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Abstract
The crystal structure of dixenite, ideally Cu+Fe3+Mn2+

14(As5+O4)(As3+O3)5(SiO4)2(OH)6, from Långban, 
Sweden, was refined to an R1-index of 1.58%, and the structure proposed by Araki and Moore (1981) 
was confirmed and details elucidated. The structure, crystallizing in space group R3 with a = 8.2204(3) 
and c = 37.485(3) Å, consists of layers of (Mn2+,Fe3+)(O,OH)6 octahedra linked by (As5+O4) and (SiO4) 
tetrahedra, (As3+O3) trigonal pyramids, and (Cu+As4

3+) tetrahedra. There are five distinct layers in the 
repeat unit of the cell, four of which are very similar to the layers in mcgovernite. An unusual aspect 
of one of the trimers of octahedra is that there is a triangular-prismatic hole through the center of the 
cluster. The (Cu+As4

3+) tetrahedra are parts of larger clusters: [Cu+(As3+O3)4] in which four (As3+O3) 
groups link to a central Cu+ that occupies the positions normally taken by the stereoactive lone-pairs 
of electrons that generally characterize As3+ in triangular-pyramidal coordination by O. Thus, the 
stereoactive lone-pair behavior that is characteristic of (As3+O3) trigonal pyramids is suppressed by 
the coordination of Cu+ by four As3+ ions.
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Introduction
Paul Brian Moore (1940–2019) was one of the giants of min-

eralogy, and his legacy lives in the numerous papers he published 
in his distinguished career. His contributions to mineralogy were 
celebrated in a recent memorial (Hawthorne et al. 2019) that 
stated that he was the greatest mineralogist of the 20th century. 
Professor Moore and his colleagues solved numerous complex 
structures in an age before (usually) routine solution of crystal 
structures using direct methods was possible, stretching the limits 
of equipment and computational resources of that time. As noted 
in his memorial, even in retirement, Paul never stopped thinking 
about problems involving crystal structures. In addition to being 
involved with new atomic arrangements, he urged colleagues to 
re-examine some of his earlier solutions that were done with the 
diffraction equipment of an earlier day. One of those structures 
was that of dixenite, which was a frequent source of conversa-
tions with his colleagues. At the time of his death, Professor 
Moore was urging both of us to re-examine the dixenite structure, 
and we are pleased to offer the results of that work here.

Dixenite, ideally Cu+Fe3+Mn2+
14(As5+O4)(As3+O3)5(SiO4)2(OH)6, 

is of considerable interest because it has a novel metallic cluster, 
ideally (Cu+As4

3+), embedded in an oxide environment (Araki 
and Moore 1981), an atomic arrangement that had not been 
observed previously in any structure. At the same time, Moore 
and Araki (1979) found another metallic cluster, (Mn+As6

3+), 
embedded in an oxide environment in magnussonite, ideally 
Mn2+

18[Mn+As6
3+O18]2Cl2. As far as we are aware, these are the only 

examples of such clusters found in minerals, and Paul B. Moore 

(personal communication) was keen to see confirmation of these 
findings by more accurate modern instrumentation. Moreover, 
both these minerals occur only in the (Fe-Mn)-oxide ore deposits 
at Långban, Sweden (Moore 1970; Holtstam and Langhof 1999; 
Lundström 1999; Bollmark 1999; Nysten et al. 1999), and we 
have a long-term interest in the basic Mn-arsenate-silicate miner-
als from this locality (Hawthorne 2018; Hawthorne et al. 2013; 
Cooper and Hawthorne 1999, 2012).

Sample provenance
Both samples examined here are from Långban. One sample 

was obtained from the U.S. National Museum of Natural His-
tory (C4440, provided to Paul B. Moore) and the other from the 
late Mark Feingloss, a well-known mineral collector from Duke 
University. The structural results are virtually identical, and we 
present only one refinement here.

Crystal structure
Data collection and refinement

A crystal fragment from NMNH C4440 was mounted on 
a Bruker Apex CCD diffractometer equipped with graphite-
monochromated MoKa radiation. Refined cell parameters and 
other crystal data are listed in the deposited CIF1. Redundant 
data were collected for a sphere of reciprocal space and were 
integrated and corrected for Lorentz and polarization factors and 
absorption using the Bruker program SaintPlus.

The atomic arrangement was solved independently of that 
given by Araki and Moore (1981), and hydrogen positions 
were located using difference-Fourier maps. The structure is in 
close agreement with that of Araki and Moore (1981); we have 
retained their original atom nomenclature in this paper. Refine-
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