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Post-doc position (3 years) at the University of Lille (UMET laboratory)

Université
de Lille

Project title: Numerical Modelling of Grain boundaries in Olivine

Project description: Olivine (Mg,Fe),SiO, is the main constituent of the Earth’s upper mantle, where it is

deformed under extreme creep conditions: pressure up to 12 GPa, temperature up to 1500 K, and very slow
stresses about 10 MPa. As such, the characterization of its main deformation mechanisms is of paramount
importance to understand mantle dynamics and its coupling and interactions with plate tectonics, seismic
activity and volcanism. While the plastic deformation of crystals is usually associated with the slip of
dislocations, olivine has a peculiar crystalline structure with a shortage of slip systems that cannot
accommodate deformation in all directions, so other mechanisms must be considered.

Grain boundaries (GBs) are foremost defined by their atomic structure which, in turn, influences all their
other properties: formation energy, mobility, impurity segregation, interaction with dislocations, and so
forth. Because olivine is a complex ionic material, GBs are difficult to characterize, their atomic structures
remain largely unexplored, and no systematic method exist to construct atomic-scale models.

Our goal is to derive an innovative and robust method to construct realistic grain boundaries at the atomic
scale in forsterite Mg,SiO,, the magnesium-rich end-member of olivine. In such a complex material,

deviation from stoichiometry at the GB will be considered and modelled with care using atomistic
simulations. Once the atomic structures of GB are obtained, we will investigate their mobility, which can
imply GB sliding and/or GB migration. The formation and migration of disconnections will be investigated
using saddle-point research algorithms. The final results will be valuable input for mesoscale models of GB
motion and grain growth model, and will bring a new understanding of the rheology of the Earth’s upper
mantle.

Requirements

The candidate must own a PhD in physics or in materials sciences, and be familiar with crystal defects and
deformation. Experience in numerical simulations at the atomic scale (LAMMPS or similar) and in
programming (Fortran, C or Python) would be strong bonuses. Knowledge of Linux systems and utilization of
a computing center would be appreciated.

Position status: Contact:

Post-doc researcher Dr. Pierre Hirel — pierre.hirel@univ-lille.fr
Starting date: Collaborators:

By end of 2020 Pr. Patrick Cordier, Pr. Philippe Carrez

More information: Host laboratory:
http://timeman.univ-lille.fr/ Unité Matériaux et Transformations (UMET)

Université de Lille
59650 Villeneuve d’Ascq, France
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