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aBstraCt

Oxygen fugacity (ƒO2) is a fundamental parameter that controls carbon mobility in aqueous 

ÀXLGV� LQ�JHRORJLFDO�HQYLURQPHQWV�VXFK�DV�VXEGXFWLRQ�]RQHV��ZKHUH� UHGXFHG�VHUSHQWLQLWH�ÀXLGV�
KDYH� WKH� SRWHQWLDO� WR� LQ¿OWUDWH� R[LGL]HG� FDUERQDWH�EHDULQJ� OLWKRORJLHV��8VLQJ� H[SHULPHQWV� DQG�
FDOFXODWLRQV��ZH�GHVFULEH�KRZ�PLQHUDO�ÀXLG�HTXLOLEULD�HYROYH�DV�¦O2�GHFUHDVHV�LQ�WKH�PRGHO�&D�
&�2�+�V\VWHP�DW�IRUHDUF�FRQGLWLRQV�����±�����&�DQG��±���NEDU���([SHULPHQWDO�FDOFLWH�VROXELOLW\�
ZDV�FRQVWDQW�DW�¦O2�YDOXHV�IURP�TXDUW]�ID\DOLWH�PDJQHWLWH��4)0��WR�KHPDWLWH�PDJQHWLWH��+0���$W�
ORZHU�¦O2�YDOXHV�RI�LURQ�PDJQHWLWH��,0��RU�Z�VWLWH�PDJQHWLWH��:0���FDOFLWH�UHDFWHG�ZLWK�+2 to form 

PHWKDQH�SOXV�SRUWODQGLWH�RU�PHOW��7KHVH�UHVXOWV�ZHUH�FRQVLVWHQW�ZLWK�WKHUPRG\QDPLF�FDOFXODWLRQV�
DQG�LQGLFDWH�WKDW�FDUERQ�PRELOLW\��DV�SDUDPHWHUL]HG�E\�WRWDO�DTXHRXV�FDUERQ��>&TOT]), is strongly 

dependent on ƒO2��$W�FRQVWDQW�SUHVVXUH�DQG�WHPSHUDWXUH��FDUERQ�PRELOLW\�LV�PLQLPL]HG�DW�R[LGL]LQJ�
FRQGLWLRQV��ZKHUH�>&TOT@�LV�FRQWUROOHG�E\�FDOFLWH�VROXELOLW\��&DUERQ�PRELOLW\�LV�PD[LPL]HG�DW�WKH�
PRVW�UHGXFLQJ�FRQGLWLRQV�EHFDXVH�DOO�WKH�FDUERQ�LQ�WKH�V\VWHP�LV�SUHVHQW�DV�&+4. An intermediate 

UHJLRQ�RI�FDUERQ�PRELOLW\�H[LVWV�LQ�ZKLFK�FDOFLWH�LV�VWDEOH�ZLWK�D�&+4�EHDULQJ�ÀXLG��$V�SUHVVXUH�
LQFUHDVHV�IURP���WR����NEDU��WKH�¦O2�UDQJH�RYHU�ZKLFK�FDOFLWH�LV�VWDEOH�ZLWK�D�PHWKDQH�ULFK�ÀXLG�
VKLIWV� WR�PRUH�UHGXFLQJ�FRQGLWLRQV��7KH�YDULHW\�RI�JHRORJLFDO�FRQGLWLRQV�ZLWK� WKH�SRWHQWLDO� IRU�
UHGR[�HQKDQFHPHQW�RI�FDUERQ�PRELOLW\�EHFRPHV�PRUH�UHVWULFWHG�ZLWK�GHSWK��5HGXFWLRQ�PHOWLQJ�ZDV�
REVHUYHG�DW������&�DQG���NEDU��DQG�DW������&�DQG����NEDU��GXH�WR�WKH�SDUWLDO�UHDFWLRQ�RI�FDOFLWH�WR�
SRUWODQGLWH�DW�FRQGLWLRQV�DERYH�WKH�K\GURXV�PHOWLQJ�FXUYH�RI�FDOFLWH�SRUWODQGLWH��$OWKRXJK�OLNHO\�
PHWDVWDEOH�LQ�WKH�SUHVHQW�H[SHULPHQWV��UHGXFWLRQ�PHOWLQJ�PD\�RFFXU�LQ�QDWXUH�ZKHQHYHU�+2 par�
tially reduces carbonate minerals at pressures and temperatures above the hydrous melting curve 

