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The crystal structure of rengeite was analyzed with a single crystal of the type specimen;
(S13.6:Cat.05Ce0.03Nd,02B20.01 Pro.o1 ) 23.76(Tis.00ZT0.54 Alo.os F€0.0oNDg.02) m5.01 Sis11020,  @=13.9830(10), b=
5.6722(9), ¢c=11.9960(10) A, A=114215(7)", V=867.74(17) A% Z=2. A refinement with space group
P2,/a showed strong correlations between the parameters of oxygen atoms related by pseudo-mirror planes,
and gave non-positive mean square displacement parameters for the oxygen atoms. A refinement with
space group P2,/a and isotropic displacement parameters for oxygen atoms was converged to R1 [F,>
46(F,)]=0.0523. On the other hand, a refinement with space group C2/m and anisotropic displacement
parameters, in which several very weak observed reflections were ignored, was successfully converged to R 1=
0.0485. No significant differences in atomic parameter could be observed between the refinements with
C2/m and P2,/a, except for the x of O(1) site. Although the true space group of rengeite is P2,/a, the
space group can be regarded as pseudo-C2/m. Rengeite is isostructural with perrierite-(Ce). Zirconium
in rengeite occupies preferentially one of three octahedral sites, and does not share the site with Ti.
Therefore, the formula of rengeite is not Sr,(Ti,Zr);(Si,0;),0s, but Sr,ZrTi,(Si,0,),05. A re-indexing of
the XRD data of strontio-chevkinite with reference to those of rengeite suggested that strontio-chevkinite

might be an Fe-rich variety of rengeite.

Introduction

Rengeite, Sr,ZrTi,(Si,0,),0g, is a new member of the
perrierite group minerals (Miyajima et al., 2001). It
occurs as anhedral crystals in the blue and lavender jades
from Itoigawa, Niigata Prefecture, Japan. This mineral
can be described as a Sr- and Zr-analogue of perrierite
-(Ce), Ce,FeTi,(Si,0,),05, which was described as a
new mineral by Bonatti (1950). The chemical composi-
tion of rengeite suggests that Zr atoms occupy the largest
octahedral site among the three independent octahedral
sites in the perrierite structure, as Fe atoms in perrierite-
(Ce) do. However, there is a possibility that Zr atoms
are distributed into the three octahedral sites with Ti
atoms. In this case, the chemical formula of rengeite
should be expressed as Sr,(T1,Zr)5(Si,0;),05. A crystal
structure analysis with refinements of occupancy parame-
ters would clarify this problem. Since, intensity data of
X-ray diffraction could be obtained fortunately with the
type material of rengeite, we attempted the structure
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analysis.
Experimental

The intensity data were collected with a RiGaku AFC7R
diffractometer with graphite monochromatized MoK«
radiation (56 kV, 270 mA). The sample is a single
crystal fragment picked up from a thin section of the
type specimen (NSM-M27921), which was used in the
descriptive study (Miyajima et al., 2001). No heating
treatment was carried out, because rengeite does not
occur in the metamict state. The crystal with approxi-
mate dimensions of 0.20X0.20X0.03 mm was mounted
on a 10 ym ¢ glass fiber. The data were collected with
26-w scan and the scanning rate of 2°/min (in @) for 24
range up to 75°. A total of 2720 reflections were col-
lected, and merging of equivalent reflections gave 2455
unique reflections (Rint=0.0233), of which 1937 were
classified as observed [I1>2¢(I)]. The cell parameters
refined from 25 reflections with 24 range between
30 and 35° are; ¢=13.9830(10), b=15.6722(9),
c=11.9960(10) A, f=114.215(7), V =867.74(17) A3,
for which Z =2.

Initial parameters for C2/m and P2;/a models
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were adopted from the results of crystal structure ana-
lyses of perrierite-(Ce) (Gottardi, 1960) and a related
synthetic material (Calvo and Faggiani, 1974), respec-
tively. The computer program package for crystal
structure analysis ‘teXsan’ (1993) recommended the C-
lattice, and the refinement with the P2,/a model was
not converged. The refinement with the C2/m model
was carried out with occupancy parameters fixed for the
largest cation sites based on the chemical analysis as
follows; 0.960Sr+0.0176Ce+0.0226Ca. The
refinement with the scattering curve of Ti for all the
octahedral sites gave an unusually smaller isotropic
displacement parameter for one of the three octahedral
sites in comparison with the other two. The introduc-
tion of the Zr-scattering curve to this site improved the
anomalous displacement parameter to be compatible
with those of the other two octahedral sites. Therefore,
this octahedral site was assumed to be occupied by Zr
atoms in the subsequent calculations.

