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Everything we see around us is affected by  
processes deep within the planet’s mantle and  
core. Understanding what’s going on down there  
is extremely difficult, but pioneering work by the 
Bristol Experimental Earth Studies research group  
is helping to reveal the secrets of the deep Earth.

Earth beneath our feet

n Jules Verne’s seminal work of 
theoretical geophysics, A Journey 
to the Centre of the Earth, Professor 

Lidenbrock travels down a series of 
volcanic tubes towards the Earth’s core, 
encountering giant mushrooms, dinosaurs 
and ape-like people, before being ejected 
back to the surface off the coast of Sicily  
to write up his results. 
 It would be nice to be able to use similar 
methods to study the Earth’s deep places, but 
sadly Lidenbrock’s techniques are hard to 
replicate. The deepest mineshafts in the world 
reach about five kilometres, and the deepest 
experimental boreholes, such as the Kola 
Superdeep in Russia, some 12 kilometres.  
That might sound impressive, but it barely 
penetrates part-way through the topmost layer 
of the Earth’s crust. Getting to the ‘deep Earth’ 
– the mantle and the core – is still impossible.
 Nevertheless, the deep Earth has a profound 
effect on the geology of the surface. The 
igneous rocks we see around us depend on the 
incredible heat and pressure of the mantle for 
their production, so in order to understand 
fully the world ‘up here’ we need to understand 
something of the world ‘down there’. The 
Bristol Experimental Earth Studies (BEEST) 
group are able to create conditions similar 
to those in erupting volcanoes, in magma 
chambers, and even at the very centre of the 
Earth’s core – and all within the basement of 
the Wills Memorial Building.

Furnaces, anvils and diamonds
Charlotte Stamper (MSci 2010) grew up in 
Shropshire, where some of the volcanic hills 
are 600 million years old, and she has long been 
fascinated with the question of how they were 

formed. As a PhD student with BEEST, she studies 
volcanic processes. ‘Being able to recreate in a lab 
something that’s going on under the surface of 
the earth is something I find really cool,’ she says.
 The BEEST group take natural rocks (or 
synthetic analogues of them) and subject them 
to the conditions that exist at various levels 
below the Earth’s surface. ‘The deeper you go,’ 
says Stamper, ‘the smaller the sample you’re 
working with, and the more difficult and 
intricate it becomes.’ Much of the equipment 
used by the team, including a series of fearsome-
looking piston presses, is manufactured in the 
School of Earth Sciences’ own workshop, and 
some items are exported to labs across the world 
for use in similar work. 

The first lab contains equipment capable of 
simulating the condition of lava as it erupts: 
atmospheric pressure, and temperatures up to 
1,700ºC. This enables the study of molten rock 
or magma ejected from volcanoes onto the 
surface. Tiny specimens – just a few millimetres 
across – are lowered into the furnaces, where 
they’re heated for long periods before being 
withdrawn for analysis.
 The next lab moves down a bit further, 
into the magma chambers that lie under active 
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Statistics 
The Earth in  
numbers

4.54 billion 
years
age of the Earth 

1,300°C  
melting temperature of 
basaltic rock at the surface

12.4km 
deepest experimental 
borehole

2,890km 
depth of the outer core

4,000°C 
temperature generated by 
BEEST’s lasers to simulate 
conditions in the inner core

Earth beneath our feet
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Volcanic eruptions 
Reading the signals

By examining how this relates to changes 
within the magma chamber itself, these 
experiments aim to link the observation of 
sulphur-chlorine ratio to what is going on 
under the surface, and thus to understand 
how the pre-eruption signal works.

‘We’re getting to the stage where we  
can examine the material spewed 
out during an eruption and see the 
precursors,’ says Stamper. ‘The next 
step is to use that knowledge to predict 
eruptions before they take place. Could 
we prevent future disasters? That’s really 
what we’re all striving for.’

