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Near-infrared study of short-range disorder of OH and F in monoclinic amphiboles
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ABSTRACT

Amphiboles were synthesized along the joins tremolite–fluorotremolite, richterite–fluo-
rorichterite and potassic-richterite–potassic-fluororichterite at 750 8C and 1 kbar P(H2O).
Infrared spectra of the amphiboles were recorded in the principal OH-stretching region.
Amphiboles of the tremolite–fluorotremolite series show one-mode behavior, a single band
due to a local MgMgMg-OH-AM (M 5 vacancy) arrangement; this behavior is consistent
with no coupling between NNN (next-nearest-neighbor) O3 anions either through the O3-
O3 edge or across the vacant A-site cavity. The amphiboles of the richterite-fluororichterite
and potassic-richterite–potassic-fluororichterite series show two-mode behavior, two bands
due to the local arrangements MgMgMg-OH-ANa-OH and MgMgMg-OH-ANa-F (and their
K equivalents); this behavior is consistent with coupling between NNN O3 anions across
the filled A-site cavity through Na or K that occupies the A-site. A mathematical model
is developed to describe local (OH,F) ordering in amphiboles as a function of F content.
The variation in infrared band intensities is consistent with complete short-range disorder
of OH and F in the synthetic amphiboles of the richterite-fluororichterite and potassic-
richterite-potassic–fluororichterite series.

INTRODUCTION

In the last fifteen years, crystal-structure research on
amphiboles has provided a fairly good knowledge of
long-range order (LRO). However, our knowledge of
short-range order (SRO) is negligible owing to the fact
that we still need to develop methods that can easily
characterize SRO in rock-forming minerals. Infrared
spectroscopy in the OH-stretching region is sensitive
to both LRO and SRO, and has great potential in this
regard for OH-bearing minerals (Della Ventura 1992;
Della Ventura et al. 1996; Hawthorne et al. 1996a).
Nominal fluorine end-member amphiboles have been
widely used in thermodynamic (Westrich and Navrot-
sky 1981; Graham and Navrotsky 1986) and crystal-
structure studies (Cameron et al. 1983; Raudsepp et al.
1987a, 1987b, 1991; Welch et al. 1994; Boschmann et
al. 1994; Oberti et al. 1995), but little is known about
OH-F ordering in intermediate compositions. Here, we
apply IR spectroscopy in the OH-stretching region to
the problem of characterizing SRO of OH and F in the
amphibole structure.

EXPERIMENTAL METHODS

The amphiboles were synthesized at 750 8C, 1 kbar
P(H2O) by Robert et al. (1989). These synthetic richterite
crystals are elongated, with a length generally not ex-
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ceeding 20 mm, and with a length/diameter ratio around
ten (Della Ventura et al. 1993a). Previous HRTEM ex-
aminations showed that these amphiboles are essentially
free of chain-multiplicity and chain arrangement faults
(Hawthorne et al. 1997). WDS electron-microprobe anal-
ysis (EMPA) for F was done with a CAMECA SX 50
operated at 15 kV, 6 nA beam current, for a counting time
of 10 s, both on peak and on background. Natural topaz
was used as a standard. Samples were prepared by em-
bedding a few milligrams of run product in epoxy resin.
After polishing, enough crystals were found to be suitable
for EMPA. Powder infrared spectra were recorded at
room temperature on a Nicolet 800 spectrophotometer,
equipped with a CaF2 beamsplitter and a nitrogen-cooled
MCT detector operating at a nominal resolution of 2
cm21. The conventional KBr pellet method was used, with
a sample/KBr ratio of 0.1, for a total of 150 mg. Details
of sample preparation may be found in Robert et al.
(1989). Thirty-two scans were averaged for each
spectrum.

Spectra were fitted by interactive optimization fol-
lowed by least-squares refinement using symmetrical
Gaussian line-shapes, following the method described in
Della Ventura et al. (1996). There are two prominent
peaks in the spectra of end-member OH-richterites, and
there are three prominent peaks in the spectra of F-bear-
ing richterites, here labeled A, B and C (Fig. 1). The
results of the peak fitting are in Table 1.


