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Large volumes of intermediate and acid volcaniclastic rocks were formed during the Paleogene in the Eastern
Rhodopes, South Bulgaria. Most of them were deposited in a shallow marine environment, lately transformed into clays,
adularia, opal-CT and zeolites. Rare mineralization was observed in voids and cavities of basaltic rocks near the Zlatolist
village. The voids, now amygdales are filled by calcite, quartz and several zeolites (harmotome, analcime, mordenite,
heulandite etc.). Among these harmotome occurs as remarkably well-defined crystals up to 3.5 cm in size.

Harmotome has been characterized using optical microscopy, X-ray, SEM/EDS, EPMA, LA-ICP-MS and DTA.
The investigated crystals invariably consist of complex penetration twins and twinning simulates pseudo-orthorhombic
forms according to the morvenite law. Crystals are elongated along the a-axis, and flattened on the {010}. Such
complex twinning results in an optical heterogeneity and characteristic uneven extinction.

The average chemical formula is: Ba, ,,Ca,,K,i[Al; 3,51, ,,05,]*12H,0. Registered are 35 trace elements, up to
1.3 wt.% Na, 330 ppm Sr, and 26 ppm Ti. The thermal behavior of harmotome represents water loss in three steps: at
125,210, and 280 °C, and complete dehydration at 400 °C.

A crystal fragment of harmotome was used also for single crystal X-ray diffraction study. Reliable structure model
with satisfactory R-values (R1 = 0.0403; Rall = 0.0473) was obtained using the P2/m space group and it was chosen
for the structure refinement. The obtained unit cell dimensions are: a = 9.8903(5), b = 14.1394(3), ¢ = 8.6713(4) A,
B =124.628(7)° and V = 997.81(8) A’. The final refinement included all atomic coordinates and anisotropic thermal
displacement parameters.
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INTRODUCTION Harmotome Ba,(Ca,,,Na),[A1,Si,,0,,]-12H,0
and phillipsite K,(Ca, ;,Na),[A1S1,,0,,]-12H,0 are
members of a continuous series with exchangeable
cations from barium to potassium. Considerable
calcium and sodium content is commonly present.
Barium is the most abundant extra-framework cati-
on in harmotome. The name harmotome (after Hatly,

Zeolites are crystalline hydrated aluminosili-
cates of the alkali and alkaline elements. They
have a framework structure characterized by the
presence of interconnected channels or cages,
occupied by relatively large cations and water

molecules [1]. Depending on their structure and 1801, in Combs et al. [6]) predates phillipsite; on
composition, zeolites are widely used as sorbents, grounds of history and usage, both are retained in
detergents, ion-exchangers, and especially as ma- spite of the rules of the report of the CNMMN [6].
terials for heterogeneous catalysis [2]. Large zeo-  Named from Greek words for a “joint” and “to cut”,
lite crystals provide an ideal possibility for crystal i, ajjusion to a tendency to split along junctions
structure determinations [3], studies of the' cry;tal (twin planes). It is well known that crystal individu-
growth mechanism [4], adsorption and diffusion ;5 pvariably consist of complex twins, and Deer et
measurements, and more recently spatially re- ;7 (7] suggest that the twinning may simulate single
solved probing of catalytic events [5]. crystal forms (mimetic twins), such as tetragonal
and rhombic dodecahedra. Sahama and Lehtinen
[8] described sectorial twinning in harmotome from
* To whom all correspondence should be sent: Finland. Akizuki [9, 10] has interpreted sector twin-
E-mail: radi@geology.bas.bg ning in some minerals in terms of atomic order-
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ing of such cations as Al/Si and Fe*'/Al, produced
during growth. The surface and internal textures
of harmotome suggest that the sectorial twinning
may originate by the same mechanism. Untwinned
crystals have not been found so far. A transparent,
spindle-shaped variety of harmotome that was orig-
inally described from the Strontian mines north of
Morven (now Morvern), Argyllshire, Scotland, UK
[11], later was used to describe a type of twinning
also observed for phillipsite. The complex interpen-
etration twinning of phillipsite was classified by
Lacroix (1897, 1923 in: Tschernich [12]) to include
the Morvenite twin, Marburg twin, Perier twin and
Stempel twin according to the dominant habits.

