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INTRODUCTION

Laumontite, Ca4Al8Si16O48·nH2O, is a common rock-form-
ing zeolite occurring world wide as a secondary mineral in low-
grade metavolcanic (e.g., Sukheswala et al. 1974; Murata et al.
1987; Schmidt 1990; Neuhoff et al. 1997, 1999, 2000;
Fridriksson et al. 2001) and volcanically derived sedimentary
rocks (e.g., Coombs et al. 1959; Iijima 1978, 1988). Laumontite
is an index mineral for higher-grade zeolite facies metamor-
phism as defined by Coombs et al. (1959). Similarly, the high-
est-grade zeolite zone in regionally metamorphosed basalts is
defined by the presence of laumontite as the most common
zeolite species (Sukheswala et al. 1974; Murata et al. 1987;
Schmidt 1990; Neuhoff et al. 2000).

Predictive modeling of mineral parageneses in geologic
systems and evaluation of the stability and performance of zeo-
lites in industrial applications requires careful consideration of
zeolite water stoichiometry and the thermodynamic properties
of zeolitic water. A recent study by Neuhoff and Bird (2001)
on laumontite dehydration illustrated the importance of this
point. Using available experimental and field observations, they
demonstrated that natural and experimentally observed zeolite
phase relations are not compatible with the water stoichiom-
etry of fully hydrated laumontite (Ca4Al8Si16O48·18H2O). In-
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ABSTRACT

The response of the laumontite crystal structure to hydration/dehydration was evaluated using
Rietveld refinements with XRD data collected under controlled PH2O conditions at ~28.5 ∞C. Refined
water contents per unit cell (unit-cell formula: Ca4Al8Si16O48·nH2O) ranged between 12.5 H2O at
0.11 mbar PH2O and 17.3 H2O at 37.6 mbar. The occupancy of the two water sites hosting hydrogen-
bonded water molecules, W5 and W1, ranged from 13% to 100% and from 2% to 86%, respectively.
During hydration of W5, between 0.11 and 5 mbar, the unit cell expanded continuously and revers-
ibly from 1327 to 1348 Å3. The unit-cell volume remained nearly constant between 5 and 28 mbar.
The hydration/dehydration of W1 exhibited hysteresis; hydration occurred at ~29 mbar and dehy-
dration at ~24 mbar. During hydration of W1 at ~29 mbar the unit cell expanded from 1351 to 1384
Å3. Further hydration of W1 above 29 mbar resulted in gradual and reversible unit-cell expansion to
1386 Å3 at 37.6 mbar. Hydration/dehydration of W5 is a continuous reaction typical for zeolites. In
contrast, the hydration/dehydration of W1 at room temperature is discontinuous, as manifested by
the presence of two laumontite phases during hydration and dehydration. Unit-cell parameters of the
two coexisting laumontite phases observed under these conditions are consistent with a vacant W1
site and ~80%-occupied W1 site, respectively. Gradual unit-cell expansion above 29 mbar due to
increased PH2O and increased occupancy of W1 indicate that hydration of the remaining 20% of the
W1 site proceeds continuously.

stead, they require the water stoichiometry of partially dehy-
drated laumontite formerly referred to as “leonhardite”
(Ca4Al8Si16O48·14H2O; leonhardite was discredited by the IMA
Subcommittee on Zeolites, Coombs et al. 1997, and we refer
to it in this communication within quotes).

The X-ray diffraction (XRD) study presented in this contri-
bution is a part of an integrated XRD, thermogravimetric
(TGA), and calorimetric investigation of the properties of hy-
drogen-bonded water molecules in laumontite. Our objective
is to provide thermodynamic data necessary to predict the wa-
ter content of individual sites in laumontite at temperatures and
pressures relevant to zeolite parageneses. In this contribution,
we present crystal structural data required for quantitative in-
terpretation of TGA and calorimetric experiments that will be
presented in a separate communication. Specific objectives of
the present study include determination of water site occupan-
cies as a function of water-vapor pressure at room temperature
and investigation of mechanisms of hydration and dehydration
reactions for individual water sites. When combined with re-
sults of TGA and calorimetric experiments, the structural data
presented here provide information on the effects of near atomic
environment on the thermodynamic properties of zeolitic water.

CRYSTAL CHEMICAL BACKGROUND

Fully hydrated laumontite contains 18 water molecules per
unit cell (Yamazaki et al. 1991; Armbruster and Kohler 1992;


