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Abstraet. The borate mineral Mg, . Mn, .Feg o
Sby 1 +O,BO, from the Mossgruvan mine, Nordmark,
Virmland, Sweden, has been studied by a combination
of single crystal X-ray diffraction and eleciron microscopy
(HREM, EELS and EDX) technigues The HREM
ipvestigations showed that the structure belongs to the
pinakiolite family, whose other members with increasing
comaplexity are, e.g. pinakiolite, Tudwigits, e)i”E?ictpinﬁw
kiolite, takéuchiite and blatterite. The space group is
orthorhombic, Prnm (No. 38), a = 37, RAIDA, b =
12.568(31 A, ¢ = 6.200{2) A: : The structural
model, for which Ehet mmitial coordinates could be deduced
from the HREM images, has been refined versus the
2280 most faign%ﬂs:anz Xeray reflection intensities with
sin /2 < 070 A7 1o Revalue of 0.05%6.

As for many other members of the pinakiolite family
some cation positions are disordered. The disorder ig
obviously related to the structural effects cansed by the
distorted oxypen coordination octahedra around the
Mue®* ions. As revealed by HREM. some blatterite
crystals contain extemied planar defects that can be
explained as due fo ifffsgmar repeat distances between
the twin planes in the [100] direction

Introduction

The mineral blatterite belongs to the pinakiolite group
of minerals, 1t was given Hs mineral name by Raade,
Miadek, Din, Criddle and Stanley (1988). Although the

Correspondence suthor

chemical composition of their specimen, Mgo
Feo. 1 18bg,100: BO;, differs from that found in the nrese
study, HREM studies {Bovin, Barry, Thomasson, Norre-
stam, Filth, 1986 and Raade et al,, I1988) verified that the
specimen was 4 new stractural member of the family. The
existence of this member was pointed out earlier by Dunn,

Peacor, Simmons and Newbury (19831 who gave the
composition Mg, seMn; seFeq 11Alo18be. iy

but its structure was believed to be very disordered in
the {108] direction. Preliminary investigations (Bovin
et al., 1986} of the present mineral showed it to be rather
well ordered.

The pinakiolite family consists of at least twelve known
members with the general formula M, (} BO Them
ions, M, can be divalent as ’\;’Ef’ F{*“"’
andjor trivalent as Mn®*, Fe®™, AI®" and also tetra- and
pentavalent as Sa*”, Ti** or 8b%*. With the concep
chemical twinning {Andersson, Hyde, 1974}, the struciu-
res of the different members of the family can be consi
red as built up by twinming of the parent structure
pinakiolite (or hulsite) as presented by Takeuchi (187
and by Bovin, O'Keeffe and OKeefe {1981) The me
ions are octabedrally coordinated by oxygen ions
the octabedra are lnked together by corner- and ¢
sharing to form flat walls, F walls, and zig-zag walls.
With the notation of Takéuchi (1978) the central mmmm

of ﬂd:ihedfd through the zig-zag walls are called O

Muost of the members of the family are possib
synthesize and several, not known as manerals, have b
prepared, e.g Co,0.BO, (Norrestam, Nielsen, Seto
Thorup, 1988}, As the structure type is able to host L&
wons of different valences of the same element, members
of the family are potential catalysss, Preliminary iests
some ludwigites have afready shown that they have some
catalylic activity in the tolal oxidation of hydro-garbons.
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The cryvstal structure of blatterite is of interest ag it is
most complex member of the pinakiolite family
werto known in crvsialline form. Furthermore, structu-
stigations of two other members, takéuchiite
Dri’iﬁ‘iiﬂﬁh Bovin, 1987) and a new antimony vich
carisnt of pinakiolite (Norrestam, Hansen, [988) have
shown that the structural implications of the Jahn-Teiler
sffect for the Mn®™" fons cause extended positional
rder of the metal (not Mn®") ions tn every second
rer of octahedra in the € walls, The aim of this
investigation is thus also to study this fz‘g}pz‘;:‘eﬁtly general
feprure of the family members containing Mn® ™ further,

