ISSN 1063-7745, Crystallography Reports, 2008, Vol. 53, No. 2, pp. 206-215. © Pleiades Publishing, Inc., 2008.
Original Russian Text © O.V. Yakubovich, W. Massa, N.V. Chukanov, 2008, published in Kristallografiya, 2008, Vol. 53, No. 2, pp. 233-242.

STRUCTURE OF INORGANIC

COMPOUNDS

Crystal Structure of Britvinite
[Pb7(OH)3F(BO3)2(CO3)][|\/| g4.5(OH)3(SiSOl4)]: A New Layered
Silicate with an Original Type of Silicon—-Oxygen Networks

O.V. Yakubovich?, W. Massa®, and N. V. Chukanov®
@ Lomonosov Moscow Sate University, Leninskie gory, Moscow, 119992 Russia
e-mail: yakubol @geol.msu.ru
b Philipps-Universitat Marburg, Biegenstrasse 10, Marburg, D-35032 Germany

¢ Institute of Problems of Chemical Physics, Russian Academy of Sciences, Chernogolovka, Moscow oblast, 142432 Russia

Received January 25, 2007

Abstract—The crystal structure of a new mineral britvinite
Pb; 1 Mg, 5(Siy gAly2014)(BO3)(CO3)[(BO3)y 7(Si04)0 31(OH, F)g ; from the Langban iron-manganese skarn
deposit (Varmland, Sweden) is determined at T = 173 K using X-ray diffraction (Stoe IPDS diffractometer,
AMoKa, graphite monochromator, 26,,,, = 58.43°, R = 0.052 for 6262 reflections). The main crystal data are
as follows: a = 9.3409(8) A, b = 9.3579(7) A, ¢ = 18.8333(14) A, a = 80.365(6)°, B = 75.816 + (6)°, y =

59.870(5)°, V = 1378.7(2) A3, space group P1,Z =2, and Peate = 5.42 glcm’. The idedlized structural formula
of the mineral is represented as [Pb;(OH);F(BO3),(CO3)1[Mg,4 5(OH);(SisO4)]. It is demonstrated that the
minera britvinite is a new representative of the group of mica-like layered silicates with structures in which
three-layer (2 : 1) “sandwiches’ composed of tetrahedra and octahedra aternate with blocks of other composi-
tions, such as oxide, oxide—carbonate, oxide—carbonate—sulfate, and other blocks. The tetrahedral networks
(Si504)w00 CONSisting of twelve-membered rings are fragments of the britvinite structure. Similar networks also
form crystal structures of the zeophyllite mineral and the RbSi; (0,3 Synthetic phase. In the crysta structures
under consideration, the tetrahedral networks differ in the rotation of tetrahedra with respect to the layer plane.

PACS numbers; 61.10.Nz
DOI: 10.1134/S1063774508020077

INTRODUCTION

The new minera britvinite! [1] was found at the
Langban iron—manganese skarn deposit (Varmland,
Sweden) famed for findings of rare minerals of lead,
arsenic, antimony, boron, and beryllium. Britvinite
forms transparent pale yellow platelike crystals of a
maximum linear size of up to 0.5 mm with a pro-
nounced cleavage along the (001) plane in the compo-
sition of a hausmannite—barytocalcite rock, which also
contains calcite, cerussite, and brucite in subordinate
amounts. According to energy-dispersive X-ray
microanalysis [1], the chemical composition of the
minera is as follows (wt %): PbO, 71.92; MgO, 7.95;
Al,05, 0.41; and SiO, 12.77. Moreover, it was found
using selective sorption that britvinite contains 2.2%

1 The new mineral britvinite was approved by the Commission on
New Minerals and Mineral Names of the Russian Mineralogical
Society and the Commission on New Minerals, Nomenclature,
and Classification of the International Mineralogical Association
(October 17, 2006).

H,0 and 2.1% CO,. A small amount of fluorine (0.14%
F) was revealed by wavelength-dispersive electron
probe microanalysis. Small amounts of the compound
did not allow us to determine the quantitative boron
content. According to the structural data, the boron con-
tent was estimated to be 2.67% B,05.

The presence of boron (revealed from the X-ray dif-
fraction data) was confirmed by the color reaction with
quinalizarin and a set of characteristic bands of (BO5)*-
ions in the IR spectrum, which also involves bands
associated with the stretching vibrations of OH and Si—
O groups, the stretching and bending vibrations of CO,
groups, and bending vibrations of O-Si—O groups. As
follows from the IR spectroscopic data, the mineral
does not contain water molecules.

