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Silicate mantle

Fe-rich core



Siderophile element depletion
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Earth’s accretion and core formation models

Late Veneer
O’Neill (1991)

Magma Ocean
Li and Agee (1996)

i h d k ( )
( )

Heterogeneous accretion
The mantle abundances of the

Righter and Drake (1997)

Homogeneous accretionThe mantle abundances of the
MSE is the consequence of a multi-
stage core-mantle equilibrium
process.

The abundances of the
siderophile elements in the Earth’s
mantle result from core-mantleprocess.

The elevated and chondritic
mantle abundances of the HSE is
explained by the addition of a late

equilibrium at high pressure and
high temperature in a deep magma
oceanexplained by the addition of a late

veneer of chondritic material after
core segregation.
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Previous work

MSE h ff f fO T d P h l bili

Previous work

MSE: the effects of fO2, T and P on the solubility
of these elements in melts are well defined at both
low and high pressure but the compositional effectlow and high pressure, but the compositional effect
is not yet well constrained.

HSE: because of their low solubilities in melts,
experimental studies are more difficult Lowexperimental studies are more difficult. Low-
pressure results are often scattered and need to be
improved High-pressure results are rare in theimproved. High pressure results are rare in the
literature.
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Compositional effect on the solubilities of Ni, Mo and W in melt
fO d d f h l bili f O i l

Effects of P and T on  the 
i i i f R d O bfO2 dependence of  the solubility  of Os in melt                           

T  dependence of the solubilities of Pt and Rh in melt
partitioning of Re and Os between 
liquid metal and magnesiowüstite



Compositional effect on the solubilities of Ni, Mo and W at 1 bar
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Compositional effect on the solubilities of Ni, Mo and W at 1 bar

Assuming core-Assuming core
mantle equilibriumBasaltic melt

nbo/t ~ 0.9
Peridotitic melt

nbo/t ~ 2.5
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Ni, Mo and W abundances in the
Earth‘s mantle could result fromEarth s mantle could result from
HP-HT equilibrium between
peridotitic melt and metal.

Magma ocean



Oxygen fugacity dependence of  the solubility of Os at 1 bar

4.0

Low  fO2 results high  fO2 results
3.5

2 g 2  

2log [Os](ppb) 0.71 log fO 7.52 

s]
 p

pb

3.0

lo
g 

[O
s

2 0

2.5

micronugget contamination Os3+

1.5

2.0

Borisov and Palme (1998) - INAA

micronugget  contamination Os3

1.0

1.5
Borisov and Walker (2000) - IDNTIMS
Borisov and Walker (2000) - INAA
Present work - ID-NTIMS

log fO2

-13 -12 -11 -10 -9 -8 -7 -6 -5



T(°C)
Temperature dependence of  the solubilities of Pt and Rh at 1 bar
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1-bar solubility results for Os, Pt and Rh
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Present work , LP

1-bar solubility results for Os, Pt and Rh
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HP-HT liquid metal-magnesiowüstite
partitioning of Re and Os

During a HP-HT multi-anvil experiment, the oxygen fugacity
is not directly measuredis not directly measured.

To interpret the data on the partitioning of an element M
between liquid metal and oxide at high pressure and highbetween liquid metal and oxide at high pressure and high
temperature, it is common to use the two-component
distribution coefficient KDM:

 
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 
 
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x / 2met / ox
M

M x / 2 x / 2met / ox
x / 2

M FeOD
KD

MO FeD
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FeD

which describes the distribution reaction

MOx/2 + x/2 Fe ↔ M + x/2 FeO

KDM is independent of fO2



HP-HT liquid metal-magnesiowüstite 
partitioning of Re and Os
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HP-HT liquid metal-magnesiowüstite 
partitioning of Re and Os
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General Conclusions

MSE: based on the results from the 1 bar study on the
compositional effect on the solubilities of Ni, Mo and W in
melts, the abundances of these MSE in the Earth‘s mantle
could be the result of core-mantle equilibrium at HP-HT in

d f id titi itia deep magma ocean of peridotitic composition.

HSE: based, on the one hand, on the solubility results for Os, Pt
and Rh obtained at 1 bar and on the HP/HT results on the
partitioning of Re and Os between liquid metal and
magnesiowüstite on the other hand equilibrium between coremagnesiowüstite on the other hand, equilibrium between core
and mantle during core formation cannot explain the
abundances of Re, Os, Pt and Rh in the Earth‘s mantle. Theabundances of Re, Os, Pt and Rh in the Earth s mantle. The
elevated and chondritic abundances of the highly
siderophile elements observed in the Earth‘s mantle remain
better explained by the addition of a late veneer of
chondritic material after core segregation.



Polysulfide as intermediate sulfur species are important for
l f i i ifelectron transfer processes in anoxic aquifers

1. Development of an analytical method for polysulfide
identification and quantification

2. Determination of the importance of polysulfides as electron
schuttles during microbial reduction of ferrihydrite by

q

g y y
sulfurospirillum deleyianum

3. Determination of the importance of polysulfides as electron
donors and acceptors in different anoxic sulfur redox processes


