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Background: 
The compressibility of magma plays a central role in 
controlling the magnitude and duration of volcanic 
eruptions[1]. Compressibility arises because magma 
contains bubbles of gas – moreover, this gas exsolves 
from, and dissolves into, the melt in response to 
changes in pressure (figure 1). The solubility of the 
gas means that compressibility is rather more com-
plex in magmas than it is in bubbly media that contain 
an insoluble gas phase. Nonetheless, compressibility 
is usually treated very simplistically, and the dynam-
ics of gas solution and diffusion are typically ignored. 

Depending on magma properties – such as vesiculari-
ty, bubble size, volatile diffusivity, and melt viscosity – 
the effective compressibility of the magma may vary 
by many orders of magnitude. This variation, and the 
associated variation in timescale over which pressure 
changes are accommodated, has not previously been 
investigated systematically. A detailed investigation of 
the ‘dynamic compressibility’ of magma is overdue, 
and will greatly improve quantitative understanding 
and numerical modelling of magma transport, and of 
the response of magma bodies to the pressure per-
turbations that precede and accompany eruptions. 

  
Figure 1: (left) X-ray image of a bubbly magma; (right) 
schematic representation of numerical model for bub-
ble growth and resorption. 

Project Aims and Methods: 
We have developed and validated a sophisticated nu-
merical model of the growth and resorption of bub-
bles in magma. The model is an ideal tool for the in-
vestigation of the dynamic compressibility of magma. 
The student will use the model to quantify compress-
ibility as a function of melt properties, bubble phase 
properties, and the rate and magnitude of pressure 
variations, through a systematic exploration of pa-
rameter space. 

The core goal of the project is to produce a constitu-
tive model that captures compressibility as a function 
of the physical parameters that control it. The result-
ing model will allow dynamic compressibility to be 
straightforwardly included in numerical models of 
magma transport and magma chamber processes. 
Such models currently require coupling to a full bub-
ble growth model to capture this behaviour[2], which 
is computationally costly. 

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 MATLAB for numerical modelling and pa-

rameter sweeping 
 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 mathematical skills 
 an undergraduate degree in a physical science 
 ideally, some experience of numerical modelling, 

preferably with MATLAB 
 an interest in physical volcanology 

Research costs: 
Basic research costs associated with this project will 
be met by the supervisor. The student will be liable 
for costs associated with the optional field course 
(around £600) and for conference attendance. 
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