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Abstract

Mercury’s spin axis nearly occupies an equilibrium
state in which the orbit normal and spin axis precess
together with a long period of about 300 000 years.
We develop a Cassini state model for the equilibrium
orientation of the spin axis of Mercury’s mantle that
takes into account all the effects of pericenter preces-
sion, tidal deformations, and couplings between inter-
nal layers, including dissipative core-mantle boundary
viscous coupling. Such an extended model will be use-
ful for the interpretation of future BepiColombo rota-
tion measurements.

1. Introduction

Mercury’s spin axis nearly occupies the Cassini state
1, in which the orbit normal and spin axis precess
together with a long period of about 300 000 years.
Mercury slightly deviates from that state which is de-
fined for a uniformly precessing rigid planet. The
slow precession of the pericenter (period of about 127
000 years) induce variations in obliquity and deviation
from the coplanarity between the spin axis, the normal
to the orbit and the normal to the Laplace plane, while
the short-periodic tidal deformations induce a constant
shift over time in mean obliquity and deviation [2].
Measurements of tides [5, 10] and of the longitu-
dinal librations at a period of 88 days [3, 4] indicate
that the core of Mercury is at least partially liquid, de-
coupling the solid mantle and crust from the interior.
Peale et al. (2014, 2016) have shown that the inter-
nal torques resulting from the presence of a fluid outer
core and a solid inner core might increase the equilib-
rium obliquity and lead to an overestimate of the polar
moment of inertia from the measured obliquity [6, 7].
Here, we develop a Cassini state model for the equi-
librium orientation of the mantle spin axis that takes
into account all the effects of pericenter precession,
tidal deformations, conservative torques related to the
presence of an outer fluid core and of an inner solid

core, dissipative core-mantle boundary viscous cou-
pling.

2. Methodology

We consider three-layer interior models with a silicate
shell (consisting of mantle and crust), a liquid outer
core and a solid inner core. Those models are con-
strained by the mass, radius, second-degree gravity
field coefficients and libration amplitude [9].

We express the spin axis motion in a frame based
on the Laplace plane [1]. We take into account the
solar gravitational torque exerted on each layer, the in-
ternal gravitational torques between the internal layers
and the pressure torques as well as the dissipative vis-
cous torques exerted at the interfaces. We include the
effect of tidal periodic deformations and of pericenter
precession on each layer, by generalizing the develop-
ments for a solid Mercury [2].

We use the extended Cassini state model to rein-
terpret recent determination of Mercury’s orientation
(e.g. Stark et al. 2015 [8]) in terms of parameters of
Mercury’s interior, particularly the polar moment of
inertia and the tidal quality factor, and evaluate po-
tential improvements with future data by the Bepi-
Colombo mission.

Acknowledgements

The research leading to these results has received
funding from the Belgian PRODEX program managed
by the European Space Agency in collaboration with
the Belgian Federal Science Policy Office.

References

[1] Baland, R.-M., Yseboodt, M., Van Hoolst, T., 2016. The
obliquity of Enceladus. Icarus, Vol. 268, p. 12-31.

[2] Baland, R.-M., Yseboodt, M, Rivoldini, A., Van Hoolst,
T., 2017. Obliquity of Mercury: Influence of the preces-



sion of the pericenter and of tides. Icarus, Vol. 291, p.
136-159.

[3] Peale, S.J., Margot, J.-L., Hauck, S. A., Solomon, S. C.,
2014. Effect of core-mantle and tidal torques on Mer-
cury’s spin axis orientation. Icarus, Vol. 231, p. 206-220.

[4] Peale, S. J., Margot, J.-L., Hauck, S. A., Solomon, S. C.,
2016. Consequences of a solid inner core on Mercury’s
spin configuration. Icarus, Vol. 264, p. 443-455.

[5] Mazarico, E., Genova, A., Goossens, S., Lemoine, F. G.,
Neumann, G. A., Zuber, M. T., Smith, D. E., Solomon,
S. C., 2014. The gravity field, orientation, and ephemeris
of Mercury from MESSENGER observations after three
years in orbit. Journal of Geophysical Research (Planets),
Vol. 119. p. 2417-2436.

[6] Margot, J. L., Padovan, S., Peale, S. J., Solomon, S. C.,
2011. Measurements of Mercury’s spin state and infer-
ences about its interior. Abstract P41A-1573, paper pre-
sented at the American Geophysical Union Fall Meeting,
San Francisco, CA, 5 to 9 December 2011.

[7] Margot, J. L., Peale, S. J., Solomon, S. C., Hauck,
II, S. A, Ghigo, F. D., Jurgens, R. F., Yseboodt, M.,
Giorgini, J. D., Padovan, S., Campbell, D. B., 2012. Mer-
cury’s moment of inertia from spin and gravity data. Jour-
nal of Geophysical Research (Planets), Vol. 117, EOOL09.

[8] Stark, A., Oberst, J., Preusker, F., Gwinner, K., Peale,
S.J., Margot, J.-L., Phillips, R. J., Zuber, M. T., Solomon,
S. C., 2015. First MESSENGER orbital observations of
Mercury’s librations. Planetary and Space Science, Vol.
117, p. 64-72.

[9] Rivoldini, A., Van Hoolst, T., 2013. The interior struc-
ture of Mercury constrained by the low-degree gravity
field and the rotation of Mercury. Earth and Planetary Sci-
ence Letters, Vol. 377, p. 62-72.

[10] Verma, A. K., Margot, J.-L., 2016. Mercury’s gravity,
tides, and spin from MESSENGER radio science data.
Journal of Geophysical Research (Planets), Vol. 121, p.
1627-1640.



