


• Let’s try to apply that to the Earth’s core





The Earth’s

core is less

dense than

pure iron

Addition of « lighter

elements »





Kuwayama et al, Phys. Rev. Lett., 2020

Liquid outer core : 
Density deficit of 7.5%

Miozzi et al, Minerals, 2020

Solid inner core:
Density deficit of 3%

Light elements preferentially partition in the liquid



Light elements alloyed with iron

Hirose et al, 2013

-Abundant
-Siderophile
-Not volatile



Birch’s law

Relation between density, 
velocity and mean atomic number





Birch law in Pure Fe at 300 K



Match for 1.5%wtSi 

and 5000 K

Requirement to check 
with other elements

(S or C?)



Calculations of density and 
sound velocity give O as major 

light element in the Earth’s
core (or hydrogen)

Silicon seems not compatible.
Sulfur a bit compatible.

Only density and velocity, 

in a multi-component 

system, cannot help to 

discriminate!









Starting materials for High Pressure experiments

Preparation of samples
homogeneous at ~10 nm scale

using the Plasma-Vapor
Deposition technique



Probing iron alloys by in 

situ X-ray Diffraction

under extreme

conditions
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after Buono & Walker, GCA 2011 



Gasket
Sample

chamber

Analysis of 

post-experiment

samples

Laser 

spot 1

Laser 

spot 2
Sample recovered after laser 

heating experiment at 41 GPa



Confirmation from analysis of sample

texture after laser heating

Laser spot 1 Laser spot 2



Laser spot 1

Above

melting

temperature

FeO grain
Melt pool Fe grain



Laser spot 2

Below

melting

temperature

FeO grain Fe grain



Creating a 

planetary core

experimentally

Liquid

Solid



Fe + FeX

Fe FeX

Fe + liq
FeX + liq

Determination of the 

phase diagram under

high pressure



• Fe-FeS system : 

• [Fei et al., 2000; Li et al., 2001; Campbell et al., 2007; Stewart et al., 
2007; Buono and Walker, 2011; Morard et al., 2011; Kamada et al., 
2012; Ozawa et al., 2013; Mori et al., 2016]

• Fe-FeSi System :

• [Kuwayama and Hirose, 2004; Morard et al., 2011; Fischer et al., 
2012, 2013; Morard et al., 2014; Tateno et al., 2015; Ozawa et al., 
2016]

• Fe-Fe3C system: 

• [Chabot et al., 2008; Lord et al., 2009; Nakajima et al., 2009; Fei and 
Brosh, 2014; Liu et al., 2016; Morard et al., 2017]

• Fe-FeO system:

• [Ringwood and Hibberson, 1990; Alfe et al., 2000; Tsuno et al., 2007; 
Seagle et al., 2008; Tsuno and Ohtani, 2009; Morard et al., 2017]





















Morard et al, Earth Planetary Science Letters, 2017

In addition to Oxygen, 

volatile elements such

as C and S may be

required to lower the 

crystallisation

temperature of core

materials











Wood et al, Nature, 2006

Sulfur Carbon

Silicon Oxygen

The magma ocean

scenario



Magma ocean reproduced

experimentally

Badro, Siebert and Nimmo, Nature, 2016

Merge into one phase at 

very high temperature?

5000 K

3000 K



Nature, March 2017

Exsolution of SiO2 around

the melting temperature of 

iron alloys





Sulfur Carbon

Silicon Oxygen

Silicon

Sulfur or Carbon

required to lower

the crystallization

temperature

Early Earth Present day Earth

Oxygen

required to 

explain the 

density jump at 

the ICB



A lot of 
Hydrogen in the 

core?



Light elements in the Earth’s core
Take home messages

• Strongly related with the scenario of core formation (inherited from
the Earth’s differentiation)

• Volatile elements not favored by geochemistry (but a bit required to 
lower melting temperature of core materials)

• Oxygen seems to be favored for the outer core (fit for density, 
velocity, density jump at ICB)

• Other element required for inner core : Si? Or S ?

• Not much data for H, mainly due to experimental problems. 
Incorporated during magma ocean?


