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Abstract—The crystal structure of the Na,Ca-amphibole magnesioferrikatophorite found in carbonatites from
the Turiy Cape (Kola Peninsula) was refined (Siemens P4 diffractometer, AM oK, radiation, 1481 independent
reflectionswith |F| > 40(F), anisotropic refinement, R(F) = 0.039). The parameters of the monoclinic unit cell
area=9.875(5) A, b=18.010(8) A, c=5.309(3) A, B = 104.39(5)°, sp. gr. C2/m, Z = 2. The distribution of the
cations over the crystall ographi cally nonequivalent M(1-4)-positions was revealed by M éssbauer spectroscopy
and X-ray diffraction analysis. The character of splitting of the A-position correlates with the characteristic fea-

tures of the magnesioferrikatophorite composition. The resulting structural formula (Nayg7K¢ 13)s = 1

O
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Si40,,(0; 050H, 66F0.29)5 = 2 agrees well with the electron microprobe analysis data. Based on the zonal char-

acter of the crystal and high Fe** content, the conditions of crystallogenesis are defined as oxidative against the
background of adecreasein the Napotential in the course of the evolution of amineral-forming system. © 2003

MAIK “ Nauka/Interperiodica” .

INTRODUCTION

Amphiboles are characterized by pronounced varia-
tions in the structure and chemical composition. The
number of the mineral speciesthat belong to this group
approaches 100. The compositions of amphiboles can
be  described by the genera  formula

AB,CTLY 0,,(OH,F.Cl),, where A is Na or K
(coordination number ranges within 6-12), BisCa, Na,
Mn?*, Fe*, Mg, or Li (coordination number ranges
within 6-8, the M(4)-position), C is Mg, Mn**, Fe*,
Fe’*, Al, or Ti** (coordination number is 6, the M(1-3)-
positions), T is Si or Al (coordination number is 4, the
T(1)- and T(2)-positions). The monoclinic amphibole
under consideration with the idealized formula
Na,CaMg;Fe**Fe**Si,Al0,,(OH),, sp. gr. C2/m,
belongs to the sodium-—cal cium subgroup. For this sub-
group, the contents of the chemical elements (the num-
bers of atoms per formulaunit, apfu) vary in thefollow-
ing ranges. (Ca+ Na)g=1.00, 0.50 < Nag < 1.50, 6.50 <
Si < 7.50, (Na+ K),> 0.50. According to the modern
amphiboles nomenclature [1], this mineral should be
named magnesi oferrikatophorite.

Although the structures of amphiboles of different
compositions were refined in numerous studies, the
crystal chemistry of the series of katophorites has been
investigated insufficiently. In a number of earlier struc-
ture studies [2, 3], the specimens were described as
katophorites, which they are not. According to the

IMA-97 nomenclature, these compounds belong to
other series of monoclinic amphiboles. In particular,
the “katophorite varieties’ (Al, A6, and A7) treated in
[2] are riebeckite (A1) with the number of Al atoms per
formula unit smaller than 0.5, arfvedsonite (A6) with
three Na atoms per formula unit, and richterite (A7)
containing two Na atoms, one Ca atom, and eight S
atoms per formula unit. The katophorite specimens A7
and A8, which were studied recently [3], contained two
Al atoms per formula unit and, in fact, should be con-
sidered as magnesiotaramite.

Therefore, our study was stimulated by the lack of
information on the crystallochemical features of kato-
phorite species by a discovery of a new occurrence of
the mineral of this seriesin carbonatites from the Turiy
Cape (the Kola Peninsul a, the North Shore of the Kan-
dalaksha Bay of the White Sea), and also the possihility
of analyzing the character of the cation distribution by
modern methods of the Mdssbauer spectroscopy and
X-ray diffraction analysis.

EXPERIMENTAL

Chemical composition and the zonal character of
the crystal (electron microprobe data). The mineral
was discovered in adrill core. In this deposit, massive
calcite carbonatite in some placesis enriched with apa-
tite, phlogopite, amphibole, and pyrrhotite. Amphibole
occurs as black prismatic crystals (up to 7 x 1.5 x
1 mm) formed predominantly by the {110} and { 100}
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faces with poorly formed vertices. Its content in the
rock reaches 3-5%.

