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Abstract

Crystals of composition Mg,Mn,B,0,,, Mg, ,-
Mn,.B,0,, and Mg,(Mn, ,Fe,)B,0,, have been pre-
pared at 1270 K in air and investigated by high-
resolution transmission electron microscopy. Almost
all crystals showed structural defects. The most com-
mon type of defect was a variation in period of
chemical twinning. Slip planes and single twin planes
were also found. Many crystals also showed mixed
intergrowth of several structure types. Thus
Mg,Mn,B,0,, crystals contained mixed intergrowth of
ludwigite-, pinakiolite- and orthopinakiolite-like struc-
tures. Mg, ,Mn, ,B,0,, crystals contained mostly the
ludwigite structure but also new long-period (82-3 A)
structures. Mg,(Mn, ,Fe, .)B,0,, crystals had mainly
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the orthopinakiolite structure with intergrowth of
ludwigite. Several new phases were identified in the
electron micrographs.

Introduction

Synthetic compounds with the composition M,BOq,
where M stands for different combinations of the ions
Mg?t, Mn?*, Fe?*, Mn** and Fe** have been reported
(Bertaut, 1950; Nielsen, Setofte, Thorup & Norrestam,
1978) to have the ludwigite structure {¢f. Fig. 1(b) in
the previous paper by Bovin, O’Keeffe & O’Keefe,
1981 (paper I)l. No synthetic compounds with pina-
kiolite, orthopinakiolite or takéuchiite structures have
been reported. This investigation of synthetic members
of the pinakiolite family was undertaken in order to
reveal the ‘true’ structure of crystals prepared with
different cation concentrations. From the structural
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Abstract

The crystal structure of the new mineral takéuchiite,
Me,BO; (Me = Mg, Mn?*, Mn?3*, Fe’*, Ti**), has been
derived by matching experimentally obtained high-
resolution transmission electron microscope images
with computed ones. The crystals are orthorhombic
Pnnm or Pnn2, with a =27-50 (1), b = 12-614 (2) and
c=6-046 (1) A and Z =24. The structure can be
described as a periodic chemical twinning of the parent
structure of pinakiolite, and is thus closely related to
the other known chemical twins of pinakiolite, viz
ludwigite and orthopinakiolite.

Introduction

The new mineral takéuchiite was found in a specimen
from Langban mine, Sweden (Bovin & O’Keeffe,
1980). The specimen (Smithsonian Institute no.
138548) was labeled orthopinakiolite but was found,
during a high-resolution electron transmission mi-
croscopy study of synthetic and natural oxyborates
(Bovin, O’Keeffe & O’Keefe, 1981; Bovin & O’KeefTe,
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1981), to contain only crystals of the new mineral
imbedded in dolomite and calcite.

The group of mineral structures closely related to
those of pinakiolite (Takéuchi, Watanabe & Ito, 1950;
Moore & Araki, 1974) and hulsite (Yamnova, Simonov
& Belov, 1975; Konnert, Applemen, Clark, Finger,
Kato & Miura, 1976), comprise ludwigite (Takéuchi et
al., 1950), vonsenite (Takéuchi, 1956) and orthopina-
kiolite (Takéuchi, Haga, Kato & Miura, 1978). All
these structures can be described as chemical twinnings
(Andersson & Hyde, 1974) of the parent structure of
pinakiolite (hulsite). Takéuchi (1978) predicted the
existence of the new mineral, and by comparing the
metal-atom occupancies in the structures of pinakiolite
and orthopinakiolite he also suggested a model for the
metal occupancies in the structure of the new mineral.

Using the Cowley—Moodie multislice formulation
(Cowley & Moodie, 1957) it is possible to compute the
electron microscope image to be expected from the
structural model given by Takéuchi and to compare it
with the experimentally obtained one. Thus it is
possible to make a ‘structure determination’, not with
the classical X-ray accuracy but accurately enough for
determination of structure type and structural relations.

Structure model

The structural model used for takéuchiite can be derived
by the structure building operation of chemical twinn-
ing on the unit-cell level (Andersson & Hyde, 1974).
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