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abSTRaCT

The crystal structure of faizievite, ideally K2 Li6 Na (Ca6Na) Ti4 [Si6O18]2 [Si12O30] F2, a 9.8156(9), b 9.8249(9), c  
17.3087(16) Å, a 99.209(2), b 94.670(2), g 119.839(1)°, V 1403.7(4) Å3, space group P1, Z = 1, Dcalc. 2.846 g/cm3, has been 
solved and refined to an R1 index of 7.5% based on 5044 unique (F0 > 4sF) reflections collected on a Bruker single-crystal P4 
diffractometer with a 4K CCD detector and MoKa X-radiation. Electron-microprobe analysis gave SiO2 60.65, TiO2 13.44, 
Nb2O5 0.11, CaO 14.52, K2O 3.93, Na2O 1.99, SrO 0.72, Rb2O 0.13, F 1.30, Li2O 3.76, sum 100.24 wt.%. Concentrations of 
Li2O, Rb2O, SrO and BaO were determined by ICP–OES. There are fifteen tetrahedrally coordinated sites: twelve sites are 
occupied by Si, with a grand <Si–O> of 1.613 Å; three sites are occupied by Li, with a grand <Li–O> distance of 1.928 Å. 
There are six octahedrally coordinated sites. The two Ti(1) and Ti(2) sites are occupied by Ti2.00 with <Ti–O> = 1.937 and 1.934 
Å, respectively. The four M sites are occupied by Ca with minor Sr and Na: the M(1) site (= Ca2.00), with <M(1)–O> = 2.441 
Å, the M(2) site [= (Ca1.87 Sr0.13)], with <M(2)–O> = 2.424 Å, the M(3) site [= (Ca1.56 Na0.40 Sr0.04)], with <M(3)–O> = 2.415 
Å, and the M(4) site [= (Ca0.73 Na0.27)], with <M(4)–O> = 2.418 Å. There are two interstitial A sites: the A(1) site is [12]-coor-
dinated and is occupied by (K1.93 Ba0.04 Rb0.03), with <A(1)–O> = 3.092 Å; the A(2) site is [9]-coordinated and is occupied by  
(Na0.86 0.14), with <A(2)–O> = 2.718 Å. The crystal structure of faizievite consists of four types of (001) sheets. The Si tetra-
hedra form two types of six-membered rings: a single (Si6O18) ring, as in baratovite, and a double (Si12O30) ring, as in milarite-
group minerals, in the ratio 2:1. Each type of ring forms a distinct sheet (Na atoms occur in a sheet of milarite double rings). 
Two other sheets are: a sheet of corner-sharing (LiO4) tetrahedra and (TiO6) octahedra with K atoms in large voids, and a sheet 
of edge-sharing M octahedra (M = Ca >> Na). Each sheet is characterized by a planar cell based on translation vectors, t1 and 
t2, with t1 ≈ t2 ≈ 9.8 Å and t1  t2 close to 120°. The composition of the four individual sheets within the planar cell t1,t2 is:  
(1) (Si6O18), (2) (Si12O30)Na, (3) KLi3Ti2, (4) (Ca6Na)F2. The crystal structure of faizievite is a hybrid of the structures of 
baratovite, KLi3Ca7Ti2(Si6O18)2F2, and berezanskite, KLi3Ti2(Si12O30) (milarite group). The baratovite block of composition 
[KLi3(Ca6Na)Ti2(Si6O18)2F2] comprises sheets (3)(1)(4)(1). The berezanskite block of composition [KNaLi3Ti2(Si12O30)] 
comprises sheets (3)(2). In the faizievite structure, baratovite and berezanskite blocks alternate along [001] and sum to the 
following sequence: (3)(1)(4)(1)(3)(2). There are minor differences between the chemical compositions of baratovite and berezan-
skite and analogous blocks in the crystal structure of faizievite. Baratovite, K Li3 Ca7 Ti2 (Si6O18)2 F2, and the baratovite block in 
faizievite, KLi3(Ca6Na)Ti2(Si6O18)2F2, are related by the substitution: [6]Ca2+ ⇔ [6]Na+. Berezanskite, K[9]  Li3 Ti2 (Si12O30), and 
the berezanskite block in faizievite, K[9]NaLi3Ti2(Si12O30), are related by the substitution: [9] ⇔ [9]Na+. Assembly of faizievite 
from baratovite and berezanskite components is accompanied by the following substitution: [6]Ca2+ + [9] ⇔ [6]Na+ + [9]Na+.

