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Spectroscopic study of barite from the Kremikovtsi deposit (Bulgaria)
with implication for its origin

MayvA DiMOVA', GERARD PANCZER® & MICHAEL GAFT

Abstract. Different genetic types (endogene and supergene) of barite from the Kremikovtsi deposit (Bulgaria)
were studied by Laser-induced time-resolved luminescence (LITRL), Infrared (IR) and Raman spectroscopy. The
IR spectra of the endogene barites are quite similar to those reported in the literature and do not show apprecia-
ble differences among them. The IR spectra of the supergene barites are almost identical to those of the endogene
ones in respect to the positions of the vibrational modes V,; V, and v, of SO,2, except for a shift of 3 cm! for
the V5 band. They displayed a presence of additional bands, which are close to the V; and v, modes of CO;2-
in calcite. The Raman studies support the suggestion that the supergene barite contains traces of calcite.

The modern LITRL technique allowed the detection of several luminescent centers in the endogene barite.
Eu3* luminescence was identified for the first time in barite. The different emission spectra at 266 and 532
nm excitations suggest there are at least 2 structural positions for Eu3* in the barite crystal lattice. The lumi-
nescent spectra also revealed a rather unusual violet-blue Nd3+ emission, which usually occurs in the IR spec-
tral range, as well as emissions of Ce3*, Eu2*, Tb3*, Ag*, Sn2*(?) and UO,2*.

The oxidation state of cations isomorphically present in the barite crystal lattice suggests the endogene barite
in the Kremikovtsi deposit precipitated from reduced fluids supposedly subjected to cooling (conductive/con-
vective) and oxidation (mixing with seawater).

Key words: barite, UV Time-resolved Luminescence, IR spectroscopy, Raman spectroscopy, Kremikovtsi
deposit, Bulgaria.

Ancrpakr. Pa3nuuuTu reHeTCKM TUIIOBH GapuTa (SHIOTEHM M CYIEepreHH) U3 KPEMHKOBAUYKOT JICXKHMIITA Y
Byrapckoj npoyuaBanu cy cnekrpockonckum metoguma LITRL, IR u Paman. upanpBeHn cieKTpu eHIOreHuX
GapuTa CIMYHHU Cy CIEKTpHUMa U3 INTepaType U He noka3syjy MebycoOHe pa3siuke. IR ciekTpu cynepreHux 6apu-
Ta Cy CKOPO UJEHTHYHH CHEKTPUMAa €HJOreHuX OapuTa y MOrjiefy HojoxXaja BUOPALMOHUX MUKOBA V{, Vo U V,
SO,% ocum 3a oMak o 3 cm~! Ko v;. CrieKTpy Cy IpUKa3UBaiy IPUCYCTBO JOJATHUX TPaKa Koje cy OIucKe
nukoBuMa V4 1 v, CO;2~ y kanuury. PaMaHOBa CIEKTPOCKOICKA MPOYyYaBarba My y NPUIOr HATOBELITaja Aa
cynepreHu 6apuT CafipXu TParose KaJluTa.

Caspemena texnuka LITRL oMoryhaBa oTKpuBame HEKOJIUKO JYMUHECIEHTHUX IIEHTapa y eHIOreHuM 6ap-
ury. 1o npsu 1yt je y 6aputy yTBphena nymunecnennuja Eu3+. Pa3nuuuTu eMUCHOHY CHEKTPH IpH HOGYbuBamy
off 266 u 532 nm yka3yjy fia mocToje Gap [Ba CTPYKTypHa momoxkaja Bu* y KpucramHoj permeTku Gapura.
JIyMHHECIIEHTHH CIIEKTPH Cy TaKOhe OTKPHIIM HEOOMIHY JbyOnuacTo-mnaBy emucujy Nd3*, koja ce 0OM4HO jaBiba
y uH(paLpBEHOM OIICEry CIEeKTpa, Kao u emucuje Ce3+, Eu?*, Tb3*, Ag*, Sn?*(?) u UO,>*.

CreneH okcupanyje KaTujoHa 130MOP(GHO NPUCYTHUX Yy KPUCTAIIHO] pelIeTKN 6apuTa yKa3yje fa je eHIOreHI
Gaput y nexumTy KpeMUKOBIM HaTaloOXeH U3 pefyKoBaHUX (iyuaa 3a Koje ce IpeTIocTaBjba jja cy OuiIn
U3JI0XKEeHN XIabemy (KOHAYKTHBHO OJHOCHO KOHBEKTHBHO) MM OKCHAANHjH (MEIIalheM ca MOPCKOM BOJIOM).

