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P4/n and P4nc long-range ordering in low-temperature vesuvianites
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ABSTRACT
Low-temperature vesuvianites crystallize in the two space groups P4/n or P4nc due to different
arrangements of Ca-dodecahedra and M2+,3+ square pyramids that form strings along the fourfold axes.
Long-range ordered vesuvianites of acentric P4nc symmetry may have the same diffraction symmetry
as centrosymmetric disordered P4/nnc vesuvianites. In contrast, P4/n long-range ordered vesuvianites
exhibit glide plane violating reflections and can easily be identified. We report the first successful Xray single-crystal structure refinement of a P4nc vesuvianite, a = 15.487(2), c = 11.764(2) Å from the
N’chwaning II mine of the Kalahari manganese fields (RSA). This untwinned crystal has Cu2+ and
Mn2+, Mn3+ forming the square pyramid and exhibits an acentric ordering pattern with 85% string A and
15% string B. This is compared to a reinvestigation of the structure of a P4/n vesuvianite from Asbestos Quebec (Canada), a = 15.531(2), c = 11.817(2) Å. The crystal is composed of a merohedral (110)
twin with a close to 1:1 twin ratio and has mainly Fe3+ in square pyramidal coordination. In this centric
structure, string A is 84% and string B is 16% occupied. Criteria to determine the symmetry of lowtemperature vesuvianites, studied by diffraction experiments, are discussed.

INTRODUCTION
A simplified formula of tetragonal vesuvianite (a ~ 15.5, c
~ 11.8 Å, Z = 2), taking into account the various cation coordinations and its domain structure, may be written as X18X'Y12Y'
Z18O69(OH,F)9 where X and X' are seven to ninefold-coordinated, Y has octahedral coordination, Y' has square pyramidal
coordination, and Z represents tetrahedral coordination. X and
X' are commonly occupied by Ca. Y and Y' host elements with
an average valence of 2.85 (e.g., 11 Al and 2 Mg) and Z is
mainly occupied by Si. X' and Y' occupy strings along the fourfold axes. In space group P4/nnc, these strings have the sequence Y'X'X'Y' but due to short X'X' and Y'X' distances
occupied sites always alternate with vacancies (■
■ ). Thus, a
string along a fourfold axis has locally either Y'■
■ X'■
■ or
■ X'■
■ Y' arrangement. Each string itself is fully ordered (short
range ordering), however, adjacent strings are either long-range
disordered (space group P4/nnc) or they follow some specific
ordering patterns leading to decreased symmetry (Giuseppetti
and Mazzi 1983; Fitzgerald et al. 1986b; Allen and Burnham
1992; Pavese et al. 1998). Subgroups of space group P4/nnc
allowing for long-range string ordering are P4/n, centric, and
P4nc, acentric (Giuseppetti and Mazzi 1983, Fitzgerald et al.
1986b, and Allen and Burnham 1992). Allen and Burnham
(1992) argue that the long-range ordered space groups are characteristic of low temperature (<300 °C) vesuvianites whereas
high-temperature (400–800 °C) vesuvianites are long-range
disordered in agreement with P4/nnc diffraction symmetry.
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String ordering takes place during crystal growth rather than
by an ordering transformation on cooling.
Recent structural and chemical studies on long-range disordered P4/nnc vesuvianites (Yoshiasa and Matsumoto 1986;
Fitzgerald et al. 1986a, Ohkawa et al. 1992; Groat et al. 1992a,
1992b, 1993, 1994a, 1994b, 1995, 1996) addressed various substitution mechanisms like boron incorporation and F → OH replacement and provided information on the local configuration
of cations and OH,F sites. A boron-rich vesuvianite group mineral named wiluite has recently been defined (Groat et al. 1998).
Deviations from P4/nnc symmetry were either analyzed in
terms of glide plane violating reflections in single-crystal diffraction patterns or by the presence of a slight piezoelectric or
SHG (second harmonic generation) effect (Arem and Burnham
1969; Giuseppetti and Mazzi 1983; Fitzgerald et al. 1986b;
Allen and Burnham 1992; Groat et al. 1993). Three types of
glide violating reflections were distinguished (1) hk0 with h +
k = 2n + 1; (2a) 0kl with k + l = 2n + 1; (2b) hhl with l = 2n + 1.
Type 1 violates the n glide plane perpendicular to the fourfold
axis, type 2a violates the n glide plane in (100), and type 2b
violates the c glide plane in (110). Occurrence of type 1 reflections excludes space groups P4/n and P4/nnc and suggests P4nc.
Observation of reflections of type 2a,b excludes P4nc and P4/
nnc leading to space group P4/n. The piezoelectric or SHG
effect is only possible in the acentric space group P4nc. Frequently all three types of weak glide violating reflections were
observed or only type 2a,b were present but the piezoelectric
effect was also observed thus it had to be assumed that such
vesuvianites have a complex domain structure assembled of
individual P4nc and P4/n domains (e.g., Valley et al. 1985;
Fitzgerald et al. 1986b; Allen and Burnham 1992).

