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Belgian Research Action through Interdisciplinary Networks

COME-IN

Constraining Mercury’s interior structure and
evolution

DURATION BUDGET
15/12/2014 - 31/10/2020 557.324 €

PROJECT DESCRIPTION

Mercury has long been the least known of the terrestrial planets. Whereas Mars and Venus have been visited by several
tens of spacecrafts since the start of the space era, only one spacecraft (Mariner10) has flown by Mercury (1974-1975)
and the first spacecraft ever to enter orbit around Mercury was MESSENGER (MErcury Surface, Space ENvironment,
GEochemistry and Ranging) on 18 March 2011. One of the primary goals of this mission to Mercury and of the upcoming
ESA/JAXA BepiColombo mission is to gain a deeper understanding of the interior structure and evolution of this smallest
terrestrial planet with an exceptionally large core. Spacecraft measurements alone, however, are not sufficient to reach
this goal. Additional data and insight are needed on the behavior of planetary materials at the high pressures and
temperatures in the planet interior.

With COME-IN we aim to advance our understanding of Mercury by integrating complementary approaches from igneous
petrology, high-pressure mineral physics, computational materials science, geodesy, and geodynamics in addition to
using the constraints set by recent observational data. The ultimate goal is to gain deeper insight into the interior
structure, composition and evolution of Mercury and to better understand the physical and chemical processes leading to
the geological and magmatic diversity observed at the surface of Mercury. These objectives will be achieved by
integrating several complementary lines of investigation related to the crust, mantle and core of Mercury, including
performing novel high-pressure experiments and developing advanced theoretical modeling.

Laboratory experiments will be performed at the pressure, temperature, and oxygen fugacity conditions inside Mercury
and are geared towards a better understanding of the differentiation and composition of the core, mantle, and crust of
Mercury. Melting experiments on synthetic analogues of surface basalt compositions measured by MESSENGER, which
are witnesses of their mantle sources, will bring information on the composition and mineralogy of the mantle of Mercury.
The partitioning of the light elements sulfur and silicon between liquid iron-rich core material and silicate mantle material
will be investigated experimentally to better constrain the core composition. Physical properties of metals at high core
pressures and temperatures will be determined from laboratory experiments as well as from ab initio calculations. In
addition, coupled models of the interior structure and secular evolution of Mercury will be developed in order to jointly use
data constraining the current interior structure of Mercury, its potential state after accretion, and data informing about the
evolution, such as the tectonic features related to the global contraction of Mercury, the thickness of the crust and the
global magnetic field. The results from the laboratory experiments will be integrated into the global models and are
expected to yield the clearest view ever into the deep interior of this enigmatic planet.
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Concerning the crust of Mercury, specific experiments on different
compositions will enable us to:

« explain the non-chondritic Th/U ratio at the surface of Mercury;

« explain the origin of high sulfur concentration at the surface of the planet;
« constrain the speciation of sulfur in surface lavas;

« identify potential compositions of mantle-derived melts.

For the mantle of Mercury we will:

« identify the residual mantle sources (composition and mineralogy) of
lavas erupted at the surface of the planet;

« provide a quantitative determination of the budget of radioactive
elements (U, Th, K) in the silicate portion of Mercury;

 determine the partitioning of light elements and radioactive elements in a
magma ocean between the silicate and metal melt.

The many remaining unsolved questions about the core will be addressed
by a suite of investigations, ranging from high-pressure experiments to
quantum-mechanical ab initio calculations in order to constrain:

 the composition, size, structure, and thermal state of the solid inner core
and liquid outer core;

« the physical properties, including melting relations, of a Fe-S-Si core;

« the energy budget important for the internally generated magnetic field.

COME-IN will also clarify the thermal evolution of Mercury, including the
development of an inner core, crust formation, and the history of
volcanism. By better characterizing the evolution, the interior structure and
the bulk composition, we will also be able to learn more about the origin of
Mercury. It is at present hotly debated whether Mercury originated through
a so-called hit-and-run collision, where most of the mantle of Mercury was
stripped away by a larger body, or whether the high metal content of
Mercury is a primordial feature, reflecting the composition of the
planetesimals that accreted to form the planet.

COME-IN  will perform experiments, analyses, and modelling
complementary to the data obtained by MESSENGER and required for a
detailed interpretation of many of the MESSENGER data. As such COME-
IN will increase the science return of MESSENGER. The results of COME-
IN will also be useful in many ways for the BepiColombo mission. Not only
will it allow a more accurate interpretation of the data in terms of Mercury’s
interior and evolution but it will also be extremely useful in raising new
questions and opening new fields of research that can be addressed by
BepiColombo.

Research results will be distributed mainly in the form of peer-reviewed
scientific publications and communications at scientific meetings. We
expect to produce several peer-reviewed publications per year resulting
from the proposed investigation. Research results will also be
communicated widely through presentations at international conferences
(EGU, Goldschmidt, AGU...) and specialized symposia (e.g. European
Planetary Science Congress, Lunar and Planetary Science Conference).
We also plan to organize an interdisciplinary session on the interior and
evolution of Mercury at the European Planetary Science Congress or the
European Geophysical Union.
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