American Mineralogist, Volume 99, pages 786–792, 2014

In-situ high-temperature emissivity spectra and thermal expansion of C2/c pyroxenes:
Implications for the surface of Mercury
Sabrina Ferrari1,3,*, Fabrizio neStola1, Matteo MaSSironi1,2, aleSSandro Maturilli3,
Jörn Helbert3, Matteo alvaro1,4, M. CHiara doMenegHetti5 and FederiCo zorzi1
Department of Geosciences, University of Padua, Via G. Gradenigo 6, 35131 Padova, Italy
2
Astronomical Observatory of Padua, INAF, Vicolo Osservatorio 5, 35122 Padova, Italy
3
Institute for Planetary Research, DLR, Rutherfordstrasse 2, 12489 Berlin-Adlershof, Germany
4
IRSPS, G. D’Annunzio University, Via Pindaro 42, 65127 Pescara, Italy
5
Department of Earth and Environmental Sciences, University of Pavia, Via Ferrata 1, 27100 Pavia, Italy
1

abStraCt
This work was carried out within the framework of the European Space Agency and Japanese
Aerospace Exploration Agency BepiColombo space mission to Mercury and intends to provide valid
tools for the interpretation of spectra acquired by the MErcury Radiometer and Thermal Infrared
Spectrometer (MERTIS) on board of BepiColombo.
Two C2/c augitic pyroxenes, with different Mg/Fe ratios and constant Ca contents, were investigated
by in situ high-temperature thermal infrared spectroscopy and in situ high-temperature single-crystal
X-ray diffraction up to temperatures of about 750 and 770 K, respectively.
The emissivity spectra of the two samples show similar band center shifts of the main three bands
toward lower wavenumbers with increasing temperature. In detail, with increasing temperature bands
1 and 2 of both samples show a much stronger shift with respect to band 3, which remains almost
unchanged. Our results indicate that the center positions of bands 1 and 2 are strong functions of the
temperature, whereas the center position of band 3 is a strong function of the Mg# [with Mg# = Mg/
(Mg + Fe2+) atomic ratio].
V,
for the Mg-rich and Fe-rich samples, with V = 2.72(8) and 2.72(7) × 10–5 K–1, respectively, using
the Berman (1988) equation. This correspondence totally explains the band center shifts similarity
between the two samples.
Our data suggest that MERTIS spectra will be able to provide indications of C2/c augitic pyroxene
Mg# and will allow a correct interpretation that is independent on the spectra acquisition temperature.
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introduCtion
Ca-rich pyroxenes (clinopyroxenes, cpx) are among the most
abundant silicate minerals of the Earth’s crust and upper mantle.
This has prompted investigations on their existence as a main
constituent of other planetary body’s shells. Recently terrestrial,
lunar, and meteoritic clinopyroxenes have been extensively investigated under different conditions of temperature and pressure
by diffraction and spectroscopic techniques (e.g., Tribaudino et
al. 2002; Nestola et al. 2008; Alvaro et al. 2010, 2011a, 2011b),
following their important role for planetary geology.
Contextually, several ground-based telescopic observations
that comprehend visible, near-, and mid-infrared spectroscopy
enes could be common constituent minerals of the surface of
Mercury, with diopside and augite considered as good possible
candidates (i.e., Sprague et al. 2002, 2007, 2009).
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chemistry and Ranging (MESSENGER) NASA mission (Solomon et al. 2001) has further improved the overall knowledge of
this planet by the interpretation of a wider range of spectra (e.g.,
visible and near infrared spectra, X-ray spectra, and Gamma-ray
spectra). In particular, for the dominant terrains of the surface of
Mercury, Warell et al. (2010) indicate that Mg-rich clinopyroxenes could reach 30% of (Hapke-modeled, Warell and Davidsson
2010) mineral modal abundance.
The next European Space Agency and Japan Aerospace
Agency mission to Mercury, named BepiColombo, will carry
on board the Mercury Radiometer and Thermal Infrared Spectrometer (MERTIS) (Hiesinger and Helbert 2010) that will be
able to provide thermal infrared (TIR) emissivity spectra from 7
–1
). This wavelength range is very useful
to identify the fine-scale structural properties of several silicates
(e.g., stretching and bending motions in the silicon-oxygen
anions, metal-oxygen, and lattice vibrations). In addition, for
mineral families such as pyroxenes, the emissivity band positions are a good indicator of the composition (Hamilton 2000).
Previous spectra interpretations of Mercury have not consid-