Experimental

The specimen of blatterite investigated in the present
study, was found 1976 in the dumps at the Mossgruvan
mine, Nordmark, Virmiand, Sweden, by James »’&mtut
The mineral occurs as black prismatic striated crystals,
spented in bands, assoclated mainly with havsmanndte
and calcite. These species were venified by powder diffrac-
son techniques. The holotvpe speclmen is deposited at
the Swedish Musenrn of National History {specimen
Mo, NRM 390001

Electron microscopy studies

Black prismatic orystals were selected for studies in a
scarmning electron microscope, JSM-8404, equipped with

a L k A‘di()ﬂﬁl} ETETEY disp{,r%}\f{, ‘{ TRy {‘E*]}‘Q analys-

als dl‘}d at many 18‘,,30115 { exut&d aEen <1‘p§3r0x1mau,iy
4107 % m in diameter} on sach crystal. A typical BDX
spectrum from the crystal used for the X-ray investigation
is shown in Fig. {a. The spectra were evaluated with the
corputer program ZAF LS (Statham, 1977, using
standard spectra collected from pure oxides of the present

metals. The mean value of several crystals, six spectra
*"rrm each crystal, gave the chemical composition

1 Fe0 0500000 17,0 BO;. The estimat-
Aations {e.a.d.s) take into account spatial
o1t as methodical varations. In order to verify the
presence of the light elements, an electron energy loss
spectrum {E bi was recorded {Fig Dby with a Gatan
866 parallel S using & JEM-2000FX operated at
JrY.T ht, anabyses are in good accordance with those
Hated from the metal ion occupancies found by the
K-ray diffraction study, but differ considerably from those
given by Raade et al. {1988). Mo crystal with a composi-
tion similar 1o that proposed by Raade etal was foand
i the present specimen. It is most likely, that the crystals
investigated by Raade et sl are from another part of the
Nordmark ore field and #t can be conchuded that there are
different compositional variants of the blatterite mineral.
Several crystals of the mineral were ground in acetone
and deposited on a holey carbon film supported on a
wopper grid. The orysials were first investigated for unu
@il dimensions and structure type by means of hgh
resohution electron microscopy (HREM) The microsco-
pes used were JEM-200CX and Philips EM430,
with a structural resolution power of 2.3 A. Selected
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slectron diffraction patterns recorded along [001]
(Fig. 2a) showed that all the crystals belonged to the new
-5t8181- member {t stands for twin plane) of the pinakio-
fite family. Direct structural imaging at Scherzer focus
{Fig. 2b) confirmed this observation and showed that the
structure type was similar to that of the -6t6t6t- member,
takéuchiite {(Norrestam, Bovin, 1987), of the pinakiolite
family. The image in Fig 2b also shows in pmhiv the
structure of one of the dominating surface {010} of the
crystals. (‘umpuzur 'mm,{, simulations indicate that the
atoms of the € wall are facing the surface. Some of the
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Fig. 2. {a} Selected avea diffn awm pzzﬂfm I‘#‘Ln'"dﬁ‘ﬂ m{rz the b
siltmg, 011 of & well 1 >

bBlatterite. (b H)kvh
recorded wi ik

A4 M) TL.%w w erim

the 1010} surface i im i profie, at Scherzer focu svegling
that the atoms of the C walls are mostly facing the surface. {¢} TEM
aph of a very disordered {slong [180% crystal. The
sreded 1o oa TEM 20000% 5t 208 £V, with the electron
beam parallel to 0811

crystals were very disordered along [100] (Fig 2¢) and
such extended planar defects are very common in many
members of the family, as shown by HREM (Bovin,
O'Keeffe, OPkesfe, 1981 Regarding the twin sequence
-B18t8t-, most of the crystals were well ordered with only
scatiered sequence mistakes.

Further HREM investigations were performed wish a
JEM-4000EX operated at 400kV and capable of per-
forming studies with a structural resolution of 1.6 A.

