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INTRODUCTION

Lawsonite (CaAl2Si2O7(OH)2·H2O) has been of interest, in
a geological context, because of its roles as an indicator of high
P, low T metamorphism and as an important contributor to the
water budget within subduction zones (Chatterjee et al. 1984;
Pawley 1994; Schmidt and Poli 1994, 1998; Poli and Schmidt
1995; Schmidt 1995; Pawley et al. 1996; Holland et al. 1996;
Grevel et al. 2000; Schilling et al. 2002). The stability of
lawsonite below room temperature at ambient pressure has also
attracted interest in relation to the Cmcm ´ Pmcn and Pmcn
´ P21cn phase transitions that it undergoes at ~273 K and ~120
K, respectively. These were discovered by Libowitzky and
Armbruster (1995) and, more recently, additional transitions
have been found at high pressures (Daniel et al. 2000; Pawley
and Allan 2001; Boffa Ballaran and Angel 2003). Both the low-
temperature phase transitions involve some combination of
proton ordering and framework distortion, while the lower-tem-
perature transition is a rare example, among minerals, of a
proper ferroelectric transition (Libowitzky and Armbruster
1995; Libowitzky and Rossman 1996; Sondergeld et al. 2000a,
2000b, 2001; Meyer et al. 2000, 2001; Martín-Olalla et al. 2001;
Hayward et al. 2002a). The excess thermodynamic properties
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ABSTRACT

High resolution neutron powder diffraction has been used to determine lattice parameter varia-
tions of deuterated lawsonite across the Cmcm ´ Pmcn and Pmcn ´ P21cn phase transitions, in the
temperature interval 1.6–505 K. The variations are reversible through heating and cooling cycles.
Strain analysis, based on a displacive model of the transitions with saturation temperatures to de-
scribe the temperature-independent behavior as T Æ 0 K, shows that the data are consistent with a
tricritical transition at 271 ± 2 K and a second-order transition at 155 ± 1 K. Comparisons with
strains from published dilatation data for a natural (hydrogenated) sample highlight aspects of the
transitions that are most dependent on the behavior of protons in the structure. Replacing H by D
causes the low temperature transition point to be increased by ~27 K and an anomaly in the strain
evolution of the Pmcn transition to increase from ~225 to ~250 K. The transition point of the high-
temperature transition remains the same within ± ~2 K. We conclude that proton ordering and
displacive contributions are both important in the 271 K transition, though with the displacive com-
ponent providing the initial symmetry-breaking mechanism. Structural changes that are more depen-
dent on the behavior of H or D become important ~20–50 K below this. Strains for the Pmcn ´
P21cn transition are consistent with a transition driven by a single order parameter. The data are used
to determine values for strain/order parameter coupling coefficients for calculation of elastic anoma-
lies due to the phase transitions.

associated with these transitions contribute significantly to the
third-law entropy of lawsonite (Martín-Olalla et al. 2001), and
the high water-content of the structure leads to unusual trans-
formation properties. The work presented in this paper forms
part of a continuing study into the structural mechanisms of
phase transitions in lawsonite, specifically, and in silicates, more
generally. High resolution powder diffraction (HRPD), with
neutrons, has been used to obtain precise lattice parameters of
a deuterated sample between 1.6 and 505 K, in order to charac-
terize the spontaneous strains in detail. The new data are com-
pared with spontaneous strains derived from dilatation
measurements on natural (hydrogenated) lawsonite (Sondergeld
et al. 2000a, 2000b) to identify aspects of the strain that are
dependent on H or D behavior, as opposed to those that are
determined entirely by displacive effects of the aluminosili-
cate framework.

Broad features of the low-temperature transitions in
lawsonite are now well known. The Cmcm ´ Pmcn transition
is close to being tricritical in character, while the Pmcn ́  P21cn
transition is second order (Sondergeld et al. 2000a, 2000b, 2001;
Meyer et al. 2000, 2001; Martín-Olalla et al. 2001). High-reso-
lution heat capacity measurements have shown that the excess
entropy due to the transitions could be explained in terms of
the configurational entropy for ordering of protons in the struc-
ture (Martín-Olalla et al. 2001). This corresponds with evidence