Kmbyune peunm: GapuT, yITpaBUOJIEHTHa JIyMUHMCLEHIWjA, MH(panpBeHa CHEKTpockonwja, Paman crek-
Tpockonyja, aexuimre Kpemukosuu, bByrapcka.
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Introduction

A large share of the known and mined reserves of
various metals (Pb, Zn, Cu, Ag, Hg, Sb, less Fe and
Mn) are concentrated in carbonate-hosted polymetallic
deposits of the sedimentary exhalative (SEDEX) type.
A large Phanerozoic deposit of this type, the Kremi-
kovtsi iron(+Mn)-barite-sulphide deposit in Bulgaria,
which has been mined for iron, also contains large
reserves of barite ore (29 million tons of barite ore and
over 60 million tons of BaSO,). Investigations of this
deposit have mainly been focused on the iron ores
(DamyaNov, 1998, and the references therein). There
are just a few studies on the mineralogy and geochem-
istry of barite (ATANASSOV & VASSILEVA, 1987; ZLATEV
& MLADENOVA, 1997; VASSILEVA et al., 2001; DIMOVA,
2006) and only one of them (ATANASSOV & VASSILEVA,
1987) presents a brief spectroscopic (IR and thermo-
luminescence) characterization of the Kremikovtsi ba-
rite. All these approaches, however, are based on rou-
tine conventional techniques (X-ray diffractometry,
emission spectroscopy). In order to gain more insight
into the barite structure and cation valence with impli-
cations for its origin, a set of modern methods (LITRL,
IR and Raman spectroscopy) was used. Here, spectro-
scopic data for barite from this deposit, with emphasis

on the results obtained using the laser-induced time-
resolved luminescence technique, are reported.

Geological setting

The Kremikovtsi deposit (Fig. 1) lies in the south-
ernmost part of the Kremikovtsi—Vratsa ore district,
located in the eastern part of the Western Balkanides,
which belong to the northern branch of the global Alpi-
ne-Hymalayan collisional orogenic belt on the Balkan
Peninsula. The lithology of the region is presented by
Paleo-, Meso- and Neozoic sedimentary rocks (Fig. 1).
A major tectonic element is the Kremikovtsi thrust. The
deposit is hosted in Middle Triassic dolomitic lime-
stones in the western part of the Kremikovtsi thrust
sheet. It consists of stratiform and lenticular iron for-
mations and barite orebodies subparallel to the allo-
chton bedding plane and subvertical (pipe-like) bodies
of low-grade sulfide mineralization (DAMYANOV, 1998).

Two main genetic types of barite were found in the
Kremikovtsi deposit — endogene and supergene (ATA-
NASSOV & VASSILEVA, 1987), and 3 main morphologi-
cal types of endogene barite bodies were distinguished:
veins and lenses, veinlets and nests, impregnations (DI-
MOVA, 2006). Supergene barite occurs as colloform
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field (after DamyaNov, 1998).
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crusts and crystal aggregates (ATANASSOV & VASSILE-
VA, 1987).

Material and methods

Isomorphic substitutions in barite were studied in 38
samples by Infrared Spectroscopy (Perkin Elmer Spectrum
One fourier transform infrared spectrophotometer, transmis-
sion mode, KBr/sample = 300mg/1mg pellets) and 7 sam-
ples by Raman Spectroscopy (SPEX Raman Spectrometer,
Art laser excitation at 488.0 nm, P=150 mW, step 1 cm!,
integration time 1s, powder sample in capillary tube).

The luminescence spectra of 7 barite samples were
investigated under 2nd, 31d and 4t YAG harmonics (532,
355 and 266 nm, correspondingly) pulsed lasers excita-
tions. The spectra observed at the geometry of 90° were
analyzed by INSTASPEC equipment, enabling time-re-
solved spectra acquisition with the following facilities:
delay times and strobe pulse duration 20 ns — 9 ms, spec-
tral detection range 300-900 nm (1200 channels, spectral
resolution 0.5—1 nm, gratings with 300 and 600 lines/mm),
detector type — intensified CCD matrix. The luminescence
spectra were measured at room temperature (300 K).

X-Ray powder diffraction (Philips PW1710 diffrac-
tometer, Cu K, U=45 kV, I=40 mA, 2-70° 20, step
0.02° 20, 2 s/step; DRON M3, Co K., U=40 kV,
I=40mA, 2-70° 20, step 0.05° 20) was used to control
the purity of the barite samples.