Chemical analysis of the crystals was performed on
a CAMEBAX SX 50 instrument (CAMECA); the
accelerating voltage was 15 kV; the current intensity
was 30 nA (analyst N.N. Korotaeva).

Theformula coefficients were calcul ated for 46 neg-
ative charges, i.e., formally, for the anhydrous anionic
basis [23(0)]. Then, the formula was converted to the
calculated basis 23(0) + (T + C) = 13, where Tand C
are the cations in the tetrahedral and octahedral posi-
tions of the amphibole structure. The empirical formula
was determined by averaging the results of chemical
analyses at 10 points performed for two grains. The
Fe** content in the formula was determined from the
requirement of its electroneutrality. The resulting for-
mula.can be written as (N 75K 13)50.8s(N@ 45C8.55)52.00 [

M@, Feﬁw Fei:)z Ti (A)‘.Jr17|\/I No.02)55.00(S17.21A0 76 0

3
FeoBst.ooozz(OH1.71F0.29)22‘00-

Chemical analysis reveaded the zona character of
the crystals. For one of the crystals, the composition
was determined at eight points along the elongation
axis. The Ca: Naratio changes substantially in moving
from the specimen center to its periphery. In the central
portion, the grain is enriched with Na (the Nacontent is
higher than 1.5 apfu and the Ca content is lower than
0.5 apfu) and its composition corresponds to ferric-

nyhoite (idealized formula Na,Mg;Fe;” Si;AlO,,(OH),).
At the specimen periphery, where the Ca content is
higher (Na < 1.5 apfu, and Ca > 0.50 apfu), the compo-
sition corresponds to magnesioferrikatophorite. The
volume of the ferric-nybéite core is less than the vol-
ume of the peripheral zone of the magnesioferrikato-
phorite crystal.

Analysis of the M&sshauer spectra of magnesiofer-
rikatophorite performed at the preliminary stage of the
investigation alowed us to distinguish between diva-
lent and trivalent iron ions and showed that Fe** ions
substantially dominate over Fe**. The refined empirical
formula of the magnesioferrikatophorite specimen
(Table 1) can be written as follows:

(N3 74K .12)50.86(NQy 45C3 55)52.00

3+ 2+ .4+
(M@, 71 Fey31F€576 Tlo.17 MNg )55 00

. 3
’ (S| 7‘15A I 0.76 FeO.JrOQ )ZS‘OOOZZ(OH 1.47 F0.29OO.24)Z2.00'

Evidently, the compositional characteristics of this
amphibole are directly associated with the characteris-
tic chemical features of the host rocks, which isindica
tive of a high oxidizing potential of the mineral-form-
ing medium and a slight decrease in the activity of Na
in the course of the evolution of crystallogenesis. In
addition, it was demonstrated [4] that the composition
of amphiboles serves as a certain indicator that allows
one to estimate the silica content in magma. Amphib-
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Table 1. Average chemical composition of magnesiofer-
rikatophorite

Component wt %
Na,O 7.76
K,0 0.67
Ca0O 3.50
MgO 12.53
MnO 0.19
FeO* 6.23
Fe,O; 12.32
Al,Oq 4.42
TiO, 151
SO, 49.23
F 0.62
-O=F, -0.26

Sum 98.72

* Divalent and trivalent iron ions are distinguished based on the
M Ossbauer spectroscopic data.

oles, which are relatively depleted of silica (S <
~7.00 apfu), are formed in silicon-undersaturated
rocks, whereas amphiboles formed in silicon-saturated
and silicon-oversaturated rocks are characterized by a
higher Si content (~7.00 < Si < 8.00 apfu). Based onthe
silicacontent in the specimen under study, the latter can
be related to high-silica amphiboles. Taking into
account the characteristic geochemical features of the
carbonatite systems, it would be more correct to con-
sider the medium as deficient in aluminum but rather as
enriched with silica.