The diffraction data were converted into the F?
data by a computer program written by Sugiyama (per-
sonal communication) for further refinements. The
¢-scan technique was applied to the empirical
absorption correction (North et al., 1968). SHELXL-
97 (Sheldrick, 1997) was employed as the refinement
program. Scattering factors for neutral atoms and
anomalous dispersion factors were taken from the Inter-
national Tables for X-ray Crystallography, Volume C

(1992).

The refinement with the C2/m model was started
with the result of the preliminary analysis. A full-
matrix least-squares refinement was performed by
refining a scale factor, positional parameters, and
isotropic displacement parameters. The site occupancy
factors (sof’) for the Sr and Ti sites were constrained as
follows; Sr+Ce=1, and Ti+ (Al or Fe)=1. The
refinement of sof for the Ti(2) site with Ti and Al
scattering factors led to an anomalous result, 1.03Ti
and - 0.03Al, indicating that some other heavier atoms
occupy this site in addition to Ti atoms. Consequently,
Fe was introduced into this site, instead of Al, according
to the chemical analysis. The refinement was con-
verged to R1 [F,>40(F,)] =0.0564. The final param-
eters for the refinement with anisotropic displacement
parameters for all the atoms in the C2/m model are; R1
[F,>40(F,)] =0.0485, R1(all reflections)=0.0724, wR
2 (all reflections)=0.1593, Goodness of Fit=1.160,
Final Aoy,=-3.714, Final 4om..=2.626 ¢/ A%.

The atomic coordinate parameters in the C2/m
model were transformed into those in the P2,/¢ model,
by referring to the parameters given by Calvo and
Faggiani (1974). The sof for the Sr and Ti sites were
fixed in the initial refinement with the P2,/a model
according to the final result of the refinement with the
C2/m model, because of an increase in the number of
parameter refined with the P-cell, 160 for P2,/a and

Table 1. Final atomic coordinates, equivalent isotropic displacement parameters, and occupancy parameters for rengeite

the C2/m model the P2,/a model

X y z Ueq X y z Ueq
Sr(1) 0.76861(4) 0.0000 0.73673(5)  0.00919(17) Sr(1) 0.76860(4)  0.0003(5) 0.73673(5)  0.00926(15)
Sr(2) 0.54661(4) 0.5000 0.74203(5) 0.00967(18) Sr(2) 0.54661(4)  0.5002(5) 0.74201(5)  0.00972(16)
Zr 0.0000 0.5000 0.5000 0.00604(19) Zr 0.0000 0.5000 0.5000 0.00608(17)
Ti(1) 0.5000 0.7420(2) 0.0000 0.0080(3) Ti(1) 0.5000(3) 0.74198(19) 0.9998(5) 0.0082(3)
Ti(2) 0.27341(8) 0.0000 0.00144(10) 0.0079(2) Ti(2) 0.27342(7) 0.0000(9) 0.00145(9) 0.0079(2)

Si(1) 0.40778(13) 0.0000
Si(2) 0.83743(13) 0.0000

0.73618(16) 0.0071(3)
0.45121(16) 0.0069(3)

O(1) 0.0655(3) 0.2635(6) 0.1793(3) 0.0089(5)
0(2) 0.2095(3) 0.2499(6) 0.8827(3) 0.0085(5)
0O@3) 0.3886(3) 0.7344(6) 0.4143(3) 0.0109(6)
O(4) 0.0923(4) 0.0000 0.9974(5) 0.0093(8)
O(5) 0.4059(4) 0.0000 0.0024(4) 0.0078(7)
O(6) 0.4770(4) 0.0000 0.6576(5) 0.0122(8)
O(7) 0.2835(4) 0.0000 0.6534(5) 0.0135(9)
O(8) 0.1474(4) 0.0000 0.4119(4) 0.0108(8)

