parame-
ters.

1. Introduction

With few exceptions, the thermal and orbital evolu-
tion of Saturn’s icy satellite have been studied as sep-
arate problems. On the one hand thermal evolution
studies do not take into account aspects of long-term
orbital evolution such as resonance crossings [1, 7],
while on the other hand orbital evolution studies gen-
erally assume constant tidal parameters [6, 10]. One
exception is an analytical study of Enceladus’ coupled
thermal-orbital evolution [6]; several studies of the
Galilean satellites have included thermal-orbital feed-
backs [8, 3].

The multiple orbital resonances present among the
saturnian satellites suggest that their orbital param-
eters and so the tidal dissipation have evolved over
time. Similarly, the non-steady-state heat production
at Enceladus suggests its eccentricity has evolved [4].
We are currently developing a coupled simulation of
satellite thermal and orbital evolution. As a prelim-
inary work we study the evolution of two saturnian
satellites: Enceladus and Dione.

2. Model

The thermal evolution of the satellite is determined in
a spherical geometry and the energy equation is solved
radially (1D code) with a predictor-corrector method.
The numerical domain extends from the center to the
surface with a resolution of few kilometers. For dif-
ferentiated bodies (as we assume here), the heat con-

ducted out of the silicate core may result in melting of
the overlying ice. We track the subsequent evolution of
any subsurface evolution, assuming that the heat com-
ing out from the core is instantaneously transmitted to
the base of the ice shell.

Two different viscoelastic linear rheologies are consid-
ered in order to compute the love number k5 and the
dissipation factor @): (i) a Maxwell model and a Burg-
ers model. ko and () are then transmitted to the orbital
evolution code.

The detail of our orbital model has been published
in the appendix of [10]. The core of the orbital code
is a variable-order Bulirsch-Stoer integrator. Saturn
and the satellites are treated as point masses with cor-
rections from tidal and rotational deformation. Secu-
lar interactions among the satellites are automatically
handled using the N-body approach. Tidally-deformed
planet/satellites are modeled as ellipsoidal bodies and
their potentials are expanded out to the fifth-order in
R/r, where R is the radius of the tidal-raising body,
and 7 is the separation between Saturn and the satel-
lite. The strength of tidal deformation is parametrized
by two quantities: the tidal quality factor (), and the
second degree Love number ky. Because these two
quantities are both controlled by the satellite’s internal
structure, the thermal and orbital evolution are hence
coupled.

3. Results

As a first example we chose to study the coupling be-
tween Enceladus and Dione. Their coupling has al-
ready been studied by previous works [5, 6, 10] mak-
ing our results easier to compare. As long as we study
the resonance with constant tidal parameters the start
time of the simulation doesn’t matter. But the internal
structure (and thus the tidal parameters) of Dione and
Enceladus differ significantly depending on whether
we begin during the first tens of millions year of their
evolution or in the last billion years. For our prelimi-
nary simulation, we use initial parameters in our ther-
mal model such that the tidal parameters will evolve



0.007
0.0065]
0.008
00066
0.005
0.0045
0.004
0.0035]
0003
0.0025
0.002

0.001:
a0

0.03

0.028

50 100

150 200 260 300 50 100 160 200 250
Time (Myr) Time (Myr)

Figure 1: Enceladus-Dione eccentricity and k2 /Q evolution. a) k2 /@ for simulations coupling thermal and orbital evolution.
Values used in the constant case are also plotted. b) and c) Eccentricity evolution for Dione and Enceladus (respectively ep and
ep) using constant k2 /@ shown on a). d) and e) Eccentricity evolution for Dione and Enceladus with k2 /@ consistent with

thermal evolution.

in few tens of millions years. Thus an initial tempera-
ture profile of 200 K was assumed, and we begin our
simulation 5 Myr after CAI (Calcium-Aluminum rich
inclusion) formation. Each body is assumed to be dif-
ferentiated into a silicate core and icy mantle. Density
and radius are following [9].

Figure 1 shows the evolution of k5 /() and the eccen-
tricity for this preliminary simulation coupling thermal
and orbital evolution. Figure la shows that ko /@ for
Enceladus decreases as it cools, while for Dione ko /Q
remains more constant, owing to Dione’s greater ra-
dius and higher silicate mass fraction. Figures 1b and
1c show the eccentricity evolution of Dione and Ence-
ladus with constant ko /@ and reproduce very well the
results from [10]. Figures 1d and le show the same
evolution with a time-variable ks /Q (Figure 1a). The
eccentricity evolution is totally different for both bod-
ies. The two orbits encounter the ep resonance (see
[10] for further details) at ~ 25 Myr as their ks /Q val-
ues are not so different from the values used in the con-
stant case. But after ~ 70 Myr as Enceladus cools its
k2/@Q decreases and the eccentricity evolution changes
radically so that later resonances are not encountered.

4. Summary and Conclusions

Our preliminary results show that satellite orbital and
thermal evolution should be studied together in order
to better understand their evolution.
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