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Volcanic eruptions are major natural hazards, and even short-lived periods of volcanic unrest can be 
highly disruptive to society. Magma is thought to be stored before eruptions as crystal mush, i.e. a dense 
mixture of crystals and melt. However, crystal-rich mushes should behave mechanically more like a solid, 
and be very hard to move or erupt. Conversely, mobile, melt-rich mushes would be readily identifiable 
by geophysical techniques, which however typically fail to identify large volumes of stored melt within 
the crust. Important questions therefore remain about the controls on the structure of a crystal mush, 
and mechanisms by which crystal-rich mushes can be released and remobilised as eruptible magmas 
(e.g. thermal defrosting and internal gas pressurisation). 
 
This PhD project is part of the STEMMS (Storage and Eruption of Mushy Magma Systems) ERC 
consolidator grant, and is fully funded for 3.5 years. The PhD project will use apatite geochemistry to 
define the timing of fluid exsolution (e.g. Humphreys et al. 2021, EPSL) relative to fractionation in 
samples from Hekla (Iceland) and the Canary Islands (Figure 1), in magmatic systems that are variably 
volatile-rich. The project will also investigate the crystal-scale makeup of the mush through textural 
analysis of melt-bearing nodules, glomerocrysts and phenocrysts of plagioclase, amphibole and 
clinopyroxene, targeting a comparison of the products of both large and small eruptions in both 
locations. The aim will be to link the timing of volatile phase saturation with crystal shape and texture 
constraints on the grain-scale mush structure and its consequent mechanical properties, and thus to 
interpret the pre-eruptive storage conditions and remobilisation mechanisms in these two settings.  

 
Training and skills: 
This project would suit a numerate student with a good degree in Earth Sciences (or a closely related 
field) with strong interests in geochemical micro-analysis and igneous crystal textures. Good self-
management, organisational and time-management skills are essential, together with strong writing 
abilities. The student will be a key member of the STEMMS team and will work alongside other students 

Figure 1: Teide volcano, Tenerife, Canary islands 



 
 
and postdoctoral researchers to deliver a conceptual framework for understanding interpreting pre-
eruptive magma storage. The student will also join the Durham Volcanology Group and the Durham 
Geochemistry Centre, and will benefit from interaction with the Bristol Petrology group. The student will 
receive full training in a range of microanalytical, geochemical and preparation skills and will have the 
opportunity to interact and network at national and international conferences.  
 
What the student will do: 
The student will undertake fieldwork in both Iceland and the Canary Islands in order to collect samples of 
erupted lavas and plutonic nodules. The student will undertake in situ, spatially targeted micro-analysis 
of trace elements and volatiles in apatite and mush-forming minerals, using electron probe 
microanalysis, laser ablation ICP-MS and secondary ion mass spectrometry (SIMS) techniques. 
Quantitative textural methods will also be used to characterise mush textures.  

 
 
Project timeline: 
Year 1. Literature review, training in petrographic techniques. Preliminary textural observations on 
samples already acquired. Fieldwork in the Canary Islands. Mineral separation for apatites. Training and 
geochemical characterisation of apatite and other phases using electron microprobe analysis.  
 
Year 2: Fieldwork in Iceland. Analyse volatile element compositions of apatite using SIMS and trace 
elements in minerals using laser ablation ICP-MS. Define timing of volatile exsolution and P,T,X 
conditions of pre-eruptive magma storage. Present work at national conference. Manuscript 1. 
 
Year 3: Further textural and geochemical analysis on primocryst mush phases. Further SIMS analysis of 
volatiles in apatite. Investigate differences between large and small eruptions. Present work at 
international conference. Manuscript 2. 
 
Year 3.5: Synthesise and integrate datasets and interpret mush remobilisation mechanisms in different 
settings. Present work at national conference. Manuscript 3. Thesis writing and submission. 
 
 
Further information 
For any informal enquiries about the project, please contact Dr Madeleine Humphreys, Durham 
University (madeleine.humphreys@durham.ac.uk) 

Figure 2: The project will involve 
analysis and interpretation of rock 
textures and mineral geochemistry 
using in situ, spatially targeted 
microanalysis techniques  


