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Sinoite (Si2N2O): Crystallization from EL chondrite impact melts
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ABSTRACT

Sinoite (Si2N2O) was previously observed only in EL6 chondrites and recently modeled
as having formed over geologic time scales at metamorphic temperatures of ;950 8C. I
found several ;10–210 mm-sized subhedral and euhedral grains of twinned, optically
zoned sinoite associated with euhedral enstatite and euhedral graphite within impact-melted
portions of QUE94368, the first EL4 chondrite. The presence of sinoite within a type 4
chondrite mitigates against the metamorphic model of sinoite formation; it seems more
likely that sinoite crystallized from a liquid. During impact melting of EL material, N2

may have been released from lattice defects in sulfides whereupon it reacted with reduced
Si dissolved in the metallic Fe-Ni melt and with fine-grained or molten silica derived from
the silicate fraction of the EL assemblage. The N that formed the sinoite was derived from
the silicate melt or from temporary, melt-filled cavities constructed from unmelted EL
material in which the nitrogen fugacity may have reached ;40 to 130 bars (0.004 to 0.013
GPa). Sinoite in EL6 chondrites may have formed either metamorphically, as previously
proposed, or by means of crystallization from an impact melt, as in QUE94368. In the
latter case, sinoite-bearing EL6 chondrites would be annealed impact-melt breccias.

INTRODUCTION

Natural silicon oxynitride (Si2N2O) was first observed
but not identified by Lacroix (1905) in two EL6 chon-
drites. It was identified by Andersen et al. (1964) and Keil
and Andersen (1965a, 1965b) in several EL6 chondrites
where it occurs as #200 mm-sized euhedral, lath-like
grains associated with metallic Fe-Ni and enstatite. The
new orthorhombic mineral was named sinoite, an acro-
nym of its chemical formula.

The origin of sinoite is controversial. Herndon and
Suess (1976) and Sears (1980) suggested that sinoite is a
nebular phase, formed by condensation at high tempera-
tures and pressures from a gas of solar composition.
However, more recent thermodynamic calculations (e.g.,
Larimer and Bartholomay 1979; Fegley 1983) disputed
this. For example, Fegley (1983) found that the thermo-
dynamic activities of silicon oxynitride were reduced sig-
nificantly by the prior condensation of more stable Si-
bearing species, making it unlikely that sinoite could form
as an equilibrium product from a gas of solar composi-
tion. Petaev and Khodakovsky (1986) and Fogel et al.
(1989) proposed that sinoite formed metamorphically at
temperatures appreciably below that of the laboratory
synthesis of silicon oxynitride (1450 8C; Brosset and Id-
restedt 1964). Muenow et al. (1992) suggested that sinoite
formed at EL6 metamorphic temperatures (i.e., ;950 8C;
Muenow et al. 1992; Wasson et al. 1994) over geologic
time scales under conditions wherein Si-bearing metallic
Fe-Ni acted as a catalyst.

Below, I report the first occurrence of sinoite outside
EL6 chondrites. It occurs in QUE94368, a 1.2 g enstatite

chondrite found at 84835958.44820S, 162811916.61420 W
in the Queen Alexandra Range of Victoria Land, Antarc-
tica, in 1994. The meteorite was classified initially by
McBride and Mason (1996) as an E5 chondrite, but, as I
show below, QUE94368 is the first EL4 chondrite. It is
of weathering class C (McBride and Mason 1996), im-
plying severe surface rustiness and pervasive terrestrial
oxidation of metal particles.

ANALYTICAL PROCEDURES

Polished thin section QUE94368,4, obtained from the
NASA Johnson Space Center in Houston, was studied
microscopically using transmitted and reflected light.
Minerals were analyzed with the UCLA automated Ca-
meca Camebax-microbeam electron microprobe using
crystal spectrometers, a sample current of ;12 nA at 15
kV and analysis times of 20 s. PAP corrections were ap-
plied to the data. A lead stearate crystal was used to scan
for O and N peaks in sinoite. For O, 400 points were
scanned at a sample current of 2.2 nA at 15 kV; for N,
20 points were scanned at 1.2 nA and 15 kV.

RESULTS

Petrologic characteristics of QUE94368

QUE94368 consists of enstatite, olivine, sinoite, ka-
macite, schreibersite, graphite, troilite, rare grains of fer-
roan alabandite, and goethite (formed by terrestrial
weathering of kamacite). Olivine constitutes ;0.2 vol%
of QUE94368,4; it is rare but definitely present in the
Smithsonian library section of QUE94368 (T.J. McCoy,
personal communication). Schreibersite occurs typically


