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Abstract. The orystal structure of kukisvamile, a rare
muneral from Kola peninsula, Russia, has been refined in
the Poon space group with Xeray single-crystal data 1
R={.0535 Kokisvomite, ideally 2nTia(51206)40:
-4 H;0, has b=8595(DA, c=
5209013 A, and Z= 2, Itz orvstal structure is closely re-
lated to that of lintisite; the latter mineral is obtained from
kukisvumite through the substitution Za®* + [ = 2 Li*,
In the Peon space group an average structural model is
vealized, resulting i columns of half-occupied [ZnQ4] et
rahedra and in zig-zag chains of half-ocoupied Na-cen-
tered octahedra. The actaal structiure of kukisvianite would
impiy a concerted ordering of zine and sodium in neigh-
howr cells. The polysomatic relationships of kukisvuimite
with the minerals of the Hutisite family are shortly out-
Hned,
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Intreduciion

Kuokisvarite was described by Yakovenchuk, Pakhomovs-
kit and Bogdanova (1991) from an arfvedsonite-microchine
pegmatite vein in the Kukisvemischorr deposit, Khibiny
alkaling massif

cal formula: NaZaTiSiz0u - 4 FO, The chemical come
position of kukisvumite &8 very similar to that of lintisite,
a mineral newly described from the nearby Lovozero mas-
sif (Khomyakov, Polezhaeva, Merling, Pasero, 1990; Mer-
lino, Pasers, Khomyakoy, 1930} - chemical formula of
Hntisite can be written as NasLinTieSi00e - 4 HoO, that is,
the two minerals are related by the stmple substitution
Zo*t ¢ [0 =2 Li%

The unit cell parameters of the two minerals are also
closely related in spite of the different crystal svstems, and
the M-ray powder patterns are almost identical in all the
strongest lines,

It seemed likely that close structural relationships exist
between kukisvamite and linitisite. Therefore we undertook
a stroctural study of kuldsvamite from the type locality to
churify its relationships with lintisite. A preliminary account
of the basic structural features of kukisvumite has been
shortly outlined by Merline and Pasero (1997}, In this pa-
per a full description of the kukisvomite structure is given.

* Correspondence author (e-mail: pasero@dst.oniplit

Experimental

Preliminary Weissenberg photographs taken on selected
erystals of kukisvumite confirmed the orthorbombic syme-
metry and the space group Peon The following undt cell
parameters for the crysial eventuaily chosen for the inten-
sity data collection (dimensions 044 % 0.06 x 0.02 o)
were tefined  at the four-circle  difftacrometer; o=
29.026(#), b = B.393(1), ¢ = 5.200(1) A,

The intensiey data set was collected with a Slemens
four-cirele diffvactometer. Operating conditions were the
following: room teraperature, 30KV, 40maA, Mok,
A=071069 A, scan mode 8- 20, scan speed 2%/min,
dmum 28 =807, -1 < A< 3, -1 C AL 10, -1 <
6, refinement camied oul against squared structure am-
plitodes (1138 independent reflections) with SHELXL-93
{Sheldrick, 1993) computer package, absorption effects ac-
counted for throogh XABSR2 (Parkin, Moerzi, Hope,
1995),

Structure refinement

On the basis of the reasonable hypothesis that kukisvamite
was structurally very similar to lntidite, a3 starfing set of
fractional coordinates for kuldsvumite was obtained on the
basis of the moaoclinic stucture of lingsite, which has an
approximately psendo-orthothombic metric {8 = 91%), by
taking into account the different origin and space group
symmetry. The site ocoupancy factors of some atoms wese
fowered on the basis of orystai-chemical considerasons.
Therefore a zine atoms with 530% cccupancy was placed
in the same site which is occupled by lithinm in linisite.
Moreover, also the occupancy of Na2 atom was fixed at
50%, because the space group Poen resubted in two in-
compatible equivalent positions for Na2, 2.60 A apart. For
the same yeason, we fixed 50% occupancy for the water
molecule, too: owing to the differert symmerry in kukis-
vumite there are two independent, half occupied sites,
Q81 and 082, instead of a single O8 site in lintisite. The
full occupancy at those sites, too, would have implied
some additional impossible interatomic distances, e.g.
1.02 A between 081 and 082,