Harmotome is typically monoclinic, although its
actual space group is debatable due to acentricity,
which is lowering the symmetry [13]. Harmotome
and phillipsite have the same (structural code, PHI)
framework topology with double “crankschafts”
parallel to the a-axis.

Until now harmotome was known from one
occurrence in Bulgaria. It was described from
fissures of latitic lavas North of Iskra, Haskovo
district with laumontite and heulandite [14]. In
this study, we present the crystallographic, min-
eralogical and chemical data on harmotome from
Zlatolist, Eastern Rhodopes. In addition, the val-

ues of the cell parameters are obtained by single-
crystal X-ray diffractometry.

GEOLOGICAL OVERVIEW

Intense collision-related volcanism took place
in the East Rhodopes, South Bulgaria during the
Paleogene. Eruptive products, both lava and vol-
caniclastic rocks, are assigned to four intermediate
(to basic) phases alternating in time with five acidic
ones [15]. The first two phases (intermediate and
acidic) are Priabonian while all following are of
Rupelian age. Large volumes of pyroclastic rocks
were erupted during the first three acidic volcanic
phases and deposited in a shallow marine environ-
ment. They were subsequently transformed into
zeolites, clay minerals, adularia and opal-CT [15].

Rare zeolite mineralization was observed in
voids and in some microdruses and cavities of ba-
saltic andesits near the Zlatolist village, Eastern
Rhodopes (Fig. 1). The voids, now amygdales are
filled predominantly by calcite, quartz, chalcedony
and several zeolites (mainly represented by harmo-
tome, analcime, chabasite, mordenite and heulan-
dite). Among these zeolites, harmotome occurs as
remarkably well-defined large crystals.

Fig. 1. Photographs of: a) outcrop of basaltic rocks near Zlatolist, b-d) handspecimens representing large harmotome

crystals in amygdales
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EXPERIMENTAL AND ANALYTICAL
PROCEDURES

Harmotome has been characterized using optical
microscopy, X-ray diffraction, SEM/EDS, EPMA,
LA-ICP-MS and DTA.

Detailed morphological studies on separate crys-
tals and aggregates were carried with a binocular
optical and scanning electron microscopes JEOL
JSM 6390 with EDS Oxford INCA system (SEM).
Electron probe microanalyses (EPMA) were per-
formed with a JEOL JSM CF with Tracor Northern
— 2000 analyzing system at an accelerating voltage
of 25 kV and a beam diameter of 1 um. Electron
microprobe analyses are performed on the same
samples used for the structure determination. In
each crystal, several spots were analyzed to check
for sample homogeneity.

LA-ICP-MS analytical system consists of a
193 nm ArF excimer laser and an ELAN DRC-¢e
ICP quadrupole mass spectrometer. For control-
led ablation, an energy density of above 10 J/cm?
on the sample and a laser pulse frequency of 10 Hz
were used. Analyses were performed with 50 or
75 um beam diameters and external standardiza-
tion on NIST glass standard SRM-610.

TG-DTA-DTG measurements were performed
in air with heating rate 10 °C/min.

The powder diffraction patterns of harmotome
were measured on a D2 Phaser Bruker AXS at
room temperature with Ni-filtered Cu-Ko radia-
tion (A = 1.5406 A). Data was collected in step-
scan mode from 4 to 70 °26 with 0.05 °26 step and
s exposure time.

CRYSTAL STRUCTURE

A single crystal of harmotome from Zlatolist with
dimensions 0.25 x 0.22 x 0.20 mm was mounted on
a glass fibre and measured on an Oxford diffrac-
tion Supernova diffractometer equipped with Atlas
CCD detector. X-ray data collection was carried out
at room temperature with monochromatic Mo-Ka
radiation (A = 0.71073 A). After the initial matrix
procedure, a C-centred unit cell (Laue class mmm)
with parameters a = 9.9034(5), b = 14.2979(9), ¢ =
14.1612(7) A, and V = 2005.2(2) A® was selected.
Data collection strategy was chosen for 100% com-
pleteness and redundancy of 3.9. Data reduction
and analysis were carried out with the CrysAlisPro
program [16]. Lorentz and polarization corrections
were applied to intensity data using WinGX [17].
Reliable model with satisfactory R-values was ob-
tained using the P2/m space group and it was chosen
for the refinement. For the framework atoms, start-
ing coordinates were taken from [18], and the extra-

