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IDENTIFYING MAGMATIC MUSH CANNIBALISM VIA MICRO-SAMPLING  

 

1. Background 

Eruptions of magma at the surface of the Earth 

are fed from melting of the material below.  

Much of what we understand about magmatic 

sources and the processes leading to eruption are 

based on the petrology and chemistry of surface 

lavas. However, erupted lavas represent an aver-

age of the processes that have gone into making 

them.  The view of what a volcanic feeder sys-

tem looks like has evolved alongside our under-

standing via more precise geophysical and geo-

chemical methods. Currently, the consensus 

view has moved away from large melt domi-

nated magma ‘chambers’ lying beneath volca-

noes towards a crystal dominated ‘mush’ with 

variable amounts of melt at any given time and 

location. Understanding how a crystal mush 

evolves and reacts to changing pressure, temper-

ature and compositional conditions is vital to un-

tangle potential eruption triggers, the conditions 

that favour ore deposits, and the broad role of the 

crust in chemical cycling throughout Earth’s his-

tory.  

 

How can the record of mush crustal processes be 

accessed? Luckily, some erupted lavas carry 

fragments of their mushy feeder system to the 

surface.  These coarse grained igneous rocks are 

often termed ‘plutonic xenoliths’.  Their textures 

and chemistry can provide direct insight into 

mush processes.  

 

This project develops an isotopic method for 

assessing the magmatic mush processes, spe-

cifically those involving re-melting and re-

mobilisation of the mush that may indicate a 

change in conditions to those that favour 

eruption.  

 

The project focusses on developing a work-flow 

for the measurement of both stable and radio-

genic Sr isotopes in plagioclase from plutonic 

xenoliths.  Radiogenic isotopes are not fraction-

ated by magmatic processes.  Thus they will only 

show variation if an isotopically different 

material is introduced to the mush.  There is a 

stable Sr isotope difference between plagioclase 

and the melt is crystalises from (e.g., Charlier et 

al. 2012).  Therefore, re-melting plagioclase in 

the same magmatic system should change the 

stable Sr isotope ratio.  This leads to a concep-

tual framework. In principle, coupled radio-

genic-stable Sr isotopes should be able to distin-

guish three vastly different mushy scenarios : (1) 

input from external sources to the mush: varia-

tion in radiogenic Sr (2) Cannabalistic re-melt-

ing and reactive flow: no variation in radiogenic 

Sr, but variation in stable Sr (3) external inputs 

and reactive flow: variation in both stable and 

radiogenic Sr. The novelty of this project is our 

ability to target in situ plagioclase feldspars, via 

micro-milling, associated with reactive flow tex-

tures and compare them to feldspars lacking 

these textural clues. 

 

The project will develop the most efficient work-

flow and determine minimum amount of Sr re-

quired, and thus the possible resolution on a sin-

gle plagioclase mineral scale.  The workflow 

will then be apply to one plutonic xenolith, po-

tentially from the Lesser Antilles arc, with a high 

degree of previous characterisation. 

 

 
Fig 1. Plutonic xenolith from St. Vincent, Lesser 

Antilles arc, showing evidence for reactive flow 

banding. 

2. Aims and methods 

The aim of this project is twofold. (1) to deter-

mine a workflow for micro-sampling and analy-

sis of coupled stable and radiogenic strontium 
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isotope analyses (2) to apply the workflow to 

one well-characterised plutonic xenolith with 

clear evidence for reactive flow processes.  

 

 

 

 

3. Scientific approach 

This project will use state of the art micro-sam-

pling and isotopic measurement techniques de-

veloped at Durham University.  We in Durham 

are uniquely placed to supervise this project. The 

micro-milling approach for radiogenic Sr iso-

topes was developed in Durham in the early 

2000s and the technique has facilitated applica-

tions across earth science, geography and ar-

chaeology.  This project is the first to combine 

stable and radiogenic Sr isotopes on the same 

micro-milled fraction. The Earth Science depart-

ment hosts extensive ultra clean labs required for 

low blank work and three thermal ionisation 

mass spectrometers (TIMS) of the type that are 

required for precise and accurate stable and ra-

diogenic Sr isotope measurements.  We have ob-

tained a wide array of plutonic xenoliths from 

which to choose the most appropriate test sam-

ple. The supervisor team combines expert 

knowledge across igneous petrology and tex-

tures, isotope and trace element geochemistry 

and mass spectrometry.  

 

4. Training 

As an MScR student in the Durham Earth Sci-

ences Department you will become part of a vi-

brant research culture in which ~70 postgraduate 

students work on a wide range of Earth Science 

research projects. In particular, you will closely 

collaborate with the academic staff, postdoctoral 

researchers and fellows, and postgraduate stu-

dents in your research group. Training will be 

provided in techniques being applied.  
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