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Arsrnecr

Landauite from tle Buqnla altaline complex,
North Baikal regiou, USSR, crystallizes in the
rhombohedral space group R3 with laffice parame-
ters a 9.152(5)4 c 68.99(l)'. Its formula, deter-
mined from microprobe analysis, is Nao.retrG.rePbo.rr
Ti$.76Zne.soFe1.?oMn1.o0(Nb,Zt)o.orOg. The structure
was solved using 611 symmetry-independent reflec-
tions collected using MoKc radiation and refined to
an R value of 0.063. Landauite does not have the
structure built of tetragolal pyramicls and octahedra
reported by Nikolayeva & Belov (1970). It is iso-
structural with senaite and crichtonite, having a
structure based on close-packed anions with a mixed
stacking sequetrce (hhc.-) and with Na (and K,Pb)
atoms (M(0)) ordered into one of the 38 anions
sites per celJ, Ta atoms occupy 2 tetrahedral sites
and Ti, Fe, Mn atoms occupy 19 octahedral sites per
cell. The octahedra articulate to give two basic struc-
tural units, a trigonal grouping of tlree-edge-shared
octahedra coutaining M(3) and a 6-member ring of
edge-shared octahedra containing alternately M(4)
and M(5). The trigonal triads lint turther by edge-
sharing into l2-member rings. The tetrahedra,
M(2), and an octahedron, M(l), link the 6-member
and l2-member rings via corner-sharing. The me-
tals show onsiderable ordering into the individual
sites, with IvIn in M(1), ?.nn MQ),Ti * Fe in M(3)
and fi in M(4) and M(5). Tte compositions of se-
naite, crichtonite, loveringite, davidite and landa\rite
closely conform to tle general formula AMzLOss
rrhore I = large cations (Ca, R.8., Pb, Sr, Na, K)
rud M = small cations (Ii, Fe, Mn, Zn). The indi-
vidual minerals may be characterized by tie domi-
nant large cation in each case, i.e., lead rn senaite,
strontium in crichtonite, calcium in loveringite, rare-
earth elementr in davidite and sodium in landauite.

SoMMens

Ia landauite provenant du complexe alcalin
Bu4rala, r6gion du Baikal nord, URSS, cristallise en

analyse i la microsonde donae la formule Nao.zo-
IG.l6Pbo.r;fi16.76Zne.s6Fe1.76Mn1.oo(Nb,2lr)o.osOes. Ia
structure a 6t6 affin6e sur 611 r6flexions non-6quiva-
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lentes jusqu'b un r6sidu R=0.063. La structure de
la laodauite ne se compose pas de pyramides t6tra-
gonales et d'octaddres, ainsi que lont annonc6 Niko'
layeva & Belov (1970); conrme celle des min6raux
isostructuraux €naite et crichtonite, elle est fond€e
sur un assemblage compact d'anions dont les cou-
ches successives pr6sentent des modes d'empilement
diff6rents (hhc-.). Na, K, Pb se trouvent en M(0),
un des 38 sites anioniques de lia maille. Zu occupe
deux sites tdtra6driques, et Ti, Fe, Mn 19 sites octa-
6driques par maille. ks octaOdres 9assemblent en
deux unitds structurales fondamentales: (1) le groupe
trigonal de trois octaddres qui partagent chacun trois
arEtes contenant M(3)i de tels groupes s'unissent par
partage d'ar6te en annealx de 12 membres; (2) I'aa'
neau de srx octaBdres, li6s deux i deux par arCte
cotnmnne et contenant alternativement lul(4) et M(5).
Irs t6trabdres , M(2), et un octaddre, M(l), lient les
arureau( de 6 et de 12 membres par partage de som-
mets. Les m6taux sont largement ordonn6s dans des
sites spdcifiques: Mn dans M(l), Zn danr MQ),Ti+
Fe dans M(3) et Ti dans M(4) et M(5). S6oaite,
crichtonite, toveringite, davidite et landauite r6pon'
dent i la formule g6n6rale AM21O$' dans laquelle I
repr6sente les gros cations (Ca, T.R., Pb, Sr, Na, K)
et M, les petits cations Cfi Fe, Mn, Zn). Ces min6'
raux se caract6risent chacun par la pr6dominance
d'un gros cation: Pb dans la s6naite, Sr dans la
crichtonite, Ca dans la loveringite, les terres rares
dans la davidite et Na dans la landauite.

