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Short-range order of (Na,K) and Al in tremolite: An infrared study
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ABSTRACT

Assignment of the component bands in the infrared spectrum of tremolite containing
A(Na,K) and TAl shows that the nontremolite components in the crystal are not randomly
distributed throughout the structure but show extreme short-range order. Na and K at the
A site are locally associated with Al at an adjacent T1 site.

INTRODUCTION

There has been much crystal-structure work on am-
phiboles, focusing in particular on the ordering of cations
over nonequivalent sites. We now have a reasonably
comprehensive knowledge of long-range ordering (LRO)
in amphiboles. The same cannot be said for short-range
ordering (SRO). Crystal-structure refinement provides us
with only a long-range average view of the structure and
cannot directly give us information on SRO. However,
SRO is very important in (1) understanding some crystal-
chemical couplings within the amphibole structure, (2)
developing accurate expressions for configurational en-
tropy, and (3) developing realistic activity models for am-
phiboles. This is true particularly for SRO connected with
polyvalent-cation substitutions in amphiboles, and infra-
red spectroscopy in the principal OH-stretching region is
a particularly sensitive probe of such local configurations.

EXPERIMENTAL METHODS

All synthetic amphiboles examined here were crystal-
lized at 750 °C, 1 kbar Py, as described by Della Ventura
etal. (1993). The tremolite was characterized in detail by
Hawthorne and Grundy (1976) and designated tremolite
56 by Hawthorne (1983). Infrared spectra of synthetic
tremolite, synthetic richterite, and a synthetic tremolite—
potassium-richterite solid solution of composition
TRy KR,, were recorded on a Perkin-Elmer model 1760
spectrometer equipped with a DTGS detector and a KBr
beamsplitter operating at a nominal resolution of [ cm—!,
The spectrum of tremolite was recorded on a microscope
equipped with a nitrogen-cooled MCT detector operating
at a nominal resolution of 2 cm—!,

RESuLTS

Infrared spectra for the amphiboles are shown in Figure
1. The spectrum of synthetic tremolite (Fig. 1a) consists
of a sharp, slightly asymmetric band at 3674 cm~'. The
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spectrum of synthetic richterite (Fig. 1¢) consists of a broad
fairly symmetric band at 3730 cm~! and a weak band at
3674 cm~'. The spectrum of synthetic TRz, KR,, (Fig. 1d)
consists of two broad bands at 3735 and 3672 cm~'. The
spectrum of tremolite 56 consists of a broad, slightly
asymmetric band at 3670 cm~!, a broad band at 3705
cm~', a weak shoulder at 3730 cm~!, and a weak band
at ~3640 cm~'. To determine the positions of the higher
frequency bands more precisely, this part of the spectrum
was fitted to two Gaussian curves by least-squares refine-
ment; the fit is shown by the dotted curves in Figure 1b.

DiscussIioN

The band assignments of the spectra (Fig. 1) are sum-
marized in Table 1. All the amphiboles examined here
have M1 = M2 = M3 = Mg (except possibly for a very
small amount of Al in tremolite 56), and all bands in the
principal OH-stretching region may be assigned to the
local configuration MgMgMg-OH. Thus, the different
bands in the spectra shown in Figure 1 must be assigned
to local configurations adjacent to the MgMgMg-OH ar-
rangement. There is one band in synthetic tremolite, oc-
curring at 3674 cm~' (Fig. la), and this band must be
assigned to the local configuration MgMgMg-OH-A1-T!Si
(i.e., the configuration MgMgMg-OH associated with a
vacancy at the adjacent A site and Si at the adjacent T1
sites). This band is also present in synthetic nominal end-
member richterite (Fig. 1¢); previous studies (Della Ven-
tura 1992; Robert et al. 1989) have assigned this band to
the MgMgMg-OH-A-T!Si configuration and have used
the presence of this band as evidence that synthetic nom-
inal end-member richterite departs significantly from its
ideal composition. A similar band is also observed in
synthetic nominal end-member potassium-richterite and
has been assigned to the same local configuration (Table
1). This assignment is further supported by the higher
intensity of the 3674 cm~! band in synthetic tremolite—
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potassium-richterite solid solutions (Fig. 1d). The strong
band at 3674 cm~! in tremolite 56 may be assigned in
the same fashion to the local configuration MgMgMg-
OH-AO-T!Si.

In the spectrum of synthetic richterite (Fig. lc), the
most intense band is at 3730 cm~' and is assigned to the
configuration MgMgMg-OH-ANa-7!Si. In the spectrum of
synthetic potassium-richterite, the most intense band is
at 3735 cm~! (cf. Fig. 1d) and is assigned to the config-
uration MgMgMg-OH-AK-T'Si. In natural amphiboles, in
which disorder causes significant band broadening in the
infrared spectra, resolution of bands for configurations
involving ANa and ~K is usually not observed. Thus, we
assign the weak 3730 cm~' band in the spectrum of trem-
olite 56 (Fig. 1b) to the local configuration MgMgMg-
OH-4(Na,K)-T'Si.

