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Abstract

The crystal structure of dixenite was analyzed using a crystal from the type and sole
locality at Lingban, Sweden. The end-member formula Cu1*Mnlf,Fe3*1OH;u1As3*
O3)5(Si4+O4)21As5+Oo; is proposed. Dixenite is rhombohedral, a : g.233(4), c :
37.499(l)4, space group R3, z : 3. Twenty eight atoms occur in the asymmetric unit
including two disordered cul+ cations. R : 0.064 for 2507 independent reflections.

The structure is related to but distinct from that of hematolite, (Mn2+,Mg,Al)15
(OH)z:(AsOr)(AsO+)2. Three kinds of anionic radicals occur: (As3+O3) trigonal pyramids;
and (Si4+O4) and (Ass+Oa) tetrahedra. Three of the five nonequivalent layers along [001]
are similar in hematolite and dixenite. one layer in dixenite, however, contains a
disordered cluster, idealized as (cul+As?*) where a tetrahedron of As3* ions surrounds a
Cul+ ion. All lone pair electrons from As3+ point into the central cavity which houses
Cur*1dl) and this cluster is believed to be stabilized bv the l8-electron rule where
Cul*As|* forms a closed argon core.

suspected that platy deep red-brown crystals of
dixenite from the only recorded locality at
Lingban, Sweden may in fact consist of more than
one structure or polytype. Our dixenite sample
selected for this structure study was NMNH No.
C-6440. We also examined Nos. B-20579, 94920,
94935 and R-5755 (all in the U.S. National Museum
of Natural History) by X-ray study and found all of
them to be identical. We thank Mr. John S. White,
Jr. for permission to select fragments of these
specimens. The crystal selected was a deep red
plate measuring 0.18 mm llcl x 0.25 mm lla2 x 0.06
mm llc. With g. : 132.1 srn r (MoKa), seven
divisions by the Gaussian integral method (Burn-
ham, 1966) led to significant absorption corrections,
ranging from 0.148 for low anele (00r) reflections to
0.458.

Cell data were obtained from calibrated preces-
sion photographs (MoKa radiation) and yielded a :
8.233(4), c :37.499(l)A, Laue symmetry 3. Intensi-
ties were collected on a pArLREo semi-automated
diffractometer with the a2-axis ll rotation and with
graphite monochromatized MoKa radiation. Back-
ground counting time on each side of the peak was
20 sec, scan speed 1o min-1, scan width 4.0" to 4.8'.
Angular coverage maximum was sinO/)t : 0.80, the

Introduction

Dixenite is a rare mineral, originally described
by Flink (1920) from the mineralogically complex
Fe-Mn oxide ore deposit in Lingban, Sweden. The
mineral was long problematical: Wickman (1951)
proposed the formula (Mn,Fe,Cu,As3 *;ro1si,As5*;,
(O,OH)32, Wuensch (1960) presented a relationship
to the complex arsenosilicate mcgovernite, and
Moore and Araki (1978) proposed Vtn?i Unl*
(OH)a(AsOr)6(SiO4)2 and a model for the srrucrure
derived from hematolite, (Mn2+,Mg,Al),r(OH)zs
(AsO:) (AsO+)z to which it shares similarities in cell
parameters and space group.

We studied dixenite's structure in hopes of
gathering more clues about the structure of mcgo-
vernite, and discovered several unusual features,
including incorrectness of the proposed structure of
Moore and Araki (1978), the presence of [Asi*Cul+]
metal clusters, the occurrence of As3+O3 trigonal
pyramids, and solid solution between Asa* and Sia*
in tetrahedral oxygen coordination.