Cfraduit par la R6daction)

INTRoDUcrroN

Landauite, a titanate of zinc, iron and manga-
nese, ttras discovered by A. M. Portnov in 1963
in the Burpala alkaline complex' North Baikal
tegton of the USSR and described in detail by
Portnov et al. (1966). From single-crystal X-ray
diffraction studies, they obtained an a-centred
monoclinic cell, a 5.22($, , 8.95(5), c 9.53(5)4"
B lO7'35'. The chemical analysis and unit-cell
tomposition were given as (Zno.gsMno.uFe2+o.os-
Fet*o.rs)ro.nr(Tig.a?Fer+o.rg)x.oOr, V=4), coffes-
ponding to the schematic formula F*TIaO'.
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Nikolayeva & Belov (1970) determined tle crys-
tal structure of landauite. However, their model
did not refine below an R of 167o, and some
discrepancies were apparent in the reported X-
ray data. The c para,meter reported by Nikola-
yeva^& Belov (1970), 9.7$Q)4, differed by
0.25A from the 9.534 reported previously (Porr-
nov et al. L966). Moreovero neither set of cell
parameters gave a satisfactory fit to the powder
pattern of landauite, using the indices reported
in the 1966 paper.

Landauite was brought to our attention via
Kostov's (1968) treatise on mineralogy, in which
he included this mineral with senaite in the il-
menite group. The powder pattern of landauite
is almost identical to that of senaite (Rouse &
Peacor 1968) if allowance is made for a con-
stant correction to the former. We have recently
determined the structure of senaite (Grey &
Lloyd 1976); in view of the previous unsatisfac-
tory structural analysis for landauite, and its
possible structural relationship to senaiteo we
decided to redetermine the landauite structure.
A sample of the type specimen was obtained
from the Mineralogical Museum, Moscow, and
subjected to microprobe analysis and single-
crystal X-ray diffraction studies.

TABLE la. CHEIIICAL ANALYSES 0F LANDAUIIE (l, lEIGHT PERCENT)

Mlcroprobe analyses*

Gra in  1*x*  Gra ln  2

B u l k  c h e m l c a l  a n € l y s l s

( P o r t n o v  e t  a l .  1 9 6 6 )

ExPERIMENTAL

The type specimen of landauite consists of a
number of poorly faceted, rounded black grains
very similar to altered ilmenite grains in beach
sand deposits, as well as some black columnar
crystals, ranging in size from 0.5 to 1 mm. Ini-
tially each of tle grains was examined in a scan-
ning electron microscope using an energy dis-
persive X-ray analyzer (EDAX). Two of the
grains showed only a titanium peak in the EDAX
pattern and were identified by X-ray diffraction
as brookite; a third grain showed yttrium and
titanium peaks only. The remaining grains con-
tain titanium, zinc, iron and manganese as main
elements by EDAX analysis, i.e., they were quali-
tatively consistent with the reported chernical
analysis for landauite (Fortnov et al. 1966). One
of the grains was selected for an X-ray diffrac-
tion study, using Weissenberg and precession
methods. The photographs were identical to
those obtained previously for twinned criihton-
ite (Grey et al. L976), showing hexagonal
$y{nmetry with an"" = 37.44 atrd cn": = 20.7A,
Following the procedure used for crichtonite, we
progressively fragmented the grain of landauite,
breaking it into smaller and srnaller pieces, each
time examining the fragments by X-ray diffrac-
tion, until an untwinned fragment 0.063 X 0.058
X0.038,mm was found. All reflections could be
indexed.on a trigonal^ cell with o16""=37.4/\/13
- 70.4y'r, cn. = 20.74. Because the crystal sym-
metry and unit-cell parameters obtained in this
study differed from those previously reported
(Portnov et al. 7966), a second fragment was
taken from the same original twinned crystal
and was rirounted and polished for a microprobe
analysis. The results of the analysis are given in
Table la togetler with an analysis of an un-
fragmented grain, and the original analysis of
Portnov et al. (1966). There is close agreement
between our microprobe analyses and the 'bulk'
chemical analysis for titanium, zinc and manga-
nese obtained by Portnov et al. (1966). The only
element for which a large difference occurs,
iron, is also the element that shows the rnaxi-
murn variation between individual grains. In
addition to tle elements reported above, we
also ,found significant levels of sodium, lead
and potassium in landauite CIable 1a).