Si(1) 0.40775(12) 0.9985(12)
Si(2) 0.83743(12) 0.0007(13)

0.73610(15) 0.0075(3)
0.45119(15) 0.0069(3)

O(1) 0.0699(6)  0.7383(17) 0.1783(8) ~ 0.0057(17)*
O(1°) 0.0605(7)  0.2655(19)  0.1803(9)  0.0087(19)*
0(2) 0.2086(10) 0.754(3) = 0.8828(14) 0.012(3)*
0(2’) 0.2100(8)  0.253(2)  0.8826(11)  0.005(2)*
0(3) 0.3886(8)  0.736(2)  0.4137(11)  0.006(2)*
0(3°) 0.3885(11) 0.267(3)  0.4150(16)  0.017(3)*
0(4) 0.0924(3) 0.001(4)  0.9975(4)  0.0094(7)*
0(5) 0.4059(3)  0.001(4)  0.0024(4)  0.0079(6)*
0(6) 0477133)  0.992(3)  0.6575(4)  0.0113(8)*
O(7) 0.28354)  0.0053)  0.6534(4)  0.0124(8)*
O(8) 0.14743)  0.000(4)  0.4117(4)  0.0109(7)*

Occupancy

Occupancy

Sr(1)  0.946(9)Sr + 0.054Ce
Sr(2)  0.977(9)Sr + 0.023Ce
Ti(1) 0.95(2)Ti + 0.05Al
Ti(2) 0.89(3)Ti+0.11Fe

Sr(1) 0.945(8)Sr + 0.055Ce
Sr(2) 0.976(8)Sr + 0.024Ce
Ti(1) 0.950(18)Ti + 0.050Al
Ti(2) 0.90(3)Ti + 0.10Fe

*, isotropic displacement factors.
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101 for C2/m. Although the refinement with
anisotropic displacement parameters for the Sr, Zr, Ti
and Si atoms was converged (R1 [F,>40(F,)]=
0.0523), the refinement with anisotropic displacement
parameters for all the atoms resulted in “non positive
definite” for the equivalent isotropic displacement
parameters of almost all the oxygen atoms. Therefore,
the final refinement with the P2,/a model was carried
out by applying anisotropic displacement factors only to
the cations. The sof for the Sr and Ti sites were refined
with the other parameters under the constraints of Sr+
Ce=1, Ti+Al=1, and Ti+Fe=1 for the Sr, Ti(1) and
Ti(2) sites, respectively. The final parameters for the
P2,/a model are; R1 [F,>40(F,)]=0.0523, R1 (all
reflections)=0.1466, wHR2 (all reflections)=0.1917,
Goodness of Fit=1.020, Final domn=—23.724, Final
Aomax=2.671 ¢/ A3

The final positional parameters and equivalent
isotropic displacement parameters are given in Table 1.
Table 2 shows anisotropic displacement parameters.
The selected interatomic distances and bond angles are
summarized in Table 3.

Description of the structure

The positions of atoms in the P2,/a model are consist-
ent with those in the C2/m model (Table 1). In the
P2,/a model, the O(1), O(2) and O(3) sites in the C2/m
model are divided into two sites related by imaginary
pseudo-mirror planes at y=0 and 0.5. The atomic
sites on the mirror planes at y=0 and 0.5 in the C2/m
model, ie., the other O sites and all cation sites except
for the Ti(1), lose their mirror symmetry in the P2,/a
model. However, the displacements of the sites from
the mirror planes are within standard deviations. A
significant difference can be observed only in the x

coordinate of O(1) site between the two models.

Rengeite is isostructural with perrierite-(Ce). The
crystal structure consists of walls of TiOg octahedra,
chains of ZrOy octahedra, Si,O, disilicate groups, and
Sr- polyhedra (Fig. 1). The Ti(1)O4 and Ti(2)O,4 octa-
hedra form chains by edge-sharing connections parallel
to the 4 axis, respectively. The Ti(1)Os and Ti(2)Oq4
octahedra share their corners mutually in the direction of
the @ axis to form the TiOg wall parallel to the (001).
The chains of ZrO, octahedra running parallel to the b
axis are located in the middle of two TiO4 walls. The
Si,0, disilicate groups connect the TiOg wall and the
ZrO4 chains. The Sr atoms are in the cavities of the
framework formed with the walls and chains.

