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Background: 
The 1912 eruption of Novarupta-Katmai volcano 
(Alaska) was the largest eruption of the 20th century 
with an estimated eruptive volume of ~13 km3. The 
main eruptive vent was ~10 km west of Katmai calde-
ra, which allowed for deposits from different phases 
of the eruption to be exceptionally well preserved. 
The volcanic activity consisted of three sustained pli-
nian explosive episodes (I to III) followed by two 
phases of dome emplacement/disruption (IV and V) 
[1]. Pauses in activity between episodes were charac-
terised by both abrupt transitions and a gradually di-
minishing eruptive intensity. 
 
Volcanoes that switch unpredictably between explo-
sive (e.g., episodes I-III) and effusive behaviour (e.g., 
episodes V) are among the most hazardous. A long-
standing hypothesis is that transitions in eruptive be-
haviour are due to switching between closed- and 
open-system degassing [2]. In open systems, the gas-
eous phase mechanically decouples from the melt fa-
cilitating an effusive eruption. In closed systems, the 
gaseous phase remains trapped in the melt as bub-
bles, which can become overpressured during ascent, 
driving an explosive eruption.  
 

 
 
Figure 1: simultaneous explosive and effusive eruption 
of rhyolite at Cordón Caulle Chille [3].  

Project Aims and Methods: 
This MSc project aims to investigate magma ascent 
and degassing conditions during the 1912 Novarupta-
Katmai eruption using the distribution of volatiles in 
erupted pyroclasts. The project will investigate pum-
ice from the explosive plinian phase of the eruption 
Specifically, this project will compare and contrast 
volatile geochemistry and textures of dense and more 
vescicular pyroclasts. 
 
The student will investigate degassing processes by 
analyzing the volatile concentrations of matrix glass 
surrounding vesicle walls using microbeam tech-

niques (e.g., [4]). The resulting diffusion profiles will 
be fitted using existing MATLAB codes that describe 
the distribution of water species as a function of pres-
sure, temperature and time. The results will be used 
to investigate physical mechanisms of closed- and 
open-system degassing, and to evaluate the effect of 
degassing regime on eruption style. It is anticipated 
that dense pyroclasts may have experienced open sys-
tem outgassing while vesicular pyroclasts underwent 
closed-system degassing.  
 
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: 
• microbeam analysis (RAMAN, FTIR, SEM) 
• interpretation of volcanic textures 
• enhanced understand of physical volcanology 
• 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 and analytical skills 
• an undergraduate degree in a physical science 
• some experience of coding in MATLAB (or eqv) 
• 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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