Table 1. Experimental details for harmotome

from Zlatolist

Harmotome (this study)

Parameter P121/m1

a[A] 9.8903(5)

b[A] 14.1394(3)

c[A] 8.6713(4)

BI°] 124.628(7)

VA3 997.81(8)

No of reflections 8642

R, 0.0266
sigma 0.0344

h min -12

h max 13

k min -20

k max 18

[ min -9

[ max 13

theta min [°] 2.85

theta max [°] 32.82

unique reflections 3516

Ref. F_ > 4sigF, 3099

Ne of parameters 156

R, 0.0403

R 0.0473

GooF 1.064

framework cations and water molecules were then
assigned from the difference Fourier list. Structure
refinements were performed using the program
SHELXTL [17], employing neutral atomic scatter-
ing factors. Due to the Si, Al disorder, tetrahedral
positions were later refined with Si scattering fac-
tors. Extraframework cations and water molecules
were first refined using isotropic temperature fac-
tors. Each occupancy parameter was refined by fix-
ing the occupancies of the remaining atoms. At the
final stage of refinement, anisotropic temperature
factors were introduced. Unit cell dimensions and
experimental details are given in Table 1.

The analysis of measured intensity peaks and
diffraction patterns confirmed that the sample is
harmotome (Fig. 2, PDF Card 00-053-1175) [19].
Atomic coordinates, thermal displacement param-
eters, T-O-T angles, and T-O bond lengths, ac-
quired from the X-ray single crystal measurement
are listed in Tables 2-4.

The structure of harmotome from Zlatolist has
a phillipsite-type framework with chains of four-
membered rings, parallel to the a-axis (Fig. 3). The
arrangement of Si, Al tetrahedra leads to the for-
mation of three types of eight-membered rings, run-
ning along the three axes. Barium cations occupy
the centre of the channels, parallel to the c-axis.
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Fig. 2. Powder pattern of harmotome from Zlatolist. All intensity peaks correspond to the diffraction pattern of
harmotome (PDF Card 00-053-1175)

Barium is coordinated by seven O atoms from the MORPHOLOGICAL PROPERTIES
framework (2 x O1, 2 x O3, 2 x O5, and 09) and
by four water molecules (W1, W2, and 2 x W3).
Two of the five refined water molecules (W4 and
W5) are disordered and are not bonded to barium,

similar to [18].

Harmotome from Zlatolist is transparent with
vitreous luster, and though crystals are typically col-
ourless, some fragments may be yellow-brownish or
pale beige. Crystal size ranging from several mm to

Table 2. Atomic coordinates, U,

is0

(U,,) parameters and occupancies for harmotome

Label X y z U, orU, Occ.
T1 —0.05692(10) —0.00826(6) 0.73246(10) 0.01031(16) 1
T2 0.12075(10) 0.13889(6) 0.58390(10) 0.0110(6) 1
T3 0.42053(10) 0.14073(6) 0.90646(10) 0.00990(16) 1
T4 0.26340(10) —0.02459(6) 1.04746(11) 0.0105(6) 1
Ba 0.86210(5) YVa 0.16707(4) 0.02476(11) 0.93
01 0.6148(3) 0.11714(19) 0.9344(3) 0.0207(5) 1
02 0.0960(3) —0.05218(18) 0.8903(3) 0.0192(5) 1
03 0.2190(3) —-0.0137(2) 1.2151(3) 0.0225(5) 1
04 0.4111(5) Ya 0.9672(5) 0.0230(7) 1
05 0.3516(3) 0.07257(19) 1.0193(3) 0.0232(5) 1
06 —-0.0049(3) 0.0915(2) 0.6651(4) 0.0269(6) 1
o7 0.3119(3) 0.1291(2) 0.7102(3) 0.0234(5) 1
08 0.0666(5) Ya 0.5432(5) 0.0261(8) 1
09 0.1035(4) 0.0921(2) 0.4077(4) 0.0318(6) 1
W1 0.8845(10) Ya 0.8450(9) 0.0621(19) 1
w2 1.1986(10) Ya 0.1881(10) 0.071(2) 1
W3 0.6983(7) 0.1375(4) 0.3277(6) 0.0702(14) 1
W4 0.532(3) Ya 0.548(3) 0.124(12) 0.38
W5 0.508(2) 0.048(3) 0.4793(19) 0.21(2) 0.42