The empirical formula calculated per 60 anions
O+ ('OH,F) has the form
Pb14.75Mg9.03S19.73A_]0.37O3o.59(BO3)3.51(CO3)2.18(OH)11_17Fo.34
(Z = 1). The ratio O / OH was calculated from the
charge balance. The hydrogen atoms were included in
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Table 1. Crystallographic data, experimental details, and parameters of the structure solution and refinement for the mineral
britvinite Pb; 1M gy 5(Si4 Al0.2014)(BO3)(CO3)[(BO3)o.7(SiO4)0.31 (OH)s 7F

Absorption coefficient g, mm=

Space group, Z

Unit cell parameters (A) and angles (deg)
a

™™ Q O T

Y
Unit cell volumeV, A3

Density Pegcq» 9/CM®
Diffractometer

Radiation

Temperature, K

Scan range: 26,4, deg

Number of reflections measured

Number of unique reflections/number of reflectionswith | > 1.960(1)

Refinement technique

Number of parameters refined

Absorption correction

Tminv Tmax

Rint: Ro

Secondary extinction coefficient

Discrepancy factors:
R (for reflections observed)
WR? (for all unique reflections)
S

Residual electron density, Pmax, Prin: €A™

43.71
P1,2

9.3409(8)
9.3579(7)
18.8333(14)
80.365(6)
75.816(6)
59.870(5)
1378.7(2)
5.42
IPDS-I1 area detector system (Stoe)
MoK, (graphite monochromator)
173(2)
58.43
18335
7381/6262
onF?
547
Empirical
0.022; 0.212
0.070; 0.057
0.0015(1)

0.0517
0.1250
1.129
4,09 (0.78 A for Pb5)
—2.92 (0.82 A for Pb3)

the composition of OH groupsaccording to the IR spec-
troscopic data.

X-RAY DIFFRACTION ANALY SIS
AND REFINEMENT OF THE STRUCTURE

The unit cell parameters and triclinic symmetry
were revealed in the X-ray diffraction study of a plate-
like single-crystal grain 0.12 x 0.08 x 0.04 mm in size
on a Stoe diffractometer (MoK, radiation, graphite
monochromator) equipped with a high-sensitivity
imaging plate detector [2]. The reflection intensities
measured on the same diffractometer at 7= 173 K were
corrected for the Lorentz and polarization factors. The
empirical absorption correction accounting for the size
and shape of the sample was also applied to the reflec-
tionintensities. The crystallographic data, experimental
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details, and parameters of the structure solution and
refinement for the britvinite are summarized in Table 1.

All the cal culations associated with the solution and
refinement of the structure were performed with the
SHEL X software package [3, 4]. The atomic scattering
factors and corrections for anomalous dispersion were
taken from [5]. The structure wasrefined in space group

P1 on F? to R = 0.0517 [for 6262 reflections with / >
20(0)] inthe anisotropic approximation for the majority
of the atoms involved. The coordinates of the basis

atoms and thermal parameters are listed in Table 2.2

ANALY SIS OF THE INTERATOMIC DISTANCES

In the crystal structure of the britvinite, five crystal-
lographically independent manganese atoms have an

2008

2 Additional information can be found in database no. 418 545.
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Table 2. Coordinates of the basis atoms and equivalent thermal parameters

