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abstract

An amphibole close to eckermannite in composition, ideally Na3Mg4AlSi8O22(OH)2, was encountered 
in experiments on a bulk composition close to that of glaucophane at 6.2 GPa, ~550–650 °C. The syn-
thetic amphibole has an average composition corresponding to ANa0.96

B(Na1.80Mg0.20)C(Mg4Al)T(Si7.85Al0.15)
O22(OH)2. This composition is displaced from that of end-member eckermannite by exchange vectors 
+0.15 BMgTAlBNa–1

TSi–1 and +0.05 AoBMgANa–1
BNa–1 (o = vacant site). In terms of end-members, it 

corresponds to 80% eckermannite + 15% Mg-katophorite, Na(NaMg)(Mg4Al)(Si7Al)O22(OH)2, + 5% 
Mg-winchite, (NaMg)(Mg4Al)Si8O22(OH)2, and as such is essentially binary. The absence of a glauco-
phane component implies that the stability of sodium amphibole at very high pressures (>4 GPa) involves 
eckermannitic rather than glaucophanic compositions. The stabilization of the eckermannite-pyrope tie 
line allows this highly Na-rich amphibole to occur even in bulk compositions that are not particularly 
Na-rich. In blueschist facies metabasites, it is possible that eckermannite forms by the reaction 9 jadeite 
+ 7 talc → 3 eckermannite + 3 pyrope + 13 coesite + 4 H2O, above the stability limit of glaucophane that 
is defined by the reaction glaucophane → 2 jadeite + talc.
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introduction

Eckermannite is a rare member of the sodium amphibole 
group, having an ideal formula Na3Mg4AlSi8O22(OH)2, with Na 
filling the A and M(4) sites. The only occurrence reported in the 
literature is from the Jade Mine Tract, Myanmar, a serpentinite 
mélange containing tectonic blocks and veins of jadeitite (Oberti et 
al. 2015). Eckermannite from this locality is interpreted as having 
a metasomatic origin from interaction of sodium-rich fluids with 
serpentinite, while the presence of jadeite indicates high-pressure, 
low-temperature conditions, estimated at between 1.0 and 1.5 GPa, 
and 300 to 450 °C (Shi et al. 2012). All previously described eck-
ermannitic amphiboles are associated with alkaline igneous rocks 
such as syenites and carbonatites. However, these amphiboles are 
enriched in Fe, Li, and/or F, and thus the former holotype from the 
Norra Kärr nepheline syenite, Sweden, has been reclassified as 
fluoro-leakeite, and characterization of the eckermannite from the 
Jade Mine Tract has resulted in a new holotype (Oberti et al. 2015).

The apparent restriction of eckermannite to high-pressure rocks 
indicates that it is a potential blueschist-facies sodium amphibole. 
However, its stability and phase relations are unknown. Previous 
attempts to synthesize eckermannite at low pressures have not 
been successful: Raudsepp et al. (1991) obtained a 98% amphibole 
product at 0.2 GPa and 817 °C; however, the amphibole was not 
eckermannite, but an A-site empty amphibole inferred to be a 
solid solution between NaMg5AlSi8O22(OH)2 and glaucophane.

Previous high-pressure experimental studies of the phase 
relations of sodium amphiboles have, unsurprisingly, focused 
on glaucophane, Na2Mg3Al2Si8O22(OH)2, the most common 

blueschist-facies amphibole. Consistent results have been ob-
tained from synthesis experiments on the bulk composition of 
glaucophane (Koons 1982; Tropper et al. 2000), its fluorine analog 
Na2Mg3Al2Si8O22F2 (Welch and Graham 1992) and the closely re-
lated amphibole nyböite Na3Mg3Al2Si7AlO22(OH)2 (Pawley 1992). 
All studies produced an essentially binary glaucophane-nyböite 
amphibole that is nyböite-rich at P < 2 GPa and evolves toward 
glaucophane at 2.5–3 GPa (600–800 °C), primarily by the coupled 
substitution AoTSiANa–1

TAl–1 (o = vacant A site).
The high-pressure limit of glaucophane stability is governed 

by the reaction glaucophane → jadeite + talc. The position of this 
reaction has been determined in reversal experiments by Corona et 
al. (2013) using a synthetic amphibole approaching end-member 
glaucophane in composition: ANa0.08

B(Na1.83Mg0.17)C(Mg3.12Al1.88)
T(Si7.89Al0.11)O22(OH)2. The linear reaction boundary was located 
at 2.6 GPa/600 °C to 3.1 GPa/700 °C. Data on the stability of 
sodium amphibole above this reaction are scarce. Here we report 
the synthesis of eckermannite at 6.2 GPa and 550–650 °C, and 
we show that it could be a significant post-glaucophane phase in 
subducted metabasites, which gives it the potential to store Na, 
water, and trace elements in deeply subducted oceanic crust.

exPeriMental MetHods

Synthesis experiments
Compositions of phases relevant to this study are shown in Figure 1. The 

starting material for the experiments was a mixture of synthetic brucite, Mg(OH)2, 
ground silica glass and a previously prepared gel of jadeite composition, with the 
bulk composition Na2.1Mg4.9Al2.1Si6.95O23 + excess H2O. All experiments were run 
in a multi-anvil apparatus, using an 18/12 sample assembly (18 mm octahedron 
edge length, 12 mm truncated edge lengths on the tungsten carbide cubes). The first 
experiment was intended to investigate the incorporation of Na and Al into the 10-Å 
phase. It was run at 6.2 GPa, 77 h, and 510–620 °C (the large temperature uncertainty 
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