Such a structural model was refined smoothly. The £
nal reliability indices for the anisotropic model wers Rl
{conventional B factor) == 0055 for 388 reflections with




Crysial structure of kukisvumite 353

> 4o F,)
{wed ghtezc]
sch@m

and Q148 for all Ll’%‘% reflections, wiR2Z

wu@hbm
§ 2

in ihe fi]}di {Eliﬁ,;ru;uz .F(k}.lﬂel‘ b}filti]t:?s]é: were -r-fJ,f;x and
—0.64 /A%, with all major positive electron density maxi-
ma in the swroundings of O8] and O8L. Owing to the
disordered nature of kukisvumite the hvdrogen atoms were
metuded in the refinement in calculated positions, and the
relevant O-H and H. . O distances were constrained 1o
reasonable values during the refinement.

The fnal fractional coordinates and displacement para-
meters for kukisvumite are Hsted in Table 1. Selected bond

distances are given in Table 2, and are compared with the
corresponding distances in EKE&*A&. The valence bond bal-
ance is reported in Table 3.

s and L, displacement paras

en in parentheses and ref

g {001 The
1 sketched only twice,
on with ziw atom labels, 1&%11&1 are in keeping with
ctiomal coordinates of Table L

Description of the structure

The structure of kukisvamite {depicted in Fig. 1} iz closely
related o that of Hntsite (Merling, et al, 1990), All coor-
dination polyhedra are similar in the two structures {{f

HOTHE

0.00703) Table 23 The utanium 8 cctehedrally coordinated by

.01 oxygen atoms, the octshedra giving rise to zig-zag chains
& n)}ﬁf_, through sharing of edges. The tmniom sioms occ ur) £c-
403 entric positions within the coordination polyhedra. The

ggz two independent silicon atoms ocour within tetrabedra ar-

405 ranged in pyroxene-like chains, having Q00 angles of
171° {831 chaing) and 1627 §5i2 chains). Zine is in tetrahe-
dral coordination as well, Uslike lthivm in Hatisite, in

Table 1b Anisotropie displacement pasameters for kukisvomite.

Atom y [ [ i Ui

Ti
52
Zn
\Ia i
i
oz
03
4
5
[8:3
o7
OBt
082

0.0016)
~{001T
0.0014
0.00946)
~0.001T)

4.0031;
~.005(15)
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Table 2a. m’i ]envrh«; ¢43 I kukisvumite. The corresponding dis- Tabde 2b, Distances (A} and angles {°} involving water molecules in
tnces in Hntsie S0Y are reported Tor the sake of kukisvumite,
comparison. o
OH G0 G FE (3
kukisvumite fintisite distance distance angle

Ti ]mix hedron

1.00

2y m the structure of kukisvamite means that the real
symmetry of the muneral is Iower than Peen, and that the
average structure only can be assessed in this space group,
i which two different, although geometrically equivalent,
configurations are in superposition. In the actual structure
gither of these two configurations ocours at every single
unit cell. As an hypothesis, the possible ordering of the
; two configurations should give rise to the doubling of the
Nal polyhedron b cell parameter. However, carsful inspection of long-ex-

e posed Weissenberg photographs, and of 2 number of se-
01k lected area electron diffraction patterns, did not provide
O3d evidences of long-range ordering in kukisvumite, There-
o7 fj fore the disordered model better describes the real struc-

ture of the mineral.

It is worth noting that, unlike the other cations, the
average (Zn-—0) distance iz significantly longer than ex-

Db ek b B D3 PR bk bl b

8 ; M’;g)ts n"uizum the nurmber G'
:,quna.lfem m;;d& for each :’Jimn and each anion, respectively.

