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Previous observations have revealed the high concentration of volatile elements on the surface of Mercury.
This is difficult to explain by current planetary formation models and suggests the possibility that there is a gap
between the surface composition that can be observed today and that of the building blocks that composed early-
stage Mercury. In this sense, understanding of building blocks’ compositions is essential for a comprehensive
understanding of the formation processes of the terrestrial planets.

Volcanic features are considered a key to understanding the building blocks’ composition, i.e., interior
compositions, from the observed surface compositions. Past observations have found evidence of volcanic activity
on the global surface of Mercury, such as less-cratered volcanic smooth plains and volcanic vents. Around them are
volcanic deposits which were brought to the surface at relatively young ages, holding information about the interior
materials.

In the 2020s, NASA’s MESSENGER mission closely observed Mercury. They already published a variety of
data acquired by onboard science instruments, such as topographical and geological data by the optical camera,
spectral data by the VIS-NIR spectrometer, and elemental composition data by the X-ray and gamma-ray and
neutron spectrometers. Previous studies have analyzed these data to reveal the heterogeneity of the surface,
furthermore, geological and spectral units, and their spatial distributions. On the other hand, although the
heterogeneity of elemental compositions was pointed out, their detailed spatial distributions are not yet revealed.
This is thought to be because of the low spatial resolution of the elemental composition data. The typical spatial
resolution of the elemental composition data is several 100-1,000 km, resulting in difficulty in estimating the
elemental compositions of volcanic features that have a typical size of several 10-100 km.

During this training, [ aimed to estimate the spatial distribution of elemental compositions in a smaller spatial
scale than the original observation data, combining with geological and spectral data with a higher spatial
resolution. At European Space Astronomy Centre, in Madrid, I analyzed the surface elemental composition data
by MESSENGER mission Spain, under the supervision by Dr. Sébastien Besse, who is a specialist in the field of
planetary volcanism, especially on the Moon and Mercury, and sees whole Mercury science from a higher
perspective as a chief scientist for ESA-JAXA Mercury exploration mission BepiColombo. Discussions with Dr.
Besse and other researchers at ESAC accelerated the creation of scientific results using MESSENGER data in our
hands. At the same time, we proceeded with preparation for the application to future data to be acquired by
BepiColombo.

This training was my first overseas-based long-term experience for research. At ESAC, not only scientists in
planetary science and astronomy but also many soft/hardware engineers and managers engaged in missions are
working. More than half of the PDs I usually spend a long time with are astrophysicists. Internship students and
trainees, who are equivalent to graduate students, also have a variety of backgrounds. What I learned by
communicating with people in different fields of expertise from my own was impressive.
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