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Problem statement 

Until recently, Grande Comore was the only volcanically active island in the Comoros archipelago. The largest observed submarine volcanic eruption occurred on Petite Terre off the SE coast of Mayotte in 2018. Exceptionally high time average magma discharge rates (150-200 m3/s during the first year) lead to the eruption of 5.1 km3 lava, making it the 3rd most voluminous mafic eruption in the past 2000 years (Berthod et al., in press). Petrological data and inversion of geophysical data indicate deep (upper mantle), magmatic activity ~50km beneath the surface volcanism which places the magma chamber well within the lithospheric mantle, together with the occurrence of shallower and on average more evolved magmas near the Moho discontinuity. Curiously, the extruded material indicates compositions that can only be achieved through extensive fractionation (~50% crystallisation of olivine and clinopyroxene). In typical volcanic scenarios, the pooling of magma occurs at the Moho while large scale differentiation occurs in the crust, preliminary data suggest that the opposite is true for the volcanism Mayotte. The depth of the magma chamber(s), in conjunction with the evolved nature of the lavas, emphasizes the peculiarity of the plumbing system. The eruptions east of Mayotte represent serious implications for preventive approaches in mitigating volcanic eruptions in the archipelago. The stealthy, rapid influx of magma into the lithosphere and the subsequent reactivation of deep-seated magma chambers complicates effective volcano observation. The secretive nature of the eruptions calls for an expedited endeavour to determine the volcanic systematics of the Comore archipelago. Some geochemical data is available for Mayotte and Grand Comore but the geochemical dataset for Anjouan and Mohéli is extremely limited. A formational model of the archipelago has been attempted by Späth et al., (1996) but due to limited data, utilises a broad approach to the formation of the islands.  This provides an excellent opportunity to explore the volcanic systems of the individual islands and produce a holistic formational model of the island group. 

Background

The Comoros archipelago consist of four volcanic islands, with recent or ongoing volcanic activity on two westernmost (Grande Comore) and easternmost islands (Mayotte) and very poorly known recent activity of the two central islands (Moheli; Anjouan). Compositionally, the archipelago is silica-undersaturated, alkaline and display typical OIB trace element signatures. Mayotte, although silica-undersaturated, showcase two defined magma differentiation trends where the southern part of the island displays a trachyte trend and the northern and eastern younger sections a phonolite trend (Bachelery and Hemond, 2016; Pelleter et al, 2016). Limited data of Anjouan displays the same phonolite differentiation trend seen in the southern part of Mayotte. The Mohéli rocks do not indicate the evolved trends of Mayotte and Ajouan, but rather a compositional range made up of extreme silica-undersaturated nephelite, basanite and tephrite. Like Mohéli, Grande Comore lacks an evolved series of rocks consisting of basanite, basalt and hawaiite, which in turn, indicates the volcanic material is sodic in nature. Grande Comore is compositionally divided by the two volcanoes, Karthala and La Grille. Although primitive, the lavas of Karthala appear to align with the primitive volcanics of the southern section of Mayotte while La Grille appear to align with the primitive volcanics of the northern section of Mayotte. Nd, Sr and Pb isotopes ratios of the archipelago (Mayotte, Anjouan and Grande Comore, Späth et al. 1996) indicate the input of a depleted lithosphere component and an enriched mantle component in its mantle signature. The enriched mantle component has been described as the product of a mantle plume (Späth et al. 1996, Class and Goldstein, 1997) and characteristics has been constrained via He isotopes (Class et al., 2005). Alternatively, the upwelling material has been interpreted as lithospheric deformation, related to the East African Rift, causing asthenospheric upwelling (Michon, 2016). The HIMU-like component is present in many African mantle signatures and has been widely reported. The HIMU-like component has been interpreted without the requirement of a mantle plume (Janney et al., 2002). Trace element modelling (Späth et al. 1996), in addition to amphibole and phlogopite phases, strongly suggest metasomatic fluid enrichment of the lithospheric component (Class and Goldstein, 1997), possibly with a carbonatitic signature (Coltorti et al., 1999). The metasomatism is not ubiquitous throughout the mantle source of as lavas from Karthala indicate that they were sourced from a shallower, unmetasomatised mantle.  

Objectives

The project envisages petro-chemical analyses and modelling of the volcanic systems of the Grande Comore, with comparisons with Mayotte, Anjouan and Mohéli.  The aim of the project is to determine a comprehensive model of magma storage, evolution and transfer for the active Karthala and la Grille volcanoes (Grande Comore) and comparisons with the other islands of Comoros Archipelago. Estimating the magmatic storage and transport mechanisms will greatly contribute to for hazard assessment models and mitigation strategies. The study will test the possible occurrence of deep (upper mantle to crust underplating depth) seated magma chambers (as suggested for Mayotte) in the archipelago. If prevalent, the project will provide much needed insights into the mechanisms of deep-seated magma chambers where applicable. 
Methodology

Analysis will initially rely on a reserve of previously sampled material of Mayotte and Grande Comore. In the frame of the Hatari Interreg project, two additional field work missions to the archipelago will be implemented for further sampling and additional analyses. The project will utilize the PARI’s analysis facilities to explore single mineral chemistry of olivines, clinopyroxenes, spinel inclusions and melt and fluid inclusions. This will enable geothermobarometric calculations which estimates the temperature and depth at which selected minerals crystallised in the plumbing system. In addition to olivines, oxydes and clinopyroxenes, measuring melt inclusions will provide insight into the systematic chemical changes that occurs in the plumbing system. The combination of temperature/pressure estimates with geochemistry (major elements, trace elements and Sr-Nd isotopes) will provide invaluable information about the mechanisms of magma storage and transport. Determining a timeframe in which geochemical changes occur will be constrained by 14C dating of lavas and tephras. Timescales of magma transfer will be constrained modeling chemical diffusion profiles in the main mineral phases.
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