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Abstract

In the solar system, Mercury appears as a peculiar
body, both on its physical parameters (low mass and
highest uncompressed density) and its composition,
making it unique among terrestrial planets. It is
namely characterized by an enrichment in iron com-
pared to solar abundances, and by reducing chemical
conditions, yielding different formation materials than
on the Earth or other terrestrial bodies [1]. Observa-
tions from the MESSENGER data, coupled to labora-
tory experiments and models of internal structure al-
lowed to converge towards a precise characterization
of Mercury [2, 3]. Beyond the general enrichment
in iron of the planet, the general view that Mercury
stores a significant fraction of silicon in its core (rather
than sulfur, which restrains to the mantle) starts to be
widely accepted.

Exoplanets resembling Mercury are identified from
their high inferred bulk density. In this work, we inves-
tigate the internal structure and composition of a set of
exoplanets that potentially present the same character-
istics as Mercury (see Figure 1). We use the model
of planetary interiors from [4], designed for terrestrial
planets up to a few Earth masses, that we improve with
finer core and mantle descriptions. This allows us to
study planetary compositions that, in our solar system,
are specific to Mercury. Current studies of these po-
tential “super-Mercuries” only characterize such bod-
ies as iron-rich planets, with a metallic core made ei-
ther of pure iron or of an iron-sulfur mixture [5]. By
considering the incorporation of silicon in the core of
these exoplanets, we aim at determining how similar
to Mercury they are, according to their measured fun-
damental parameters.

We thus show that, as for Mercury, the presence
of silicon in the core of these planets allows them to
present a bulk Fe/Si ratio closer to the stellar value,
compared to the case with an Si-free core. In that latter
case, the planetary Fe/Si ratio can reach ∼7 times the
stellar value. In contrast, an Si-rich core lowers both
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Figure 1: Position of potential super-Mercuries in the
mass-radius diagram. The curves are mass-radius re-
lations computed for a given set of planetary compo-
sitions (from top to bottom: 100% water, 50% water-
50% silicate mantle, 100% silicate mantle, Earth-like,
Mercury-like, and 100% metallic core).

Mg/Si and S/Si ratios of the exoplanets, because the
silicate mantle only represents a small fraction of their
mass. These deviations from the stellar abundances
could be consequences of a particular formation mech-
anism of Mercury-like bodies, not only specific to our
solar system. With a constantly increasing number
of super-Mercuries, statistical studies on this family
of exoplanets could allow to distinguish between the
different formation scenarios invoked for Mercury. If
Mercury-like bodies are common among exoplanets,
the giant impact scenario [6] might not be the most fa-
vorable scenario, compared to a possible volatilization
of the silicate mantle.
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