
Title of the research project :

Thesis supervisor (HDR) : 

Name :      Surname :      
Title :       

email :      
Professional adress :  
(site, dresse, bulding, office…)

     

Research Unit

Name :      
Code (ex. UMR xxxx) :       

Doctorate School

Thesis supervisor’s doctorate school (candidate’s futur 
doctoral school) :

PhD student currently supervised by the thesis supervisor (number, year of the first inscripBon) :    
  

CHINA SCHOLARSHIP COUNCIL 
Appel à projets  
Campagne 2022 
hBps://www.sorbonne-universite.fr

https://www.sorbonne-universite.fr/recherche-et-innovation/le-doctorat/college-doctoral/les-programmes-doctoraux/programmes-0
https://www.sorbonne-universite.fr/recherche-et-innovation/le-doctorat/college-doctoral/les-programmes-doctoraux/programmes-0
Camille Vignes
Volcanoes and Climate : Toward an original quantification of volcanic volatiles emissions (H2O, CO2, SO2, N2, Halogens) to atmosphere

Camille Vignes
398



Joint supervisor :

Name :      Surname :      
Title :       

email :      
Professional adress :  
(site, dresse, bulding, office…)

     

Research Unit

Name :      
Code (ex. UMR xxxx) :       

École doctorale

Joint supervisor’s doctorate school : Or, if non SU : 

PhD student currently supervised by the joint supervisor (number, year of the first inscripBon) :     
 

---------------------------------------------------------------------------------- 

Joint supervisor :

Name :      Surname :      
Title :       

email :      
Professional adress :  
(site, dresse, bulding, office…)

     

Research Unit

Name :      
Code (ex. UMR xxxx) :       

École doctorale

Joint supervisor’s doctorate school : Or, if non SU : 

PhD student currently supervised by the joint supervisor (number, year of the first inscripBon) :     
 



Volcanoes and Climate : Toward an original quantification of volcanic volatiles emissions           
(H2O, CO2, SO2, N2, Halogens) to atmosphere 

Scientific objectives:  

Explosive eruptions, of the Plinian type, inject large quantities of particles (pumice, ash, aerosols) and 
volatile species into the atmosphere. They result from the emptying of a magma reservoir and involve 
significant volumes of magma (from km3 to tens or even hundreds of km3). They result in a rapid rise 
in magma, of which the volatile elements are the driving force. The gas bubbles, formed by exsolution 
of the volatile phase, remain trapped in the magma (degassing in a closed system). Under the effect of 
decompression (law of perfect gases) and the decrease in the solubility of volatile species during the 
ascent of the magma, the speed of ascent of the magma in the conduits increases. It ends up near the 
surface (a few hundred metres below the surface) in a foam that becomes unstable and fragments, 
giving a jet of gas that projects the fragmented magma particles (pumice, ash) vertically. If the magma 
supply is continuous, this jet produces an ascending and convective eruptive column (or 'plume') which 
can reach a height of several tens of kilometres and transports gases and particles (pumice, ash, 
aerosols) into the stratosphere.  Depending on the latitude of the volcano, the height of the eruptive 
plume and the composition of the mixture released, these eruptions will strongly affect the earth's 
outer envelopes on a local and even global scale. The impact on the atmosphere, for example, becomes 
global when the volcanic emissions reach the stratosphere. Particles larger than a millimetre are 
rapidly removed by gravitational settling, while gases and submillimetre aerosol particles typically 
remain in the stratosphere for several years. To date, almost all studies of global impacts have largely 
focused on the sulphur component: once injected into the stratosphere, sulphur gases, mainly SO2, 
are oxidised and converted into sulphate aerosols that will disrupt the Earth's radiation balance 
resulting in cooling of the Earth's surface for several years (Robock, 2000; SPARC, 2006). Large volcanic 
eruptions are thus responsible for much of the natural climate variability (IPCC, 2013; Stoffel et al., 
2015). Recently, attention has focused on the halogen component. Due to high halogen concentrations 
resulting from past CFC and halon emissions, heterogeneous reactions on the surface of these volcanic 
aerosols lead to stratospheric ozone destruction. Volcanoes are also responsible for the emission of 
halogens (Cadoux et al., 2015, Vidal et al., 2016) which have a crucial impact on the ozone layer and 
thus on the chemistry of the atmsophere. Measurements of BrO in volcanic plumes such as Soufrière 
Hills (Montserrat, West Indies; Bobrowski et al., 2003) or Etna (Oppenheimer et al., 2006) combined 
with simulations of the impact of volcanic halogens in volcanic plumes (Jourdain et al, 2016, Roberts 
et al., 2017, Klobas et al., 2017) and on the large-scale ozone layer (Cadoux et al., 2015) have revived 
the debate on the importance of volcanic halogen emissions on ozone stability (Gerlach, 2004) and 
climate. Halogens and, more specifically, chlorine (Cl) and bromine (Br) can significantly impact 
stratospheric ozone (the 'ozone layer') which filters harmful solar UV radiation (WMO, 2014; Krüger et 
al., 2015). A Plinian explosive eruption emitting a volcanic plume allows a large direct injection of Cl 
and Br into the stratosphere, where their impact is potentially global, as in the Plinian eruption of 
Santorini (1610BC). Halogen emissions were estimated and their impact on the ozone layer was 
simulated by a global chemistry-transport model (Cadoux et al., 2015). These simulations indicate a 
strong depletion of the ozone layer (up to more than 90% in the northern hemisphere). Stratospheric 
ozone depletion can thus have deleterious consequences both for the climate (Bekki et al., 2013; 
WMO, 2014) and for human health and ecosystems. More recently, contrary to nitrogen products (N2) 
that have been detected in volcanic gases (Mather et al. 2004, Opheneimmer 2010), only very small 
amounts, significant levels of NO3 have been measured in volcanic deposits (Aroskay 2020). It appears 
that these nitrates are derived from atmospheric nitrogen fixation by lightning in volcanic plumes 
during explosive eruptions (Aroskay 2020). So even if explosive volcanism does not result in significant 
emissions of nitrogen products, it still contributes to the nitrogen cycle by fixing atmospheric nitrogen 
in probably significant amounts. 

