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Subduction zones are major plate boundaries and the location of major earthquakes. Their deformation over the course of a seismic cycle is most often considered by assuming that the deformation is elastic, i.e., reversible: all the cumulative deformation during the inter-seismic phase is to be released during major earthquakes, so that the net balance at the end of a complete cycle is theoretically zero. And yet, various observations indicate that a residual, permanent deformation persists over the long term, from one seismic cycle to the next. This is manifested as uplifted marine terraces, active faults within the upper plate, coastal topography, etc. What part of the available energy is taken by this permanent deformation? What are the implications for the seismic cycle along subduction zones ? What are the associated processes ? These fundamental questions remain fully open, largely because this permanent deformation is in fact poorly defined and characterized, both spatially and temporally. This thesis project will therefore initially focus on this characterization, before addressing the question of the associated processes. The Chilean subduction zone will be selected as the study area due to its vast extent, the different stages of the seismic cycle in which its various segments currently reside, the lateral variability of its characteristics, the abundance of available observations and data, and existing collaborations.

At first, a substantial part of the expected thesis work will focus on characterizing the large-scale topography of the Coastal Cordillera and its lateral variability, based on a morphological analysis of the topography, supplemented by the primary characteristics of its offshore extension using bathymetric data. Markers of the cumulated deformation will be looked for to supplement the large amount of available data on uplifted marine terraces along the coastline. Geological indicators of the timing of coastal uplift will be explored. The spatial and temporal characterization of permanent deformation will thus provide key data for discussing and discriminating the underlying related processes, at scale with gathered observations. This work requires strong proficiency in mapping tools, morphological analysis, and GIS. A solid knowledge in geology and geomorphology will be appreciated.

This thesis project may subsequently take various directions, depending on the obtained results and the perspectives envisioned by the doctoral student in terms of scientific questions and training. Modeling of acquired or available data (thermochronology, morphology, seismicity, etc.) may be considered to further quantitatively characterize permanent deformation in greater detail. Another approach exploring the processes at work, using more complex thermo-mechanical models, could, for example, also be considered. 

This work will be supervised by Martine Simoes (Equipe de Tectonique, IPGP), in close collaboration with colleagues from Chilean and French institutions.  For more information, please contact : simoes@ipgp.fr

