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abstract

Knowledge of the thermodynamic mixing properties of amphiboles whose compositions lie along 
the tremolite-glaucophane join is of interest to those studying high-pressure metamorphic rocks as 
well as rocks transitional between the greenschist and blueschist facies. This study is the second of 
D�WZR�SDUW�LQYHVWLJDWLRQ�RI�WKH�WUHPROLWH�JODXFRSKDQH�MRLQ��ZLWK�WKH�¿UVW�VWXG\��-HQNLQV�HW�DO��������
devoted to the volume composition and crystal chemical relations, and the current study focused on 
GH¿QLQJ�WKH�ORFDWLRQ�DQG�H[WHQW�RI�DV\PPHWU\�RI�WKH�PLVFLELOLW\�JDS��VROYXV��DORQJ�WKLV�MRLQ��$�VHULHV�
of experiments was done over the temperature range of 500–800 qC at pressures of 1.6–1.9 GPa to 
determine the location of the miscibility gap using both two-amphibole dissolution experiments, 
including time-series experiments at 700, 750, and 800 qC lasting up to 670 h, as well as various end-
member and intermediate amphibole overgrowth techniques to approach the boundary from different 
compositional directions. These results, which placed some important limits on the location of the 
miscibility gap, were combined with an autocorrelation analysis of the mid- and far-infrared spectra of 
VLQJOH�SKDVH�DPSKLEROHV�IRUPHG�LQ�WKH�¿UVW�VWXG\��-HQNLQV�HW�DO��������WR�UH¿QH�WKH�VKDSH�RI�WKH�PLVFL-
ELOLW\�JDS��'HULYHG�YDOXHV�RI�WKH�UHODWLYH�FKDQJH�LQ�WKH�DXWRFRUUHODWLRQ�SDUDPHWHU��G'Corr��ZHUH�IDLUO\�
constant over all of the frequency ranges analyzed and indicated that the miscibility gap is steeper at 
the glaucophane-rich compared to tremolite-rich side of the binary join. Combining the compositional 
re-equilibration experiments with the infrared autocorrelation results permitted deriving the ratio of 
the parameters DGl/DTr = 0.5 and WTrGl� ���±���N-�XVLQJ�DV\PPHWULF�IRUPDOLVP�WKHRU\��7KH�FDOFXODWHG�
boundary has a critical-point temperature that falls in the range of 760–800 qC in this iron-free system. 
7KH�DV\PPHWU\�RI�WKH�FDOFXODWHG�PLVFLELOLW\�JDS�DSSHDUV�WR�EH�FRQ¿UPHG�E\�DPSKLEROH�SDLUV�LQ�QDWXUH��
The implications of this study are that this technique of combining compositional re-equilibration 
experiments with autocorrelation analysis of single-phase solid solutions is a potentially powerful 
method of locating miscibility gaps at low temperatures and for chemically complex binary joins. It 
is also suggested that the miscibility gaps presented here provide a basis for interpreting the degree of 
equilibrium reached in assemblages with complexly zoned or intergrown amphiboles.
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introDuction

Amphiboles along the join tremolite, �Ca2Mg5Si8O22�2+�2 
� �7U�� ZKHUH�� � UHSUHVHQWV� D� YDFDQF\��� DQG� JODXFRSKDQH��
�Na2Mg3Al2Si8O22�2+�2� � �*O��� DUH� RI� LQWHUHVW� EHFDXVH� WKH\�
model the complete spectrum of compositional variations from 
lower-pressure greenschist to higher-pressure blueschist facies 
rocks in the iron-free system Na2O-CaO-MgO-Al2O3-SiO2�+2O 
�1&0$6+���8QGHUVWDQGLQJ�WKH�WKHUPRG\QDPLF�PL[LQJ�SURS-
erties along this join will serve as an important framework for 
deducing the conditions of metamorphism from more chemically 
complex and Fe-bearing amphiboles.

One important aspect that must be considered for this join 
is the likely presence of a miscibility gap. There have been sev-
HUDO�GHWDLOHG�VWXGLHV�RI�PHWDPRUSKLF�URFNV��H�J���+LPPHOEHUJ�
and Papike 1969; Maresch et al. 1982; Liou and Maruyama 

������5H\QDUG� DQG�%DOOqYUH�������6PHOLN� DQG�9HEOHQ�������
reporting that glaucophane shares a miscibility gap, rather than 
complete solid solution, with calcic amphiboles. Aside from 
the importance of knowing the location of a miscibility gap in 
SUHVVXUH�WHPSHUDWXUH��P-T��VSDFH�IRU�WKH�SXUSRVH�RI�LQWHUSUHW-
ing the metamorphic conditions from amphibole compositions, 
it can be very useful for the thermochemical study of a mineral 
join. In the thermodynamic modeling of Ca- and Na-bearing 
FOLQRDPSKLEROHV�SUHVHQWHG�E\�'DOH�HW�DO����������LW�ZDV�VWUHVVHG�
that the size and shape of solvi are very sensitive to the excess 
enthalpy of mixing that, in turn, can provide an excellent means 
of calibrating the thermodynamic activity models.

This study is the second of a two-part investigation of the 
tremolite-glaucophane join, the first being a report of the crystal-
FKHPLFDO�SURSHUWLHV�E\�-HQNLQV�HW�DO����������+HUH�ZH�UHSRUW�H[-
perimental results aimed at defining the location of the miscibility 
gap in temperature-composition space. In particular, composi-
tional re-equilibration experiments are reported that can be used 
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