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Introduction

1. Composition of fluid in the upper mantle, transition 

zone, and the lower mantle

2. Density of magmas at high pressure

Effect of CO2 and H2O 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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Dehydratio
n melting Dehydration
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Melting of Hydrous Peridotite at high pressure

Reduced solidus is controlled by the 

activity of H2O. (Foley, 2008. Nat. Geosci., 

1, 503).

Melting temperature increases with decrease fO2 due to low 
solubility of reduced species in silicate ςcarbonate melt. 

Oxidation may cause melting ςredoxmelting.
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Ghoshet al.(2009)

Solidus of carbonated peridotite

Litasovand Ohtani
(2009)

Deep melting of carbonated

peridotite in the Earthôs deep 

mantle which generates 

magnesiocarbonatite melts

(with ~45 wt% CO2). 

The solidus of carbonated

peridotite is 550-600oC 

lower                   

than the solidus of natural        

anhydrous peridotite KLB-1.

For 300-700 ppm C, the                    

melting generates 0.07-0.17

wt% carbonatitic melt. 
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Ghoshet al.(2009)

Location of carbonate peridotite solidus 

in the mantle condition

Dasguptaand Hirschmann(2006)
Dalton and Presnall(1998)

Deep melting of 

carbonated peridotite

could generates

carbonatitic melts in 

a wide pressure range. 

Hydrous  fluid is 

formed at UM

Carbonate fluid is 

formed at TZ and 

LM
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Carbonates and Silica reaction at high pressure

CO2 fluid by reactions of carbonate+ silica is observed in the upper mantle.

CO2 rich melt is formed by a reaction of silicates and H2O rich melt in the 

transition zone and lower mantle.  In situ X-ray observation

Phase diagrams of MgCO3 + SiO2 and CaCO3+ SiO2 in the mantle

MgCO3 + SiO2ĄMgSiO3+L(CO2 bearing) CaCO3+ SiO2Ą CaSiO3+L
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Carbon and hydrogen in magmas

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 H2O and CO2 at high pressure: CO2 is less 

compressible.

3. Application to magma separation in the deep 

mantle
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Flotation of diamond in the mantle melt in the transition zone: 

A possible concentration of diamond in the transition zone
(Suzuki, Ohtani, Kato, Science, 1995)

20 GPa, 2300 oC

19 GPa, 2300oC, 60 min

Sinking of diamond

diamond
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20 GPa, 2300oC, 60 min

Carbonated MORB (5 wt.% CO2)

Floatation of diamond

So in carbonated MORB (5 wt.% CO2) we 
have a density crossover at 19.5 GPa.

Ghoshet al.(2007)

Upper Mantle

Crust

410km 

Diamond accumulation

UM

TZ

LM

Diamond

660km

Inclusion of Majorite, MgSiO3, 
ferropericlase, and CaSiO3 in diamond

(Suzuki, Ohtani, Kato, Science, 1995)
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Density of magmaat high pressure
X-ray absorption method: Katayama et al.,1993,1996)

teII mr-= 0
Density

ɛ:X-ray mass absorption 

coefficient

I0: Incident X-ray intensity I: X-ray intensity

t: thickness of the sample

SampleRuby

X-ray

X-ray

a

b

I/I0

I/I0

Lambert-Beer's law

Density marker:

Silicates, Diamond,

Composite materials

Sink-float test (e.g., Agee et al. 1994)

Sink

Float

Melt density

Marker density

D
en

si
ty

Pressure

Capsule at HPHT
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Monochromatic beam 

DIA-type cubic anvil apparatus

Experimental setup@SPring-8, BL22XU

23 keV

180 ton

X, mm

Scan Basalt: b
Scan Diamond: a

11.6                      12                      12.4                     12.8                     13.2

0.9

0.8

0.7

0.6

0.5

I/
I 0

0.5 mm

Diamond capsule
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Comparison of the parameters for the equation of state of dry and hydrous peridotite melts

This study 

Hydrous peridotite

(1773K)

Sakamaki et al. (2008)

Dry peridotite

(2100K)

ɟ0 (g/cm3) 2.40 2.72

K (GPa) 8.8 (19) 24.0 (13)

K' 9.9 (36) 7.3 (8)

(ÖKT/ÖT)P (GPa/K) -0.0022 (15) -0.0027 (17)

