
Spin transitions in FeSpin transitions in Fe

Fairy-tale I: What are the spin transitions? 
Fairy-tale II: Changes of physical properties in 

the lower-mantle minerals? 
Geodynamic story: 

Radiative
 

transfer of heat at the bottom 
of the mantle?

Other “asthenospheres”
 

in the lower 
mantle?

A viscosity hill in the lower mantle?









(Mg,Fe)O: HS → LS at 60 GPa



(Mg,Fe)SiO3:

HS → LS at  50-60 GPa
 

if Fe occupies the Si site 
no HS → LS up to 136 GPa

 
if Fe occupies the Mg site



(Mg,Fe)SiO3: 
HS →

 
IS at   30 GPa

IS   → LS at 120 GPa
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RADIATIVE THERMAL CONDUCTIVITY

For the Earth’s mantle thermal conductivity k (T, P, 
d, Fe…) has two principal components:
• k-lattice, phonons. 
•

 
k-radiative, the important player in mantle 

dynamics. It goes like T3

 
and other powers of 

T (T2

 
and T), it depends on water content and 

grain-size (Hofmeister 2005, Journal of Geodynamics).

Recently, the
 

discovery
 

of
 

spin-pairing
 

in
 

mantle minerals
 under

 
high

 
pressure

 
has led to

 
a renewed

 
interest

 
in radiative

 conductivity,
 

because
 

spin-pairing
 

could
 

potentially
 

change
 optical

 
absorption

 
spectra

 
drastically

 
and

 
it

 
may

 
therefore

 
have

 a strong
 

effect
 

on
 

radiative
 

heat
 

transport. At the same time, 
recent optical absorption measurements at high pressures 
suggested that iron-bearing mantle minerals do not necessarily 
become opaque at high pressures (Keppler et al. 2008, Science).
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MANTLE VISCOSITY



EPSL, 2011



G* = E* + p*V*

MANTLE VISCOSITY













 
 

 k=1 in the whole mantle, no ppv 
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ppv layer in D”  

k=1 in the whole mantle 
no changes of viscosity parameters in ppv  

 
 

 

 

 

 

 

 

 

 

   
 T=0                                                         T=1 

 
 

 



 
  ppv layer in D” 

k=1+T3 in ppv, k=1 above D” 
no changes of viscosity parameters in ppv   

 
 

 

 

 

 

 

 

 
 

   
 T=0                                                         T=1 

 
 
 



 
  ppv layer in D” 

k=1 in the whole mantle 
 ppv viscosity decreased by one order of magnitude  

 
 

 

 

 

 

 

 

 
 

   
 T=0                                                         T=1 

 
 
 



 
 
 
 
no ppv,   k=1 in the whole mantle 

 
ppv  layer,   k=1 in the whole mantle,  no viscosity changes in ppv 

 
ppv  layer,   k=1+T3 in ppv,  no viscosity changes in ppv 

 
ppv  layer,   k=1 in the whole mantle,  viscosity in ppv decreased by 10 

 
 
 
 



Decadic logarithm of dimensionless viscosity 
 
 
k=1 in the whole mantle, no ppv 

 
k=1 in the whole mantle, ppv layer, no changes of viscosity parameters in ppv 

 
k=1 above ppv layer,  k=1+T3 in ppv, no changes of viscosity parameters in ppv 

 
k=1 in the whole mantle, ppv layer, ppv viscosity decreased by ten 
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solid lines:      original  profile of the activation energy    
dashed lines:  modified profile of the activation energy

red:      no ppv,      k=1 in the whole mantle 
green:  ppv layer,  k=1 in the whole mantle,    no changes of viscosity in ppv
blue:    ppv layer,  k=1+T3 in ppv and k=1 above D”, no changes of viscosity in ppv
black:  ppv layer,  k=1 in the whole mantle,     viscosity in ppv decreased by 10
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