An image {Fig 6a) reconded at sbowt 43 nm R§]€§L1-
focus was digitized with & CCED camers with 5312512
pixels and 256 grey levels. The digitized image was

processed and Fourter transformed using the Semper
image processing package. The reciprocal lattcs was
indexed and the Inttice parameters dﬂmmainaci using the
positions of the strongest peaks in the transform. The
iocal background was subtracted, and the amplitudes
and phases of the peaks were refined. This refinement
15 necessary, since the peaks are often spread over
several pixels due to mexact sampling. The refined values
were used to reconstruct an average image {Fig 6by
In order to correct for loss in phase information, due
to beam and orvstal ol the image was svmmetrized
{Misell, 1978} using the two-dimensional space group pge
for the [001] projection of the X-ray determined space
group, Pawm. Image simulation (Fig. 6d) was performed
with the EMS software (Stadelmann, 1987). The parame-
ters used were: spherical aberration constant 1.0 mum,
‘ét’:l'ﬁ;o&i}ﬁﬁ of beam convergence 0.5 mrad and focus
spread 5 nm.

Table 1. Expermental conditions for the structure determinatiog
of biatterite.

& (from EDX}
shape; sl size

1 volume, ¥V
Caloulated densd

Radiation; Way
Intensity data co
Maximum sin

Standard rulm‘lzum
Intensity nstability
Number of uniqus reflections
MNumbar of observed
reflections

Number of sefined
ﬁi‘" ameiers
Absorption correction:
Lingar absorption soefficient
Transmission factor range
Siructure:

Minimization of

Weighting scheme

Final R; wR

Final g, 808 ¢,

Xeray diffraction stadies

The possible space groups Prum and Panl of a selecied
single crystal was derived from photographic X-ray
diffraction studies using de Jong and precession tech-
niques, The space group symmetries agree with those
found for other Mn®” containing members of the ;}im-
kiolite family (see e.g. Norrestam and Bovin, 1987), which
have their c-axis doubled {zround 6 A} compared to the
nondistorted merpbers fep. MNorrestam, Dahl, Bovin,
19893 The deviation from an ideal symmetry leads to an
uneven distribution of Xeray diffraction intensities for
different values of the | index. Thus, reflections with | odd
are generally much weaker than those with | even. Inp
combination with the imited size of the crystals available.
this implies limitations on the possibilities of collecting
an extensive set of significant X-ray diffraction intensities
The fmnimn of observable intensities in the present case
15 62% {Table 1. The Xeray diffraction data coliected
with a single crystal diffractometer, Enraf-Nonius CADA,
were corrected for backpround, Lorents, pokammuoﬁ *né
absorption effects. Further details on the SXperime
conditions arg given in Table 1. The centrosymmetri
space group Pown adopted in this study is supported by
the outcome of the structural refinements.

vy

Structare determination and refinement

HREM investigations (Fig. 2} verified that the presest
erystals belonged to the pinakiolite family, Thus, mval

coordinates of the atomic positions for an ideal blatterite

peru)dm W ;nmng, mmiei &nur..?ssun ij:
idealized parent strocture of pinakiolite. /3.,,5 mentioned
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for hlaimmm ”fhe <~<;a£ter1m fdui()l’% used for
L M(3an, MGb) and M{14) w0 ww; were
neutral My and Mna, constrair {
5. The &1“:1;&&0]‘& temperature factor expre
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garlier the ¢ axis was doubled compared with the ideal
case. To avoid problems with La. local least sguares
minima during the inital refinements, the metal composi-
tions at the positions with similar x and ¥ but dilferent
z valves (0 and '/, were slowly and stepwise allowed to
refine, while iecp; g the compositions and coordinates
of the remaining positions fixed. The metal composity
was described by using fractional occupancies of ‘l.:iu-:
different metal ions, with the sum of their occupancie
fixed to unpity at b position. Due to similar X- :y
scattering powers differentiating between Mo and Fe was
not possible, both were treated as Mn i the refinements.
Diuriag the initial stages of the structure refinement it
became apparent that the Sb content was localized to
the MI(2) and M(13) posttions (Tables 2, 3 and Fig !
Thus, the metal content at the M{2Z) and M{i3)
positions was considered as consisting of 2 mixture of
Sbh and Mn, while the content at the remaining metal
positions was considerad as a mixture of MniFe} and
Mg During the structure refinsments some s% the ocou-
pancy factors became insignificantly low {< 3¢, indica-
ting that the metl position was occupied by only one