Atom xla y/b Zlc Ugg Site occupancy
Si(1) 0.6638(4) 0.6431(4) 0.34874(17) 0.0149(6) 1
Si(2) 0.3603(4) 0.2950(4) 0.34902(17) 0.0142(6) 1
Si(3) 0.6753(4) 0.9600(4) 0.35497(17) 0.0147(6) 1
Si(4) 0.3423(4) 0.6272(4) 0.35457(16) 0.0135(6) 1
Si(5) 0.0107(4) 0.9466(4) 0.34929(16) 0.0132(6) 1
Mg(1) 0.5 0.5 0.5 0.0136(10) 1
Mg(2) 0.8369(5) 0.1664(4) 0.4964(2) 0.0134(7) 1
Mg(3) 0.1671(5) 0.1689(4) 0.4959(2) 0.0131(7) 1
Mg(4) 0.8354(5) 0.4987(4) 0.4971(2) 0.0128(7) 1
Mg(5) 0.4993(5) 0.8330(4) 0.5000(2) 0.0134(7) 1
Pb(1) 0.06509(6) 0.53207(6) 0.23857(3) 0.02045(17) 0.952(6)
Pb(1A) 0.173(4) 0.653(3) 0.234(1) 0.032(3)* 0.020(2)
Pb(1B) 0.973(6) 0.719(6) 0.236(3) 0.032(3)* 0.012(2)
Pb(2) 0.28960(6) 0.07376(5) 0.23590(3) 0.01878(17) 0.961(6)
Pb(2A) 0.406(4) 0.875(3) 0.235(1) 0.032(3)* 0.020(2)
Pb(2B) 0.502(6) 0.973(6) 0.238(2) 0.032(3)* 0.012(2)
Pb(3) 0.82941(6) 0.30837(5) 0.23655(3) 0.01878(17) 0.958(6)
Pb(3A) 0.744(5) 0.191(4) 0.240(2) 0.032(3)* 0.016(2)
Pb(3B) 0.631(5) 0.409(5) 0.241(2) 0.032(3)* 0.014(2)
Pb(4) 0.77275(8) 0.97209(7) 0.14948(3) 0.0299(2) 0.964(6)
Pb(5) 0.4359(6) 0.6395(9) 0.1480(3) 0.0279(7) 0.60(5)
Pb(5A) 0.4405(10) 0.6609(19) 0.1383(10) 0.0341(18) 0.35(5)
Pb(6) 0.836(2) 0.2432(11) 0.9967(4) 0.0463(16) 0.44(2)
Pb(6A) 0.9190(5) 0.2396(4) 0.0138(2) 0.0318(13) 0.202(5)
Pb(6B) 0.785(2) 0.280(3) 0.0043(7) 0.042(4) 0.26(2)
Pb(6C) 0.7228(17) 0.379(3) 0.0015(7) 0.032(3) 0.053(5)
Pb(7) 0.1188(8) 0.3166(8) 0.0776(1) 0.0521(13) 0.433(15)
Pb(7A) 0.1397(3) 0.3622(8) 0.0772(1) 0.0237(11) 0.346(15)
Ph(8) 0.5716(4) 0.0521(7) 0.9995(1) 0.0302(10) 0.283(6)
Pb(8A) 0.6098(5) 0.9712(9) 0.9857(2) 0.0248(15) 0.176(6)
C» 0.783(2) 0.6505(18) 0.1168(8) 0.028(3) 1
B(1) 0.1071(19) 0.9784(18) 0.1280(8) 0.022(3) 1
B(2) 0.447(2) 0.315(2) 0.1284(9) 0.013(2)* 0.734(11)
Si(6) 0.4644(15) 0.3212(14) 0.0808(6) 0.013(2)* 0.266(11)
0(1) 0.6361(10) 0.6207(9) 0.4378(4) 0.0151(15) 1
0(2) 0.4502(19) 0.6770(18) 0.0277(6) 0.046(3) 1
0(3) 0.2322(12) 0.2934(11) 0.3054(5) 0.0211(17) 1
0O(4) 0.0331(10) 0.3816(10) 0.5564(4) 0.0156(15) 1
o(5) 0.9680(10) 0.2829(9) 0.4432(4) 0.0132(14) 1
0(6) 0.3665(11) 0.7153(10) 0.5560(4) 0.0154(15) 1
o(7) 0.9717(10) 0.9504(10) 0.4385(4) 0.0151(15) 1
0(8) 0.3071(10) 0.2874(9) 0.4375(4) 0.0140(14) 1
0(9) 0.8351(11) 0.5024(11) 0.3064(5) 0.0221(17) 1
0(10) 0.7005(10) 0.0494(9) 0.5553(4) 0.0149(14) 1
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Table2. (Contd.)

