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INTRODUCTION

Serpentine minerals are characterized by a 1:1 layer structure 
consisting of octahedral and tetrahedral sheets. The dimensional 
misÞ t between the sheets is compensated in several ways, leading 
to the principle polymorphs of serpentine: lizardite, antigorite, 
and chrysotile (Wicks and O�Hanley 1988). In contrast to the pla-
nar structures of lizardite and antigorite, chrysotile characteristi-
cally forms cylindrical Þ ber crystals that give the characteristic 
properties of asbestos. In addition to these varieties, transmis-
sion electron microscopy (TEM) and high-resolution TEM 
studies (Wicks and O�Hanley 1988; Baronnet and Devouard 
1996; Dódony and Buseck 2004a) have revealed the existence 
of �polygonal serpentine;� a cylindrical polymorph with axis-
parallel sectored structures. The properties of these cylindrical 
serpentines have been recently the subject of close study in part 
due to their potential industrial applications as nanoscale Þ ber 
structures (Falini et al. 2004; Mamontov et al. 2005). 

The serpentine minerals are major constituents of hydrated 
upper mantle of oceanic plates (Muller et al. 1997) and the wedge 
mantle overlying subduction zones (Ulmer and Trommsdorff 
1999; Bostock et al. 2002). They are considered to play a major 
role in the cycling of water and mobile elements in the upper 

mantle (Ulmer and Trommsdorff 1999; Rüpke et al. 2004) and 
in the tectonic and seismic processes (Freyer et al. 1985; Guillot 
et al. 2001; Dobson et al. 2002; Jung et al. 2004). The stability 
Þ eld of antigorite extends up to 650�700 °C and 5 GPa (Ulmer 
and Trommsdorff 1995; Wunder and Schreyer 1997; Bromiley 
and Pawley 2003) while lizardite and chrysotile are inferred to 
be stable at temperatures below 400 °C (Evans 2004). However, 
the low-temperature phase relations of lizardite and chrysotile 
are not well known (e.g., Ulmer and Trommsdorff 1999). The 
phase relations including the serpentine minerals are much less 
sensitive to pressure changes. For these reasons, it is difÞ cult to 
use petrological analysis of serpentine minerals to estimate the 
depths at which the host rocks originated. 

Laser Raman spectroscopy can detect vibrational modes of 
interatomic bonds in minerals varying with physical conditions 
such as temperature, pressure, and anisotropic stress. Well-known 
geological applications are estimations of fossil pressures in ß uid 
and solid inclusions using the relative shifts of the Raman peak 
centers (Izraeli et al. 1999; Sobolev et al. 2000; Yamamoto et 
al. 2002; Zedgenizov et al. 2004). This method is potentially 
applicable to a wide range of rock-forming minerals (including 
serpentine minerals) provided that the relations between the 
Raman peak positions and pressure are accurately calibrated 
for the mineral of interest. In particular, pressure dependence of 
hydroxyl (O-H) stretching vibration can be a sensitive indicator * E-mail: miz@nagoya-u.jp
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ABSTRACT

A change in the linear pressure behavior of the chrysotile Raman O-H band is revealed by an in-
situ high-pressure Raman study using a diamond anvil cell (DAC) at 0.1�0.4 GPa pressure intervals. 
The peak of 3701 cm�1 can be accurately determined in the pressure range of 0.2�4.5 GPa regardless 
of peak Þ tting models. The pressure (P)-wavenumber (ν) relationship for the peak is closely approxi-
mated by two linear functions with the slopes (dν/dP) of 4.3 cm�1/GPa and 1.7 cm�1/GPa at pressures 
above and below 1.7 GPa, respectively. The spectral resolution given by a peak Þ tting method (0.5 
cm�1) implies that these functions for changes in the positions of the 3701 cm�1 peak provide pressure 
estimates with resolutions of 0.1�0.2 GPa. This method can be used to estimate remnant pressure in 
natural samples in the form of thin sections. The pressure shift characterized by the change in slope 
and the associated decrease of the peak width can be explained by a model where the change in 
compressibility of the tetrahedral layer affects the interaction between the inner O-H and Si atoms 
forming a six-membered ring. The high-pressure dependence at pressures lower than 1.7 GPa may be 
a contribution of a dominant layer-parallel (in-plane) compression that compensates a distortion in the 
tetrahedral layer of chrysotile. The conclusion that chrysotile changes its compressibility at around 
1.7 GPa is signiÞ cant for understanding of the properties of chrysotile nano-Þ bers and possibly for 
thermodynamic consideration on serpentine phase relations. 
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