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ABSTRACT
3+
A new Al-rich phase, [K0.56Na0.32][Ca0.04Mg1.66Fe2+
0.3][Mg0.98Fe 0.3Al2.62Si2.1]O12, was synthesized at
24 GPa, 1700 °C, and its structure was determined by single-crystal X-ray diffraction. The unit cell
is hexagonal, space group P63/m, a = 8.830(1), c = 2.779(1) Å, V = 187.65(5) Å3, Z = 1, formula
weight = 448.62, calculated density = 3.970 g/cm3. The previously unknown structure consists of
alkali- and vacancy-bearing M3 sites in tunnels along c, mostly Mg-bearing linear arrays of trigonal
prismatic M2 sites, very unusual for mantle phases, and a framework of edge-linked distorted octahedral M1 sites filled mostly with Al and Si. The observed range of compositional variations and
high density suggest complex solid solution behavior at the lower-mantle pressures similar to pyroxenes at the upper-mantle and majorite garnet at the transition-zone pressures. The stability of the
Al-rich phase appears to expand to lower Al contents with increasing pressure, suggesting that a
chondritic lower mantle could contain up to 24% of the new phase on the molecular basis.

INTRODUCTION
Hutchison (1997) reported the occurrence of a composite
inclusion in a diamond from São Luiz, Brazil, consisting of
pyroxene with 10.6 wt% of Al2O3 in contact with corundum.
Since there is no evidence for the stable coexistence of such
two minerals, he proposed that pyroxene formed from a MgSiO3
perovskite precursor and thus the composite inclusion represented a lower-mantle assemblage. The stable coexistence of
aluminous perovskite with corundum was observed in highpressure experiments, resulting from the breakdown of pyropic
garnet at pressures above 25 GPa (Irifune et al. 1996; Kondo
and Yagi 1998). If the composite inclusion is indeed a sample
from the lower mantle, it suggests that at least some regions at
the top of the lower mantle are substantially enriched in Al2O3.
In the course of investigating phase relations in such aluminaenriched compositions at the lower-mantle conditions, a new
Al-rich phase was synthesized and its structure, determined by
single-crystal X-ray diffraction, is reported here.

SYNTHESIS AND ANALYSIS
The synthesis experiment was carried out using a splitsphere anvil apparatus (USSA-2000) and the 10 mm sample
assembly (Gasparik, 1990). The starting material was a mixture of synthetic compounds, oxides, and Fe metal (10 mol SiO2,
8 MgO, 0.2 CaSiO3, 0.4 NaAlSiO4, 0.3 Na2Si2O5, 1 MgCO3,
0.5 K2CO3, 2Fe°), which was placed in a rhenium sample capsule in contact with a thin layer of synthetic spinel (MgAl2O4).
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The experiment was carried out at 24 GPa pressure and temperature of 1700 °C for 2 hours. After the experiment, the
sample was mounted in epoxy and polished for microprobe
analysis. Wavelength-dispersive chemical analyses (Table 1)
were obtained by Cameca electron microprobe using 15 kV
accelerating potential, beam current of 10 nA, 10 s counting
times to minimize the loss of Na and, as standards, natural
enstatite for Mg and Si, grossular for Ca and Al, albite for Na,
sanidine for K, and fayalite for Fe.
The sample converted almost completely to perovskite,
which was close to pure MgSiO3 in most of the sample, but
had a progressively higher Al content as the contact with the
spinel layer was approached. An average of the most aluminarich perovskite compositions from the contact with the spinel
layer is given in Table 1 as the “A” analysis. The stoichiometry
is consistent with about 60% of Fe being present as Fe3+, despite the effort to minimize Fe3+ by introducing all Fe in the
starting material as Fe metal. The composition is analogous to
garnet with 50 mol% majorite. The new Al-rich phase formed
mostly along the contact between the sample and the layer of
spinel as relatively large (20–50 µm) blue crystals, which were
used for the structure determination (Table 1, B). Smaller blue
crystals were also located within the original spinel layer, but
their composition was higher in Al and Ca (Table 1, C). Other
phases present in the experimental product were K-rich
hollandite (KAlSi3O8), stishovite, and carbonate melt. The Alrich phase was also synthesized at 22 GPa and 1800 °C, using
a different starting material (13.8 mol SiO2, 9.5 MgO, 7.9
CaSiO3, 4.3 NaAlSiO4, 2 Na2CO3, 1 K2CO3, 2 Feº + MgAl2O4).
In this case, the Al-rich phase had a much higher Al content
(Table 1, D), and the coexisting phases were garnet and CaSiO3
perovskite.