For the intensity data collection, the un-
twinned crystal fragment \ilas mounted on a
Philips PWI 100 4-circle automatic diffractome-
ter. Fourteen high-angle Q0)20o, MoKar
radiation) reflections provided the 2d values
used to calculate the lattise parameters reported
in Table lb. Intensities were collected with

r to2  72 .59

Fe"orx* 6.1'l

Fao 1 .26

M n O  4 . 1 2

Naro  1 .36

KzO 0 .45

ZnO 10.85

zfiz 0.30

P b o  2 . 1 A

Nb205 0 .29

1 1 . 7 1

1 . 4 2

4 . 3 3

0 . 4 l

10 ,49

o . 2 5

1 . 8 5

o . 3 3

73,46

10.75

2 . 0 0

3.45

o  0 7

Toia l  100.09

' s i ,  
A l ,  Mg ,  ca ,  c r ,  N i ,  cu ,  s r ,  y ,  ce ,  La ,  Nd ,  f a ,  Th ,

Sc ,  H f ,  V  a l so  ana l yzed  f o r  -  a l l  l s ss  t han  O . l g .

**-  t+,-  2+fe  / fe  ra t to  assured equa l  . to  tha f  ob ta lnod by

Por inov  e t  a l  .  (  1966) ,  @l  um J .

Graln 1 also used fon X-ray dlffracllon struc-fure
ana lys is .  Un i t  ce l  I  compos l i lon  fo r  fh is  g ra in ,

nomaI Ized to  38  oxygens l r  (NuO.76K0. . t6pbO. tO) : l .OA

i I t5, 7 Ozn 2. 3OF "?]aOr"6]:Oh' . OO c rrro' zr ) O. OU ) rro *6rU.
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graphite-monochromated MoKa radiation with
a tower angle of 1,2.18", A 0-2e scan, 3-25o, was
used with a variable scan width given by A0 =
(1.O + 0.3 tand) and a speed of 0.03' sec-r. Two
backgro.und measurements, each for half the
ssan time, were made for each scan, one at the
lower and one at the upper limit. The intensities
were processed using a program written for the
PW 1100 diffractometer by Hornstra & Stubbe
(1972). Because of the very small size of the
crystal an absorption correction was not applied.
Ilowevero a partial compensation was achieved
by averaging the intensities of equivalent re-
flections, -r(hkl, lhk, klh) in the rhombohedral
cell (interscale R factor for equivalent reflec-
tions = 0.059.) Thus the 2423 reflections were
reduced to a unique set of 760, of which 611
had I)2q[I]; these were used in the structure
refinement.

Scattering factor curves for Na, K, Pb, Ti,
Fe, Zn and Mn neutral atoms are those of
Cromer & Mann (1968). Anomalous dispersion
corrections for all atoms are from Cromer &
Liberman (1970). All computing was performed
on the Monash University CDC 32O0 and
Burroughs 6700 and the CSIRO CDC 7600 som'
puters.

RrrlNeIvIsNr oF THE Srnucrunp

A satisfactory refinement for landauite in
space group R3 was obtained, based on the as'
sumotibn that it was isostructural with senaite
(Grey & Lloyd 1976): the atomic coordinates
previously obtained for this mineral were used
as starting para,meters. A composite Na-K-Pb

scattering curve was used for the origin atom,
M(0), and the titanium, iron, manganese and
zinc atoms were ordered into site M(I) to M(5)
in order of decreasing size, consistent with the
metal-atom ordering schemes found for senaite
and crichtonite. A series of full-matrix least-
squares refinements resulted in a satisfactory
convergence of all "positional and isotropic
thermal parameters. A final R index of 0.063
was obtained for the 611 observed data. A dif-
ference Fourier synthesis showed features indi-
cative of anisotropic thermal motion of some
of the atoms along the direction of the three-
fold axes. However, because of the large num-
ber of extra variables involved, and the relative-
ly few observed data, an anisotropic-temper-
ature-parameters refinement was not attempted.
The final atomic coordinates, isotropic thermal
parameters and site occupancies are given in
Table 2. Calculated bond lengths and angles are
given in Table 3 and observed and calculated
structure factors are listed in Table 4, available
at nominal charge from the Depository of Un-
published Data, CISTI, National Research Coun-
cil of Canada, Ottawa, Ontario KlA 0S2.