Fig. 3. Polyhe
0011 For el
uLn x,hbmaui

Ehs’: ftl;lti.i"}]{*nmi unit wvb the umtm Qumb@ﬂmv used for the metal
atom positions shows,
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Table 3. Moetal —oxygen bond distances éwith es.4.s! and muli-
plicities in the coordination octahedsa of Baterite. For the dis-
ordered metal positlons (M(3L M5 and M{7), marked with

asterisks, the coordinates of the centroids of the octahedra have
been used. For the occupancy of the M sites of, Tahle 2,

Atoms Mule Distange (A)

Atoms Muit,

M1 1
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2122073
2.149(8)
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Mz} O 4
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kind of metal ions. This indicated e.g. that M2} and
W{13) was occupied by pure 3b, giving a 5b composition
of 0.19 per formula unit in very good agreement with the
composition found by the EIXX analysis. This suppors
the conclusion that the onlv metal positions with any
significant 8b content are the M2} and M(13) positions,
Strnilarly, the metal positions number 4, 8 8, 10, 11 and
12 were found to be occupied by pure Mm?* and the
positions 3 and 20 by pure Mg (Tables 2, 3 and Fig. 3b),
Mo extra conditions were introdaced for the positional
sarameters of any atoms in the final refinements.

The refinements and subsequent

Adg calculations in-

dicated ém{jfdﬂred nmal positions at the M3}, M{%iand

7Y positions { 3b}, all belonging to the corrugated
il Similar di%@ld: has earhier been observed in other
Mun~” containing members of the pinakiolite family {sce
ag. Norrestam, Bovin, 19871 To take account of the
disorder, the M{3} pesition was allowed to ocoupy a
fourfold position (x, ¥, O with a fractional occupancy of
0.5, instead of the ideal twofold position (6, ¥/, 0} at the

version centre. The fourfold M(5) position was split
mto two fourfold positions M{5a} and Mi3bh} with
occupancies 0.5 To ke account of the s wht disorder
around the M(7} position, cecupied by mainly Mn(Fe),
two minor satellite positions M{7a} and M{7b) occupied
by Mg were introduced. The sum of the ovcupancies at
Mi{7a) and M{Th) was kept to unity. Obviously
worder model can only be regarded as an ap-
sroximation to the real continuous distribution of the
ic positions I the M3} M3~ M{7} region. To
get a picture of the real distribution a Ag map, where the
contribution to the caleulated structure factors from the

M[S], M5y and My

N metal ons were omitted, 15 shown

n Fig. 4 A further discussion on the origin and nature
Lt this disorder is i below.

Details on the final structure refinement are given in
Table 1. The atomic coordinates and occupancies are
listed in Table 2.¢ The coordination polvhedra arcund
the metal ions as well as the labelling used for the ions
are shown in Fig. 3b, The final strocture refinements were
carried out by means of the SHELX.76 package (Shel
drick, 1976} slightly modified 1o run on an IBM PS;2
Model 80 personal computer. The atomic scatterng
factors used were for neutral atoms and tzken from
International Tables for X-ray Crystallography (1974),
The polvhedral packing diagrams were obtained by
means of the computer graphic program POLY {(Norre-
stam, 19843

Discussion

The oxygen coordination octabedra sround the metal
ions in the piﬁakmiita family are linked together by
&;d"ﬁi?hd!’iﬂﬂ to form walls extending in the ¢ direction
“ig. 3a). The walls are linked by cornersharing to other
; fzmzﬁ in addition also by the trianguiar borate groups.
The blatterite structure can be derived from that of simple
pinakiolite (Fig. Ja} by considering blatterite 4s consist-
ing of slabs of pinakiolite along the ¢ direction {four
unit ceils thick) related by glide plane symmetry opera-
tions {Takeuchi, 1978) Thus, the flat wails, ¥ walls
{Fig. 5b), become cleven coordination octahedra wide.
The corved walls, C walls (Fig 5¢), consisting of the
central octahedra through the zggqag walls become nine
octahedra wide (Fig. 3a} The zig-zag walls consist of the
€ walls and of the single 8§ columas at the corners of the
zig-zag walls {columaus of octahedra along the ¢ direction
garound the metal positions number 15, 16, 17 and 9 1n
Fig 3b). The notattons ¥, C and 8 for the different
structure elements of the pinskiolite family were in-
troduced by Takéduchi (1978) and will be used in the
description of various structural features below.

