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Alteration of mafic oceanic

crust - few wt% CaCO3

Survival of some calcite 

during subduction to eclogite 

facies

Recycling of subducted

carbonate into upper 

mantle magma sources

What happens in the deep

parts of this C-cycle? 

Transition zone - lower 

mantle?

§Multi-anvil experiments on altered mafic oceanic crust (GA1+10%cc)

at 9 - 20 GPa

§Solidus, phase relations, melt compositions



Experimental composition (GA1 + 10% CaCO3) - carbonated altered 

average MORB

GA1 CaCO3 GA1+10% cc 

SiO2 50.35 45.32

TiO2 1.49 1.34

Al2O3 16.53 14.88

MgO 7.94 7.15

CaO 9.60 56.04 14.24

MnO 0.17 0.15

FeO 9.83 8.85

Na 2O 3.49 3.14

K2O 0.44 0.40

P2O5 0.16 0.14

CO2 0.00 43.96 4.40

Total 100.00 100.00 100.00

Mg# 59.01 na 59.01

Ca# 33.90 100.00 45.82

GA1 = average of å80 altered, 

dredged MORBs 

(Yaxley and Green 1994; Spandler et 

al. 2007)



ÅAu-Pd capsules

ÅLaCrO3 heater

ÅZrO2 pressure 

medium

ÅMo electrodes 

ÅMgO insulator

Multi-anvil assemblies

TEL = 5 mm (9-13 GPa) and 3.5 mm (17-20 GPa)



Phase relations of GA1 + 10 wt% CaCO3 at 9-20 GPa
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?Solidus



9GPa@1200°C = ga + cpx + 

TiO2 + mst + ar +st25 µm

25 µm

GA1 + 10 wt% CaCO3 sub-solidus run products

17GPa@1200°C = ga + CaCO3 + 

mst + K-hol + st



GA1 + 10 wt% CaCO3 runs with low % melting

Cpx

Carb or melt

TiO2

Grt
Au-Pd capsule

9GPa@1300°C = ga + cpx + TiO2

+ st + cb-melt
20µm

SiO2 0.91

TiO2 0.22

Al2O3 0.63

FeO 5.58

MnO 0.08

MgO 8.25

CaO 35.64

Na2O 0.20

K2O 1.11

P2O5 0.26

Total 52.87



GA1 + 10 wt% CaCO3 runs with low % melting

25 µm
9GPa@1400°C = ga + cpx + 

TiO2 + cb-melt

Grt

Cpx

Carb melt

13GPa@1400°C = ga + cpx + 

cb-melt

25 µm



CAS
CaAl4Si2O11

GA1 + 10 wt% CaCO3 runs with higher % melting

20GPa@1800°C = ga + st + CAS 

+TiO2 + cb-melt

25 µm

SiO2 23.5

TiO2 1.17

Al2O3 0.91

FeO 3.17

MnO 0.08

MgO 3.88

CaO 18.84

Na2O 10.32

K2O 2.59

P2O5 0.36

Total 64.77

Melt scans (wt%) 



Diamonds 

3Fe2+O = Fe + Fe3+
2O3

Dis-proportionation of FeO

500µm GA1, 20 GPa, 1400 ÁC
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Cpx compositions

4Highly aluminous (14.2 - 17.5 wt% Al2O3), sub-calcic (6.8 

- 11.6 wt% CaO) and sodic (4.2 - 10.5 wt% Na2O)

4Potassic - 0.1 - 0.6 wt% K2O

4Mainly Di + Jd solid solutions, with minimal Ca    

Tschermakôs component

Å 30-55 mol% jadeite at 9 GPa

Å 62-71 mol% jadeite at 13 GPa

4Na<AlVI, so no acmite component, no Fe3+



Garnet compositions



Grt-Cpx solid solutions

(Mg,Fe,Ca,Mn)3  Al2  (SiO4)3

Dodecahedral TetrahedralOctahedral

Na
Si, Ti, 

Fe3+(?)
P

Nadod
+ + Sioct

4+ = Mdod
2+ + Aloct

3+

M2Na AlSi (SiO4)3

2.99±0.03 1.99±0.03Cation sum: 7.98±0.023.00+ + =

M = Mg, Fe, Ca, Mn



Garnet compositions



Carbonate compositions - low temperatures

9 GPa, 1100£ & 1200£C

Aragonite

Ca-magnesite

CaCO3

MgCO3
FeCO3

10 µm
9 GPa, 1200£C

CaCO3 (Aragonite?)

Ca-magnesite



Buob et al. 2006

Carbonate compositions



Carbonate compositions - low temperatures

9 GPa, 1100£ & 1200£C

Aragonite

Ca-magnesite

CaCO3

MgCO3
FeCO3

17 GPa, 1200£C

Mg-calcite with 5.6 wt% Na2O 

& 0.6 wt% K2O

Na mass balance requires Na-rich phase - Na-rich cbte melt?

17 GPa, 1200£C

Grt

Sodic cbte

Carb melt 

(high Na)

Ca-

Magnesite

Carb melt 

(high Na)


