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Abstract—The crystal structures of two ancylite specimens from Khibiny massif (the Kola Peninsula, Rus-

sia)—ancylite-(Ce) from alkali hydrothermalites

(Sry.01Cag 02Bag 01)51.04 (Ceg soLag 2gNdg 1 1Pro 04Smg 1 )50.96(CO3)2(OH g3F 13)50.96 - 0.9H,0

and ancylite-(Ce) from carbonatites—have

(S10.80Ca0,05B20.01)50.86(Ce0.621-20 40Nd0,09P10.03)51.14(CO3)2(OHg 99F 15)51.14 - 1.0HO
been refined by the Rietveld method. A focusing STOE-STADI P diffractometer with abent Ge(111) primary mono-
chromator was used (AMo Ka, radiation, 2.16° < 20 < 54.98°; reflection number 237-437). All the computations for
ancylitefrom alkali hydrothermaliteswere performed within the sp. gr. Pmc2,, a=5.0634(1) A, b=8.5898(1) A, c =
7.2781(1) A, v = 316.55(1) A%, R, = 1.90; the computations for ancylite from carbonatites were performed within
thesp. gr. Pmen, a=5.0577(1) A, b=85665(2) A, c = 7.3151(2) A, V=316.94(1) A%, R, = 2.38 in the anisotropic
approximation of thermal vibrations of cations and oxygen atoms. © 2002 MAIK “ Nauka/Interperiodica” .

INTRODUCTION

Ancylite-(Ce) described by the formula
(Sr,Ca), _ ,REE,(CO;),(OH,F), - nH,O (with x= 1.0-1.5,
n = 1) is one of the rare earth carbonates occurring in
many akaline massifs (the Khibiny, Sebljavr, the Kola
peninsula, Vuorijarvi, Salanlatva, and Northern Kare-
lia (Russia), Mont Saint-Hilaire (Canada), Narssarssuk
(Greenland), etc.). It is aso characteristic of late low-
alkali hydrothermal formations associated with
agpaitic rocks and carbonatites.

The ancylite family consists of five mineral s described
by the general formula M5", REE,(CO;),(OH), - nH,O,
namely, ancylite-(Ce) and ancylite-(La) with M** = Sr
[1], calcioancylite-(Ce) [2] and calcioancylite-(Nd) [3]
with M?* = Ca, and gysinite-(Nd) [4] with M?* = Ph.
The crystal structure of ancylite-(Ce) was first deter-
mined within the sp. gr. Pmcn in 1975 [5]. The metal
atomsin the structure are located in ten-vertex polyhe-
draforming athree-dimensional framework (Fig. 1).

We studied crystal structures of two ancylite-(Ce)
modifications found in specimens from Khibiny massif
(the Kola Peninsula): the ancylite-(Ce) from alkali
hydrothermalites (the Lovchorrite Mine, the Hackman
Valley) described by the formula (Sr; o;Cag0:Bag o1 )s1.04
(CeysoLag 25Ndy 11 Pro4Smy 01)50.06(CO3 )2_(0H0.83F0. 135096
0.9H,0 (sp. gr. Pmc2,) (specimen 52) and
ancylite-(Ce) from carbonatites (the region of the

Tulilukht Bay) described by the formula

(St9.50Cag 05Bag 01)50.86(Ce0.621.29. 40Ndg 09P10,03)51.14 _
(CO3)2(OHy 69Fy 15)51 14 - 1.0H,O (sp. gr. Pmen) (speci-
men 54). Since the IR spectra obtained from these two

Fig. 1. Projection of an ideal ancylite structure onto the

(100) plane. The cog‘ groups are indicated by black trian-
gles. The black circles indicate the O(3) position in the
structure of ancylite from carbonatites (specimen 54) corre-
sponding to the O(31) and O(32) positions in the structure
of ancylite from alkali hydrothermalites (specimen 52).
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Fig. 2. IR spectra of ancylites from (&) alkali hydrother-
malites and (b) carbonatites. The numbersindicate frequen-
ciesincm™.

specimens (Fig. 2) were essentially different, we under-
took their structural investigation.

