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abstract

Rengeite, Sr4ZrTi4(Si2O7)2O8, is a Sr-analog mineral of perrierite and occurs as an accessory mineral 
in natrolite, pectolite, and itoigawaite veins associated with jadeitic rock from Ohmi-Itoigawa region, 
Japan. The symmetry of this mineral is reported to be monoclinic. Here, we found an orthorhombic 
polymorph of rengeite that occurs as micro domains up to 5 µm in width in monoclinic rengeite 
crystals using electron diffraction and high-resolution TEM analyses. X-ray diffraction analysis us-
ing a Gandolfi camera also revealed the presence of the orthorhombic phase in monoclinic rengeite 
crystals. The unit-cell dimensions of the orthorhombic polymorph are a = 14.0, b = 5.7, c = 21.9 Å, 
V = 1748 Å3, and Z = 4. Although the space group of orthorhombic polymorph of rengeite has not 
been determined, the possible space group is Pbca or a similar one from theoretical consideration 
by Ito (1950). The chemical composition was determined by ATEM-EDS analysis to be SiO2 = 22.5, 
TiO2 = 30.2, SrO = 39.4, Nb2O5 = 0.2, Fe2O3 = 0.3, and ZrO2 = 7.5, totaling 100.1 wt%, and the ideal 
chemical formula is Sr4ZrTi4(Si2O7)2O8. Detailed HRTEM imaging revealed that the unit cell of the 
orthorhombic polymorph of rengeite can be interpreted as a superstructure of monoclinic rengeite, 
accompanied by repeated twinning on (001) plane. The HRTEM images taken were consistent with 
the simulated images.
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introduction

Rengeite, Sr4ZrTi4(Si2O7)2O8, is a member of the perrierite-
chevkinite group, the details of which have been described by 
Calvo and Faggiani (1974). Rengeite was first discovered in 
jadeitic rocks that occur as tectonic inclusions in serpentinite 
melange exposed in the Ohmi-Itoigawa region of Japan (Mi-
yajima et al. 2001). It has a monoclinic unit cell (P21/a) with 
lattice parameters: a = 13.97(1), b = 5.675(7), c = 11.98(1) Å, 
and β = 114.26(8)°. Matsubaraite, [Sr4Ti5(Si2O7)2O8], another new 
perrierite-chevkinite group mineral, was also found in associa-
tion with rengeite. It is monoclinic (P21/a) with a = 13.848(7), 
b = 5.626(2), c = 11.878(6) Å, and β = 114.19(4)° (Miyajima 
et al. 2002). Furthermore, three other Sr-bearing minerals have 
been newly reported from Ohmi-Itoigawa area. Thus, this area 
offers many varieties of Sr-bearing silicates and becomes a 
good field for study of systematics of these minerals. Here, we 
report on a new orthorhombic polymorph of rengeite identified 
by HRTEM and XRD.

ExpEriMEntal dEtails
More than 10 polished thin sections of jadeitite rocks containing rengeite 

were prepared and studied using an optical microscope. Specimens for transmis-

sion electron microscope (TEM) observations were extracted from a polished 
thin section and then ion thinned (Model 600N Gatan Inc.) using 5 kV Ar+ ions. 
Powdered specimens were also prepared by crushing and placed on a microgrid for 
high-resolution TEM (HRTEM). TEM used for high-resolution imaging JEM2010 
(JEOL), operated at 200 kV, was used. The direct magnification was 500 000× and 
the images were taken in 1.4 s. For HRTEM image simulations, we employed a 
multi-slice simulation program (MssC ver 1.0 JEOL Ltd.) and calculated images 
supposing several specimen thicknesses and defocus values near Scherzer focus. 
Energy dispersive X-ray spectrometer (EDS) analysis was carried out using Voyager 
IV (Noran Inst.). Quantitative analysis was carried out on the basis of the Cliff 
and Lorimer (1972) thin film technique using k-factors that had been installed in 
the system. Analytical results of rengeite based on these k-factors were in good 
agreement with the compositions of rengeite by EPMA that have been reported 
by Miyajima et al. (2001). The X-ray counting time was 100 s. X-ray powder dif-
fraction (XRD) pattern was collected from a small crystal fragment in which the 
presence of orthorhombic polymorph of rengeite had been previously confirmed 
by HRTEM observation using a Gandolfi Camera (114.6 mm diameter, V-filtered 
CrKα radiation). Atomic coordinates of rengeite were given by Miyawaki et al. 
(2002). Those of orthorhombic polymorph were derived by twinning operations of 
the rengeite structure. Calculation of XRD data were carried out using RIETAN-
2000 (Izumi and Ikeda 2000).

rEsults and discussion

Occurrence and optical properties of rengeite and related 
minerals

The sample examined in this study is a white-pale gray ja-
deitic rock (Fig. 1a). It has a vein network composed of various * E-mail: akai@sc.niigata-u.ac.jp


