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abstract

1DWXUDO�ROLYLQH�GLVVROXWLRQ�DQG�UHSODFHPHQW�RIWHQ�RFFXUV�SUHIHUHQWLDOO\�DORQJ�VSHFL¿F�FU\VWDOORJUDSKLF�
SODQHV��7KXV��ROLYLQH�UHDFWLYLW\�DW�VSHFL¿F�VXUIDFHV�ZDV�H[DPLQHG�LQ�VLWX�XVLQJ�SKDVH�VKLIW�LQWHUIHURPHWU\��
ZKLFK�KDV�D�GHWHFWLRQ�OLPLW����–5�QP�V��E\�GLVVROYLQJ�WZR�VPRRWKHG�ROLYLQH�FU\VWDO�IDFHV�DQG�D�WKLUG�
VDPSOH�FRUUHVSRQGLQJ�WR�D�VXUIDFH�WKDW�ZDV�JHQHUDWHG�E\�SUHIHUHQWLDO�GLVVROXWLRQ�DORQJ�VWUXFWXUDO�GHIHFWV��
7KH�H[SHULPHQWV�ZHUH�FRQGXFWHG�DW�����&�DQG�DPELHQW�SUHVVXUH�LQ�����0�1D&O�VROXWLRQV�WKDW�ZHUH�
DFLGL¿HG�WR�S+V�EHWZHHQ���DQG���XVLQJ�����0�+&O��7KHVH�H[SHULPHQWV�VKRZ�WKDW�ROLYLQH�GLVVROXWLRQ�FDQ�
YDU\�IURP�RQH�VXUIDFH�WR�DQRWKHU�DV�ZHOO�DV�LQ�GLIIHUHQW�DUHDV�RI�WKH�VDPH�VXUIDFH�WKDW�KDYH�VLPLODU�FKDU-
DFWHULVWLFV��7KH�IDVWHVW�YHUWLFDO�UHWUHDW�RFFXUUHG�DW�WKH�VXUIDFHV�UHODWHG�WR�GHIHFWV��+RZHYHU��RQO\�YHUWLFDO�
DGYDQFHPHQW�ZDV�REVHUYHG�DW�S+���RQ�WKLV�VXUIDFH�FRQVLVWHQW�ZLWK�WKH�REVHUYDWLRQ�RI�LVRODWHG�LVODQGV�RQ�
WKH�VXUIDFH�GXULQJ�DWRPLF�IRUFH�PLFURVFRS\�LQYHVWLJDWLRQV�DIWHU�WKH�H[SHULPHQW��5DPDQ�DQDO\VLV�RI�WKH�
SUHFLSLWDWHG�SKDVH�VKRZHG�WKDW�LW�ZDV�QRW�RQH�RI�WKH�WKHUPRG\QDPLFDOO\�VWDEOH�SKDVHV�H[SHFWHG�IURP�
3+5((4&�PRGHOLQJ��+RZHYHU��WKH�FRUUHODWLRQ�EHWZHHQ�WKH�VLOR[DQH�ULQJ�SHDN�RI�DPRUSKRXV�VLOLFD�
ZLWK�D�VLPLODU�SHDN�LQ�WKH�SUHFLSLWDWH�VSHFWUXP��LQ�FRQMXQFWLRQ�ZLWK�SUHYLRXV�H[SHULPHQWDO�DQG�QDWXUDO�
REVHUYDWLRQV��LQGLFDWHV�WKDW�WKH�SUHFLSLWDWH�ZDV�D�6L�HQULFKHG�DPRUSKRXV�SKDVH��7KHUHIRUH��SUHFLSLWDWLRQ�
can facilitate the further dissolution of olivine on this surface as long as it does not completely armor 
WKH�VXUIDFH��3UHFLSLWDWH�IRUPDWLRQ�RQ�VXUIDFHV�DVVRFLDWHG�ZLWK�RXWFURSSLQJ�GHIHFWV�VXSSRUWV�WKH�QDWXUDO�
observations of preferential dissolution and serpentinization along these defects implying that the fast 
GLVVROXWLRQ�RI�WKHVH�VXUIDFHV�ZLOO�SOD\�D�FULWLFDO�UROH�GXULQJ�ROLYLQH�UHSODFHPHQW��,Q�DGGLWLRQ��FRPSDULVRQ�
ZLWK�ÀRZ�WKURXJK�H[SHULPHQWV�LQGLFDWHV�WKDW�RXWÀRZ�ÀXLG�FKHPLVWU\�PD\�SURYLGH�DQ�LQFRPSOHWH�SLFWXUH�
of processes occurring during olivine dissolution.