TABLE Ib. UNIT-CELL PAWETERS FOR LANDAUITE, TRIGONAL R3

a =  s . t525)  R
rn

c  ,  =  6 8 . 9 9 ( 1 ) 0
rn

Z .  =  I
rn

d  =  4 .46

ahox = 10.366(7)

cn""  = 20.77(1)

7h"" = 1

dreas = 4.4? (Nlkolaysva & Bolov 1970)

iF 
= o'24

TABLE 2. LANDAUITE: FINAL ATOMIC COORDINATES AND ISOTROPIC TEI'IPEMTURE FACTORS

ar82 lS l t €
M u l f l p l i c l t y

Scatlari ng
Cu rve

M ( 0 )
M (  1 )
M(2 )
M( 3)
M( 4)
M(5 )

o f i )
0 ( 2 )
0 (3 )
0(  4)
0 (5 )
0 (6 )
0 ( 7 )

1
I
2

o

o . 7 o N a  +  o . l 5 K  +  0 . 1 5  p o *

Mn
Zn

0.64T1 +  O.36Fa*
T I
T I

0
0
0
0
0
0
0

0.0000
0.5000
0 . r 1 0 3 ( 1 )
0 .3493(3)
0 . n 2 5 ( 3 )
0 .4752(3 '

0 .J023(  1  1  )
0 . t 5 5 5 ( 1 1 )
0 . 9 1 8 2 ( 1 r )
0 . 1 4 4 7 ( l 1 )
0 . 3 8 9 2 ( 1 1 )
0 , 7 0 5 6 (  1 0 )
0 . 2 1 t 8 ( 7 ' )

0 .0000
0.5000
0 . 5 1  0 5 (  1  )
o . t 2 6 l ( i ) * *
0 . 7 1  9 6 ( 5 )
0 .0862 (  3 )

0 . 6 2 8 5 ( 1 t )
0 . 2 3 7 5 t 1 ' t )
0 .4592(  1  1  )
0 . 5 1 7 0 ( 1 0 )
0 .4856(  10)
0 .2420 ( 10:)
o .2 \38(1)

0 .0000  2 .3 (1 '
0 .5000  0 .59 (9 )
0 .3105 (1 )  o .79 (5 )
o .o r90 ( i i  0 . 51  (4 )
0 .  t 503G)  0 .48 (4 )
0.6363(3) 0,43(4 '

0 . 3 7 7 8 ( 1 1 )  0 . 5 3 ( 1 4 )
0 . 9 1 9 1 ( l 1 )  0 . 4 0 ( 1 4 )
0.3009o 1 )  0.43(14' , )
0 . 9 8 9 0 ( 1 1 )  0 . 4 0 ( 1 3 )
0 . 1 3 6 4 0 1 )  0 . 3 4 ( 1 4 )
0 .0722 (11 )  0 .28 (15 )
0 .2138 (7 )  0 .13 (22 )

*Sca-lterlng 
curvo contrlbuttons, f rm composii ion in Table la, nomlized 'fo l.O. t ' l lnor arcunt of Zn accounted for by

Fa curve, Nb and Zr not accounted for.

**
Note  roversa l  o f  o rder  o t  y ,Z  c . f . ' fha i  ln  sena l i€  (6 rey  & L loyd  1976)  rssu l t lng  f rom oppos l to  d l rac i ion  o f  un ique

ax ls  ln  da ta  co l lec t lon .
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IABLE 3. LANDAUTTE - TNTEMToMTC DTSTANCES 1i1 ano aneles (DEGREES)

Dlstan@ 0-[4-.0 anole Dlslance O-I, l -0 anqle Dlsfan€ o-M-O snole
M( I ) oc'lahedrcn