Keywords: faizievite, new mineral species, crystal-structure refinement, baratovite, berezanskite, intercalated framework.

SOmmaiRE

Nous avons résolu la structure cristalline de la faizievite, de composition idéale K2 Li6 Na (Ca6Na) Ti4 [Si6O18]2 [Si12O30] 
F2, a 9.8156(9), b 9.8249(9), c 17.3087(16) Å, a 99.209(2), b 94.670(2), g 119.839(1)°, V 1403.7(4) Å3, groupe spatial P1, 
Z = 1, Dcalc. 2.846 g/cm3, et nous l’avons affiné jusqu’à un résidu R1 de 7.5% en utilisant 5044 réflexions uniques (Fo > 4sF) 
prélevées sur monocristal avec un diffractomètre Bruker P4 muni d’un détecteur CCD 4K et avec rayonnement MoKa. Une 
analyse par microsonde électronique a donné SiO2 60.65, TiO2 13.44, Nb2O5 0.11, CaO 14.52, K2O 3.93, Na2O 1.99, SrO 0.72, 
Rb2O 0.13, F 1.30, Li2O 3.76, pour un total de 100.24% (poids). La concentration de Li2O, Rb2O, SrO et BaO a été déterminée 
par ICP–OES. Il y a quinze sites ayant une coordinence tétraédrique: douze contiennent Si, avec une moyenne globale <Si–O> 
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de 1.613 Å; trois sites contiennent Li, avec une moyenne globale <Li–O> de 1.928 Å. La structure contient six sites à coordi-
nence octaédrique. Les deux sites Ti(1) et Ti(2) contiennent Ti2.00, avec <Ti–O> = 1.937 et 1.934 Å, respectivement. Les quatre 
sites M contiennent Ca et des quantités moindres de Sr et Na: le site M(1) (= Ca2.00), avec <M(1)–O> = 2.441 Å, le site M(2) 
[= (Ca1.87Sr0.13)], avec <M(2)–O> = 2.424 Å, le M(3) site [= (Ca1.56 Na0.40 Sr0.04)], avec <M(3)–O> = 2.415 Å, et le site M(4) 
[= (Ca0.73 Na0.27)], avec <M(4)–O> = 2.418 Å. La structure contient deux sites A interstitiels: Le site A(1), à coordinence [12], 
contient (K1.93 Ba0.04 Rb0.03), avec <A(1)–O> = 3.092 Å; le site A(2), à coordinence [9], contient (Na0.86 0.14), avec <A(2)–O> 
= 2.718 Å. La structure cristalline de la faizievite est faite de quatre types de feuillets (001). Les tétraèdres Si sont disposés en 
deux types d’anneaux à six membres, un anneau (Si6O18) simple, et un anneau (Si12O30) double, tout comme dans les minéraux 
du groupe de la milarite, dans une proportion 2:1. Chaque type d’anneau forme un feuillet distinct (les atomes Na se trouvent dans 
le feuillet à anneaux doubles de type milarite). Les deux autres feuillets contiennent les tétraèdres (LiO4) à coins partagés et les 
octaèdres (TiO6) avec les atomes K situés dans les larges trous, et un feuillet d’octaèdres M (M = Ca >> Na) à arêtes partagées. 
Chaque feuillet possède une maille planaire fondée sur les vecteurs de translation t1 et t2, avec t1 ≈ t2 ≈ 9.8 Å et t1  t2 voisin 
de 120°. La composition des quatre feuillets individuels au sein de la maille planaire t1,t2 est: (1) (Si6O18), (2) (Si12O30)Na, (3) 
KLi3Ti2, (4) (Ca6Na)F2. La structure de la faizievite est un hybride des structures de la baratovite, KLi3Ca7Ti2(Si6O18)2F2, et de 
la berezanskite, KLi3Ti2(Si12O30) (groupe de la milarite). Le bloc baratovite, de composition [KLi3(Ca6Na)Ti2(Si6O18)2F2], est 
constitué des feuillets (3)(1)(4)(1). Le bloc berezanskite, de composition [KNaLi3Ti2(Si12O30)], est constitué des feuillets (3)(2). 
Dans cette structure, les blocs de baratovite et de berezanskite alternent le long de [001] et définissent la séquence (3)(1)(4)(1)
(3)(2). Il existe de légères différences entre les compositions de la baratovite et de la berezanskite et les blocs analogues faisant 
partie de la structure de la faizievite. La baratovite, K Li3 Ca7 Ti2 (Si6O18)2 F2, et le bloc baratovite dans la faizievite, KLi3(Ca6Na)
Ti2(Si6O18)2F2, sont apparentés selon la substitution: [6]Ca2+ ⇔ [6]Na+. La berezanskite, K[9]  Li3 Ti2 (Si12O30), et le bloc berezan-
skite dans la faizievite, K[9]NaLi3Ti2(Si12O30), sont apparentés selon la substitution: [9] ⇔ [9]Na+. L’assemblage des composantes 
baratovite et berezanskite pour constituer la faizievite se fait selon la substitution [6]Ca2+ + [9] ⇔ [6]Na+ + [9]Na+.

