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INTRODUCTION

Lawsonite [CaAl2(Si2O7)(OH)2·H2O] is a water rich (~11.5
wt% H2O) metamorphic mineral that commonly occurs as a
breakdown product of plagioclase, e.g., Yardley (1989).
Lawsonite is an unusual high-pressure mineral because it con-
tains molecular water in its structure. It is a common mineral
in high-pressure, low-temperature metamorphic facies, such as
blueschist facies of metabasalts and metagreywackes, where it
commonly accounts for up to 20% of the rock by volume (e.g.,
Hermes 1973) and in rare occurrences up to 50 vol% (Okay
1980). Lawsonite is also occasionally found in eclogitic xeno-
liths in kimberlites (Watson and Morton 1969; Helmstedt and
Schulze 1998).

Although lawsonite is chemically equivalent to CaAl2Si2O8

(anorthite) + 2H2O, it has a significantly higher density (3.09
g/cm3) than anorthite (2.77 g/cm3). The higher density and
higher pressure stability of lawsonite is caused by octahedral
coordination of Al, in contrast to tetrahedral coordination of Al
in anorthite (Baur 1978; Smith 1988).

Lawsonite is of interest due to its high water content and
possible involvement in water transport into the Earth’s mantle
through subduction (Pawley et al. 1996; Schmidt and Poli 1998 ).
Schmidt and Poli (1998) showed experimentally that the maxi-
mum thermal stability of lawsonite is 1100 K in mid-ocean
ridge basalts at 8.5 GPa. This implies that in cold slabs lawsonite
can persist to at least 250 km in depth, and is one of the few
hydrous phases which retains an appreciable amount of water
at depth beyond volcanic arcs (Schmidt and Poli 1998). Seis-
mic studies of subduction zones also suggest that hydrous as-
semblages persist past the volcanic front (Abers 2000).

In addition to the experimentally demonstrated effect of bulk
composition on the stability field of lawsonite, the measured
phase relations may be influenced by kinetic effects, uncer-
tainties in pressure, and other experimental variables. There-

fore, it is important to be able to calculate the phase relations
from independently measured thermodynamic properties (e.g.,
Chinnery et al. 2000). The bulk modulus is necessary for cal-
culating the volume at high pressure and the volume changes
associated with any reactions. However, values of the isother-
mal bulk modulus (KT) measured by static compression experi-
ments cover a wide range of values, from KT = 96(2) – 191(5)
GPa (Comodi and Zanazzi 1996; Holland et al. 1996; Daniel et
al. 1999; Grevel et al. 2000; Chinnery et al. 2000). In all these
compression studies, the P-V data are fit to a Birch-Murnaghan
equation of state (EOS), with K' = dKT/dP fixed at an assumed
value (typically K' = 4). Assumptions of this type are an addi-
tional source of uncertainty in the resulting bulk modulus val-
ues due to the covariance of KT and KT' (Bass et al. 1981).

This study attempts to resolve discrepancies in the equation
of state of lawsonite by measuring the adiabatic bulk modulus,
KS, of a single crystal sample by an independent technique. We
performed our measurements using Brillouin light scattering,
which is completely different from the techniques used in pre-
vious studies. Here KS is obtained without compressing the
sample, and the results are not subject to errors which may
result from non-hydrostatic stresses. In addition, Brillouin scat-
tering experiments provide information that cannot be obtained
from volume compression measurements, such as the single
crystal elastic moduli (Cij), shear modulus, acoustic velocities,
and elastic anisotropy, all of which are valuable in the interpre-
tation of seismic observations.

EXPERIMENT

Our natural single-crystal of lawsonite from Tiburon Pen-
insula (California) was previously used for infrared and Raman
spectroscopic measurements (LeCleac’h and Gillet 1990), and
P-V-T measurements (Daniel et al. 1999). The chemical com-
position is close to the ideal: CaAl2(Si2O7)(OH)2·H2O with [Fe
+ Mg] lower than 1 wt%. Lawsonite is orthorhombic, with space
group Ccmm, and its elasticity is fully characterized by 9 inde-
pendent elastic constants. The lattice parameters are a =
8.794(1), b = 5.849(1), c = 13.134(1) Å, which results in a
calculated density of 3.090(5) g/cm3. Further details on sample

* E-mail: sinogeik@uiuc.edu
† Permanent address: GeoForschungsZentrum Potsdam,
Telegrafenberg, 14473 Potsdam, Germany

Single crystal elasticity of lawsonite

STANISLAV V. SINOGEIKIN,* FRANK R. SCHILLING,† AND JAY D. BASS

Department of Geology, University of Illinois, Urbana, Illinois 61801, U.S.A.

ABSTRACT

The single-crystal elastic moduli of lawsonite [CaAl2(Si2O7)(OH)2·H2O] were measured by
Brillouin spectroscopy at ambient conditions. The Voigt-Reuss-Hill averaged aggregate elastic moduli
are KS = 125(2) GPa and µ = 52(2) GPa, for the adiabatic bulk modulus and shear modulus, respec-
tively. Our acoustic results resolve discrepancies between the bulk moduli obtained in earlier com-
pression studies. Lawsonite has distinctive acoustic properties, being characterized by extremely
high shear elastic anisotropy (74%), a high VP to VS ratio (VP/VS = 1.94), and a large Poisson’s ratio
(σ = 0.318).


