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Volcanic activity—whether submarine or subaerial—interacts with tectonic processes across a wide range of spatial and temporal scales, posing significant hazards to populations living near volcano–tectonic systems through cascading effects such as earthquakes, eruptions, tsunamis, and ash falls. Despite this strong coupling, relatively few studies have adopted a multi-scale approach to investigate volcanic systems within their broader tectonic framework, and the tectonic context of many volcanic complexes remains poorly understood. This is especially true in structurally complex regions such as rift transfer zones, which can host exceptional eruptive events, such as the recent Sundhnúkur eruption (2023–2024) in Iceland or the Fani Maore event near Mayotte. These zones are highly segmented and located between major continental rifts or oceanic ridges segments. Notable examples include the East African Rift System, the Comoros Archipelago, and Iceland. Recent studies have shown that rift branches can interact over distances of several hundred kilometers through en-echelon rift systems (Feuillet et al., 2021; Boymond et al., 2024). Structural complexity in these regions promotes magma storage and channels magma toward the surface, thereby controlling the emplacement of volcanic products. Rift transfer zones are therefore key areas for understanding the interaction between tectonics and magmatism. However, they remain insufficiently studied, and further work is needed to understand how tectonics influences magma generation, migration, and storage in such areas. 
This PhD project will mainly focus on the Reykjanes Peninsula in Iceland, the only subaerial segment of the Mid-Atlantic Ridge. Volcanism in this region is fed by the lateral extension of the Icelandic mantle plume and multiple crustal and possibly subcrustal magma reservoirs. The peninsula developed few million years ago between the offshore Reykjanes Ridge and the onshore Western and Eastern Volcanic Zones. It was the site of the recent Sundhnúkur eruption (2023–2024), which occurred after more than 800 years of volcanic quiescence in the peninsula. This eruption was fed by multiple en-echelon fissures, one of which threatened the town of Grindavík. The region was also affected by large earthquakes (up to magnitude 6.5) along N–S striking faults oblique to the main volcanic systems. Although the main volcano–tectonic structures are well identified, the detailed architecture and functioning of subsystems remain poorly understood. In particular, a lack of high-resolution, multi-scale structural mapping limits our ability to explain deformation patterns and the links between tectonics and volcanism.

The first objective of this thesis is therefore to produce a multi-scale structural map of volcano–tectonic features and faults in the Reykjanes Peninsula. This will be based on previous work, which will be compiled into a GIS database to identify key missing data and contribute to the acquisition of new knowledge on the volcano-tectonic systems, using high-resolution topographic and imagery data combined with field observations and measurements. Additional datasets, including GNSS measurements, seismicity, geological and marine data, will be integrated to reconstruct the history and kinematics of the volcano–tectonic systems (including offshore, west of the Peninsula)
The second objective is to model these structures in order to better understand their origin, kinematics, and the dynamics of volcano–tectonic cycles, particularly in en-echelon rift systems. Numerical modeling will be performed using the Bonded Particle Model (BPM) (Scholtès and Donzé, 2013) implemented in the discrete element model (DEM) platform the YADE open-source (Šmilauer et al., 2010). In this approach, the lithosphere is represented as a brittle-elastic medium composed of discrete spherical elements connected by elastic–brittle bonds. The mechanical behavior emerges from interactions between these elements. When stress exceeds a critical threshold, bonds break, allowing simulation of fracture initiation and propagation. Models will be subjected to gravitational and tectonic forces, with tectonic loading applied through prescribed velocity fields that reproduce the regional stress regime of Icelandic transfer zones. This method is particularly well suited for studying the initiation, growth, and interaction of fault systems in brittle materials, and gives the opportunity to characterize both the kinetics and the kinematics of the deformation processes.
A key challenge of this project is to incorporate magmatic processes into these models. Recent studies have demonstrated that it is possible to include fluid phases in DEM simulations to investigate coupled volcano–tectonic processes at the scale of volcanic edifices. This project aims to extend these developments to regional and plate scales by advancing the modeling codes, enabling simulation of magma–tectonic interactions. The goal is to better understand damage and fracture processes in the presence of magma.

Insights gained from Icelandic transfer zones will improve our understanding of magma plumbing systems in other transfer zones and contribute to a better assessment of volcanic and seismic hazards in these complex settings.
Year 1 and Year 2 will be dedicated to fieldwork in Iceland, multiscale mapping and parametric testing for DEM modeling. Year 2 will focus primarily on applying the models to the Reykjanes Peninsula in Iceland and developing the code to implement the magma-host rock interaction. Year 3 will continue the application of models to Iceland and further development of the code to incorporate magmatism. Depending on the results, the modeling approach may be extended to other rift transfer systems in Africa.

The PhD will be carried out within the Marine Geosciences team at IPGP, in co-supervision with Nathalie FEUILLET (IPGP) Freysteinn Sigmundsson (University of Iceland) and Luc Scholtès (Université Clermont Auvergne). Fieldwork will take place during research stays in Iceland.

The candidate must have a solid background in Earth Sciences and Geology, as well as experience in numerical modeling.
Other collaborators: Pierre Boymond (OVSICORI, Costa Rica), Eric Jacques (IPGP), Valerio Acocella (University Roma Tre, Rome, Italy), Alexandra Morand (Bristol University).
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