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The crystal structure of braunite I and its relation to bixbyite and braunite
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Abstract

The crystal structure of braunite II, Ca(Mn,Fe)$SiO.,, has been determined on a crystal
from the Wessels Mine, near Hotazel, Souta Africa. It is tetragonal, space group [4,/acd,
with cell dimensio~ ~ a = 9.431(2), ¢ = 37.774(4)A. The structure was refined by use of an- {
isotropic thermal parameters and an extinction correction to a conventional R = 0.058. The ;
structure consists of an (A’ABA), stacking sequence of three non-equivalent edge- and cor-
ner-linked polyhedral sheets. The A- and A’-sheets consist of edge- and corner-linked
(Mn,Fe) octabedra, whereas the B-sheets consist of Ca in cubic coordination, Si in tetrahe-
dral ccordination, and (Mn,Fe) in octahedral coordination. The A- and A’-sheets are present
in bixbyite with stacking sequence (A A’),, whereac the stacking sequence of braunite is
(AB),. The A-, A’-, and B-sheets are virtually identical in the three structures. The structure
determination confirms the validity of the braunite II structure as proposed previously. Com-
parative calculated X-ray diffraction data are presented so that distinctions can be made

among these three minerals.

Introduction

The crystal structure of bixbyite has been the sub-
ject of recent investigations by Norrestam (1967) and
Geller (1971). De Villiers (1975) and Moore and
Araki (1976) examined the brannite structure and in-
dependently pointed out the very close relation be-
tweer these two structures. Moore and Araki (1976)
derive a theory that not only describes the braunite-
bixbyite relation but also classifies all fluorite-struc-
ture derivatives. They also prodose a structw for the
compound first described by De Villiers (1946) as
ferrian braunite and later designated as braunite II
by De Villiers and Herbstein (1967).

This investigation is the continuation of a study of
the crystal chomistry of economically important min-
erals from the Kalahari manganese field, Cape Prov-
ince, South Africa. It also presents an orportunity to
test the validity of the structure of braunite II as pro-

posed by Moore and Araki (1976).

Experimentali

A single crystal of braunite II was selected from
specimens collected at the Wessels Manganese Mine,

-near Hotazel, Cape Province, South Africa. A part of
o 156
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the type material has been deposited at the Royal
Ontario Museum, Toronto, Canada, and is registered
as M33733 and M34659. Braunite II occurs together
with braunite and hausmannite as one of the pre-
dominant minerals in iron-rich portions of the miue.
The composition given in Table 1 was determined by
electron microprobe analysis using the Bence-Albee
correction procedure, and was calculated on the basis
of 24 oxygen atoms. Weight percentages of the con-
stituent elements are 52.49 Mn, 10.63 Fe, 2.55 Si, and
3.03 Ca. Synthetic Mn,0O, (Mn), magnetite (Fe), and
wollastonite (Ca,Si) were used as standards.

X-ray measurements with graphite-mono-
chromated MoKa-radiation were completed on a
roughly spherical crystal (see Table 1 for dimensions)
that had been ground and mounted on a Philips
PW1100 computer-controlled four-circle diffrac-
tometer. The cell dimensions were obtained from
least-squares analysis of angular measurements of 44
reflections collected with a Stoe precision Weissen-
berg camera, and refined by uvse of a program by
Burnham (1962).

The cell dat.. are given in Table 1. The intensities
of a unique set of reflections up to sin /A = 0.8 were
collected with the w/26 scan technique, and the back-
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