.H\ZRUGV��Interferometry, dissolution, precipitation, olivine

introduction

Olivine has recently been recognized as a key mineral for many 
environmental remediation schemes such as acid mine drainage 
(Kleiv and Thornhill 2008), CO2 (Jarvis et al. 2009), and sulfur 
VHTXHVWUDWLRQ��5DSSROG�DQG�/DFNQHU��������,Q�DGGLWLRQ��WKH�QDWXUDO�
UHDFWLRQ�RI�ROLYLQH�ZLWK�IOXLGV�SOD\V�DQ�LPSRUWDQW�UROH�LQ�DFLGLF�IOXLG�
QHXWUDOL]DWLRQ��9DUHNDPS�HW�DO��������DQG�LWV�UHDFWLRQ�ZLWK�VHDZDWHU�
to produce serpentine minerals has important consequences for the 
rheology and geochemistry of the oceanic lithosphere (Escartin 
HW� DO�� ������%DFK� DQG�)U�K�*UHHQ��������$OWKRXJK� H[WHQVLYH�
research has been conducted into olivine reactivity most olivine 
GLVVROXWLRQ�H[SHULPHQWV�DUH�OLPLWHG�WR�IORZ�WKURXJK�H[SHULPHQWV�
that use ground olivine (e.g., Oelkers 2001; Pokrovsky and Schott 
�������+RZHYHU��WKHUH�LV�HYLGHQFH�WKDW�LQ�QDWXUH�ROLYLQH�GLVVROXWLRQ�
occurs preferentially along specific crystallographic planes. For 
H[DPSOH��ROLYLQH�WKDW�KDV�XQGHUJRQH�PDQWOH�IORZ�KDV�DQ�DQLVRWURS\�
that causes parting along specific directions enabling the (010) 

surface to become accessible to fluids (Boudier et al. 2010). In 
H[SHULPHQWV��GLVVROXWLRQ�RI�JURXQG�ROLYLQH�DOVR�SURGXFHV�VXUIDFH�
features that are attributed to preferential dissolution at disloca-
WLRQV�DQG�GLIIHUHQW�FOHDYDJH�SODQHV��*UDQGVWDII��������$ZDG�HW�DO��
(2000) studied dissolution at the (010), (100), and (001) surfaces 
RI�ROLYLQH�DQG�VKRZHG�WKDW�SUHIHUHQWLDO�GLVVROXWLRQ�RFFXUUHG�DW�WKH�
������VXUIDFH��+RZHYHU��WKH�H[SHULPHQWV�RI�$ZDG�HW�DO���������
ZHUH�FRQGXFWHG�E\�FXWWLQJ�DQG�PHFKDQLFDOO\�SROLVKLQJ�DQ�RULHQ-
tated olivine crystal and measuring the crystal size periodically to 
GHWHUPLQH�WKH�GLVVROXWLRQ�UDWH��3UHYLRXV�ZRUN�RQ�FDOFLWH�GLVVROXWLRQ�
indicates that this method of sample preparation can increase the 
GLVVROXWLRQ�UDWH�GXH�WR�WKH�IRUPDWLRQ�RI�GHIHFWV�DVVRFLDWHG�ZLWK�
mechanical grinding (Macinnis and Brantley 1992).

7R�H[SORUH� WKH�GHSHQGHQFH�RI� FU\VWDOORJUDSKLF�RULHQWDWLRQ�
RQ�ROLYLQH�GLVVROXWLRQ�ZH�KDYH�SHUIRUPHG�LQ�VLWX�PHDVXUHPHQWV�
XVLQJ� SKDVH�VKLIW� LQWHUIHURPHWU\� �36,�� H[SHULPHQWV� RQ� WKUHH�
distinct olivine surfaces. The results of this study advances our 
XQGHUVWDQGLQJ�RI�SUHIHUHQWLDO�ROLYLQH�GLVVROXWLRQ�DV�ZHOO�DV� WKH�
FRQFRPLWDQW�SUHFLSLWDWLRQ�RI�QHZ�SKDVHV�WKDW�DOVR�RFFXUUHG�GXU-
LQJ�RXU�H[SHULPHQWV�DQG�KDYH�EHHQ�REVHUYHG�LQ�QDWXUH��%RXGLHU�
HW�DO��������DQG�SUHYLRXV�H[SHULPHQWDO�LQYHVWLJDWLRQV��'DYLV�HW�DO��
2009; King et al. 2010).
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