Experimental details
On the basis of a relationship to hematolite,

kraisslite and mcgovernite (Moore and Ito, l97g) we
0003-004)v8 l/l I t2-1 263$02.00 1263
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Table l. Dixenite: atomic coordinate parametersT As3* and these maxima were short (<2.7A) and we
anticipated "metal-metal" bonding. Unlike mag-
nussonite, the As3+ defined a tetrahedral array, not
an octahedral array. We assumed a similar mecha-
nism operated in dixenite, i.e., the l8-electron rule
and observed that sufficient Cul* was present to
account for this residual density. Counting valence
electrons there exist 2x4(As3+) + 10(dt0 in Cul+)
binding the cluster, defining a closed argon core. At
this stage, we suspected that Cul* reported in some
magnussonite analyses may in fact occur in the
center of the As?+ octahedron in that structure but
no sensible electron "ruIe" could be extracted from
this model. Solid solutions and partly occupied sites
required application of mixed scattering curves
[xSia* + (l-x)Ass+] and ordered vacancies [yCul* +
(1-y)!, where n : vacancyl. Several cycles of
atomic coordinate parameter, site population and
anisotropic thermal vibration parameter refi nement
led to R : 0.064, and R- : 0.065 for 2507 indepen-
dent reflections where

>.(tFot - tF"l)2

)- lF6l2

with w : o-2 of Fo. Refinement minimized w(Fn
F")2. Programs used in this study have been listed

Table 2. Dixenite: anisotropic thermal vibration parameterst
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highest level k : 11. A ,oru1 6f 4989 reflections was
covered including (hkt), (hkt), (h+1, h, [) and (h+k,
h, I). Unobserved reflections with Iq < 2o{D ac-
counted for 397 (8%) of the total reflections.

Equivalent reflection pairs, such as (hkD and
(h+ k , h, [) were found to have equivalent intensities
within error of observation after absorption correc-
tion and were therefore averaged. The Bijvoet pairs
were preserved in the data set owing to pronounced
acentricity, as determined with an N(z) test on
general reflections (Howells et al. , 1950). The space
group is therefore R3. A total of 2507 independent
reflections were used in the ensuing study.

Solution and refinement of the structure

The dixenite model proposed by Moore and
Araki (1978) and derived from the structure of
hematolite, a basic manganese arsenite-arsenate
which has similar cell parameters, was first tested
and found to be incorrect. The structure was solved
piecemeal, with stepwise approach by Fourier
methods starting with atomic positions which satis-
fied the most prominent vectors of a Patterson
synthesis. The problem of structure analysis proved
to be exceedingly complicated, the results of which
require an extensive revision of dixenite's proposed
formula. Much like magnussonite (Moore and
Araki, 1979a), a cluster of As3* cations appeared,
the core of which afforded two electron density
maxima. Like magnussonite, the distances between
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Table 3. Dixenite: parameters for the ellipsoids of vibrationt

1265
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earlier (Moore and Araki, 1976). Scattering curves
for Mn2+, Cu2*, Mg3*, As0*, Sia+ and ol- were
obtained from Cromer and Mann (196E) and anoma-
lous dispersion corrections, /", for all metals from
Cromer and Liberman (1970).

Reasonable errors in bond distances (-F0.0054
for metal-oxygen distances), sensible equivalent
isotropic thermal parameters (<1.44), good agree-
ment with observed specific gravity and chemical
plausibility support our findings on this unusual
structure and demonstrate yet again that crystal
structure analysis may be required to establish a
meaningful chemical formula.

Atomic coordinate parameters are given in Table
1, anisotropic thermal vibration parameters in Table
2, thermal vibration ellipsoids and equivalent iso-

tropic thermal parameters in Table 3, structure
factor tables in Table 4,r bond distances and angles
in Table 5, select chemical analyses in Table 6 and
bond length-bond strength relations in Table 7.

