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ABSTRACT

The crystal structures of fedorite from the type locality, the Turiy complex (Kola Peninsula, Russia) and the Little Murun
complex (Sakha, Russia), have been refined from single crystals by CCD X-ray diffractometry. Both samples are triclinic, space
group P1̄; fedorite from Turiy has a 9.6300(7), b 9.6392(7), c 12.6118(9) Å, � 102.422(1), � 96.227(1), � 119.888(1)° [R1 =
4.87%], whereas that from Little Murun has a 9.6450(7), b 9.6498(7), c 12.6165(9) Å, � 102.427(1), � 96.247(1), � 119.894(1)°
[R1 = 3.94%]. The structure is described as a modular centrosymmetric structure (stacking sequence OS2S̄2O) consisting of sheets
of edge-sharing M�6 (M = Ca, Na; � = O, F, Cl) polyhedra (O-sheet) linked to sheets of (Si,Al)O4 tetrahedra (S2 and S̄2 sheets),
with Na, K and H2O groups occurring as interlayer cations in partially occupied sites. Four distinct M�6 polyhedra characterized
by different Na and Ca occupancies are recognized in the sheet of octahedra. The sheet of tetrahedra consists of two types of six-
member rings of corner-sharing (Si,Al)O4 units: a slightly distorted hexagonal ring of six upwardly pointing (relative to the center
of symmetry) tetrahedra, and a strongly distorted hexagonal ring consisting of four upwardly and two downwardly pointing
tetrahedra. The latter provide the link between the centrosymmetrically related S2 and S̄2 sheets. This study provides significant
improvements in the accuracy and precision of cell dimensions, bond lengths and pattern of cation order relative to previous
studies. The ideal structural formula of fedorite is A2–3M7T16O38X2•nH2O, where A = Na, K, Ba, Ca; M = Ca, Na, Mn2+, Fe2+; T
= Si, Al, Ti; X = F, Cl or OH, and n ≈ 3.5.

Keywords: fedorite, structure refinement, modular structure, electron-microprobe data.

SOMMAIRE

Nous avons affiné la structure cristalline de la fédorite provenant de la localité-type, le complexe de Turiy, péninsule de Kola,
en Russie, et le complexe du Petit Murun, territoire de Sakha, aussi en Russie, à partir de cristaux uniques par diffraction X et
prélèvements par détecteur CCD. Les deux cristaux sont tricliniques, groupe spatial P1̄; pour la fédorite de Turiy, les paramètres
réticulaires sont a 9.6300(7), b 9.6392(7), c 12.6118(9) Å, � 102.422(1), � 96.227(1), � 119.888(1)° [R1 = 4.87%], tandis que
pour celle du Petit Murun, ils sont a 9.6450(7), b 9.6498(7), c 12.6165(9) Å, � 102.427(1), � 96.247(1), � 119.894(1)° [R1 =
3.94%]. Nous décrivons la fédorite en termes de structure centrosymétrique modulaire, avec une séquence d’empilement OS2S̄2O
contenant des feuillets O de polyèdres M�6 (M = Ca, Na; � = O, F, Cl) à arêtes partagées liés à des feuillets (S2 et ̄S2) de tétraèdres
(Si,Al)O4, le Na, le K et les groupes H2O étant logés entre les feuillets dans des sites partiellement occupés. On distingue quatre
polyèdres M�6 ayant des populations de cations Na et Ca différentes dans les feuillets O. Le feuillet de tétraèdres est fait de deux
types d’anneaux à six tétraèdres (Si,Al)O4 à coins partagés: un anneau légèrement difforme de six tétraèdres orientés vers le haut
(par rapport au centre de symétrie), et un autre, fortement difforme, contenant quatre tétraèdres orientés vers le haut et deux autres
orientés vers le bas. Le second assure la liaison entre les feuillets S2 et S̄2, dont la relation est centrosymétrique. Nos résultats
fournissent des améliorations importantes en justesse et en précision des paramètres réticulaires, des longueurs de liaison, et du
schéma de mise en ordre des cations par rapport aux résultats antérieurs. La formule structurale idéale de la fédorite est
A2–3M7T16O38X2•nH2O, dans laquelle A = Na, K, Ba, Ca; M = Ca, Na, Mn2+, Fe2+; T = Si, Al, Ti; X = F, Cl ou OH, et n ≈ 3.5.

