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Background and research question
Mount Pelée, located in Martinique (France), is sadly known for its 1902 eruption, which destroyed the towns of Saint-Pierre and Morne Rouge, killing approximately 30,000 people. Its eruptive activity alternates between phreatic, Plinian, and dome growth eruptions with a recurrence interval of approximately 50 to 100 years, generally preceded by periods of moderate activity [Lacroix, 1904; Roobol and Smith 1976; Westercamp and Traineau 1983]. Since 2019, a phase of volcanic reactivation has produced an increase in shallow volcanic seismicity, moderate inflation of the summit area observed by GNSS, and the presence of areas of degraded vegetation revealed by satellite imagery, suggesting an intensification of passive CO₂ degassing at the surface [Fontaine et al., 2025]. After a period of relative quiescence between 2022 and 2024, activity intensified in 2025 with the onset of long-period deep seismicity (17–40 km), interpreted as the signature of deep magmatic fluid circulation and/or recharging of the lower magma reservoir. Nevertheless, the interpretation of geophysical observations is severely limited by our lack of knowledge regarding the internal structure of Mount Pelée. Nevertheless, the interpretation of geophysical observations is severely limited by our lack of knowledge regarding the internal structure of Mount Pelée. This prevents us from drawing meaningful conclusions about the interactions between mantle fluids and the recharge of crustal reservoirs [Cashman et al., 2017], and, in the context of the recent reactivation of Mount Pelée, constitutes a major obstacle to a better assessment of volcanic hazard.
This situation led the OVSM to expand the permanent seismic monitoring network and to deploy temporary seismic networks. An initial exploratory network of 25 seismic nodes was installed for one month in the summer of 2023 around the Mount Pelée caldera. A second deployment, from mid-May to mid-June 2025 in collaboration with TLS Geothermics, involved 500 nodes across the entire island of Martinique. In 2026, a new experiment (funded by MTECT) plans to deploy a network of 50 nodes using two complementary geometries: a summit array (4 months) and an east-west profile crossing the volcano (4 months). All of these devices aim to create a unique multi-resolution seismic dataset in the Lesser Antilles, intended for the development of passive seismic imaging methods, in order to overcome current gaps in our knowledge of the structure and internal dynamics of Mount Pelée and Martinique.
Conventional seismic imaging
The first part of the thesis will consist of applying seismological imaging approaches now considered “conventional” based on the various available datasets. Two complementary methods will be primarily implemented:
· Ambient seismic noise tomography will enable the creation of 3D tomographic models of S-wave velocity [Stumpp et al., 2025]. It is based on the principle that the correlation function calculated between continuous recordings of ambient seismic noise recorded at two stations theoretically converges towards the Green’s function of the medium [Shapiro et al., 2005]. This method will be primarily applied to data from the 500-node network deployed in May–June 2025 across Martinique, in order to obtain an initial 3D model of S-wave velocity down to mid-crustal depths (10–15 km). Its application to data from Mount Pelée will allow us to characterize the internal structure of the domes and the upper part of the hydrothermal system.
· The receiver function method, which is based on the extraction of converted waves at interfaces across a network of stations from teleseismic records, will be applied to generate 3D images of the major crustal and lithospheric interfaces (including the Moho). We will use both P-to-S and S-to-P converted waves, as well as the corresponding multiples, to better characterize the different interfaces and estimate the Vp/Vs ratio of the crust.
These results will therefore serve as the basis for the development and application of matrix imaging.
Matrix imaging of Martinique and Mount Pelée
Although widely used, conventional approaches offer limited resolution and are highly dependent on the velocity model, making it difficult to obtain high-resolution images of deep structures and crustal reservoirs. In this context, the second part of the thesis will develop the matrix imaging technique, focusing primarily on Mount Pelée. This approach has already demonstrated its potential for imaging complex volcanic environments, such as the Soufrière of Guadeloupe, yielding images with 100-meter resolution down to magma storage zones at depths of about ten kilometers [Giraudat et al., 2024]. Originally developed for medical imaging, matrix imaging relies on the scattering of the wavefield by inhomogeneities in the medium, which are generally considered noise in conventional approaches but constitute the primary source of information here. More specifically, matrix imaging relies on confocal focusing of the wave field, which is optimal in a pseudo-homogeneous medium with a known velocity. In the presence of velocity heterogeneities, the wavefronts become distorted, preventing focusing. The resulting image is therefore blurred. The matrix approach, coupled with adaptative focusing, uses these distortions as correction laws to enable optimal focusing on the reflectivity images. Such imaging capabilities are invaluable in active volcanic settings, where the internal structure is highly heterogeneous and dynamic. These correction laws can also be used to determine the actual velocities of the medium responsible for the observed distortions, enabling the creation of a high-resolution 3-D map of the P- and S-wave velocity structure, taking into account the horizontal components of the geophones for the latter. Finally, matrix imaging will be applied to data from the dense network in Martinique to obtain a 3D topography of the Moho and a definition of velocity heterogeneities.
Use and interpretation of the obtained models
This thesis will thus enable the estimation, using matrix imaging, of a novel 3D model of P- and S-wave velocities across the entire island of Martinique, down to the base of the crust, with a resolution of a few hundred meters. Reflectivity imaging will also enable mapping of the Moho’s location, while temporary seismic networks dedicated to the study of Mount Pelée will provide a precise picture of the magmatic plumbing system, which can be quantitatively interpreted through analysis of Vp/Vs ratios to identify zones of magma and hydrothermal fluid storage as well as their connectivity.   
All of the expected results will be essential for monitoring tectonic and volcanic seismicity. They will provide new a priori information for volcanic hazard prevention and the monitoring of eruptive dynamics. The work carried out at Mount Pelée in Martinique will become the new standard for seismological studies to be applied to other volcanoes around the world.
Supervising Team
The thesis will be conducted at the Institut de Physique du Globe de Paris (IPGP), within the Volcanic Systems team, under the supervision of Arnaud BURTIN (physicien-adjoint, seismologist), who has participated in work on matrix imaging at La Soufrière in Guadeloupe, as well as in preliminary tests at Mount Pelée. The supervision team will be complemented by Jérôme VERGNE (physicien, seismologist) and Jordane CORBEAU (physicienne-adjointe, seismologist), respectively director and deputy director of the OVSM. Both are experts in receiver function imaging and ambient noise correlation techniques, as well as the data that will form the core of the thesis work. Finally, the supervision team will include Alexandre AUBRY (DR at the CNRS, acoustician) at the Langevin Institute of ESPCI Paris, who is the principal investigator for matrix imaging. His expertise will be essential for the methodological developments leading to a 3-D model of wave velocity and reflectivity beneath Mount Pelée, and more broadly across the island of Martinique.

