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INTRODUCTION

Calcium-rich high-silica zeolites, heulandite (CaNa0.25

Al2.25Si6.75O18·6H2O) and stilbite (CaNa0.25Al2.25Si6.75O18·
7.5H2O), occur worldwide as major constituents of submarine
volcanic sediments and as alteration products of volcanic glass
in low-grade meta-volcanics and metaclastics. These zeolites
are also formed in the progressive sequence of diagenesis and
zeolite facies metamorphism (Coombs et al. 1959). For a long
time, many authors called “stilbite” the mineral we now name
heulandite, using the name “desmine” for stilbite. Heulandite
is distinctly monoclinic; stilbite too is monoclinic, but nearer
to orthorhombic symmetry than heulandite (Gottardi and Galli
1985). A serious problem encountered in investigations of these
minerals is the wide variability in their chemical compositions
with respect to Si/Al ratio and cation and water contents. Natu-
ral heulandite exhibits continuous solid solution between
heu land i te  Ca(Na ,K) 0.25(Al 2.25S i 6.75O 18) ·6H 2O and
clinoptilolite (Na,K)1.5(Al1.5Si7.5O18)·5H2O (Gottardi and
Galli 1985). The Si/Al and Ca/(Na + K) ratios of different
samples vary significantly.

The wide variability in the chemical compositions of natu-
ral stilbites, the possible correlations of chemical data with cell

parameters, and the measured densities were investigated by
Passaglia et al. (1978). According to this work, natural stilbites
have the formula (Na,K)k(Ca,Mg)1+mAl2+k+2mSi7-k-2mO18⋅7H2O,
with k < 1.22 and –0.56 < m <+0.08. Natural stilbite may be
regarded as a member of a continuous stilbite-stellerite (Ca-
member) solid solution series in which Ca/(Na + K) ratios vary
significantly.

Reliable thermodynamic properties for these minerals will
assist in the interpretation of physical and chemical conditions
of their occurrences. Previously the thermodynamic properties
of natural heulandite-Ca were studied by Johnson et al. (1985,
1989, 1992) and Petrova (1997). Low-temperature heat capaci-
ties and enthalpy increments to 475 K were measured by adia-
batic and drop-calorimetry, the standard enthalpy of formation
of heulandite at 298 K was determined by HF-solution calo-
rimetry for Sr-Ba-bearing heulandite-Ca (Johnson et al. 1985,
1989). However later these authors recalculated the enthalpy
of formation and Gibbs free energy of heulandite using new
data for the enthalpy of formation of gibbsite, Al(OH)3, and
recommended new values (Johnson et al. 1992). The enthalpy
of formation of natural heulandite-Ca was also determined by
oxide melt solution calorimetry (Petrova 1997), but the value
obtained differs significantly from that of Johnson et al. (1992).
Enthalpy of formation data for the natural heulandite obtained
by acid and oxide melt calorimetry can be compared with a
value for theoretical pure calcium heulandite from experimen-* E-mail: anavrotsky@ucdavis.edu
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ABSTRACT

Calorimetric measurements were made on natural samples of heulandite having the composition
Ca0.86Na0.37K0.06Al2.14Si6.86O18

.6.1H2O and stilbite Ca1.01Na0.12Al2.12Si6.88O18
.7.27H2O both from the same

locality (Nidym River, E. Siberia, Russia). Enthalpies of formation and hydration were studied by
calorimetry in lead borate solvent at 975 K. The enthalpies of formation from oxides and elements at
298 K of heulandite are: -238.7 ± 4.9 kJ/mol, and –10656.3 ± 8.6 kJ/mol, and of stilbite are –232.0
± 8.3 kJ/mol and –11017.9 ± 10.9 kJ/mol respectively. The integral hydration enthalpies including
the enthalpies of phase transitions during heulandite and stilbite dehydration are –209.4 ± 5.9 kJ/mol
and –229.2 ± 7.4 kJ/mol at 298 K, respectively. The molar Gibbs free energies of formation for
idealized calcium-sodium and pure calcium heulandites and stilbites were calculated by combining
these new calorimetric data with thermodynamic quantities from the literature. Equilibrium tem-
peratures for the reaction: Ca-stilbite = Ca-heulandite + H2O, calculated on the basis of these ther-
modynamic data, agree with experimental phase equilibria.


