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Summary :
The last stages of the formation of the Earth's core took place under extreme conditions,
at temperatures of around 3500 K and pressures of more than 50 GPa. The chemical exchanges
that took place between the metallic and silicate phases constrained the chemical
compositions of the core and mantle. Recently, it has been proposed that the metallic liquid
dissolved a significant amount of lithophile elements, MgO and SiO2 in particular, before being
sequestered into the core (Badro et al., 2016; Hirose et al., 2017). This would have led to a
major chemical imbalance at the core-mantle boundary just after the crystallization of the
magma ocean. The progressive return of excess lithophile elements from the core to the deep
mantle could be responsible for some mantle plumes. This phenomenon could also have
contributed to the start of the magnetic field very early in the Earth's history (O’Rourke and
Stevenson, 2016).
In this project we propose to experimentally study the equilibria between metallic and
silicate liquids at high pressures and temperatures using the laser-heated diamond anvil cell
technique. The novelty in this project is the use of hydrated silicate compositions (containing
variable concentrations of H2O). Indeed, most studies to date have been limited to anhydrous
compositions which do not necessarily reflect the late stages of core formation.
We will focus on the dissolution reactions of the lithophile elements in the metal liquid
via the following reactions (for Ca and Mg, for example):
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MgOsilicate ↔

Mgmetal + Ometal

(1)

CaOsilicate ↔

Cametal + Ometal

(2)

The experimental study will allow us to determine the equilibrium constants KMg, KCa, KSi,
KO, et KAl which can be written empirically in the following form where the parameters ai, bi
and ci are obtained by smoothing the experimental data as a function of pressure (P) and
temperature (T):
log Ki = ai + bi/T + ci P/T

(3)

These equilibrium constants will allow us to model the dissolution of Mg, Ca, Si, O and Al
in the core during its formation as a function of pressure and temperature conditions. Also, we
will be able to determine the ratios of Mg/Si, Al/Si, Ca/Al or Al/Mg and the amount of oxygen
incorporated into the core, and compare these values to geochemical models that provide
constraints on the chemical composition of the core (e.g. McDonough and Sun, 1995). The
nature of our experiments will allow us to constrain the concentration of hydrogen present in
the bulk silicate Earth as well as in the core, and will contribute to better constrain the
internal water cycle. The results will also allow us to quantitatively discuss different models of
core formation and chemical composition of the Earth.
Finally, this thesis work will allow obtaining a very good expertise in diamond anvil cell
technique; Scanning Electron Microscope coupled to a focused ion probe (SEM-FIB), and
Electron Microprobe.
References:
Badro, J., Siebert, J., Nimmo, F., 2016. An early geodynamo driven by exsolution of mantle
components from Earth's core (vol 536, pg 326, 2016). Nature 539, 456-456.
Hirose, K., Morard, G., Sinmyo, R., Umemoto, K., Hernlund, J., Helffrich, G., Labrosse, S., 2017.
Crystallization of silicon dioxide and compositional evolution of the Earth's core. Nature 543,
99-+.
McDonough, W.F., Sun, S.S., 1995. The composition of the Earth. Chemical Geology 120, 223-253.
O'Rourke, J.G., Stevenson, D.J., 2016. Powering Earth's dynamo with magnesium precipitation from
the core. Nature 529, 387-+.

Ecole Doctorale Sciences Fondamentales – 8 AVENUE BLAISE PASCAL – TSA 60026 - 63178 AUBIERE CEDEX
site web : https://sf.ed.uca.fr/
Directeur : Pr Yanick Heurteaux
tél. 04.73.40.50.64
E-mail : yanick.heurteaux@uca.fr

Secrétariat : Lucie Naud
tél. 04.73.40.53.76
E-mail : edsf.drv@uca.fr

