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Transmission electron microscopy study of gaudefroyite, Ca8Mn3+
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ABSTRACT
A transmission electron microscopy (TEM) study of gaudefroyite, Ca8Mn3+
6 [(BO3)6(CO3)2O6],
from the Wessels mine, Kalahari manganese field, South Africa, shows strong, continuous streaking
in selected-area electron diffraction (SAED) patterns. The pseudo-hexagonal parameters for
gaudefroyite are a = 10.606(1) and c = 5.896(1) Å. The symmetry of gaudefroyite is lower than
hexagonal because of the streaked reflections. The CO3 groups in the large 63 channels are ordered in
two different ways and this ordering gives rise to two different types of channels, A and B. The A and
B channels occur in a 1:1 ratio and these channels are partially ordered and give rise to the continuous streak reflections in gaudefroyite.

INTRODUCTION
Gaudefroyite, Ca8Mn3+
6 [(BO3)6(CO3)2O6], Z = 1, occurs in
the hydrothermal manganese deposits, Tachgagalt, Anti-Atlas
Mountains, Morocco (Jouravsky and Permingeat 1964), and in
the Kalahari manganese field, South Africa (Hochleitner 1986;
Beukes et al. 1993). In South Africa, gaudefroyite occurs either as vein fillings (associated with barite, calcite, manganite,
and hydrogrossular), or as massive ores (associated with manganite, bixbyite, braunite, hausmannite, and hematite). These
mineral associations indicate a high temperature and a low pressure of formation, where gaudefroyite and barite were formed
during an episode of boron metasomatism (Beukes et al. 1993).
The structure of gaudefroyite was determined and refined
by Granger and Protas (1965), Yakubovich et al. (1975), and
Hoffmann et al. (1997). Hoffmann et al. (1997) refined the structure of gaudefroyite from the Kalahari manganese field in both
space groups P63 and P63/m [a = 10.589(1), and c = 5.891(1)
Å], and presented the structure in space group P63/m as their
preferred structural model. The structure of gaudefroyite contains infinite chains formed by trans-trans connected edge-sharing (Mn3+O6) octahedra that are cross-linked by triangular BO3–
3
groups, forming two different types of channels (Fig. 1). However, the CO2–
3 groups situated in the center of the wide structural channel locally violate the mirror plane perpendicular to
the c axis. Thus, in the average structure, carbonate groups indicate positional disorder (Hoffmann et al. 1997). Because the
structural framework of gaudefroyite and most of the channelfilling cations possess symmetry that is only violated by the
arrangement of the CO3 groups, a strong tendency for twinning or CO3 disorder was expected (Granger and Protas 1965;
Hoffmann et al. 1997). However, carbonate group disorder but
no twinning was reported (Hoffmann et al. 1997).
Gaudefroyite is both structurally and compositionally
similar to cancrinite with regards to the CO3 groups and its
surroundings. The chemical formula for cancrinite is
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Na6Ca2[Al6Si6O24](CO3)1.57.1.75H2O, space group P63, Z = 1,
with hexagonal subcell parameters of a = 12.590, c = 5.117 Å,
and the hexagonal supercell parameters are a × 8c (= 40.936
Å; Grundy and Hassan 1982; Hassan and Buseck 1992). The
carbonate groups occupy the large channels in both structures.
The Ca2 and Ca1 sites in gaudefroyite are similar to the Na2
and Na1 sites in cancrinite. In cancrinite, the CO3 groups are
ordered and produce a superstructure (Hassan 1996; Grundy
and Hassan 1982; Hassan and Buseck 1992), but in gaudefroyite
the CO3 groups are disordered and no superstructure was observed in X-ray diffraction studies (Hoffmann et al. 1997). The
purpose of this study on gaudefroyite is to determine if twinning is present, and also if ordering of CO3 groups occurs and
gives rise to a superstructure.
A recent DTA-TG study of gaudefroyite indicates that a transition occurs at 1004 °C and is interpreted as the change from
partial ordering to complete disordering of CO2–
3 groups (Hassan
and Duane 1999). The loss of CO2(g) in gaudefroyite occurs at
1053 °C. Similar changes take place in cancrinite where the
disordering of CO2–
3 groups occurs at 868 °C and the superstructure is destroyed; the loss of CO2(g) occurs at 949 °C
(Hassan 1996). The corresponding changes in gaudefroyite
occur at higher temperatures than in cancrinite because in
gaudefroyite the CO32– groups are surrounded by six Ca2+ cations on the Ca2 site that result in strong bonds, whereas in
+
cancrinite, CO2–
3 groups are surrounded by four Na and two
2+
Ca cations on a similar Na2 site that resulted in weaker bonds.

EXPERIMENTAL METHODS
Well-developed crystals of gaudefroyite from the Wessels
mine, Kalahari manganese field, South Africa, occur in association with barite, calcite, manganite, and hydrogrossularite.
The hexagonal cell parameters from powder X-ray diffraction
are a = 10.606(1), c = 5.896(1) Å, V = 574.3(2) Å3; they are
similar to those reported (e.g., Beukes et al. 1993; Hoffmann et
al. 1997).
Crystals of gaudefroyite were handpicked under a binocular microscope and fragments of gaudefroyite were obtained
by crushing between two glass slides. The crushed crystals were
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