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Electrical conductivity 

•  Kubo-Greenwood: 
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Thermal conductivity  

•  Electronic component: 

•  Ionic component: 
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Example: liquid Na at p=0 and T=400 K  



Conductivities of liquid Na at p=0 and T=400K 

σ0 (106Ω−1m−1)  κ0 (W m−1 K−1)  L (10−8Ω W K−2)  
LDA 6.2 60 2.42 
PBE 10.3 93 2.26 
EXP 9.7 86 2.22 

Lorenz number L = k0/σ0T   

M. Pozzo, M.J. Desjarlais and D. Alfè,  Physical Review B 84, 054203 (2011). 



Resistivity of iron at p=0 

σ0 

R. J. Weiss and A. S. Marotta,, J. Phys. Chem. Solids 9, 302 (1959). 



Resistivity of iron at p=0 and T= 300 K from 
DFT-PW91 

σ0 

D. Alfè, M. Pozzo, and M.J. Desjarlais,  Physical Review B 85, 024102 (2012) 



Resistivity of iron at p=0 and T= 500 K from 
DFT-PW91 

σ0 

D. Alfè, M. Pozzo, and M.J. Desjarlais,  Physical Review B 85, 024102 (2012) 



Conductivity of the Earth’s core ? 

•  Melting curve of Fe at core pressures 
•  Composition of the core 

–  Effect of light impurities on melting temperature 
–  Effect of light impurities on conductivities 



Phase diagram of Fe 

Picture adapted from: 
Nguyen and Holmes,  
Nature, 427, 339 (2004) 

ICB P = 330 GPa 



Alfè, Price, Gillan, Nature, 401, 462 (1999); Phys. Rev. B, 64, 045123 (2001); 
                Phys. Rev. B, 65, 165118 (2002); J. Chem. Phys., 116, 6170 (2002)  

The melting curve of Fe 



THE MIRROR, 1 October 1999 



Melting of Fe from QMC: 

Free energy corrections from DFT to QMC: 

δTm =
ΔGls (Tm

ref )
Sref
ls



Melting curve of Fe with QMC 

E. Sola and D. Alfè, Phys. Rev. Lett, 103, 078501 (2009) 



•  Birch (1952) - “The Core is iron 
alloyed with a small fraction of 
lighter elements” 
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•  Nature of light element inferred 
from: 

• Cosmochemistry 
• Meteoritics 
• Equations of state 

Core composition 



•  Density change at ICB ~ 5 
% (seismological data). 

•  Density change on melting 
for Fe ~ 1.7 % (from ab-
initio calculations). 

•   Partition of light 
elements. 

Strategy to constrain the composition of the 
Earth’s core 
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  Uλ
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“Alchemy” 
 
 
        

Calculating µ0l
XA  (liquid) 
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Solid Liquid 
S/Si 8.5 ± 2.5% 10 ± 2.5 % 

O 0.2 ± 0.1 % 8 ± 2.5 % 

Alfè, Price, Gillan, Nature, 405, 172 (2000); GRL, 27, 2417 (2000);  
                                EPSL, 195, 91 (2002); JCP, 116, 7127 (2002) 

Composition of the Earth’s core 
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•  Density change at ICB ~ 5 % 
(seismological data, PREM ). 

•  Density change on melting for 
Fe ~ 1.7 % (from ab-initio 
calculations). 

•   Partition of light elements. 

Composition of the Earth’s core 



•  Density change at ICB ~ 6.7 % 
(new seismological data, Masters and 
Gubbins 2003). 

•  Density change on melting for 
Fe ~ 1.7 % (from ab-initio 
calculations). 

•   Partition of light elements. 

Composition of the Earth’s core 



Solid Liquid 

S/Si 7.0 ± 2.5% 8 ± 2.5 % 

Ox 0.2 ± 0.1 % 13 ± 2.5 % 
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Alfè, Price, Gillan, Nature, 405, 172 (2000); GRL, 27, 2417 (2000);  
                                EPSL, 195, 91 (2002); JCP, 116, 7127 (2002) 

Composition of the Earth’s core 





Electrical conductivity 

•  Kubo-Greenwood: 

 
σ k (ω,RI ) =
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Thermal conductivity  

•  Electronic component: 

•  Ionic component: 
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Iron at Earth’s core conditions 
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M. Pozzo, C. Davies, D. Gubbins, & D. Alfè, Nature 485, 355 (2012). 
See also N. de Koker, G. Steinle-Neumann, G Vicek, PNAS 109, 4070 (2012)  
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Conclusions  
•  Conductivities are 2-3 times higher than previous estimates 
•  Power for the geodynamo is greatly reduced 
•  The top of the core is probably thermally stratified 

•  Young inner core, rapid secular cooling and/or radiogenic 
heating 

B. Buffet, News & Views, Nature 485, 
319 (2012). 
 






