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1. Composition of fluid in the upper mantle, transition
zone, and the lower mantle

2. Density of magmas at high pressure
Effect of CO, and H,O for compression behavior

3. Carbon in metallic iron with different redox states:
Formation of the core, light elements in the core,
Carbon reservoirs ?
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Melting of Hydrous Peridotite at high pressure
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Temperature, °C

Temperature (°C)

Solidus of carbonated peridotite
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Location of carbonate peridotite solidus  #5s
in the mantle condition '
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Deep melting of
carbonated peridotite
could generates
carbonatitic melts in

a wide pressure range.

Hydrous fluid is
formed at UM

Carbonate fluid 1s
formed at TZ and
LM
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CO, fluid by reactions of carbonate+ silica is observed in the upper mantIeT.(;“HOKU

CO, rich melt is formed by a reaction of silicates and H,O rich melt in the = wves
transition zone and lower mantle. In situ X-ray observation
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Carbon and hydrogen In magmas roox

1. Density of magmas at high pressure: Diamond
flotation at high pressure

2. Density of Hydrous magmas and carbonated
magma at high pressure: Partial molar volume
of H,0O and CO, at high pressure: CO, is less
compressible.

3. Application to magma separation in the deep
mantle
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A possible concentration of diamond in the transition zone
(SuzukiOhtani Kato, Science, 1995)

Flotation of diamond in the mantle melt in the transition zone: ;“ \}3«;’\
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19 GPa, 2300°C, 60 min
Sinking of diamond




Carbonated MORB (5 wt.% CO,)

20 GPa, 2300°C, 60 min
Floatation of diamond

So in carbonated MORB (5 wt.% CO,) we
have a density crossover at 19.5 GPa.

Ghoshet al. (2007)
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Density of magmat high pressurgj%

X-ray absorption method: Katayama et al.,1993,1996) anom
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Experimental setup@ SPri&g BL22XL§§§3}
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Density (g/cm’)

Density of HydrouReridotiteMelt at High Pressure;
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Comparison of the parameters for the equation of state of dry and hydpeusiotite melts

This study Sakamaki et al. (2008)
Hydrous peridotite Dry peridotite
(1773K) (2100K)
Jo (g/om’) 2.40 2.72
K (GPa) 8.8 (19) 24.0 (13)
K' 9.9 (36) 7.3 (8)
( K&/ OpKGQPa/K) -0.0022 (15) -0.0027 (17)
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Partial Molar Volume (¢cm”/mol)
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Fitting pressurevolume data to theVinet EOS, which is superior to other types of EOS for
soft materials Yinetet al., 1989), yields the isothermal bulk modukys- 2.4 + 1.0 GPa

and its pressure derivativiej =5.7 £ 1.5 at 1973 K with the partial molar volumé&/0 =

29.6 cm3/mol at zero pressure and 1973 K (Ochs and Lange, 1999).
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Comparison of the parameters for the equation of state of carbonated, hydrous anmeddotite melts

This study Sakamaki et al. (2009) Sakamaki et al. (in press)
Carbonated Peridotite Hydrous peridotite Dry peridotite
(1800 K) (1773 K) (2100 K)
1o (g/cm?3) 2.70 2.72
K; (GPa) 23.0 (13) 8.8 (19) 24.0 (13)
K' 8.5 (15) 9.9 (36) 7.3 (8)
( K/ O TGPa/K) -0.010 (2) -0.0022 (15) -0.0027 (17)
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Comparison of the parameters for the equation of state of the partial molar volume pai@CHO

This study Sakamaki et al. (2009)
Partial molar volume of CO, Partial molar volume of H,O
(2000 K) (1973 K)
Vo (cm3/mol) 36.0 29.6
K; (GPa) 8.1 (3) 0.7 (4)
K' 7.2 (1) 7.7 (11)




Dense Magmas In the deep mantle:
Seismological Study and Experiments

Low velocity regions exist at the base of the upper mantle
beneath Europe, China (Nolet and Zielhaus, 1994;
Revenaugh and Sipkin, 1994; Zhao, 2004), and United

States (Song et al., 2004).
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Formation of Fe,C and FeSi alloys: Its
Importance in the core formation process

~e-Mg-C-0 system
~e-Ca-C-0 system
~e-Mg-Si-C-0 system at high pressure
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Phase relations in the Mg-Fe-C-O and Ca-Fe-C- Of %i\i
systems: MgCO, + Fe and CaCO, + Fe LU
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Fe,C forms quickly by reduction of carbonates MgCO, and CaCO,
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Phase relation in the C-rich Mg-Fe-Si-O-C system
under reducing and oxidizing conditions.
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1. Composition of fluid in the upper mantle and
transition zone
H,O rich in the upper mantle and CO, rich inthe TZ
2. Density of magmas at high pressure
CO, is less compressible compared to H,O
3. Carbon in metallic iron with different redox states
Fe,C Is formed by the reaction between Fe and
Carbonate
Fe contained more Si and less C under the reducing
conditions, whereas It contained more carbon
under the oxidizing conditions.
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Carbon in the mantle: comparison with Hydrogen
Carbon fluxes T IN and OUT are very uncertain
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Introduction.
Carbon and Hydrogen in the mantle

