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INTRODUCTION

Recent developments in infrared spectroscopy have greatly 
improved the application of this technique to the crystal-chemical 
characterization of minerals. For amphiboles in particular, several 
features can now be addressed using the spectra collected in the 
principal OH-stretching region. These include long-range and 
short-range order (LRO, SRO) of cations and anions (Della Ven-
tura et al. 1999, 2004; Iezzi et al. 2004b; Hawthorne et al. 2005 
for a list of references), the stereochemistry of hydrogen bonding 
and the quantitative analysis of H2O in amphiboles (Skogby and 
Rossman 1991), the detection of different OH groups as indica-
tions of amphibole symmetry (Iezzi et al. 2004a, 2006), and the 
behavior of phase-transitions as a function of temperature (Ishida 
and Hawthorne 2003; Boffa Ballaran et al. 2004; Della Ventura 
et al. 2004; Iezzi et al. 2004a, 2006, and references therein).

Iezzi et al. (2004a, 2005, 2006) and Della Ventura et al. 
(2004) have recently studied several compounds in the system 
Na2O-Li2O-MgO-SiO2-H2O (LNMSH) at both room- and high-T 
conditions, using a combination of X-ray and electron diffraction 
and Fourier transform IR spectroscopy. These studies have shown 
that IR spectroscopy offers a reliable and fast probe to monitor 
the P-C lattice transition in these amphiboles, which occurs in 
response to variable chemical (Iezzi et al., unpublished data) 
and physical conditions (Càmara et al. 2003; Della Ventura et 
al. 2004; Iezzi et al. 2005). All compositions in this system have 

LETTER 

Synchrotron infrared spectroscopy of synthetic Na(NaMg)Mg5Si8O22(OH)2 up to 30 GPa: 
Insight on a new high-pressure amphibole polymorph

GIANLUCA IEZZI,1,* ZHENXIAN LIU,2 AND GIANCARLO DELLA VENTURA3

1Dipartimento di Scienze della Terra, Università G. D�Annunzio, I-66013 Chieti Scalo, Italy
2Geophysical Laboratory, Carnegie Institution of Washington, 5251 Broad Branch Road N.W., Washington, D.C. 20015, U.S.A.

3Dipartimento di Scienze Geologiche, Università di Roma Tre, Largo S. Leonardo Murialdo 1, I-00146 Roma, Italy 

ABSTRACT

This paper describes a high-pressure synchrotron infrared (IR) spectroscopy study of the synthetic 
amphibole Na(NaMg)Mg5Si8O22(OH)2. This compound has P21/m symmetry at room conditions; its 
IR OH-stretching spectrum consists of two main bands at 3743 and 3715 cm�1, which are assigned 
to the two symmetrically independent O-H groups in the P structure (sample 403, Iezzi et al. 2004a). 
For increasing pressure, both bands shift toward higher frequency, suggesting a shortening of the O-H 
bond. In addition, the two bands progressively merge to give a single, symmetric and broad absorp-
tion band at 20�22 GPa. This behavior suggests that at 20�22 GPa there is a unique O-H group in the 
structure, indicative of a C-lattice type. The IR data thus show that the examined sample undergoes a 
P21/m ↔ C2/m phase-transition at that pressure. Upon release of pressure, the initial two-band pattern 
is immediately recovered indicating that the pressure-induced phase-transition is reversible, as already 
observed for the same kind of transition induced by temperature. By analogy with structurally related 
pyroxenes, and taking into account the possible crystal structural topologies of amphiboles, we suggest 
that the C2/m polymorph stable at high pressure is characterized by fully kinked double-chains. 
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P21/m symmetry at ambient conditions (Iezzi et al. 2006). Their 
IR spectra show two well-deÞ ned IR OH-absorption bands due to 
the presence of two symmetrically independent O-H bonds in the 
structure. Della Ventura et al. (2004) and Iezzi et al. (2005, 2006) 
have shown that these bands progressively merge into a single 
absorption band at the P21/m ↔ C2/m transition temperature. 
Similar behavior of the OH-stretching absorption in response to 
a P → C lattice transition has been observed in cummingtonite 
(Boffa Ballaran et al. 2004). The amphiboles in the LNMSH 
system differ from cummingtonite in having a fully occupied 
A-site coupled with the presence of a monovalent cation (Na 
and/or Li) at the B-site. Owing to the presence of ANa, there is 
a much larger frequency separation (~17 cm�1) between the two 
O-H bands than is observed in P21/m cummingtonite [ideally 
B(Mg,Fe2+) C(Mg,Fe2+)5 Si8O22(OH)2], which shows a frequency 
separation of only a few wavenumbers (3�4 cm�1). The large 
frequency separation in the LNMSH amphiboles is probably 
related to the fact that they have tetrahedral chains with the larg-
est difference in angle of kinking so far reported for amphiboles 
(Càmara et al. 2003). 

Compared to high-T studies, high-P studies on amphiboles 
are scarce (Boffa Ballaran et al. 2000; Yang and Prewitt 2000 
give more references), and, to our knowledge, only one high-P 
IR study has been reported. Yang et al. (1998) characterized the 
effect of pressure upon the C2/m ↔ P21/m phase transition for 
cummingtonite with Mg:Fe2+ ~50:50 using single-crystal XRD 
and vibrational spectroscopy. At low-pressure, the sample had 
C2/m symmetry (as revealed by the absence of h + k = 2n + 1 * E-mail: g.iezzi@unich.it