Results and discussion

Barite has an orthorhombic structure (2/m 2/m 2/m),
where the S is situated in tetrahedral coordination with
O and the Ba is surrounded by 12 oxygens of 7 SO,
tetrahedra (JAMES & Woob, 1925). The BaO,, polyhe-
dra and the SO, tetrahedra are edge-bound. The BaO,,
polyhedra are irregular: six of the Ba—O distances are
2.77-2.81 A, and the other 6 — 2.91-3.32 A, which
suggests a “sheet” structure parallel to {001}.

IR and Raman Spectroscopy

The sulfate group has 4 fundamental vibrational
modes: one nondegenerate (V,), one doubly degenerate
(V,), and two triply degenerate (V5 and Vv,). The IR
spectrum of barite exhibits several significant bands: 2
strong bands corresponding to asymmetric stretching
and bending (v; and V,), and 2 weak ones — to sym-
metric stretching and bending (v, and V,). The IR spec-
tra of the studied endogene barites from the 3 main
morphological types of bodies and from different min-
eral associations (Fig. 2) are very similar each other and
to that reported by OMORI (1968; Table 1). Microprobe
analyses show that Sr is the main isomorphic substitu-
tion for Ba in barite structure (SrO 0—4.5%; DIMOVA,

2006). ADLER & KERR (1965) found spectral shifts of
the stretching modes (V5 and V,) to lower frequencies
with increasing cation mass, such as the case of substi-
tution Ba for Sr. The IR spectra of the studied endo-
gene barites with different Sr contents (up to 4.5 %
SrO) do not show any appreciable spectral shifts.
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Fig. 2. IR spectra of endogene (bold line) and supergene
(dashed line) barite from the Kremikovtsi deposit.

The IR spectra of the supergene barite (Fig. 2) are
almost identical to those of the endogene ones in respect
to the positions of the vibrational peaks, corresponding
to the modes Vv, V,, V,, except for a shift of 3 cm!
for v; (Table 1). A significant difference in the IR spec-
tra of the supergene barite in comparison with the endo-
gene one is the presence of additional bands at 1437,
1400 and 874 cm!, which correspond to the V5 and Vv,
modes of CO5% in calcite (Fig. 2; Table 1). This sug-
gests that the supergene barite has traces of calcite,
undetectable by XRD (<2%).

All the Raman spectra of the studied barite samples
are dominated by an intense V; band (symmetric stretch-
ing of SO, tetrahedra) at 988 and 984 cm~! for endogene
and supergene barite, respectively (Fig. 3). The other
characteristic bands, v,, v; and v, reported in the liter-
ature, are also present (Fig 3; Table 2). The Raman spec-
tra of the supergene barites show additional bands at
1054, 710 and 270 cm~! (Fig. 3; Table 2). The Raman
studies support the suggestion that the supergene barite
contains traces of calcite: v,(1086 cm™!), which coincides
with v; of the SO, group and v, (710 cm™') bands.
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Table 1. Peak positions (cm™!) of the Infrared modes of barite and calcite.

IR modes of SOf_

Endogene barite,
Kremikovtski deposit

Supergene barite,
Kremikovtski deposit

Barite

(OMORI, 1968)

IR modes of COf' in calcite
(NAKAMOTO, 1997)

v, 982 982 980
V, 467 468 470, 439 879
Vv, 1179, 1118, 1083 1176, 1115, 1182 1180, 1120, 1080 1429-1492
v, 610 610 633, 608 706
Additional bands 1437, 1400, 874
Table 2. Peak positions (cm™!) of the Raman modes of barite and calcite.
2.
Raman modes of Endogene barite, Supergene barite, Barite Raman modes of COy
SOy~ Kremikovtski deposit Kremikovtski deposit | (OMORI, 1968) in calcite (NAKAMOTO, 1997)
7 988 084 987 1087
Vv, 462, 453 460, 454 460, 451
Vv, 1167, 1140, 1084 1134, 1086 1167, 1140, 1083 1432
vy 647,618 644,618 646, 630,617 714
Additional bands 1104 1054, 710, 270
2 A2E 04 are fluorescent under UV expo-
v,S0, . .
sure and emit white, yellow,
green or orange light. In order to
understand the nature of this
phenomenon, the luminescence
spectra of barite have been
examined via UV, thermal and
- X-ray excitations. These studies
2 - _allow the detection of the ap-
ﬁ i pearance of different lumines-
£ v,SO, : cence bands from the UV to the

0.18E 04

100.00

Raman shift (cm™)

1700.00

Fig. 3. Raman spectra of endogene (bold line) and supergene (dashed line) barite from
the Kremikovtsi deposit.