EXPERIMENTAL

Ancylite-(Ce) from akali hydrothermalitesfrom the
Hackman Valley (specimen 52) forms bright yellow
aggregates of split platelike crystals with athickness of
up to 0.5 mm forming, in turn, cellular pseudomorph
after the hexagonal prismatic mineral (probably bur-
bankite) in association with feldspar, natrolite, eudia
lyte, aegirine, astrophyllite, and apatite. Ancylite-(Ce)
from calcite carbonatites from the region of the Tuli-
lukht Bay (specimen 54) is an aggregate of white split

BELOVITSKAYA et al.

isometric crystals up to 0.3 mm in length forming
together with strontianite a cavernous pseudomorph
after burbankite.

The chemical compositions of the specimens (cat-
ions, fluorine, Table 1) was studied by electron
microprobe analysis (Camebax SX 50, analyst
N.N. Kononkova, Moscow State University).

The powder specimens were prepared from the spe-
cially selected homogeneous ancylite grains. The X-ray
diffraction spectra were obtained on a focusing STOE-
STADIP diffractometer with bent Ge(111) primary
monochromator AMoKa, radiation, 2.16° < 20 <
54.98°, with atotal number of reflections of 437 (spec-
imen 52); 5.00° < 20 < 44.98°, with a total number of
reflections of 237 (specimen 54). All the computations
were made by the WYRIET program, version 3.3 [6]
within the sp. gr. Pmc2, (specimen 52) and the sp. gr.
Pmcn (specimen 54). The initial structure model
refined within the sp. gr. Pmen wasthe model suggested
by Da Negro, Ross, and Tazzoli [5]. The model
refined within the sp. gr. Pmc2, was also based on the
structure of highly symmetric ancylite but with due
regard for the absence of the planen.

Specimen 54 showed the presence of strontianite
impurity (4.2%) and, therefore, the refinement was per-
formed for two phases simultaneously—ancylite and
strontianite as the second phase.

We used ionic scattering curves. The profile peak
was approximated according to the Pearson-VII func-
tion a 6FWHM. The asymmetry wasrefined at 26 < 40°.
The refinement was performed with gradual inclusion
into the process of new parameters to be refined and
constant automatic modeling of the background until
the attainment of a stable R factor. Upon the refine-
ment in the isotropic approximation, the reliability
factor R,,, was 2.87% (specimen 52) and 2.67% (spec-
imen 54).

Some parameters of the data acquisition and the
results of the structure refinement of ancylites in the

Table 1. Chemical composition (wt %) and the formulas of studied ancylites

Components Specimen 52 Specimen 54 Components Specimen 52 Specimen 54
Ca0 0.34 0.68 Sm,03 0.31 0.09
SrO 27.65 21.24 F 0.64 0.73
BaO 0.46 0.36 CO, (23.28) (22.44)
La,0; 12.10 16.64 (H,0)1 (1.98) (2.27)
Ce,04 22.50 25.53 (H,0)2 (4.32) (4.92)
Pr,0Oq 1.76 1.37 -O=F, 0.27 0.31
Nd,O4 4.93 4.03 Total (100.00) (100.00)

Note: 1. Specimen 52 is ancylite from alkali hydrothermalites from Lovchorrite Mine and Hackman Valley of the compositions
(Sr1.01C89,02Ba 01)51,04(CEo.50L- 80 28N, 11Pr0.045M0,01) 50.96(CO3) 2(OHo 83F0.13)50.96 * 0-9H20. Specimen 54 is ancylite from car-
bonatites from the region of Tulilukht Bay (Srg g0C89.05Ba0,01)50.86(C€0.62L 89.40N0.00Pr0.03)51.14(CO3)2(OHg.99F0.15)51.14 - 1.0HL0.
2. The calculated values are given in parentheses; the number of OH-groups (to which the (H,O)1 value corresponds) was cal cul ated
from the stoichiometry; the number of water molecules (H,O)2 was cal culated from the difference of the total.
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Table 2. Unit-cell parameters and the refined data for crystal structures of two ancylite specimens
Characteristic Specimen 52 Specimen 54 || Characteristic | Specimen52 | Specimen 54

a A 5.0634(1) 5.0577(1) R, 1.45 1.87

b, A 8.5898(1) 8.5665(2) Rap 1.90 2.38

c, A 7.2781(1) 7.3151(2) Rexp 1.83 2.87

vV, A3 316.55 316.94 Rs 1.53 1.34

Sp. or. PmMc2, Pmen Re 1.43 1.63
26-range, deg 2.16-54.98 5.00-44.98 s 1.04 0.83
Number of reflections 437 237 DWD** 0.81 1.04
Number of refined parameters 90 50 oy 1.660 1.587

*
S=
*x DurE‘lNrdWatson statistics [8].

