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INTRODUCTION

Silicon oxynitrite (Si2N2O) is a mineral known as sinoite, iden-
tiÞ ed by Andersen et al. (1964) and Keil and Andersen (1965a, 
1965b), in some enstatite chondrites. It has been observed as 200 
µm-size irregular grains or euhedral lath-like grains associated 
with metallic Fe-Ni and enstatite (Keil and Andersen 1965b; 
Alexander et al. 1994). The structure was originally determined 
by Idrestedt and Brosset (1964) and Brosset and Idrestedt (1964). 
The structure and compressibility of sinoite have been studied in 
detail and sinoite adopts an orthorhombic structure with space 
group Cmc21 (36) and is built of SiN3O tetrahedral linked with 
puckered hexagonal Si2N2 layers through O atoms (Srinivasa et 
al. 1977; Sj berg et al. 1991). The origin of sinoite is not fully 
understood, although there are several proposals such as the 
product of condensation at high temperature and pressure from 
a gas of solar nebular (Herndon and Suess 1976; Sears 1980), 
the product of metamorphism at temperatures not so high as the 
artiÞ cial synthesis of Si2N2O (~1400 °C) (Khodakovsky and 
Petaev 1981; Petaev and Khodakovsky 1986; Fogel et al. 1989) 
or at lower temperature (~950 °C) over geologic time scales by 
the help of a catalyst (Muenow et al. 1992), and the product of 
crystallization from an impact melt (Rubin 1997).

Sinoite has been observed in EL6 chondrites and EL4 chon-
drite and these enstatite chondrites indicate higher bulk nitrogen 
contents than the others. All known EL6 chondrites are classi-
Þ ed into shock stage S2 although the proto-EL6 materials may 
have experienced intensive shock levels of S3-S5 (Rubin et al. 
1997). A petrographic classiÞ cation of progressive stages S1 
(unshocked)-S6 (highly shocked) of shock metamorphism for the 
ordinary chondrites has been proposed by St ffer et al. (1991). The 
scale deÞ ned by six stages of shock is based on shock effects in 
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the typical minerals and a critical evaluation of data from shock 
recovery experiments. There are no experimental data available 
on sinoite shocked in laboratory. It is important to investigate 
shock metamorphism of sinoite experimentally and to understand 
the effect of shock on sinoite. Recently theoretical simulations 
on the stability and the high-pressure transformations of sinoite 
have been performed and indicate a series of phase transfor-
mations including decompositions (Kroll and Milko 2003). 
Compositionally, sinoite can be considered to be a mixture of 
SiO2 and Si3N4. With increasing pressure SiO2 displays various 
phases such as quartz, coesite, stishovite, and others (Prakapenka 
et al. 2004), while Si3N4 yields α-type, β-type, spinel-type, and 
others (Tatsumi et al. 2002). Therefore high-pressure studies 
are required to know the high-pressure stability of sinoite and 
to check whether sinoite is a possible host mineral of nitrogen 
under various conditions similar to those at time of formation 
of enstatite chondrites.

Here we report the experimental results on shocked sinoite 
up to a peak shock pressure of ~65 GPa, which covers the shock 
stage levels up to S5. 

EXPERIMENTAL METHODS

Sinoite was prepared from an equimolar mixture of Si3N4 (TS-7 grade, α-type, 
Tosoh Co., Tokyo) and SiO2 (precipitated from silicic anhydrite, Koso Chem. Co., 
Osaka) at 1850 °C for 30 min under a nitrogen pressure of 0.98 MPa (Mitomo et 
al. 1989). The weight loss was 0.6 wt% and the X-ray diffraction (XRD) spectrum 
of the product indicated ~90% sinoite and ~10% β-Si3N4 (Fig. 1a). The powdered 
sample was mixed with a large amount (90 wt%) of copper powder (Sekine et al. 
1987) and pressed as a disk (18Φ × ~1 mm thick) in copper containers (30Φ × 
30 mm long). The roles of the copper mixtures are temperature control, pressure 
enhancement, quick quenching because copper has a high compressibility, high 
shock impedance and high thermal conductivity.

A propellant gun was used to accelerate a projectile with a ß yer metal (3 mm 
thick copper or 2 mm thick tungsten), and the velocity just before impact was 
measured. The peak shock pressure was calculated by the impedance match method 
assuming the sample pressure reached equilibrium with the container pressure. The 
detailed procedure has been described elsewhere (Sekine 1997). The experimental 


