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INTRODUCTION

In recent years, the mechanical behavior of hydrous minerals 
under high pressure has attracted considerable interest (Finger 
and Hazen 2000; Huang et al. 1999; Collerson et al. 2000). These 
hydrous phases are thought to inß uence dynamic processes of 
water regulation in the Earthʼs mantle and may play a role in 
triggering deep-focus earthquakes. The dehydration and cor-
responding volume change of hydrous minerals in sedimentary 
materials in subduction zones, for example, has been implicated 
in triggering mechanisms of earthquakes at intermediate depths 
of 50 to 300 km (Jung et al. 2004). In high pressure studies of hy-
drous minerals, considerable attention has focused on Mg(OH)2, 
Ca(OH)2, Al(OH)3, and related hydroxides (Raugei et al. 1999; 
Catti et al. 1995; Huang et al. 1996; Huang et al. 1999). More 
recently, attention has been given to the potential contributions 
of hydrous phyllosilicates (Auzende and Daniel 2004; Saffer and 
Marone 2003). Although there has been considerable experimen-
tal characterization of hydrous minerals at high pressure using 
X-ray and neutron diffraction data, collected from both powders 
and single-crystal specimens, along with Raman spectroscopic 
data (Hazen et al. 2000), there has been relatively little theoretical 
work directed toward prediction of the fundamental constants 
needed to develop a predictive understanding of these phases at 
elevated temperatures and pressures. Recently, these theoretical 
methods have been used to predict high-pressure phase transi-
tions and elasticity of the MgO and MgSiO3 perovskite and 

post-perovskite phases (Karki et al. 1999; Oganov et al. 2001; 
Iitaka et al. 2004; Oganov and Ono 2004).

Kaolinite, (Al4[Si4O10](OH)8), is a 1:1 dioctahedral phyllosili-
cate that typically has little, if any, isomorphous substitution and 
is one of the most abundant clay minerals found in the Earthʼs 
crust. Each layer consists of a sheet of SiO4 tetrahedra forming 
six-membered silicate rings connected via common oxygen at-
oms to a sheet of AlO6 octahedra forming four-membered alumi-
nate rings. Recently, we have shown that dickite, a polymorph of 
kaolinite, undergoes a reversible pressure-induced phase transfor-
mation at 2.5 GPa (Johnston et al. 2002; Dera et al. 2003). This 
is the Þ rst documented occurrence of a pressure-induced phase 
transformation in a 1:1 phyllosilicate. Above the transition the 
structure of individual 1:1 layers remains unchanged, whereas 
the stacking of individual layers and the interlayer topology 
change signiÞ cantly. The bulk modulus values, estimated from 
the pressure dependence of the lattice parameters, were of 89 
and 108 GPa for the low- and high-pressure phases of dickite, 
respectively (Dera et al. 2003). Because of the very limited data 
set, consisting of two pressure points for each phase, these num-
bers were considered to signiÞ cantly overestimate the true values 
(see Wang et al. 1980 for a comparison). The bulk modulus of 
a material is the ratio of the change in pressure to the fractional 
volume compression. Closely related to the bulk modulus is 
Young s̓ modulus, which is deÞ ned as the ratio of the stress to the 
strain. Using atomic force acoustic microscopy and an assumed 
tip radius, a Youngʼs modulus value of 6.2 GPa was measured 
along the c11 direction in dickite (Prasad et al. 2002). This value 
was compared to a theoretically derived bulk modulus value of 
10�12 GPa (Berge and Berryman 1995). Using ultrasonic P- and * E-mail: yamagisi@eps.s.u-tokyo.ac.jp 
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ABSTRACT

The mechanical behavior of minerals under high pressure has attracted considerable interest in 
recent years. Clay minerals, including kaolinite, are common minerals found in sedimentary environ-
ments and their behavior under pressure is an important factor in understanding seismogenic zones. 
Kaolinite is a ubiquitous member of the kaolin group of 1:1 phyllosilicates that have recently been 
found to undergo a structural phase transition between 2.0 and 2.5 GPa. In this study, the bulk modulus 
and elastic constants of kaolinite have been calculated from Þ rst principles within density functional 
theory (DFT) for the Þ rst time. The bulk modulus is predicted to be 23 GPa for kaolinite. The calcu-
lated elastic constant tensors indicate that the a direction is slightly more ß exible than the b direction. 
The calculated elastic constant tensor along c is much lower than the constants calculated along a 
and b consistent with the crystal structure of kaolinite. Elastic wave velocities for P- and S-waves 
were calculated to be 7.34 and 3.50 km/s, respectively. Since an agreement between the theoretical 
and experimental values is satisfactory, we conclude that the theoretical calculations presented here 
are useful in seismic research for predicting the mechanical properties of minerals that are difÞ cult to 
obtain experimentally because of their small particle size (typically <2 micrometers). 


