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The structure of the Earth

2



3

Properties under Earth conditions
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Changes in structure

Phase changes, including displacive, cation 

ordering and reconstructive

Changes in properties

Density, elasticity, diffusivity/conductivity, phonon 

frequencies
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What do we want to know?

͑ Same as in many fields é

͑ Structure, in absolute sense and also as function 

of external variables

͑ Lattice dynamics, in part to understand flexibility, 

also to use as basis for modelling

͑ Localised effects, such as motions of water 

molecules within structures

͑ Magnetic structures

͑ é which can be obtained using standard 

approaches in neutron diffraction and 

spectroscopy
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So what is different?

Sample environment

We might want to go to rather high pressures and 

temperatures, out of the range of the norm

System complexity

Many crustal minerals do not have simple crystal 

structures (many atoms in the unit cell, low 

symmetry)
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Constituents of granite

7

Quartz

Feldspar

Mica
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Earth temperature/pressure profile
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Ambient temperature
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Paris-Edinburgh cell
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PE cell with internal microfurnace
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Internal heating ïplan diagram
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Internal heating ïexploded view
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Assembly
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Anvil
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High-pressure diffraction @ ISIS
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Assembly
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Anvil
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Anvil
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Thermocouple?
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Temperature measurement by 

radiography
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Radiography principal
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Width of 

resonance line 

can be used to 

calibrate 

temperature

Width of 

resonance line 

increases with 

temperature due 

to Doppler effect
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Simple detector assembly

19



20

Example resonances
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Theoretical basis
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Pulse source

function

Detected signal:

Area density of

absorbing nuclei

Detector efficiency Instrument

resolution function

Energy transfer function

(the Doppler broadening function)
Breit-Wigner lineshape

Transmitted signal:

Total cross -section:
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Theoretical basis
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Pulse source function

Foil thickness x number of atoms

Detector efficiency Resolution function

Energy transfer function

(Doppler broadening function)
Breit-Wigner lineshape

s(E)= sBW( ¡E )S( ¡E ,E)d ¡E
-¤

+¤

ñ

T(E)=exp -ms(E)( )

I (E)= P( ¡E )e( ¡E )R( ¡E )T(E- ¡E )d ¡E
-¤

+¤

ñ

Measured signal

Transmitted signal

Absorption cross section
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Energy transfer function
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S( ¡E )=
1

Dp
exp -( ¡E -E)2 /D2( )

D=
4mMERkBT

(M+m)2

Temperature of absorbing atoms = 

sample temperature
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Example of application
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18 ± 3 °C

473 ± 6 °C

781 ± 7 °C



25

Example of diffraction data: 

Mg0.7Fe0.3O at 621 K and 9.82 GPa
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Pressure dependence of Fe/Ti 

ordering in Fe(Fe0.35Ti0.65)O3
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1 bar Data

Fitted model

Pearl Data

Fitted model



27

Pressure dependence of Fe/Ti 

ordering in Fe(Fe0.35Ti0.65)O3
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͑ Increase in Tc cannot be 

accounted for by conventional 

strain effects 

͑ Increase in Tc must therefore 

come from increased internal 

energy of ordering, i.e. increased 

cation interaction as structure is 

squeezed
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Influence of pressure on Mg/Al 

order-disorder in spinel, MgAl2O4
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͑ Determine the pressure-

dependence of the 

kinetics of order-

disorder in minerals

͑ Probe the pressure 

dependence of the 

equilibrium high-T order-

disorder properties: first 

neutron measurements 

of these phenomena at 

real Earth interior 

conditions
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Diffraction pattern from MgAl2O4, at 

1600 K and 3.2 GPa
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Variation of order as a function of 

pressure
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͑ Pressure significantly modifies the degree of order

͑ More disordered with pressure: effect of changing local 

interactions between Al and Mg neighbours
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High-pressure displacive phase 

transition in cristobalite, SiO2

͑ Stable above ca 1.5 

GPa

͑ Although it is the 

lowest-symmetry 

phase, it is derived 

from cubic ɓ rather 

than tetragonal Ŭ

͑ Structure identified 

using simulations
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