M Ossbauer spectroscopy. The Mdsshbauer spectra
were recorded on an instrument of the electrodynamic
type using a Co®’ (Rh) source at 300, 80, and 10 K. The
experimental spectra were processed using the
UNIVEM program [5]. The isomer shifts are given rel-
ative to a-Fe (main standard).

The mathematical processing of the spectrum mea-
sured at 300 K at arate of +8 mm/sallowed usto single
out three doublets (Fig. 1), with two of them being
unambiguously attributed to Fe** and Fe**, respectively
(characteristic isomer shifts), with the third one being
attributed to Fe** (isomer shift &; = —=0.10 mm/s, qua
drupole splitting &, = 0.25 mm/s) [6]. According to
experimental data [7], similar parameters of the Moss-
bauer spectrum correspond to Fe’** located in the vicin-
ity of Ti**. The assignment of the M 6ssbauer-spectrum
doublets to the structural positions in magnesiofer-
rikatophorite was made with due regard for the known
crystal chemistry data for amphiboles [6, 8] and the
results of our X-ray diffraction study. The parameters
of the spectrum are given in Table 2. The experiment
was performed at a high rate (8 mm/s) and confirmed
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Fig. 1. Mossbauer spectrum of magnesioferrikatophorite.

the absence of magnetic splitting in the Mdssbauer
spectrum.

X-ray diffraction study. The crystallographic char-
acteristics, the principal parameters of the X-ray dif-
fraction study, and the details of the structure refine-
ment are given in Table 3. The unit-cell parameters
were determined by the least-squares refinement with
the use of the angular characteristics of 22 reflectionsin
the range 20° < 20 < 32°. The empirical absorption cor-
rection was applied using the -scan.

The crystal structure was refined starting from the
atomic coordinates of K-edenite [9] within the sp. gr.
C2/m using 1481 independent reflections with 1,>
20(l,) by the SHELX97 program package [10]. The
refinement was performed with the anisotropic thermal
parameters up to R(F) = 0.039. At the first stage, the
occupancies of five cation positions, namely, M(1),
M(2), M(3), M(4), and A, were refined.

The subsequent determination of the distribution of

isomorphous cations over the crystallographically non-
equivalent positionswas based on the following: (1) the

Table 2. Parameters of the doubletsin the Msshauer spectrum
of magnesioferrikatophorite (T =300K and V =8 mm/s)

; Quadrupole ;
Cations 'SgTrﬁrmi';)'” sliting | @ at('o‘f)’ area
A (mmV/s) 0
Fe3* (Ti*) —0.1000 0.2500 20.09
Fe3* 0.3789 0.5010 43.93
Fe?* 1.0409 2.4690 35.98
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refinement of the electron contents of the cation posi-
tions, (2) the correspondence between the structural
formula and the data from electron microprobe analy-
sis, (3) the electroneutrality of the chemical formula,
(4) the requirements of the valence balance, and (5) the
approximate equality of the average interatomic dis-
tances to the sums of the ionic radii of the cation and
anion in the corresponding polyhedra. However, there
are some limitations in the refinement of the mixed
occupancies of the nonequivalent cation positions.
Since the scattering abilities of Fe**, Fe*, and Mn, on
the one hand, and Al and Mg, on the other hand, are vir-
tually indistinguishable, the mutual replacement of cat-
ions that belong to the same group has ailmost no effect
on the reflection intensities. Thisfact made it expedient
to refine the distribution of the Fe** and Fe?* ions over
the nonequivalent positions using the M éssbauer spec-
troscopy data.

The final coordinates and atomic-displacement
parameters are listed in Table 4. The distribution of the
cations over the positions is presented in Table 5. The
local valence balance calculated in [13] isindicated in
Table 6. The average interatomic distances in the coor-
dination polyhedra have standard values ([M(1)-O0=
2.083 A, M(2)-00= 2.061 A, M(3)-00= 2.088 A,
M(4)-0O= 2.539 A, [T(1)-OC= 1.644 A, [T(2)-OLE
1.635 A, A(M)-00= 2.765 A, and [A(2)-00=
2.713A).

