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absTRacT

The potassium (K) and water (H2O) cycles in subduction zones are predominately controlled by the 
stability of K- and H2O-bearing minerals, such as K-mica, lawsonite, and dense hydrous magnesium 
silicates (DHMS). K-micas (muscovite or phlogopite) are the principal H2O and K hosts in subduction 
zones and Earth’s upper mantle and play a significant role in the deep H2O and K cycles. The Mg-10 Å 
phase, normally appearing in hydrated peridotite in high-pressure experiments, has been considered as 
an important water-carrier in subducted hydrated peridotite. In this study, we found a K-bearing Al-10 Å 
phase in the MORB+H2O system (hydrated basalt) at high pressures according to X-ray diffraction and 
stoichiometry. We experimentally constrained its stability field at high pressure. By considering newly 
and previously documented compositions of the 10 Å phase and micas, we confirmed a continuous 
solid solution or mixed layering between the 10 Å phase and K-mica at the interlayer site, suggesting 
that the K cycle and the H2O cycle in subduction zones are coupled. From the discussion of the effect 
of ƒH2O on stability of the Al-10 Å phase, we conclude that a cold subduction zone can host and carry 
more bulk H2O and K into Earth’s deep mantle than a hot one. This work expands the stability regions 
of the 10 Å phase from the ultramafic system (Mg-10 Å phase) to the mafic system (Al-10 Å phase), 
and emphasizes the significance of the 10 Å phase for the deep H2O and K cycle in subduction zone.
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inTRoducTion

Subduction zone fluids play an important role in metamor-
phism of subducted slabs, the slab-mantle interaction, and the 
generation of arc magmas (Peacock and Wang1999; Schmidt 
and Poli 1998; Padrón-Navarta et al. 2010). Water can be carried 
into deep Earth by various hydrous minerals (e.g., amphibole, 
lawsonite, mica, and DHMS) in a subduction zone and released 
from the subducted slab via dehydration to trigger melting of the 
mantle wedge and the production of arc magmas (Wyllie 1988; 
Tatsumi and Eggins 1995; Poli and Schmidt 2002; Kawamoto 
2006; Hacker 2008). The oceanic basaltic crust, with a bulk 
composition equivalent to MORB or OIB, is commonly altered 
to greenschist facies by hydrothermal activity and subsequent 
interaction with sea water during residence on the oceanic floor 
(Miyashiro 1973; Alt 1995). The principal hydrous phases in 
the altered oceanic crust are amphibole, chlorite, zoisite, and 
clay minerals (Tatsumi and Eggins 1995; Alt 1995; Staudigel 
2014). During subduction into Earth’s mantle, the dehydration 
of hydrous minerals in the subducted slab strongly depends on 
the stability of water-bearing minerals, the subduction depth, and 
the thermal structure of the subduction zone (Van Keken et al. 
2011; Schmidt and Poli 2014). Altered oceanic crust may evolve 
from greenschist through amphibolite to dry eclogite along a 
hot subduction path and the accompanying phase relations and 
dehydration behavior have been widely studied and reviewed 

(Maruyama and Okamoto 2007; Schmidt and Poli 2014 and refer-
ence therein). The isobaric amphibole breakdown at ~2.5 GPa, 
traditionally defining the amphibolite-eclogite-transition, has 
been held responsible for mass transfer triggering arc magma-
tism above hot subduction zones (Wyllie 1988; Tatsumi and 
Eggins 1995). However, most subduction zones, especially in the 
Phanerozoic ones, usually transforms from lawsonite blueschist 
to lawsonite eclogite along cold subduction path (Brown 2006; 
Syracuse et al. 2010; Tsujimori and Ernst 2014). The phase 
relations from lawsonite blueschist to lawsonite eclogite in cold 
subduction zone are still not very clear.

Lawsonite, CaAl2Si2O7(OH)2·H2O, a hydrous index mineral 
for low-temperature metamorphism, normally occurs in hydrated 
basaltic rocks at lawsonite blueschist and lawsonite eclogite 
facies (Maruyama et al. 1996; Poli and Schmidt 2002). Its 
stability, 3 to 10 GPa below ~800 °C, has been experimentally 
determined in the MORB+H2O system (Schmidt 1995; Okamoto 
and Maruyama 1999). Until now, only about 10 lawsonite eclog-
ite occurrences have been documented worldwide, in contrast to 
the vast number of Phanerozoic cold subduction orogenic belts 
(Tsujimori et al. 2006). Lawsonite eclogites are rare because 
of the difficulty of lawsonite preservation during exhumation 
(Clarke et al. 2006; Whitney and Davis 2006; Wei and Clarke 
2011). That is why little attention has been paid to the phase 
relations in lawsonite eclogites.

The 10 Å phase, Mg3Si4O10(OH)2·nH2O, was synthesized in 
a simple MgO-SiO2-H2O (MSH) system by Bauer and Sclcar 
(1981) and in a hydrated peridotite system by Fumagalli and 