(Traduit par la Rédaction)

Mots-clés: fédorite, affinement de la structure, structure modulaire, données de microsonde électronique.
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INTRODUCTION

Fedorite, a rare complex hydrous K–Na–Ca-silicate,
was initially recognized in fenitized rocks adjacent to
the Turiy alkaline complex, Kola Peninsula, Russia
(Khukarenko et al. 1965). A second occurrence was
subsequently reported from metasomatic–hydrothermal
charoite-carbonatite rocks of the Little Murun potassic
complex, Siberia (Konyev et al. 1993). Fedorite is con-
sidered to have a modular structure (Ferraris 1997) and
is a member of a group of silicates that consist of stacked
modules of sheets of tetrahedra and octahedra. Other
members of this group include reyerite (Merlino 1988a),
gyrolite, truscottite, and synthetic K and Z-hydrated
calcium silicates (Merlino 1988b), and tungusite
(Ferraris et al. 1995). Fedorite is the only fluorine-bear-
ing member of this group.

The structure of fedorite was determined by
Sokolova et al. (1983) and refined by Joswig et al.
(1988). However, there remain uncertainties in the po-
sitions of the interlayer atoms and in the pattern of or-
der of the cations occupying the octahedral and
tetrahedral positions.

The structural formula of fedorite requires revision,
as it has been variously given as: (K1.65Na0.83)(Ca4.52
Na2.48)Si16O38(OH,F)•H2O (Sokolova et al. 1983),
(K0.82Na1.95)(Ca4.35Na2.34Al0.31)(Si15.35Al0.65)O38
(OH,F)•H2O (Joswig et al. 1988), K2(Ca5Na2)Si16O38
(OH,F)2•H2O (Merlino 1988b), and KNa4Ca4(Si,
Al)16O36(OH)4•6H2O (Blackburn & Dennen (1997).

Given the lower precision of previous studies and
the uncertainty in the structural formula, coupled with
the fact the structure of fedorite from the Little Murun
potassic complex has not been determined, we consid-
ered that a re-appraisal of the structure of fedorite using
modern techniques was desirable.

PREVIOUS WORK

The structure of fedorite from the type locality was
initially determined by single-crystal X-ray diffraction
by Sokolova et al. (1983). Their study established that
the framework consists of sheets of (Na,Ca)O6 octahe-
dra attached to double sheets of SiO4 tetrahedra with
H2O groups or hydroxyl anions (or both) plus potassium
and sodium cations occurring in the interlayer regions
(see below). Sokolova et al. (1983) reported the struc-
ture in the unconventional C triclinic setting. The high
R-value (9.5%) and the imprecision in locating the
interlayer atoms prompted a subsequent combined X-
ray- and neutron-diffraction study by Joswig et al.
(1988). That work improved the R-value for the X-ray-
structure determination to 4.0% using 3149 unique re-
flections with |Fo| ≥ 3�F, and included anisotropic
displacement parameters for all atoms. In that study, the
atomic coordinates determined by Sokolova et al.
(1983) were used as a starting point for the structural
model. Joswig et al. (1988) did not report any change in

these data subsequent to their new refinement, as they
considered that the positional differences were negli-
gible. Thus, the coordinates and errors quoted for the
atoms comprising the sheets of octahedra and tetrahe-
dra remain the same in both studies (see ICSD Collec-
tion Codes 20853 and 65342). The neutron-diffraction
study gave an R-value of 6.9% for a model including
isotropic displacements of the atoms and was used pri-
marily to locate interlayer atoms. Significant differences
in cell dimensions, interaxial angles, and positions of
the interlayer atoms were reported by Joswig et al.
(1988).

