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Metamorphic evolution and decarbonation of the carbonates in the altered
oceanic basalt during the subduction process
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Abstract: Subduction is the key geological process that can link the Earth’ s surface system with deep Earth’ s inte-
rior. It plays a significant role for the study of deep carbon cycle. Carbon in the subducting lithosphere is present in
sediments, altered oceanic crust and serpentinite. The evolution of the carbonate-bearing rocks during subduction
metamorphism controls the transformation of the carbonate minerals and carbon transport process. In this study,
phase equilibria were modeled for the altered oceanic crust to investigate the metamorphic evolution of the carbonate
minerals in the metabasalt. The calculated results indicate that the transformation of carbonate minerals are also af-
fected by temperature and iron content in the metabasalt, in addition of the controlling role of pressure. Phase equi-
librium modeling demonstrates that carbonates in the subducted oceanic crust may experience calcite/aragonite-dol-
omite-magnesite transition with increasing pressure, but under HP/UHP conditions, magnesite can be transformed
to dolomite with increasing temperature. The iron content in the carbonates is affected by the iron content in the me-

tabasalt, where the iron content in the dolomite and magnesite will increase with the increasing iron content in
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the metabasalt. When the altered oceanic crust is under water-unsaturated conditions, almost no decarbonation will

happen when the oceanic crust subducts to sub-arc depth along either low temperature or high temperature geo-

therm. However, under water-saturated conditions, almost all of the carbon in the metabasalt will be released when

the oceanic crust subducts to sub-arc depth along high temperature or Costa Rica geotherm. The water content in

the metabasalt will facilitate the decarbonation reactions.
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Fig. 2 Contour lines of iron content in carbonate minerals
Wi R 2R AR SE BN p IR O S5 26 Mgsy, = FeO/ (FeO + MgO) , &R (0 2 AR 3 (1 547 Hp (MR & i 551 2% Doly, = FeO/(FeO + MgO)

The blue dashed line represents the contour line of iron content [ Mgsy,, = FeO/(FeO + MgO) ] in magnesite; the green dashed line represents

the contour line of iron content [ Dolg, = FeO/(FeO + Mg0) ] in dolomite
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Fig. 3 Variation of mineral content with changing p-¢ conditions in the p-t pseudosection
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Fig. 4 p-M(H,0) pseudosection in the system NMnCaKFMASTCHO for the “Super Composite” MORB composition calculated at 500°C
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The red line represents the water saturation line. The blue dashed line represents the isopleth of iron content [ Mgsy, = FeO/( FeO +MgO) ] in magne-
site; The green dashed line represents the isopleth of iron content [ Dolg, = FeO/(FeO + MgO) Jin dolomite
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Fig. 6 p- X(FeO) pseudosection in the system NMnCaKFMASTCHO for the “ Super Composite” MORB composition calculated at

500°C
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Red line represents the complete decomposition pressure of dolomite, yellow line represents the formation pressure of magnesite. The blue dashed line
represents the isopleth of iron content [ Mgsy, = FeO/(FeO + MgO) Jin magnesite; the green dashed line represents the isopleth of iron content [ Doly, =

FeO/(FeO + Mg0) Jin dolomite
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a—weight percentages of CO, and H, O in water unsaturated metabasalt system (“Super Composite” MORB). The initial water content of this system

is 2.68% C(after Staudigel e al. , 1989), which is water unsaturated according to the calculation in Fig. 4; b—weight percentages of CO, and H,0 in

water saturated metabasalt system. The initial water content in this system is set at 7% , which is water saturated according to the calculation in Fig. 4;
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