The metal positions in the 8 columns are occupied by
Mg and Mna, with Mg being a substantial component
(49% to 69% Mg), The metal-oxygen bond length
digtributions do not indicate any appreciabie amount of
Mn®* ai these positions, as no distortion of the coordina-
tion octahedra towards & more Hnear I + 4 or planar
quadratic 4 + 2 coordination can be distinguished. Thus,
the formal metal ion charges at these positions {M({13),
M6y, M{17) and M(19% are probably cose to +2.0.
Empirical bond valences for the metal ions caleulated mth
the parameter values and the correlation function giv
by Brown and Altermatt {19835 support such s <
sion, the bond valences are estimated to 2.06, 2.08 ar

dditional material to this paper can be ordered reforring to
the no. UST) 38384, names of the d.ii%l@f& ﬁzmi ina{z{m of the paper
at the Fachinformationszs i filr wissen-
schaltligh-technischs §m’omwtma m%)HA, T} ?E,x_"iui-fb By
poidshafen, Germany.
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Fig. 5. {a) Polyhedral drawing of the nronoctinic pinakiolite structu-
ve viewad along [0105 The strecture, with s characteristic fiat (F
vialle) fagezag walls (O walls) of edgesharing octzhedra, & the
parent structure of the pinakioifie family. Trigonal berate groups,
£ the wiangular channels, have been omitted. (b The flat F
e strugture. The unit trassiation ¢ of 6.200 A,
. corresponds to the sizve of g pair of edgesharing
ra. The lighter octabedra are thoss containing mainly
divalent motal jons. {& The C wall of the blatterise strusture {c axis
of darker ocrabedra formed around the M),
{ ‘121 positions that all conzain pure Mn® ™, have
sucoessively decreased towards the middie of the wall

&
ey
i.,":.
£
3
&
e
£5
=

mage of & blatterite orvstal along
: i and

ene sean lioe along the © wall are marked. @) Experimental i
(b} Averaged image of Fig. 62 (¢} Image svmmetrized in acoor
with the space group Paam. ) Computer simulated image,
the coordinates from the X-ray diffraction study.

208, respectively, Thus, the § columns are formed around
metal ions with relatively low formal charge. As was
observed alse In the corresponding 8 columns of takéu-
chiite (Norrestam, Bovin, 1987) cach of the octahedra
irave one significantly shorter {about 2.0 A] metal—oxy-
gen bond and five longer ones {about 2.1 A). The shorter
honds occur for those oxygen atoms shared hetween the
5 columns of one zig-zag wall and the F wall of another
zig-zag wall

The F wall is shown in Fig, 5b together with the lubek
used for the metal positions. In agreement with ear
observations for members of the pinakiolite family
pinakiolite, orthopinakiolite and takéuchiite, the m
content in every second F wall column {labelled 17
and 20} is dominated (> 69% in the present study)
Mg®". As no iypical distortion of the coordination
cctabedra are observed, the Mp content in the M{I7)
and M{18) octabedra are likely to be in the form of Mo®
rather than Mn®*. The coordination around the M
ion, which is @ pure Mg® ¥ position, is distorted and sho
four shorter metal—oxygen bonds (204 A to 2
and two longer ones {217 A and 221 Ay Calculat
empirical bond valences agree with the assumption ©
divalent metal jons at the M7, M8}, and M{Z
positions as they become 208, 2,04, and 202,

