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aBSTracT

The exposure of mantle peridotite to water at crustal levels leads to a cascade of interconnected 
dissolution-precipitation and reduction-oxidation reactions—a process referred to as serpentinization. 
These reactions have major implications for microbial life through the provision of hydrogen (H2). 
To simulate incipient serpentinization under well-constrained conditions, we reacted centimeter-sized 
SLHFHV�RI�XQFUXVKHG�KDU]EXUJLWH�ZLWK�FKHPLFDOO\�PRGL¿HG�VHDZDWHU�DW�����qC and 35 MPa for ca. 1.5 
\U����௘����K���PRQLWRUHG�FKDQJHV�LQ�ÀXLG�FKHPLVWU\�RYHU�WLPH��DQG�H[DPLQHG�WKH�VHFRQGDU\�PLQHUDO-
ogy at the termination of the experiment. Approximately 4 mol% of the protolith underwent alteration 
forming serpentine, accessory magnetite, chlorite, and traces of calcite and heazlewoodite. Alteration 
textures bear remarkable similarities to those found in partially serpentinized abyssal peridotites. 
Neither brucite nor talc precipitated during the experiment. Given that the starting material contained 
a4 times more olivine than orthopyroxene on a molar basis, mass balance requires that dissolution 
RI�RUWKRS\UR[HQH�ZDV�VLJQL¿FDQWO\�IDVWHU�WKDQ�GLVVROXWLRQ�RI�ROLYLQH��&RXSOHG�PDVV�WUDQVIHU�RI�GLV-
solved Si, Mg, and H+ between olivine and orthopyroxene reaction fronts was driven by steep activity 
JUDGLHQWV�DQG�IDFLOLWDWHG�WKH�SUHFLSLWDWLRQ�RI�VHUSHQWLQH��+\GURJHQ�ZDV�UHOHDVHG�LQ�VLJQL¿FDQW�DPRXQWV�
throughout the entire experiment; however, the H2 release rate decreased with time. Serpentinization 
FRQVXPHG�ZDWHU�EXW�GLG�QRW�UHOHDVH�VLJQL¿FDQW�DPRXQWV�RI�GLVVROYHG�VSHFLHV��RWKHU�WKDQ�+2) suggesting 
that incipient hydration reactions involved a volume increase of a40%. The reduced access of water 
WR�IUHVK�ROLYLQH�VXUIDFHV�GXH�WR�¿OOLQJ�RI�IUDFWXUHV�DQG�FRDWLQJ�RI�SULPDU\�PLQHUDOV�ZLWK�DOWHUDWLRQ�
products led to decreased rates of serpentinization and H2 release. While this concept might seem at 
RGGV�ZLWK�FRPSOHWHO\�VHUSHQWLQL]HG�VHDÀRRU�SHULGRWLWHV��UHDFWLRQ�GULYHQ�IUDFWXULQJ�RIIHUV�DQ�LQWULJXLQJ�
solution to the seemingly self-limiting nature of serpentinization. Indeed, the reacted sample revealed 
several textural features diagnostic of incipient reaction-driven fracturing. We conclude that fractur-
ing must have far reaching impacts on the rates of serpentinization and H2 release in peridotite-hosted 
hydrothermal systems.
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inTroducTion

Serpentinization reactions play a prominent role in a wide 
range of geophysical, geochemical, and biological processes on 
Earth, including seafloor spreading, cycling of water, carbon, 
and sulfur, abiotic synthesis of organic compounds, and chemo-
synthesis (Alt et al. 2013; Escartín et al. 1997; Foustoukos and 

Seyfried 2004; Lang et al. 2010; Schrenk et al. 2013; Schwar-
zenbach et al. 2013; Seewald et al. 2006). Serpentinization 
reactions directly impact the mechanical properties, magnetic 
signatures, densities, electrical conductivities, and trace element 
contents of ultramafic rocks (Coleman 1971; Deschamps et al. 
2011; Escartin et al. 2001; Iyer et al. 2008; Jöns et al. 2010; 
Kelemen and Hirth 2012; Kodolanyi et al. 2012; Maffione et al. 
2014; Oufi et al. 2002; Paulick et al. 2006; Plümper et al. 2012; 
Reynard et al. 2011; Stesky and Brace 1973; Toft et al. 1990). 
A key result of serpentinization is the release of H2 and the cre-
ation of chemical environments that are sufficiently reducing to 
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