(Traduit par la Rédaction)

Mots-clés: faizievite, nouvelle espèce minérale, affinement de la structure, baratovite, berezanskite, trames intercalées.

Li3 Ca7 Ti2 [Si6O18]2 (OH)2, was described by Murakami 
et al. (1983). Its structure was described by Kato & 
Murakami (1985) as triclinic and related to the structure 
of baratovite. However, Baur & Kassner (1992) showed 
that: (1) there is not enough fluorine in baratovite to 
justify 2 atoms of F per formula unit, and therefore, the 
formula of baratovite should be written as K Li3 Ca7 Ti2 
[Si6O18]2 (OH,F)2, and (2) baratovite and katayamalite 
are both monoclinic and are structurally identical. In this 
work, we will use the structure data of Sandomirskii et 
al. (1976). The crystal structure of berezanskite has not 
yet been refined. Berezanskite is a Li-bearing member 
of the milarite group with a vacancy at the B site; we 
can write its formula as K [9] Li3 Ti2 (Si12O30).

CHEmiCal COmPOSiTiOn

The crystal of faizievite, for which the X-ray single-
crystal diffraction data were collected, was placed on 
an aluminum disk, carbon-coated and analyzed with a 
Cameca SX100 electron microprobe operating in wave-
length-dispersion mode with an accelerating voltage of 
15 kV, a specimen current of 20 nA, a beam size of 10 
mm, and count times on peak and background of 20 and 
10 s, respectively. The following standards were used 
for K and L X-ray lines: Na: albite, Si, Ca: diopside, 
K: orthoclase, Ti: titanite, Nb: LiNbO3, and F: fluorite. 
Magnesium, aluminum, chlorine, iron, manganese, and 
chromium were sought, but not detected. Data were 

inTROduCTiOn

Faizievite, K2 Li6 Na (Ca6Na) Ti4 [Si6O18]2 [Si12O30] 
F2, is a new mineral species from the moraine of the 
Dara-i-Pioz glacier, the Alai mountain ridge, Tien-Shan 
Mountains, northern Tajikistan (Agakhanov et al. 2008). 
In a quartz–pectolite boulder, faizievite forms a rim 
around grains of baratovite, K Li3 Ca7 Ti2 (Si6O18)2 
F2, and occurs in association with aegirine, fluorite, 
polylithionite, neptunite, hyalotekite, baratovite, 
sokolovaite, pectolite, senkevichite and a Ti-rich mica. 
Here, we report the crystal structure of faizievite as an 
assemblage of intercalated blocks of the structures of 
baratovite, K Li3 Ca7Ti2 (Si6O18)2 F2 (Sandomirskii et 
al. 1976), and berezanskite, K Li3 Ti2 (Si12O30) (milarite 
group) (Pautov & Agakhanov 1997). Both baratovite 
and berezanskite were first described as accessory 
minerals in quartz – albite – aegirine pegmatitic veinlets 
in quartz–aegirine syenites and albitites of the Dara-i-
Pioz massif, northern Tajikistan (Dusmatov et al. 1975, 
and Pautov & Agakhanov 1997, respectively). The 
crystal structure of baratovite was solved by Sandomir-
skii et al. (1976) and refined by Menchetti & Sabelli 
(1979). Sandomirskii et al. (1976) gave the formula of 
baratovite as K Li3 Ca7 Ti2 (Si6O18)2 F2. Menchetti & 
Sabelli (1979) wrote the formula of baratovite as K Li3 
Ca7 (Ti0.87Zr0.13)2 [Si6O18]2 (OH,F)2 without realizing 
that the OH-dominant site makes it another mineral. An 
OH-dominant analogue of baratovite, katayamalite, K 
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reduced using the X–PHi procedure (Merlet 1992). The 
contents of Li2O, Rb2O, SrO and BaO were determined 
by inductively coupled plasma – optical emission 
spectroscopy (ICP–OES). Table 1 gives the chemical 
composition; the empirical formula based on (O + 
F) = 68 atoms per formula unit (apfu) is (K1.97Ba0.04 
Rb0.03)S2.05 Li6.00 (Na0.860.14)S1.00 (Ca6.16 Na0.67  
Sr0.17)S7.00 (Ti4.00Nb0.02)S4.02 Si24.01 O66 (F1.63O0.37)S2.