Sokolova et al. (1983) and Joswig et al. (1988) re-
fined the positions of atoms in the sheet of octahedra
with a statistically uniform distribution of Na, Ca and
Al in the polyhedron as (Ca0.62Na0.33Al0.04). We con-
sider that this site occupancy, and especially the assign-
ment of Al to the octahedra, is improbable. Positions of
atoms in the silicon–oxygen tetrahedra were also refined
assuming an occupancy of (Si0.96Al0.04)O4.

EXPERIMENTAL

Crystals investigated

The compositions of fedorite, determined by stan-
dard methods of wavelength-dispersion electron-micro-
probe analysis (Cameca SX–50; University of
Manitoba) on material from the type locality at Turiy
(Smithsonian Institution catalog # NMHM 169443) and
the Little Murun complex (this work) are given in
Table 1. These differ with respect to their Al, Ca, K, Cl
and F contents. In particular, it should be noted that the
Murun material is essentially devoid of Al. The crystals
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selected for single-crystal X-ray diffractometry mea-
sured approximately 0.2 � 0.2 � 0.2 mm.

X-ray diffraction

Crystals were fixed with epoxy on thin glass rods
and mounted on a Bruker PLATFORM three-circle go-
niometer equipped with a 1K SMART CCD (charge-
coupled device) detector with a crystal-to-detector
distance of 5 cm. Burns (1998) has discussed the appli-
cation of CCD detectors to the analysis of crystal struc-
tures.

The diffraction data were collected using monochro-
matic MoK� radiation and frame widths of 0.3° in �,
with 30 seconds used to acquire each frame. A sphere
of three-dimensional data was collected, and these data
were analyzed to locate peaks for the determination of
unit-cell dimensions (Table 2). Data were collected over
the interval 3° ≤ 2� ≤ 56.6°. The three-dimensional data
were reduced and corrected for Lorentz, polarization and
background effects using the Bruker program SAINT.
Empirical absorption corrections were applied to all data
on the basis of the intensities of equivalent reflections,
with the crystal shapes modeled as ellipsoids. The total
number of observations and unique reflections used in
the crystal-structure determinations is listed in Table 2.

STRUCTURE SOLUTION AND REFINEMENT

Scattering factors for neutral atoms together with
anomalous dispersion corrections were taken from In-
ternational Tables for X-Ray Crystallography, Vol. IV
(Ibers & Hamilton 1974). The Bruker SHELXTL Ver-
sion 5 system of programs was used for the determina-
tion and refinement of the crystal structures.

The structures of the fedorite crystals were refined
by direct methods in the triclinic space-group P1̄. The
initial refinement, including isotropic displacement of
the cations, was used to establish the positions of the
atoms comprising the sheets of octahedra and tetrahe-
dra. Subsequently, displacement parameters were con-
verted to an anisotropic form. The positions of fluorine
and the interlayer atoms (designated A1, A2 and W; see
below) were initially refined isotropically and subse-

quently anisotropically for those sites for which dis-
placement parameters remained acceptable.

The octahedral sites were constrained to be fully
occupied by Na and Ca, although their proportions were
refined. In the case of the interlayer cations, sites were
generally refined as partially occupied, that is, the oc-
cupancies of these sites were not constrained.

We investigated split-site models involving the
interlayer sites owing to the presence of strong anisot-
ropy of the A1 and A2 sites. In the case of the crystal
from Murun, R1 prior to introducing split sites was
4.30%. The electron density of the A1 site was signifi-
cantly elongate approximately in the [001] direction, and
was replaced by sites designated A1 and A1a. The sepa-
ration of these sites refined to 0.72(2) Å, with the coor-
dination polyhedron about A1 involving considerably
shorter bonds than that about A1a. We therefore as-
sumed that A1 and A1a are occupied mainly by Na and
K, respectively, and refined their occupancies with the
appropriate scattering-factors, resulting in occupancies
of 0.64(3) and 0.16(2) for A1 and A1a, respectively. The
incorporation of the split-site model for the A1 site low-
ered R1 to 4.03%. The A2 site showed elongation in the
[100] direction, and was replaced by sites designated
A2 and A2a, which subsequently refined to a separation
of 1.32(2) Å. The polyhedron geometries about each of
these sites are consistent with occupancy mainly by K;
the refined occupancies using the scattering factor for
K are 0.047(3) and 0.183(5) for A2 and A2a, respec-
tively. Introduction of the split-site model for A2 fur-
ther lowered R1 to 3.94%.