The overall view of the structure drawn using the
ATOMS program [14] is shown in Fig. 2.

No.1 2003
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DESCRIPTION AND DISCUSSION
OF THE STRUCTURE

Tetrahedral T(1)- and T(2)-positions. According
to the electron microprobe analysis data, there are
approximately eight S + Al atoms per formula unit,
which supports the conclusion about the tetrahedral
coordination of auminum in the structure. The struc-
tures of monoclinic amphiboles have two nonequiva-
lent positions, namely, T(1) and T(2), characterized by
adistorted tetrahedral coordination and the point sym-
metry 1.

A comparison of the average distances [T(1)-OL=
1.644 A and [T(2)-O= 1.635 A shows that aluminum
islocated only in the T(1) position. The Si : Al ratio in
this position (3.16 and 0.84 apfu for Si and Al, respec-
tively) was determined based on the correlation
between the average [T(1)-OUbond length and the Al
content [15]

TOAI (apfu) = [T(1)-OC- 1.6187] x 33.2055.

A somewhat larger average distance [T(2)-O0=
1.635 A fallswithin the range 1.628-1.635 A typical of
these tetrahedra and is consistent with the correspond-
ing distances in the Ca-containing amphiboles studied
earlier.

Octahedral positions. In addition to the tetrahedral
cations, the octahedral cations are also of importancein
the formation of the amphibole structure type. These
polyhedra are linked to form the ribbons containing
three nonequivalent cation positions, namely, M(1),
M(2), and M(3), characterized by different point sym-
metry groups (2, 2, and 2/m, respectively). The cations
located in these positions have a pseudooctahedral
coordination. The M(4) position characterized by the
point symmetry 2 and surrounded by eight anions holds
a special place in the structure. However, not all these
anions form bonds with the central cation.

The total scattering power of the M(1), M(2), and
M(3) positions is provided by the sum of electrons of
the cations located in these positions or, to put it differ-
ently, the sum of the average atomic numbers per posi-
tion. Analogous calculations can be performed based
on the chemical analysis data for one formula unit.
A correlation between these two estimates can be con-
sidered as a correctness criterion for the structure-
refinement data [2]. Figure 3 shows the plot character-
izing the consistency of the electron contents of the
M(1), M(2), and M(3) positions determined from the
X-ray diffraction and chemical analysis data for
amphiboles studied earlier [2]. The position of the point
corresponding to magnesioferrikatophorite in this plot
confirms the correctness of the proposed model of the
cation distribution over the M(1), M(2), and M(3) posi-
tions.

Octahedral M(1) and M(3) positions. Theatomsin
the M(1) and M(3) positions are coordinated by four O
atoms and two OH- anions [O(3)]. In the M(1) octahe-
dra, the O(3) anions are in the cis positions, whereas

CRYSTALLOGRAPHY REPORTS Vol. 48 No. 1

Table 3. Crystallographic characteristics and details of the

X-ray diffraction study

2003

Unit-cell parameters, A, deg | a = 9.875(5), b = 18.010(8),
¢ =5.309(3), B = 104.39(5)

Sp.or.; Z C2/m; 2

Vv, A3 914.6

Peacar 9/CM3 3.211

i (mm™) 281

Molecular weight 1768.82

Crystal dimensions (mm) 0.15x 0.10 x 0.06

Fooo 872

Diffractometer Siemens P4

Wavelength, A 0.71069

26, deg 70.08

otal humber of reflections 4014

Total number of independent 2072

reflections

Number of independent 1481

reflections with 15 > 20(l )

Rint, %0 6.87

Method of refinement L east-squares procedure
based on F?

