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Abstract
Mid-IR spectra (4000–400 cm ) of synthetic calcic amphiboles in the tremolite-pargasite series
and of various natural calcic amphiboles have been investigated. The pargasite substitution, a combination of the Tschermak (= [4]Al[6]Al[6]Mg–1[4]Si–1) and edenite (= [4]Al[A]Na[4]Si–1[A] n–1) substitutions,
causes the following features in the region 1200–600 cm–1. (1) Weak [4]Al-O stretching bands appear
at 895 and 815 cm–1 that are distinct from the 955 and 925 cm–1 Si-O stretching bands in tremolite. (2)
There is a reduction in the intensity and frequency of the Si-O-Si symmetric bending band (=“chain
breathing” mode) at 750 cm–1 in tremolite, and there is an appearance of medium-strong composite
bands having a weak shoulder on the high-frequency side near 690 cm–1. These bands are assigned
to Si-O-Al deformation bands. (3) Two OH-libration bands at 690 and 650 cm–1 become weak and
broad composite bands from 720 to 610 cm–1. And (4) because the intensity and frequency of the
band at 640 cm–1 in tremolite is affected neither by deuteration nor by the pargasite substitution, this
band is ascribed to O-[T2]Si-O bending. Even in pargasite, most T2 sites are occupied by Si, so that
the O2-[T2]Si-O4 bending mode will be dominant in this amphibole. The same behavior occurs for the
synthetic fluoro-gallian tremolite-pargasite series but with larger downward frequency shifts—Ga-O
stretching bands appear at 880 and 780 cm–1, and an Si-O-Ga bending band appears at 605 cm–1. The
major T-O-T and O-T-O deformation bands in synthetic amphiboles are readily apparent in natural
calcic amphiboles whose compositions are near the tremolite-pargasite join.
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Introduction
The amphibole-group minerals are among the most common
minerals in igneous and metamorphic rocks. The quantitative use
of amphiboles for deducing the conditions at which their host
rocks formed requires complete information on both bulk mineral
composition and the distribution of the constituent ions over the
available crystallographic sites. Many infrared spectral studies of
the OH-stretching bands in the region 3800–3550 cm–1 have been
done to gain information on the extent of long-range and shortrange order/disorder (LRO and SRO) (e.g., Strens 1974; Hawthorne et al. 1996; Della Ventura et al. 1999, 2003; Gottschalk et
al. 1999; Ishida 1999; Melzer et al. 2000; Ishida and Hawthorne
2001, 2003; Ishida et al. 2002; Jenkins et al. 2002, 2003; Najorka
and Gottschalk 2003; Senda et al. 2005). What has become clear
from this work is that the principal OH-stretching band (3674
cm–1 in tremolite) is strongly influenced by cation substitutions
at the nearest M1 and M3 sites and at the neighboring A site.
Substitutions at more distant sites, particularly Al for Mg at M2
and M3, and Al for Si at T1, also produce strong effects on the
bands in the OH-stretching region in calcic amphiboles (e.g.,
Della Ventura et al. 2003; Najorka and Gottschalk 2003; Jenkins
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et al. 2003). To gain further information on cation substitutions
at the T sites, it is of interest to determine what bands within the
mid-IR region of calcic amphiboles (1200–400 cm–1) are most
strongly influenced by T-cation substitutions and, if possible, to
derive quantitative relations between band intensities and cation
occupancies at these sites.
Lazarev (1972) and, more recently, Andrut et al. (2000) and
Hofmeister and Bowey (2006) presented a factor-group analysis
of the vibrations that are infrared active for the (Si4O11) unit in
the amphibole structure. However, empirical analysis continues
to be a fruitful approach for making unambiguous assignments.
Some assignments for the bands below 1200 cm–1 for various
amphibole-group minerals were done both for synthetic and
natural materials (Lazarev 1972; Gillet et al. 1989; Ishida 1989,
1990b, 1998; Andrut et al. 2000). Systematic studies of mid-IR
spectra for Ca and Na-Ca amphiboles were done by Kukovskii
and Litvin (1970) and Baravanov et al. (1974). Ishida (1990a)
reported two OH-librational bands in the range 720–630 cm–1
for tremolite and actinolite. However, there are many details of
the mid-IR spectra of amphiboles that remain to be understood,
especially for [T]Al-rich amphiboles such as pargasite, tschermakite, and hastingsite.
In the tremolite-pargasite series, there are two basic substitutions that combine to form the “pargasite” substitution, the
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