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Background: 
Flows of basaltic magma and lava tend to localize over 
time. Dyke-fed fissure eruptions localize to form con-
duits and vents, and lava flows localize to form lava 
tubes (figure 1). In both cases the localization process 
impacts the temporal evolution of the flow and of the 
hazard posed. But what causes localization? 

Previous work has focussed on the role of thermo-
rheological effects[1], but this project will investigate 
another mechanism that has previously been neglect-
ed. Bubbly magma and lava have a shear-thinning 
rheology[2], which means that their effective viscosity 
drops as flow rate increases. In the parts of the dyke 
(or lava flow) where flow is fastest, shear-thinning 
causes the viscosity of the magma to drop; the lower 
viscosity, in turn, promotes faster flow, resulting in a 
positive feedback that may lead to the formation of 
localized flow pathways. So how important is this 
mechanism for localization? 

 
Figure 1: A lava tube, viewed through a skylight, in a 
pahoehoe flow field on Kilauea, Hawaii (USA). 

Project Aims and Methods: 
Scaled laboratory analogue experiments will be used 
to explore localization in bubbly flows. The primary 
goal is to develop a quantitative description of the 
conditions under which flow localizes, and of the im-
pact localization has on bulk magma and lava fluxes. 

Bubble suspensions will be created by processing 
sugar syrups with an industrial aerator. The bubbly 
syrup will be pumped through ducts and poured 
down slopes to replicate dykes and surface lava flows 
respectively. Gas fraction, flow geometry, and flow 
rate will be systematically varied, and the spatial and 
temporal distribution of flux will be measured. Bub-
ble-free flows will be used as a control. 

Results will be compared with field data, taken from 
the literature, for the morphology and evolution of 
lava tubes, and the temporal evolution of dyke-fed 
fissure eruptions[3]. The findings will determine the 
extent to which the rheology of bubbly magma is re-
sponsible for localization, and provide a quantitative 
description of the process that can be used to improve 
models of eruption and lava flow. 

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: 
 design and execution of scaled laboratory analogue 

experiments 
 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: 
 good mathematical skills 
 an undergraduate degree in a physical science 
 ideally, some experience of laboratory experiments 
 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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