Number of parametersin the 145

refinement

Final R(F) for reflectionswith 0.039

lo>20(lg)

R(F) for al independent 0.064

reflections

wR (F?) 0.102

S=GOF 1.047

AP EIA3 0.8

Dpin, /A3 -0.93

O(3) anionsin the M(3) octahedra are in the trans posi-
tions. An M(1) octahedron shares five edges with the
surrounding octahedra and only one edge with a M(4)
polyhedron, whereas an M(3) octahedron shares all the
six edges with the adjacent octahedra; i.e., it isthe cen-
tral polyhedron of the octahedral ribbon.

The results of the structure refinement of approxi-
mately 550 monoclinic amphibole specimens demon-
strated that an increase in the electron content in the
M(1) position is accompanied by an increase in the
electron content in the M(2) position [2]. A slight devi-
ation from this correlation was observed only for Li-
containing amphiboles, in whose structuresthe light Li
atomsarelocated, primarily, in the M(3) octahedra. The
cation distribution found in the magnesioferrikato-
phorite structure is in good agreement with the above-



20

Table 4. Final atomic coordinates and atomic-displacement

PUSHCHAROVSKII er al.

parameters in the magnesiof errikatophorite structure

Position x/a y/b zlc U:q VA2

M(2) 0 0.08874(6) | 0.5 87(2)
M2 |0 0.18063(4) | 0 96(2)
M@3) |0 0 0 70(2)
M@4) |o 0.27810(7) | 0.5 150(2)
A(m)** |05 0 0 1004(55)
AQ** | 0.44870(3) | 0 0.88028(4) | 339(9)
T(1) 0.28009(8) | 0.08562(4) | 0.2968(2) | 75(2)
T2 0.28894(7) | 0.17158(4) | 0.8049(1) | 68(2)
o(1) 0.1098(2) |0.0882(1) |0.2144(4) | 95(3)
02 0.1194(2) |0.1711(1) |0.7313(4) | 106(4)
O(3)=0OH| 0.1084(3) |0 0.7108(5) | 101(5)
O(4)  |0.3640(2) |0.2495(1) | 0.7948(4) | 124(4)
o(5) 0.3494(2) |0.1323(1) | 0.0027(4) | 153(4)
0(6) 0.3427(2) | 0.1176(1) |0.5932(4) | 137(4)
o(7) 0.3384(3) |0 0.2867(6) | 149(6)
* Ugg X 10%

** The nomenclature of the A-positionsin amphiboleswith the sym-

metry C2/m[11]: A(m), X, 1/2, z; A(2), 0, y, 0; A(2/m), 0, 1/2, 0.

mentioned correl ation between the electron contents of
the M(1) and M(3) positions. In Fig. 4, the point corre-
sponding to magnesioferrikatophorite liesin the lentic-
ular region, which also includes the el ectron contents of
the M(1) and M(3) positions of most of the known
amphiboles. In these structures, the Fe** (rl®Fe*t =
0.78 A) and Mg?* (r'®Mg?* =0.72 A) cationswith large
ionic radii occupy the largest M(3) octahedra.

Location of Ti** in the octahedral M(1) position.
Electron microprobe analysis showed that the Ti** con-
tent in the specimen is ~0.17 apfu. In accordance with
the earlier studies of amphiboles[16, 17], the Ti** ion
was aways placed into the M(2) octahedron of arela
tively small volume. Thiswas explained by the fact that
[6ITi#+ isasmall-size cation with high valence (r'®'Ti* =
0.605 A). Its role in the amphibole structures is analo-
gous to the role played by other cations of the C group
(Fe*, Mn, Mg, Al, etc.). In amore recent study of the
structure of [6ITi-containing richterite [18], Ti** was
found to occupy the M(1) position, which fact was
attributed to the heterovalent substitution according to
the following scheme:

MDI(Tj4+) 4 200102 o MD)(Mg,Fe) + 203I0H-,

Later on, the Ti** ion wasfound both in the M(1) and
M(2) positions in the structures of amphiboles of vari-
ous compositions.

