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Souriau, Garcia et Poupinet 2003 

Seismological evidences? 

• 3% central anomaly 

• Fast velocity almost NS 

(~10°) 

• Isotropic superficial layer (100 

to 400 km) 

• With a hemispheric variation 

• And peharps an innermost 

innercore 

http://www.insu.cnrs.fr/im2574,ondes-sismiques-traversent-terre-se-reflechissent-sont-refractees-multiples-reprises.jpg
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Direct model of anisotropy 
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Model of anisotropy 
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Anisotropy for a bilayered inner core 
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Anisotropic crystals of iron 

Experimental versus ab initio? 
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1-Texture by cristallisation 

Deguen, 09 

NH4Cl experiments Dendrites 
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Solidification texturing 

Bergman et al, 05 

Radial symmetry 

of the cristals 

Salt water experiments 

Effect of rotation, 

magnetic fields, 

heat flux variations 
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2- Texture by deformation 

Plastic deformation 

 

 

Or recristalisation 
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Deformation mechanism (1) 

• Thermal convection in the inner core  

Weber et Machetel, 92 

Wenk et al, 2000 
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• Maxwell stress  

Karato, 1999 
Buffet and Wenk, 2001 

Poloidal motions Toroidal motions 

Differential motions 

between the gravitational 

torque at the ICB and the 

Lorentz forces in the bulk 

Deformation mechanism (2) 
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• Differential growth of the inner core 

 

 

Yoshida et al, 1996 

Deformation mechanism (3) 
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Review of proposed mechanism 

• HCP Fe crystal is anisotropic 

• Texture by solidification (spherical) 

• Texture by plastic deformation 

– thermal convection 

– Maxwell stress 

– differential growth 

summary 
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Time evolution of thermal state of the inner core 

• Take an inner core of 500Myrs 

t = 0Myrs T = 50Myrs T = 125Myrs 

T = 250Myrs T = 400Myrs T = 500Myrs 

ric 

ric=1220km 
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Dynamical thermal state ? 

solidus 

geotherm 

adiabat 
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Inner core age 

Inner core cooling (age) is the key parameter 

to predict the dynamical state.  

CMB heat flux Thermal conductivity 
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Dynamical state of the inner core 

• Age of IC is the key parameter: 

 

 

 

 

• Controled mainly by the CMB heat flux 

 

Labrosse et al, 2003 
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Adiabatic state of the inner core 

Stacey and 

Anderson, 2001 

Stacey and 

Davies, 2008 
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Thermal convection 
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Thermal convection 
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Scaling laws 

Parmentier and Sotin, 2000 
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A convective window 
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Higher viscosity 

Innermost 

Inner Core ? 
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IIC: a thermal signature? 
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Translation of the inner core 

• A rigid inner core 

• EW pertubation of T, change 

the density field and the 

center of mass. 

• Allow quick fusion and 

solidification. 

• Misfit between center of mass 

and “center” of T. 

• Archimedean force translate 

the inner core. 

Alboussière et al, 2010 

Monnereau  et al, 2010 
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translation 
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Convection and translation 

For moderate viscosity, thermal convection and translation together. 
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Thermal convection in the inner core 

• Whole sphere convection with active cold plumes 

• Convective time window: signature of the 

innermost inner core? 

• Fusion and solidification may generate a 

translation regime dor a very viscous inner core. 

• Convection and translation may coexist 
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Ligth element in the core  

k, partition cœfficient  

kSi ~ kS ~ 0.8, kO ~ 2.5 10-3  

(Alfè et al, 2002) 
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Equatorial growth 

Yoshida et al, 1996 

The rate of cristalisation in 

the equator is twice the 

polar one 
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B=0, Yoshida et al, 96 

No stratification 
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t=0.1 t=0.5 t=0.9 

Trajectories of particles 
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t=0.1 t=0.5 t=0.9 

Pole figures 

Merkel et al,  06 

Random LPO 

VPSC 
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Elastic constant of 

HCP Iron, 5000K 

Vocadlo et la, 09 
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t=0.1 t=0.5 t=0.9 

P waves velocity 

m/s 

<1% of anisotropy 
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Texturing anisotropy from cristalisation 

Deguen, 09 

Bergman, 97 

C axes parallel to cristallisation front 
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Surface pretexturation 
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t=0.1 t=0.5 t=0.9 

Pole figures 

Yoshida model + 

pretexturation 
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t=0.1 t=0.5 t=0.9 

P waves velocity 

m/s 

<1,5% of anisotropy 

very central part 



45 Inner core formation - Cardin et al - Nov 2011  

Residuals for Yoshida model 
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Stratified models 

More and more stratification 
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Trajectories of particules 

t=0.1 
t=0.5 t=0.9 t=0.7 
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P waves velocity 

m/s 

~3% of anisotropy 

Wrong place 

stratified 
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P waves velocity 

m/s 

~3% of anisotropy 

In the central part too 

stratified 

+solidification texturing 
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Stratified inner core and equatorial growth 

• Stratification inhibits radial motion 

• Superficial layer with larges stresses 

• With no stratification, anisotropy is too small 

• Stratification and solidification texture produce Vp 

maps compatible to seismic observation.  
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Double diffusive convection 
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