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Assignment of infrared OH-stretching bands in manganoan magnesio-arfvedsonite and
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ABSTRACT
Infrared OH-stretching bands in some heat-treated A-site occupied and IVAl-free (or nearly free)
manganoan sodic-calcic and sodic amphiboles, manganoan magnesio-arfvedsonites and richterites,
have been assigned. Two OH-stretching bands, (MgMgMg)-OH-A-O2–/F–/Cl– and (MgMgMg)-OH ( = vacancy) configurations, persist to high temperature. With increasing temperature, the OHstretching band, A*, of the (MgMgMg)-OH-A-OH (A = A site cation) configuration shifts downward
from 3730 to near 3700 cm–1 with formation of the (MgMgMg)-OH-A-O2– configuration; the repulsive interaction between the proton and the A cation is removed through dehydrogenation of OH at
the O3 site, coupled with movement of the A cation toward the dehydrogenated side. In natural Fand Cl-bearing sodic-calcic and sodic amphiboles, two kinds of (MgMgMg)-OH-A stretching bands
are observed at around 3730 and 3700 cm–1, in which A-site alkali ions move toward the F–(Cl–)substituted O3 site. In this manner, (MgMgMg)-OH-K and (MgMgMg)-OH-Na bands shift downward 20 cm–1 and 26–29 cm–1 by heat-treatment, respectively, reflecting the different size of the
A-site cations.

INTRODUCTION
There has been much work done on the infrared spectra of
amphiboles. Early work, primarily on natural samples, is summarized by Hawthorne (1983). More recent work has focused
on synthetic amphiboles, particularly those of richterite- (Robert et al. 1989; Della Ventura 1993; Della Ventura et al. 1993,
1996a, 1996b, 1999; Hawthorne et al. 1997) and tremolite-like
(Jenkins 1987; Pawley et al. 1993; Maresch et al. 1994;
Gottschalk et al. 1998, 1999; Hawthorne et al. 2000) compositions. Of particular interest is the fact that information on shortrange order (SRO) of both cations and anions can be derived
from infrared spectra in the principal OH-stretching region
(Hawthorne et al. 1996a, 1996b, 2000; Della Ventura et al.
1996a, 1996b, 1999). The fact that infrared spectra of amphiboles in the OH-stretching region contain information on both
long-range order (LRO) and SRO of both cations and anions
makes the interpretation of spectra of natural samples (with
additional minor components compared to synthetic amphiboles) particularly difficult. However, some natural amphiboles
have fairly simple compositions and are susceptible to examination by infrared spectroscopy. In particular, Mn-bearing amphiboles from moderately to highly oxidized manganese-ore
deposits are frequently free or nearly free of Al (cf. Hawthorne
et al. 1995). Here, we record and interpret the principal OH* E-mail: kiyota@rc.kyushu-u.ac.jp
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stretching and Mössbauer spectra of untreated and heated
manganoan magnesio-arfvedsonite and richterite.

MATERIAL EXAMINED AND EXPERIMENTAL METHODS
Six samples were used in this study (Ishida 1989, 1995).
Highly oxidized mangano and/or manganoan magnesioarfvedsonites are from the Nodatamagawa mine, Japan (hereafter abbreviated as ND1, golden-yellow, coexisting with
manganoan aegirine-augite, hematite, jacobsite, manganoan
phlogopite, rhodonite, nambulite, tephroite and Ba-bearing
potassium feldspar), and from the Junawani mine, India (JN1,
red, coexisting with quartz and Sr-bearing apatite); moderately
oxidized manganoan magnesio-arfvedsonites are from the
Taguchi mine, Japan (TG68, green, coexisting with
yoshimuraite and Ba-bearing potassium feldspar), and the
Hanawa mine, Japan (HW, brownish-yellow, coexisting with
manganoan aegirine-augite, rhodonite and potassium feldspar);
moderately oxidized manganoan richterite from the Taguchi
mine (TG64, greenish-yellow, coexisting with pyroxmangite,
Ba-bearing potassium feldspar, rhodochrosite and manganoan
phlogopite of showing reverse pleochroism, Ishida and
Hirowatari 1980). In addition, a fluororichterite from
Wilberforce, Ontario, Canada (F-Ri, translucent) was also used.
Amphibole grains were separated from the host rocks using
heavy liquids. Some impurities are unavoidable, but the samples
contain more than 95% amphibole.
Chemical analyses were done using a JEOL SEM35CF-II