Atom xla y/b Zlc Ugq Site occupancy
0(11) 0.6361(10) 0.9507(10) 0.4430(4) 0.0148(15) 1

0(12) 0.3047(10) 0.6156(9) 0.4422(4) 0.0135(14) 1

0O(13) 0.3748(13) 0.4629(11) 0.3202(4) 0.0219(17) 1

0(14) 0.8677(12) 0.9271(12) 0.3216(5) 0.0233(18) 1

0O(15) 0.5075(12) 0.6496(12) 0.3310(5) 0.0214(17) 1

0O(16) 0.5487(12) 0.1418(10) 0.3226(5) 0.0204(17) 1

0(17) 0.1873(11) 0.7824(12) 0.3220(5) 0.0223(17) 1

0(18) 0.9177(15) 0.6512(14) 0.1166(6) 0.034(2) 1

0(19) 0.0212(12) 0.1055(11) 0.3048(5) 0.0231(18) 1

0(20) 0.7507(14) 0.0182(15) 0.8746(7) 0.036(2) 1

0(21) 0.8245(15) 0.0065(13) 0.0289(5) 0.030(2) 1

0(22) 0.6533(11) 0.8235(11) 0.3222(5) 0.0197(16) 1

0(23) 0.8937(13) 0.1607(12) 0.8732(5) 0.028(2) 1

0(24) 0.7797(15) 0.5148(14) 0.1155(7) 0.035(2) 1

0(25) 0.6452(16) 0.7867(14) 0.1218(6) 0.037(2) 1

0(26) 0.3023(17) 0.4579(15) 0.1222(7) 0.045(3) 1

0(27) 0.5825(15) 0.3152(16) 0.1299(6) 0.039(3) 1

0(28) 0.4502(15) 0.1720(13) 0.1273(6) 0.035(2) 1

0(29) 0.9599(13) 0.1223(14) 0.1307(6) 0.034(2) 1

F(1) 0.0789(11) 0.3118(10) 0.1942(5) 0.0107(15)* 0.719(14)
F(1a) 0.101(3) 0.317(2) 0.1472(12) 0.0107(15)* 0.281(14)

* Thermal parameters of the atoms refined in the i sotropic approximation. The thermal parameters of the Pb(1A), Pb(1B), Pb(2A), Pb(2B),
Pb(3A), and Pb(3B) atoms were refined using the same value. The pairs of the atoms B(2), Si(6) and F(1), F(1a) were refined similarly.

octahedral environment of oxygen atoms. In the cen-
trosymmetric octahedra of the Mg(1) atoms, the Mg-O
interatomic bonds vary from 2.066(8) to 2.128(8) A
(the mean distance, 2.088 A). The Mg—-O bond lengths
in the other polyhedra around the magnesium atoms in
the general position have a larger spread and lie in the
range 2.019(8)-2.158(8) A. The mean values of the
Mg—O distancesin fiveindependent octahedraare close
in magnitude and equal t0 2.09 A to the second decimal
place.

The Si—O bond lengths in five independent Si tetra-
hedra range from 1.593(9) to 1.644(9) A. A strong dis-
tortion of the tetrahedra is due to their interaction with
each other through common oxygen atoms: either of
the two tetrahedra has three common vertices with the
neighboring tetrahedra, and three tetrahedra each have
two common vertices. A small number of Al atoms
revealed in the crystal composition by electron probe
microanalysis reflect on the mean distances of the Si—O
bonds: Si(1)-O, 1.625 A; Si(2)-0O, 1.626 A; Si(3)-O,
1.624 A; Si(4)-0O, 1.613 A; and Si(5)-0, 1.631 A.
Probably, the Si(4) polyhedra do not contain Al atoms.
Most likely, the Al atoms isomorphously occupy the
other tetrahedra, so that the maximum occupation of
aluminum is observed for the Si(5) tetrahedron.
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The carbon and boron atoms form planar trigonal
oxo complexes. In the nearly regular triangles CO;, the
C-O bond lengths vary from 1.26(2) to 1.28(2) A (the
mean distance, 1.27 A). The B-O distances in the trig-
onal groups around the B(1) and B(2) atoms are natu-
rally larger and lie in the ranges 1.31(2)-1.36(2) and
1.27(2)-1.35(2) A, respectively. The cation-oxygen
distances in the boron triangles indicate that, possibly,
the B(1) and B(2) atoms are “diluted” by carbon atoms
with a smaller size. The oxygen triangle around the
B(2) atom can be interpreted as a face occupied by the
boron atom in the Si(6) tetrahedron (Fig. 1). The inter-
atomic distance B(2)-Si(6) equal to 0.87 A excludes
the simultaneous occupation of the corresponding
structural positions by the B and Si atoms. The refine-
ment of the occupancies revealed that these positions
are dtatistically occupied in the ratio 0.74[B(2)] :
0.26[Si(6)]. A considerable spread in the interatomic
distances in the Si(6) tetrahedron manifests itself in
shortened lengths of the Si—O bonds to the oxygen
atomsthat form the trigonal face occupied by the boron
atom with a probability of 74% in the tetrahedron and,
conversely, in atoo long bond to the O(2) atom is asso-
ciated with the tendency toward a displacement of the
Si(6) atom from the Pb(6) and Pb(7) cations (Fig. 1). It
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[Pb; 1(OH), ;F(CO3)(BO3); 7(Si04)0 31c0co
stacks alternating along the c axisin the unit cell of the crys-
tal structure of britvinite.