Density of Hydrous PeridotiteMelt at High Pressure
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Fitting pressureςvolume data to the Vinet EOS, which is superior to other types of EOS for 
soft materials (Vinetet al., 1989), yields the isothermal bulk modulus KT = 2.4 ± 1.0 GPa
and its pressure derivative K¡= 5.7 ± 1.5 at 1973 K with the partial molar volume V0 = 
29.6 cm3/mol at zero pressure and 1973 K (Ochs and Lange, 1999). 
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Fig. 1. Isothermal compression of carbonated peridotite melt at 1800, 1900, 
2000 and 2100 K. The pressure uncertainty is smaller than the open circles. The 
compression curve can be expressed by the Birch-Murnaghanequation of state 
ǿƛǘƘ ǇŀǊŀƳŜǘŜǊǎΣ Y ŀƴŘ YΩΥ YҐноΦл Σ YΩҐ уΦр 

Carbonated peridotite
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Comparison of the parameters for the equation of state of carbonated, hydrous and dry peridotite melts

This study

Carbonated Peridotite

(1800 K)

Sakamaki et al. (2009)

Hydrous peridotite

(1773 K)

Sakamaki et al. (in press)

Dry peridotite

(2100 K)

ɟ0 (g/cm3) 2.70 2.40 2.72

KT (GPa) 23.0 (13) 8.8 (19) 24.0 (13)

K' 8.5 (15) 9.9 (36) 7.3 (8)

(ÖKT/ÖT)P (GPa/K) -0.010 (2) -0.0022 (15) -0.0027 (17)

Partial molar volume of CO2 in magma
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This study

Partial molar volume of CO2

(2000 K)

Sakamaki et al. (2009)

Partial molar volume of H2O

(1973 K)

Vo (cm3/mol) 36.0 29.6

KT (GPa) 8.1 (3) 0.7 (4)

K' 7.2 (1) 7.7 (11)

Comparison of the parameters for the equation of state of the partial molar volume of CO2 and H2O
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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).

Dense Magmas in the deep mantle:

Seismological Study and Experiments
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Revenaugh and Sipkin (1994)
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Formation of Fe3C and FeSi alloys: its 

importance in the core formation process

Fe-Mg-C-O system

Fe-Ca-C-O system

Fe-Mg-Si-C-O system at high pressure
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Phase relations in the Mg-Fe-C-O and Ca-Fe-C-O 

systems: MgCO3 + Fe and CaCO3 + Fe

Fe3C forms quickly by reduction of carbonates MgCO3 and CaCO3
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(Fe7C3 at higher pressure? )
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Summary

1. Composition of fluid in the upper mantle and 

transition zone

H2O rich in the upper mantle and CO2 rich in the TZ

2. Density of magmas at high pressure

CO2 is less compressible compared to H2O

3. Carbon in metallic iron with different redox states

Fe3C 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 fluxes ïIN and OUT are very uncertain

Cartoon by Raj Dasgupta
(COMPRES 2008 meeting)

Carbon in the mantle: comparison with Hydrogen 



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

MgCO3 + SiO2 and CaCO3 + SiO2

MgCO3 + Fe and CaCO3 + Fe

(B) Laboratory experiments on Fe +Si + carbonates

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



Carbon in the mantle: comparison with 

Hydrogen 
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Melting of Hydrous Peridotite at high pressure



Dehydration

Dehydration melting

Pressure, GPa
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Melting of carbon/carbonate-bearing mantle

Reduced solidus is controlled by the 

activity of H2O. The blue region indicates 

carbonatitemelt; melts at higher 

temperatures are increasingly SiO2-rich 

(Foley, 2008. Nat. Geosci., 1, 503).

Solidifor peridotite / eclogiteςCO2ςH2O systems. Red 

= eclogite, Green = peridotite, Yellow and filled = DHMS. 

Refs: Litasov(2007, 2009, 2010), Dasgupta(2005-2007), 

Ghosh(2009) Kiseeva(poster)

Melting temperature increases with decrease fO2 due to low solubility of reduced species in silicate ς

carbonate melt. Oxidation may cause melting ςredoxmelting.
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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).

Revenaugh and Sipkin (1994)

Deep volatile rich melt and deep diamond

21

Upper Mantle

Magma-diamond density crossover

Crust

410km 

Diamond accumulation

UM

TZ

LM

Diamond

660km

High Pressure phases exist as inclusions in diamond  (e.g., Harte et al., 2000)

Magma-mantle density crossover



Water storage capacity of peridotite and basalt in the mantle
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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).

Revenaugh and Sipkin (1994)

A  Possibility of Dense Magmas in the deep mantle

Seismological Study
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