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ABSTRACT

Phase X, ascribed by Luth (1995) to a hydrous K-rich silicate formed from the breakdown of K-
amphibole at high pressures, was synthesized at 1250–1300 °C and 10–16 GPa in four different
compositions: Na1.78(Mg1.89Al0.13)Si2.02O7 (anhydrous sodic phase X), Na1.16K0.01(Mg1.89Al0.14)
Si2.02O7H0.65 (sodic phase X), K1.85Mg2.06Si2.01O7 (anhydrous phase X), and K1.54Mg1.93Si1.89O7H1.04 (phase
X). A general chemical formula for these phases can be expressed as A2–xM2Si2O7Hx, with A = K
and/or Na, M = Mg and/or Al, and x = 0–1. Structure determination from single-crystal X-ray dif-
fraction data shows that anhydrous sodic phase X is trigonal with space group P3–1m, whereas the
other three have an identical structure with space group P63cm. Both P3

–
1m and P63cm structures are

characterized by MgO6 octahedral layers that are stacked along the c axis and inter-linked together
by Si2O7 tetrahedral dimers and K or Na cations. Within the MgO6 layers, each MgO6 octahedron
shares three edges with neighboring MgO6 octahedra to form brucite-like layers with one out of
three octahedral sites vacant. Large K or Na cations are situated right below and above each occu-
pied octahedron in the MgO6 layers, whereas the Si2O7 groups are located below and above each
vacant octahedron in the layers. The two types of structures, however, differ in the relative orienta-
tion of MgO6 octahedral layers, the coordination of K or Na, and the configuration of SiO4 tetrahe-
dral dimers. By comparison, the Na2Mg2Si2O7 phase synthesized by Gasparik and Litvin (1997)
appears to have the stoichiometry identical to anhydrous sodic phase X. Hence, these two high-
pressure phases are likely to possess the same structure, or at least are closely related to each other
structurally.

INTRODUCTION

A knowledge of the mechanisms by which potassium is
stored and transported in the Earth’s upper mantle and transi-
tion zone is of crucial importance to an understanding of al-
kali-rich magma generation in subduction zones and
plume-related intra-plate settings. In portions of the peridotitic
mantle accessible through xenoliths, the major carriers of po-
tassium are hydrous potassic phases. Although clinopyroxene
can accommodate K2O on a wt% level under upper mantle pres-
sures and temperatures (e.g., Harlow and Veblen 1991, Harlow
1997), the stability of a hydrous potassic phase or a hydrous
melt precludes significant K partitioning into coexisting
clinopyroxene (Luth 1997). The most common hydrous phases

that can carry significant amounts of potassium in peridotitic
mantle are phlogopite and calcic amphibole. The latter is re-
stricted to low pressures in the range 2.2–3.0 GPa (Schmidt
and Poli 1998 and references therein) and usually shows K2O
concentrations between 0.5 and 2.5 wt% (e.g., Wilkinson and
LeMaitre 1987; Deer et al. 1997). Phlogopite, on the other hand,
is stable to approximately 6.0 GPa in the presence of
orthopyroxene and breaks down toward higher pressures to form
potassium-amphibole (Konzett and Ulmer 1999). In the absence
of orthopyroxene or in case the modal amount of phlogopite
exceeds that of orthopyroxene, phlogopite may persist to pres-
sures as high as 11–12 GPa before reacting to potassium-am-
phibole (Luth 1997). Potassium-amphibole stability is limited
to approximately 14 GPa or 420 km depth in both natural (KLB-
1, Takahashi 1986) and simplified bulk compositions (Inoue et
al. 1998, Konzett and Fei 2000). At higher pressures potas-
sium-amphibole breaks down to produce a hydrous potassium-
rich silicate (Trønnes 1990; Luth 1995; Inoue et al. 1995), which
was named phase X by Luth (1995). According to Luth (1997),
phase X is stable to at least 1600 °C at 17 GPa in the system
diopside + phlogopite. In a simplified K2O-Na2O-CaO-MgO-