Table 5. Distribution of the cations over the positions in the magnesiof errikatophorite structure

Electron Electron content |Sum of ionic radii* Average
Position content Occupancy of the position withdueregardfor| of the cation cation—anion
the real occupancy and anion distance
M(2) 31.27 1.41Mg + 0.42F€> + 0.17Ti%* 31.59 2.075 2.083
M(2) 39.83 1.31Fe* + 0.69Mg 42.39 2.051 2.061
M(3) 16.95 0.60Mg + 0.37F¢** + 0.02Mn 17.06 2.118 2.088
M(4) 29.29 1.18Na+ 0.82Ca 29.38 2.535 2.539
A(m) 1158 0.56Na+ 0.13K 8.58 2.448 2.765
A(2) ' 0.31Na 341 2.380 2713
* Theionic radii were taken from [12].
Table 6. Local valence balance at the anions in the magnesioferrikatophorite structure
M(1) M(2) M(3) M(4) A(m) A(2) T(1) T(2) >
0(1) 0.38 0.33 0.35 0.99 2.05
0(2) 0.37 0.40 0.23 1.01 2.01
O(3)=0OH 0.37 0.37 0.74
0O(4) 0.55 0.28 1.08 191
O(5) 0.08 0.05 0.01 0.95 0.92 2.01
O(6) 0.16 0.02 0.95 0.88 2.01
o(7) 0.16 0.04+0.02| 094x2 2.10
CRYSTALLOGRAPHY REPORTS Vol.48 No.1 2003
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In the magnesioferrikatophorite structure, the O(3)
position is occupied by O~ by more than 50%. Hence,
it is reasonable to assume that the Ti** ion occupies the
M(1) position together with Fe**, whichis confirmed by
the Mosshauer spectroscopy data. This distribution
leads to an improvement of the valence balance, and the
average interatomic distance M(1)-O0 = 2.083 A
becomes approximately equal to the sum of the ionic
radii of the cation and anion (2.075 A). The involve-
ment of Ti** in the M(1) octahedra is also consistent
with the estimate of the electron content in this posi-
tion.

Octahedral M(2) position. In the amphibole struc-
tures, the atoms in the M(2) position with the point
symmetry 2 are coordinated by six O atoms. The M(2)
octahedron isgenerally occupied by cationswith rather
small radii. This octahedron shares three edges with the
adjacent M(1) and M(3) octahedra and one edge with
the M(4) polyhedron. In the magnesioferrikatophorite
structure, the M(2) octahedron is also characterized tX
the smallest average bond length [3/(2)-O= 2.061
as compared to the M(1) and M(3) octahedral positions.
The M(2) octahedra are occupied by more than 50% by
the Fe** cations (r'®’Fe** = 0.645 A), which is confirmed

by the M6ssbauer spectroscopy data. In addition, Mg
atoms are also located in the M(2) octahedra.

Therelatively low symmetry of the M(2) octahedron
is attributed to the fact that four of the total six O atoms
involved in this octahedron (O(4) and O(2)) are simul-
taneously bound to the large cations in the M(4) posi-
tion. According to [8], the effect of these cationsis seen
from a decrease in the corresponding bond lengths in
the M(2) octahedra. As a result, the average distances
M(2)-O(4)= 1.961 A and D1(2)-0(2)C= 2.072 A in
the magnesioferrikatophorite structure are substantially
shorter than (M(2)-O(1)= 2.151 A.

The M(4) position. Taking into account eight
neighboring anions, the coordination polyhedron about
the M(4) position is either a distorted cube or atetrago-
nal antiprism sharing seven edges with the adjacent
polyhedra, namely, four edges with the SIO, tetrahedra
and three edges with the M(2) octahedra.

The M(4) position holds a special place in the
amphibole structures. Sincethis position isoccupied by
different cations, it influences the isomorphism in the
amphibole series and plays an important role for choos-
ing the name of amineral species. It isthe changein the
Ca: Naratio in the M(4) position that isresponsible for
the zonal nature of the crystal studied. Thus, the com-

Fig. 2. Overal view of the magnesioferrikatophorite structure; the A(2), A(m), M(4) positions are indicated by solid, empty, and

shaded circles, respectively.

