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IN THE MAGMA KITCHEN: USING CHOCOLATE, SUGAR, AND GLASS AS ANALOGUES FOR MAGMA 

 

1. Background 

Magmas and lavas are complex multiphase ma-

terials comprising crystals and bubbles, sus-

pended in a silicate melt. The behaviour of 

these materials is complex, and depends on 

temperature, the composition and distribution 

of the phases, and the rates of flow, among oth-

er factors. A principal aim of volcanology has 

been to break down this complexity into com-

ponent processes that can be studied carefully 

in isolation. To this end, scientists have used 

room-temperature fluids and suspensions in 

place of real high-temperature magmas. The 

success of this approach has been in the devel-

opment of a ‘toolkit’ of models for magma be-

haviour that predict a lot of the complex fea-

tures we observe in nature. However, there are 

two missing pieces that cannot be readily cap-

tured using room temperature and usually inert 

materials: 

1) Phase transitions that occur during defor-

mation, such as crystals growing during 

flow. 

2) Effects that depend explicitly on tempera-

ture, such spatial changes in viscosity dur-

ing cooling of lava. 

Of course, these two effects are related to one 

another and both depend on the material having 

similar behaviour to magma/lava. There are not 

many materials that are suitable for studying 

these effects in a controllable manner, but three 

possible candidates are (1) molten chocolate, 

and (2) sugar-based materials such as fudges, 

and (3) sculptural artist’s glass. The goal of this 

MScR project is to constrain the behaviour of 

these materials under non-isothermal conditions 

using new equipment available at Durham Uni-

versity’s Department of Earth Sciences. These 

fundamental constraints will improve the com-

munity’s ability to frame scaled experiments to 

better understand lava flows and eruption dy-

namics worldwide.  

 

2. Aims and methods 

The aim of this project is to constrain the phase 

changes, textures, and rheology of class of ma-

terials that could be dynamically similar to 

magma/lava on Earth and other planets. Specif-

ically, the target materials include: 

1) dark, milk, and white chocolates;  

2) sugar products including fudge, toffee, and 

caramel; 

3) studio glass materials such as borosilicates.  

 
Fig 1. Chocolate making in action. The MScR 

candidate will work with the supervisory team 

(including chocalatier Zoë Rutter) to produce 

controlled chocolate samples for laboratory 

analysis. 

 

The student will: 

• Produce chocolate samples in the workshop 

spaces at the local La Chocalatrice with 

Zoë Rutter and her team.  

• Produce multiphase fudge and toffee in the 

laboratory to reproducible recipes.  

• Produce glass samples of the 10 most 

commonly used studio glasses available to 

glass artists. 

All samples will be subjected to a suite of tex-

tural analyses using scanning electron micros-

copy and optical microscopy, rheological (e.g. 

viscosity) characterisation using the geo-

rheometry suite, and crystallinity analysis us-
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ing new crystal shape-based statistical tech-

niques from 2D optical images. In detail the 

student would: 

• Determine the steady state viscosity of 

samples at a range of temperatures and 

strain rates, including during crystalli-

sation.  

• Use oscillatory rheometry to determine 

the shear modulus at high frequency for 

a range of temperatures and crystallini-

ties. 

• Use scanning electron microscopy and 

optical microscopy to investigate the 

growth of crystals in the samples, using 

2D-3D statistical conversions to deter-

mine crystal shapes.  

4. Training 

As an MScR student in the Department of Earth 

Sciences, you will become part of the vibrant 

research community (35 postgraduate students), 

and a member of the active Durham Volcanolo-

gy Group. Specific training will be provided in 

rheometry and textural analysis, such that you 

will become an expert in both. Additional train-

ing will be provided in scientific writing, data 

analysis techniques, and pedagogy via teaching 

opportunities with the staff on our volcanology 

courses. The aim of this training is to broaden 

your understanding of the applications of geo-

science and provide you with additional skills 

valued by future employers.  
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Wadsworth, Dept of Earth Sciences, University 

of Durham, fabian.b.wadsworth@durham.ac.uk  

mailto:fabian.b.wadsworth@durham.ac.uk

