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Earth’s mantle was extensively molten in its first 100 million years. Its solidification left a strong compositional and structural imprint on the mantle, still observable today in the geochemical and geophysical record.
Isotopic variations in basalts and ancient crust reveal the existence of one or more mantle reservoirs that formed early in Earth’s history, and never fully remixed. Seismic tomography reveals large, chemically distinct, thermochemical structures in the lowermost mantle, anchored to the source of these anomalous basalts. These observations leave no doubt that the mantle still bears differentiated regions that preserve signatures of its solidification. However, their formation mechanisms and compositional evolution are still unknown. Unravelling those opens a new window in understanding the early stages of Earth and planetary evolution.
The overarching question of this PhD project is: how did the primitive molten Earth solidify to form a tectonically and geomagnetically active planet? The goal is to address this question by investigating mantle crystallisation in the laboratory, by combining experimental petrology and thermodynamical modelling.
We will experimentally study the crystallisation sequence of relevant silicate melts in the laboratory under P-T conditions extending to those at of the depth of the core-mantle boundary, using a newly developed protocol in the laser-heated diamond anvil cell and use DFT calculations to calculate the density and relative buoyancy of these solids and melts to understand the dynamics and direction of crystallization, as well as the locus of primitive mantle geochemical reservoirs. 

We will perform a series of controlled crystallisation experiments for 3 pressures between 30 and 135 GPa, to cover all the P-T conditions at which the primitive molten mantle could have solidified on Earth. This will allow to map out the whole phase diagram.
We will also test two different redox conditions, because the ferric/ferrous iron ratio can affect element partitioning between solids and liquids. This will be done by varying the initial amount of ferric iron in the starting bulk materials, which thanks to my gas-mixing aerodynamic levitation laser furnace, allows us to vary the ferric iron concentration between 0 and roughly 60%. The valence of iron in the experimental runs will also be measured on the same instrument used for chemical analysis, through EELS spectroscopy.
Finally, contingent on the evolution of the principal task (experiments), we will carry out density functional theory (DFT) and ab initio molecular dynamics (AIMD) to calculate the high pressure and temperature densities of the coexisting melt and solids, with compositions obtained from the LHDAC experiments.
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