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Introduction and background

* Element abundance
and distribution in —
the Earth '

* Partitioning of .
elements and >
iIsotopes during core

formation and o i of et ety i e ey e

self-oxidized via perovskite crystalliation. Lower-mantle perowskite [Py
generates Fe'* and Fe" imetal) from &sproportienation of Fe'*. Fe metal

t h e re a I I e r iz swept to the core by descending metal diapirs while the vigour of acoretion
andl core segregation causes dissolation and recrystallization of perovskite

. L
with release of e 1o the overving magms ooces

Wood et al, 2006

Kickoff Symposium A02-02



-”:'-Dﬂ rrr [ rrrjJjrrrjJovrr e T T T T 1 1 E
Refractory lithophile =
Increasing Mg  Ca Ti REE y

{ E |
E 1.00 ".'D|':':Iti|it'f Si E'] km L_er =
= : v . Sc.Al =
° -~ 3
= M Cr v ]
G Siderophile 1

G . Fe .
= 0.0 .GD "
k5 Ni W :
| v ]
2 OSn gpag OFP ) -
i e i

L Ge [%:}QD
o 0.01 O As :
DEI‘ Cl Highly siderophile .
o 0® ®® o -
@ s,se,Te AU bdRRPt Rulf ReOs
ELD oo oo oo b oo b oo boe oo o oao a1 a3 i
%ﬂﬂ 800 1,000 1,200 1,400 1600 1,800 2,000
Temperature (K)

Elemental abundances in the silicate Earth are ratioed to those in Cl carbonaceous
chondrites and normalized to D(Earth)/D(Cl). Wood et al, Nature 451, (2008)
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Figure 2 | The effect of pressure on Ni and Co partitioning. The liquid
metal-liquid silicate partition coefficients (D; = [[fjll’"“] for Ni and Co are
those at 2,123-2,750 K and oxygen fugacity cﬂrrespﬂndmg to current FeO
content of the mantle. Data are from ref. 4 and ref. 38. Note that values
approach those required for core-mantle equilibrium at the current FeO
content of the mantle when pressure is ~28 GPa.

Wood et al, Nature 451, (2008)
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Objectives

HPHT experiments | | Microscale element/isotope analysis

* Light element distribution in the deep mantle
and core

* Light element isotope fractionation between
melt and solid phases (silicate and metals)

* Element partitioning between silicate, metallic
and sulfide phases and melts

* Volume of samples
Obstacles

* Chemical equilibrium
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Methods

*»» Approach for light element partitioning and
Isotope fractionation experiments (Satish)

*» Highly siderophile element partitioning
experiments
(Detailed explanation by Kogiso)

*» Element partitioning between Immiscible melts
and fluids (Mibe)

“* DAC experiments on element partitioning

(Tateno and Kamada)
(Detailed explanation by Tateno)
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Research Plan
. 2015

— Installation of gas source isotope ratio mass
spectrometer (IRMS).

— Standardization and set up of laser ablation
microscale isotope preparation facility.

* 2016-2019

— HPHT experiments on various chemical systems

— Microscale analysis of element partitioning and
iIsotope fractionation using FsLA-IRMS and SIMS
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Carbon isotope fractionation between
graphite/diamond and iron carbide melt
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(Satish-Kumar et al, 2011, EPSL)
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Isotope fractionation experiments in the
Fe-C system @ 56Pa 1500°C 30min

SEM & @ § & W BSE Gr

ar
Quenchcrystal

Fe 93.39£0.29 ldeal composition
C 6.61£0.19 e Fe,C ---93.3wt.%Fe 6.7wt.%C
Total 100.01+0.32 (n =8) e Fe,C,---91.6wt.%Fe 8.4wt.%C
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Sampling and analytical strategy for microscale
Isotope measurements

Cut
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A model for carbon isotope evolution in the mantle
(Mizutani, Satish-Kumar & Yoshino., 2014, EPSL)
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(CMASN + CO,) 5GPa, 1600°C

Run No. P(GPa) T(°C) :::"Ei Phase relation
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(CMASN + CO,) 56Pa, 1600°C

Time

Run No. P(GPa) T(°C) : Phase relation

(min)
1K1986 5 1600 720 Gt Ol Opx Gr C-Si-melt
5GPa, 1600 °C :
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Method for light element partitioning and
isotope fractionation studies

To Mass Spectrometer

To Turbo Pump .
Capacitance ctainless

Wanometer
stes| pips

KBrTrap I
Liquid Pentane iquid WzF2
N? trap Trap 2 trap window

Wasta
Ll Femtosecond
Laser

Frsumatic

Reaction
Vessal

Schematic design of a high vacuum line for laser
fluirination system for extraction of sulfur as :

13(:‘1;’11(:r 15N./14N, lSD[lEO} 345/’315 ESS‘/E’-ESJ SES{GES
(from SO, and SF;), 28Si/°Si
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Femtosecond laser ablation system for
sulfur isotope analysis

Merits: Demerits:
No temperature effect during ablation Transparent ""_‘”?'E"als need UV
Submicrom milling and easy to react Submicrom milling and easy to react
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HPHT experiments

* Carbonated mantle melting
and isotope fractionation

* Light element isotope
fractionation experiments
— Fe-C system
— Fe-S system
— Fe-Mg-Si-O-C-S (+H, N) system

Unsolved questions
Isotopic and elemental
Equilibrium
OR
Disequilibrium
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SIMS sample preparation SIMS target

Results of Graphite standard Elemental and isotopic
dBC\ppp = ~11.19£0.33%. (n=9) Profiles
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Expected outcome
» Determination of partition coefficients
for light elements, trace elements and
highly siderophile elements
» Estimation of isotope fractionation for - T,
light elements (H, C, N, O, S and Si) O
» Partitioning of elements during core ;’i;":::;'d

formation
» Element mobility at the CMB
» Toward a model on chemical evolution /«»
through time and depth

Dream!! Precise measurement of
Elemental and isotopic composition

at CMB conditions 13C jﬂc, 1SN /14N, 180 /150; 34g /325 33g /31&
365/325 (from SO, and SF.), 28Si/2%Si
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