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INTRODUCTION

The cancrinite-group minerals are of interest because they are 
framework rock-forming aluminosilicate minerals that contain 
volatile elements, and share structural units with the industrially 
important zeolites. The cages in cancrinite (ε-cage) are the same 
as the building units in many zeolites. The cancrinite-group 
minerals have complicated and rather interesting chemistries; 
they contain large anionic groups, and many are nonstoichio-
metric. Structurally, they are of special interest because they 
display intriguing satellite reß ections that vary markedly with 
composition and temperature, thus giving rise to complicated 
modulated structures.

The structure of cancrinite consists of a network of TO4 (T 
= Al, Si) tetrahedra in which the T atoms are fully ordered (Fig. 
1). The structure contains parallel six-membered rings consist-
ing of alternating AlO4 and SiO4 tetrahedra. These rings are 
stacked in an ABAB... sequence and give rise to P63 hexagonal 
symmetry and large continuous channels parallel to the 63 axes 
(= z axis); the channels are bounded by twelve-membered rings 
of alternating AlO4 and SiO4 tetrahedra. The cancrinite structure 
also consists of �columns� of small ε-cages that are bounded by 
six four-membered and Þ ve six-membered rings consisting of 
alternating AlO4 and SiO4 tetrahedra. These cages occur along 
the threefold axes that are parallel to the z axis.

The structures of several cancrinite specimens are known 
(e.g., Nithollon and Vernotte 1955; Jarchow 1965; Smolin et al. 
1981; Emiraliev and Yamzin 1982; Grundy and Hassan 1982; 
Kanepit and Nozik 1985; Ballirano and Maras 2004). The ε-cages 
in cancrinite, vishnevite, pitiglianoite, and hydroxycancrinite 
contain a [Na·H2O]+ cluster, whereas in davyne, quadridavyne, 

and microsommite the cage contains a Ca and a Cl atom, while 
tiptopite contains a K atom in a cage (e.g., Hassan and Grundy 
1990; Bonaccorsi et al. 1990, 1994, 2001; Merlino et al. 1991; 
Peacor et al. 1987). In cancrinite, the Na atoms are on the Na1 
site in the ε-cages, and the oxygen of the H2O molecule, denoted 
Ow, is disordered around the threefold axis to form favorable 
hydrogen bonds and reasonable Na-Ow distances (Fig. 1). In 
davyne, for example, Ca rather than Na atoms occur on the Na1 
site, and Cl atoms occur on the threefold axis in place of the 
disordered Ow. The channels contain the remaining cations (Na+, 
Ca2+, and K+ on the Na2 site) and anions (CO3

2�, SO4
2�, OH�, and 

H2O; e.g., Hassan and Grundy 1984, 1990, 1991). Vacancies are 
present in the channels.

In the average substructure of cancrinite, the C atoms of 
the CO3 group are at (0, 0, z), and occupy two split positions: 
C1 and C2 (and their symmetry related positions C1' and C2'). 
All four C positions are statistically equally occupied with a 
site occupancy factor (sof) of 0.38 (Grundy and Hassan 1982). 
This suggests the possibility of ordering of the CO3 groups and 
vacancies, and the formation of superstructures. The ordering 
is associated with subsequent re-arrangement of the cations and 
vacancies on the Na2 site.

Satellite reß ections are commonly observed in cancrinite-
group minerals, but their origins are not known in detail (Jarchow 
1965; Foit et al. 1973; Brown and Cesbron 1973). The satellite 
reß ections indicate distinct supercells with various values for the 
c parameter. Details of the satellite reß ections from cancrinite-
group minerals differ for each mineral and differ in specimens 
from different localities. The structural model of Grundy and 
Hassan (1982) was conÞ rmed by Hassan and Buseck (1992) us-
ing high-resolution transmission electron microscopy (HRTEM). 
In addition to distinct chemistries, the satellite reß ections are 
related to ordering of the ions in the channels. The CO3-group * E-mail: ishmael.hassan@uwimona.edu.jm 
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ABSTRACT

The structural behavior of a cancrinite, Na5.96Ca1.52[Al6Si6O24](CO3)1.57·1.75H2O, was determined 
by using in situ synchrotron X-ray powder diffraction data [λ = 0.91806(5) Å] at room pressure and 
from 25 to 982 °C. The sample was heated at a rate of about 9.5 °C/min, and X-ray traces were col-
lected at about 15 °C intervals. The satellite reß ections in cancrinite were lost at about 504 °C, where 
a phase transition occurs. All the unit-cell parameters for cancrinite also show a discontinuity at 504 
°C. Initially, the [Ca·CO3] clusters and their vacancies are ordered in the channels, and this ordering 
is destroyed on heating to give rise to the phase transition. Cancrinite loses water continuously until 
about 625 °C; thereafter an anhydrous cancrinite phase exists. From 25 to 952 °C, a minimal amount 
of CO2 is lost from the structure. Over this temperature range, the average <Al-O-Si> bridging angle, 
which is an indication of the degree of rotation of the tetrahedra, increases from 143.7(4) to 147.7(5)°. 
Rotations of the tetrahedra are caused by expansion of the Na1-O2 bond lengths.
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