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ABSTRACT
A

NaB(NaMg)CMg5Si8O22(OH,D)2 amphibole was hydrothermally synthesized at 850 °C and 0.3
GPa. SEM, EPMA, and X-ray powder-diffraction data showed the experimental product to consist
of a high amphibole yield (90–95%), plus minor quartz and rare enstatite. Neutron powder-diffraction data were collected using a time-of-ßight diffractometer at room T and at 8 K, respectively, and
structure reÞnement was carried out using the Rietveld method. The space group of the amphibole is
P21/m at both temperatures, as conÞrmed by the presence of b-type reßections (h + k = 2n + 1). FTIR
OH- and OD-stretching spectra at both room and low T (30 K) show two main absorptions, which
are assigned to two non-equivalent OH groups in the structure, and a third lower-frequency band,
assigned to A-site vacant environments (local cummingtonite environments). At room- and low-T,
the cell parameters are (in Å): a 9.7188(1) and 9.7016(2), b 17.9385(3) and 17.8953(4), c 5.2692(1)
and 5.2574(1); β (°) is 102.526(1) and 102.597(2). Cell volumes (Å3) are 896.78(2) at room T and
890.80(2) at 8 K, with a relative reduction of less than 1%. Accurate structural positions for the hydrogen atoms were obtained from diffraction data. The O5A-O6A-O5A and O5B-O6B-O5B angles,
diagnostic of the A- and B-chains kinking along c, are 190.0° and 159.2° at 293 K and 193.8° and
156.8° at 8 K, respectively. The orientation of the thermoelastic strain ellipsoid was calculated and
the principal unit-strain tensor components are reported. A comparison between the low-temperature
data reported here and the high-temperature data for a similar amphibole composition, reported by
Cámara et al. (2003) up to 643 K, is discussed.

INTRODUCTION
Many studies of amphiboles and pyroxenes have been done at
non-ambient T and P conditions (see Yang and Prewit 2000 for
a list of references). Accordingly, most of the high-temperature
(HT) and high-pressure (HP) phase transitions for monoclinic
pyroxenes and amphiboles involve transformations between Pand C-centered lattices (Arlt and Angel 2000; Cámara et al. 2003
and references therein). In the P lattice, the facing chains of tetrahedra (generally labeled “A” and “B” chains, e.g., Hawthorne
1983) are non-equivalent; by contrast, in the C-centered lattice,
the facing chains are symmetrically equivalent. The phase transitions in both mineral groups are driven by the relative volume
modiÞcations (expansion and/or contraction) occurring within
the octahedral and tetrahedral portions of their structures as a
function of T and P (see Yang and Prewit 2000 and references
therein). As a Þrst approximation, single tetrahedra behave as
rigid units during deformation, and the tetrahedral chains respond
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to changes in T and P by kinking through rotations (O- and/or
S-type rotation) around the [100] axis (Thompson 1970; Yang
and Prewitt 2000). By contrast, the M octahedra show signiÞcant
modiÞcations of the polyhedron volumes and may also change
their coordination number (i.e., M2 for clinopyroxenes and M4
for clinoamphiboles) across a phase transition. The degree of
chain kinking is indicated by the O3-O3-O3 angle for clinopyroxene and by the O5-O6-O5 angle for clinoamphiboles (Yang
and Prewit 2000; Arlt and Angel 2000; Cámara et al. 2003 and
references therein).
In general, the structural evolution of chain silicates under
LT, HT, and HP conditions gives rise to anisotropic thermoelastic changes (Yang and Prewit 2000; Origlieri et al. 2003). The
structural changes found in clinopyroxenes under non-ambient
conditions support the idea that three polymorphs may exist
for a Þxed composition: C(HT) → P → C(HP) (Arlt and Angel
2000) where C and P stand for centered and primitive lattice,
respectively. The HT-C phases have extended and equivalent
tetrahedral chains, whereas the HP-C phases have strongly corrugated chains. The intermediate P-lattice polymorph has one
chain similar to the C(HT)- and one similar to the C(HP)-polymorph (Arlt and Angel 2000).

