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Carbonates at HP
and CO2 recycling

dolomit+quarz

contact metamorphism in Colorado

regional metamorphism in the Alps

If you ever wondered, whether carbonates survive HP, you were posing 
the wrong question:

You should have wondered how we make carbonates not survive HP...
.... only in combination with HT

Carbonate
structures
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magnesite

quenched Ca-enriched melt

CO2 - Carbonates

1. How to recycle subducted carbonate ?
- Carbonates are stable to the core 

(with depth succession is calcite→dolomite→magnesite)
- Low temperature conditions leave carbonate saturated fluids at 

very low XCO2-fractions → inefficient

from experiments

XCO2

from calculations

melting temperature
Molina+Poli (2000)

Kerrick+Connolly (2001)

Connolly (2005)

carbonated MORB

Gabbro

very
very 
thick 
layer
of
hydrated
mantle
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Connolly (2005)

How to recycle subducted carbonate

Conclusion:
Carbonates (normally dolomite and magnesite) are just happily sitting out 
the H2O-flush and won’t surrender their CO2, or at least keep >80%.
(this is also correct for sedimentary compositions)

Connolly (2005)

How to recycle subducted carbonate
- not through carbonate destabilization
- nor through flushing with large quantities of fluid (XCO2 is too low)
- How about melting ?



4

1000 oC

cc

Melting of carbonaceous clay (Antilles, T.Plank) at 3.7 GPa

gar

950 oC cpx
cc
phe
coes
ky

1100 oC

ky

gar
carb

Si-melt

T. Thomsen 

1 phe + 0.2 coes + 0.13 cpx = 1.2 granite + 0.05 gar + 0.14 ky

1 Mg-cc + 0.25 cpx = 1 carbonatite + 0.2 SiO2
Si-melt
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4 -950 4 -950 3.7 - 1050 3.7 - 1100 3.7 - 1100

GW pelite carb.clay carb.clay carb.clay

SiO2 73.58 75.00 60.86 59.52 1.24
TiO2 0.59 0.91 0.00 0.00 0.00
Al2O3 14.30 13.57 20.42 19.68 1.03
FeO* 0.90 1.14 1.77 2.46 9.62
MnO 0.00 0.02 0.00 0.00 0.00
MgO 0.42 0.22 0.27 0.54 4.16
CaO 0.94 0.87 0.94 2.81 29.55
Na2O 3.19 2.68 1.85 4.53 3.44
K2O 6.08 5.59 13.90 10.47 0.78
tot 100.00 100.00 100.00 100.00 49.82

k2o/na2o 1.906 2.086 7.497 2.311 0.227
Al2O3/(K2O 1.06 1.13 1.03 0.82 0.02

Sediment melt compositions at 3.7-4 GPa

Pelite

 Temperature (°C) 1050 900 900
 Pressure (GPa) 3.7 4 4
 Melt fraction (%) 32 43 3 20 18
        ----------------
 SiO2 61.0 59.5 1.2 76.6 75.2
 TiO2 - - - 0.4 0.4
 Al2O3 20.5 19.7 1.0 13.4 13.5
 FeOtot 1.8 2.5 9.6 0.8 0.8
 MnO - - - 0.0 0.0
 MgO 0.3 0.5 4.2 0.2 0.3
 CaO 1.0 2.8 29.6 0.7 0.6
 Na2O 1.6 4.5 3.4 2.4 2.3
 K2O 13.9 10.5 (0,8) 5.6 6.9

100.0 100.0 100 100
        ----------------
 K2O/Na2O 7.5 2.3 - 2.4 3.0
 Na2O (cpx) wt% 10.1 8.4 9.5 10.1
 X(Jd)cpx 0.67 0.57 0.64 0.66
 DNa(cpx/melt) 6.5 2.1 2.5 4.6 4.9

KNCaFMAS-HC

1100
3.7

Grey  
wacke

Silicate melts
from CO2-free pelite/greywacke:   Qz-normative → Granites
from carbonaceous pelites: Ne/Ks-normative → Phonolites

10501100

Nephelin Kalsilite

3-5 wt% CO2, 1-2 wt% H2O

Is melting a realistic approach to mobilize carbonates ?
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Recycling subducted carbonate ?
not through carbonate destabilization
nor through flushing with large quantities of fluid (XCO2 is too low)
How about melting ?