Melting of hydrous and carbonated peridotite and eclogite

Carbon and Hydrogen in Magmas

Decarbonation and reduction of carbonate experiments
(A) In situ X-ray diffraction at SPring-8
MgCO, + SiO, and CaCO,; + SiO,
MgCO; + Fe and CaCO; + Fe

(B) Laboratory experiments on Fe +Si + carbonates

IIIIIIIIII

Mg-Fe-Si-C-O system under reducing condition



Carbon in the mantle: comparison with
Hydrogen



Density (g/ cm®)

Density of hydrous basaltic and peridotitic magmas.
Partial melt in the hydrous mantle is ultramafic in composition
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Melting of Hydrous Peridotite at high pressure
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2400

2200

2000

1800

1600

1400

Depth (km)
300 400 500
| | |
— 2.0 0.5" 0.0 H20, wt%
H20, wt%
0.0
0.5
2.0

12 14 16 18 20

Pressure (GPa)



2000

0
Temperature, C
—
(@)
(@)
(@)

500

0

0 0.01 0.1 1 2 wt.% H0
| | B 0
300 400 500 600

100 200

Peridotite + H20

Phase E

Phase A

15
Pressure, GPa

20

Average mantle

Fpc

Super B
+ Phase D

230

/dra
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Pressure (kbar)

Melting of carbon/carbonate-bearing mantle

Melting temperature increases with decreaf®, due to low solubility of reduced species in silicgte
carbonate melt. Oxidationmay cause melting redoxmelting.
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(Foley, 2008. Natseosci, 1, 503).
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Experimental phase diagram for MgCO;, + SiO,

+ St +
: - Wd + St 408(3 \Depth (km) 500
: : : : — — : : :
28001 [ cq MgSiQ+CQ+L | 2| Mj+L MgPv + L
2400 A

Liquid

d

S Rttt LR EEE

— T Takafuji et al.
ié), 2000 T /B-Qz ‘Coes / (2006)

E

©

z .

= 1600: o

2 Phase diagrams:

1200 A Sapphireg MgSiQ

Pinkg SiQ
Blueg CQ
® Mst+ SIO2
800 1 o MgS|O3 + CO2 Graphite
= MgCO3 + Si02 O capsule
] o Reaction
400 LI | T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
0 5 10 15 20 25 30 35
— Pressure (GPa)
{’ 320,
'?&' 3‘;“' Global-Network Symposium
Ve 9% CarbonateMetal Equilibria and Deep Carbon "\ Y o )
TOHOKU ‘Earth’s Dynamics




Phase diagram for CaCO; + SIO,
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Density (g/ cm®)

Density of hydrous basaltic and peridotitic magmas.
Partial melt in the hydrous mantle is ultramafic in composition
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Deep volatile rich melt and deep diamond

Low velocity regions exist at the base of the upper mantle beneath
Europe, China (Nolet and Zielhaus, 1994; Revenaugh and
Sipkin, 1994; Zhao, 2004), and United States (Song et al., 2004).

High Pressure phases exist as inclusions in diamond (e.g., Harte et al., 2000)
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Water storage capacity of peridotite and basalt in the mantle

0 0.01 01 1 2 5 W% H 0
0 100 200

300 400 500 600 700 800

1500 ~

-] 1 1

Temperature, °C
=
o
o
o

500

2000

2000 1 1 1 1 1 1
4 Peridotite + H20

Phase A

Average mantle

Fpc

Hot

Phase E Super B

+ Phase D

Temperature, °C
=
a1
o
o

1000 H

&
&
Average mantle

St

e s

25 30

Pressure, GPa

Dehydhatmnsiiées:

(A) Saibaad enanatingle

(B) Toppod tiileedawemarahiile
(dehydhaimnadfrinpguuoditie
and suyrehydasas pipitess B)
(©) ey ehat o meleligngfof
plumes(¢})

Deep|tovee mhaatitde
dehydiation affghass ® rsbbdle
at leastto/GBEa.



A Possibility of Dense Magmas In the deep mantle
Seismological Study

Low velocity regions exist at the base of the upper mantle beneath
Europe, China (Nolet and Zielhaus, 1994; Revenaugh and
Sipkin, 1994; Zhao, 2004), and United States (Song et al., 2004).
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