The other three symmetry independent columns form-
ing the F wall, contam alternating M{iD -~ M{12;
M)+ M(14) and M1+ M2} positions in sach oo
lomp. Of these, the M{2) and M(13) positions are
occupied by pure Sb with coordinations in the form of
shightly elongated octahedra with four shorter metal -
oxygen bonds of 1.96 A 1o 1.97 A and two Jonger ones.
205 A to 208 A. The hond distances indicate that the
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Sk atoms are pentavalent (Shannon, 1976) This i3 also
mpg)om,d by a calenlation of estimated bond valence
sstimates yiekding the values 325 for the M2 and 5.16
for the M{13) positions. The central column of the wall,
consisting of two altersating metal pms:itioﬁs the pure
5b¥" position M{2) and the pure Mg®* ;)(sa;zmn M1}
gives an average formal metal son charge of +3.5 A
similar charge is indicated for the column con U:E.’iltlii}g the
{133~ M{14) positions as both bond distances and
nd valence (2.09) suggest that M{14) I8 occupied by
40% Mn®" {and 80% Mg**) In the remaining column of
the Fowall, with the M{1 1»&:1(:1\/1 {12} positions, the coordi-
nation octahedron around ME12) s substantially distorted
towsards an elongated octahedron with bond distances
typical of Mn®*. The bond valence estimate of 3.00 ako
suppert such a conclusion, The coordination around the
pure Ma position M{11) is somewhat distorted (two
shorter and four longer bonds), but the distances and the
estimated bond valence of 2,19 indicate 4 major divalent
Mn content and according the average metal fon charge
i this column is about + 245 {possibly shightly higher),
The structural resuits indicate that the eleven column
wide ¥ walls in blatterite, which is formed by the oxygen
coordimation arcund the metal positions 17-¢11,12)<18-
(13,14)-20-(2,11-20-{13,14)-18-(1 1, 12)-17 consist of metal
ions with average charges 2.0-2.5-2.2-35-2.0-3.5-20-3.5
2.0-2.3-2.0. Similar charge distributions are found, e.g. in
the nine column wide F wall of takéuchiite, 2.0-2.3
10-2.0-30-2.0-2.5-2.0, in the seven column wide wall of
chestermanite (an Sheontaining orthopinakiolite, studied
by Alfredsson, Bovin, Norrestam and Terasaki, (1991
2.0.2.5-2.0-3.5-2.0-2.5-2.0, and in the five column wide wall
’wl magnawmiwahzmmmm hdwigite {Norrestam, Dahl,
Bovin, 1988}, 2.1-2.6-2.1-2.6-2.1. Apparently, one reguire-
ment for obtainiog this type of stroctures with extended
fat ¥ walls &5 the presence of different metal ions with
charges capable of giving a suitable allernating charge
;ﬁ%{rihﬂ‘r%f):} ihf(}ug};{}ut ti’ze wz&%ls 'Evidr:sl‘tlv ‘thc tWo wé

5 s.,ﬁ}iﬁmm} ghould 'na% a Eow mf:mi ion z,hargt. {1 is thm
the size of the F wall that determines if the central column
of tn&f wall should have o higher metal ion charge {(as for
37,15 . columasiornot {5, 9, .. columns), rather than
any structural reguirements.

The corrogated nine columns wide € wall together
with the numbering used for the metal positions are
shown m Fig So In the € wall the coordination in every
second row {position 4, 6, §, 10 and 12) 1 considerable
coniracted in the ¢ dirgction. This row contains 100%
Mn and the bond distance distributions, four shorter
coplanar Mn -0 bcmcis of 1.89 At 195A and two
longer onegs of 217 A 1o 2.34 A, as well as estimated bond
valences (2.96 1o 3.16) clearly indicate all the jons 1o be
trivalent. The two longer bonds in each coordination
ootabedron extend out of the € wall The octahedra
within the rows share edges and as the edgesharing oceurs
in the plane of the four shorter Mao®™ O bonds, the
Mn?* —~Mn** distances in these rows become rather
short, 271 A to 278 A,

