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ABSTRACT
Thirty samples of amphibole-rich rock from the largest mined vermiculite deposit in the world in
the Rainy Creek alkaline-ultramafic complex near Libby, Montana, were collected and analyzed.
The amphibole-rich rock is the suspected cause of an abnormally high number of asbestos-related
diseases reported in the residents of Libby, and in former mine and mill workers. The amphibole-rich
samples were analyzed to determine composition and morphology of both fibrous and non-fibrous
amphiboles. Sampling was carried out across the accessible portions of the deposit to obtain as
complete a representation of the distribution of amphibole types as possible. The range of amphibole
compositions, determined from electron probe microanalysis and X-ray diffraction analysis, indicates the presence of winchite, richterite, tremolite, and magnesioriebeckite. The amphiboles from
Vermiculite Mountain show nearly complete solid solution between these end-member compositions. Magnesio-arfvedsonite and edenite may also be present in low abundance. An evaluation of
the textural characteristics of the amphiboles shows the material to include a complete range of
morphologies from prismatic crystals to asbestiform fibers. The morphology of the majority of the
material is intermediate between these two varieties. All of the amphiboles, with the possible exception of magnesioriebeckite, can occur in fibrous or asbestiform habit. The Vermiculite Mountain
amphiboles, even when originally present as massive material, can produce abundant, extremely
fine fibers by gentle abrasion or crushing.

INTRODUCTION
The Rainy Creek alkaline-ultramafic complex (Fig. 1) contains a world-class vermiculite deposit formed by hydrothermal alteration of a large pyroxenite intrusion. The deposit is
located at Vermiculite Mountain (also called Zonolite Mountain) approximately six miles northeast of Libby, Montana. The
mine began operations circa 1920 and closed in 1990. Recent
attention has been given to fibrous and asbestiform amphiboles associated with vermiculite ore produced at Vermiculite
Mountain. The amphiboles are suspected to be a causative factor in an abnormally high number of cases of respiratory diseases in the residents of Libby and the former mine and mill
workers (Lybarger et al. 2001).
The presence of fibrous and asbestiform amphiboles in the
vermiculite and mine waste from Vermiculite Mountain has
triggered a Superfund action that ranks among the largest and
most costly in the history of the U.S. Environmental Protection Agency. The ultimate resolution of the problems associated with contamination by these materials will be years in
coming, and the final costs in both human health and dollars
may be enormous. These issues necessitate a very thorough
understanding of the morphological and chemical properties
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of the amphiboles associated with the Vermiculite Mountain
deposit. It is these properties that are of ongoing concern with
respect to future regulatory policies and investigations into
possible mechanisms of toxicity of fibrous and asbestiform
amphiboles (Ross 1981; Langer et al. 1991; Kamp et al. 1992;
van Oss et al. 1999).
Previous studies of the composition and morphology of the
amphiboles from Vermiculite Mountain are limited in number.
Wylie and Verkouteren (2000) studied two amphibole samples
from the vermiculite mine. They determined the amphibole in
both samples to be winchite based in part on chemistry, using
the classification system of Leake et al. (1997), and on optical
properties. Gunter et al. (2003) confirmed the findings of Wylie
and Verkouteren (2000) on the same two samples and analyzed
three additional ones, which they also determined to be winchite
based on optical microscopy, electron probe microanalysis, and
Mössbauer spectroscopy. Indeed, the results of the present study
demonstrate convincingly that the vast majority of the amphiboles from Vermiculite Mountain are winchite as currently defined by the International Mineralogical Association (Leake et
al. 1997). Previously, the amphibole from Vermiculite Mountain had been called soda tremolite (Larsen 1942), richterite
(Deer et al. 1963), soda-rich tremolite (Boettcher 1966b), and
tremolite asbestos and richterite asbestos (Langer et al. 1991;
Nolan et al. 1991).
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