Synchrotrons: a core business ?
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OUTLINE

Phase diagram (iron structure)

c/a ratio @ HP / HT (elastic anisotropy)
Thermal equation of state

Fe,;C high-pressure acoustic properties and

Inner core carbon content



In situ X-ray diffraction ID27 @ ESRF

Sample thermal
emission

= T

Intensity

Wavelength

YAG infrared laser
Spot @ 20 uym
@ sample location




In situ X-ray diffraction
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-Hot pressed sample MgO + iron

(800° C /24 h /15 kbar in MgO capsule / graphite furnace) ID27 @ ESRF
- Neon pressure transmitting medium

- 120 GPa - 3300 K



In situ X-ray diffraction
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Phase diagram
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In situ X-ray diffraction
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Phase diagram
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— triple point hcp-fcc-liquid iron @ 95 GPa, 3300 K
— no B-phase (Pbcm, dhcp...)
— melting line above 3350 K @ 100 GPa
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Recovered sample - FIB preparation

High-pressure high-temperature experiments

LLNL COMP  15.8kY x1, 108 18pm WO 1mm

Hot pressed sample:
MgO + iron — low fO,

FIB preparation

TEM — STXM ready



Recovered sample - FIB preparation — ATEM analysis
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Recovered sample - FIB preparation — STXM study
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Equation of state
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Equation of state

= 15 data points room-temperature in helium
Pressure range: 14 — 30 GPa

= 37 data points room-temperature in helium
Pressure range: 18 -198 GPa

= 87 data points HP-HT laser heating in neon
Pressure range: 47 -120 GPa
Temperature range: 1500 - 3300 K

» Temperature : black body thermal emission
Pressure scale: MgO

(this work)

Dewaele et al.
Phys. Rev. Lett., 2006

(this work)

Speziale et al.
J. Geophys. Res., 2001



Equation of state

= Third order Birch-Murnaghan equation of state (static EoS)
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Equation of state
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» 11% density difference for the liquid outer core
» 6 % for the solid inner core

— light elements in the inner core



High-resolution inelastic X-ray scattering ID28 @ ESRF
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Polycrystalline sample: average dispersion curve
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What light elements ?

Experimental Petrology Mineral Physics
Geochemistry Seismology

Partitioning Density
Solubility Elasticity



What light elements ?

Major element: Fe

Minor elements: FeO, FeSi, FeS, FeS, Fe,C
Diamond anvil cell up to 112 GPa
High-resolution inelastic x-ray scattering

IXS beamline ID28 at the ESRF



Sound velocities in the core
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Composite model

P = (1_ X)pFe + Pseismic

_ VFe ' Vle _
(1_ X)V|e n XVFe_ seismic

VFe = a‘Fep Fe T bFe
Vie = Q.0 + by,



Composition of the core

Element Fraction (wt%)

(P/po)
Si 2.3 1.28
o] 1.6 1.33
S2- 9.7 2.51
S- 3.6 1.05

Badro et al., EPSL, 254, 1-2, 233, 2007

Compression

Model Model
Inner Core Outer Core

(wt%) (wt%)
2.3 2.8
minor 5.3
minor minor
minor minor



Intensity (counts / 240 s)
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Sound velocity in Fe,;C
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Composition of the core

Element  Fraction (wt%) Compression Model Inner Model Outer

(p/py) Core (wt%) Core (wWt%)
Si 2.3 1.28 2.3 2.8
o) 1.6 1.33 minor 5.3
S 9.7 2.51 minor minor
S- 3.6 1.05 minor minor
C 1.0 1.40 1.0

4.9 % nickel — 7.3 % silicon — 4.1% oxygen — 2.3 % sulfur (Allégre et al., 1995)
5.6 % nickel — 9.6 % silicon — 1.9 % oxygen — 2.2 % sulfur (Javoy, 1999)
W.F. McDonough, S.S. Sun, Chem. Geol. 120, 223-253, 1995.

|
| <2wWt% S
G. Dreibus, H. Palme, Geochim. Cosmochim. Acta 60, 1125-1130, 1996. |



SUMMARY

Phase diagram (iron structure)
fcc — hep — liquid triple point @ 95 GPa /3300 K

hcp iron at high pressure and temperature — no  phase (orthorhombic or d-hcp)

Melting temperature above 3300 K @ 100 GPa

c/aratio @ HP / HT (elastic anisotropy)

Reversal of anisotropy of longitudinal waves @ high P high T questionable

Equation of state (core composition)

On the way to a well constrained thermal equation of state for iron

Light elements in the solid inner core

Silicon is our best choice

Carbon at 1 wt% level provided electronic / magnetic state stays similar as that at low pressure ( 1wt %

much lower carbon content than that of Fe,C)
Provided Fe is hcp in the inner core (cf bce report from Dubrovinsky et al., 2007 for a 10% nickel alloy)

This need to be checked !
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