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Overview 
Explosive volcanic eruptions are primarily driven by 

volatile exsolution and bubble growth during magma 

decompression. Dissolved magmatic volatiles also 

affect magma storage and differentiation processes 

throughout the Earth’s crust, through their impact on 

mineral phase stability, melt viscosity, magma 

crystallisation and oxygen fugacity. Repeated episodes 

of magma intrusion and differentiation [1] may help to 

construct a vertically extensive sub-volcanic mush 

system, that is catastrophically reorganised prior to or 

during eruptive episodes [2]. The timing of volatile 

saturation is an important control on eruption 

frequency [3] and recent modelling shows that this 

can be recorded in the volatile composition of the 

mineral apatite [4]. Melt inclusions are commonly 

used to quantify pre-eruptive dissolved volatile 

concentrations, but in practice it is rare for 

undegassed CO2 contents to be trapped, and 

measurements may be compromised by the migration 

of CO2 (± H2O) into shrinkage bubbles within the 

inclusions [5]. In contrast, apatite takes up dissolved 

CO2 from the melt [6] as well as sulphur and halogens 

(F ± OH ± Cl) and represents a good alternative 

record of magmatic volatile conditions.  

 

Mt Damavand is a large, active stratovolcano in 

northwest Iran, that has erupted a range of magmas 

from alkali basalt to trachyandesite and trachyte. The 

magmas contain complex disequilibrium textures as 

well as dispersed crystal clots and fragments of glass-

bearing cumulate nodules [7,8] that represent 

disrupted mush fragments. This project will use new 

methods to address the origins and evolution of 

magmas at Mt Damavand, building on recent advances 

in analysis, modelling and interpretation of volatiles in 

apatite [4,6] and ongoing work in quantitative 

interpretation of trace elements in amphibole [1]. 

Entrained, glass-bearing nodules and plutonic xenoliths 

give access to snapshots of the developing mush 

system and can be compared with magmas erupted at 

the surface. Aims will be to define:  

 Where magmas are stored within the sub-volcanic 

plumbing system 

 The timing of volatile saturation and the C 

contents of relatively undegassed magmas  

 How mush reorganisation and disaggregation 

contributes to the erupted crystal cargo 

Figure 1: Mount Damavand volcano, northwest Iran 

(photo by Ninara/ CC BY).  
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 Whether mafic magmas erupted on the flanks 

bypass a central differentiation zone and record a 

deeper crystallisation environment 

 The timescales of final magma decompression, 

degassing and ascent to the surface, using diffusion 

profiles in apatite 

 
Methodology 
 Petrography and SEM analysis of textures in thin 

section  

 Electron microprobe analysis of key mineral phases 

 Ion microprobe (SIMS) analysis and MATLAB 

modelling of volatiles in apatite 

 Laser ablation ICP-MS analysis of trace elements  

 Diffusion modelling of magma decompression and 

degassing timescales using volatiles in apatite 

 Intra-crystalline isotope analysis by micro-drilling 

 Possibility of fieldwork in Iran (dependent on 

funding and political situation) 

 

Collaborators 

Dr Victoria Smith, University of Oxford 

Dr Monireh Kheirkhah, Geological Survey of Iran 

 
Timeline 
Year 1: Evaluation of existing sample collections at 

Durham. Petrographic analysis followed by electron 

microprobe analysis of mineral phases. Development of 

proposal for SIMS analysis of apatite. Possible fieldwork 

in Iran. 

Year 2: SIMS analysis of volatiles in apatite. Modelling 

of apatite volatile compositions to define melt volatile 

evolution and interpret volatile saturation conditions. 

Laser ablation analysis of key mineral phases including 

amphibole and apatite and calculation of equilibrium 

melt compositions.  

Year 3: Interpretation of mineral trace element 

concentration profiles and integration of analytical 

datasets with existing unpublished bulk rock 

geochemistry database. Measurement and modelling of 

diffusion profiles in apatite and interpretation of syn-

eruptive ascent conditions. Integrate findings into 

ongoing hazard evaluations with Iranian partners.  

End 2022 Target submission of PhD thesis 

Presentation of results, preparation of publications, 

and conference attendance will be encouraged 

throughout the project. 

 

 
Training & Skills 
 

This project would suit a student with a degree in 

Earth Sciences (or a related field) and strong interests 

in petrography, igneous petrology and geochemistry. 

Previous analytical and/or modelling experience would 

be an advantage but is not essential. The student will 

be trained in all relevant technical areas including 

petrographic observation; SEM, EPMA, SIMS, and LA-

ICP-MS; and numerical modelling using MATLAB. The 

student will also be encouraged to lead the 

development of proposals for analytical facilities, and 

to present their work at national and international 

conferences. The student will be embedded in the 

vibrant and active Durham Volcanology Group, and 

will also benefit from exposure to the Durham 

Geochemistry group and Volc@Glasgow. This project 

is also linked to an active NERC-funded grant on the 

quantification of volatile diffusivities in apatite. 
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Further Information 
 

For further information and informal enquiries, please 

contact Madeleine Humphreys, Durham University 

(madeleine.humphreys@durham.ac.uk) 

 

 

Figure 2: Gem-quality, OH-rich apatite from Morocco. 
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