The R1 for the crystal from Turiy was 5.21% prior
to the introduction of split sites. The A1 site showed sig-
nificant elongation along [001], and was replaced by
sites designated A1 and A1a. The sites refined to a sepa-
ration of 0.92(2) Å, and as was the case for the crystal
from Murun, the polyhedron geometries about A1 and
A1a suggested they are mainly occupied by Na and K,
respectively. Refinement with the appropriate scatter-
ing-factors gave occupancies of 0.77(1) and 0.149(8) for
A1 and A1a, respectively. Incorporation of the split-site
model for the A1 site lowered R1 to 4.87%. We also
attempted to refine a split-site model for the A2 site, but
the refinement did not converge.

The structure models were refined on the basis of F2

for all unique reflections. In the final cycles of refine-
ment, the mean parameter shift/esd was 0.000. The fi-
nal R1 values are given in Table 2. The maximum and
minimum peaks in the final difference-Fourier maps for
the Turiy and Murun samples were –0.83 to 0.84 and
–0.78 to 1.08 e/Å3. The final atomic positional param-
eters are given in Tables 3 and 4, with occupancies in
the sheet of octahedra and of the interlayer sites as
shown in in Table 5. Observed and calculated structure-
factors are available from the Depository of Unpub-
lished Data, CISTI, National Research Council, Ottawa,
Ontario K1A 0S2, Canada.
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RESULTS OF THE STRUCTURE REFINEMENT

Cell dimensions

Transformation of the unit-cell data given by Joswig
et al. (1988) from C1̄ to P1̄ gives a 9.646(2), b 9.646(3),
c 12.616(2)Å, � 102.52(1), � 96.26(1), � 119.98(1)°.
Table 1 shows that fedorite from Turiy and that from
Murun differ slightly in their cell dimensions as a con-
sequence of their differences in composition.

Crystal structure

The crystal structure of fedorite consists of a sheet
of octahedrally coordinated cations bonded to a double
sheet of Si–O tetrahedra (Fig. 1). Interlayer species in-
clude H2O molecules, K, and Na. The structure is de-
scribed below using the modular concepts advocated by
Merlino (1988a, b) and Ferraris (1997). In this model,
the frameworks of hydrous Na–Ca-silicates are con-
structed by stacking sheets of octahedra (O,Ō) and tet-
rahedra (S1, S2, S̄2) in various combinations. In this
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scheme, identical sheets related by a center of symme-
try are given a “bar” symbol. For example, neglecting
interlayer atoms, the structure of reyerite may consid-
ered as repetitions of the module S1OS2S̄2ŌS1 (Merlino
1988a). Fedorite is one of simplest of these modular
structures, as it consists only of O and S2 structural units
(Fig. 1) in the stacking sequence OS2S̄2O (Merlino
1988b).

Sheets of octahedra (O)

Figure 2 illustrates the structure of the sheet of octa-
hedra and shows that it consists of edge-sharing (M)�6
polyhedra, where M stands for Na and Ca, and � repre-
sents O or F. The structural refinements demonstrate the
existence of four crystallographically distinct polyhe-
dra, denoted M1 to M4 in Tables 3 and 4. Bond lengths
and polyhedron-distortion parameters (	), calculated by
the method of Shannon (1976), are given in Table 5,
which shows that polyhedra cross-linked by F atoms
exhibit the highest degrees of distortion from a perfect
octahedron. The M1 polyhedron containing two atoms
of fluorine exhibits the greatest distortion, whereas the
M3 polyhedron, which does not contain F atoms, is only
slightly distorted. Occupancy refinement (Table 6)
shows that the M1 polyhedron is occupied predomi-
nantly by Na, the M2 polyhedron has near-equal Na and
Ca occupancy, and the M3 and M4 polyhedra are domi-
nated by Ca. The dominance of Na in the M1 site re-
flects the presence of F atoms in a trans position such
that M1 polyhedron has the composition (Na,Ca)(O4F2).
Our occupancy scheme is considered an improvement
over the random model proposed by Joswig et al.
(1988). In addition, Joswig et al. (1988) located F and
OH (designated as O21 in their work) as occupying the
same sites in the M1 polyhedra. Our occupancy refine-
ment does not permit the recognition of OH in the same
site as F.