1. Threellayer pyrophyllite sandwiches and
five-layer

should be noted that an unusual distortion of silicon tet-
rahedrais also described, for example, in the structure
of sakhaite [6]. Furthermore, boron tetrahedra with
bond lengthsthat differ substantially from conventional
bond lengths are well known in the structures of cubic
boracite and its numerous synthetic varieties [ 7].

The Pb—O interatomic distances for al the located
lead atoms are similar to conventional distances and lie
in the range 2.20(1)-3.03(1) A. The Po—F distances are
somewhat shorter and can be assmall as2.14(1) A. The
mean lengths of the Pb—O(F) bonds vary from 2.46 to
2.75 A. The O* and F- anions forming the polyhedra
around the Pb atoms are located, as is frequently the
case, on one side of the Pb** cation (an umbrella con-
figuration) and, thus, fix the position of alone electron
pair.

DESCRIPTION OF THE CRYSTAL STRUCTURE

Two types of blocksthat alternate along the c axisin
the triclinic unit cell form the crystal structure of the
britvinite (Fig. 1). Blocks of thefirst type are formed by
brucite-like layers composed of edge-shared Mg octa-
hedra bounded on both sides along the ¢ axis by net-
works of silicon—-oxygen tetrahedra. The apical vertices
of the tetrahedra are directed toward the close-packed
octahedral layers, and the blocks under consideration
can be interpreted as three-layer sandwiches of the
composition {Mg, s(OH);[(Si, A)sO,4)]}we- The net-
works of vertex-shared tetrahedra (Fig. 2) are similar to
tetrahedral layers in micas. if each central tetrahedron
joining three neighboring six-membered rings in the
tetrahedral layer is removed from the crystal structure
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of mica, there appear (SisO 14)3,; networks of the new
type revealed in the structure of britvinite.

Blocks of the second type are seven-layer stacksthat
are parallel to the ab plane, consist of Pb** cations,
which are partially coordinated by oxygen atoms of
hydroxyl groups and fluorine atoms, and planar trigonal
groups CO; and BO;, and are described by the formula
[Pb; ,(OH),7;F(CO3)(BO3), 7(Si04)p3lee- I the layer,
the CO, and BO; trigonal groups alternate in aratio of
~2: 1 dongtheb axisandtheir planesare parallel tothe
(001) plane (Fig. 1).

The specific feature of this structural component of
britvinite is its defect structure. Among eight indepen-
dent lead atoms involved in the formation of the crystal
structure of the mineral, the positions of four atoms
Pb(5)—Pb(8) are split into two or three positions with
comparable occupancies. Moreover, the Pb(7) and
Pb(8) positions contain a large number of vacancies
(Table 2). The presence of additional weakly occupied
Pb positions at distances of ~1.2-1.8 A from the posi-
tions of the “main” atoms Pb(1), Pb(2), and Pb(3) with
a high occupancy in the same planes as the main atoms
correlates with the observed diffuse bands along the ¢*
direction of the reciprocal lattice (Fig. 3). The diffuse
scattering from lead atoms is associated with the one-
dimensional disorder. The translational silicon—oxygen
layers, which form the structure of britvinite, are paral-
lel to the ab plane, and contain ordered vacancies, are
displaced with respect to the layers composed of the
Pb(1), Pb(2), and Pb(3) atoms, so that the “vacant” tet-
rahedraand, hence, the Pb atoms appear to be displaced
in the second and third equivalent layers (Fig. 2). Asa
result, the additional lead atoms Pb(1A), Pb(1B),
Pb(2A), Pb(2B), Pb(3A), and Pb(3B) (stacking disor-
der) manifest themselvesin the diffraction experiment.