Rexpr Rexp iS the expected value of Ry,

*** Factor used for calculating standard deviations [9].

Table 3. Atomic coordinates, isotropic temperature parameters (A2), and occupancies of the positions in ancylite-(Ce) from
akali hydrothermalites (specimen 52), sp. gr. Pmc2,

Atom Characteristic Value Atom Characteristic Value
M(1) X 0 O(11) X 0
y 0.0977(5) y 0.418(4)
z 0.6437(5) z 0.271(3)
B; 0.48(5) B; 2.1(8)
q (Sr)* 0.486(2) 0(12) X 0.5
q (RE + Ba)** 0.486(2) y 0.919(4)
q (Ca) 0.016(6) z 0.244(2)
B; 1.4(8)
MQ2) X 0.5 0(21) X 0.277(2)
y 0.5897(5) y 0.122(2)
z 0.8475(5) z 0.352(2)
B; 0.66(5) B; 1.3(5)
q (Sr) 0.498(2) 0(22) X 0.223(2)
q (RE) ** 0.498(2) y 0.617(2)
C(1) by 0 z 0.151(2)
y 0.554(6) B; 1.5(5)
z 0.191(2) 0(31) X 0
B; 1.909) y 0.204(3)
z 0.992(3)
CQ2) X 0.5 B; 1.49)
y 0.056(6) 0(32) X 0.5
z 0.308(2) y 0.660(3)
B; 1.8(9) z 0.516(3)
B; 1.0(8)

Notes: 1. Refinement was made for the composition (Srg 49REq 48C80,02B80.01)51.00(S"0.50RE0.50)51.00(CO3)2(OH, F)o o
of OH-groups was calculated from the stoichiometry; the number of water molecules was calculated from the dn‘ference of thetotal.
2. The refinement for RE was made with the use of the f-curve of cerium.
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Fig. 3. Experimental (solid line) and calculated (dots) X-ray diffraction spectra from ancylites (a) specimen 52 and (b) spec-
imen 54. Arrows indicate the additional reflections in the spectrum from ancylite from alkali hydrothermalites (26 = 4.739°, d =
8.579 A, hkl = 010 and 28 = 8.020°, d = 5.072 A, hkl = 100) which violate the law of systematic absences for the sp. gr. Pmen. The
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specimen from carbonatites has a strontialite impurity (the lower line diagram).
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Table 4. Atomic coordinates and isotropic temperature parameters (A?) and occupancies of the positions in ancylite-(Ce)

from carbonatites (specimen 54), sp. gr. Pmcn

Atom Characteristic Value Atom Characteristic Value
M X 14 0(1) X 3/4
y 0.3409(3) y 0.3286(2)
z 0.6482(3) z 0.7336(2)
B; 0.96(2) B; 2.7(5)
g (RE + Ba)* 1.153(3) 0(2) X 0.5266(2)
q (s 0.798(4) y 0.1223(1)
g (Ca) 0.056(8) z 0.8525(2)
B; 1.2(3)
C X 3/4 o) X 14
y 0.1961(4) y 0.4183(2)
z 0.8154(5) z 0.9736(2)
B, 3.7(9) B, 2.7(5)

Notes: 1. Refinement was made for the composition (RE; 135S 80C8g 06Ba0.02)52.01(CO3)2[(OH, F)1 15(H20)1 ol 52.15- The number of
OH-groups was cal culated from the stoi chiometry; the number of water molecules was cal culated from the difference of the total.
2. The refinement for RE was made with the use of the f-curve of cerium.

anisotropic (metal and oxygen atoms) and isotropic
(carbon atoms) approximations are listed in Table 2.
Figure 3 shows the experimental (solid line) and the
calculated (dots) X-ray diffraction spectra of ancylites.
The coordinates and the isotropic temperature correc-
tions for atoms and the position occupancies are indi-
cated in Tables 3 and 4.

The IR spectra of ancylites prepared in the shape of
tablets with KBr were obtained on a Specord 75 IR
spectrophotometer.

DISCUSSION

The crystal structure of ancylite-(Ce) was first
solved within the sp. gr. Pmen as aderivative of the ara-
gonite structure in 1975 [5]. Our results obtained for
ancylite-(Ce) from carbonatites (specimen 54) agree
well with the data of this first structure determination
[5]. Divaent Sr, Ca, Bacations and rare earth elements
in ancylite are located in ten-vertex polyhedra formed
by O(1), O(2), and O(3) oxygen atoms. Ten-vertex
polyhedra share triangular O(1)—0(3)—0O(2) faces and
form chains along the c-axis. In turn, these chains form
a three-dimensional framework via (COj)-triangles,
with each triangle being surrounded with three M-poly-
hedra sharing their edges (Fig. 1).

