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ABSTRACT

The elastic behavior and the high-pressure structural evolution of the zeolite wairakite [ideal 
chemical formula Ca(Al2Si4O12) 2H2O, space group I2/a], the Ca-analog of analcime, have been 
investigated by means of in-situ synchrotron X-ray powder diffraction from ambient pressure to 
7.8 GPa, and upon decompression. No complete X-ray amorphization is observed up to the highest 
investigated pressure, and the original unit-cell parameters are recovered upon decompression. The 
Rietveld structural refinements of the powder patterns converged successfully up to 2.5 GPa; above 
this pressure, a phase transition to triclinic symmetry is observed and only the unit-cell parameters 
were refined. An overall reduction of about 14% of the unit-cell volume between 0.0001 and 7.0 GPa 
is observed, demonstrating that wairakite is much more flexible upon compression than upon heating. 
The pressure dependence of the cell parameters is strongly anisotropic and larger after the transition 
to the triclinic space group. The elastic parameters refined with a second-order Birch-Murnaghan 
Equation of State are V0 = 2536(4) Å3, K0 = 39(3) GPa, and V0 = 2632(38) Å3, K0 = 24(3) GPa, for the 
monoclinic and triclinic phases, respectively.

The structure distortion of monoclinic wairakite, proceeding via tetrahedral tilting, induces deforma-
tions in the 4-, 6-, and 8-membered rings and an increase in the extra-framework Ca coordination num-
ber. A comparative discussion of the compressibility behavior of wairakite and analcime is reported.
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INTRODUCTION

Wairakite [ideal formula Ca(Al2Si4O12) 2H2O] is an uncom-
mon zeolite first found by Steiner (1955) at Wairakei (New 
Zealand) and described as the Ca-analog of analcime. It occurs 
widely in low-grade metamorphic rocks, sedimentary environ-
ments, and hydrothermal areas (Gottardi and Galli 1985; Tscher-
nich 1992; Bish and Ming 2001). Wairakite forms a continuous 
solid solution series with analcime [Na2(Al2Si4O12) 2H2O], and 
this name applies to the zeolites with ANA structural type (Baer-
locher et al. 2001) with Ca as the most abundant extra-framework 
cation (Coombs et al. 1997). The same topology ANA is also 
shared by leucite, pollucite, hsianghualite, and several synthetic 
phases (Baerlocher et al. 2001).

The structurally related zeolite analcime has been described 
in a variety of different symmetries from cubic to triclinic. Sev-
eral authors (Mazzi and Galli 1978; Hazen and Finger 1979) 
suggested that the reason for such of wide range of symmetries 
could be a different Si/Al distribution. Concerning wairakite, its 
crystal structure was determined by Takeuchi et al. (1979) on a 
monoclinic sample from Onikobe (Japan) in the space group I2/a. 
Henderson et al. (1998) determined the structure of the synthetic 

counterpart by means of Rietveld analysis. 
The thermal stability and high-temperature (HT) behavior 

of wairakite was studied by Seryotkin et al. (2003) by means of 
single-crystal X-ray diffraction and detailed structural informa-
tion is available in the range between 20 and 600 °C. The main 
feature is the reversible phase transformation, at about 150 °C, 
from monoclinic I2/a to tetragonal I41/acd, with no fundamental 
change of the framework.

The only previous study of the high-pressure (HP) stability 
of wairakite was performed by Goryainov et al. (1999) with 
Raman spectroscopy on a single crystal mounted in a diamond 
anvil cell, using both water and glycerol as pressure transmitting 
media. These authors observed three phase transitions at 17.5, 
31.3, and 67.0 kbar, interpreted as due to a decrease of the crystal 
symmetry along the sequence I2/a, P21/a, P1, P1. In particular, 
significant variations in shape and position of the bands related 
to O-T-O vibrational modes were observed upon compression. 
Significant broadening of bands and nonreversal of the P-induced 
transitions were attributed to amorphization, which was complete 
at about 82 kbar. Some other HP data are reported by the same 
authors (Goryainov et al. 1996) for dehydrated wairakite studied 
with the same spectroscopic technique. In this case, an irrevers-
ible phase transition occurs at 34 kbar, attributed to polyhedral 
tilting. However, no details on any compressed crystal structure 