(SR S S R

T 5t 52 Za Mal  NaZ Hebonds Iv
{831 D938 8.19 2.6
which columns of edge-sharing [1i0,] tetmbedra occuy, in 083 409
the case of kukisviomite overy second tetrabedral site is o T 107
empty. This is related to the electrostatic valence balance, 3 pas 1.01
Zu** having a doubled charge with respect w Li*, and is 04 L1g
accomplished, as stated above, by setting 30% occupancy
at the zinc sife, in close agreement with the chemical com- 05 099 618
position of kukisvamite. OF the two sodivm atoms, Nal is 073
sight-fold ;:mrdinazaé by sight oxvgens, Na2 i{, octahed- 0.95 040 508
rally coordinated by two oxvgen atoms and four water noo (10
molecules [NaOafH 00,0, giving rise fo zigzag chains. In 07 1.02 .16 205
this latter case, oo, the occupancy of sodium (Nal) and
water molkecules (O8] and QOF2) is halved. v (9731 0.28 ~-0L13 008
Therefore the only major difference is the presence, in ) olg 019 ,
kukisvumite, of a zinc snd sodium slab, instead of & 082 g;;* ;5{: 0.06
lithium and sodium slab as in lintsite, These two stuctr- 0 496 307 404 118 120 105 .

al units are compared in Fig. 2. -
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pected for et frally coordinated Z The distance
computed according to the ionic radil by Shapnon (1976)
should be 1.96 A, whereas i is ac mai 215 A in kukis-
viumite, resalting in 2 low bond vale e sum for Zn {118
mstead of 2 vau; of. Table 3% The ax;}iaﬂatzcm of this be-
haviour Hes in the partial ocoupascy at the Zn siter the
average structure of kukisvumite consiste of columns of
50% occcupied T200.] wtahedra, whereas in the actal
structure there is alternation aloag {001] of complerely
filled and empty wirzhedra. The former should therefore
e smaller, and the latter larger. This behaviowr implies
that the oxygen (O4) moves from the empty site fowards
the Zn-filled site, and accounts for the high displacement
parameters of

34, as well as of O8] and 082, which cor-
respond o water molecules.

Polysomatic description of kukisvamite

Mertine and Pasero (1997) discussed the lintisite polyso-
matie family starting from three basic structural tmdﬂl&&,
de nmv,,d as L NadTid %‘1’?(}6}7()@ L 5 [Na ,
I81:AM0, - 2 HaOl by ‘*uchz"m mmjz mnduie
>1§1£§B§<L¥[M or in regularly alternating pairs, six different
polysomes were described, correspondding & the structures
of the minerals lorenzenste [L: NagTi(S360:106 Sund-

Na (S0,

M, LS80, 43L0

MK SLAIO IO

lorenzenties (ramsayitel
N, TRESI Oy -

silimaite
N Li S0

m@;m,u
N Na K HARLE, ($1AID P60

Fig. 3. The dwes po varie models wtroduced by Merlino and Pae
sero (1997), and the ideal chemdeal formulae of the resuling poly-
SOHIES.
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19871, silinaite [%
Grice, 19011, Hmtisite LS

Nagli

- Thel8003:0, - 4 HaOp Merlino, et al, 1990{, vino-
gradovise [ T 510 AN - 2L,

retas "izmumw
Axndrianov, 1%2%4 Kals
twoy hypothetic
mﬂﬁ ze- I ﬁ;e

Belov, 1968; Rastsvetasva and
ek and Rc"» <hf0 .53‘}2§ Dlus {he
structures £ |{

I-n t]m ; %ﬂmwunme can be described a8 formed
by allernation i;f the same L modules which ocour in lint-
site and m lorenzenite and of a modified § module (here
after K moduley with zine instead of 1Hhium {with formula
NanZnSuOig - 4 HaO,

Although in kukisvomite the stacking sequence i3 the
same as i the relpted structure lintisite, a ds?iamm layer
group Symmﬂw for the K module, Pln)c2 ;
with respect to the layer group syvmmetry of the § module,
P2l The peivmmxm; formula of kukisvemite can be
written as LK. Moreover, it 15 possible to hypothesize two
other structures, which should represent variants of the
above-mentioned polysomes, namely the Zn analogue of
silipaite argd the hypothetical structure K72,
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