Discussion of the structure

Table 6 presents cell contents based on the struc-
ture analysis and on the Johansson analysis in
Wickman (1951). The agreement is excellent and
demonstrates the importance of structure study in
ascribing formal charges. From the structure study,

I To obtain a copy of Table 4, order Document AM-81-l8l
from the Business Office, Mineralogical Society of America,
20fi) Florida Avenue, N.W., Washington, D.C. 2fi[9. Please
remit $1.fl) in advance for the microfiche.
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Table 5. Dixenite: bond distances and anglesl
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average 2,232

r  o ( t ) -o ( ro ) ( t )  2 .643(2)* *  z r ,7 (2)

3 o ( r 0 ) ( 3 ) - o ( r b ) ( " )  r . t o r 1 t 1 *  7 0 . 4 ( 2 )

s  o (a) -o (q) ( t )  3 .s27(s )  r rz .4 (z )

s  o ( a ) - o ( r o ) ( t )  3 . 4 0 i ( 8 )  s 8 . E ( 2 )

average 3.054 88. 3

3  o(7) -o (z ) ( r )  2 .712(8)  108.6(2)

3  o(1)  -o (7)  2 .734(s )  110.3(2)

average 2 .723 109.4

r (3 )

3  r (3 ) -0 (6)  r .67s(s )

r  r (3 ) -0 (2)  1 .681(10)

average 1,676

s  o( ro ) -o ( ro ) ( t )  2 .842(s ) *  E7.4(2)

s  o ( ro ) -oH(z) ( ' )  2 .90r (z l  9o .o(2)

3 oH(2) -0(r0) 2 .s r s (7 ) *  90 . s (2 )
s ou(z)-oH(z)( t )  2.s46(9) sz.o(2)
average 2.901

2 . 7 3 8 ( 9 )

2 . ? 3 8 ( 8 )

2 . 7 3 8

10s.3(2)

r09 .6(2)

109.4

TEstinated standard erors in parentheses refer to the last digit. I1le equivalot positions (referred to
Table 1) are designated as superscr ipts ed are ( I) . -y,  x-y,  z i  (2) = y-x,  -x,  zt  (3) = (1/3 2/3 2/3) +
( x ,  y ,  z ) i  ( 4 )  =  ( L l 3  2 / 3  2 / 3 )  +  ( - y ,  x - y ,  z ) ;  ( s )  =  ( 1 / 3  2 1 3  2 / 3 )  +  ( y - x ,  - x ,  z ) .

*0-o- shared edges betwoen octahedra. *"o-0' shared edges between octahedron and trigonal plrmid.
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Table 5 (continued)
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u6 l ;  -01s1 ( ' )

-o*t(1) (t)

-o(6)

-oH(r)

-0(4)

-0 (1)

av9rage

oH(r) -oH(r) tr)

o(4) -0H(l)

o t l )  -on i11  ( t )

o (1)  -0H(1)

o(+) -os(t) (t)

oqs ;  
( t )  -6s111 ( t )

0(6) -0H(r)

oJs l  
( t )  -0101

0 (1 )  -o (6)

0(4) -0(6)

o1 l ;  -015;  ( r )

o1r ;  -s651 ( t )

avefage

tt1sl -0631 (')

-0(s)
-o(6)
-ot7)

-01s1 ( ' )

-0(8)

average (inner four)

average (inner five)

average (six)

Inner four anions

o(6) -0(7)

otzl -o1g1 ('z)

o(s) -0(6)

o(s) -o(8) ('?)

o(s) -0(7)

o1e;  -06e1 ( ' )

oyerage

H(4)

2 . r s 2 ( 5 )

2 .160(s )

2 . 1 6 5 ( s )

2 . 1 7 8 ( s )

2 .207 (s )

2 , 3 7 7  ( S )

2 .206

2 . 8 3 2 ( 8 ) r  8 1 . s ( 3 )

2 ,898 (7 )  82 .7  (2 )

2 .g rs  (9 )  *  79 .8(2)

2 .9rs (9) *  79 .4(2)

3 .026(8)  87 .7(2)

3 . 0 4 8 ( 7 )  9 0 . 0 ( 2 )

3 .072(7 ' )  90 .0(2)

3 .130(7)  98 .2(2)

3 ,272(s )  92 .0(2)

s . 2 9 e Q )  9 8 . 0 ( 2 )

3 . 3 1 1  ( 7 )  s E .  s ( 2 )

