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Table 4.3.2a Model compositions (major and heat-producing elements) of Mercury.

Mel Me2 Me3 Med Me5S
Mantle + Crust
Si_Oz 40.8 45.0 47.2 43.5 43.6
TiO, 0.49 0.37 0.33 - -
Al O, 9.6 7.2 6.4 4.7 0
Cr,0, . - 3.3 - -
MgO 40.5 40.8 33.7 47.7 54.6
FeO 0.05 0.04 3.7 0 0
MnO . - 0.06 - -
CaO 8.6 6.6 5.2 4.1 1.8
Na,O0 0 0 0.08 0 0
H,0 0 0 0.016 - .
K(ppm) 0 0 69 0
U(ppm) 0.053 0.040 0.034 0.026 0
Th(ppm) 0.19 0.14 0.122 0.12 0
Core
Fe 94.1 92.4 93.5' 94.5 94.5
Ni 5.9 7.6 5.4 5.5 5.5
S 0 0 0.35 0 0
(o) . - - 0 0
Relative Masses
Mantle + crust 61.6 60.9 32.0 35.2 35.2
Core 38.4 39.1 68.0 64.8 64.8

T Also 0.25% Co, 0.57% P.

Mel: Equilibrium Condensation. Me2: Equilibrium Condensation modified by use of feeding zones of Weidenschilling. Me3: Chondrite
Model (Morganand Anders, 1980). Me4: Extreme “dynamically mixed” model: cosmic Al/ Mg ratio; sufficient SiO, for anorthite, diopside, and
forsterite phases in mantle; core/(mantle + crust) mass ratio satisfying mean density (section 4.5.3). MeS: Extreme “collisionally differentiated”
model, with core/(mantle + crust) mass ratio satisfying mean density (section 4.5.3).
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Core Formation Model

mantle

layer “rockberg”
a ~ b -

Fig. 1. Hypothetical scenario for the early stages of core formation. At this stage, the protoearth
may be much smaller than the {inal earth. (a) A cold, undifferentiated primordial core is overlain
by the denser iron that has accumulated from the partially molten mantle above. (b) A
spontaneous asymmeliy (23) must develop. Large, nonhydrostatic stresses on the resulting
primordial core lead to deformation and even fracturing. (c) The debris from this is distributed
in the form of ‘‘rockbergs’ around the newly formed core. Thermal equilibration. of .these
rockbergs with the surroundings is by thermal diffusion and takes longer than earth accretion.

Stevemson (17£3)



Possible Core Materials

® Lightening elements dissolving into Fe-Ni alloy

® H (Birch, 1952; Stevenson, 1977; Fukai et al.,
1982),

O (Birch, 1952; Ringwood, 1977),

S (Murthy & Hall, 1966; Brett, 1965; Usselman,
1975)

® Assessment for the Earth’s outer core

® Origin of the Earth and Mercury magnetic field



Phase relations under high temperature
and high pressure

® Fe-FeS, Fe-Ni-S systems up to 6 GPa
(Usselman, 1975)

® Fc(N1)-Fe(N1)S-Fe(N1)O system (Urakawa &
Kato, 1987)
® Fe-FeO, Ni-N10 systems (Kato et al.)

® FeS hpp (Fe1 et al., 1997: Kusaba et al., 1997:
Urakawa et al., 2004)



Mercury Pressure, density - Depth

Pressure p (GPa)
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Fig. 1. Pressure p and density p as functions of depth in a fully differentiated Mercury model
(figure after Siegfried and Solomon 1974).




Equations of state for Earth’s core materials
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Fe — O, system at
10° Pa,

Levin et al.,

1964, Phase
Diagrams for
Ceramists, pp.38

1700 7 I | B 1 I I !
Ly/ :
@l I515° \
ISOO—f o '4360 o
I 100" Fe + L. \
“I o
|3OO—1I 1370 | 1
|
|
| ’ o
1100 H BE !
| o O = F
| *r Wu o | -
E FC. lLl WU*F?QQ'H
900K : =
|
| | S J
| | g8
700} } s
i 570° !
5000 1 Lo 1] 1 1 |
= | 2 22 24 26 28 30
Oxygen —=

F1G. 9.—System-Fe-0,.



