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INTRODUCTION

Vishnevite, [Na6(SO4)][Na2(H2O)2](Si6Al6O24), is a relatively 
rare member of the cancrinite group, Þ rst found at Vishnevye 
Gory, Urals, Russia (Beliankin 1944) and later in a few other 
occurrences (see Deer et al. 2004 for a compilation). Cancrinite 
minerals are feldspathoids characterized by hexagonal rings of 
(Si, Al) tetrahedral layers stacked along [001] so as to form a three 
dimensional framework. Different stacking sequences are pos-
sible, and these give rise to a large variety of species. An updated 
list can be found in Bonaccorsi and Merlino (2005). The simple 
ABAB... sequence (where A and B are the position of the Þ rst and 
second layer in the sequence, following the nomenclature of the 
closest-packed structures) is common to several natural (nine up 
to present) and synthetic phases in this group. These AB phases 
can be further classiÞ ed into two series: the cancrinite-vishnevite 
series and the davyne-microsommite-quadridavyne series (cf. 
Bonaccorsi and Merlino 2005). Their framework is characterized 
by open 12-ring channels running along [001], and by columns 
of base-sharing undecahedral cages ([66122/2] and [4665] in the 
IUPAC nomenclature, respectively). In cancrinite-type miner-
als, the undecahedral cages contain sequences of alternating Na 
cations and water molecules, while the large channels are Þ lled 
by carbonate groups in ideal cancrinite and by sulfate groups in 
ideal vishnevite (e.g., Bonaccorsi and Merlino 2005). There is a 

complete solid solution between cancrinite and vishnevite, with 
intermediate terms named sulfatic cancrinite or carbonatic vish-
nevite (Hassan and Grundy 1984). The substitution of SO4

2� for 
CO3

2� groups along the cancrinite-vishnevite series is correlated 
with the entry of signiÞ cant amounts of K in the channels; when 
the (Na,Ca): K is nearly = 1, there is the possibility of long-range 
ordering of sulfate groups and extra-framework cations, such as 
in pitiglianoite, which is characterized by a threefold supercell 
with respect to cancrinite (Merlino et al. 1991; Bonaccorsi and 
Orlandi 1996).

Reliable and complete chemical analyses are difÞ cult to 
obtain for these minerals, due to the presence of different types 
of extra-framework anions and cations. Recent spectroscopic 
work (Della Ventura and Bellatreccia 2004; Della Ventura et al. 
2005) has shown that molecular CO2 is also a common constitu-
ent in cancrinite group minerals. Therefore, it is important to 
not only determine the amount of carbon but also its speciation 
in the structure of these phases. Furthermore, Gesing and Buhl 
(2000) described a synthetic (HCO3)-containing cancrinite 
[ideally Na7.6(Al6Si6O24)(HCO3)1.2(CO3)0.2(H2O)2], thus point-
ing at the possible presence of a third type of carbon species 
in these microporous materials. One further problem relating 
to the crystal chemistry of these minerals is the possible simul-
taneous presence of H2O and hydroxyl groups in the structural 
pores, again requiring characterization of the speciation of H in 
the sample. Basic cancrinite, for instance, is known to contain 
water molecules in the cages and hydroxyl groups in the large * E-mail: dellaven@uniroma3.it
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ABSTRACT

This paper reports a single-crystal FTIR spectroscopic study of vishnevite, ideally [Na6(SO4)]
[Na2(H2O)2](Si6Al6O24), a member of the cancrinite group of feldspathoids. The study was done on 
several crystals from various geological occurrences. Infrared spectra show that most samples, and in 
particular the specimens from the holotype locality at Vishnevye Mountains (Urals, Russia), contain 
molecular CO2 as the main carbon species in the structural pores, while the specimens from Loch 
Borolan (Scotland) were found to be CO3-rich. Polarized-light measurements show that the linear CO2 
molecules are oriented perpendicular to the crystallographic c axis. Structure reÞ nement of sample Pi4 
from Latium (Italy) shows usual H2O···Na···H2O sequences within the undecahedral cages; however, 
difference Fourier maps suggest the presence of additional protons in the channels, possibly forming 
OH groups. The FTIR spectra show three absorptions in the 3800�3200 cm�1 region. The Þ rst one, at 
3590 cm�1 is strongly polarized for E⊥c while the second, at 3535 cm�1, behaves almost isotropic. These 
two bands are assigned to the stretching vibrations of an asymmetric water molecule in the structural 
cages. The third broad absorption at 3320 cm�1, is predominantly polarized for E||c and is assigned to 
additional OH groups in the channels. Detailed microspectroscopic mapping showed several samples 
from Latium (Italy) to be zoned with respect to the CO2/CO3 content, thus pointing to a possible use 
of the volatile content of these minerals for petrological modeling.
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