M ( f ) - 0 ( 1 )  1 6 1  2 . 2 1 1

o o l  -  o ( l l  t 6 l  3 . 0 7
-  o ( l ) l l  t 6 l  3 . 1 9

M(3) octahedrcn

M ( ] )  -  0 ( 4 )  1 . 9 5 5
-  0 ( 2 )  1 , 9 5 4
-  o ( l )  1 .963
-  o r a l l  2 . 0 2 6
-  0 (7)  2 .022
-  o e r l  2 . 0 a 4

o t q )  -  o ( a l l  2 . 7 0
-  0 ( 2 )  2 . 1 2

o ( 7 )  -  0 ( 2 )  2 . 6 1
-  o ( z l l  2 , 6 7

o r z t  -  o r z ) l  2 . i 1
0 ( 4 )  -  0 ( 7 )  2 . A 1

-  0 ( 3 )  2 . %
-  o(z l  I  2 .89

o c q )  -  o ( : t l  2 . g 3
0( t )  -  0 (7)  2 .89

-  o t z )  2 . 9 7
o t q ) l - o t z l l  2 . g B

M(4) ociahedron

M ( 4 )  _  0 ( 2 )
-  o ( 1 )
_  0 ( 6 )
_  0 ( 5 )
-  o r o l l
-  0 ( 5 )

8 6 . 1 1  0 ( l )  -  0 ( 6 )
42 .78  0(5)  -  o ( ] )
8 1 .  1 9  -  0 ( 6 )
84 .44  -  0 (1)
86 .48  0(2)  -  0 (6)
8 8 . 0 6  0 ( i )  -  o ( 3 )
9 r . 6 6  o ( o l  -  o t o l l
9 1 . 9 9  0 ( 2 )  -  o ( 1 )

9 3 . 1 1  -  0 ( 3 )

9 3 . 1 1  -  o r o l l

99 .42  oro t  l -  o t : l
100 .22  -  0 (5)

M(5) ociahedrcn

M ( 5 )  -  0 ( 1 )
_  0 ( 4 )
-  0 ( 3 )
-  0 ( 5 )
_  0 ( 6 )
-  o ( s )  I

8 1 . 6 2  o t : l  -  o ( : l l

8 0 .  1 4  -  0 ( 3 )

8 r . 1 0  0 ( 6 )  -  0 ( 1 )
45 .43  -  0 (5)
9 r . 0 1  0 ( 1 )  -  0 ( 5 )

9 r . 9 0  0 ( 4 )  -  0 ( 6 )

9 2 . 1 0  o t : l  -  o t : l l

95 ,56  -  0 (4)

9 5 , 7 2  0 ( 1 )  -  0 ( 4 )

97 , "18  -  0 (3)

92 .16  oc l l l -  ocq l
9 3 . 1 9  -  0 ( 6 )

59 .00

59,24

60.23

6 1 . 9 4

1 . U 2

1 . 8 9 1

1 . 9 1 0

2.022

2.O35

2 . 1 1 t

2 .59  77 .43

2.60  80 .20

2 . 5 8  8 3 . 3 1

2,61  aO.24

2.84  89 .84
' |  2 .19  90 .5 '

2 ,83  91 .82

2.85  97 .12

2.82 98.27

2,93 102.65

2.89  95 .05

2.96  91 .22

3.221

M(2) tetrahedron t4(O) Stte

M(2)  _  0 (5)  t5 l  t .950 M(O)  -  O(2)  t6 l  2 .800
-  0 (7)  2 .004 -  0 (6)  t6 l  Z .U5

s: .7s*  oc l l  -  o ( : l r  t5 l  3 .24  j1z ,z2  o(2)  _  0 (6)  t6 l  2 . . ta
92,22  -  0 (7)  t3 l  3 .17  106.56  OQ'  _  OQ'  t6 l  2 .17

0 ( 6 )  -  0 ( 6 )  t 6 l  2 .
o r z l  -  o t a t l  t 6 l  2 . 9 1

1 ,945

1 , 9 6 t

1 ,999

2.O03

2.0 t4

2 , 6 0

2 , 7 0

2 . 7 8

2 , 8 6

2.84

2 . 8 9

2 , 8 7

l,lgta l-f4sta I dlstancesri

M ( . l )  -  M ( 5 )
-  M(4)