During steady state not realistic, required temperatures are >1000 oC (4 GPa)

But: thermal relaxation will lead to these temperatures

4b) Ultrapotassic magmas of Central Italy (Intra-Appenine/Umbria)

Ultrapotassic Magmatism of Central Italy 
trailing slab edge carbonated pelite melts hybridized in the mantle

2.080.021.44CaO/Al2O3

7.648.548.00K2O/Na2O

81.2217.579.6Mg#

700---150Ni (ppm)
1200---820Cr (ppm)

1.43---0.31P2O5

4.0511.707.81K2O
0.531.370.98Na2O

13.410.4615.83CaO
22.260.1313.60MgO
9.171.096.23FeO
6.4520.3010.96Al2O3

1.980.000.78TiO2

40.7264.9043.50SiO2

group II 
kimberliteAM07

San 
Venanzo

Peccerillo (2003)

- ultrapotassic
- ultracalcic
- primitive XMg, Cr, Ni

France

Spain

Italy

The Italian ultrapotassic volcanism (800.ky - 0 ky)

Vesuvius

Elba
San Venanzo

Eolian Islands

"normal"
calc-alkaline

alkaline to
calc-alkaline

ultrapotassic

ultrapotassic
potassic
alkaline
calc-alkaline
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Ultrapotassic magmas:

• global endmember in K2O/Na2O
• Neph/Kalsilit - normative
• close association with carbonatite flows, 

carbonatite tuffs, carbonat(it)e
globules in silicate melt

• XMg= 0.75-0.80, Cr = 700-1000, 
Ni = 120-250: possible primitive

• ultracalcic with CaO/Al2O3 to 1.4
•isotopes

Sr-initial: 0.7105
δ18O:  8.5-10.5

almost invariant for less fractionated magmas
→ too high for mantle, must have crustal

contamination, but not acquired through 
assimilation in the magma, source 
characteristic

K2O-CO2-metasomatism with crustal
isotopic affinity, 
but primitive, refractory mantle

CaO

δ1
8 O

87
S

r/8
6 S

r

Strategy:

- high K2O/Na2O is sedimentary (crust-derived)
- K2O/H2O always = 2.9 (inherited from fluid absent melting of phengite)
- CO2 variable between 3.5 and 9.5 wt%

- high CaO/Al2O3 → refractory mantle or wherlites ?

Mass balance for phonolite/kamafugite with mantle 
minerals  (refractory, from Laue Basin):

Reaction in wt%
0.67 phon + 1.05 ol + 1.25 cpx = 

1.00 kamaf + 1.90 opx + 0.07 gar

0.55 phon + 0.86 ol + 1.21 cpx = 
1.00 kamaf + 1.63 opx

0.021.44CaO/Al2O3

8.548.00K2O/Na2O

17.579.6Mg#

---150Ni (ppm)
---820Cr (ppm)

---0.31P2O5

11.707.81K2O
1.370.98Na2O
0.4615.83CaO
0.1313.60MgO
1.096.23FeO

20.3010.96Al2O3

0.000.78TiO2

64.9043.50SiO2

AM07
San 
Venanzo

carbonate
saturated
pelite melt

→ saturate slab melt with ol-opx-cpx

opx

melt

cpx
ol

wherlite-AM7, 1390 oC, 3 GPa, 24 h

100 µm

10 µm

wherlite-AME, 1320 oC, 3.5 GPa, 28 h

ol

+ cpx, but quench (mainly dp+phl) is only interstitial

opx
10 µm
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opx

melt in vitreous carbon sphere layer (30 µm Ø)

refP-AME, 1320 oC, 3.5 GPa, 45 h

8.57.69.37.08.546.28.0K2O/Na2O

17.597.291.779.117.585.379.6X(Mg)

0.020.811.900.890.022.061.44CaO/Al2O3

---
11.703.633.636.6511.706.407.83K2O
1.370.820.390.941.371.060.98Na2O
0.469.1511.999.940.4614.6215.88CaO
0.1316.2922.7616.320.1322.4013.65MgO
1.090.833.667.701.096.796.25FeO

20.3011.346.3011.1220.307.0811.00Al2O3

0.000.230.170.300.000.390.78TiO2

64.9055.0251.1247.0264.9043.0543.63SiO2

3.73.53.533.73.5P (GPa)
110014101410127011501350T (oC)

AM07WA62WA6WA1AM07WA4S V
wherlite

San Venanzo probably not exactly a primitive liquid:
→ fractionation of 35 wt% ol ?
→ immiscibility of carbonatites (occuring in the vicinity) ?

carbonaceous pelite melt3.5 GPa - 6.0 wt% CO2, 3.2 wt% H2O, XCO2 = 0.59

crystallisation sequence: olivine → cpx → leucite → phlogopite → sanidine

carbonatite lapilli tuff

The Italian ultrapotassic kamafugites (800.000 a - now):

combination of crustal phonolites with extremely hot mantle

Vesuvius

Capraia
San Venanzo

(1) melting of the trailing slab edge 
(subducted carbonated clays at 3.5-5 GPa,1050-1150 oC)

(2) hybridisation with upwelling mantle in 
slab window at 3-3.5 GPa, 1320-1360 oC

(3) olivine fractionation and 
carbonatite melt exsolution

1
2

3

Spakman+Wortel (2004)


