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Subject description (2 pages max):  

1) Study context 

This PhD is proposed in the framework of the ANR project V-CARE (2019-2023; PI G. Boudon 
(IPGP), and H. Balcone-Boissard for the volcanological aspects and for SU). The PhD results will 
contribute to the current global discussions on a hot topic, those of the architecture and dynamics 
of the magma supply systems of volcanoes.  

2) Details of the proposal 

The eruptive past of a volcano is essential to know because it allows us to better characterise the 
risks it poses to the people living on its slopes. Subduction zone volcanoes such as Montagne Pelée 
are among the most active volcanoes on the planet and show a diversity of eruptive styles. This 
volcano is known for the famous 1902 eruption which is one of the deadliest eruptions by an 
event directly linked to a volcanic eruption: the town of St Pierre and its 30,000 inhabitants 
perished in this eruption. This volcanic activity is fed at depth by a magma supply system which 
develops, not in a punctual manner in the form of a sub-spherical reservoir filled with magma as 
was thought until recently, but rather in the form of an interconnected network of lenses of 
magma on the scale of the entire continental crust. The reservoir has been studied, notably by 
experimental petrology (Martel, 1996; Martel et al., 2002), for the most recent eruptions, Plinian 
(P1, 650 years BP) and dome eruptions (1902, 1929). These eruptions have also been the subject 
of an original petro-geochemical approach on natural products, specifying the architecture and 
spatio-temporal dynamics of the entire supply system, from the reservoir to the surface (ANR V-
Care, in progress). The study of the products emitted by the successive eruptions (explosive or 
effusive), their stratigraphy and their chronology makes it possible to go back in time and thus list 
a certain number of older eruptions. It is thus possible to establish a chronology, to highlight the 
types of eruptions and to establish their frequency. Recently, the field work carried out during 
Michaud-Dubuy's thesis (IPGP - Dec. 2019) complemented the studies that had already been 
carried out on Montagne Pelée (Westercamp and Traineau, 1983; Boudon, 1993, 2005, 2013). 
New eruptions have been identified on land, clarifying the eruptive history of the volcano and 
establishing an eruptive frequency of 3-4 magmatic eruptions / 1000 years. These new data raise 
the question of the functioning of the magma plumbing system over time over a broader period 
than that explored so far.  

The objective of this work is to magmatologically characterize the various key explosive and 
effusive eruptions of Montagne Pelée over the last 50,000 years. Particular attention will be paid 
to the juvenile products, but also to the enclaves that can be found and which will make it possible 
to constrain the source of the magmas more deeply. The original approach followed will be the 



 

 

 

 

joint study of volcanic glass (vitreous inclusions and matrices) and crystals (textures and 
heterogeneity of composition). This will allow: 

1/ to improve the knowledge of the architecture and dynamics of the magmatic supply system by 
specifying the processes at the origin of the evolution of the magmas, and their time scale.  
2/ to discuss the stability over time of the pre-eruptive conditions determined on the most recent 
eruptions. A complete assessment of the CHOS+halogen volatile elements will enable the P and 
saturation conditions of the reservoirs and the source of the magmas to be specified. 
 To review the magma storage system with a new vision of the mush and the multiplication of 
storage zones in the form of pockets staggered at different levels of the crust during different 
eruptions or different eruptive cycles. 
3/ to deduce a more precise assessment of volcanic risks. 
The data acquired during this thesis, in particular the determination of volatile element contents 
in pre-eruptive conditions, and more particularly those of halogens, will also allow us to discuss 
the potential climatic impact of explosive eruptions. 

3) References : Michaud-Dubuy A. (2019). Dynamics of Plinian eruptions: re-assessment of volcanic hazard in 
Martinique. PhD thesis, Université de Paris, 282p. / Martel C. (1996). Conditions pré-éruptives et dégazage des 
magmas andésitiques de la Montagne Pelée (Martinique) : étude pétrologique et expérimentale. PhD thesis, ISTO. 
275p. / Martel et al. (1998). Magma storage conditions and control of eruption regime in silicic volcanoes: 
experimental evidence from Mt. Pelée. EPSL. 156, 89-99. /Westercamp and Traineau (1983). The past 5000 years of 
volcanic activity at Mt Pelée, Martinique (FWI): implications for assessment of volcanic hazards, JVGR. 17, 159-185/ 
Boudon (1993),. La Montagne Pelée, Martinique: évolution volcanologique. Mem. Soc. Géol. Fr., 163, pp. 
231-238./ Boudon et al., 2005. Martinique. In: Lindsay, J.M., Robertson, R.E.A., Shepherd, J.B., Ali, S. (Eds.), Volcanic 
Atlas of the Lesser Antilles. Seismic Research Unit, The University of the West Indies, Trinidad and Tobago, WI, pp 65–
102./Boudon et al., 2013. Role of large flank collapses on magma evolution of volcanoes. Insights from the Lesser 
Antilles Arc. JVGR. 263:224-237.  

4°) Profile of the Applicant (skills/diploma…) 

The candidate should have a solid foundation in magmatic petrology. The candidate will carry out 
the textural and geochemical characterization of samples from the various eruptions of Montagne 
Pelée identified. Knowledge of volcanology, particularly in terms of eruptive dynamics, would be 
an advantage. Skills in the characterisation and analysis of volcanic glasses by scanning electron 
microscopy, probes (electronic and ionic) in major, trace and volatile elements would be 
appreciated. The candidate will work in collaboration with researchers from various institutes and 
will integrate the reflections made within the ANR V-CARE. 
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