The prominent band at 3705 cm~! in the spectrum of
tremolite 56 (Fig. 1b) does not correspond to any band ob-
served in synthetic richterite or synthetic tremolite and must
therefore correspond to another local configuration. The unit
formula of tremolite 56 is (K, ,Nag,;)(Ca, g Nay,sFego,-
Mg 03) (Mg, 55 ALy 62)(Si525Aly 2,)0 2 (OH), 53Fo;  (Hawthorne
and Grundy 1976). The principal departures from an ideal
tremolite formula involve Na and K at the A site, Al at the
T sites, and F at the O3 site. Possible local configurations
in tremolite 56 are listed in Table 2. First, let us consider
the effect of F at an adjacent O3 site (Configuration 2, Table
2). As shown by Robert et al. (1989), this configuration
results in an additional band at 3714 cm~! in both richterite
and potassium-richterite. In tremolite, substitution of F for
OH does not result in an additional band (Della Ventura et
al., in preparation) but causes a reduction in the intensity
of the main tremotite band at 3674 cm~'. Substitution of
Al for Si in micas reduces the frequency of the principal
band by ~25 cm~'. Because the local arrangement around
OH in richterite and potassium-richterite is similar to that
in Si-rich micas, substitution of Al for Si in a local richterite
configuration would reduce the frequency of the principal
OH-stretching band by ~25 cm~!: 3730 — 25 = 3705 cm~".
Substitution of Al for Si in a local tremolite-like configura-
tion would reduce the frequency of the principal OH-
stretching band by >25 cm~! because there is no A cation
to compensate for the local reduction in bond valence around
the bridging anions, and hence the increase in hydrogen
bond interaction would be greater than the corresponding
change in a richterite-like configuration. Thus, the corre-
sponding band would occur at 3674 — (>25) = <3649

_)

Ficure 1. Infrared absorption spectra in the principal OH-
stretching region for (a) synthetic tremolite; (b) tremolite 56 of
Hawthorne and Grundy (1976); (c) synthetic richterite with mi-
nor tremolite component; (d) synthetic tremolite—potassium-
richterite of composition TRg,KR,,. The dotted curves in b de-
note the two component bands of the higher energy peak in the
spectrum, and the vertical dotted lines show the position of the
component bands in b relative to the peaks in the other spectra.
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TasLE 1. Band positions and assignments for the synthetic TaBLE 2. Possible local configurations and predicted band
amphiboles of Figure 1 frequencies for tremolite 56

Band MgMgMg-OH Frequency
Spectrum Figure  (cm~) Assignment configuration A 03 T (cm™)
Tremolite 1a 3674 MgMgMg-OH-A0-T'Si 1 (Na,K) OH Si 3730
Richterite 1c 3730 MgMgMg-OH-*Na-""Si 2 (Na,K) F Si 3714
3678  MgMgMg-OH-A0-"'Si 3 (Na,K) OH Al 3705
Potassium-richterite 1d 3734 MgMgMg-OH-*K-T'Si 4 (Na,K) F Al 3689
Tremolite 56 1b 3674 MgMgMg-OH-*0-"'Si 5 O OH Si 3674
6 ] R Si 3674
7 O (OH,F) Al <3649

cm~!. The remaining possible configuration involves Na
and K at the A site, F at the adjacent O3 site, and Al at an
adjacent T1 site. As Al — Si and F — OH substitutions
reduce the frequency of the principal OH-stretching band
by 25 and 16 cm™!, respectively, Configuration 4 would
result in a band at 3730 — 25 — 16 = 3689 cm~".

We may now compare the band positions and local
configurations of Table 2 with the observed bands (Fig.
1, Table 1) and the crystal composition. The weak inten-
sity of the band at 3730 cm~! is not in accord with all
the A cations in tremolite 56 being involved in Config-
uration 1, even allowing for differences in molar absorp-
tivity as a function of absorption energy (Skogby and
Rossman 1991). Configuration 2 would result in a band
at 3714 cm~!, significantly displaced from the nearest
absorption maximum at 3705 cm~'. Configuration 2 is
possibly present in a minor amount, but the spectrum is
certainly not compatible with most of the F being in-
volved in Configuration 2. Configuration 3 would result
in a band at 3705 cm~!, corresponding exactly with the
second most intense absorption band in the spectrum of
tremolite 56 (Fig. 1). This correspondence indicates that
Configuration 3 is an important local-ordering pattern in
tremolite 56. Configuration 4 has no corresponding band
in the spectrum and hence is not present. Configurations
5 and 6 result in the band at 3674 cm~'. Configuration 7
would result in a band below 3649 cm~!, presumably
corresponding to the very weak absorption band at ~3640
cm~! (Fig. 1).

The relative band intensities cannot be quantitatively
related to the relative concentrations of local configura-
tions because the absorptivity is related to band frequen-
cy (Skogby and Rossman 1991) in a complex manner that
is not currently well characterized (unpublished data).

Moreover, there is the potential for the occurrence of lo-
cal configurations that involve F at adjacent O3 sites, and
these are invisible to infrared spectroscopy. Despite these
problems, it is apparent from the spectra of Figure 1 and
the band assignments of Table 2 that the nontremolite
components ~(Na,K) and TAl in this crystal are not ran-
domly distributed throughout the structure but show ex-
treme short-range order.
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