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Melting properties of pyrolite:
implication for chemical segregation

in the primitive Earth’s mantle.
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Planetary materials can melt partially over a wide range of
temperatures between their solidus and liquidus. Phase relations
and melt compositions of a dry pyrolite have been determined up
to 24 GPa and temperatures from 1600 K to 2400 K. We
monitored the melt fraction in our samples using either electrical-
conductivity measurements at LMV or X-ray diffraction (XRD)
at the PSICHE beamline of the SOLEIL synchrotron. The in-situ
measurements reveal solidus and liquidus temperature profiles
lower than previously reported for a pyrolitic or a chondritic
upper mantle2,5. In addition, precise chemical analyses performed
on the recovered samples enable the determination of mineral
and melt compositions as a function of pressure and temperature.

Major implications concern the magma ocean crystallization in
the early Earth. The solid-liquid phase relations can be modelled
as a function of the mantle temperature and, therefore, refine the
type of chemical segregation that could have occurred very early
on. Thanks to the "falling sphere" technique, we refined the
conditions at which the viscous transition occurs in a
crystallizing magma ocean. It controls the lifetime of magma
oceans and the possibility to induce chemical fractional upon
crystallization1,4. Much lower melting temperatures and the
slowing down of the crystallization of the magma ocean
produced by the viscous transition4 could explain the presence
and the chemical evolution of certain magmas from Archean
(Mostly Komatiites...) to Proterozoic (Komatiites, Kimberlites,
Picrites, basalts...). Based on a new phase diagram, we propose a
model to explain the chemical segregation in a crystalizing
pyrolitic upper mantle to discuss the origins of LIPS through
time.
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