
American Mineralogist, Volume 98, pages 588–600, 2013

0003-004X/13/0004–588$05.00/DOI: http://dx.doi.org/10.2138/am.2013.4281      588 

Synthesis and characterization of amphiboles along the tremolite–glaucophane join

DaviD M. Jenkins,1,* Giancarlo Della ventura,2 roberta oberti,3 anD krassiMir bozhilov4

1Department of Geological Sciences and Environmental Studies, Binghamton University, Binghamton, New York 13902-6000, U.S.A.
2Dipartimento di Scienze Geologiche, Università di Roma Tre, Largo S. Leonardo Murialdo, 1 I-00146 Roma, Italy

3CNR-Istituto di Geoscienze e Georisorse, Unità di Pavia, via Ferrata, 1 I-27100 Pavia, Italy
4Department of Earth Sciences, University of California, Riverside, California 92521, U.S.A.

abstract

Actinolite and glaucophane are the principal amphiboles in greenschist- and blueschist-facies 
metamafic rocks, respectively, and constitute an important mineral pair for deducing the conditions 
of medium- and high-pressure metamorphism. Here we present the crystal-chemical properties of 
amphiboles synthesized along the tremolite–glaucophane join as an important starting point for the 
more chemically complex samples occurring in nature. Amphiboles were synthesized in 10 mol% 
increments at conditions ranging from 840 °C and 0.6 GPa for tremolite-rich to 750 °C and 2.5 GPa 
for glaucophane-rich amphiboles. The amphibole yields were generally high (∼95 wt%), though mi-
nor quartz, pyroxene, and amorphous material (either glass or quenched solute) were often present. 
Electron microprobe analysis of the amphibole showed that deviations from the nominal or intended 
compositions occurred, with the observed compositions showing solid solution primarily toward the 
katophorite component and reaching a maximum near the middle of the join. Unit-cell dimensions 
showed a pronounced positive deviation from ideality, even after (linear) correction for the non-join 
components, suggesting a strong tendency toward exsolution. Single-crystal refinements of a couple 
of selected amphiboles confirmed the deviation from nominal composition and confirmed the presence 
of ANa, TAl, and CAl, the latter disordered between the M(2) and M(3) sites. Infrared spectra in the 
OH-stretching region were measured on samples that were heated to 250–350 °C to remove absorbed 
moisture. The spectra consist of a main band centered in the 3675–3660 cm–1 region and two minor 
absorptions on both sides of the dominant central peak, which are centered at 3720 and 3640 cm–1 
and can be attributed to OH next to ANa and CAl, respectively. The main band is evidently composed 
of several overlapping components due to local arrangements of B cations typical of tremolite, CaCa, 
glaucophane, NaNa, and cummingtonite, MgMg. Examination of several intermediate amphiboles by 
both single-crystal XRD and by high-resolution TEM analysis could not identify evidence of reflections 
or ordered domains that would violate the C2/m symmetry of the end-member amphiboles. Compar-
ing the compositions of the synthetic amphiboles from this study with winchite-rich amphiboles in 
nature shows that deviations from the tremolite–glaucophane join are common. The inability to make 
pure winchite or even winchite-rich amphiboles on the tremolite–glaucophane join suggests that this 
structure is unstable.
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introDuction

Glaucophane, Na2Mg3Al2Si8O22(OH)2 (=Gl, where  
represents a vacancy), is the key index mineral of mafic rocks 
metamorphosed to the blueschist facies. Experimental studies 
on end-member glaucophane have proven difficult in the past 
because of the formation of a sodium-rich sheet silicate and 
because of deviations from its ideal stoichiometry (e.g., Ernst 
1961, 1963; Maresch 1977; Koons 1982; Carman and Gilbert 
1983; Pawley 1992; Welch and Graham 1992; Tropper et al. 
2000). More recently, Jenkins and Corona (2006a), Corona and 
Jenkins (2007), Jenkins (2011), and Basora et al. (2012) have 
demonstrated that essentially pure glaucophane can be synthe-

sized if strict control is maintained on the water content during 
its synthesis to prevent the nucleation of a sheet silicate (variably 
identified as smectite or vermiculite) and to minimize the loss of 
more soluble constituents (Si, Na, and Al) to the ambient solution, 
both of which can drive the resultant amphibole away from end-
member glaucophane. This has allowed some key reactions to be 
investigated that define the P-T stability field of glaucophane. In 
this study, the crystal-chemical relations between glaucophane 
and tremolite [Ca2Mg5Si8O22(OH)2 = Tr] are investigated. 
Solid solution between these end-members provides important 
insights into, for example, compositional changes occurring in 
amphiboles subjected to conditions typical for blueschist- to 
greenschist-facies rocks. In this paper, we use the amphibole for-
mulas and terminology proposed in the newly approved scheme 
for amphibole classification and nomenclature (Hawthorne et * E-mail: dmjenks@binghamton.edu


