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INTRODUCTION

In the last few years a series of experimental studies has re-
newed the interest in the Na2O�MgO�SiO2�H2O amphibole system 
(NMSH), previously investigated by Gibbs et al. (1962), Witte et 
al. (1969), and Maresch and Langer (1976). In this system, the 
end-member Na(NaMg)Mg5Si8O22(OH)2 can be easily synthesized 
at 750 °C (e.g., Raudsepp et al. 1991; Liu et al. 1996; Iezzi et al. 
2004a). At higher temperatures of synthesis (T ≥ 800 °C), the 
amphibole departs from its nominal composition following the 
ANa1-X

BNa1-X A■■X
BMgX vector; i.e., at 900 °C it incorporates ~10 

mol% of cummingtonite component (Iezzi et al. 2004a).
At room T, the Na(NaMg)Mg5 Si8O22(OH)2 compound has 

P21/m symmetry (Iezzi et al. 2004a), and undergoes a second-or-
der displacive P21/m ↔ C2/m phase-transition at 257 °C (Cámara 
et al. 2003). Interestingly, in samples synthesized at lower T (600 
°C), a signiÞ cant amount of excess OH can be incorporated in 
the amphibole, and the structure changes to the unusual C1� space 
group, with the ideal composition NaNa2Mg5Si8O21(OH)3 (Cá-
mara et al. 2004).

Oberti et al. (2000) studied recently a synthetic crystal 
obtained by Maresch and Langer (1976) in the Li-bearing 
LNMSH system, and showed that the sample has Na0.95(Mg0.97Li0.27 

H0.12Na0.64)Mg5Si8O22(OH)2 composition and P21/m symmetry. 
This study suggested the possibility that BNa can substitute for 
BLi in the amphibole structure. Iezzi et al. (2004a) showed that 
IR spectroscopy in the OH-stretching region is an extremely 
powerful tool for detecting symmetrically independent O-H 
dipoles in the amphibole structure. For primitive A-site vacant 

amphiboles, the frequency separation between the O3A-H and 
O3B-H bands is very weak (3�5 cm�1; see Boffa-Ballaran et al. 
2001; 2004 for monoclinic P21/m cummingtonites, and Ishida 
and Hawthorne 2003 for orthorhombic Pnma anthophyllites). 
For monoclinic, A-site Þ lled, P21/m amphiboles the presence 
of ANa produces a very large frequency shift between the bands 
related to the non-equivalent OH groups in the structure (Iezzi 
et al. 2004a), thus allowing a fast discrimination between differ-
ent space groups. In this paper, we report data on the synthesis, 
X-ray powder diffraction (XRPD), transmission electron micros-
copy (TEM), and FTIR spectroscopy of amphiboles along the 
Na(NaMg)Mg5Si8O22(OH)2-Na(LiMg)Mg5Si8O22(OH)2 join.

EXPERIMENTAL METHODS

Two end-member compositions were prepared as silicate gels, following 
the method of Hamilton and Henderson (1968); intermediate compositions were 
obtained by mixing the gels in stoichiometric amounts (Table 1). Hydrothermal 
synthesis was done at 800 °C, 0.4 GPa using an internally heated vessel pressurized 
with Ar at the University of Hannover (Germany). The temperature was controlled 
by two type-K thermocouples placed around the hot-spot; the accuracy is ±10 °C 
(Wilke et al. 2002). Quenching was done by switching-off the power supply; the 
estimated quenching rate is around 100 °C/min. Run-products were studied using 
a Phillips XL30 SEM-EDAX, equipped with a super-UTW EDAX detector. The 
samples were embedded as small, uncrushed aggregates in epoxy resin, polished 
and carbon-coated. Step-scan X-ray powder-diffraction patterns were collected 
using a Siemens D5000 and CuKα radiation. The powder-patterns were indexed 
in the P21/m symmetry and the cell parameters were reÞ ned using GSAS package 
(Larson and Von Dreele 1997). The single-crystal data of Iezzi et al. (2004a) were 
used as starting model for the reÞ nement. 

TEM investigation was performed on powdered samples suspended in a 
holey carbon Þ lm, using a side-entry CM12 microscope equipped with double 
tilt holder.

Powder FTIR OH-stretching spectra (4000�3000 cm�1) were collected on a 
Nicolet 760 spectrophotometer, equipped with a DTGS detector and a KBr beam-
splitter. The nominal resolution was 4 cm�1; spectra are the average of 64 scans. * E-mail: g.iezzi@unich.it
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ABSTRACT

We describe here the synthesis of amphiboles along the nominal Na(NaMg)Mg5Si8O22(OH)2�
Na(LiMg)Mg5Si8O22(OH)2 join, at 800 °C, 0.4 GPa. High amphibole yields (>90%) plus minor quartz 
and enstatite have been obtained at all compositions; amphibole crystals are acicular and their size rarely 
exceeds 20�30 × 0.5�3 μm. TEM analysis shows the presence of h+k odd reß ections in all samples, 
indicative of a P-lattice. By similarity with closely related amphiboles from the literature (e.g., Oberti 
et al. 2000; Cámara et al. 2003) a P21/m space group was assigned to the amphiboles synthesized here. 
ReÞ ned cell-parameters from X-ray powder-patterns show a linear decrease as a function of increasing 
Li at M4, a and β being the most affected parameters. The four infrared OH-stretching spectra all show 
two main bands at 3741�3748 and 3712�3716 cm�1, respectively. They are assigned to two indepen-
dent O-H groups in the P21/m structure, interacting with a strongly delocalized ANa. The spectra show 
in addition two minor absorptions at about 3688 and 3667 cm�1, respectively; these bands are assigned 
to vacant A-sites in the structure and indicate slight departure of the nominal composition toward cum-
mingtonite. The present work shows that one apfu of BNa can also be completely replaced by one apfu 
of BLi (M+), in synthetic Na(M+Mg)Mg5Si8O22(OH)2, and that all compositions have P21/m symmetry 
at ambient conditions.
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