3 . 4 0 4 ( s )  9 ? . 3 ( 2 )

3 . 0 9 3  8 9 . 6

rr(s)

2.093(s)

2 . 1 2 o ( s )

2 .  r33(s )

2 . 1 4 s ( s )

2 .429(S)

2.730(S)

2 .184

x ( 6 )  - o ( 8 )  ( ! )

-o(7)
-on1z; tr)

-06s1 ('z)

-o(s)
-o(2)

aversge

o is ;  -01s1 ( ' )

o1s ;  
( r )  -e1r1  (z )

0(2) -o(e)

o(z )  -o (s )  ( t )

o6e1 
( t )  -6 , t , r ,  { t )

o (7)  -oH(z)  (1 )

0(7)  -0 (s )

o(2)  -0 (7)

o { 2 1 - o 1 6 ;  ( r )

o (s )  -0s121 ( t )

o1s; ( 'z) -q1121 ( t)

o tz ;  -013;  ( r )

ave!age

M(7) -oH(2)

-o (e)

-0  ( t r  )
-o(3)

- o ( 1 1 )  ( ' )

-0 ( r0 )

avefage

o( 10) -oH(2)

o(3)  -o (11)

o1r1-o1r1y  ( ' )

o(rr) -o(rr) ( ' )

o(e) -0H(2)

o(3) -oH(2)

0(11)  -OH(2)

o(  10)  -0 (1r )

0 (9)  -o (10)

o(3)  -0 (e)

o(s )  -o (11)  ( '?  )

o (10) -o(11)  
( ' z )

ave!age

xt6)

2.086(S)

2 .  156(s )

2.244(s)

2 . 2 6 2 ( S )

2.289(5)

2 . 4 1 s ( s )

2 .244

2,650(8)* *  71 .2(3)

2 .967(7)  86 .0(2)

3 ,01s(9) r  79 .7(2)

3 .ors (9) *  80 .2(2)

3 ,031(7)  88 .8(2)

3 ,071(7)  88 .3(2)

3 . 2 7 2 ( 7 )  9 4 . s [ 2 )

3 .307(5)  92 .3(2)

3 . 3 3 6 ( 5 )  9 s . 4 ( 2 )

3 ,36r  (7 )  9s .7  (2 )

3 .405(7)  98 .2(2)

3 ,442(7)  108.1(2)

3 .  1 5 6  8 9 . 9

t4(7)

2 .  r82  (s )

2 . 1 8 8 ( s )

2 . 2 1 0 ( s )

2 .  24s  [s )
2.284(s)

2 . 2 8 s ( s )

2 . 2 3 2

2,s1s(7) *  81 .4(2)

2 .974(8)*  83 .8(2)

2 .  s74(8)  *  82 .1(2)

2 . 9 9 8 ( 8 ) *  8 3 . 7 ( 3 )

3 .0s3  (7 )  88 .6  (2 )

3 . 0 s 1 ( s )  8 8 . 6 ( 2 )

3 .094 (7 )  89 .6  (2 )

r . r r z ( / J  6 6 . 5 [ z J

3 . r 3 8 ( 7 )  8 e , r ( 2 )

3 .3s9  (s )  98 ,  s  (2 )

3 .388(7)  s8 .s (2)

3 .673(7)  107.0(2)

3 . 1 4 9  8 9 . 9

2.93s(7)

3.120(?)

3 ,410(7)

3,623(7)

3  ,677 (7 )

3 .724(7)

3 . 4 1 6

8 6 . 8 ( 2 )
98 .  1  (2 )

106.6(2)

1 1 8 . 6 ( 2 )

119,2(2)

t 2 3 . 6 ( 2 )

1 0 8 .  E

we accepted cul*, Mn2*, As3* and As5+ as formal
charges, then recalculated Johansson's analysis to
accommodate these differences which resulted in a
negligible amount of Mn3+. From the structure
study, we obtain tvtn?irrtrlg2o.*30Fe1l57As?i0o
CulSrsiljoAs;5o (OH)rEOs1 in the cell. This gives
p(calc) : 4.375 g cm-3 in excellent agreement with
the specific gravity of 4.36 reported in Wickman
(1951). From this exceedingly complex formula a

unit formula is proposed for an ideal "end-mem-
ber" composition (v#e supra):

cut*Mnffe3+(oH)6

(As3+o3)5(si4*oo)r1As5* o), z : 3.

