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Background: 
Explosive volcanic eruptions produce abundant ash, 
formed through fragmentation of magma. In many 
cases, the fragmental material remains sufficiently hot 
for the ash to be transported as high-viscosity molten 
droplets of silicate liquid. In many eruptions of inter-
mediate explosivity, these droplets get stuck in frac-
tures, then coalesce and weld in situ, forming tuffisite 
veins. In more violently explosive eruptions, high dep-
osition rates can cause the ash to weld wholesale, pro-
ducing large welded ignimbrites. Finally, even after 
cooling and transportation down-wind in the volcanic 
plume, volcanic ash can re-melt and coalesce if in-
gested into commercial aircraft jet engines, posing a 
serious aviation hazard. 

Underpinning these scenarios are dynamics that can 
be explored through careful experiment. Here we pro-
pose to explore the dynamics involved in the coales-
cence of two or more droplets of magmatic liquid at 
magmatic temperatures using hot-stage microscopy 
(see Figure). The timescales of droplet-droplet interac-
tions control how quickly in-conduit magma fractures 
can seal shut, causing a transition from open- to 
closed-system outgassing and, potentially, gas-pres-
surization in volcanoes. Knowing these timescales bet-
ter will help us to interpret textures from volcanic in-
teriors, such as tuffisite veins that are preserved in out-
crop (e.g. Tuffen & Dingwell, 2005), in terms of their 
temperatures and timescales of formation.  

 

 
Figure: A pair of molten glass droplets, with ~50 µm initial radius, 
mid-way through the coalescence process. [Image collected during 
preliminary experiments by the project team]. 

Project Aims and Methods: 
We propose a suite of experiments using a high-tem-
perature stage mounted on an optical microscope. 
Spherical glass beads will be placed onto the hot stage 
in arrangements of two or more, in contact with each 
other, in a variety of initial coordination states. As the 
stage is heated up, the glass beads will melt to become 
high viscosity silicate droplets, similar in composition 
to natural ash. Once molten, these droplets will un-
dergo controlled coalescence that can be recorded by 
image or video acquisition (e.g. Wadsworth et al., 
2016). The resultant datasets will be analysed to ex-
tract simple metrics, such as the evolution of droplet-
droplet neck widths with time, as a function of temper-
ature. Interesting extensions will include (1) droplet 
pairs of unequal size, (2) use of natural ash particles, 
and (3) general comparison with droplet-droplet tex-
tures in a range of natural samples collected world-
wide.  

Training and skills development: 
The MSc candidate will interact with our dynamic de-
partment of active researchers. Training includes: 
 design and execution of laboratory high-tempera-

ture experiments using real silicate liquids 
 writing and presentation skills via the weekly vol-

canology group meetings 
 optional one-week residential volcanology field 

course in Tenerife (~£600 cost) 
 opportunity to demonstrate to undergraduate stu-

dents in practical classes. 
 specialist training in high-temperature material sci-

ence techniques. 

Pre-requisites: 
The student must have: 
 an undergraduate degree in a physical science 
 high-level quantitative skills 

Research costs: 
Basic research costs associated with this project will be 
met by the supervisory team.  
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