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Abstract
Knowledge of the structural behavior of silicate melts and/or glasses at high pressures provides 

fundamental information for discussing the nature and properties of silicate magmas in the Earth’s 
interior. The behavior of Si-O structures under high-pressure conditions has been widely studied, while 
the effect of cation atoms on the high-pressure structural behavior of silicate melts or glasses has not 
been well investigated. In this study, we investigated the structures of MgSiO3 and CaSiO3 glasses up 
to 5.4 GPa by in situ X-ray pair distribution function measurements to understand the effect of dif-
ferent cations (Mg2+ and Ca2+) on high-pressure structural behavior of silicate glasses. We found that 
the structural behavior of MgSiO3 and CaSiO3 glasses are different at high pressures. The structure of 
MgSiO3 glass changes by shrinking of Si-O-Si angle with increasing pressures, which is consistent 
with previous studies for SiO2 and MgSiO3 glasses. On the other hand, CaSiO3 glass shows almost 
no change in Si-Si distance at high pressures, while the intensities of two peaks at ~3.0 and ~3.5 Å 
change with increasing pressure. The structural change in CaSiO3 glass at high pressure is interpreted 
as the change in the fraction of the edge-shared and corner-shared CaO6-SiO4 structures. The differ-
ent high-pressure structural behavior observed in MgSiO3 and CaSiO3 glasses may be the origin of 
differences in properties, such as viscosity between MgSiO3 and CaSiO3 melts at high pressures. This 
signifies the importance of different structural behaviors due to different cations in investigations of 
the nature and properties of silicate magmas in Earth’s interior.
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Introduction
Structures of silicate melts strongly influence physical prop-

erties such as density, viscosity, and diffusivity (e.g., Sakamaki 
et al. 2013; Sanloup et al. 2013; Wang et al. 2014; Bajgain et 
al. 2015), and therefore knowledge of the structural behavior of 
silicate melts and/or glasses under high-pressure conditions is 
fundamental in understanding the nature and properties of silicate 
magmas in the Earth’s interior. Since structural investigation of 
silicate melts under in situ high-pressure and high-temperature 
conditions is still challenging due to technical difficulties, silicate 
glasses have been studied at high pressures under room-temper-
ature conditions as an analog of silicate melts. Pressure-induced 
structural changes of SiO2 glass have been the most studied as 
the simplest silicate composition by using in situ high-pressure 
techniques (e.g., Sato and Funamori 2008; Benmore et al. 2010; 
Murakami and Bass 2010; Prescher et al. 2017; Lee et al. 2019; 
Petitgirard et al. 2019; Kono et al. 2020; Andrault et al. 2020; 
Kono et al. 2022), which provide important knowledge on the 
behavior of the Si-O structure under high-pressure conditions. 

In addition, MgSiO3 glass also has been studied by several 
researchers as a representative composition of silicate magma 
in the Earth’s interior (e.g., Lee et al. 2008; Kono et al. 2018; 
Salmon et al. 2019; Ryu et al. 2022). However, the structural 
behavior of other silicate glasses with different compositions 
remains poorly investigated at in situ high-pressure conditions.

In this study, we investigate the structures of MgSiO3 and 
CaSiO3 glasses at high-pressure conditions, up to 5.4 GPa, using 
in situ pair distribution function measurements to understand 
the effect of different cations (Mg2+ and Ca2+) on the high-
pressure structural behavior of silicate glasses. MgSiO3 and 
CaSiO3 glasses are the end-member pyroxene compositions, and 
therefore knowledge of the structural behavior of MgSiO3 and  
CaSiO3 glasses at high pressures would provide important clues 
to understanding the structure and properties of silicate magmas 
in the Earth’s upper mantle. At ambient pressure conditions, 
structures of MgSiO3 and CaSiO3 glasses have been studied by 
neutron diffraction (e.g., Cormier and Cuello 2011), high-energy 
X-ray diffraction (Kohara et al. 2011), Raman spectroscopy 
(e.g., Kalampounias et al. 2009), and nuclear magnetic reso-
nance (NMR) spectroscopy (e.g., Kaseman et al. 2015). On the 
other hand, structural investigations of these glasses at in situ 

American Minerlogist, Volume 109, pages 1045–1053, 2024

0003-004X/24/0006–1045$05.00/DOI: https://doi.org/10.2138/am-2023-9060	       1045 

* Corresponding author E-mail: nozomikondo@okayama-u.ac.jp. Orcid https://
orcid.org/0000-0003-4247-8136

mailto:nozomikondo@okayama-u.ac.jp
https://orcid.org/0000-0003-4247-8136
https://orcid.org/0000-0003-4247-8136