X-RaY daTa COllECTiOn  
and STRuCTuRE REFinEmEnT

Crystals of faizievite, polylithionite, baratovite, 
sokolovaite and a Ti-rich mica form complex aggregates 
of thin platy flakes of similar white to slightly yellowish 
color. It was extremely difficult to find a suitable single 
crystal for structure work. A small flake with dimen-
sions of 0.04 3 0.04 3 0.01 mm was selected for a 
single-crystal determination of the structure.

X-ray-diffraction data for faizievite were collected 
with a Bruker P4 diffractometer equipped with a 4K 
CCD detector (MoKa radiation). The intensities of 
13758 reflections with –13 < h < 13, –13 < k < 13, –24 
< l < 24 were collected to 59.99° 2u using 15 s per 0.2° 
frame; an empirical absorption-correction (SadabS, 
Sheldrick 1998) was applied. The refined unit-cell 
parameters were obtained from 1823 reflections with I > 
20sI. During the refinement, the data were truncated at 
2u = 50° as there was no significant diffracted intensity 
at higher 2u values. The crystal structure of faizievite 
was solved by direct methods and refined to R1 = 0.075 
and a GoF value of 1.147 for 6452 independent reflec-
tions (514 refined parameters including extinction) with 
the Bruker SHElXTl version 5.1 system of programs 
(Sheldrick 1997). Site occupancies were refined for two 
Ti sites, four M sites (primarily occupied by Ca with 
minor Na and Sr), and two A sites (primarily occupied 
by K and Na with minor Rb and Ba).

Details of the data collection and structure refine-
ment are given in Table 2, final parameters of the atoms 
in Table 3, selected interatomic distances and angles 
in Table 4, refined site-scattering values and assigned 
populations for selected sites in Table 5, and bond-

valence values in Table 6. A table of structure factors 
is available from the Depository of Unpublished Data 
on the Mineralogical Association of Canada website 
[document Faizievite CM46_163].

dESCRiPTiOn OF THE STRuCTuRE

Cation sites

There are fifteen tetrahedrally coordinated sites. 
Twelve [4]-coordinated sites are occupied solely by Si, 
with a grand <Si–O> of 1.613 Å. Three [4]-coordinated 
sites are solely occupied by Li, with a grand <Li–O> 
distance of 1.928 Å. There are six octahedrally coordi-
nated sites. Two sites are occupied by Ti, and four M 
sites are occupied by Ca with minor Na and Sr. The 
two Ti(1) and Ti(2) sites are occupied by Ti2.00 with 
<Ti–O> = 1.937 and 1.934 Å, respectively. The four 
M sites are occupied by Ca with minor Na and Sr: the 
M(1) site is occupied solely by Ca2.00, with <M(1)–O> 
= 2.441 Å, the M(2) site is occupied by (Ca1.87 Sr0.13), 
with <M(2)–O> = 2.424 Å, the M(3) site is occupied 
by (Ca1.56 Na0.40 Sr0.04), with <M(3)–O> = 2.415 Å, 
and the M(4) site is occupied by (Ca0.73Na0.27), with 
<M(4)–O> 2.418 Å. There are two interstitial A sites: 
the [12]-coordinated A(1) site is occupied by (K1.93 
Ba0.04Rb0.03), with <A(1)–O> = 3.092 Å; the [9]-coor-
dinated A(2) site is occupied by (Na0.860.14), with 
<A(2)–O> = 2.718 Å. The bond-valence sums around 
both cations and anions (Table 6) are in accord with the 
assigned site-populations.