This formula disguises the peculiar aspects of dix-
enite's crystal chemistry: first Sia* and Ass+ mix
over their sites, and second the Johansson analysis
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I

P a 0 s  0 , O 2
As205

S i O z  5 . 3 1

A s 2 0 3  3 2 .  1 6
h z o :  8 . 0 5
F e 2 0 3  3 . 7 5

I g O  0 . 3 2
h 0  4 3 . 3 5
C a o  0 . 3 9
C u O  3 . 4 9

Cu2o
N a 2 0  0 . 1 3
K z O  0 .  1 4
H r O  2  8 0

T o t a l  9 9 . 9 1

specif ic gravi ly 4.36
Density (g m-')

4

A s s +  3 . 9 0

s i { +  5 . l o

A s 3 *  l 5 . o o
th 3"

F e 3 *  2 , 5 7

ue"'  o,3o
lS" 42.13
Ca'
frr '

c u r +  2 , s 3

Table 6, Dixenite: chemical analysis and its interpretation contain strong metallic bonds. The end-member
formula emphasizes that Cur+, and to a lesser
extent Fe3*. are essential to the structure.

Dixenite is thus, like its relative mcgovernite, a
basic arsenite-silicate-arsenate. Its name derived
from the occurrence of two strangers-arsenite and
silicate radicals-as originally proposed by Flink
(1920). But it might better have been called "trixen-
ite" owing to the presence of three radicals!

Although the structure cells of dixenite and hem-
atolite are very similar, their contents and layer
arrangements are quite different. Moore and Araki
(1978) showed that hematolite is based on closest
packing of oxygens and presented the five non-
equivalent layers as Figures 2a+ and that the
stacking sequence is 'hhhch' . Using the same
layer notation in the Figure la-e series in this paper
it is seen that the m:}layer in dixenite is quite
unlike any layer in hematolite and includes the
disordered [Asl*Cul*] clusters. Even the layer
itself is not close-packed as shown by the non-
parallel orientation of the M(1) and M(2) octahedra'
The m:l layer is the same type as m:2 in hemato-
lite. The dixenite m:Zlayer has no correspondence
with hematolite, consisting of T(2) and T(3) tetrahe-
dra and very distorted M(5) polyhedra. The dixenite
m:3layer is similar to the m:l layer in hematolite
but with T(1)O4 tetrahedra in place of hematolite's
As3*O3 trigonal pyramids. The dixenite m:4layet
is similar to hematolite's m:llayerbut with As3+O3
trigonal pyramids instead of (AsO+) tetrahedra' This
layer is interesting in that it is the same type of
octahedral layer as found in Figure la (Horiuchi e/
al., 1979) while the m:3layer is the same type as
their Figure lb as found in 2Mg2SiO+' 3Mg(OH)2.
Welinite, Mn4*Mn3*SiOz, the simplest of these
structures. has an octahedral sheet like the m:4
layer in dixenite. What is interesting about this
layer is the occurrence of small octahedrally coordi-
nated cations on the special 3-fold axial position: in
welinite it is populated by Mna*, in hematolite by
mixed Al3+ and Fe3*, in dixenite principally by
Fe3*(M(3). For this reason, Fe3* (or possibly
Al3+) appears to be an important component in the
structure.