RI�FDOFLWH�SRUWODQGLWH��:KHWKHU�LW�FDXVHV�PHOWLQJ�RU�QRW��FDOFLWH�UHGXFWLRQ�LV�OLNHO\�DQ�LPSRUWDQW�
PHFKDQLVP�IRU�DELRWLF�PHWKDQRJHQHVLV�LQ�QDWXUDO�V\VWHPV�VXFK�DV�VXEGXFWLRQ�]RQH�IRUHDUFV�RU�
VLPLODU�HQYLURQPHQWV�ZLWK�WKH�SRWHQWLDO�IRU�LQWHUDFWLRQ�RI�UHGXFHG�ÀXLGV�ZLWK�FDUERQDWH�PLQHUDOV��
%HFDXVH�FDOFLWH�VROXELOLW\�DW�R[LGL]HG�FRQGLWLRQV�LV�DOUHDG\�NQRZQ�WR�LQFUHDVH�VXEVWDQWLDOO\�ZLWK�
pressure, the additional increase in carbon mobility provided by calcite reduction implies that 

VXEGXFWLRQ�]RQHV�PD\�KRVW�VRPH�RI�WKH�PRVW�FDUERQ�ULFK�DTXHRXV�ÀXLGV�RQ�(DUWK�
.H\ZRUGV��&DUERQ�F\FOH��VXEGXFWLRQ�]RQHV��IOXLG�URFN�LQWHUDFWLRQ��VHUSHQWLQL]DWLRQ��IRUHDUF�

mantle, methanogenesis

introduCtion

A large portion of inorganic carbon returned to the mantle 

during subduction is contained in calcite, aragonite, and 

RWKHU�FDUERQDWH�PLQHUDOV��0XFK�RI�WKH�FDUERQDWH�LV�SUHVHQW�
as primary clasts and/or matrix cement in pelagic sediments 

�6DQR�DQG�:LOOLDPV��������RU�DV�K\GURWKHUPDO�YHLQV�LQ�PHWD�
PRUSKRVHG�RFHDQLF�OLWKRVSKHUH��0RUJDQ�DQG�0LOOLNHQ��������
Along the subduction path, carbon mobility in aqueous fluids 

LV� H[SHFWHG� WR� LQFUHDVH� GUDPDWLFDOO\�ZLWK� GHSWK� GXH� WR� WKH�

ZHOO�HVWDEOLVKHG�HQKDQFHPHQW�RI�FDOFLWH�VROXELOLW\�DW�HOHYDWHG�
pressure (P) and temperature (T���0DQQLQJ�HW�DO��������)DFT�
HW�DO���������)RU�H[DPSOH��H[SHULPHQWV� LQ�SXUH�ZDWHU�VKRZ�
WKDW�WKH�VROXELOLW\�RI�FDOFLWH�DW������&�LV�a�����WLPHV�KLJKHU�
DW����NEDU�WKDQ�DW���NEDU��&DFLDJOL�DQG�0DQQLQJ��������$G�
GLWLRQ�RI�1D&O�DPSOLILHV� WKLV�VROXELOLW\� LQFUHDVH��DW������&�
DQG����NEDU��FDOFLWH�VROXELOLW\�LQ�1D&O�+22�VROXWLRQV�ZKHUH�
XNaCl = 0.3 (mole fraction) is about 10 times higher than in 

SXUH�ZDWHU�DW�WKH�VDPH�P and T��1HZWRQ�DQG�0DQQLQJ�������
Because carbon speciation depends on redox conditions, 

FDOFLWH�VROXELOLW\�LV�DOVR�OLNHO\�WR�YDU\�ZLWK�R[\JHQ�IXJDFLW\�
(ƒO2��� )ROORZLQJ� /H� &KDWHOLHU¶V� SULQFLSOH�� GHFUHDVLQJ� ¦O2 

theoretically favors calcite (CaCO3) dissolution, as illustrated 

E\�WKH�IROORZLQJ�UHDFWLRQV�
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