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The Earth grew by the collisional accretion of a range of small rocky bodies and Moon- to
Mars-sized planetesimals. The Earth, as well as the interior of the large planetary embryos, was
sufficiently hot to have substantially melted, allowing the segregation of dense, immiscible molten
iron to form a core, separated from the residual overlying silicate mantle.
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The preference of different elements for molten iron, relative to coexisting silicate melt, is
highly variable and sensitive to temperature, pressure and oxidation state. By assessing which
elements are missing from the silicate portion of the Earth, and using laboratory experiments to
constrain the partitioning of elements between iron and silicate melts, the conditions under which
the core was formed can be determined.

There is a rather extensive metal-silicate partitioning dataset in the published literature, but
it is restricted to low pressures (P<25 GPa) and temperatures (T<2500 °C), much lower than the
actual conditions at which the core formed. All core formation models are therefore based on
thermodynamic modelling and extrapolation, and suffer from large inaccuracies and invalid
assumptions. We have put tremendous efforts in recent years to push the P and T limits of the

Ecole Doctorale des Sciences de la Terre DX IPGP — 1, rue Jussieu — Bureau P27 — 75005 Paris
Directrice : Laure Meynadier - 2 dir-Ed@ipgp.fr
Secrétariat : Prisca Rasolofomanana & +33(0)1.83.95.75.10 - E scol-Ed@ipgp.fr



measurements, and we can now reproduce the conditions that prevailed during core formation in the
lab, using the laser-heated diamond anvil cell.

The aim of this project is to measure new metal-silicate partitioning data at very high
pressure and temperature, to probe P and T domains that have never been reached before, to
reproduce the conditions under which the core formed in the laboratory, and to measure directly the
compositions of our synthetic primitive “cores” and “mantles”, rather than model them through
extrapolations.

Our main goal is to find a pathway and a process (or series of processes) that produce a core
and a mantle that are consistent with the geophysical (density and bulk seismic velocity in the core)
and geochemical (siderophile trace-element and isotopic composition of the mantle) observables:
any successful model of core formation needs to reproduce the observed concentrations of all the
elements in Earth’s silicate mantle. We will also help addressing outstanding issues such as the
inventory of volatile elements early in Earth’s accretion (during core formation), as well as the
constraints that puts on the Late Veneer that brought most volatile elements to the Earth after the
core formed. We will then use modelling to explore a wide range of accretion scenarios, to find
those that satisfy best the elemental abundance and isotopic constraints.
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