Bond distances and their deviations

Table 5lists individual bond distances and angles
for the individual coordination polyhedra in dixen-
ite's structure. The individual distances were ar-
ranged according to increasing values and shared
polyhedral edges are starred. These shared edge

2

7  . 7 4

5 . 3 0

25.64

3 . 5 5

0 , 2 I

3 . 1 3

2 . 8 0

1 0 0 . 0 0

4 . 3 7 5

3

5 . 9 6

6 . 2 3

25.65

4 - 1 4

3 . 7 1

2 . 8 0

7  2 . 0 0
1 8 0  0 0

5

3 . 9 0

t 4 . 9 1
0 . 6 6
2 . 7 3

0  . 4 6
4 0 . 7 3
0 . 4 1

2 . 5 5

7 I . 5 4
1 8 0 . 8 5

L  A t O n S  / r . J J

f, Charge 180 00

l Johossm ss lys is  in  w icknd ( r951) .

2ce lcu la ted  w€ igh t  percs t  f ron  s tnc ture  s tudy  md f lm co lMn 4 .

3For  p roposed end-ndber  conpos i t ion  cur* lh i tFe t ' (Aso3)s(s io r )z (Asor ) (oH)e .

qce11 
contflts of cations computeil fron stilcture ila1ysis. Total Fel+ uas

conputed  to  exac t ly  ba luce  mion  charge =  180 e lec t tons .

5co l I  con tmts  o f  ca t ions  co@uted f ron  Johdsson ana lys is  i ld  conver t ing

cu2**  cu l+ :As3*  *  As5+:  As3+-*  As5t :h3*  *  ) t rzn  in  tha t  o rder ,  the  cu"  end

Ass+ to ta ls  d ic ta ted  f rm the  s tnc ture  s tudy .

suggests a slight deficit of cations which in Table 6
appears to result from less As5* and more Sia+ and
somewhat less Cul+ in his analysis. However, the
table demonstrates very good agreement with the
"end-member" formula.

The most interesting feature of the structure is a
metallic cluster, ideally [Asl*Cul+] where the Cur+
is coordinated by four As3* at the vertices of a
distorted tetrahedron, the lone-pair electrons point-
ing into the central Cur+ cation. This feature was a
surprise in the structure study but it is interesting to
note that minerals coexisting with dixenite include
native lead, Pb'; a-domeykite, a-Cu3As and mag-
nussonite, Mn3+Cl[Ase*Mnr *Ors]. Magnussonite's
structure (Moore and Araki, 1979a) evidently con-
sists of a metallic cluster [Asa*Mnr*] where the 18-
electron rule is also satisfied but the distribution of
As3* about Mnl* defines a distorted octahedron.
However, in the more recent study on the related
arsenite armangite (Moore and Araki, 1979b) we
found a similar distribution of Asl+ but no central
metal, thus creating concern over the magnussonite
study. However, the excellent convergence of the
dixenite refinement, the role of Cul* and the ap-
pearance of a tetrahedral metallic cluster strongly
implies that these "bits of metal" in an oxide matrix
are real and that dixenite and coexisting magnus-
sonite are two examples in natural systems which
represent a transition between the ionic oxides and
the sulfides, sulfosalts and alloyJike phases which
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Table 7. Dixenite: electrostatic valence balance of cations and anionst

t269

Coordinating Cations

M(3)r't(2)M(r ) u(6) M(7) r(2) r (3 ) As(1)  As(2)  As(3)
Bond

Strflgth 2/62/6 4 . 2 s / 4  4 . 5 / 4  4 . 7 5 / 4  3 / 3  s / 3  3 / 3

Anions
o(1  )

0  (2 )

n f31

0(4)

0(s)

0(6)

0(7)

o(8)

0(e)

o(r0)

0 t l r )

0H(1)

