
INTRODUCTION

Based on natural occurrence and experimental evidence,
potassium-richterite is a potential host for water and alkali el-
ements in the Earth’s upper mantle to a depth of at least 400 to
450 km (Dawson and Smith 1977; Erlank et al. 1987; Sudo
and Tatsumi 1990; Foley 1991; Luth 1997; Inoue et al. 1998).
Its upper pressure stability limit thus exceeds that of any other
hydrous silicate known from natural rocks. Above ~10 GPa
and in the presence of water, potassium richterite is presum-
ably the primary reservoir for K and Rb in peridotitic mantle
rocks. The crystal structure of potassium richterite was refined
from single-crystal X-ray diffraction data by Papike et al.
(1969), Cameron et al. (1983), and Oberti et al. (1992). In ad-
dition, many powder X-ray structure refinements exist on vari-
ous synthetic potassium richterites (Gottschalk and Andrut 1998
and references therein).

 Natural potassium richterites are close to the end-member
composition KNaCaMg5Si8O22(OH)2 (Dawson and Smith 1977;
Erlank et al. 1987) with K ≈1.0 apfu. High-pressure experi-
ments (Sudo and Tatsumi 1990; Luth 1997; Inoue et al. 1998;
Konzett et al. 1997), however, have produced potassium
richterites with K up to 1.95 apfu, which suggests the presence
of a significant amount of K in the M4 site of the amphibole
structure, a crystallographic position that has been considered
to be too small to accommodate such a large cation (Papike et
al. 1969). Unit-cell parameters of a potassium richterite with
the composition K1.95Ca1.05Mg5Si8O22(OH)2 were determined by
Inoue et al. (1998) using powder X-ray diffraction. Here, we

present results of a single-crystal X-ray diffraction study on a
synthetic potassic richterite, K2CaMg5Si8O22(OH)2, in which
the M4 site is filled with K and Ca at a ratio of 1:1, to charac-
terize the effects of K at the M4 site on the structure. We des-
ignate our sample KK richterite for simplicity and to distin-
guish it from potassium richterite.

EXPERIMENTAL  PROCEDURES

The sample synthesized was at 15 GPa and 1400 °C for 5 h
using a multi-anvil apparatus. The starting material was a mix-
ture of high purity (99.95%) K2CO3, CaCO3, Mg(OH)2, and SiO2

of stoichiometric K2CaMg5Si8O22(OH)2 composition. After de-
carbonation by step-heating the starting material was sealed into
a Pt100 capsule. The KK richterite coexists with its breakdown
products clinopyroxene, clinoenstatite and wadeite-structure
K2Si4O9 (Inoue et al. 1998) and forms blocky, subhedral crystals
up to ~100 x 60 x 50 µm in size. After the synthesis, the Pt-
capsule was embedded in epoxy resin, ground to expose the cen-
ter of the charge and polished for electron microprobe analysis.
Analytical conditions were 15 kV, 20 nA, and a 20 µm raster
beam size. Natural orthoclase and wollastonite, synthetic MgO
and SiO2 were used as standards. The average composition (9
points) based on 23 O atoms and stoichiometric OH is
K2.07±0.01Ca0.97±0.03 Mg4.99±0.02Si8.00±0.01O22(OH)2. A single-crystal
fragment (0.09 mm × 0.06 mm × 0.04 mm), extracted from a
polished mount, was chosen for further X-ray study based on
optical examination, precession photography, and X-ray diffrac-
tion peak profiles. A Picker four-circle diffractometer equipped
with a Mo X-ray tube (β-filtered) was employed for all X-ray
diffraction measurements. Unit-cell parameters were determined
by fitting the positions of 20 reflections with 20° < 2θ < 35°
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ABSTRACT

The crystal structure of a potassic richterite, K(KCa)Mg5Si8O22(OH)2 synthesized at 15 GPa and
1400 °C, was refined from single-crystal X-ray diffraction data. The unit-cell parameters are: a =
10.1926(5), b = 18.1209(3), c = 5.2736(2) Å, and β = 105.514(5)°. The refinement shows that the
M4 site is occupied by K and Ca at a ratio of 1:1 with no site splitting. Entrance of K into the M4 site
mainly affects the local environment: the M4-O2, M4-O4, and M4-O6 bond lengths in KK richterite
are 3.4, 3.7, and 3.1% longer, respectively, than the corresponding ones in potassium richterite,
whereas the M4-O5 distance is 1.2% shorter, giving rise to a more regular M4 polyhedron. Three
major structural adjustments allow the M4 site to accommodate large K: a shift of the M4 cation
along the two-fold b axis, a modification of the double silicate-chain configurations, and relative
displacements of the two back-to-back tetrahedral chains. K at the A site is completely ordered at the
Am position. The average of eight shortest A-O distances is 0.044 Å longer than that in potassium
richterite, despite the A site being fully filled with K in both structures. The unpolarized Raman
spectrum displays only one single band at 3735.5 cm-1 in the OH-stretching region.
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