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abstract

Eleven compositions along the join Na(NaMg)Mg5Si8O22(OH)2-Na(NaCa)Mg5Si8O22(OH)2 
(“magnesiorichterite”-richterite) have been synthesized at T = 800–850 °C and PH2O = 0.35–0.5 GPa. 
The run products have been characterized by electron probe microanalysis (EPMA), synchrotron and 
conventional X-ray powder diffraction (XRPD), Fourier transformed infrared (FTIR) spectroscopy, 
and selected area electron diffraction (SAED-TEM). Nominally, the chemical variation along the 
join can be expressed as BMgx

BCa1–x with 0 ≤ x ≤ 1. A combination of EPMA and FTIR data in the 
OH-stretching region show that a complete solid solution is obtained under the conditions used. Nev-
ertheless, a slight deviation from the nominal compositions involving a limited loss of Na at A and B 
sites, balanced by an increase of Ca at the B site, is present. Several indications of a displacive and 
coelastic P21/m → C2/m transformation induced by the Ca-Mg chemical substitution are observed. 
The phase transition occurs at B-site composition (Xc) close to B(Na1Mg0.7Ca0.3). C2/m samples with 
a Ca content of 0.34, 0.45, and 0.54 apfu show a significant strain tail related to local compositional 
inhomogeneities. This residual strain disappears as the amount of BCa significantly increases with 
respect to that of BMg. The transformation behavior observed here mirrors that of pyroxenes along 
the join diopside (CaMgSi2O6)-enstatite (Mg2Si2O6). The cell parameters of amphiboles with CMg5, 
TSi8, and W(OH)2 and variable A- and B-site populations follow almost linear and continuous trends, 
indicative of small amounts of spontaneous strain accompanying these monoclinic phase transitions 
and the absence of significant miscibility gaps among different amphibole groups when quenched 
from higher temperatures of crystallization.
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introDuction

During the last decade, a significant number of studies have 
been devoted to phase transitions in rock-forming chain-silicates, 
particularly pyroxenes, but also amphiboles. Most of these stud-
ies have focused on the role of T and P (Yang and Prewitt 2000; 
Welch et al. 2007), whereas few investigations have addressed 
the role of chemical substitutions and/or non-convergent cation 
ordering on the phase transition. For amphiboles, only studies 
concerning the cummingtonite system are available, and thus 
restricted to A-site vacant, Mg-rich compositions, with a B-site 
occupied by small divalent cations (essentially Mg plus minor 
Fe2+ and/or Mn2+) (Hirschmann et al. 1994; Boffa-Ballaran 
et al. 2001, 2004). The role of Ca, which is a common B-site 
constituent in most natural amphiboles, is thus uncertain. In the 

closely related pyroxenes, it is known that along the enstatite-
diopside join, the M2Mg → M2Ca substitution is correlated with 
a monoclinic P → C transition (Tribaudino 2000; Tribaudino et 
al. 2005). Given the structural similarities between pyroxenes 
and amphiboles, a similar structural variation is likely to occur 
along the (P21/m) cummingtonite-(C2/m) tremolite join where 
BCa substitutes for BMg. However, this phase transition induced 
by solid solution has not been investigated and characterized yet. 
The same kind of behavior is also expected along the C2/m rich-
terite [NaNaCaMg5Si8 O22O(OH)2]-P21/m “magnesiorichterite” 
[NaNaMgMg5Si8O22O(OH)2] join. 

In the present study, a set of amphiboles in the Na2O-CaO-
MgO-SiO2-H2O (NCMSH) system is synthesized along the 
nominal ANaB(NaMgxCa1–x)CMg5

TSi8 O22
W(OH)2 join (with 0 ≤ x ≤ 

1) to explore this possibility. The run products obtained during the 
synthesis experiments were characterized using a multi-analytical 
approach including electron probe microanalysis (EPMA), X-ray * E-mail: g.iezzi@unich.it