The mean Ti(1)-O distance, 1.945A in the C2/m
model, is shorter than the mean Ti(2)-O distance,
2.020A (Table 3). This result confirms the occupancies
for the Ti(l) and Ti(2) sites; the smaller Al** ions
replace a part of Ti** ions in the Ti(1) site, whereas Fe
(probably Fe®*) ions partially substitute Ti** ions in the
Ti(2) site. The Ti(2)O, octahedron is more distorted in
comparison with the Ti(1)O,s octahedron (the longer
Ti(2)-O(4) and the shorter Ti(2)-O(5) distances, Table
3). The distortion of the Ti(2)O4 octahedron in ren-
geite is consistent with the characteristic difference of the
perrierite structure from the chevkinite structure pointed
out by Calvo and Faggiani (1974).

The Si(1)-O(7)-Si(2) angle, through the bridging
oxygen atom of the Si,O, disilicate group, is approxi-
mately 170°, and is less significantly bended than those in
La,Mg,Ti;(Si,0,),05 [perrierite type] (165.6%),
Nd,Mg,Ti,(Si,0,),0; [chevkinite type] (157.4°), and
Nd,Co,Ti;(81,0;),0; [chevkinite type] (157.3°) (Calvo
and Faggiani, 1974). The displacement parameters for
the bridging O(7) is the largest among the O sites in
rengeite structure, as pointed out by Calvo and Faggiani

Table 2. Final anisotropic displacement parameters (X 10*) of rengeite

the C2/m model

the P2;/a model

=

Ull UZZ U33 23 U13 UIZ

Ull UZZ U33 U23 Ul3 U]2

Sr(1) 78(2) 101(3) 993) 0  383(18)
Sr2) 77(2) 1203) 95(3) 0  366(18)
Zr  583) 553) T73) 0 30(2)
Ti(l) 95(5) 78(5) 60(3) 0 24(3)
Ti(2) 84(4) 68(4) 87(4) 0 36(3)
Si(l) 61(6)  72(7) 86(7) O 36(5)
Si(2) 56(6) 33(6) 91(7) O 23(5)
O(1) 119(12) 68(12) 63(11)  4(9)  19(10) -11(11)
0(2) 104(11) 80(12) 61(11) -17(10) 25(9) -15(11)
0(3) 112(12) 89(13) 120(13) 0(11) 42(10) -45(11)
0(4) 104(17) 60(17) 119(19) 0 50(15)
0(5) 80(16) 68(17) 102(18) 0 53(14)
0(6) 106(18) 170(20) 119(19) 0 76(16)
0(7) 57(16) 150(20) 150(20) 0 -4(15)
0(8) 122(18) 118(19) 80(17) 0 37(15)

SO O O

SOODOO

Sr(1) 79(2) 102(2)  992)  15(9) 392(16) 26(8)
Sr2) 77(2) 120(3)  95(2)  -2(9) 363(16) 25(8)
Zr | 58(3)  553)  73(3) 15(12) 31(2) 10(11)
Ti(1) 97(4) 82(5) 60(4) -16(16) 25(3) -52(15)
Ti(2) 83(4) 69(4) 86(4) -19(15) 353)  3(14)
Si(1) 62(6)  78(7)  93(7)  80(20) 40(5)  20(20)
Si(2) 57(5) 55(6) 90(6) -30(20) 22(5)  10(20)
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Table 3. Interatomic distances (A ) and bond angles (°) of rengeite

the C2/m model

the P2,/a model

Sr(1) —O(8) 2.505(5)
—0(1) 2.591(3) x2
—0(2) 2.637(3) x2
—0@3) 2.667(4) x2
—0@4) 2.977(5)
—O(7) 3.043(2) x2

<Sr(1)—0>;  2.659

<Sr(1)—0> 2.736

Sr(2) —O(8) 2.580(5)
—0(l) 2.6073) x2
—0(2) 2.6253) x2
—0@3) 2.7384) x2
—0@4) 2.861(5)
—0(6) 3.0343(19) x2