 



This research is all the more crucial for a better understanding of the impact of explosive eruptions on 
the atmosphere, which needs to be better quantified during explosive eruptions: 

- the amount of volcanic halogens actually emitted, compared to sulphur species 

- the interaction between halogens and sulphur species (adsorption, chemical reactions, destruction, 
etc.) 

- the role of both halogen and sulphur species in the nitrogen cycle 

 

We plan to study an eruption of the KIZIMEN volcano (Kamchatka). This volcano is relatively accessible 
for sampling volcanic deposits and its recent activity has been monitored by satellite, which will allow 
us to have quantifiable constraints on gas emissions and their fate in the atmosphere. From a 
representative sampling of the deposits of a target eruption, it will be more particularly a question of 
constraining the direct emissions in H2O, CO2, sulphurous species, halogens, and fixed nitrogen. 

 This issue will be studied through an approach combining field studies, petrological characterization, 
elemental and multi-isotopic geochemical measurements on chlorine, sulfur species and nitrates 
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field and will certainly open up other research perspectives.   

 

Justification of the scientific approach 

 The balance of the volcanic emissions will be obtained by the so-called "petrological" method, 
by comparison between point analyses of glassy inclusions trapped in the crystals (pre-eruptive 
conditions) and residual glasses of the emitted volcanic products (post-eruptive conditions). This 
assessment will also be compared to measurements made on the leachates of the deposits 
themselves, i.e. compared to the different soluble species present in the deposits. This allows us to 
discuss the fate of volatile species within the volcanic plume interacting with the atmosphere. Finally 
we will have a complete picture of the quantities of volatile species in the magma, what was emitted 
to the atmosphere, and how they reacted within the evolving plume in the atmosphere. 

 

Matching Initiative - Institute 

This project is in line with the themes of the PGM2 team at ISTeP, which specialises in the issues of 
volcanic degassing and its impact on the atmosphere. ISTEP is one of the Earth Science laboratoiry of 
Sorbonne University, one of the most prestigious university in France, located in the heart of Paris.  

ISTEP has the necessary skills and tools in this field through the CAMPARIS service and the ALIPP6 
platform. The SIMS analyses (national instrument) will be carried out at the CRPG - Nancy. Isotopic 
analyses will be carried out in collaboration with the stable isotope laboratory of IPGP and IGE, with 
which a collaborative network has already been established in various subsequent projects (ANR, 
Emergence Paris, Emergence SU, INSU etc.).  

 

If applicable, specify the role of each supervisor as well as the scientific skills contributed.  

Erwan MARTIN has been working for more than 10 years on volcano-atmosphere interactions with a 
mainly multi-isotopic approach. He has a good knowledge of analytical techniques, some of which were 
developed at ISteP and for the other part, a whole network of collaborations in France and also in the 
USA is already well established to meet the analytical needs. 



Hélène BALCONE-BOISSARD has developed since her thesis an internationally recognised expertise on 
the behaviour of halogens in magmas. She has a perfect knowledge of the analytical techniques of 
elemental measurements in volatile elements (H2O, CO2, SO2, F, Cl, Br). 

 

Indicate the publications/productions of the supervisors related to the project. 
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Specify the profile of the student sought. 

 

We are looking for an open-minded student with a broad scientific background, and more particularly 
a good knowledge of petrology and magmatic geochemistry. Mastery of elemental analysis tools is 
desirable; mastery of isotopic analysis would be a plus. 
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