CRYSTALLOGRAPHY REPORTS Vol. 48 No. 1
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Fig. 3. Total eectron content of the M(1), M(2), and M(3)
positions in the magnesioferrikatophorite structure (white
cross) according to the electron microprobe and X-ray dif-
fraction analysis data in comparison with various amphib-
oles studied earlier [2].

positions of its core and the periphery correspond to
different mineral species, namely, to ferric-nybdite and
magnesi of errikatophorite, respectively.

According to [8], the size of the M(4) position
depends on the sizes of the cations located in other
octahedral positions. Thus, an increase in the
M(1,2,3)-O0distances averaged over three octahedra
is accompanied by an increase in the average M(4)-O0
distance. In the magnesioferrikatophorite structure, the
average interatomic distances 0W(4)-OC= 2.539 A and

Average atomic number for M(3)

25+

20

15

10 -

M(1,2,3)-00= 2.077 A agree with the correlation
reported in [8].

The M(4) position is very “elastic” as to the sizes
and coordination of the cations entering this position.
In monoclinic amphiboles with the symmetry group
C2/m, this position is occupied by the cations of the B
group, namely, by Ca (r®ICa* = 1.12 A) and Na
(r®Nat = 1.18 A).

Structural position A. The largest polyhedra occu-
pied by the A cations are located between the adjacent
silicon—oxygen ribbons along the a axis. These polyhe-
dra are formed by 12 oxygen anions. The bridging
anions between the SO, tetrahedra form two ditrigonal
rings at the opposite bases of the A polyhedra.

The A position is generally occupied by large K and
Na cations. |n monoclinic amphiboleswith the symme-
try group C2/m, this position is often split with respect
to this position in an inversion center (0.5, 0, 0)
because, first of al, of the larger size of the A cavity.
The structural features associated with splitting of the A
positions were considered in a number of studies. In
[19], it wasindicated that alkali cations occupy the A(2)
or A(m) positionsiif the O(3) positions are occupied by
OH groups or F anions, respectively. In terms of the
valence balance 8], splitting of the A position led to the
conclusion that the location of potassium in the A(2/m)
position givesriseto an excessive sum of valenceforces
at this cation, whereas a deficiency of valence forces
takes placeif this position is occupied by Na.

15

1
20 25

Average atomic number for M(1)

Fig. 4. Average atomic numbers in the M(1) and M(3) positions in the magnesioferrikatophorite structure (white cross within the
lenticular region) in comparison with the electron contents of the same positions for different amphiboles studied earlier [2].
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In the magnesioferrikatophorite structure, the A
position is aso split into two subpositions, namely,
A(2) and A(m). This effect can be associated with the
following facts:

(2) the presence of small amounts of K (~0.12 apfu)
in the structure, which was confirmed by the electron
microprobe analysis data; the large potassium cation
(r"2K*+ = 1.64 A) is located in the A(m) subposition
together with Na (r'2INar = 1.27 A), whereas sodium
can simultaneously occupy both subpositions [20],
which is quite reasonable, because the average bond
length A(m)—O0= 2.765 A is larger than [A(2)-O0=
2713 A;

(2) the presence of three types of cations (OH-, F,
and O*) in the O(3) position responsible for the redis-
tribution of ANa over the A(2) and A(m) subpositions
[3l;

(3) the involvement along with Si also of aluminum
in the tetrahedral T(1) position (Al content is
0.84 apfu); the positional disorder was attributed
[21, 22] to the necessity of preservation of the valence
balance at the anions involved in the bonds with the
T(1) and A cations. In the presence of Al inthe T(1) tet-
rahedra, Na atoms occupy the A(2) subposition,
whereas, because of the larger size, the K atoms are
located in the A(m) subposition.