Structure topology

The crystal structure of faizievite consists of four 
types of sheet, all of which are parallel to (001). Sheets 
(1) and (2) are composed of two distinct types of six-
membered rings of Si tetrahedra: a single (Si6O18) 
ring (Fig. 1a), as in beryl and baratovite, K Li3 Ca7 



166 THE Canadian minERalOGiST

FiG. 1. Fragments of the crystal structure of faizievite: (a) a six-membered single beryl ring [Si6O18]; (b) a six-membered double 
milarite ring [Si12O30]; (c) a sheet of (LiO4) tetrahedra and (TiO6) octahedra and K atoms in large voids viewed down [001]; 
(d) a sheet of Ca-dominant M(1,2,3,4) octahedra and adjacent [Si6O18] rings viewed down [001]; (e) linkage of (Si12O30) and 
(Si6O18) rings and a sheet of (LiO4) tetrahedra and (TiO6) octahedra viewed down [110]. The (SiO4) tetrahedra of milarite 
and beryl rings are orange and blue, the (LiO4) tetrahedra are grey, the (TiO6) octahedra are honey yellow; the M(1,2,3,4) 
octahedra are green, A(1) (= Na), A(2) (= K) and F atoms are shown as large pink, medium purple and small yellow circles, 
respectively.
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Ti2 (Si6O18)2 F2 (Sandomirskii et al. 1976), and a 
double (Si12O30) ring (Fig. 1b), as in the milarite-group 
minerals, in the ratio 2:1. Sheet (3) consists of corner-
sharing (LiO4) tetrahedra and (TiO6) octahedra with K 
atoms in large voids (Fig. 1c). Sheet (4) consists of edge-
sharing M octahedra (M = Ca >> Na > Sr) (Fig. 1d). 

The [9]-coordinated Na atoms occur in small cages 
between the milarite rings in sheet (2) (Fig. 1e). Figure 
1e shows the large cages occupied by [12]-coordinated 
K atoms; these cages are formed by (LiO4) tetrahedra, 
(TiO6) octahedra and (Si6O18) and (Si12O30) rings. Each 
sheet is characterized by a planar cell based on transla-
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tion vectors, t1 and t2, and t1  t2 (= g). We may write 
the composition of the four individual sheets within 
the planar cell a, b: (1) (Si6O18), (2) (Si12O30)Na, (3) 
KLi3Ti2, and (4) (Ca6Na)F2. In the crystal structure of 
faizievite, four types of sheets alternate along [001] and 
give a sequence (2)(3)(1)(4)(1)(3), the repeat distance of 
which corresponds to the c unit-cell parameter (Fig. 2). 
The heteropolyhedral sheet (3) of composition KLi3Ti2 
has two different adjacent sheets: sheet (1) consists 
of (Si6O18) rings, and sheet (2) consists of (Si12O30) 
rings and [9]-coordinated Na atoms (Figs. 2, 1e). The 
sheet of octahedra (4) of composition (Ca6Na)F2 has 
two identical adjacent sheets (1) composed of (Si6O18) 
rings (Figs. 2, 1d). We may write the ideal formula of 
faizievite as a sum of six sheets (2)(3)(1)(4)(1)(3) (see 
above): 2 3 (1) + (2) + 2 3 (3) + (4) = 2 3 (Si6O18) + 
(Si12O30)Na + 2 3 KLi3Ti2 + (Ca6Na)F2 = K2 Li6 Na 
(Ca6Na) Ti4 [Si6O18]2 [Si12O30] F2, Z = 1.

THE FaiziEViTE STRuCTuRE:  
an aSSEmblaGE OF inTERCalaTEd  

blOCKS OF THE baRaTOViTE  
and bEREzanSKiTE STRuCTuRES

The crystal structure of faizievite is a hybrid of 
the structures of baratovite, K Li3 Ca7Ti2 (Si6O18)2 F2 
(Sandomirskii et al. 1976), and berezanskite, K Li3 
Ti2 (Si12O30) (milarite group) (Pautov & Agakhanov 
1997) (Table 7). There is a strong similarity between 
faizievite, baratovite and berezanskite: (1) they are ring 
silicates of K, Li and Ti, (2) they occur as associated 
minerals in the same unique locality, the moraine of 
the Dara-i-Pioz glacier, (3) their structure topology is 
based on an alternation of analogous sheets, and (4) 
each sheet is characterized by a planar cell based on 
translation vectors, t1 and t2, with t1 ≈ t2 ≈ 9.8 Å and 
t1  t2 close to 120°.

The crystal structure of faizievite comprises struc-
tural fragments of both the baratovite and berezanskite 
structures. Consider the crystal structures of baratovite 
(Fig. 3) and berezanskite (Fig. 4). For the diagram of 
a hypothetical structure of berezanskite, we use atom 
coordinates of the crystal structure of sogdianite, K [9] 
Li3 Zr2 (Si12O30), as the crystal structure of berezanskite 
has not been yet refined. Sogdianite is a Zr-analogue of 
berezanskite, with a 10.1240(3), c 14.3198(5), space 
group P6/mcc, Z = 2 (Sokolova et al. 2000).