Laser-induced time-resolved luminescence

Barite is one of the first luminescent materials from
which the famous “Bologna stone” was obtained. It has
been known for a long time that some barite specimens

red part of the spectrum.
Laser-induced time-resolved
luminescence is a modern tech-
nique, which allows discrimina-
tion between centers with emis-
sion in the same spectral range,
but with different decay times.
The method involves recording
the intensity in a specific time
gate at a given delay after the
excitation pulse, whereby both
the delay and the gate width
have to be -carefully chosen.

Such manipulation allows to be recorded separately the

emissions corresponding to different decay times and to

avoid the overlapping of the emissions produced from

different centers. Laser-induced time-resolved lumines-
cence of barites have detected and identified lumines-
cence centers of Bi3+, Bi%*, Ag*, Cu*, REE3* (Gaft et
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al., 2001a; GAFT et al., 2005) in addition to U022+ and
Eu?* revealed by Steady-State Photoluminescence (TA-
RASHCHAN, 1978; GAFT et al., 1985; GOROBETS &
RocGonNE, 2001). Thus the information about the redox
state of the different cations in the barite crystal lattice
could throw more light on the origin of the barite.

The luminescence spectrum (excitation of 266 nm,
without delay, broad gate of 9 ms) of the studied endo-
gene barite contains 2 relatively narrow ultraviolet
bands: one peaking at 306 nm and the other at 375 nm
(Fig. 4A). The first band has a very short decay time
and disappears after D = 50-100 ns. Such a combina-
tion of spectrum and decay time parameters is evidence
that the luminescence is connected with Ce3*. The emis-
sion of Ce3* corresponds to transitions between 5d! and
4f! electronic configurations. The second band has a
longer decay time of approximately 1 us and belongs to
Eu?+ (GAFT et al., 2005). The Emission spectra of Eu?+
result from electronic transitions between 4f7 and
4195d! electronic configurations. After a delay of sever-
al us, the Eu?* emission becomes much weaker and
very weak narrow lines appear, peaking at 488, 544
and 615 nm (Fig. 4B). These lines are connected with
trivalent rare-earth elements, which are characterized by
relatively long decay times of hundreds of us: the first
2 lines certainly belong to Tb3+ and the last one is prin-
cipally typical for Eu3* (GAFT et al., 2005). While Eu?+
luminescence is common, Eu3* emission is here detect-
ed for the first time in barite. Under excitation of 532
nm, a luminescence line at 615 nm dominates the spec-
trum, accompanied by several lines near 700 nm (Fig.
4C). Such a behavior confirms that Eu3* is responsible
for these luminescence lines. The emission of Eu?* cor-
responds to f—f transitions — from the excited °Dj, level
to the 7Fj (=0, 1, 2, 3, 4, 5, 6) levels of the 4f° con-
figuration.

Some samples do not show Eu3* luminescence. The
relative intensities of Ce3*, Eu2* and Eu3* in different
samples are different: Ce3* emission could be stronger
than that of Eu2*, while the luminescence of Eu3* is
relatively intensive. The different emission spectra at
excitations at 266 and 532 nm suggest at least 2 struc-
tural positions for Eu3* in the barite crystal lattice (Fig.
4C, D). Under excitation of 355 nm, a very broad
orange-red band is detected (Fig. 4E), which was pre-
viously ascribed to Ag* luminescence (GAFT et al.,
2005). One of the samples showed a relatively strong
Ag* luminescence dominating the spectrum even with
an excitation of 266 nm, which is not optimal for this
emission (Fig. 4F). The emission bands of Ag* result
from d%-—d!0 transitions.

Under 266 nm excitation, without delay and with a
broad gate of 9 ms, the luminescence spectrum contains
2 relatively narrow ultraviolet bands: one peaking at
320 nm and another at 375 nm (Fig. 4G). The latter
band belongs to Eu?*, while the origin of the first one
is difficult to suggest. A similar emission has been
found in synthetic barite artificially activated by Sn

(GAFT et al., 2005), but such an interpretation needs
further support. The rather unusual narrow lines (at 370
and 391 nm) which appear in the luminescence spec-
trum with a longer delay of several ps (Fig. 4H) belong
to trivalent rare-earth elements. They have been prelim-
inary ascribed to violet-blue emission of Nd3+, but this
identification should be further clarified. The weak
broad green band (at around 500 nm) may be related
to uranyl emission, well known in barite (Fig. 4H).

