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Background: 
Recent work has presented strong evidence for the 
existence of a viscous plug in the shallow conduit at 
Stromboli[1]. The presence of this plug has a strong 
influence on eruption style, increasing explosivity, 
and causing pulsatory behaviour. Textural evidence 
indicates that the plug is composed of dense, out-
gassed, crystal-rich magma[2], which should therefore 
be negatively buoyant. This begs the question: how is 
a dense, viscous plug formed and maintained? 

 
Figure 1: a) Stromboli, b,c) convection experiment, d) 
interpreted flow pattern and viscosity distribution. 

Project Aims and Methods: 
This project will test the hypothesis that the plug is  
dynamic feature, representing the upper surface of a 
convective system within the conduit. Preliminary 
experiments (figure 1) have been carried out, which 
indicate that convection organizes the magma into an 
upwelling core region, surrounded by an annulus of 
descending magma. In the volcanic case, we expect 
strongly contrasting physical properties for the mag-
ma in these two regions, as the upwelling magma de-
gasses, crystallizes and cools before descending. 

We will use the COMSOL Multiphysics numerical 
modelling environment to build a simulation test-bed 
with which we can explore the spatial distribution of 

physical properties within a convecting column of 
magma. We will determine the conditions under 
which a viscous plug can be formed and maintained, 
and the implications for the behaviour of strombolian 
gas slugs ascending through the magma. Our findings 
will be linked to field observations made at Stromboli 
by INGV partners. 

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 COMSOL Multiphysics 
 opportunity to conduct further laboratory experi-

ments if desired (additional costs may apply) 
 writing and presentation skills via the weekly vol-

canology group meetings 
 optional one-week residential volcanology field 

course in Tenerife 
 excellent preparation for doctoral research pro-

gramme or quantitative role in industry. 

Pre-requisites: 
The successful candidate will have: 
 strong quantitative skills 
 an undergraduate degree in a physical science 
 some experience of numerical modelling 
 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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