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Background: 
The rate of magma crystallisation plays a crucial role 
in controlling the resultant texture of the fully solidi-
fied rock. At high cooling rates it is well known that 
crystal morphology becomes complex – acicular, skel-
etal or dendritic – as diffusion rates inhibit supply of 
components towards and away from the solid-melt 
interface. At low cooling rates, interface-controlled 
growth dominates and tabular crystals may form. 
Crystal size distribution studies are a good example of 
how quantitative textural information can be extract-
ed from crystallised rocks to understand and inter-
pret the cooling history of the melt or magma. How-
ever, this requires assumptions to be made about the 
likely cooling rate, which is difficult to infer inde-
pendently. This project will develop new ways to de-
termine the effects of cooling rate on igneous rock 
texture, which will enable a new level of quantitative 
understanding of magmatic histories.  

 
Figure 1: Coarse, tabular plagioclase crystals formed 
through slow cooling of basaltic magma.   

Project Aims and Methods: 
This project will perform a suite of experiments using 
a high-temperature heating stage attached to a petro-
graphic microscope and a video camera. Aliquots of 
silicate liquid will be subjected to pre-defined cooling 
trajectories and the textures and morphologies of the 
resulting crystals will be captured digitally in real 
time. The crystals and quenched host melt will be 
characterised using scanning electron microscope and 
possible laser ablation ICP-MS methods.  

Key targets will be to quantify (a) any changes in crys-
tal morphology and aspect ratio with cooling rate 

and/or dwell time, and (b) the variations of element 
partitioning with degree of undercooling of the melt. 
The former will be done by digital image processing 
using dedicated software. The latter will be done by 
characterising the chemical compositions of crystals 
and host melts to quantify the disequilibrium uptake 
of rejected components at high crystallisation rates.  

Training and skills development: 
Throughout the MSc project the successful student 
will be integrated into the vibrant, active volcanology 
research group within the Durham Earth Science De-
partment. Training will include: 
• use of the state-of-the-art field emission gun scan-

ning electron microscope 
• petrographic observation  
• high temperature heating stage experiments 
• digital image processing 
• writing and presentation skills via the weekly vol-

canology group meetings 
• optional one-week residential volcanology field 

course in Tenerife 
• opportunity to demonstrate to undergraduate stu-

dents in practical classes. 

Pre-requisites: 
The successful candidate will have: 
• strong petrographic skills 
• an interest in interpreting rock textures 
• an interest in high-temperature experiments 
• a good undergraduate degree in physical science 

Research costs: 
Research costs associated with this project will be 
partly met by the supervisor (please contact to dis-
cuss). The student will be liable for costs associated 
with the optional field course (around £600) and for 
optional conference attendance and any other travel. 
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