M( : l  -  l . t c : l l
-  M ( 3 ) l l
-  M ( 5 )
-  M ( 4 )
-  M ( 5 )  I

- la(al 1

-  M ( r ) l l
- la(a) 1 I

c 3.602

c 3.805

o 2 .895

a 3,026

e 3 .J84

c  3 .425

c  3 .463

c 3.559

c  5 .648

M ( 2 )  -  M ( 5 i  c

-  M ( 5 ) l  c

-  M ( 4 )  c

M ( 4 )  -  l 4 ( 5 )  e

- l . , t (51 1 
e

l . t ( a l  -  u c a l l  c

t ' l C a l  -  u ( S l l l  e

M ( 0 )  -  M ( 4 )  c

M ( 5 )  -  M ( 5 )  e

, .40  l

3.465

3.445

2.929

t.o59

t.940

3.012

_:*O 
dedati,.rc fo! I,L-t4, t4-0, @d, O-O @e 0.004, 0.009 @d, 0.075 I reapectioeLy ad fu agle O_M_O 0.4 deg?ees.

a @d. e refe! to corc? ad edge-ehaed ?rtnl@ge,.

DEscRrprroN oF TI{E Srnucruns

The structure determined here for landauite
bears no relationship to tle structure obtaind
by Nikolayeva & Belov (1970), whose model was
characterized by two types of cation polyhedra,
square pyramids and elongated octahedra. They
assignd tetravalent titanium atoms to the 5-
coordinated sites and Tie+, Zff+, Fe2+ and Mn3+
to the 6-coordinated sites. pairs of square pyra-

mids shared edges, then linked by corner-shar-
ing into infinite chains, ffirOul-, whereas the
octahedra shared faces and also linked into in-
finite double chains by corner-sharing. By com-
parison, the structure described here has the
small cations in tetrahedral and octahedral co-
ordination and the polyhedra articulate only by
edge- and corner-sharing. One possible explana-
tion is that the crystal selected from the landau-
ite specimen for single-crystal analysis by Niko-
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layeva & Belov (1970) was not landauite. As was
discussed earlier, the sample of "landauite" as
received contained tlree grains of other.minerals.

A representation of the structure for landau-
itg given in Figure 1, shows layers of polyhedra
parallel to (001)u for three consecutive se-
guences of metal-atom arrangements. The anions
are in a close-packed array and have a stacking
sequence hexagonal, hexagonal, cubic (hhc...)
along [O01]n.,. Within the cubic close-packed
layers, Na (and K, Pb) atoms are ordered into
one in every thirteen anion sites, M(0) (Fig. 1).
The hexagonal close-packed layers contain oxy'
gens only. Between pairs of hexagonal close-
packed layers, metal atoms M(1) and M(3) os'
cupy isolated and edge-shared octahedral sites,
respectively. T:he h-M-h layer is shown unshaded
in Figure 1. The edge-shared M(3)O6 octahedra
form interconnected 12-membered rings with an
M(L)Oo octahedron at the centre of each ring.
Between adjacent cubic and hexagonal anion
layerc, h-M-c, metals M(4) and M(5) alternate
in edge-shared octahedral sites linked into six-
membered hexagonal rings, and metats M(2)
ocsupy tefrahedral sites. As seen in Figure 1,
the hexagonal rings of octahedra are intercon-
nected via corner-sharing with the basal oxy-
gens of the MQ)O4 tetrahedra. The polyhedra
in the adjacent h-M-h and h-M-c layers connect
only via corner-sharing whereas between pairs
of. h-M-c layers, the octahedra in the six-mem-
bered rings are linked by edge-sharing. Landau-
ite is isostructural with senaite and crichtonite;
other diagrams of the structure and more de-

tailed descriptions are given in papers on these
minerals (Grey & Lloyd 1976; Grey et al. t976).

Msrer.-Arorr OnogR[{c rN LeNneuna

In the structure refinement, scattering curves
for manganese, zinc and titaniu.m neutral atoms
were used for sites M(l), MQ, and M(4)*M(5),
respectiveln and a composite titanium/iron
curve rras used for site M(3). The number of
different metals, all with similar atomic num-
bers, precluded site-occupancy refinement; the
sensible thermal parameters obtained for M(1)-
M(5), (fable 2), and the close agreement be-
tween the refined average metal-oxygen bond
lengths and the values calculated using Shan-
non & Prewitt's (1969) ionic radii tables, justify
tho proposed ot^d"ring scheme. Thus we have
M(l)4= 2.2llj^ (c1., Mne+-o:z.I9A\, Mq-
o-i.ge+A (cf., zn'+4 (tetrahedral)=1:97 Al,
and, M (4\4-I.9TL, M(5)-O=1.969 A (ct.,
Ti4+{l=1.974).