10
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Table 3. Anisotropic displacement parameters for harmotome

Label U, Uy, Uy Uy Uy, U,
Tl 0.0102(3) 0.0119(4) 0.0090(3) 20.0007(3) 0.0035(3) ~0.0004(3)
T2 0.0137(7) 0.0087(7) 0.0096(7) ~0.0009(3) 0.0030(3) ~0.0013(3)
T3 0.0081(3) 0.0076(3) 0.0132(4) 0.0010(3) 0.0028(3) 0.0002(3)
T4 0.0087(7) 0.0115(7) 0.0119(7) 0.0016(3) 0.0044(4) 0.0008(3)
Ba 0.0331(2) 0.01613(16) 0.02686(19) 0.000 0.01274(14) 0.000
o1 0.0136(10)  0.0204(11)  0.0284(13)  0.0037(10)  0.0077(9) 0.0037(9)
02 0.0157(10)  0.0199(11)  0.0189(11)  0.0009(9) 0.0022(9) 0.0015(9)
03 0.0166(10)  0.0338(14)  0.0168(11)  —0.0005(10)  0.0055(9) 0.0034(10)
04 0.0327(19)  0.0117(14)  0.0265(18)  0.000 0.0129(15)  0.000
05 0.0241(12)  0.0191(11)  0.0290(13)  0.0032(10)  0.0126(10)  —0.0049(9)
06 0.0253(12)  0.0248(13)  0.0350(15)  0.0115(11)  0.0161(11)  —0.0009(10)
o7 0.0185(11) 0.0310(13) 0.0168(11) —0.0001(10) 0.0012(9) 0.0015(10)
08 0.0246(18)  0.0143(15)  0.036(2) 0.000 0.0063(16)  0.000
09 0.0386(16)  0.0336(15)  0.0237(13)  —0.0127(12)  0.0117(12)  —0.0067(13)
Wi 0.103(5) 0.033(3) 0.078(5) 0.000 0.066(4) 0.000
w2 0.079(5) 0.078(5) 0.076(5) 0.000 0.053(4) 0.000
W3 0.070(3) 0.092(4) 0.056(3) 0.013(3) 0.031(2) ~0.006(3)
W4 0.104(18) 0.23(4) 0.086(16) 0.000 0.089(16) 0.000
w5 0.039(6) 0.33(7) 0.044(8) ~0.012(17) 0.016(6) ~0.058(17)

Table 4. T-O bond lengths [A] and T-O-T angles [°] for tetrahedra of harmotome
T-O bond Distance [A] T-O bond Distance [A] T-O-T angle Angle [°]

TI-09 1.646(3) T3 - 05 1.631(3) T3-O1-T4 139.36(18)

T1-06 1.650(3) T3-05 1.642(3) T4-02-T1 144.14(17)

T1-03 1.652(3) T3 - 04 1.6440(16) T4-03-T1 138.65(17)

T1-02 1.658(2) T3- 01 1.650(2) T3-04-T3 140.0(3)

mean 1.652(3) mean 1.642(3) T3-05-T4 151.3(2)

T2 -09 1.626(3) T4 - 05 1.632(3) T2-06-T1 144.1(2)

T2 - 06 1.635(3) T4-03 1.640(3) T2-07-T3 139.69(19)
T2 -07 1.642(3) T4-02 1.653(2) T2-08-T2 146.1(3)
T2 -08 1.642(1) T4 -01 1.654(3) T2-09-T1 155.2(2)
mean 1.636(3) mean 1.645(3)

Fig. 3. The atomic structure of harmotome from Zlatolist,
projected along the a-axis. Size of spheres corresponds to
site occupancies, larger spheres have higher occupancies.

T stands for tetrahedral site, W — water molecule
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Fig. 4. Morphology of harmotome crystals: a) small amygdale partially filled by quartz, analcime and harmotome;
b) twin variety after so-called morvenite law according to the characteristic striac parallel to the edge between {010}
and {110} and twin suture running parallel to {001}; ¢) pseudo-orthorhombic twin, composed by four individuals;
d) transparent crystals with oriented, stepped hillocks on {010} faces

1.5 cm (Figs 4, 6). Large crystals up to ~3.5 cm have
been collected rarely.

