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Abstract
This study reports new spectroscopic and structural data of fibrous amphiboles from the volcanic
area of Biancavilla (Sicily, Italy) that generated interest because of an anomalous increase of pleural mesothelioma of inhabitants. Each of the four samples is made of loose fibers, which show an
edenite-winchite (fluorine) compositional trend, with significant tremolite component. Small amounts
of iron (3.6–6.0 wt% FeOtot) were identified in all samples, and the Fe3+/Fetot ratios were evaluated
by Mössbauer spectroscopy: two samples are characterized by Fe3+/Fetot ratios between 50 and 70%,
and the other two have Fe3+/Fetot ratios higher than 90%. The OH-stretching region was investigated
by FTIR, and no absorption bands were observed. Structural investigation was carried out by X-ray
powder diffraction using the Rietveld method. Cell parameters, positional parameters for all the atoms,
and site scattering for M1, M2, M3, M4, A, and A(m) were refined. The most important differences
with respect to prismatic fluoro-edenite are the decrease of β, a, and c with decreasing Ca content,
A-site occupancy, and tetrahedral Al content, respectively. By combining chemical, spectroscopic,
and structural data, possible site occupancies were obtained. In particular, it was found that Fe2+ is
distributed between M1 and M2 sites; moreover, for the two samples enriched in Fe2+, it is also present at M4. Fe3+ is generally ordered at M2 site; however, for the two samples enriched in Fe3+, minor
amounts are partially disordered between M1 and M3 sites.
For the Biancavilla amphibole fibers, the large compositional variation observed in every sample
makes the classification very difficult, so that the regulatory agencies would not classify as “asbestos” the whole mineral series, because of the large components of edenite and winchite in addition
to tremolite. Many common features were found with respect to amphibole fibers from Libby, Montana, including Fe contents and oxidation state. Preliminary results of in vitro toxicological tests on
Biancavilla fibers confirmed their high reactivity, and suggest that the samples with the highest Fe2+
contents induce a rapid start to cell mortality.
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Introduction
The quantitative characterization of mineral fibers, and in
particular of amphiboles fibers, is a topical subject due to environmental and health concerns. An interesting starting point
to both clarify the classification of mineral fibers (asbestos or
not) and enhance our understanding of fiber-lung reactivity
mechanisms is the case study of Biancavilla (Sicily, Italy). In this
area, in fact, the presence of some unexpected cases of pleural
mesothelioma in local inhabitants (Paoletti et al. 2000) was correlated to the widespread occurrence of amphibole fibers (Comba
et al. 2003; Burragato et al. 2005). A new amphibole species,
fluoro-edenite, was recognized in volcanic products, and loose
fibers of amphibole were retrieved in the lungs of people who had
died from pleural mesothelioma. Recent studies on the reactivity
of these amphibole fibers in organic environments showed that
their toxicity is strongly related to differences in composition,
in particular Fe content and oxidation state (Soffritti et al. 2004;
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Cardile et al. 2004; Pugnaloni et al. 2007).
The mineralogical literature reports few works dealing with
quantitative chemistry of fibrous minerals. Recently, Meeker et
al. (2003), Gunter et al. (2003, 2007), Pacella et al. (2008), and
Ballirano et al. (2008) reported good attempts to realize this
goal for fibrous amphiboles (e.g., winchite, tremolite), using
specific analytical procedures. Qualitative chemical studies on
Biancavilla loose fibers were reported in Gianfagna et al. (2003)
and Bruni et al. (2006) and display compositional differences
between fibrous samples and prismatic fluoro-edenite. A first
attempt to obtain the full characterization of a sample of loose
fibers from Biancavilla was reported in Gianfagna et al. (2007):
the semi-quantitative chemical characterization of the sample
(from the Poggio Mottese locality) was obtained exploiting
a SEM-EDS “overlapping” analytical method. However, the
method was further improved and tested on different types of
fibrous amphiboles in Paoletti et al. (2008). Finally, a detailed
quantitative chemical characterization of a suite of four fibrous
samples from Biancavilla was reported in Mazziotti-Tagliani et
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