On the basis of the proposed ordering scheme,
an ideal end-rnember coutposition for landauite
can bo given as NaMnZna(fi,Fe)eTiralOgs,where
the Ti/.CIi*Fe) ratio in site M(3) is a function
of the ferrous to ferric iron ratio. It conforms
to the general composition proposed also for
crichtonite, senaite, davidite and loveringite,
AMzta*, where I = large cations, Na, K, Ca,
Sr, Pb, R.E, and M = small cations, Ti, Fe, Cr,
Y, Zn, Mn etc, (Gatehouse et al. t978).

A comparison of the ideal composition for

Fro. 1. Representation of three consecutive (001)h* layers of polyhedra in
landauite, viewed along [001]u,. Only part of tle third layer (heavy shad-
ing) is shown for clarity. The hexagonal unit-cell edges, a and b, are
shown by tle dashed linei. The small filled circles represent sodium atoms.
The atom labels M(1) fo M(5) correspond to those given in Table 2.
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landauite with that determined from the chem-
ical analysis, Table la, reveals some important
differences; the latter has a large catioi sum,
2,A, greater than one, and a small cation su,m.
fM, less than 2I. The low value for W may be
stqnlV dle to an incorrect assumption that the
Fee+/Fe'+ ratio is equal to thai obtained by
explained in this way. fons such as Na+, K* and
Portnov et al. (1966) on a bulk landauite sam-
ple. However, the large V value cannot be
explained in this way. Ions such as Na+o K+ and
Pb'+ are too large to occupy the interstitial sites
M(l) to M(5); we,must consider the possibility
that these ions substitute into more ihan oo"
anion site. One possibility, that the extra 0.0g z{
catioas replace oxygen at site O(7), is supported
by the observation that the thermal paiimeter
lor O(7), '0.13, is considerably smallei than the
B values for the other oxygens, 0.2g to 0.53.
@oth anion sites M(0) and O(Z) lie on tlree-fold
Tes; latst (1961) has discussed the possibility
tlat tlese sites are oxygen-free in tfe related
mineral davidite.) A refinement was in fact car-
l"q 9$ wlth O.0S (Na,I!pb) replacing oxysen
in O(7), which resulted in rhe B vatuelor bfi)
increasing to 0.37. The presence of large cations
in site O(7) is also consistent with a lM value
Iess than 2I; M cations in sites M(2) and M(3)
bond to anion O(7), and if this is occupied Ly
s-odium (M(2FNa and M(3fNa = 2A), then
the surrounding sites M(2) and, M(3) wil be
empty. The ratio of empty M sites to cation-
occupied O(7) sites is 4:1. However. because
of tle uncertainty in tfie Fee+/Fez* raiio in the
efain-studied, tlis could not be checked quanti-
tatfi/ely.

_ A. further complication regarding O(7) is
that it has an unusally high electrostatic valence
surn. On tle basis of the ideal composition pro-
posed above, a value of 2.25 is caiculated; 

^this

value is modified only slightty if we consider
the real composition (Table 1a). This over-
saturation of O(7) is a feature common to the
crichtonite group of minerals; it is reflected in
MQ)4(7) and M(3)-O(7) bonds thar are
longer than the average Merc afi M(3yO
values (Iable 3).

Landauite os a member of the crichtonite group

We have previously coqrmented on the fact
that both senaite and crishtonite contain lead
and strontiu.m as the main I cations. and that
the mineral names should apply to phases which
contain dominant lead and dominint strontium.
respectively (Grey et al. t976),'We find, from a
recent microprobe analysis on the related min_
eral mohsite, that an equal nrimber. of atoms
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of lead and strontirm occur as the main A cat-
ions. Thus, mohsite, as a member of the senaite-
crichtonite series (Gatehouse et a/. 1.97g), does
not warrant a new name. Consistent with such
a nomenclature scheme, landauite would be
classed as a sodiumdominant member of the
crichtonite group.
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