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ABSTRACT
Compositional data and Fe3+/SFe ratios obtained by electron microprobe and Mössbauer analyses
are given for a suite of three amphibole and amphibole-asbestos samples collected from the former
vermiculite mine near Libby, Montana. A crystal structure analysis, compositional data, and Fe3+/SFe
values for two samples from a previous study are also reported. The results confirm the conclusion
drawn in the previous study that these amphiboles are dominantly compositions ranging from winchite
to richterite. Mössbauer spectroscopy yielded Fe3+/SFe ratios from 58% to 72% for the five samples.
The crystal structure was determined for a single crystal selected from a bulk sample. Its formula
(as determined by electron microprobe analysis and Mössbauer spectroscopy) is (K0.19 Na0.32)A(Na0.85
2+
Ca1.12Mn0.03)B(Mn0.01Mg4.43Fe3+
0.34Fe0 .19Ti0.01Al0.02)(Al0.03Si7.97O22)(OH1.63F0.37). The refinement was carried out based on space group C2/m, with a = 9.879(2), b = 18.024(3), c = 5.288(1) Å, b = 104.377(3)∞
and using data collected at room temperature. Mg is partitioned among the M1, M2, and M3 sites.
All of the Fe3+ occupies M2, while Fe2+ is split between M2 and M3; Ca and Na fill the M4 site, while
Na and K occupy the partially filled A site. The A-site occupancy is calculated as 0.51 based on
chemical data, but only 0.48 based on X-ray diffraction results. Minerals with the former values
would be classified as richterite and those with the latter as winchite.

INTRODUCTION
National attention focused on the small town of Libby, Montana in November 1999 when a newspaper article in the Seattle
Post-Intelligencer chronicled asbestos-related diseases found
in local miners, with the asbestos contaminant suggested to be
the amphibole mineral tremolite. Within days, the United States
Environmental Protection Agency arrived in Libby and began
an investigation and remediation effort; the area is now a
Superfund site. These recent actions are connected to the nowclosed vermiculite mine located near Libby. The mine operated from the 1920s until 1990 and had the world’s largest
vermiculite production; however, the vermiculite ore contained
several percent amphibole, both asbestiform and nonasbestiform varieties (Gunter et al. 2001). In the mid 1980s,
two independent research groups, one funded by W.R. Grace,
owners of the mine (McDonald et al. 1986a, 1986b, 1988), and
another funded by the National Institute for Occupational Safety
and Health (Amandus and Wheeler 1987; Amandus et al. 1987a,
1987b) performed health studies and found elevated mortality
rates from asbestosis, mesothelioma, and lung cancer in the
former miners.
The vermiculite mine was located in a Cretaceous-age ultramafic igneous body composed of a series of ring dikes with
a post-mining, near-circular exposure of about 3 km in diam* E-mail: mgunter@uidaho.edu
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eter. The ultramafic complex is adjacent to and associated with
a syenite body that intruded metamorphic rocks of Precambrian age. The intrusion is roughly concentric and consists of a
biotitite core surrounded by biotite pyroxenite, which is in turn
surrounded by a magnetite pyroxenite. (see Boettcher 1967 for
a detailed discussion of the geology and a geologic map.) The
biotite in the biotite pyroxenite was altered to vermiculite by
low-temperature weathering, whereas the pyroxenes were altered to amphiboles under higher-temperature hydrothermal
processes (Boettcher 1966). Most of the mining was in the biotite pyroxenite. After the vermiculite ore was mined and enriched, it was expanded by rapid heating to form the commercial
product Zonolite, which was used in many consumer products
such as absorbents, fireproofing materials, industrial fillers,
packaging material, and soil amendments. Another of the major uses of Zonolite was in attic insulation. Recently, W.R. Grace
estimated that this product is in 15 million homes in the United
States. Unfortunately, Zonolite may contain traces of amphiboles and amphibole-asbestos up to 2.8 wt% (USEPA 2000).
There is an ongoing debate about the possible health effects on
the residents of these homes (USEPA 2001). For a more detailed overview of the mining, geology, mineralogy, and health
studies, see Bandli (2002) and references therein.
In a previous study, Wylie and Verkouteren (2000) performed chemical analyses of two amphibole samples from the
former mine site. They identified the samples as winchite and
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