3
+ 0 , 1 7
rfit-

I
- 0 . 0 1

+0 l2S

3
+ 0 .  1 7
(XJJ

1
+ 0 . 0 I

+0  187

3 1
+ 0 . 0 I  - 0 . 0 2

I*3r
+O.062

1 -0 .333
- 0 . 0 3

I
- 0 . 0 5

1
-0 .  04

I
- 0 . 0 0

I
+ 0 . 0 1

I
+ 0  , 0 0

-o.167

-0.t67

-0.042

-0 ,  l0s

+ 0 . 0 0 0

+0.767

+ 0 . 0 0 0

I
- 0 . 0 0

1
+ 0 . 0 2

I
- 0 . 0 8

- 0 .  1 6

2
+0 .  02
+ u .  u 5

- 0 . 0 4

+ 0 ,  0 5

TA.bond- length deviation refers to the polyhedral average subtracted fron the individual bond distace. The entries begin
with the nunber of cations coordinatini to m aion foitorea by the distsce aeviatimi. n"-ar;i l-J*irl ir i- ' ir 

"ru"tro-static bond strength sun fron neutrality Cpo = 2.00 e,s.u. for O2-, l.OO for oH-). Bond lmgth i iviations which confom
to Apo are underlined.

distances usually occur toward the top of their
appropriate list. It is worth noting that only the
[As3+O3] trigonal pyramids share edges with the
larger polyhedra: all three individual trigonal pyra-
mids involve some edge-sharing in contradistinction
with the three [T=a+Oa] polyhedra where no edges
are shared. The same phenomenon occurs in hema-
tolite (Moore and Araki, 1978); the As3*-O 1.75-
1.78A polyhedral averages are close to the 1.79A
average in hematolite. The T-O averages steadily

increase, from T(1)-O to T(3)-O, in accordance
with increasing As5* solution at these sites. The O-
As3*-O' angles range from 95'to 103o, compared
with 94' in hematolite and 96" in synadelphite
(Moore, 1970). Two polyhedra presented problems
but these are easily resolved if extensive ordering is
assumed in the dixenite structure. The M(3!-O
2.054 average, discussed earlier, is approximately
an Fe3+-O distance. The M(5FO averages show a
range of distances: four distances below 2.154
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0 fl01-0 04

rs (sf5)
-0  0 l 

Fig. I . Polyhedral diagrams of the five non-equivalent layers in dixenite. The layer is identified as z = 2ml3o where m is an integer'

Heights are given as fractional coordinates.

Fig. la. The z:0 layer including the As(1,2,3)O3 trigonal pyramids and the M(2)O6 octahedron. This layer shows the region

around the Cur*Asi* cluster. Hematolite has no such layer.

(average 2.124), one distance at 2.$A and a re-
maining distance at z.nL. Such multiple "coordi-
nation spheres" have been noted earlier for Mn2+ in
an oxide environment. Arsenoclasite. Mn?*

(OH)+(AsO+)2, has polyhedra involving tetrahedral

Q.BL average), trigonal bipyramidal (2.19A aver-
age) and octahedral (2.224 average) coordinations
(Moore and Molin-Case, 1971). In the present

Fig. lb. The m=l layer showing the M(4)Oe octahedra and the As(l)Or trigonal pyramid. This resembles the m:2 layer in
hematolite.
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Fig. lc. The m=2 layer showing the M(5)O+ tetrahedron (here with additional O(5)(t), the T(2)Oa and T(3)Or tetrahedra.
llematolite has no such laver.

t27l

study, we have chosen tetrahedral coordination of
oxygens about Mn(5) and used this for the valence
balance calculations in Table 7.

The [Cur*Asl"] tetrahedral cluster is very inter-
esting as discussed earlier. This cluster (Figs. la, 2)
involving a central Cu+r cation has no counterpart
among the sulfosalt or arsenide structures. Besides,
in dixenite the Cu atomic positions are not fully
occupied but are split into two non-equivalent sites.

