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Magmas are likely stored within the crust as crystal mush. A crystal mush represents an accumulation of 
crystals and melt that may show a wide range of physical properties such as viscosity, porosity, and 
permeability. Crystal-rich mushes should behave mechanically more like a solid, and be very hard to 
move or erupt. Conversely, more 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. The 
structure of a crystal mush, and its physical characteristics, depend on the shapes and orientations of its 
constituent crystals at the sub-mm scale. Plutonic rocks are the solidified equivalents of magmas that 
could have produced explosive eruptions, but were retained in the crust and allowed to cool to ambient 
conditions. The advantage of plutonic rocks is that they preserve the detailed spatial relationships 
between melt and crystals, as they existed during mush formation. This project will use the fabrics, 
textures and geochemistry of plutonic rocks to form a record of crystal mush accumulation and 
solidification that is complementary to that of volcanic eruption products.  
 
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 the shapes and textures of 
mush-forming minerals to investigate the primary accumulation conditions of the crystal mush. The 
geochemistry and spatial arrangements of crystals and interstitial material will be used to trace the 
progressive development of the mush structure, porosity and connectivity during solidification (e.g. 
Bryon et al. 1996 Mineralogical Magazine; Humphreys 2009 Journal of Petrology). Zoning features of 
plagioclase feldspar will be used to assess changes in shape during growth. The geochemistry of the 
accessory mineral apatite will be analysed to assess whether a record of the approach to volatile 
saturation is retained in plutonic rocks (e.g. Humphreys et al. 2021, EPSL).  
 

Figure 1: The Lago della Vacca suite, Adamello batholith, Italy 
 
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 field geology, 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 and postdoctoral researchers to deliver a conceptual framework for understanding interpreting 
pre-eruptive magma storage, and will also join the Durham Volcanology 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 the Adamello batholith, Italy and the Tuolumne intrusive suite, 
Sierra Nevada (US) in order to document mush textures and fabrics and collect samples. The student will 
undertake detailed geochemical mapping and in situ, spatially targeted micro-analysis of major and trace 
elements in mush-forming and accessory minerals, using electron probe microanalysis, electron back-
scatter diffraction, laser ablation ICP-MS and secondary ion mass spectrometry (SIMS) techniques. 
Quantitative textural methods will also be used to characterise mush textures, and modelling of 
fractionation, porosity and permeability will be used to characterise the mush properties and investigate 
melt percolation and extraction. Full training will be provided.  
 

 
Project timeline: 
Year 1. Literature review, training in petrographic and geochemical techniques. Preliminary textural and 
geochemical analysis of samples already acquired. Fieldwork on the Adamello batholith. Geochemical 
mapping and characterisation of mush-forming and accessory phases using SEM, electron microprobe 
and laser ablation ICP-MS.  
 
Year 2: Further textural and geochemical analysis including volatile element compositions of apatite 
using SIMS. Timing of volatile exsolution relative to crystal fractionation. Present work at national 
conference. Fieldwork in the Sierra Nevada. Manuscript 1. 
 
Year 3: Comparative textural and geochemical analysis on mush-forming phases from the Sierra Nevada. 
Modelling of porosity, permeability and melt fractionation. 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: Progressive 
occlusion of mush 
porosity defined by 
geochemical zoning 
in glomerocrysts (left; 
Ikeda et al. 2002) and 
in gabbroic 
cumulates (right; 
Humphreys 2009). 