Sheets of tetrahedra (S2 and S̄2)

Our data and those of Joswig et al. (1988) show that
the tetrahedral-sheet module is of the S2 type of Merlino
(1988a, b). Figure 3 shows a plan view of the S2 layer,
which consists of two types of six-member rings. One
distortion-free hexagonal ring consists of six upward-
pointing tetrahedra (Si2, Si3, Si4, Si5, Si7, Si8). The
apices of these are joined to atoms of oxygen at the cor-
ners of the O-sheet polyhedra (Fig. 1). The other ring is
a distorted hexagonal ring consisting of four upward-
pointing tetrahedra (Si2, Si3, Si5, Si7) and two down-
ward-pointing tetrahedra (Si1, Si6). The latter link the
regular hexagonal rings in the a–b plane (Fig. 1). The
S2 layer is related to the S̄2 layer by the center of sym-
metry via the bridging oxygen O19, linking Si1 and Si6
tetrahedra (Fig. 1).

Table 7 lists Si–O bond lengths and polyhedron-dis-
tortion parameters for the tetrahedra of the S2 sheet. The

bond lengths of the Turiy sample are significantly
smaller those of the Murun material. In addition, maxi-
mum and minimum bond-lengths of the basal oxygen
atoms differ in the two samples. Bond lengths between
Si and apical shared oxygen atoms in the regular hex-
agonal rings linked to the O-sheets are reduced relative
to those in S2 – S̄2 bridging tetrahedra (Si1, Si6). This
greater distortion results from the geometrical require-
ments of the O–S2 sheet linkage and results in the regu-
lar hexagonal ring being distorted so that it is arched in
a convex manner toward the O-layer (Fig. 1). Note that
the F atom in the O-sheet polyhedra is located directly
over the center of this ring.

Our data for the sheet of tetrahedra are in general
agreement with those given by Joswig et al. (1988), al-
though our precision is better, and we did not find
(Si,Al)–O bonds as short as 1.547Å. Because of the low
Al contents of fedorite, and in common with Joswig
et al. (1988), we find no evidence for ordering of Si
and Al.
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FIG. 2. Plan view of the sheet of M�6 octahedra. See Table 6
for individual occupancies of the octahedral sites.

FIG. 1. Polyhedral model of the structure of fedorite illustrating the sheets of octahedra (red) and tetrahedra (green and yellow),
together with the locations of the interlayer cations (A1 and A2) and H2O groups (W1 – W3).

Interlayer atoms

The structure of fedorite contains large cavities be-
tween the sheets of tetrahedra that are occupied by large
low-valence cations and H2O molecules. Initially, we
identified five sites in the interlayer, two of which have
relatively high electron-densities, indicating occupancy
by cations, and three of relatively low electron-density,
and thus presumably occupied by H2O molecules. Each
of these sites is partially occupied, with large displace-
ment-parameters, indicating that the positions corre-
spond to averages, with local variations in the structure
presumably due to cation substitution.