The BEEST team has used its 
specialist equipment to study 
volcanic eruptions, after the 
discovery that the ratio of sulphur 
dioxide and hydrochloric acid 
emitted by volcanoes changes just 
before an eruption. 

volcanoes. Inside ‘cold seal pressure vessels’, 
which look a bit like whisky stills, the sample 
containers are flooded with water to simulate 
depths of up to six kilometres. An electric 
heater is then used to raise the temperature to 
around 900ºC. 
 To get further down requires more drastic 
measures. The samples used in simulations of 
the lower crust and mantle are so minuscule 
that electron microscopes are needed to analyse 
them. The process used to generate pressure 
is relatively simple: metal pistons squeeze the 
sample to a simulated depth of 120 kilometres 
and reach temperatures in excess of 2,000°C.  
A ‘multi-anvil’ – an arrangement of steel wedges 
designed to compress the sample from all sides – 
produces temperatures of 2,300ºC and pressures 
equivalent to a depth of 660 kilometres. These 
conditions correspond to those at the boundary 
between the Earth’s upper and lower mantle.
 Multi-anvil machines are extremely bulky 
and powerful, but to get even deeper – right into 
the Earth’s core – the equipment used is small 
enough to fit in your pocket. In these diamond 
anvil cells, tiny samples are placed between the 
culets (flat faces at the base) of two diamonds 
and then compressed. An array of lasers 
generates temperatures of around 4,000ºC,  
and the results must be analysed either 
by BEEST’s electron microprobe or by a 
synchrotron such as Diamond Light Source  
in Oxfordshire.

Studying the whole Earth
So what does simulating conditions at the very 
centre of the Earth have to do with life on the 
surface? ‘It’s about understanding the Earth as 
a whole system,’ says Dr Simon Kohn, Reader 
in Geology. ‘For example, we tend to think of 
the carbon cycle as involving the oceans and the 
atmosphere, but recent work on diamonds shows 
that carbon-containing material can be pushed 
right down into the deep Earth, meaning that the 
carbon cycle involves not just the surface but the 
whole Earth.’
 This diamond research is just one area 
where the BEEST group has made important 
contributions to our knowledge of how 

minerals are formed and move around beneath 
the surface. In 2011, the group examined 
diamonds from the Juina region of Brazil and 
found tiny inclusions of minerals trapped within 
them. Further analysis revealed that these 
minerals must have formed at depths below 670 
kilometres. How did they end up on the surface? 
The answer lies in plate tectonics: the diamonds 
were created when an oceanic plate was drawn 
down into the lower mantle, coming under 
enormous pressure. Diamonds were formed 
(with silicate mantle minerals trapped inside 
them) and were then thrust upward, ultimately 
emerging as part of volcanic eruptions. 
 The result was a rare chance to compare 
theory with reality. As Professor Michael 
Walter of BEEST says, ‘Inclusions in diamonds 
are fantastically useful for studying the 
inaccessible part of the deep Earth. It’s a bit like 
studying extinct insects in amber. Although we 
can’t extract DNA and grow dinosaurs, we can 
extract the minerals’ chemical compositions 
and tell where they formed by growing similar 
minerals in the lab at extreme conditions.’
 Since BEEST was established in 1989, 
our understanding of the deep Earth has 
changed out of all recognition. There’s plenty 
more to discover, and continued investment 
in the facilities at Bristol has ensured that 
breakthroughs will continue to be made in 
the basement of the Wills Memorial Building. 
‘When we consider the array of high-pressure 
and temperature machinery we run here,’ says 
Kohn, ‘along with all the analytical facilities 
that we have access to, I would say that we are 
one of the leading groups in the world.’ It’s a far 
cry from giant mushrooms and dinosaurs, but 
every bit as exciting. 

THE CARBON CYCLE 
INVOLVES NOT JUST 
THE SURFACE BUT 
THE WHOLE EARTH

Left Charlotte Stamper in one of the BEEST labs 
Right A multi-anvil is prepared for its high-pressure work
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Bristol is rightly proud of its engineering past, and the 
University’s Faculty of Engineering aims to foster the 
spirit of Brunel in the next generation of civil engineers. 
Every year it asks its fourth-year undergraduates to 
combine creativity and technical skill in completing a 
final-year project. In 2010 three students rose to the 
challenge with a flood-proof house. 
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