Mean distances (Table^ 5) are Cu(1I-As(2,3) 2.26
and Cu(2)-As(l,3) 2.40A. Perhaps the lautite struc-
ture contains a good model of such a cluster since
Cur* is tetrahedrally coordinated by sulfur and
arsenic to form a [CuAsSr] cluster. Craig and
Stephenson (1965) report a Cu-As 2.424 distance
which is close to the average for the Cu(2)As]+
cluster in dixenite. The short Cu(l)Asi+ average
distance is not so easily explained. Perhaps it is a

Fig. ld. The m=S layer showing the M(6)O6 octahedra and the T(l)O+ tetrahedron. This resembles the m:2layer in hematolite.



r272 ARAKI AND MOORE: DIXENITE

Fig. le. The m=4layer showing the M(3)Oe and M(7)Oe octahedra, and the As(2)Or trigonal pyramid. This resembles the m:l
layer in hematolite.

consequence of the cluster disorder or even the
possible presence of a difrerent metal. This latter
possibility is difficult to rationalize since there is no
other site which Cu could occupy, either as Cul*
(owing to its large size) or Cu2* (owing to pro-
nounced Jahn-Teller distortion).

Calculated weight percentages for the structure
analytical results and for the proposed end-member
formula cur *Mn?i Fe3 * (oH)e(Asor)s(sio+)z(Aso+)
show generally good agreement with Johansson's
analysis of the mineral in Table 6, bearing in mind
that some solid solution exists between Sia* and

Table 8. Dixenite: calculated and observed powder patternsr

I (calc) d(calc) hkr, I (obs) d(obs)

o(to)(5Lo.oq

o(q)(r). o.oz

o(tt)(3)-o.oq

Fig. 2. The oxygen coordination polyhedron about the
Cur*As|* cluster in dixenite. This polyhedron is a distorted
truncated tetrahedron.

fThe calculated data are fron the refined structure,
based on CuKg radiation. These rosults are conpargd
with ASTX Powder File No. 19-426. Only calculations
with l(calc) I 5 are listed. Ag"eenent is good,
excepting preferred orientation effects in the
ereerinental study.

5

9
21
29
44
l6
36

100
24
l5
l l

J

6

6

, a

2 l
16

6
5

t4
9

l2

6
l9
6
5

12 .500  003
6 .996  10 r
6.250 006
4 .LL2  110
5 .906  113
3 .455  116
3 . 3 1 8  1 0 , 1 0
2,965 027
2 . 9 2 7  l l 9
2 ,835  208
2.685 2rr
2,664 t22
2.587 2r4
2.582 02. t0
2.5s3 tzs
2 .507  0 r . 14
2 . 5 0 0  0 0 . 1 5
2 .488  t t . t 2
2.405 2r7
2 .374  300
2,s34 L28
r . 972  131
1 . 9 6 8  2 t . 1 3
t .820 318
r , 7 6 8  2 r . 1 6
t . 7 2 L  3 0 .  1 5
1 . 7 0 6  L 2 . 1 7
I  . 638  l l  . 21
1.563 327
1 .554  410
1.543 238
1 . s 3 8  t 2 . 2 0

30  t 2 . s
16  6 .99
35  6 ,22
90  4 .  l 0
50  3 .90
40  s .42
4 s  3 . 3 1
80  2 ,96

100  2 .92
5 0  2 . 8 3
40  2 .68
30  2 .66
20  2 .58

1 6  2 . 5 3

40b
J J

80
45
2S

t2b
50
20
2S
t 2
l 6
55
2sb

2 . 4 9
2 , 4 0
2 . 3 7
2 . 3 3
t . 967

I  . 819
t , 7 6 4
1 . 7 1 9
r . 7 0 3
r  . 635
r .560
I  . 551
1  . 541

\--'J:f1lT'!

- XAs(I1.0.07
./' cu(2).0.00
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Ass*. Performing the appropriate valence conver-
sions suggested by the structure study brings Jo-
hansson's analysis into very good agreement indeed
(columns 4 and 5). It is gratifying to see that very
little Mn3+ evidently occurs in the structure, con-
forming to the rather reduced state of the species.

When a complex structure is well-refined it is
desirable to calculate a powder pattern and com-
pare it with existing powder data as given in Table
8. One advantage is the correct assignment of the
Miller indices and its advantage over experimental-
ly determined powder patterns which usually exhib-
it some preferred orientation and absorption effects.
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