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INTRODUCTION

Leucite and analcime are characteristic component minerals 
of silica-poor alkaline igneous rocks. Leucite occurs in K-rich 
maÞ c lavas, in which it is commonly the dominant phenocryst 
constituent. It is also an essential component of K-rich ultra-
maÞ c rocks. Analcime occurs in a wide range of geological 
environments as a primary mineral of late formation of some 
intermediate and maÞ c igneous rocks, in the groundmass of 
some basalts, or as a hydrothermal mineral, typically occurring 
in vesicles (Neuhoff et al. 2004). It is also found in sedimentary 
rocks, where it may be either a primary precipitate or an alteration 
product. The question often arises as to the origin of analcime in 
igneous rocks, i.e., whether it is primary or secondary (Wilkinson 
1977; Karlsson and Clayton 1991; Pearce 1993; Demeny et al. 
1997). However, analcime pseudomorphs after leucite are well 
known (Putnis et al. 1994; Giampaolo et al. 1997; Prelevic et 
al. 2004). 

Leucite (KAlSi2O6) and analcime (NaAlSi2O6·H2O) have very 
similar crystal structures made up of an aluminosilicate framework 
of AlO4 and SiO4 tetrahedra, which are linked by sharing corners to 
form rings of six and rings of four tetrahedra. The resulting framework 
contains continuous channels along the threefold axes (or pseudo 
cubic threefold axes) of the structure. Leucite is normally tetragonal at 
temperatures below 615 °C and analcime usually has been described 
as cubic or tetragonal (Mazzi and Galli 1978). The larger channels 
have an average radius of approximately 5 Å. Analcime often is clas-
siÞ ed as a zeolite structure, in which the aluminosilicate framework 
encloses cavities (typically larger than those in analcime) occupied 

by large cations and water molecules. In the unit cell of the analcime 
structure, water molecules occupy the 16 larger channels and Na+ 
ions are in 16 of the possible 24 smaller cavities or sites between the 
cages (Deer et al. 1992; Armbruster and Gunter 2001). In leucite, the 
channels, which are equivalent to those occupied by H2O molecules 
in analcime, are occupied by K+ ions. A subsolidus, cation-exchange 
mechanism for the replacement of leucite by analcime within this open 
framework structure, has been described by the reaction (Wilkinson 
1977; Putnis et al. 1994):

KAlSi2O6 + Na+
aq + H2O ↔ NaAlSi2O6·H2O + K+

aq

The reaction is known to be fast, occurring within a few 
days at temperatures between 150 and 300 °C and the activation 
energy is low (Gupta and Fyfe 1975). Therefore, it is thought 
that leucite cannot survive diagenetic processes in natural waters 
and may readily convert to analcime during cooling of the host 
lava under the inß uence of residual and percolating Na-rich 
ß uids. The absence of leucite in rocks older than Tertiary age is 
attributed to its conversion to analcime (Deer et al. 1992). The 
replacement reaction from leucite to analcime involves a 10% 
molar-volume increase, which makes it difÞ cult to explain the 
pseudomorphism in terms of a solid-state ion-exchange process, 
where the framework structure would remain intact during the 
reaction. As noted by Line et al. (1995), the powdery texture of 
the analcime product may result from the breakup of the leucite 
into smaller crystals or structural cluster units in order to accom-
modate expansion, but the process would involve large structural 
strains throughout the crystal. 
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ABSTRACT

Leucite and analcime have open framework aluminosilicate structures, where ion exchange by 
cation substitution has been previously used to explain the replacement of one phase by another. Us-
ing 18O-enriched NaCl solutions in hydrothermal reactions and run-product analyses using scanning 
electron microscopy, infrared and Raman spectroscopy, and time-of-ß ight secondary ion mass spec-
trometry, we show that the replacement of leucite by analcime is not a solid-state reaction involving 
cation exchange by volume diffusion. Textural features such as nano-pores and clusters, as well as the 
detection of high amounts of 18O in the framework of analcime, suggest that the reaction proceeds by 
dissolution of leucite and reprecipitation of analcime, where structural O atoms of the leucite framework 
are exchanged and a new analcime structure forms at a moving interface through the leucite parent 
crystal. The characteristic high porosity (on a nano-scale) in the analcime product phase results from 
some of the parent phase being lost to the solution to give a volume deÞ cit reaction. However, external 
dimensions are maintained during the process to result in the pseudomorphic replacement of an open 
framework aluminosilicate structure by a coupled dissolution-reprecipitation mechanism.
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