In the framework of the proposed model, the layer
that is composed of the Pb(1), Pb(2), and Pb(3) atoms
and located in the vicinity of the silicon—oxygen net-
works (the “first” layer) does not contain defects. The
presence of the additional lead atoms Pb(1A4), Pb(1B),
Pb(24), Pb(2B), Pb(3A), and Pb(3B) is associated with
the stacking faults in the equivalent silicon—oxygen
networks and lead layers contacting with the net-
works through common oxygen atoms (Fig. 2). The
other five layers composed of Pb atoms (with addi-
tional atoms B and C) do not have direct contacts
with “pyrophyllite” sandwiches, and, in this case, all
cations are coordinated by “own” atoms O and F. The
magjority of the Pb atoms forming these layers are
statistically disordered but also lie within the ab
planes. Thefirst lead layer is most likely responsible
for the joining of the ordered pyrophyllite block
{Mg, s(OH);[(Si, Al)sO;4)]}awe and the defect block
[Pb; ,(OH), ;F(CO3)(BO3); 7(Si04)9 3]s INt0 the single
crystal structure of britvinite.

Blocks of the second type can be treated as an asso-
ciation of modified layers of the structure of synthetic

No. 2 2008
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Fig. 2. (a) Brucite layer composed of Mg octahedra and the adjacent silicon—oxygen network consisting of twelve-membered rings
inthe crystal structure of britvinite (the view along the ¢ axis of the unit cell). (b) Silicon—oxygen network and the first layer of the
Pb block (theoretical representation). (c) Silicon—oxygen network and the first layer of the Pb block according to the results of the
structure refinement. Large spheres indicate the positions of the Pb atoms with a high occupancy, medium spheres represent the
positions of the Pb atoms with alow occupancy, and small spheres correspond to the F atoms. (d) The same fragment but viewed
from the side. (e) Superposition of the first and second equivalent fragments displaced with respect to each other (along the arrow).
(f) Superposition of thefirst and third equivalent fragments displaced with respect to each other (along the arrow).

CRYSTALLOGRAPHY REPORTS Vol. 53 No.2 2008
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Fig. 3. Diffuse lines along the ¢* direction of the reciprocal
lattice of britvinite.

plumbonacrite PbsO(OH),(CO5) [8] with partialy split
Pb positions and onethird of carbonate groups
replaced by borate triangles. According to Krivovichev
and Burns [8], plumbonacrite easily transforms into
hydrocerussite 2(PbCO;)Pb(OH),, which has a similar
structure that consists of aternating lead carbonate and
lead hydroxide layers. Layers of the same composition
form the crystal structures of trimorphic minerals, such
as leadhillite [9], macphersonite [10], and susannite
[11] Pb,(CO;),(OH),(SO,); however, these structures
additionally contain layers of orthosulfate tetrahedra.
The aternation of similar layers in these structures can
be written as follows: ...SO,~Pb(OH),—Pb(CO;)-
Pb(CO;)-Pb(OH),~SO,—....

COMPARISON OF THE CRYSTAL STRUCTURE
OF BRITVINITE WITH THE STRUCTURES
OF THE RELATED PHASES

The results obtained allow us to argue that the brit-
vinite is a new representative of the group of mica-like
mixed layered silicates with structures in which three-
layer (2 : 1) sandwiches composed of tetrahedra and
octahedra alternate with blocks of other compositions,
such as oxide, oxide—carbonate, oxide—carbonate—sul-
fate, and other blocks. This group involvesthe minerals
macaulayite, lourenswalsite, burckhardtite, kegelite,
surite, ferrisurite [12], and niksergievite [13] (Table 3).
In the absence of data of precision X-ray structure
investigations, the preliminary inferences regarding
their structure were made using the results of chemical
spectroscopic, and X-ray powder diffraction analyses
and, in a number of cases, microdiffraction experi-
ments.

