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Submarine volcanic eruptions account for more than 75% of Earth's magmatic activity, yet their detection, monitoring, and characterization remain a challenging task. The inaccessibility of underwater environments, combined with the scarcity of continuous monitoring infrastructure, limits our ability to study these eruptions with accuracy and in real time. This observational gap hinders our understanding of critical processes such as magma migration, eruption dynamics, and lava emplacement. In particular, the lack of continuous, high-resolution data prevents us from capturing the full temporal and spatial evolution of these systems. One way to overcome these issues is to use the variability of signals that can be recorded on seismometers. In submarine eruptions, these signals propagate through both the Earth's crust as seismic waves and the water column as hydro-acoustic waves, offering complementary perspectives on eruption depth, intensity, and dynamics.
The Fani Maoré eruption (2018-2020), located offshore Mayotte in the Comoros Archipelago, provides an exceptional case study to advance submarine volcanology. Initially detected through an intense seismic swarm and ground deformation recorded on Mayotte Island, the new volcano Fani Maoré was discovered during the MAYOBS1 oceanographic campaign. The event led to the establishment of the REVOSIMA monitoring network and enabled the collection of an unparalleled multidisciplinary dataset. This includes continuous seismic and hydro-acoustic recordings, high-resolution bathymetric mappings, geodetic deformation measurements, petrological sample analyses, and lava viscosity studies.
This PhD thesis will focus on developing a predictive framework to infer the morphological evolution of the Fani Maoré volcanic edifice. Through the synergistic integration of seismic, hydro-acoustic, bathymetric, geophysics, and petrological data, this research aims to reconstruct the eruption's chronology and establish innovative methodologies for near-real-time monitoring of submarine volcanic activity through seismological datasets. Seismicity is already one of the main indicators of volcanic activity before and during eruptions. The central hypothesis is that the combined analysis of seismic and hydro-acoustic signals, when contextualized with other local observations, contains critical information about eruption dynamics, intensity, lava emplacement rates, and gas release patterns.
The thesis will address two key scientific questions:

First, how do seismic and hydro-acoustic signatures reflect the complex eruption dynamics? This investigation will examine the variability of events recorded by both terrestrial and ocean-bottom seismometers, correlating these with other geophysical time series and in situ observations from various eruption phases. The goal is to understand how variations in seismic and hydro-acoustic activity reflect continuous or episodic eruption dynamics. Previous studies have identified three main phases of lava emplacement, but their temporal progression, spatial distribution, and interconnectivity remain poorly understood. This work will first analyze eruption-generated events in conjunction with bathymetric changes to reconstruct the eruption's evolutionary timeline before the combination with other indicators.
Second, can seismological data predict the continuous evolution of submarine eruptions? The student will develop and apply statistical and machine learning models to seismological datasets, enhanced by geodetic, bathymetric, and petrological information. The objective is to create predictive frameworks capable of inferring eruption dynamics from seismic signals alone.

Context of the PhD project:

This PhD project is part of the ANR HARMONIE lead by Lise Retailleau. The student working in close collaboration with a postdoctoral researcher also funded by the ANR and the broader consortium of the ANR. This project is at the frontier between seismology, volcanology and marine geoscience and the student will interest with members of the three IPGP teams. Fieldwork opportunities include participation in oceanographic campaigns and potential research missions in Mayotte.

