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INTRODUCTION

Surinamite, (Mg,Fe2+)3(Al,Fe3+)3O[AlBeSi3O15] is a single-
chain silicate found in high-grade metapelites and metapeg-
matites at seven localities worldwide (Baba et al. 2000). It
closely resembles sapphirine in structure (Moore and Araki
1983) and has the same dominantly blue coloration as this min-
eral, but its colors are distinctive with greenish and purplish
hues far more pronounced than in sapphirine (e.g., de Roever
et al. 1976; this paper, Fig. 1); the purple being reminiscent of
color seen in alkali amphibole. These colors suggest a major
role for Fe3+ in surinamite crystal chemistry, which is also indi-
cated by stoichiometric formula calculations of surinamite from
relatively oxidized rocks (e.g., Grew et al. 2000).

The original structure determination of natural surinamite
(Moore and Araki 1983) revealed the major features of its crystal
structure, including the close relationship with sapphirine, and
confirmed the crystal-chemical role of Be. The latter had been
identified as an essential element in surinamite during previ-
ous synthetic work in the Mg-Fe-Al-Be-Si-O-H system (de
Roever et al. 1981), and later in the Mg-Al-Be-Si-O system
(Hölscher et al. 1986). More recently, Be-free germanate ana-
logs of surinamite have been synthesized in the Mg-Al-Ge-O

* E-mail: barbier@mcmaster.ca

The role of Fe and cation order in the crystal chemistry of surinamite,
(Mg,Fe2+)3(Al,Fe3+)3O[AlBeSi3O15]: A crystal structure, Mössbauer spectroscopic, and

optical spectroscopic study

JACQUES BARBIER,1,* EDWARD S. GREW,2 ELKE HÅLENIUS,3 ULF HÅLENIUS,4 AND MARTIN G. YATES2

1Department of Chemistry, McMaster University, Hamilton, Ontario L8S 4M1, Canada
2Department of Geological Sciences, University of Maine, 5790 Bryand Center, Orono, Maine 04469, U.S.A.

3SGAB Analytica, Box 511, SE-183 25 Täby, Sweden
4Department of Mineralogy, Swedish Museum of Natural History, Box 50007, SE-104 05 Stockholm, Sweden

ABSTRACT

The crystal structure of surinamite from “Christmas Point,” Enderby Land, Antarctica, has been
newly refined by single-crystal X-ray diffraction: VI(Mg2.26Fe2+

0.74Fe3+
0.39Al2.61)OIV(Al1.00Be1.00Si3.00)O15

(simplified formula), space group P2/n, a = 9.915(2), b = 11.368(2), c = 9.617(2), b = 109.30(2)∞, Z
= 4, wR(F2) = 0.074 for 4876 independent reflections. The refined site occupancies agree well with
the chemical composition determined by electron microprobe analysis and with the Fe3+/Fe2+ ratio
estimated from stoichiometry. The surinamite structure is characterized by an ordered Al/Be/Si dis-
tribution on the tetrahedral sites and by charge ordering with extensive Mg2+-Fe2+ and Al3+-Fe3+

exchange on the octahedral sites. This cation ordering is distinct from that observed in related phases
of the sapphirine series and aenigmatite groups, and the difference is linked to the unique structural
topology of the tetrahedral chains in surinamite. Optical and Mössbauer spectra of surinamite have
been fully interpreted in terms of an octahedral distribution of Fe2+ and Fe3+ cations that agrees very
well with the X-ray site populations. Both the X-ray and Mössbauer data establish the absence of
significant tetrahedral Fe and the non-uniform distribution of octahedral Fe. Intense and strongly
polarized absorption bands caused by IVCT-processes in clusters of Fe3+ and Fe2+ iron in edge-
sharing octahedral sites produce the unusual color and pleochroism observed in surinamite.

and Mg-Ga-Ge-O systems (Barbier 1996). The structure determi-
nation of the gallo-germanate analog, (Mg4Ga2)O[Ga2Ge3O15], with
C2/c symmetry has shown that it corresponds to a new
polysomatic variant of the P2/n natural surinamite structure
(Barbier 1998). Overall, both the tetrahedral and octahedral
cation distributions in surinamite and its synthetic analogs have
been found to be more ordered than in the corresponding sap-
phirine structures. However, the detailed cation ordering in
natural surinamite and the Fe3+ distribution, in particular, re-
main to be worked out.

The present paper reports a new crystal-structure refinement,
optical spectra, and Mössbauer spectra for surinamite from a
metamorphosed pegmatite in Antarctica (Grew et al. 2000). The
main objectives of the study are to use new analytical data to
resolve several uncertainties in the original structure determi-
nation by Moore and Araki (1983), to better establish the ex-
tent of cation order in the surinamite structure, and to assess
the role of Fe in its crystal chemistry. The cation distribution in
surinamite can then be compared with those observed in re-
lated minerals, including khmaralite, a partially ordered Be-
bearing sapphirine (Barbier et al. 1999).

SAMPLE DESCRIPTION, CHEMISTRY, AND PETROLOGY

Samples 2292C and EG99012207 (shortened to 12207) were
collected in 1979 and 1998, respectively, from the “discovery