The LITRL study of supergene barite did not show
any luminescence. This could be connected with the
lower impurity level in supergene minerals in general.
A thermo-luminescence study of barite (KRIVOVICHEV,
1971) showed that the intensity of luminescence de-
pends on the Sr concentrations in barite. The available
data on the chemical composition of the Kremikovtsi
supergene barite (ATANASSOV & VASSILEVA, 1987)
showed very low Sr contents, which accounts for the
absence of luminescence. Another possible explanation
is that the luminescence is quenched by components
with high-energy phonons, such as water or organic
matter (GAFT et al., 2005).

The main prerequisite needed for a mineral to display
luminescent properties, in the case that the luminescent
centers are minor elements, is a similarity of the ionic
radii and charges of the host and isomorphic elements.
It is known that the luminescent centers Eu?* (1.24—1.40
A), Ce3+ (0.88-1.02 A), Nd** (099-1.15 A), Tb3+
(0.89-1.09 A), Ag* (1.13-1.26 A), Sn>* (0.93 A) substi-
tute for Ba2+ (1.35-1.44 A) or Sr2* (1.10-1.27 A), which
are in 12-fold coordination in the barite structure (Go-
ROBETS, 2002; GAFT et al., 2005; all ionic radii are for
the 6-coordination form). A possible accommodation for
the established in this study Eu3*+ (0.97-1.13 A) is also
isomorphic substitution for Ba?* or Sr2*. The presence
of uranyl molecules in barite is considered to be a result
of chemical adsorption (GOROBETS, 2002).

Samples from both morphological types of endogene
barite (veins and lenses, and veinlets and nests) fall into
2 groups: (1) barite with Eu2+ and Sn%*(?), or Eu?* and
Ce3*; (2) barite with Eu?t, Eu?t and Ce3+. Barite sam-
ples from the first group contain isomorphic cations in
their reduced form (Eu2+, Sn2*, Ce3+), which implies that
the barite precipitated from reduced fluids. A possible
manner of this precipitation is conductive/convective
cooling of the transporting fluid, which reaches the point
of barite saturation with no substantial oxidation. The
barite from the second group has reduced (Eu?+, Ce3*) as
well as oxidized (Eu3*) cations. This suggests that the
barite from these samples precipitated from reduced trans-
porting fluid subjected to oxidation. It can be speculated
that both morphological types of barite are the result of
conductive/convective cooling and mixing of hydrother-
mal fluid with seawater. This corroborates the most recent
submarine hydrothermal model for the formation of the
Kremikovtsi deposit (DAMYANOV, 1996a; DAMYANOV,
1998): sub- and on-seafloor precipitation upon cooling
and mixing of hydrothermal fluid with seawater.
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Fig. 4. Time-resolved luminescence spectra of endogenic barite from the Kremikovtsi deposit demonstrating different emis-
sion bands: (A) Ce3*, Eu?*; (B) Eu?*, Tb3*; (C) Eu3*; (D) Eu?*; (E) Ag* (F) Ag* (G) Eu?*, Sn?*; (H) Nd3+, UO,%+.
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Conclusions

The data obtained in the present study allow the fol-
lowing conclusions to be drawn:

(1) There is no structural difference depending on
the varying Sr content (0—4.5 wt.%) in all the morpho-
logic types of endogene barite, according to the IR and
Raman studies. Supergene barite shows IR and Raman
spectra identical to those of the endogene one with the
only difference being the presence of traces of calcite.

(2) The laser-induced, time-resolved luminescence
technique is a suitable tool for the identification of
rare-carths (undetectable with conventional methods) in
barite and the discrimination of their oxidation states.

(3) Along with the common Eu?* luminescence, the
emission of Eu3* was detected for the first time in ba-
rite. There are at least 2 structural positions for Eu3+*
in the barite crystal lattice.

