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INTRODUCTION

Alkali elements and hydrogen play an essential role in the
genesis of deep-seated mantle melts (e.g., kimberlites,
lamproites, lamprophyres) and profoundly influence melt prop-
erties such as the degree of polymerization and, hence, the melt
viscosity (e.g. Mysen 1988; Watson 1994; Lange 1994). The
latter parameter again critically influences the ability of melts
to migrate through and to interact chemically with the surround-

* Present address: Institut für Mineralogie und Petrographie,
Universität Innsbruck, Innrain 52, A-6020 Innsbruck, Austria.
E-mail: juergen.konzett@uibk.ac.at
†Geophysical Laboratory, Carnegie Institution of Washington,
5251 Broad Branch Road, N.W. Washington, D.C., 20015-1305,
U.S.A.

High P-T phase relations and stability of a (21)-hydrous clinopyribole in the system K2O-
Na2O-CaO-MgO-Al2O3-SiO2-H2O: An experimental study to 18 GPa

JÜRGEN KONZETT1, * AND STEFANIE L. JAPEL2,†

1Geophysical Laboratory, Carnegie Institution of Washington, 5251 Broad Branch Road N.W., Washington D.C., 20015-1305, U.S.A.
2Department of Earth and Planetary Sciences, Olin Hall, Johns Hopkins University, 3400 North Charles Street, Baltimore, Maryland 21218,

U.S.A.

ABSTRACT

Phase relations and stability of a mixed-chain (21)-hydrous clinopyribole [(21)-MHP] were in-
vestigated using a multi-anvil apparatus in the P-T range 5–18 GPa and 1100–1600 ∞C in a simpli-
fied KNCMASH-system. (21)-MHP is stable in the range 7–16 GPa and 1100–1400 ∞C, and coexists
with clinopyroxene + sodic phase X ± potassic richterite ± aenigmatite-structured phase. Its break-
down products are sodic phase X + melt and Na-rich garnet + aenigmatite-structured phase toward
high T (13 GPa/1600 ∞C) and P (18 GPa/1250 ∞C). In the KNCMASH-system investigated, the
stability fields of potassic richterite and (21)-MHP only overlap between 7 and 10 GPa, and the P-
stability of (21)-MHP exceeds that of potassic richterite by at least 3 GPa. The composition of (21)-
MHP can be described as a combination of 1 potassic richterite + 2 omphacitic clinopyroxene
K(Na2Ca2)(Mg6Al)Si12O34(OH)2 with variable degrees of Al2Mg–1Si–1-exchange and NaSiCa–1Al–1-
exchange component dependent upon P and T. At P >10 GPa, both (21)-MHP and coexisting
clinopyroxene contain excess Si compared with the ideal clinopyroxene, and (21)-MHP stoichiom-
etries with up to 2.09 Si/6 O atoms and 12.4 Si/33 O atoms + stoichiometric (OH) respectively. This
silica excess is attributed to the presence of VISi as Na(Mg0.5Si05)Si2O6 component in clinopyroxene
and within the pyroxene-like slabs of (21)-MHP. A TEM analysis of (21)-MHP synthesized at 10
GPa/1250 ∞C shows a regular alternation of single- and double-tetrahedral chains without evidence
for stacking disorder. Potential factors responsible for the unusually high P-T stability of (21)-MHP
compared to all MHPs known so far are: (1) the fact that the unit-cell volume of (21)-MHP is 1.5%
smaller than that of an equivalent mixture of potassic richterite + omphacite; (2) an Na-rich bulk
composition that enables the presence of VISi-bearing clinopyroxene in solid-solution within the
single-chain slabs of (21)-MHP; and (3) the availability of K to completely fill the large A-sites of
the (21)-MHP structure. The results of this study demonstrate that mixed-chain hydrous pyriboles
represent a new class of high-pressure silicate structures capable of storing water and alkali-ele-
ments under upper mantle P-T conditions. However, their stability is restricted to K-Na-rich bulk
compositions.

ing mantle. Potassium, aside from its effects on the physical
properties of melts, is further capable of influencing the ther-
mal structure of the mantle through radioactive heat produc-
tion by decay of 40K. Hydrogen incorporated into nominally
anhydrous minerals (NAMs), through partitioning with hydrous
melts or OH-bearing phases, influences the rheological prop-
erties and electrical conductivity of NAMs (Chopra and Pater-
son 1984; Karato 1990; Hirt and Kohlstedt 1996; Karato et al.
1986) and, hence, the seismic wave propagation velocities
(Karato and Jung 1998).

The most common subsolidus hosts for water and alkalies
under upper mantle P-T conditions and in a wide range of bulk
compositions are micas and amphiboles. Their structures are
capable of accommodating cations with large ionic radii such
as K, Rb, or Ba in highly coordinated lattice positions. Although