In particular, the crystal structure of surite
[(PbCO;),(Cay sOH)I(AL, Mg),(OH),(Si, AD,O,q] [14]
isconsidered amixed layered phase formed by alternat-
ing blocks, i.e., structural fragments of pyrophyllite
(whereAl in octahedraand S in tetrahedraare partially
replaced by Mg and Al, respectively) and hydrocerus-
site modified by partial substitution of calcium for lead.
In isostructural ferrisurite [15], the gibbsite octahedral
layer of the “ferripyrophyllite stack” is probably occu-
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pied by Fe** and Al cations in accordance with the
hypothetical crystal chemical formula of the minera

[(Pb, Ca), 3(CO3), 5.,(OH, F)os-1nH;O][(Fe,
Al),(OH),Si,O0,)]. In the structure of kegdlite
[Pb,(CO5),(OH),(SO,)][AL(OH),Si,0,0] [16], the

pyrophyllite stacks most likely alternate with the blocks
of monaclinic leadhillite along the ¢ axis. In the crystal
structure of macaulayite [17], the ferripyrophyllite
fragments probably alternate with the hematite blocks:

[(Fe,05),,1[FeS’ (OH),Si,0,)]. In the structure of
burckhardtite [18], the positions in gibbsite octahedra
can be treated as occupied by Fe** and Te** cations (the
octahedral environment consisting of oxygen atoms is
typical of Te* ions, asisthe casein the structures of the
jensenite, leisingite, and parakhinite minerals) with the
formation of neutral stacks of the pyrophyllite structure,
between which the lead oxide hydroxide lamellas are
incorporated: [PbO - Pb(OH),][FeTe(OH),(AlSi;O,,)].
Inthe crystal structure of niksergievite [13], the three-
layer sandwiches, i.e., the fragments of dioctahedral
Al mica [Al,(OH),AlSi50¢l.., aternate with the
multilayer stacks of the complex composition
[(Ba, Ca),Al(OH),(CO;) - nH,0Ol... The crystal
structure of the last mineral of the group under con-
sideration, namely, hexagonal lourenswalsite [19],
possibly  contains the threelayer  blocks

[(Ti4 Fegs )Os(Si4AlO;,)]uw, Which are topologically
similar to the mica-like blocksin the crystal structure of
britvinite but have a different chemical composition.
These blocks along the ¢ axis aternate with the frag-
ments of the compoasition [(K, Ba),(OH); - 4H,0]...,

The mineral group under investigation can be inter-
preted in the framework of the modular concept under
the assumption that the pyrophyllite (mica) three-layer
sandwich composed of octahedra and tetrahedra is an
extreme member of the polysomatic series. In the strict
sense, the sandwiches under consideration are not iden-
tical in the structures of different representatives of the
given mineral group. The anion sublattice consisting of
oxygen atomsisthe samein all crystal structures; how-
ever, the occupation octahedral and tetrahedral holesis
most likely different in character. Reasoning from the
hypothetical crystal chemical formulas of the minerals,
we can make the inference that the central octahedral
layers in the three-layer sandwiches can be brucite or
gibbsite (as in the structures of micas) and the tetrahe-
dral “chainarmor” can differ in the number of occupied
tetrahedra in the network. As was shown above, the
pyrophyllite three-layer sandwiches along the ¢ axis of
the unit cells of the structures of this series alternate
with multilayer lamellar stacksthat have different com-
positions and structures.

Tetrahedral networks (SisO4).. (Consisting of twelve-
membered rings) similar to those in the structure of brit-
vinite are described in the structure of zeophyllite (cal-
Clum Sllcate mlneral) Ca13(F, OH)10[815014]2 " 6H20
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Table 3. Selected crystal chemical and crystallographic datafor complex mica-like silicates with structures of the modular type (the macaul ayite-burckhardtite group [12])