Optical and SEM observations indicate that the
mineral prevalently forms penetration twins without
re-entrant angels. The crystal habit is characterized by
short prismatic pseudo-orthorhombic forms. Equant
crystals and radiating aggregates are common. The

crystals are always pseudo-orthorhombic penetration
twins. Twinning suture and combination striations
can be detected on each crystal (Fig. 4b-d). Judging
from the values of interfacial angles, the presence
of characteristic striae parallel to the edge between
{010} and {110} and twin suture running parallel to
{001} the twin variety form pseudo-orthorhombic

Fig. 5. Crystallographic characteristics: a) microphotograph with characteristic uneven extinction, thin section under

crossed polars; b) habit of a simple penetration twin

12
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penetration twins after the so-called morvenite law.
Complex twinning results in an optical heterogene-
ity and shows characteristic uneven extinction under
crossed polars (Fig. 5a).

The morvenite twin is a fourling twin, present in
all investigated crystals and without re-entrant an-
gles. It is composed of four individuals (Fig. 5b), ar-

X25 1mm 14 40 SEI

ranged across the twin planes (001) and (201), dis-
playing the {100}, {010}, {001}, {110}, and small
{201} forms. The four sets of intersecting striations,
which indicate the presence of the four individuals,
are seen only on the (010) faces. Morvenite twins
are commonly elongated along the g-axis, and flat-
tened on the {010}.

X80 © 200pum 16 40 SEI

20kV  X1,400 10pm 15 40 SEI

200pm 16 40 SEI

1 x80

Fig. 6. SEM images of: a-c) harmotome crystal surface; d) a detail showing partial replacement by chlorite; e-f) groups
of small twinned individuals on large pseudo-orthorhombic crystal from one amygdale
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Under SEM it is revealed that mineral surfaces
of some crystals are decorated by spherulitic aggre-
gates (Fig. 6b—d), probably after partial replacement
by chlorite (?).

CHEMICAL COMPOSITION

The average chemical formula based on EPMA
is as follows: Ba,,Ca, ;K [AlsSi;1005,] 12H,0.
Calcium and potassium are both conspicuous in
the chemical composition of the harmotome stud-
ied (Table 5). Sodium, magnesium and iron often
reported in harmotome [20, 21] was not found us-
ing EPMA. Additionally, the mineral analysed is
characterized by distinctly higher amounts of alu-
minium and barium than those cited in the literature.
Si/(Si+Al) ratio shows an average value of 0.71 in
Zlatolist, and ranges from 0.68 in crystals from trachy-
andesite of Iskra, Bulgaria [14], to 0.76 in crystals from
basalts of Weitendorf, Austria [22]. According to the
average ratio (Ra) after Passaglia and Sheppard [23]

and experimentally determined in this study Ra=0.63
harmotome can be classified as intermediate zeolite.

Data are “reliable”, i.e. with the content of tet-
rahedral cations (Si+Al) close to half of the oxy-
gen atoms and the balance error E = [(Al-Al,,,, )/
Al 1x100 lower than 10% [24].

Chemical analyses were performed by electron
microprobe and the water content is the result of
normalization of data to 100%. The number of water
molecules is known to be related to both structural
and chemical parameters because it increases with
Si/Al and divalent/monovalent cation ratios. Contents
of H,0 tend to decrease with increasing number and
size of extra-framework cations, as well as with in-
creasing temperature and decreasing P(H,O). Such
variations can be vital to petrological, geochemical,
environmental, and experimental considerations [6].

Minor and trace elements in harmotome are reg-
istered also by LA-ICP-MS. Determined are up to
1.3 wt.% Na, 1.2 wt.% K, and 0.6 wt.% Ca. Traces
of: Sr (330), V (100), Rb (65), Ti (26), Zn (20), Mn

Table. 5. Chemical analyses and formulae on the basis of 32 oxygens

(16), Cu (15), P (15), Fe (14) in ppm are found.

wt.% Barl p.1 Barl p.2 Barl p.3 Bar2 p.1 Bar2 p.2 Bar2 p.3 Bar3 p.1 Bar3 p.2
AlLO, 18.42 18.68 22.18 18.29 18.11 21.72 18.57 18.65
SiO, 39.53 40.55 383 39.04 40.81 37.99 39.91 39.23
K,0 0.34 0.51 0.6 0.95 0.82 1.58 0.85 0.58
CaO 0.63 1.68 0.25 0.42 0.46 0.71 0.15 0.56
BaO 25.68 23.42 23.41 25.87 25.64 21.72 25.28 25.37
MnO - 0.19 0.16 - 0.15 0.25 0.08 0.15
Total 84.6 85.03 84.9 84.57 85.99 83.97 84.84 84.54
H,0* 15.4 14.97 15.1 1543 14.01 16.03 15.16 15.46
*~H,0 by difference to approx. 100 wt.% total