<St(2)—0>; 2.673

<Sr(2)—0>, 2.745

Zr  —O(6) 2.044(5) x2
—O0@3) 2.107(3) x4
<Zr —O0>  2.086

Ti(1) —O(4) 1.893(3) X2
—0(1) 1.9653) x2
—0(5) 1.976(3) x2

<Ti(1)—0>  1.945

Ti(2) —O(5) 1.848(5)
—0(2) 1.9313) x2
—0(2) 1.9473) x2
—0@4) 2.513(5)

<Ti(2)—0>  2.020

Si(1) —O(6)  1.604(5)
—0(7) 1.609(5)
—0(1) 1.6303) x2

<Si(H—0> 1618

Si(2) —O(8) 1.568(5)
—0(7) 1.641(5)
—0@3) 1.654(4) x2

<Si(2)—0>  1.629

Si(1)—O(7)—Si(2) 170.0(4)

Sr(1) —O(8)  2.504(5)
—O(l)  2.539(9)
—0(2) 2.621(12)
—O(1)  2.650(9)

Sr(2) —O(1) 2.554(9)
—O(8) 2.580(4)
—0(2) 2.605(15)
—0(2)) 2.639(12)

—0Q2) 2.657(14) —O(1) 2.656(9)
—0(3) 2.661(12) —0@3) 2.736(11)
—0@3%)  2.675(17) —0(3’) 2.741(16)
—0@) 2977(4) —04) 2.862(4)
—0(7)  3.013(18) —0(6) 2.992(16)
—O(7)  3.072(18) —0(6) 3.077(16)

<Sr(1)—0>;  2.661
<Sr(1)—0>,,  2.737

<Sr(2)—0>; 2.672
<Sr(2)—0>,, 2.744

Zr —O0(6) 2.043(5) x2
—0@3) 2.103(12) x2
—0(3) 2.113(17) x2

<Zr —0>  2.086

Ti(1) —O(4)  1.891(16) Ti(2) —O(5) 1.848(4)
—04)  1.896(16) —0(2°) 1.920(13)
—O(1)  1.959(10) —02) 1.933(16)
—035)  1.973(16) —0(2) 1.945(16)
—O0(1)  1.975(11) —0(2°) 1.960(13)
—0(5)  1.979(16) —04) 2.512(4)

<Ti()—O0>  1.946 <Ti(2)—0>  2.020

Si(1) —0(6)  1.606(5) Si(1) —O(8)  1.569(5)
—O(I’)  1.608(11) —0(3) 1.639(17)
—0(7)  1.609(5) —O(7) 1.642(5)
—0(1)  1.655(11) —0(3) 1.666(13)

<Si(1)—0> 1.620 <Si(2)—0>  1.629

Si(1)—O(7)—Si(2) 169.7(5)

The mean distance is given in the last of each data set of polyhedron.

(1974) for those in the synthetic materials with perrierite
or chevkinite structure.

The coordination polyhedra of the larger Sr?* ions
can be described as SrO,,-polyhedra for the Sr(1) and
Sr(2) sites. Although the maximum Sr-O distances
exceed 3A, the mean Sr-O distances, 2.763 A, are com-
parative to the sum of effective ionic radii (Shannon and
Prewitt, 1969) of 10-coordinated Sr2™ and O?~ ions, 1.32
and 1.40A, respectively.

Discussion
The crystal structures of chevkinite-(Ce) and perrierite

—(Ce) were determined with space group C2/m by Pen
and Pan (1964) and Gottardi (1960), respectively.

Calvo and Faggiani (1974) successfully refined the two
structures using synthetic samples with space group
P2,/a as suggested by Ito and Arem (1971). The
crystal structures of chevkinite-(Ce) and perrierite-(Ce)
are essentially the same, and their crystallo-chemical
formula can be expressed as 4,BC,Ti,(Si,0,),0, where
A=Ce?, La*t, Th*t, Ca?*, Na* and the other rare
earths, B=Fe?*, Mg?*, Ca** and the other transition
metals, C=Ti**, Fe*t, Fe?*, Mg?". The crystal struc-
ture of chevkinite-(Ce) can be essentially derived from
that of perrierite-(Ce) with the transformation of a unit
cell by a matrix of (-1,0,0; 0, 1,0; 0.5, 0, 1) and shifting
the origin to (0,0,0.5). Calvo and Faggiani (1974)
pointed out that the distribution of Ti and Mg(Co)
among the available octahedral sites differs between the
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Figure 1. The crystal structure of rengeite, showing the connection of the TiOg octahedra (medium gray), ZrOg
octahedra (dark gray), Si,O, disilicate groups (light gray), and Sr ions (open circles).

perrierite and chevkinite structures.

