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High-pressure and high-temperature experimental searching for noble gas
incorporation into calcium perovskite under lower mantle conditions
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Noble gases are chemically stable and inert volatile elements and are important tracers for understanding the volatile
cycle in the Earth and the evolution of the Earth’s atmosphere. However, the details of the size and location of noble gas
reservoirs in the deep interior are not yet known. In addition, xenon abundance in the Earth and Mars atmospheres is
known to be depleted compared to other noble gas elements. This study aims to clarify whether the Earth’s deep lower
mantle can serve as a reservoir of noble gases via high-temperature and high-pressure experiments. In order to identify
mineral species that can incorporate xenon and other noble gases in the Earth’s interior, this study experimentally explored
the possibility of noble gas uptake in calcium perovskite (CaSiOs-pv), one of the major minerals in the lower mantle. In
situ X-ray diffraction observations under high pressure using a laser-heated diamond anvil cell (DAC) and various
chemical analyses of recovered samples were performed for clarifying the noble gas (especially xenon and argon)
dissolution in the crystal structure and the mechanism. It is expected to provide new insights and solutions to the Earth’s
evolution and the missing xenon problem, as well as an understanding of the transport of noble gases retained in the lower

mantle and element cycles.
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Fig. 1. Sample configuration in a DAC in the case
of (a) gas loading and (b) without pressure medium
(sample). Several ruby balls are loaded to calculate
pressures from fluorescence spectra.
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Fig. 2. Pressure dependence of the unit cell volume
for CaSiOs-pv using different pressure transmitting

media. Previous studies of hydrous and anhydrous
CaSiOs-pv are also shown for comparison [1, 2].
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