The refinement of split-site models for the interlayer
A sites is described above. The separations between the
A1 and A1a sites are only 0.72(2) and 0.92(2)Å for crys-
tals from Murun and Turiy, respectively, which prohib-
its occupancy of both sites locally. The sum of the
refined site-occupancies for these two sites totals 0.80
and 0.92 for the crystals from Murun and Turiy, respec-
tively, which is consistent with only one of the sites
being occupied locally. The coordination polyhedra
about the A1 sites in the two crystals contain eight
ligands (six atoms of oxygen, one H2O molecule and
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one atom fluorine), with mean bond-lengths of 2.55 and
2.54 Å for the crystals from Murun and Turiy, respec-
tively. The A1a site has a larger coordination polyhe-
dron, with six atoms of oxygen at a mean distance of
2.77 and 2.83 Å for the crystals from Murun and Turiy,
respectively, and a fluorine atom at 3.22 and 3.35 Å,
respectively. The A1a site involves a short distance of
about 1.6 to 1.7 Å to the H2O molecule W3 in both crys-
tals studied. The isotropic displacement parameters are
large for W3, which is located on a center of symmetry.

Refinement of the site-occupancy factor for W3 is diffi-
cult owing to correlation with the displacement factor;
thus we fixed it at full occupancy during the refinement.
Given the short distance between W3 and A1a, it is likely
that the W3 site is vacant locally if the A1a site is occu-
pied.

The A2 and A2a sites (A2 only for the crystal from
Turiy) occur in large coordination polyhedra that are
consistent with occupancy of these sites mainly by K.
For the crystal from Murun, the A2 and A2a sites are
separated by 1.32(2) Å, indicating that only one of these
sites may be locally occupied. The A2 site is coordi-
nated by five atoms of oxygen and one H2O molecule,
with a mean bond-length of 3.01 Å, whereas the A2a
site is coordinated by as many as eleven ligands with
bond lengths less than 3.4 Å, with a mean polyhedron
bond-length of 3.12 Å. Site occupancy refinement
showed that the A2a site contains more K [0.183(5)]
than the A2 [0.047(3)]. In the case of the crystal from
Turiy, the coordination polyhedra about the A2 site con-
tains eleven ligands that are less than 3.4 Å from A2,
with a mean polyhedron bond-distance of 3.11 Å. The
refined site-occupancy, obtained using the scattering
factor for K, is 0.256(6). The A2a site in the crystal from
Murun is very similar to the A2 site in the Turiy crystal,
and both contain nine atoms of oxygen and two H2O
molecules.

The distance between the A1a and the A2 sites in the
crystal from Murun is 2.56(3) Å, which is inconsistent
with both of these sites being occupied locally in the
structure. The refined occupancy of the A2 site is only
0.047(3), thus it is possible for this site to be vacant lo-
cally where the A1a site is occupied. It is also possible
that where occupied locally, the A2 site contains H2O.

In their study of fedorite, Joswig et al. (1988) iden-
tified two cation sites (designated D1 and D2) and an

FIG. 3. The structure of the S2 sheet of (Si,Al)O4 tetrahedra.

769 39#3-juin-01-2247-07 24/07/01, 11:02775



776 THE CANADIAN MINERALOGIST

H2O group in the interlayer. Inspection of their struc-
ture demonstrates that their D1 and D2 sites correspond
to our A1 and A2 sites, respectively. Their structural
model did not involve splitting of either of the cation
sites, although extreme elongation of the displacement
ellipsoid of the D1 site was observed. Joswig et al.
(1988) reported that the D1 site is dominated by Na,
whereas the D2 site contains mainly K, in accord with
our findings.

The A1 site, dominated by Na, is located at the cen-
ter of the basal plane of the distortion-free hexagonal
ring of silicate tetrahedra. The site is coordinated by six
atoms of oxygen located at the bases of the silicate tet-
rahedra, together with the F atom lying above the center
of the hexagonal ring of tetrahedra. The A1a site has a
similar coordination but is displaced 0.72Å towards the
center of symmetry (Fig. 1). The A2 site, dominated by
K, is located in the centers of the octagonal tunnels
formed by S2 – S̄2 layers when viewed along the a axis.
Pairs of K atoms in the unsplit A2 site in the Turiy
material are situated 6.18 Å apart and together with the
H2O molecule W3 located at the center of symmetry,
form the sequence K–H2O–K–K–H2O–K along the tun-
nel axis. The other H2O molecules designated W1 and
W2 forms rows alternating with the O19 bridging atoms
of oxygen (Fig. 1), in the sequence O19–W2–W1–O19
(3.54–3.013–3.09 Å).