Unit cell parameters

Unit cell

Symmetry,

Density

: Formula of the silicate Formula of the block Refer-
Mineral : o (a b, c, A) volume, space group Pealcds
stack of variable composition | angles (a. B, y, deg) (A3 (possible) glom? ences
Britvinite Mg, 5(OH)3(Si5014) Pb;(OH);F(BO3),(CO5) |a=9.3409(8) a =80.365(6)| 1378.7 |Triclinic 5.42 This
b =9.3597(7) B=75.816(6) P1 study
€c=18.833(1) y=159.870(5)
Surite (Al, Mg),(OH)x(Si, Al)404q | (PbCO3)»(Cay50H) a=5.219(2) 757.8 | Monoclinic 4.00 14
b=8.968(2) B =90.13(5) P2,/m, P2,
€c=16.190(2)
Ferrisurite (Fe, Al)5(OH),Si 4049 (Pb, Ca),_3(CO3)1 5 a=5.241(1) 772 Monoclinic 3.89 15
(OH, F)g54nH,0 b=9.076(5) B =90.03(7) P2,/m, P2,
c=16.23(1)
Kegelite Al5(OH),Si 4,049 Pb,(CO3),(OH)(SO,) | a=8.986(6) 2939.5 |[Monoclinic 4.76 16
b=1555(1) B=91.0(1) C2/m, C2,Cm
c=21.04(1)
Macaulayite Feg’+ (OH)»Si 4,040 (Fe;02)11 a=5.038 1596.0 |Monoclinic 441 17
b=28.726 =92 BravaislatticeC
c=36.342
Burckhardtite FeTe(OH),(AlSi;04) PbO - Pb(OH), a=5.21 629.3 |Monoclinic 4.96 18
b=9.04 =90 BravaislatticeC
c=12.85
Niksergievite Al,(OH),AISI;04p (Ba, Ca),Al(OH),(CO,) -|a=5.176 3=96.44 747.4 | Monoclinic 321 13
- nHy b =8.989 C2/m, C2,Cm
c=16.166
Lourenswalsite | (Tij" Felr)O(Si,AlO) | (K, Ba),(OH)s-4H,0  |a=5.244(2) 4880 |Hexagondl 3.20 19
€ =20.49(3)
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Fig. 4. Crystal structure of zeophyllite: (a) projection onto
the ab plane and (b) fragment of the crystal structure in the
projection onto the be plane.

[20, 21]. The same formula of the two-dimensional sil-
icon—oxygen radical describes tetrahedral networks
topologically similar in the (001) plane; however, the
orientation of silicon tetrahedra with respect to the net-
work planesin the structures of these mineralsis differ-
ent: the apical vertices of all tetrahedrain the structure
of britvinite are directed to the same sde (UUU...),
whereas each fourth tetrahedron in the structure of zeophyl-
lite is rotated in the oppodite direction (WUUDUUUD...)
(Fig. 4). The rotation of a number of tetrahedra with
respect to the network planein the structure of zeophyl-
lite as compared to the structure of britvinite is a direct
consequence of the occupation of the central layer
(between two tetrahedral networks) by Ca’* cationsthat
are larger than Mg?* cations. This rotation is necessary
for ensuring a correspondence between the two-dimen-
sional silicon—oxygen radical anion (SisO,,).. and the
wavy close-packed layer composed of octahedra and
Ca eight-vertex polyhedra. The structure of three-layer
sandwiches in the crystal structures of britvinite
{Mg, s(OH);[(Si, A)5O1,)] o and zeophyllite { Cas 5(F,

CRYSTALLOGRAPHY REPORTS  Vol. 53

Fig. 5. Three-dimensional tetrahedral framework of the
crystal structure of the RbgSi (0,3 compound: (a) view
along the ¢ axis and (b) projection onto the b¢ plane.

OH),(Si50,4) }... IS@good example illustrating that the
“flexibility” of tetrahedral silicon—oxygen radical
anions allow them to be “adopted” to the cation compo-
nent of the structure [22].

The crystal structures of the hexagonal and orthor-
hombic modifications of the synthetic compound
Rb,Si;,0,; are based on the three-dimensional tetrahe-
dral framework described by the formula (Si;;023) 00
[23]. The three-dimensional silicate paraframework is
formed by condensation of networks of the composi-
tlon (Siloozg)wm = 2(815014)0000 that, |n the (001) pI ane,
aretopologically identical to the silicon—oxygen layers
in the crystal structures of britvinite and zeophyllite.
The twelve-membered rings composed of Si tetrahedra
shared by the oxygen vertices form two-dimensional
network layers, as is the case in the structures of brit-
vinite and zeophyllite. However, the rotations of the tet-
rahedrawith respect to the plane of these layers are dif-
ferent. In particular, in the framework crystal structures
of the low-temperature orthorhombic and high-temper-
ature hexagonal modifications of the Rb,Si,,0,; com-
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pound, the apical oxygen vertices of the tetrahedra
neighboring in the (001) plane are aternately directed
upward and downward with respect to the layer plane
(UDUDUD...) (Fig. 5). The neighboring silicon—oxy-
gen layers are joined together by the same oxygen ver-
tices of the tetrahedra into a framework that have wide
channels composed of twelve-membered rings and
extended along the ¢ axis and six-membered windows
open in the perpendicular directions.
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