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AbsTrAcT

Serpentinization of peridotite in subduction zones and mid-ocean ridges is a key process that con-
trols not only the geodynamic behavior of the mantle but also the activity of modern (and probably 
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textures, chemistry, and magnetic susceptibility of variably serpentinized harzburgite and dunite 
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Magnetite formation facilitated by addition of silica has often been reported for many serpentinite 
systems, suggesting that the magnetite formation triggered by silica addition is one of the key reactions 
IRU�WKH�SURJUHVV�RI�VHUSHQWLQL]DWLRQ�LQ�QDWXUDO�XOWUDPD¿F�URFNV�
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inTroducTion

The transformation of mantle peridotite into serpentinite 
changes the physical properties of the mantle, such as seismic 
velocity, density, magnetic susceptibility, electric conductivity, 
DQG�YLVFRVLW\��H�J���7RIW�HW�DO��������'\PHQW�HW�DO��������(VFDU-
WLQ� HW� DO�� ������0qYHO� ������.DWD\DPD� HW� DO�� ������+LUDXFKL�
HW� DO�� �������6HUSHQWLQL]DWLRQ� DOVR�SURGXFHV�K\GURJHQ��ZKLFK�
is essential for the establishment of microbial communities in 
VHUSHQWLQH�KRVWHG�K\GURWKHUPDO�ILHOGV�RQ�WKH�VHDIORRU��H�J���7DNDL�
HW�DO��������1HDOVRQ�HW�DO���������,W�LV�QRZ�JHQHUDOO\�WKRXJKW�WKDW�
PLFURELDO�DFWLYLWLHV�DVVRFLDWHG�ZLWK�VHUSHQWLQH�KRVWHG�K\GURWKHU-
mal systems played a key role in the genesis of life in the early 
RFHDQV��H�J���6OHHS�HW�DO��������0DUWLQ�HW�DO��������

Recent petrologic studies have proposed that serpentinization 
UHDFWLRQV�SURFHHG�YLD�D� WZR�VWDJH�SURFHVV� LQYROYLQJ�WKH�HDUO\�
formation of serpentine + brucite and subsequent magnetite for-
PDWLRQ��H�J���7RIW�HW�DO��������%DFK�HW�DO��������%HDUG�HW�DO���������
0DJQHWLWH��ZKLFK�LV� WKH�NH\�PLQHUDO�FRQWUROOLQJ�WKH�PDJQHWLF�
properties, electrical conductivity, and density of peridotite, as 
ZHOO�DV�WKH�HIILFLHQF\�RI�K\GURJHQ�SURGXFWLRQ��LV�WKRXJKW�WR�EH�
formed by the second-stage reaction, but there remains consider-

DEOH�FRQWURYHUV\�UHJDUGLQJ�ZKDW�IDFWRUV�SURPRWH�WKH�IRUPDWLRQ�
RI�PDJQHWLWH��H�J���2XIL�HW�DO��������%DFK�HW�DO��������)URVW�DQG�
%HDUG�������%HDUG�HW�DO��������3O�PSHU�HW�DO��������)URVW�HW�DO��
�������%DFK�HW�DO���������DQG�%HDUG�HW�DO���������SURSRVHG�WKDW�
PDJQHWLWH�LV�IRUPHG�E\�WKH�EUHDNGRZQ�RI�EUXFLWH�SURPRWHG�E\�
WKH�DGGLWLRQ�RI�DTXHRXV�VLOLFD�

EUXFLWH���VLOLFD� �VHUSHQWLQH���PDJQHWLWH���ZDWHU���K\GURJHQ�

&RQYHUVHO\��.DWD\DPD�HW�DO���������VXJJHVWHG�WKDW�PDJQHWLWH�
LV�IRUPHG�E\�WKH�EUHDNGRZQ�RI�IHUURDQ�VHUSHQWLQH��ZKLFK�UHVXOWV�
LQ�WKH�SURGXFWLRQ�RI�VLOLFD�FRPSRQHQW�

VHUSHQWLQH� �PDJQHWLWH���VLOLFD���ZDWHU���K\GURJHQ�

,Q�FRQWUDVW��(YDQV��������������VXJJHVWHG� WKDW� WKH�)H�0J�
H[FKDQJH� SRWHQWLDO� RI� ROLYLQH� DQG� WKH� YDULDELOLW\� RI� )H3+ in 
serpentine minerals are key factors to control the formation of 
PDJQHWLWH�

One of the clues to solve this controversy is the successive 
FKDQJH�LQ�PLQHUDORJLFDO�WH[WXUHV�ZLWK�WKH�SURJUHVV�RI�VHUSHQ-
WLQH� UHDFWLRQV��ZKLFK�ZLOO� DOORZ�XV� WR� FRQVWUDLQ� WKH� UHDFWLRQV�
responsible for the progression of serpentinization, because 
multistage serpentinization processes are expected to produce 
GLIIHUHQW�WH[WXUHV�LQ�VHUSHQWLQLWHV�DW�HDFK�VWDJH�RI�WKH�UHDFWLRQ��
7H[WXUDO�FKDQJHV�ZLWK�WKH�SURJUHVV�RI�VHUSHQWLQL]DWLRQ�KDYH�EHHQ�
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