We may consider the crystal structure of baratovite 
as an assemblage of three different sheets: (1) a sheet of 
Ca-octahedra, (2) a sheet of (Si6O18) single rings, and 
(3) a sheet of (LiO4) tetrahedra, (TiO6) octahedra and 
K atoms (Fig. 3). These three sheets of the baratovite 
structure correspond to sheets (4), (1) and (3) in the 
structure of faizievite (cf. Figs. 3, 2 and 1c, d). We relate 
the structures of baratovite and faizievite and identify 
a specific sequence of five sheets, (3)(1)(4)(1)(3), as 
the baratovite block of the faizievite structure. As the 
two outer sheets, (3), are shared between the baratov ite 

block and the adjacent berezanskite block, they are 
counted accordingly in deriving the composition of 
the baratovite block: (3)(1)(4)(1) = K2Li3(Ca6Na)
Ti2(Si6O18)2F2. There is a minor difference between the 
chemical compositions of baratovite and its block in the 
crystal structure of faizievite. Sheet (4) has the composi-
tion Ca7F2 (Fig. 3) and (Ca6Na)F2 (Fig. 2) in baratovite 
and faizievite, respectively. Therefore, baratovite, K Li3 
Ca7 Ti2 (Si6O18)2 (OH)2, and the baratovite block in 
faizievite, K2(Ca6Na)Li6Ti4(Si6O18)2F2, are related by 
the substitution: [6]Ca2+ ⇔ [6]Na+.

We may consider the crystal structure of berezan-
skite as a combination of two sheets: (1) a sheet of 
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ture (cf. Figs. 4, 2 and 1e). We identify the berezan-
skite block in the crystal structure of faizievite as the 
sequence of sheets: (3)(2)(3) (Figs. 2, 4). As the two 
outer sheets (3) belong to both the berezanskite block 
and the baratovite block, they are counted accordingly, 
and the berezanskite block has a composition (3)(2) 
= K Na Li3Ti2(Si12O30). There is a minor difference 
between the chemical composition of berezanskite and 
its block in the crystal structure of faizievite. Sheet (2) 
has a composition (Si12O30)[9] (Fig. 4) and (Si12O30)[9]

Na (Fig. 2) in berezanskite and faizievite, respectively. 
Therefore, berezanskite, K[9]Li3Ti2(Si12O30), and the 
berezanskite block in faizievite, K[9]NaLi3Ti2(Si12O30), 
are related by the substitution: [9] ⇔ [9]Na+.

In the faizievite structure, baratovite and bere-
zanskite blocks alternate along [001], and share a 
common sheet (3) of composition KLi3Ti2. We write 
the ideal formula of faizievite as an intercalation of 
baratovite and berezanskite blocks: sheets (3)(1)(4)

(LiO4) tetrahedra, (TiO6) octahedra and K atoms, and 
(2) a sheet of (Si12O30) double rings. These two sheets 
correspond to sheets (3) and (2) of the faizievite struc-
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FiG. 2. The crystal structure of faizievite 
projected onto (011). Sheets (1)–(4) are 
identified; red double-headed arrows show 
berezanskite and baratovite blocks. Legend 
as in Figure 1.

FiG. 3. The crystal structure of baratovite pro-
jected onto (011). Sheets (1), (3) and (4) as 
in faizievite are shown within the baratovite 
block (a red double-headed arrow). Legend 
as in Figure 1.

FiG. 4. General view of the crystal 
structure of berezanskite [drawn 
using atom coordinates of the 
sogdianite end-member, K[9]  
Li3 Zr2 (Si12O30), from Sokolova 
et al. (2000)]. Sheets (2) and (3) 
as in faizievite are shown within 
the berezanskite block (a red 
double-headed arrow). Legend as 
in Figure 1.
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(1) + sheets (3)(2) = K2Li3(Ca6Na)Ti (Si6O18)2 F2 + 
KNaLi3Ti2(Si12O30) = K2 Li6 Na (Ca6Na) Ti4 (Si6O18)2 
(Si12O30) F2. Faizievite occurs as platy crystals attached 
to large crystals of baratovite (Agakhanov et al. 2008). 
We speculate that the assembly of the faizievite struc-
ture from baratovite and berezanskite blocks is prob-
ably a process of epitactic growth of berezanskite on a 
substrate of baratovite, accompanied by the following 
conceptual coupled substitution: [6]Ca2+ + [9] ⇔ [6]Na+ 
+ [9]Na+.
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