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Abstract

The source of the primordial isotopes of noble gases remains a matter of debate amongst geoscientists.
Recent computational studies tend to agree on a reservoir in the deep mantle, though questions remain
with respect to its actual formation, or the role played by the core.

Here, we study the diffusivity and the partial molar volume of the noble gases in the magma ocean.
We work with pyrolite, with composition NaCa2A13Fe4Mg30Si24089 [Caracas et al., 2019], close to
the bulk silicate Earth, and 2 atoms of the noble gas. Our calculations follow the magma ocean
adiabat. We perform ab initio molecular dynamics simulations, as implemented in the VASP package.
We perform the analysis of the results using the UMD package [Caracas et al., 2021].

The difference in Birch-Murnagham equations of state yields the partial molar volume for the gas.
The relative order of partial molar volumes strictly follows the size of the noble gas atoms, as expected.
At high pressure He is almost one order of magnitude more compressible than the rest of the noble
gases.

With the exception of He, the diffusion coefficients of the noble gases are comparable to Mg. The
lifetime of the coordination polyhedra formed by O around the noble gases are about half those of Mg.
We analyze in detail a series of other structural parameters of the melt.
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