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aBstract

A complete crystal-chemical characterization of erionite-K from Rome, Oregon, was obtained by 
combining field emission scanning electron microscopy, laboratory parallel-beam transmission powder 
diffraction, and 57Fe Mössbauer spectroscopy. Rietveld refinement results evidenced that the most 
striking difference in comparison with the structure of erionite-Ca is significant K at a K2 site (½, 0, 
0), which is empty in erionite-Ca. In addition, site Ca1 shows low occupancy and Ca3 is vacant. The 
oxidation and coordination state of Fe, whose occurrence was revealed by chemical analysis, have 
been clarified by exploiting room- and low-temperature 57Fe Mössbauer spectroscopy. The majority 
of Fe (95%) was attributed to Fe3+-bearing, superparamagnetic, oxide-like nanoparticles with dimen-
sions between 1 and 9 nm, and the remaining 5% was attributed to hematite particles with size ≥10 
nm, both located on the crystal surface.
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introdUction

Erionite (ERI) is a fibrous zeolite-group mineral, often oc-
curring as altered products of volcanic ash. From the structural 
point of view, it belongs to the ABC-6 family (Gottardi and Galli 
1985), and its framework consists of columns of cancrinite (ε) 
cages connected along the z direction by double 6-rings (D6R) 
(Staples and Gard 1959). Erionite cages (23-hedra) are formed 
by linking adjacent columns via single 6-rings (S6R) at the level 
of ε-cages (Fig. 1). The erionite framework can also be described 
by the stacking along the z direction of 6-rings following the 
AABAAC sequence. Intergrowth of erionite with offretite (OFF) 
may occur, due to the close similarity between the two zeolites. 
In fact, offretite has an AABAAB sequence, and stacking faults 
corresponding to partial substitution of C with B 6-rings have 
been observed (Schlenker et al. 1977). Erionite is hexagonal, 
space group P63/mmc (Kawahara and Curien 1969) and has an 
average formula K2(Na,Ca0.5)8[Al10Si26O72]·30H2O (Coombs et 
al. 1997). A large chemical variability is typical of this mineral, 
and for this reason three different species are identified, accord-
ing to the most abundant extra-framework cation: erionite-Na, 
erionite-K, and erionite-Ca (Coombs et al. 1997; Passaglia et al. 
1998; Gualtieri et al. 1998; Dogan and Dogan 2008). 

Erionite is a nominally Fe-free phase, but in several cases 
a Fe2O3 content up to 3 wt% has been observed (Eberly 1964; 
Dogan et al. 2006). This point should be further explored, since 
Dogan et al. (2006) reported a comparison between erionite 

from Rome, Oregon, and erionite from the Cappadocia region, 
Turkey, the latter being responsible for the malignant mesothe-
lioma epidemic. All analyzed samples showed significant Fe 
contents. Erionite from Rome, Oregon, seems to have a content 
of Fe2O3 even higher than the Cappadocia erionite, but occurs 
in a region where, thus far, it has not been associated with ma-
lignant mesothelioma. 

The Fe presence/absence, as well as its content, oxidation, and 
coordination state, and behavior, are of particular relevance. In 
fact, it is well known from amphibole asbestos that Fe has been 
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Figure 1 

FiGUre 1. Framework of erionite (Atoms 5.1: Dowty 2000). 


