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INTRODUCTION

The natrolite group zeolites (natrolite [Na2Al2Si3O10·2H2O], sco-
lecite [CaAl2Si3O10·3H2O], mesolite [Ca0.666Na0.666Al2Si3 O10·2.666H2O],
gonnardite [(Na,Ca)6–8(Al,Si)20O40·12H2O], “tetranatrolite”* [nominally
Na2Al2Si3O10·2H2O], thomsonite [Ca2NaAl5Si5O20·6H2O], and
edingtonite[BaAl2Si3O10·4H2O]) are important rock-forming minerals
in silica-undersaturated environments across a wide range of geo-
logic conditions. Most commonly they occur as products
of very low-grade metamorphism of basaltic lavas where
their distribution with respect to other zeolites is an im-
portant indicator of thermobarometric conditions (Kristmanns-
dóttir and Tómasson 1978; Neuhoff et al. 1997, 2000). They

also form in pegmatite assemblages and as alteration products
of nepheline in alkaline intrusive complexes such as those at
Magnet Cove, Arkansas (Ross et al. 1992), Mont St. Hilaire,
Canada (Chao 1980; Chen and Chao 1980), and Ilímaussaq,
Greenland (Andersen et al. 1970). In addition, natrolite is a
frequent member of hydrothermal vein assemblages developed
around intrusions in these environments (Karup-Moller 1969;
Wise and Gill 1977). Their importance as rock-forming miner-
als and their well-defined crystal chemistry have generated
considerable experimental interest in their structures, thermo-
dynamic properties, and chemistry.

The structures of all natrolite group zeolites consist of alu-
minosilicate frameworks made up of chains of four-membered
rings of (Si,Al)O4 tetrahedra alternating with a single (Si,Al)O4

tetrahedron and linked to adjacent chains across O atoms in
the rings. In all cases, the chains are parallel to the c crystallo-
graphic axis. The tetrahedra comprising the framework surround
intracrystalline channels containing molecular water and cat-
ions (typically Ca2+, Na+, and Ba2+; minor substitution of K+

and Sr2+ is also possible) that serve to compensate for the charge
imbalance brought about by the presence of trivalent Al in the
tetrahedral sites. Three distinct structure types (Meier et al.
2001) formed from these chains are found in natural zeolites
and are distinguished by the positional relationship between
adjoining chains (Alberti and Gottardi 1975). The framework
structure shared by natrolite, mesolite, and scolecite is depicted
in Figure 1. This structure type (NAT) is also found in
“tetranatrolite” and gonnardite, although Si and Al are disor-
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ABSTRACT

Disordering of Si and Al in natrolite, scolecite, mesolite, and gonnardite was investigated with
29Si and 27Al magic angle spinning nuclear magnetic resonance (MAS NMR) spectroscopy. The
results indicate that with the exception of one sample of natrolite (from San Benito County, Califor-
nia), the natrolite, mesolite, and scolecite samples studied all exhibit small degrees (<10% Al occu-
pancy of Si sites) of Si-Al disorder. The spectra for these samples are consistent with Al avoidance.
Gonnardite is confirmed to have extensive Si-Al disorder, with only slight preferential Si occupation
of the T1 site. Fits of 29Si MAS NMR spectra and mathematical relations based on Al avoidance
were used to calculate Si and Al occupancies across the tetrahedral sites in these minerals. Configu-
rational entropies arising from Si-Al disorder in natrolite, mesolite, and scolecite can add an addi-
tion 1–2% [up to 11 J/(mol·K)] to the total entropies of these phases at 298.15 K, whereas it may add
as much as 7% to that of gonnardite [up to 27.7 J/(mol·K)]. These results also concur with previous
observations of a gap in Si-Al disordering between orthorhombic and tetragonal natrolite samples
and suggest that the state of disorder in natrolite is a function of temperature. The 29Si MAS NMR
spectrum of gonnardite is consistent with a disordered natrolite framework structure, and not an
intergrowth of thomsonite and natrolite structural domains.

1 The mineral name “tetranatrolite” has recently been discred-
ited by the International Mineralogical Association (Grice
2001), with materials previously possessing this designation
included in the definition for the mineral gonnardite. Consid-
erable controversy still surrounds this designation (Artioli and
Galli 1999; Evans et al. 2000). The name “tetranatrolite” (in
quotes) is retained in this communication for the sake of dis-
tinguishing and comparing samples that had previously been
considered “tetranatrolite” based on occurrence and Na-rich
composition (e.g., Andersen et al. 1970; Chen and Chao 1980;
Evans et al. 2000; Mikheeva et al. 1986; Rastsvetaeva 1995;
Ross et al. 1992) from those Ca-rich samples ascribed to
gonnardite (e.g., Artioli and Galli 1999; Artioli and Torres-Sal-
vador 1991; Nawaz 1988; Ross et al. 1992).