The true space groups for minerals and synthetic
materials in the chevkinite —perrierite group are under
discussion. Yang et al. (1991) investigated the space
group of chevkinite-(Ce) from China by electron
diffraction, and reported that the true space group is
C2/m, but not P2,/a. They pointed out the possibil-
ity of a difference in space group between natural
chevkinite-(Ce) and the synthetic La-, Mg-equivalent.
These two materials have different chemical composi-
tions and distinct backgrounds of crystallization.

On the other hand, the sample investigated by
Gottardi (1960) was recrystallized from a metamict
sample by annealing. There is some doubt that the
crystal structures of the recrystallized phase and the pre-
metamict phase are identical. It is not always possible
to determine the true space group with a recrystallized
sample or a synthetic analogue.

Several very weak reflections such as -1,0,-1; 12,3,-16;
and 0,9,-2, were observed in the diffraction of rengeite,
although they should be absent according to the extinc-
tion rule for C2/m, h+ k="2n present for #k/. There-
fore, it was concluded that the true space group for
rengeite is P2,/a (Miyajima et al., 2001). This is
compatible with the space group for
La,Mg,Ti;(Si,0;),04 with the perrierite type structure

(Calvo and Faggiani, 1974). The present study showed
that the refinement with space group C2/m gave a better
result, ie., the lower R factors and positive anisotropic
displacement parameters for all the sites, than that with
space group P2,/a. The deviations of atomic coordi-
nates from the imaginary positions with higher symme-
try, which correspond to the atomic coordinates in the
C2/m model, are negligible, except for the O(1) site.
Consequently, the space group of rengeite can be regard-
ed as pseudo-C2/m, though the true space group of
rengeite is P2,/a,

The Zr** ions in rengeite are at the B site, which
Fe?* and Mg?* occupy in perrierite-(Ce), but not at the
C site in the wall of octahedra. It is worth noting that
the crystallo-chemical formula of rengeite was verified as
Sr,ZrTi1,(Si,0;,),04 in the present structure analysis.

Ito and Arem (1971) suggested that a synthetic
analogue of chevkinite-(Ce) is stabilized, relative to that
of perrierite-(Ce), by smaller cation in the rare earths site
and larger cations in the octahedral sites. The rare
earths site is occupied with a larger Sr?* ion in the crystal
structure of rengeite. The Zr octahedron in rengeite is
slightly larger than the corresponding Fe octahedron in
perrierite-(Ce) (Gottardi, 1960), and is significantly
smaller than the MgO; octahedron in
La,Mg,Ti;(Si,0;),0s (Calvo and Faggiani, 1974).
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The crystal structure of rengeite with the perrierite struc-
ture confirms the suggestion on the stabilities of the
perrierite and chevkinite structures depending on the
ionic radii of cations (Ito and Arem, 1971).

