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Context and motivations

Volcanic eruptions on- and offshore of oceanic islands, are a constant threat for its inhabitants, especially in densely-populated areas, where massive and complex evacuations may need to occur in short periods of time. A robust understanding of past eruptive history and volcanic-related activities (landslides, earthquakes, tsunamis) is, hence, of utmost importance to assess the risks and develop appropriate responses and monitoring systems to prevent humanitarian catastrophes. A good example is the recent (14-15thJanuary 2022) paroxysmal eruption of Hunga Tonga–Hunga Ha’apai volcano in the SW Pacific Ocean, which produced a series of cascading effects of the interactions between volcanic and related-tsunami processes and underscores the  knowledge gaps on submarine explosive volcanism, and the importance to expand research and monitoring of such active submarine volcanic systems proximity to populated islands.
In oceanic settings, the long-term record of islands’ eruptive history is preserved in the surrounding submarine volcaniclastic apron. Investigating tephra layers (fragmented volcanic particles ejected during volcanic eruptions regardless of the size and shape) within marine sediments, and recovered by coring in mostly non-erosive environments, is a powerful strategy to unravel past volcanic activities. These samples can provide crucial information on recurrence rates, cyclicities, dynamics, temporal, spatial and compositional variations of individual eruptions, but also of eruption time series. Moreover, the tephra layers can be also used to obtain knowledge on magmatic plumbing systems and timescales of reactivation and magma ascent rates, improving forecasting of future eruption styles and dynamics, and risks assessment. 
In addition to subaerial eruptions, tephra analysis may also bring important insights about submarine eruptions whose understanding is so far limited. In particular, there are still many questions regarding controlling factors and dynamic parameters of (explosive) submarine eruptions. Finally, It is also well known that deglaciation and changes in the sea level, controlled by climate variations and probably modulated by anthropic forcing can influence the occurrence of eruptions through its effect on lithostatic pressure, especially due to global glaciation and deglaciation periods. What are the local/regional drivers and dynamics on poorly-understood submarine explosive/effusive eruptions? 
To address some of these questions, we propose a PhD project that aims at investigating sediment cores that were retrieved offshore Mayotte Island, in the Comoros Archipelago, in 2021 during MAYOBS19. High-resolution multibeam and AUV-bathymetry, together with extensive dredging and ROV-sampling, have shed light on a complex volcanic field fed by multiple levels of mantle magma storage identified by it an exceptional diversity of edifices  (lava flows, domes, scoria/pumice cones), magmatic compositions, eruptive volumes, and dynamics (effusive/explosive).
Up to 25 sediment cores were retrieved in the proximal sedimentary apron of Mayotte, and these brought >280 m of sediment archives that record a rich history of non-volcanic and volcanic processes. Tephra layers are visible in the uppermost parts of the sediment sequences and suggest the occurrence of very recent volcanic events. Preliminary tephrochronological study at 1 cm resolution (INSU TelluS ALEAS project; PI: Lebas, 2022), of the two first metres of MAYOBS15-CS02 core revealed unexpected, abundant fresh glass shards throughout the entire upper 80 cm, with a discrete ~20 cm thick tephra layer at the base (60-80 cm below seafloor, cm bsf). An age model derived from oxygen isotopic chronostratigraphy (δ18O) and radiocarbon dating (14C) within a BQR project funded by IPGP (PI: Lebas, 2021) indicates an age interval from AD 572 a (at 0 cm) to 8.7 ka BP (at 80 cm). The discovery of these cryptotephra (non-visible tephra ‘hidden’ in sediments) raises fundamental questions concerning the source of the volcanism that generated it. They could be related to submarine eruptions of monogenic volcanoes composing the Eastern Volcanic Chain of Mayotte, thus providing substantial new and complementary data to the ongoing investigation of dredged and ROV samples of the submarine Mayotte volcanic area. However, the 0-80 cm cryptotephra/tephra may also originate from aerial eruptions of Petite-Terre. This could represented a younger age than previously thought for the last known event, dated at ~4 ka BP, and would indicate several younger eruptions and/or pulses on Petite-Terre. Last but not least, the cryptotephra may also arise from alternating or contemporaneous submarine and subaerial eruptions. Another volcanic glass-rich interval was observed at 167-191 cm bsf, with ages ranging from ~44.3 ka BP (14C at 171 cm) and ~56.7 ka BP. Interestingly, both intervals are found slightly after the onset of MIS4- and MIS2-deglaciation, respectively. We will test the hypothesis on whether the abundance of Mayotte cryptotephra/tephra in the 0-80 cmbsf, deposited right after the MIS2 deglaciation be related to climate forcing on Mayotte volcanism, as suggested in other volcanic settings.
By pursuing the work started on MAYOBS15-CS02 and extending it to the frame cores acquired during MAYOBS19 (e.g. MAYOBS19-CS07, -13, -23, -24), the PhD objectives are to:

(i) develop a complete and robust tephrochronological record of Mayotte’s past explosive and effusive, submarine and subaerial eruptions and volcanic-related processes using major- and trace-elements geochemistry and morphological description. This would allow to: a) distinguish between reworked and primary eruption signals, b) conduct provenance studies, and c) correlate the marine tephra to terrestrial and marine sources;

(ii) estimate the recurrence rates, magnitudes, volcanic explosivity index (VEI), and cyclicities associated to the individual eruptions and revise eruptive volumes eruptions onshore, and
(iii) explore the possible temporal and spatial patterns in the petrological magmatic series of Mayotte, in particular with eruptions associated with glass-shards retrieved in tephra and cryptotephra.

We will test in particular the hypothesis that stress changes during the last glacial cycles led to higher volcanic activity, which would be seen by an increase of tephra and cryptotephra abundance in sediment cores. We will investigate the extent of climate forcing on subaerial as well as submarine eruptive activity in oceanic settings. Were the recurrence rates, styles, dynamics and intensities of eruptions affected, and if so, how? Can we identify temporal, spatial and/or geochemical changes on glass-shards compositions, therefore, on the magmatic plumbing system?

We will also explore why both differentiated phonolitic and trachytic magmas are present offshore Mayotte, and not on land. We aim at characterising the parameters and processes of magma genesis, and to document the spatio-temporal evolution of magma compositions. We will test for the existence of possible causal relationships linked to the transition between glacial and interglacial cycles.

The proposed PhD project will help IPGP in its mission to monitor the ongoing seismo-volcanic activity offshore Mayotte, along with better understanding the plumbing system beneath. This is critical to adequately assess the potential evolution of the remarkable current renewal of submarine volcanic activity at Mayotte. This PhD will also train the candidate in the methodology to investigate past volcanic activity using marine tephra and will offer a unique opportunity to tackle fundamental key questions regarding what factors control the still poorly-understood submarine eruptive dynamics, the along-chain spatio-temporal migration of volcanic activity, the role of tectonics and climate forcing on volcanic eruptions in oceanic settings. The PhD candidate will gain a strong knowledge in volcanology, marine tephrochronology, geochemistry, and petrology. The candidate will need to have a Master level and skills in volcanology, geochemistry and/or petrology.