Therefore, in the magnesioferrikatophorite struc-
ture, the Naatomsarelocated in both split subpositions,
whereasthe K atoms occupy only the A(m) subposition.
The compoasitions of the cation positionsin the structure
are reflected by the refined crystallochemical formula of
magnesi oferrikatophorite (N&y 7Kg 13)5a-1 O

3 4
(Nay 15C3 52)smay =2 (M 91.41':90.;21—' 0.+17)ZM(1) Mgy O

3+ 2+ .
Fe131)sme) = 2(_M J0.60F€0.38MNg 02)sm3) = 1(Si3 16 0
Al sa)st1) = 4514050(0; 0sOHg 66F 20)52-

ACKNOWLEDGMENTS

Wearegrateful to R.K. Rastsvetaevafor helpful dis-
cussion and valuable advice.

This study was supported by the Russian Founda-
tion for Basic Research (project nos. 00-05-65399 and
00-15-96633) and the Program “Russian Universities.”
D.Yu. Pushcharovskii acknowledges the support of the
program within the framework of Russian-Italian sci-
entific cooperation (project no. 62).

CRYSTALLOGRAPHY REPORTS Vol. 48 No. 1

2003

REFERENCES

1. B. E. Leake, A. R. Woolley, C. E. S. Arps, et al., Can.
Mineral. 35, 219 (1997).

2. F.C.Hawthorne, L. Ungaretti, R. Oberti, and P. Bottazzi,
Am. Mineral. 78, 733 (1993).

3. F. C. Hawthorne, R. Oberti, L. Ungaretti, and N. Sar-
done, Can. Mineral. 34, 577 (1996).

4. A. Giret, B. Bonin, and J.-M. Leger, Can. Mineral. 18,
481 (1980).

5. A.A. Novakovaand T. Yu. Kiseleva, MOssbauer Practi-
cal Work (Mosk. Gos. Univ., Maoscow, 2000).

6. F. Menil, J. Phys. Chem. Solids 46 (7), 763 (1985).

7. A.A.Novakova, O. V. Agladzeo, S. V. Sveshnikov, and
B. P. Tarasov, Nanostruct. Mater. 10, 365 (1998).

8. F. C. Hawthorne, Can. Mineral. 21, 173 (1983).

9. R.K.Rastsvetaeva, D. Yu. Pushcharovskii, and B. E. Bo-
rutskii, Kristallografiya 40 (2), 33 (1995) [Crystalogr.
Rep. 40, 27 (1995)].

10. G. M. Sheldrick, SHELX97: Program for the Solution
and Refinement of Crystal Structures (Siemens Energy
and Automation Inc., Madison, 1997).

11. F. C. Hawthorneand H. D. Grundy, Can. Mineral. 16, 53
(1978).

12. R. D. Shannon, Acta Crystallogr., Sect. A: Cryst. Phys.,
Diffr., Theor. Gen. Crystallogr. 32, 751 (1976).

13. 1. D. Brown and D. Altermatt, Acta Crystallogr., Sect. B:
Struct. Sci. 41, 244 (1985).

14. E. Dowty, Atoms 3.2.: A Computer Programfor Display-
ing Atomic Structures (Kingsport, 1995).

15. R. Oberti, L. Ungaretti, E. Cannillo, et al., Eur. J. Min-
eral. 7, 1049 (1995).

16. K. Robinson, G. V. Gibbs, P. H. Ribbe, and M. R. Hall,
Am. J. Sci. 273, 522 (1973).

17. M. Kitamura, M. Tokonami, and N. Morimoto, Contrib.
Mineral. Petrol. 51, 167 (1975).

18. R. Oberti, L. Ungaretti, E. Cannillo, and F. C. Haw-
thorne, Eur. J. Mineral. 4, 425 (1992).

19. G. V. Gibbs, in AGI Short Course Lecture Notes on
Chain Slicates, 1966, p. 1.

20. L. Ungaretti, D. C. Smith, and G. Rossi, Bull. Mineral.
104, 400 (1981).

21. P. B. Moore, Mineral. Soc. Am., Spec. Pap. 2, 111
(1969).

22. J. J. Papike, K. L. Cameron, and K. Baldwin, Mineral.
Soc. Am., Spec. Pap. 2, 117 (1969).

Trandated by T. Safonova