TEMPERATURE °C

Liquid Immiscibility in System Fe-FeO
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Thermodynamics for Two
Liquids Separation, Liquid
Immiscibiliy

Fe - Fe0 R B B two liquid phase separation
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Experimenta

1 up to 15 GPa and 2500°C
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Sample Container & Pressure Transmitting Medium
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Fe-FeO, 10 GPa 2200°C

Fe-FeO, 10GP 2200°C
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Fe-FeO, 15 GPa 1900°C



Phase Diagram of Fe-rich portion

°C
2500F
Lm
E Lm + Lj
( two liquids )
2000
Lm + FeO
Fe + FeO
1500F T T T T mmm—sm————— oo
(Fe + Li )
0 10 ZIO

mol % FeQ



Experimental results of the system Fe-FeO
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Pressure Effects on two liquid miscibility
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TEMPERATURE ~ °C
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® Reduction of liquid immiscibility
® Increase oxygen solubility into liquid Fe
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Fe-S-0O
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Urakawa & Kato, 1987
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Melting curves of iron compounds
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Phase relation of the system Fe-FeS-FeO
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Ni effect
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Pressure Shifts of Eutectic Composition
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Pressure Shifts of Eutectic Composition in the System Fe-O-S
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(A) Cotectic lines projected from
FeO end to (Fe, Ni)- (Fe,N1)S join

(B) Oxygen contens of cotectic
liquid

Dotted lines show the case of
Fe-Ni-O-S
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Chemical Corrosion MgO

6 GPa, 2500 °C
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Fig. 2. Melting relations in the Fe-FeS system at
pressures of (A) 1 bar, (B) 10 GPa, and (C) 14
GPa. An intermediate compound with composi-
tion Fe,S, forms at pressures >14 GPa. The eu-
tectic points at 10 and 14 GPawere determined in
this study (solid circles). The eutectic point deter-
mined by Usselman (2) at 10 GPa is also shown
(empty circle) for comparison. L, liquid.
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Ni partitioning into Earth’s mantle
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Fig. 2. Abundances of siderophile elements in the upper mantle normalized to CI chondrites displayed,
from right to left, in terms of increasing volatility.
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Ni partitioning
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Pressure effect on Ni partitioning

Fe-Ni-0O, 1700 °C
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Pressure Effects on Stoichiometry of Fe, O (Wiistite)
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Experimental Results

P(GPa) T(°C) x in Fe,0 Run products
Starting material;FexQ + Fe

9 500 0.93 Fex0 + Fe
9 600 10.96] Fe 0 + Fe
‘9 1600 0.95 Fe.0 + Fe

.~ g 1800 0.94(0.93) MW(Mg0-~0.05)+2L
9 1900 0.93(0.90) MW(M=0~0.15)+2L

15 600 0.94 Fex0 + Fe
20 600 10.96 Fe 0 + Fe
Starting material;Fex0 + Fez20a

9 500 0.92 Fe<0 + Fes04

3 600 0.88(0.87) Fex0 + Fes0a
9 1600 0.86(0.84) Fex0 + Fes0a4
9 1900 0.85(0.83) Fe(0 + L.

19 600 [0.87(0.86) Fex0 + Fez0a

20 600 10.88(0.87) Fe,0 + Fez04

MW;(ngFe)O
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Search of extruded rocks from the Earth’s lower crust and mantle

Pacific
S, superplume

Kimberite Pipe Super Plume, Maruyama 1994
Bighole, South Africa



Summary

® Oxygen as the possible lightening element was
examined by high P and T experiments

® Oxygen and sulfur lower the melting
temperature with definite range: 800°C at 20
GPa

® Chemical corrosion enhance possibly
separation process between mantle and core.

?L1ghtening elements
?Stoichiometry, ?Superlattice
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