The average distances in the polyhedra are M-O
2.63, C-O 1.31 A (specimen 54) and M(1)-O 2.69,
M(2)-0 2.62, C(1)-O 1.29, and C(2)-0 1.29 A (speci-
men 52).

Unlike the X-ray diffraction pattern from ancylite
from carbonatites (Fig. 3b), the X-ray diffraction pattern
from ancylite from akali hydrothermalites (Fig. 3a) has
some additional reflections (28 = 4.739°, d = 8.579 A,
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hkl = 010 and 28 = 8.020°, d = 5.072 A, hkl = 100),
which violate the law of systematic absences for the
sp. gr. Pmen. Therefore, the structure of this minera
was refined within the less symmetric group Pme2, in
which the cations (Sr, Ca, Ba, and RE) are located in
two crystallographically nonequivalent positions M(1)
and M(2). Since the ratio of the number of divalent cat-
ions to the total number of rare earth elements in this
specimen was close to 1 : 1, we first assumed that M?*
and RE occupy two separate positions and that the [ow-
ering of the symmetry is caused by cationic ordering.
However, the structure refinement showed that both
these positions are occupied statistically (Table 3) and
the lowering of the symmetry in the structure of this
ancylite modification is caused by the displacement of
atoms from the special positions to the general ones.
The disappearance of the plane n is associated with the
split of each position in the above structure into two
nonequivalent positions (Tables 3 and 4), with the dif-
ferences in the coordinates of each pair of atoms being
much more pronounced than the accuracy of the deter-
mination of these coordinates.

The calculation of the local balance by the method
suggested in [7] and the allowance for possible hydro-
gen bonds allowed us to single out O atoms, (OH)-
groups, and H,O molecules in the anionic part of the
structure. In the structure of ancylite from carbonatites
(specimen 54), the O(1) and O(2) positions are occu-
pied by O atoms, whereas the O(3) position is statisti-
caly filled with (OH)-groups and H,O-molecules. In
the structure of low-symmetric ancylite from alkali
hydrothermalites (specimen 52), the OH--groups and
H,O molecules are orderly distributed over the O(32)
and O(31) positions, respectively.
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The IR spectrum of ancylite from akali hydrother-
malites (specimen 52) (Fig. 2a) has a band at 3480—
3490 cm? corresponding to the stretching vibrations of
OH- groups forming relatively weak hydrogen bonds.
Sometimes, we also observed a shoulder at 3530-
3540 cmr!, which is attributed to free OH-groups
whose number is considerably less than the number of
these groups linked by hydrogen bonds. The water mol-
ecules form rather strong hydrogen bonds, which man-
ifest themselves in the IR spectrum as a broad band
with the maximum at 2900-3000 cm™. The triply

degenerate band of bending vibrations of CO? anions

issplit into four to six components, which indicates the
presence of CO;-groups of at least two kinds. At the
same time, the presence of an unsplit band due to fully

symmetric stretching vibrations of CO%‘ groups at

1068 cm indicates a considerable violation of the
local symmetry of carbonate anions only for one kind

of CO3™ groups.

The IR spectrum of ancylite from carbonatites
(specimen 54) considerably differsfrom that of ancylite
from akali hydrothermalites in that it has a narrow
intense band at 3540-3545 cm™ and a narrow band
at 739 cm (Fig. 2b) attributed to the stretching and
bending vibrations of OH- anionsforming no hydrogen
bonds, whereas no hydroxy! groups linked by a hydro-
gen bond are present at all (the absence of the band at
3480-3490 cm?).

Thus, we can state that there exist two ancylite mod-
ifications which are crystallized in two different space
groups of the orthorhombic system and have essentially
different X-ray and IR-spectroscopic characteristics.
Taking into account the corresponding crystallochemi-
cal data, these modifications should be described by

CRYSTALLOGRAPHY REPORTS Vol. 47
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different formulas (Tables 3 and 4). The representative
sampling of IR spectra of ancylites from numerous
akaline massifs over the entire world alows usto state
that both ancylite modifications occur widely in nature.
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