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OH group behavior and pressure-induced amorphization of antigorite examined under 
high pressure and temperature using synchrotron infrared spectroscopy
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abSTracT

Infrared (IR) absorption spectra of antigorite were measured up to 27 GPa and 320 °C using syn-
chrotron IR radiation to elucidate OH group behavior under high-pressure (HP) and high-temperature 
(HT) conditions. The absorption bands attributable to the OH stretching modes of outer OH groups 
(OHouter) and inner OH groups (OHinner) show positive pressure dependencies. The shift rate of the OHinner 
band is almost constant at all pressure ranges. In contrast, that of the OHouter band increases slightly at 
about 6 GPa. This discontinuous change of the shift rate is consistent with the anomalous behavior of 
the OHouter upon compression, which was predicted in the previous first-principle calculation study. 
Specifically, the pressure dependence of the OHouter band shows that the hydrogen ion of an OHouter 
interacts not only with the nearest basal oxygen ion of the SiO4 tetrahedron but also with the second 
nearest two basal oxygen ions upon compression. The latter interaction becomes dominant over the 
former interaction at about 6 GPa.

Pressure-induced amorphization was indicated from IR spectra measured at 300 °C and 25.6 
GPa. This P-T condition is out of the thermodynamic stability field of antigorite. A broad absorption 
band, which is close to the broad band attributable to natural hydrous silicate glass, appeared after 
amorphization, which suggests that the pressure-induced amorphization of antigorite does not induce 
dehydration. Hydrogen atoms are retained in amorphized antigorite as OH groups.
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iNTroducTioN

Serpentine minerals generally occur during the hydrothermal 
alteration of mantle peridotite, which forms the mantle wedge 
(Hyndman and Peacock 2003) or the subducting plate including 
the crust and upper mantle at the subduction zone (Ranero and 
Sallares 2004). Serpentine minerals in hydrated mantle peri-
dotite are probable candidates as water carriers to the depth of 
subduction zones (e.g., Ulmer and Trommsdorff 1995; Iwamori 
1998; Schmidt and Poli 1998). The free water supplied through 
the breakdown of the serpentine minerals in the depth of the 
subduction zone induces partial melting of the mantle wedge 
(Ulmer and Trommsdorff 1995). The breakdown of the serpentine 
minerals controls tectonic and seismic processes in the subduc-
tion zones (e.g., Hilairet et al. 2007; Chernak and Hirth 2010; 
Hirauchi et al. 2010). As such, knowledge of the stabilities and 
the physicochemical properties of the serpentine minerals under 
high-pressure (HP) and high-temperature (HT) conditions are 
necessary to construct a comprehensive model for water cir-
culation in subduction zones. Previous experimental studies of 
serpentine minerals have revealed that antigorite has the largest 
stability field among serpentine minerals under HT conditions 
(Evans et al. 1976; Wunder and Schreyer 1997). Consequently, 

antigorite must be abundant in the mantle wedge (Hyndman 
and Peacock 2003; Reynard et al. 2007; Katayama et al. 2009; 
Bezacier et al. 2010; Mookherjee and Capitani 2011). However, 
despite its importance for the fundamental properties of antigo-
rite, details of the crystal structure—including the geometry of 
OH groups under HP–HT condition—remain unclear.

Figure 1a shows the basic structure of serpentine minerals 
consisting of a tri-octahedral sheet combined with a tetrahedral 
sheet, designated as the 1:1 layer, and OH groups of two types: 
OHouter and OHinner. The hydrogen ion of the OHouter bonds to every 
surface oxygen ion of tri-octahedral sheets, and that of OHinner 
bonds to oxygen ions of the opposite sides of the OHouter. The 
geometry of the OHouter was determined from neutron diffrac-
tion data for lizardite-1T at 8 K (Gregorkiewitz et al. 1996). It 
showed that the axis of the OH group tilts from the c axis slightly 
to the nearest neighboring oxygen ion of the tetrahedral sheet 
of the next 1:1 layer. The angle between the axis of the OHouter 
and the line joining the hydrogen ion of the OHouter to the nearest 
neighboring oxygen ion (OHouter⋅⋅⋅O bond angle) at 8 K is 165.6° 
(Gregorkiewitz et al. 1996), which suggests that the OHouters form 
a weak hydrogen bond with oxygen ions. In contrast, the strength 
of the hydrogen bond of the OHinner is weaker than that of the 
OHouter, and the difference in the strength of the hydrogen bond 
can be inferred from the bond lengths of the OH groups: the bond 
length of OHinner (0.80 Å) is shorter than that of the OHouter (1.16 
Å; Gregorkiewitz et al. 1996). In addition to the basic structure 
described above, modulation of the 1:1 layer is necessary for 
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