(4) It seems that the endogene barite in the Kre-
mikovtsi deposit was precipitated from reduced fluids
subjected to cooling (conductive/convective) and oxida-
tion (mixing with seawater).
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Pe3ume

CnekTpocKoONcKo NpoydyaBame daputa us
aexumita Kpemukosuu (byrapcka) ca
HMIUIMKANjaMa beroBor nopexJjia

Jlesxumre rBOKba(+Mn)-6apura-cynduga Kpemu-
koBUM y Byrapckoj caagpku pa3nuuuTe MeTaie u
BeNMKe pe3epsBe pyae Oapura. Ilomro ce nexwumre
€KCIUIOATUCANIO YIIaBHOM 300T rBOXba, MPEeTeKHO Cy
BpllleHa HCNUTHBama IBo3feHe pype. [locroju camo
HEKOJUKO MHHEpalOUIKUX U IEOXEMUjCKUX CTyAuja
6aputa. llusb oBOr mpoyyaBama je 00Jbe yIO3HABAkE
ca CTPYKTYpPOM U KaTjOHCKOM BalleHTHolthy 6apuTa ca
UMIUTAKaI}jaMa BEeroBor nopekia. Pa3nuuut reset-
CKU (€HJOTeHH U CYIepreHn) 1 MOp(OIOIMKY (KUIE 1
COYMBA, KAO U KWJINIE U THE3J]a) THIIOBH OapuTa UCIH-
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TUBaHU Cy IPUMEHOM CIEKTPOCKOIICKHX MeTofa Ja-
cepcku penykoBane symuHecneHnmje (LITRL), macpa-
npseHe ananuse (IR) u Pamonose ananuse.
Nudpanupsenn cnekTpu eHJOTeHOr GapuTa CacBUM
Cy CIUYHM CIIEKTpUMa 00jaBIbeHNM y nurepatypu. He
IOCTOjU CTPYKTYpHA Pa3jIUKa KOja 3aBUCH Off IIPOMEH-
JbUBOT cafipkaja Sr (04,5 Texx.% ) Hu y jeqHOM MOpgoO-
JIOIIKOM THUILy eHfforeHor 6aputa. MHppanpseHn crnek-
TPH CylepreHor 6apurta cKOpo Cy WICHTHYHH CIEKTPH-
Ma €HJIOTeHOT OapuTa y Iorjefy MojoxKaja BUOpamnuo-
HUX UKOBA V|, V, 1V, SO,2-, ocnM 3a momaxke ofg 3 cm!
KOl V3. Ty cnexTpu cy nmokasupanu IPUCYCTBO AOfaT-
HUX TpaKa, Koje cy Oimcke mukoBuMa V4 1V, CO52"y
KanuuTy. PamaHOBa mpoy4aBama WAy y NPHIOT Haro-
BEIITaja ia cylepreHu OapuT cafpsKu Tparope KalluTa.
CasBpemena texamka LITRL, Kao moromaH HauwWH
yTBpbUBama peTKux 3eMaiba (Koje ce He MOTY OTKpH-

TH KJIACHYHAM METOJMMA) U Pa3IMKOBakha HUXOBUX
cTeTleHa okcuanyje, omoryhuia je yrepbuBame HEKO-
JIUKO LIEHTapa JIyMUHECICHIIj€ Y €HTOreHOM Oapury.
JTymunecuennuja Eu3* je o npsu nyt yrephena y 6ap-
uTy. Pa3uunT eMUCHOHM CTIEKTPH IIpU IOOYAH Off 266
u 532 nm yka3yjy Ha IpPUCYCTBO Oap jBa CTPYKTYpHa
nosoxkaja Eu3t y kpucrannoj pemerku 6apura. JTymu-
HECLEHTHU CIIEKTPU Cy Takobe OTKpuim [ocTa Heo-
OuuHy JbyOmdyacro-miaaBy emucujy Nd3*, koja ce
OOMYHO jaBJba y OIICETY UH(PALPBEHOT CIEKTpPa, Kao 1
emucmje Ce3+, EuZ*, Tb3*, Ag*, SnZ*(?) u UO,%+.
CremneH okcupanyje KaTiujoHa n30MOP(MHO MPUCYTHUX
y KPHUCTAJIHO] peleTKy 6apura yka3syje Jia je eHJOreH:
6aput y nexunuTy KpeMiIKoBIM HaTaloXeH U3 PEAyKo-
BaHUX (pIyupa 3a Koje ce IpeTnocTaBba fa cy Ounm
M3IOXeHN xiabewy (KOHAYKTMBHO OJHOCHO KOHBEK-
THBHO) ¥ OKCHAAIMjX (MELIalkeM ca MOPCKOM BOTIOM).