DISCUSSION

We have refined the crystal structures of two samples
of fedorite of differing provenance and shown that they
are very similar. Small differences in bond lengths and
site occupancies are probably related to small differ-
ences in composition. Our data agree in general with
those of Joswig et al. (1988) with respect to the struc-
ture of the O and S2 layers, but not with respect to the
site occupancies of the octahedra or the positions and
occupancies of interlayer Na, K and OH. Our data con-
firm that fedorite may be considered a modular struc-
ture containing the stacking sequence O – S2 – S̄2 – O.
Our study provides improved estimates of cell dimen-
sions and bond lengths.

From our crystal-structure refinements, the structural
formulae of fedorite are:

(1) (Na1.54K0.80)
2.34(Ca4.03Na2.97)
7.0(Si,Al)16O38F2•
3.69H2O for Turiy, and

(2) (Na1.29K0.79)
2.08(Ca4.48Na2.52)
7.0(Si,Al)16O38F2•
3.47H2O for Murun.

These formulae are “similar” to that proposed by
Joswig et al. (1988), but our site occupancies differ, and
we do not find any sites, apart from the F-site, which
may be considered as occupied by hydroxyl anions.
From Table 1, the structural formulae of fedorite from

Turiy (1) and Murun (2), calculated on the basis of 40
atoms of (O,F,Cl), are:

(1) (Na1.27K0.92Ba0.03)
2.22 (Ca4.06Na2.85Mn0.07Fe0.02
Ti0.004Mg0.004)
7.0 (Si16.01Al0.09)
16.10O38(F,Cl)2.27

(2) (Na1.68K0.48)
2.16 (Ca4.41Na2.54Mn0.04Fe0.04
Ti0.002)
7.0 (Si15.96,Al0.03)
15.98O38(F,Cl)2.47

These are in reasonable agreement with the struc-
tural formula determined from the X-ray study, except
for the halides and interlayer cation occupancies, and
justify our site occupancies for the cations of the layer
of octahedra. Assuming that both crystals contain ap-
proximately 3.5 molecules of interlayer H2O, composi-
tional totals of 102.46 wt.% and 101.27 wt.% for the
Turiy and Murun samples, respectively, are reasonable
given the uncertainty in determining the site occupan-
cies of the W sites. Our data indicate that fedorite does
not contain any structural OH– groups.

Natural fedorite is not an end-member composition
and, ignoring interlayer H2O, may be considered from a
crystallochemical viewpoint as a solid solution involv-
ing four principal end-members: K2(Ca5Na2)7Si16O38F2,
Na2(Ca5Na2)7Si16O38F2, K3(Ca4Na3)7Si16O38F2, and
Na3(Ca4Na3)7Si16O38F2. None of these end-member
compositions has been synthesized, although Na2(Ca5
Na2)Si16O38(OH)2•H2O has been prepared by hydrother-
mal corrosion of silica-rich glass (Clauss et al. 1995).
From the above formulae, it is evident that as the Ca
content of the sheet of octahedra decreases, the charge
balance of the structure is maintained by entry of
monovalent cations to the interlayer sites. The Turiy
fedorite has a composition near (Na,K)2+x(Ca4Na3)7
Si16O38F2, and thus contains more interlayer Na, K and
Ba than the Murun sample, which contains more Ca in
the sheet of octahedra.

On the basis of our structure refinement and compo-
sitional data, we consider that the ideal general formula
for the fedorite group is A2–3M7T16O38X2•nH2O, where
A = Na, K, Ba, Ca; M = Ca, Na, Mn2+, Fe2+; T = Si, Al,
Ti; X = F, Cl or OH, and n ≈ 3.5, although we recognize
that occupancy of the A and H2O sites may vary consid-
erably.
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