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INTRODUCTION

The high-pressure behavior of brucite-type hydroxides has 
been extensively examined in recent years as a model system 
for understanding hydrous minerals under compression. Brucite, 
Mg(OH)2, has a simple layered structure in which each Mg ion 
is surrounded by a distorted octahedron of O atoms. The Mg 
ions lie in planes with the O ions above and below them in a 
sandwich arrangement. The O-H bonds are perpendicular to these 
planes. The octahedral sheets are stacked along the c-direction 
with weak interlayer bonding. 

Geologically, brucite is found in serpentinites (Hostetler 
et al. 1966), and is expected to be an important phase in the 
forearc mantle overlying subduction zones, forming as a result 
of reaction between inÞ ltrating ß uids and the ultramaÞ c mantle 
(Peacock and Hyndman 1999). Many phyllosilicates such as 
lizardite and talc include brucite-like layers as one of their prin-
cipal structural units. The brucite dehydration reaction has also 
long been used to study volumetric properties of H2O at elevated 
pressures and temperatures (Irving et al. 1977; Johnson and 
Walker 1993; Mirwald 2005; Fukui et al. 2005). High-pressure 
studies have revealed a varied range of phenomena in brucite-
type hydroxides including pressure-induced amorphization, 
sublattice amorphization, crystal structure changes, hydrogen 
repulsion, and structural frustration (Kruger et al. 1989; Meade 

and Jeanloz 1990; Parise et al. 1994; Catti et al. 1995; Duffy et 
al. 1991, 1995a; Kunz et al. 1996; Raugei et al. 1999; Shieh and 
Duffy 2002; Shinoda et al. 2002; Mookherjee and Stixrude 2005; 
Speziale et al. 2005; Shim et al. 2006).

Neutron diffraction studies of Mg(OD)2 indicate that the 
deuteriums move to three off-axis sites in response to deute-
rium-deuterium repulsion induced by compression (Parise et 
al. 1994). The high-pressure behavior of brucite has also been 
studied by shock techniques (Duffy et al. 1991) and by theo-
retical calculations using density functional theory (Raugei et 
al. 1999; Mookherjee and Stixrude 2005). Static compression 
studies of brucite indicate that initially the compressibility is 
much greater normal to layering than parallel to it (Fei and Mao 
1993; Duffy et al. 1995b). Brillouin scattering measurements 
at ambient pressure show that the elastic constant C11 is about 
three times larger than C33 (Xia et al. 1998). The relative axial 
compressibilities change drastically over modest pressures with 
the c/a ratio initially decreasing before becoming nearly pressure 
independent by 15 GPa (Fei and Mao 1993; Catti et al. 1995; 
Duffy et al. 1995a; Nagai et al. 2000). To better understand the 
mechanical response of brucite to hydrostatic compression, we 
have determined the complete elastic tensor of brucite to 15 GPa 
using Brillouin scattering in the diamond anvil cell.

EXPERIMENTAL METHODS

Crystals with dimensions of approximately 30 × 30 × 15 mm were taken 
from natural brucite samples. The composition of the crystals was determined by 
electron microprobe analysis (Table 1). Six points were analyzed across each of 
two selected crystals and the average composition was Mg0.98Mn0.02(OH)2. Powder 
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ABSTRACT

The second-order elastic constants of brucite were determined by Brillouin scattering to 15 GPa 
in a diamond anvil cell. The experiments were carried out using a 4:1 methanol-ethanol mixture as 
pressure medium, and ruby as a pressure standard. Two planes, one perpendicular to the c axis (basal 
plane) and the other containing the c axis (meridian plane), were measured at room pressure and 10 
elevated pressures. Individual elastic stiffnesses, aggregate moduli, and their pressure derivatives were 
obtained by Þ tting the data to Eulerian Þ nite strain equations. The inversion yields individual elastic 
constants of C11 = 154.0(14) GPa, C33 = 49.7(7) GPa, C12 = 42.1(17) GPa, C13 = 7.8(25) GPa, C14 = 
1.3(10) GPa, C44 = 21.3(4) GPa, and their pressure derivatives of (∂C11/∂P)0 = 9.0(2), (∂C33/∂P)0 = 
14.0(5), (∂C12/∂P)0 = 3.2(2), (∂C13/∂P)0 = 5.0(1), (∂C14/∂P)0 = 0.9(1), (∂C44/∂P)0 = 3.9(1). Aggregate 
moduli and their pressure derivatives are KS0 = 36.4(9) GPa, G0 = 31.3(2) GPa, (∂KS/∂P)T0 = 8.9(4), 
(∂G/∂P)0 = 4.3(1) for the Reuss bound, and KS0 = 43.8(8) GPa, G0 = 35.2(3) GPa, (∂KS/∂P)T0 = 6.8(2), 
(∂G/P)0 = 3.4(1) for the Voigt-Reuss-Hill average. The ratio of the linear compressibility along the 
c and a axes decreased from 4.7 to 1.3 over the examined pressure range. The shear anisotropy (C66/
C44) decreased from 2.6(1) at ambient condition to 1.3(1) with increase of pressure to 12 GPa. Axial 
compressibilities and a compression curve constructed from our Brillouin data are in good agreement 
with previous X-ray diffraction data. The increased interlayer interactions and hydrogen repulsion 
that occurs as brucite is compressed produce a continuous variation of elastic properties rather than 
any abrupt discontinuities.
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