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Flowchart of the calculation TRANSPORT 



Electrical resistivity - hcp Fe  

Saturation due to: Pressure 

bcc-hcp transition 
magnetic transition 

Experimental data 

First-principles data 



Electrical resistivity - hcp Fe + Si  

Saturation due to: Pressure, Composition  
Next question: Temperature (?) 

Pure hcp Fe 

Fe7Si hcp FeSi hcp 

Input into thermodynamical and 
geodynamical models: 
-inner core started to form ~ 1 
bil. years after Earth’s formation 
-stratification in present-day 
outer core 
-long-standing magma ocean at 
the base of the mantle 
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Perovskite – (Mg,Fe)SiO3 – instabilities 

Orthorhombic Pbnm structure:  
  

 
High-Spin (both ferromagnetic and antiferromagnetic) 

   => dynamically STABLE 
 (all phonons have positive frequencies) 

 
 
Intermediate-Spin and Low-Spin  

  => dynamically UNSTABLE 
  (some phonons have imaginary frequencies) 



A) B) 

ω=581 i	

 ω=351 i	



Perovskite – FeSiO3 – spin transitions 

The Pbnm structure in low spin (=non-magnetic) 
configuration exhibits several strong unstable phonon modes. 

Si O 

Fe 
All Fe atoms move in phase The Fe atoms move in two groups  

out-of-phase. 



HS 

LS 

Perovskite – spin & diffraction - Fe 50% 



FeSiO3 Perovskite – spin & seismic anisotropy 
Vp velocity (km/s) Vs anisotropy (%) 

Caracas, Mainprice, Thomas, GRL, 2010 
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Play with 
chemistry: 
Add  
C, CO2, MgCO3 

Replace  
Mg+Si ó 2Fe 

Overheat (5000K) => melt 
Cool down (3000K) the melt We start with 

forsterite 
 (Mg2SiO4)  
112 atoms box 

Melt 

Add  
Ni, Co,  

etc. 
Replace 
MgóFe 

(example C-bearing forsterite melt) 

C-BEARING LIQUIDS: from volcanoes to diamonds 



LIQUID STRUCTURE : CO2-bearing  

Enters as linear molecular CO2 
1.  Low-pressure remains linear CO2 
2.  Moderate pressure starts to form CO3 groups 
3.  Ultra-high pressure forms CO4 
At all lower mantle pressures remains CO3 
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Exsolved 
(e.g. volcanic  
degassing) 

Dissolved 
in the melt 

Exsolved: origin of  
deep diamonds ~ fO2 

PARTIAL MOLAR VOLUME OF C-BEARING SPECIES 
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http://wurm.info 



The WURM project provides: 
 

Computed physical properties for natural solid phases 

minerals and ices 
First-principles  
calculations  

Crystal structure 
Dielectric tensors, Atomic charges, Refractive index 
Vibrational spectra: Raman and InfraRed 

Sister project to RRUFF - same things, but experimental 
(same sponsor, aiming search integration) 
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GIANT PLANETS:  
Neptune & Uranus 
Saturn & Jupiter 
Super-PLANETS 

EARTH 
Super-Titans 

Super-Mercuries 

Our future P-T space 

SuperEarths 



Mass 
2.6 4.9 6.4 8.2 4.0 8.3 6.9 

Radius 

1.4 1.9 2.1 2.4 1.7 2.4 2.2 

Surface T °C 

10 27 31 6 78 61 -37 


