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Presentation of the subject: 
Subduction zones are a constant threat for human populations, producing giant earthquakes, tsunamis, and explosive arc volcanism. It is therefore crucial to understand the parameters and mechanisms controlling their dynamics.
Recent geophysical and geochemical observations suggest that oceanic fracture zones (OFZs), the extension of oceanic transform faults (Fig. 1), have a major influence on the magmatic and seismic dynamics of subduction zones (Cooper et al., 2020). Zones where OFZs are subduction are characterized by a higher production of earthquakes (Fig. 1c). A thicker crust and lavas with distinct geochemical composition (Figs. 1d,e) have also been observed in volcanos erupting above a subducting OFZ along several volcanic arcs.
These geophysical and geochemical observations imply that the lithosphere on OFZs has compositional, mechanical and seismogenic properties that differ from those of the surrounding oceanic lithosphere. The source of these particularities has been explained by a higher hydration and/or alteration of the lithosphere on OFZs, processes which are expected to mainly occur in the (seismically) active portions of these features, i.e., along oceanic transform faults (OTFs).
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Figure 1 – Impact of oceanic fracture zones (OFZs) on the seismic and magmatic dynamics of subduction zones : example from the Lesser Antilles (Cooper et al., 2020). (a) Bathymetric map. (b) S wave velocity at 50 km depth. (c) local seismicity of the subducting plate. (d) Volcanic production rate on the last 100 kyrs in dense-rock equivalent volume (DREV). (e) Boron isotopic ratios of magmatic inclusions found in arc lavas.

Objectives and questions

This PhD project will aim at understanding how and why OFZs control the long-term (tectonic and magmatic) dynamics of subduction zones, by constraining (1) the compositional and rheological consequences of fluid-rock interaction in the fault zone of OTFs, and (2) their consequences on the dynamics of subduction zones. The questions that will guide the project will be:

- (1) Which mineralogical, structural and rheological changes operate in the crust during its deformation on OTFs? What change in the geochemical composition is triggered by fluid-rock interaction processes and associated mineralogy change in the crust and mantle on OTFs? 

- (2) What are the consequences of intense hydration/alteration of the lithosphere on OTFs and OFZs on the long-term dynamics of subduction zones? What is the impact on fluid and elemental fluxes at the subduction interface and to the deep mantle? 
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Figure 2 – Methodology. (left) Location of crustal and mantle samples that will be studied in the project. They have been dragged or collected in situ in the fault zone of 6 OTFs (stars). (right) An example of a 2D thermomechanical models run from the code I2ELVIS that will be used in the project (Menant et al., 2019).
Methodology

- (1) To constrain hydrothermal processes and the composition, structure and rheology of the lithosphere on OTFs, natural samples (from the upper crust down to the upper mantle) that have been deformed, exhumed and collected on OTF fault zones will be characterized through integrated petrological-(micro)structural-geochemical studies. Samples will come from Pacific, Atlantic and SWIR OTFs (Fig. 2) in order to reconstruct depth profiles of the mineralogical, geochemical and mechanical properties of the lithosphere on OTF and OFZ for fast- to ultraslow- spreading ridge systems. The PhD project will more closely focused on the characterization of lower crustal samples.
- (2) The influence of the subduction of OFZs on the geochemical cycle and long-term dynamics of subduction zones (i.e., thermal regime, nature of metamorphic reactions within the slab, fluxes and depth of subduction fluids/melts released, fore-arc dynamics, interplate coupling, mantle wedge partial melting and deep mantle recycling) will be evaluated through 2D and 3D thermomechanical models. Model setups (i.e. OFZ lithosphere composition, structure and physical properties) will be based on quantified parameters drawn from the study of natural samples (1).
Supervision
The PhD student will be supervised by Cecile Prigent (IPGP, Paris), Mathilde Cannat (IPGP) and Armel Menant (Geoazur, Nice), and hosted at IPGP (https://www.ipgp.fr/en/).
This project is part of the funded ANR project SOFT (feb. 2023-feb. 2027). The PhD student will thus interact with a large team of researchers from different disciplines. Its work will be closely linked to the one led by a postdoctoral researcher (seismologist) also hired through SOFT.

Application

The candidate should have a BSc or MSc degree in Earth Sciences. She/he should have followed classes in petrology, have basic skills in programming, and be interested in geodynamic processes.
To apply for this position, please send before May, 15th a single pdf file with a complete CV (education, research experience, grades) at prigent@ipgp.fr.