Weight % — analyses computed to 100% without H,0

Al O, 21.77 21.97 26.12 21.63 21.06 25.87 21.89 22.06
SiO, 46.73 47.69 45.11 46.16 47.46 45.24 47.04 46.40
K,0 0.40 0.60 0.71 1.12 0.95 1.88 1.00 0.69
CaO 0.74 1.98 0.29 0.50 0.53 0.85 0.18 0.66
BaO 30.35 27.54 27.57 30.59 29.82 25.87 29.80 30.01
MnO 0.00 0.22 0.19 0.00 0.17 0.30 0.09 0.18
Total 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00
Number of cations on the bases of 32 oxygen equivalents, ignoring H,0

Al 5.67 5.65 6.65 5.67 5.47 6.56 5.68 5.74
Si 10.32 10.42 9.75 10.27 10.46 9.73 10.36 10.25
K 0.11 0.17 0.20 0.32 0.27 0.52 0.28 0.19
Ca 0.18 0.46 0.07 0.12 0.13 0.20 0.04 0.16
Ba 2.63 2.10 2.33 2.67 2.58 2.18 2.57 2.60
Mn 0.00 0.04 0.03 0.00 0.03 0.05 0.02 0.03
Si/(Si+Al) 0.65 0.65 0.59 0.64 0.66 0.60 0.65 0.64
K/(K+Ba) 0.04 0.07 0.08 0.11 0.09 0.19 0.10 0.07
E% -5.56 -5.76 10.84 —5.45 -8.81 9.34 -5.35 —4.28
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The thermal behavior of harmotome, from TG-
DTA-DTG measurements, with five different water
sites in the structure, represents water loss in three
steps: at 125, 210, and 280 °C, and complete dehy-
dration at 400 °C.

GENETIC AND
CONCLUDING REMARKS

Zeolites can originate from a variety of precur-
sor materials including volcanic and impact glasses,
aluminosilicate minerals including other zeolites,
smectite, feldspars and feldspathoids [25]. Most
of the famous zeolite specimens known from the
mineral collections are incrustations on the walls of
geodes and vugs of basic lavas (basalts sensu lato).
The genesis of these crystals could be considered,
as those occurring in non-volcanic rocks, due to hy-
drothermal deposition [26]. Harmotome is known to
have both sedimentary and hydrothermal origin; the
second one being by far the most common [1, 25,
27]. However, zeolitic rocks, widespread in Eastern
Rhodopes, are known as product of volcanic glass
and pyroclastics transformation. Zeolites form more
rapidly from glass than from crystalline materi-
als, and the reaction rate of glass varies inversely
with its silica content [28]. Most of the features of
Zlatolist zeolites differ compared to microcrystal-
line zeolites formed in sediments. Well-developed
large crystals, number of zeolite species and aver-
age chemical composition are indicative for hydro-
thermal origin, according to the criteria suggested
by Gottardi [26].

The source of barium, the element necessary
in the formation of harmotome, could be barite
concretions in adjacent pyroclastic rocks. Also, in
some basic to intermediate rock varieties from the
volcanic complex Ba-content up to 1970 ppm was
determined [29]. Barium could have been derived
from feldspars, common in the volcanic varieties of
the area, as well. Moreover, Ba-sanidine with up to
8.9 wt.% BaO was recently described by Yanev and
Ivanova [30] from the acid volcanic varieties from
the adjacent region in the Eastern Rhodopes.