Bxcept for the C wails, the magnitude of the ¢ axis is
affected by the geometries and sizes of the other structural

clements, the F walls, the S columns and the separation
between the borate gja(mpm Thus, the contracted
octahedra in the row containing the Ma® ™ lons will affect
the size of the octabedra in the necighboring rows
containing the positions number 3, 5, 7, 9 and 11, The
octabedra around these positions will become distorted
{eniarged) in the ¢ divection. From Fig 5S¢ it is seen, that
the distortions increase towards the center of the C wall
andd especially the octahedra around the positions
and 7 become very irregular, In view of the short

separations, about 2.7 A, between the centroids along the

rows and the extended dimensions of the octahedra

perpendicular to the rows, the metal position disorder

observed at M{3), M5 and M seems expect hle.
Similar types of disorder ocour for other Mn®* containing

members of the pinakiolite family as in takéuchiite

{Norrestam, Bovin, 1987} and in the orthopinakiolite

stuchied by Takéuchi, Haga, Kato and Miara, (1978). On

the other hand no such detectable disorder 8 observed

for members without any Mp®" content as in

chestermanite, which is of the orthopinakiolite type

{Alfredsson eral, 1991) and in magnesium-aluminium

fudwigite (Norrestam, Dahl, Bovin, 1988}

As described above, the disorder at the metal positions
M(3), M3 and M{7) was waken care of in the structure
refinements by allowing the metal positions 1o become
spitt up into several subpositions. The disorder model
utilized is by necessity an approximation o 4 real, more
continuous disorder, extending over the five octahedra
wide region 7-5-3-3-7 of the € wall {see also Fig. S¢) The
difference clectron density map, Ag, shown in Fig 4
calculated without the contributions from the split M{3
M(5) ard M{7 atoms, also indicates a rather continuous
distribution of metal postrions in this region. Due to the
disorder model used, the "bond’ distances involving the
split metal atoms are structurally brrelevant and in
Table 3 the distances to the corresponding centroids of
the octahedra have been listed instead, It could be noted
that estimated bond valences for the centroid positions
are low, if the parameter values for Mn®" are used
{Brown, Altermatt, 1985) the values for M3}, M3 and
M(7) become 1.67, 1.73 and 187, respectively.

The composition of the present blatterite specimen as
caleutated from the occupandies obtained in the final st truc-
fure refinement 18 Mg saemMny s
This composition agrees well with t] und by Jncstw’a;s nf

the EDX specira gy Mns aaenFesnsan 3ba 17,
O,BO; {can be wc'utm; ag Mg, A1, Fely asSbs oo
O,BO,)L The assignments of Mn® " to the mewal pos
tions number 4, 6, 8, 10 and 12, $6°" 1o positions
and 13, and Mna* ™ ora mixture of Mn® " ¢ i
remaining positions give a formal charge of + 6.88 for 1
metal ion content i blatterite (Mg ™, 34aMn® ¥y 2s
Mn**y.3138b% T 1 a). This value is close to the
+ 7.0 sxpecied for an electroneutral pinakiolite.

Single crystal X-ray diffraction studies give the average
structure of the crystal very accurately, while HREM can
give important information about the local structure at
the atomic level. In order to compare the imformation
rom the two methods, experimentat HREM mmages
{Fig. &) were matched against a4 computer simulated

3.3
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phs of contras

rom Fig &b, showing disorder
in the middle of the € i (R} Beans from Fig 6g tgdvmi* the
e u ol symmetry. lié%mns feom Fig 6d, for comparison with

image calculated with the results from the Xeray study.
Some information on the local structure can be obtaimed
by scanning the image contrast (Fig 73 in  the
experimental, averaged and simulated images. Most of
the scans from the different € walls in the experimental
image (Fig. 7a~h) show nine distinct peaks, originating
from the metal atom position and indicating that the
local structure is ordered. It could be noted from Fig 4
that the A¢ map alse shows nine peaks, although the
shapes and the relative peak heights in 4g are different
from those of the scanned images. The scans from the
averaged (Figs. 7i-i), svmmetrized (Fig 7k} and simula-
ted (Fig. 71} tmages, show that the ordering, especially at
the three positions in the middie of the € wall, is logal
and does not extend over more than a few unit cells.
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