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Abstract

It is widely accepted that the early Earth was partially molten (if not completely) due to the high energy
dissipated by terrestrial accretion [1]. After core formation, subsequent cooling of the magma ocean has led to
fractional crystallization of the primitive mantle. The residual liquid corresponds to what is now called the fertile
mantle or pyrolite.
Melting relations of silicates have been extensively investigated using the multi-anvil press, for pressures between
3 and 25 GPa [2,3]. Using the quench technique, it has been shown that the pressure affects significantly the solidus
and liquidus curves, and most probably the composition of the eutectic liquid. At higher pressures, up to 65 GPa,
melting studies were performed on pyrolite starting material using the laser-heated diamond anvil cell (LH-DAC)
technique [4]. However, the quench technique is not ideal to define melting criteria, and furthermore these studies
were limited in pressure range of investigation. Finally, the use of pyrolite may not be relevant to study the melting
eutectic temperature. At the core-mantle boundary conditions, melting temperature is documented by a single data
point on (Mg,Fe)2SiO4 olivine, provided by shock wave experiments at around 130-140 GPa [5]. These previous
results present large uncertainties of 1̃000 K.
The aim of this study is to determine the eutectic melting temperature in the chemically simplified system
composed of the two major lower mantle phases, the MgSiO3 perovskite and MgO periclase. We investigated
melting in-situ using the laser-heated diamond anvil cell coupled with angle dispersive X-ray diffraction at the
ID27 beamline of the ESRF [6]. Melting relations were investigated in an extended P-T range comparable to those
found in the Earth’s lower mantle, i.e. from 25 to 120 GPa and up to more than 5000 K.
Melting was evidenced from (a) disappearance of one of the two phases in the diffraction pattern, (b) drastic
changes of the diffraction image itself, and/or (c) appearance of a broad band of diffuse X-ray scattering associated
to the presence of silicate liquid. The pressure evolution of the eutectic temperature is found below the melting
curve of pure MgSiO3 perovskite [7] for more than 500 K and also below the solidus curve of pyrolite [4] for
100-200 K at 60 GPa.
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