Finally, the co-existence of the Zlatolist harmo-
tome with chalcedony, quartz and calcite crystals
and its occurrence in geodes indicates the hydro-
thermal, probably low temperature, origin of the
mineral with a transport of the substance at some
distance.
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KPUCTAJIOTPA®CKU, XUMNYHHN U CTPYKTYPHU XAPAKTEPUCTHUKHA
HA XAPMOTOM OT 3JIATOJIMCT, U3TOYHU POAOIIN, BBJII'APUA

P. Aranacosa'*, P. JI. Bacunesa', M. Kaguiicku?, 3. 3nares?

'Teonoeuuecku uncmumym, Boaeapcka akademus na naykume, 1113 Cogpus;
2 Unemumym no munepanozusi u kpucmanozpagust, Bereapcka akademus na naykume, 1113 Cogpus;
3 Bvaeapcko munepanozuuecko opysicecmso, Coghus

IMoctermia Ha 15 despyapu, 2012 r.; npuera Ha 15 mapt, 2012 1.
(Pe3rome)

[Ipe3 naneoreHa rojeMu KOJU4ECTBA OT CPEAHU U KUCENIU BYJIKAHOKJIACTUYHM CKaIM ca OTIOXeHU B M3TouHuTe
Ponorn, FOxna benrapus. [ToBeyero ot Tsx ca 00pa3yBaHM B IIIMTKOMOPCKH YCJIOBHUS U B ITOCJIEACTBHUE Ca TPaHC-
(dopmupanu B riauHy, aayiap, onan-CT u 3eonurn. MHTepecHa MuHepanu3aiys Oerie yCTaHOBEHA B IIPa3HUHH U Ky-
XHMHU Ha 0a3aJTOBM aHIE3WUTH B paiioHa Ha c. 3natonuct. [IpasHUHNTE, cera MUH/IANIM ca 3aIIbJIHEHH C KaJIIUT, KBapI]
1 Pa3HOOOPA3HU 3€0JHUTH (XapMOTOM, aHAIIMM, MOPJCHUT, XeHIanauT u ap.). Cpex TX XapMOTOMBT c€ OTJINYaBa
ChC 3a0eNeKUTETH T0Ope 0POPMEHN KPUCTANIM € pa3Mep JocTHramni 10 3,5 cm.

XapMOTOMBT € XapakTepU3UpaH C ONTHYHA MHUKPOCKONHMsS, NMpaxoBa M MOHOKPUCTAJIHA peHTreHorpadwus,
SEM/EDS, mukpoconnosu ananusu, LA-ICP-MS u DTA. U3cnensanure KpUcTaind HEN3MEHHO Ca U3TPaZeHN OT
KOMIIJICKCHH NMPOHUKBAIIN ABOWHHUIM. J|BOHUKYBAaHETO CUMYJIHpa IICEBIOPOMONYHH (POPMHU CHIIIACHO MOPBEHH-
TOB 3aKOH Ha cpacTBaHe. Kpucranure ca yIbIDKEHH 110 a-0cTa U ¢ miodecto passurue o {010}. ToBa koMriaekcHO
JBOMHMKYBaHE C€ 0Tpa3sBa Ha ONTUYHATA XETEPOr€HHOCT U aHU30TPOIHS.

Cpennara kpucranoxumuusna popmyna e: Ba, ,Cag ;K 5[ Al ¢,Si,0,005,]-12H,0. Onpenenenu ca n 35 enemeHTu-
nipumecu u caenu: 1o 1.3 tern.% Na, 330 ppm Sr, and 26 ppm Ti. TepmudHOTO ITOBEICHNE HA XapMOTOMA CE U3pa3siBa
B 3ary0a Ha Bojia Ha Tpu cThIKH: nipu 125, 210, u 280 °C. Oxkonuarenna aexuapatamnys ce qocrura npu 400 °C.

Kpucranen gparMeHT OT XapMOTOM € XapaKTepHU3npaH U C MOHOKPHCTAIIHA PEHTIeHOBa AudpakTomerpus. JJoObp
MoJien ¢ yosierBoputennu croiiHocTr Ha R (R1 = 0.0403; R(all) = 0.0473) e nocTUrHat ¢ n3noj3BaHe Ha IPOCTPaH-
crBeHara rpymna P2/m, xosro e u3dpana 3a cTpyKTypHH yTouHeHHs. [loydyeHnTe mapamMeTpyu Ha eleMeHTapHa KIIeTKa
ca: a = 9.8903(5), b = 14.1394(3), ¢ = 8.6713(4) A, B = 124.628(7)° u V = 997.81(8) A’. dunanuure yrounenus
BKJIFOYBAT BCUYKHM ATOMHHU KOOPAMHATH U aHU30TPOIHU TEPMHUYHH MapaMeTpH.
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