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INTRODUCTION

Analcime (or analcite) is commonly deÞ ned as feldspathoid, 
with ideal formula NaAlSi2O6·H2O, although the Commission of 
the International Mineralogical Association included analcime 
in the zeolite group (Coombs et al. 1997). Analcime occurs 
in a wide variety of geological environments and for several 
decades has been the object of a debate concerning its genetic 
conditions and origin (primary or secondary). Natural occur-
rences and experimental evidences appear to conÞ rm that both 
primary and secondary analcime exist (Roux and Hamilton 
1976; Woolley and Symes 1976; Wilkinson 1977; Luhr and 
Kyser 1989; Gianpaolo et al. 1997; Redkin and Hemley 2000; 
Prelević et al. 2004). However, whereas primary analcime has 
rarely been found (in rocks like blairmorites or minettes, Wool-
ley and Symes 1976; Wilkinson 1977; Luhr and Kyser 1989), 
many secondary analcimes has been observed as the products 
of alteration of primary magmatic minerals, like nepheline and 
leucite (Gianpaolo et al. 1997; Redkin and Hemley 2000; Prelević 
et al. 2004 and references therein). 

The crystal structure of analcime was Þ rst solved by Taylor 
(1930) by means of single-crystal X-ray diffraction in the space 
group Ia3�d. Cubic symmetry was conÞ rmed by Ferraris et al. 
(1972) and Line et al. (1996) by means of single-crystal and pow-
der diffraction respectively using a neutron source, giving new 
insight into the topological conÞ guration of the water molecules 

into the structural channels. Several studies have shown that anal-
cime can deviate from cubic symmetry (Coombs 1955; Mazzi and 
Galli 1978; Hazen and Finger 1979; Pechar 1988; Kapusta and 
Wlodyka 1997; Takaishi 1998; Yokomori and Idaka 1998). Mazzi 
and Galli (1978) reported for natural analcimes deviation from 
cubic to tetragonal and to orthorhombic symmetry on the basis 
of single-crystal X-ray diffraction data. The authors proposed 
a model to explain the deviation from the cubic symmetry: the 
crystal structure of pseudo-cubic analcime is considered to be 
made up of one �basic tetragonal structure� (with a > c), which 
is statistically oriented in three mutually orthogonal directions 
(around the [111] of the cubic lattice). Small domains of the basic 
�tetragonal a > c� structure, differently oriented, would explain 
the pseudo-cubic cell constants and the lower symmetry. Hazen 
and Finger (1979) reported a comparative study of 19 natural 
samples of analcime, based on lattice constants (measured by 
single-crystal X-ray diffraction), chemical analysis, and optical 
parameters. The authors distinguished between cubic, tetragonal, 
orthorhombic, monoclinic, and triclinic symmetry on the basis 
of the lattice parameters. Pechar (1988) reported the crystal 
structure of a natural monoclinic analcime obtained by means 
of single crystal X-ray and neutron diffraction. Takaishi (1998) 
and Yokomori and Idaka (1998) reported evidence that the ideal 
topological symmetry can be described by a trigonal lattice. 
The reason for such a wide range of symmetries is still unclear 
although, as stated by several authors (Mazzi and Galli 1978; 
Hazen and Finger 1979), different Si/Al-distributions might be 
one of the explanations. Moreover, it is still not known how the * E-mail: diego.gatta@unimi.it
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ABSTRACT

Elastic and structural behavior of a natural cubic analcime (space group: Ia3�d) from Sardinia 
(Italy) was investigated at high pressure by in situ single-crystal X-ray diffraction. A Þ rst-order phase 
transition is observed in the pressure range between 0.91(5) and 1.08(5) GPa. Unit-cell constants 
and reß ection conditions conÞ rm that the space group of the HP-polymorph is P1�. No further phase-
transition has been observed at least up to 7.14 GPa. Fitting the volume data of the cubic polymorph 
with a second-order BM-EoS we obtain: V0 = 2571.2(4) Å3, KT0 = 56(3) GPa, and K' = 4 (Þ xed). For 
the triclinic polymorph, a third-order EoS gives: V0 = 2607(9) Å3, KT0 = 19(2) GPa, and K' = 6.8(7). 
Axial bulk moduli of the triclinic polymorph, calculated with a linearized BM-EoS, are: KT0(a) = 
29(2) GPa, with K'(a) = 4.9(6) and a0 = 13.727(10) Å; KT0(b) = 20(1) GPa, with K'(b) = 5.2(5), and b0 
= 13.751(15) Å; KT0(c) = 11(1) GPa, with K'(c) = 12.6(6) and c0 = 13.822(31) Å. The elastic behavior 
of the HP-polymorph appears to be strongly anisotropic, being KT0(a):KT0(b):KT0(c) = 2.64:1.82:1.00. 
The relevant structural variations in response to the cubic → triclinic phase transition are due to tet-
rahedral tilting. The tetrahedral framework distortion gives rise to a change of the eight- and six-ring 
channels ellipticity and of the extra-framework topological conÞ guration: it appears in fact that for the 
high-pressure triclinic polymorph the coordination number of some of the Na atoms is seven (2H2O 
+ Þ ve framework O atoms) instead of six (2H2O + four framework O atoms).
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