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SCIENTIFIC DESCRIPTION OF THE PhD PROJECT
Socio-economic and scientific context : (10 lines)
The surface of the Earth represents the interface between the outer and inner envelopes of the Earth. The evolution
of this surface is thus controlled by tectonic processes, erosion and climate and involves interactions between these
processes that can promote natural hazards (e.g. earthquakes, floods, landslides). The main goal of this PhD thesis
is to better understand these interaction mechanisms through a numerical modelling approach applied to regions
associated with extreme tectonic, erosion and climatic dynamics. The PhD student will benefit from a dynamic
research environment within Geosciences Rennes (Unité Mixte de Recherches under the supervision of the
University of Rennes 1 and the CNRS). He will be associated with ambitious research projects (ERC FEASIBLe,
ANR Topo-Extreme, IUF Yamato) and will benefit from the unique international skills of the researchers and
teams associated with his supervision on numerical modelling and climate-erosion-tectonic interactions.

Assumptions and questions (8 lines)
The topography of mountain ranges results from a competition, integrated in time and space, between tectonic
surrection and erosion processes, modulated by climate. Tectonic surrection allows for an increase in the relief and
slopes of the topography, which catalyzes erosion rates, reflecting the "action" of tectonics on erosion. Numerous
studies suggest that, in turn, erosion impacts on tectonic processes particularly through the isostatic response and
changes in stress state that it generates. These "feedbacks" result from erosion-induced topographic unloading and
associated deformation. The deep valleys of the Himalayan syntaxes represent exceptional and "hyper-active"
targets to study these interactions because their rates of erosion and surrection are among the fastest observed on
Earth.

The main steps of the thesis and scientific procedure (10-12 lines)
The objective of this thesis is to model and constrain the existing couplings between surface processes and the
mechanical behavior of the continental crust at depth, particularly in the valleys of the Himalayan syntaxes. More
specifically, the aim is (1) to study the impact of river erosion rates on the location and rate of deformation and the
changes of pressure and temperature at depth inducing metamorphic reactions, (2) to determine the role of periodic
fluctuations in erosion rates (e.g., climatic cycles) or extreme erosion events (e.g., capture of a catchment,
landslides) and (3) to study the respective roles of erosion and lateral tectonic compression on the evolution of the
shape of the valley and the coupling between erosion and deformation. The role of topography on deformation will
also be considered through the prism of so-called topographic stresses, associated fractures and faults, and their
impact on erosion and deformation rates. More broadly, this thesis will further investigate the coupling between
erosion and crustal deformation, including elastic, brittle and viscous deformations, and will also address time-scale
transfer issues (e.g. short-term effects of river incision vs. long-term effects of crustal creep).

Methodological and technical approaches considered (4-6 lines)
To address these issues, the PhD student will perform numerical models in order test different erosion laws and
study their effects in different tectonic contexts. The natural targets chosen to constrain the models are the Nanga
Parbat (West-Himalayan syntaxis) and the Namche Barwa (East-Himalayan syntaxis) where structural and
thermochronological data show that the incision of both the Indus and Tsangpo rivers are closely associated with
the formation of metamorphic domes (aneurysm phenomenon). The PhD student will use a 2D thermo-mechanical
numerical model, based on the finite difference method, including a free surface, and allowing to take into account
complex rheologies (visco-elasto-plastic). He will have to implement new functionalities in the code (e.g., erosion
laws) necessary to tackle the issues relative to this work. The results of the models will be confronted with existing
field data including erosion, thermochronological, metamorphic, structural and geological data, in the broadest
sense. Depending on the candidate's skills, field work may be organized to acquire new data.

Scientific and technical skills required by the candidate
Initial training in Earth sciences with a good level and a strong taste for physics (especially mechanics), or in
physics with additional training in Earth sciences. The candidate will demonstrate skills in numerical modeling and

will have an interest in tectonics and landscape dynamics.
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