Strontio—chevkinite is a Sr-analogue of chevkinite-
(Ce) described by Haggerty and Mariano (1983).
They proposed the chemical formula, (Sr,Ce,Ca),
(Fe**,Fet)(T1,Zr),Ti,Si,0,, for strontio-chevkinite
based on the ionic radii. They indexed the X-ray
diffraction data recorded on Debye-Scherrer films with
comparison of diffraction data for chevkinite-(Ce),
perrierite-(Ce), Sr-bearing perrierite-(Ce), and
synthetic (Ce,Sr)Fe(AlTi)Ti,Si,0,,. They concluded
that their Sr-rich mineral is the Sr-analogue of chev-
kinite-(Ce), but not the Sr-analogue of perrierite-(Ce).
The ionic radius of Sr?* (1.32 A; Shannon and
Prewitt, 1969) is much larger than that of Ce3* (1.14 A ;
Shannon and Prewitt, 1969), and sizes of Fe?* and Fe3*
ions are almost comparable to that of Ti*t ion.
Strontio-chevkinite with larger Sr®* ion in the chev-
kinite structure contradicts with the relation between the
stability of the structures and the radii of cations suggest-
ed by Ito and Arem (1971). Although Haggerty and
Mariano (1983) indexed the diffraction data based on
the chevkinite structure and gave cell parameters as ¢ =
13.56, 5=5.70, ¢=11.10A, 8=100.32°, their X-ray
diffraction data of strontio—-chevkinite can be indexed by
reference to the diffraction data of rengeite, and the
lattice parameters, refined with a program written by
Toraya (1993), are as follows; a¢=13.96(5), b—=5.68(2),
c=1194(5) A, =1143(3). If strontio-chevkinite
is isostructural with perrierite-(Ce), and not with
chevkinite-(Ce), and if the crystallo-chemical
formula is (Sr,La,Ce,Ca),(Fe,Mg)(Ti,Zr),Ti,(Si,0;),0s,
the mineral should be renamed strontio—perrierite-(Ce).
It is also probable that Zr atoms occupy the B site
instead of the C sites, as well as Zr atoms in rengeite.
In this case, the formula of strontio-chevkinite should be
(Sr,La,Ce,Ca),Zr(Ti,Fe),Ti,(Si,0;),0,. This means
that the material investigated by Haggerty and Mariano
(1983) may be an Fe-rich variety of rengeite. A single-
crystal study of strontio-chevkinite for the direct obser-
vation of cell parameters, especially the /5 angle, and an
analysis of its crystal structure with refinements of site
occupancies are required for the resolution of this
problem.

Acknowledgements

The authors are grateful to Dr. Kazumasa Sugiyama of
the University of Tokyo, for his suggestions and advice
in the processing of diffraction data and in the calcula-
tion for structure refinement.

References

Bonatti, S. (1950) Perrierite, nuovo minerale ritrovato nella
sabbia di Nettuno (Roma). Atti Rendconti Accademia
Lincei, Ser,8, 9, 361-368.

Calvo, C. and Faggiani, R. (1974) A re-investigation of the
crystal structures of chevkinite and perrierite. American
Mineralogist, 59, 1277-1285.

Gottardi, G. (1960) The crystal structure of perrierite.
American Mineralogist, 45, 1-14.

Haggerty, S. E. and Mariano, A. N. (1983) Strontian-loparite
and strontio—chevkinite: two new minerals in rheomor-
phic fenites from the Parand Basin carbonatites, South
America. Contributions to Mineralogy and Petrology,
84, 365-381.

International Tables for Crystallography, Volume C (1992),
Wilson, A.J.C. Ed., Kluwer Academic Publishers, Dordre-
cht.

Ito, J. and Arem, J. E. (1971) Chevkinite and perrierite:
synthesis, crystal growth, and polymorphism. American
Mineralogist, 56, 307-319.

Miyajima, H., Matsubara, S., Miyawaki, R., Yokoyama, K. and
Hirokawa, K. (2001) Rengeite, Sr,ZrTi,Si,O,,, a new
mineral, the Sr-Zr analogue of perrierite from the Itoi-
gawa-Ohmi district, Niigata Prefecture, central Japan.
Mineralogical Magazine, 65, 111-120.

North, A. C. T., Phillips, D. C. and Mathews, F. S. (1968) A
semi-empirical method of absrption correction. Acta
Crystallographica, A25,351-359.

Pen, C. C. and Pan, C. L. (1964) The crystal structure of
chevkinite. Scientia Sinica, 13, 1539-1545.

Shannon, R. D. and Prewitt, C. T. (1969) Effective ionic radii
in oxides and fluorides. Acta Crystallographica, B25, 925~
946.

Sheldrick, G. M. (1997) SHELXL-97. Program for crystal
structure refinement. University of Gottingen, Germany.

teXsan: Single crystal structure analysis software, Version 1.6
(1993) Molecular Structure Corporation, The Wood-
lands, Texas.

Toraya, H. (1993) The determination of unit-cell parameters
from Bragg reflection data using a standard reference
material but without a calibration curve. Journal of
Applied Crystallography, 26, 583-590.

Yang, G., Pan, Z., Wu, X. and Liu, X. (1991) New investiga-
tion on the space group of chevkinite. Journal of China
University of Geosciences, 2, 75-78.

Manuscript received; 26 July, 2001
Manuscript accepted; 11 December, 2001



