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aBstraCt

A detailed morphological, crystal-chemical, and structural characterization of erionite from the 
type locality of Durkee, Oregon, has been carried out by combining field emission scanning electron 
microscopy (FESEM) and laboratory parallel-beam transmission X-ray powder diffraction (XRPD). 
According to the crystal-chemical formula (Na5.38K1.99Mg0.24)[Al7.66Si28.34O72.09]·29.83H2O, the sample 
has been classified as erionite-Na. The Rietveld refinement has indicated that the extraframework 
cations are located at three Ca1, Ca2, and Ca3 sites, the first one containing all available Mg. More-
over, the absence of the additional K2 site found in both dehydrated erionite and erionite-K has been 
demonstrated for this erionite sample. Furthermore, our results revealed the absence of Fe and Ca 
although previous investigations have reported the presence of a variable content of both these ele-
ments in erionite samples from Durkee. This is relevant information because it is well known from 
amphibole asbestos that Fe2+ has been claimed to be one of the causes of carcinogenesis by participating 
in Fenton chemistry and producing free radicals.
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introduCtion

Erionite is a fibrous zeolite belonging to the so-called ABC-6 
family (Gottardi and Galli 1985). It usually occurs in volcanic 
ash altered by weathering processes. From the structural point of 
view, it is hexagonal, space group P63/mmc. The erionite frame-
work, topological code [ERI] (Meier and Olson 1992), consists 
of (Si,Al)O4 tetrahedra linked together to form single-six rings 
(S6R) and double six-rings (D6R). S6R originate erionite cages 
by bridging adjacent columns at the level of the cancrinite (J) 
cages. D6R connect columns of J cages along the z direction. An 
average chemical formula K2(Na,Ca0.5)8[Al10Si26O72]·30H2O has 
been proposed for erionite by Coombs et al. (1997). However, 
due to a significant chemical variability, three different species, 
erionite-K, erionite-Ca, and erionite-Na have been identified, 
depending on the most abundant extraframework (EF) cation.

In the past few years fibrous erionite has been thoroughly in-
vestigated because of its link to malignant mesothelioma (MM). 
In fact, in vivo studies unambiguously proved that erionite is 
several times more tumorigenic than chrysotile and crocidolite 
asbestos (Bertino et al. 2007). As a consequence of this, the 
International Agency for Research on Cancer (IARC) listed 
erionite as a Group 1 Human-Carcinogen (IARC 1987, 2011). 
The toxicity of erionite has been partly ascribed to the presence of 
ion-exchanged or surface-deposited iron participating in Fenton 

chemistry and generating reactive oxygen species that induce 
DNA damage (Eborn and Aust 1995). In fact, although erionite 
being a nominally Fe-free phase, Fe2O3 contents up to 3 wt% 
have been reported (Eberly 1964; Dogan et al. 2006). Dogan et 
al. (2006) reported that erionite from Rome (Oregon, U.S.A.) 
has a Fe2O3 content even higher than the Cappadocia erionite, 
the latter being responsible for the malignant mesothelioma 
epidemic (Baris et al. 1978, 1987). Ballirano et al. (2009) carried 
out a combined spectroscopic and crystal-chemical investigation 
of erionite-K from Rome hypothesizing that iron resides on the 
zeolite surface in the form of oxide-like nanoparticles with di-
mensions spanning from 1 to 9 nm. Notably, it was proposed that 
even upon inhalation of Fe-free fibers, they could imbibe Fe via 
ion exchange because protein injury can lead to metal ion release 
(Carr and Frei 1999). In any case, whether Fe is introduced with 
erionite or is captured in the lungs, it was highlighted that the 
Fenton chemistry occurs on the surface of the fibers and that 
the coordination state of Fe2+ and Fe3+ is critical for inducing 
cytotoxicity and genotoxic damage (Fach et al. 2003; Ruda and 
Dutta 2005).

Several recent studies aimed at the investigation of fiber tox-
icity have been dedicated to the study of their surface reactivity, 
mainly by XPS analysis (Fantauzzi et al. 2010, 2012). The suc-
cess of those investigations is strongly dependent on a detailed 
crystal-chemical and structural characterization of the fibers. At 
the same time, a significant effort has been devoted to improve 
the reliability of chemical data extracted from micro-analytical * E-mail: paolo.ballirano@uniroma1.it


