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BISMUTH MINERALIZATION IN NEOGENE VOLCANITES
OF UKRAINIAN CARPATHIANS AND SLOVAKIA

(PexomeHAogaHO YrieHOM pedakyiliHoi Kosezii 0OKmopoM 2eoJt. Hayk, doy. C.€. LUIHokosum)

The paper discusses distributional features of bismuth mineralization in the Neogene volcanites covering Ukraine and Slovakia. Bis-
muth is a typical element of many gold, polymetallic, and copper-porphyry Neogene deposits of the Ukrainian trans-Carpathians and
Slovakia. Due to its intrinsic minerability, bismuth produces sundry minerals that are sensitive to certain physical and chemical envi-
ronment. Therefore, studying bismuth features reveals principles of ore formation. Despite the fact that bismuth minerals mostly form
submicroscopic aggregates, they can be indicators of the physical and chemical environment essential to form ore systems, for their
composition is highly sensitive to minor variations in such parameters as temperature, Eh-pH, fTe,, fS,, fSe,, fO,, and others.

Both within the trans-Carpathian region of Ukraine and on the territory of Slovakia there are distinctly traced two stages of bismuth
mineralization, both being synchronous with volcanic eruptions of the Miocene and Pliocene ages, accordingly. Each stage of volcanic
ejection reveals a certain typo-morph of bismuth minerals and a different degree of bismuth mineralization manifestation. It has been
established that bismuth sulphosalts are the products of the Miocene volcanites and the associated epithermal deposits, while manifes-
tations of bismuth-tellurium mineralization are widespread in the metasomatically altered volcanites of the Pliocene age.

Miocene epithermal deposits are characterized by native gold-Bi-sulphosalts-bismutite-chalcopyrite-quartz paragenesis formed from neutral
solutions persisting adularia due to the replacement of the earlier formed sulphides, mostly galenite. This stage shows the reduction of Ag/Cu
ratio in time. Minerals going through a number of phases during mineralization is put down to the fact that most of them form metastable and
intermediate links during metasomatic replacements caused by spatial and time variations in hydrothermal solutions.

Bismuth-tellurium-selenic mineralization is distributed in the metasomatically altered Pliocene volcanites of the Vyhorlat-Ghuta
ridge. Bismuth-tellurium ore manifestations are associated with high-temperature pneumatolytic-hydrothermal systems, with acid solu-
tions being predominant, which is proved by a wide distribution of kaolinite-hydromica metasomatites. Broad distribution of Bi-Te-Se
mineralization in the Pliocene volcanites of the Vyhorlat-Ghuta ridge provides evidence to considering this structure a unique metal-

logenic province on the European continent.
Key words: bismuth, mineralization, Ukraine, Slovakia.

Introduction. Bismuth is a typical element in many
gold, polymetallic and copper-porhyry Neogene deposits of
the Ukrainian trans-Carpathians and Slovakia. The behav-
ior of bismuth in gold mineralization process is similar to
the behaviour of gold itself, that's why when mineralogical
and geochemical investigations are carried special atten-
tion is commonly paid to this element. Gold, silver, bismuth
and tellurium prove to be genetically related due to their
spatial affinity and common features of crystallisation dur-
ing hydrothermal process [2]. Similarly, bismuth minerals
are indicative of gold-bearing paragenesises, and are
found in, virtually, all gold-bearing deposits discovered on
the territory of the Ukrainian trans-Carpathians and Slova-
kia [8; 11]. Due to its inherent mineralization, bismuth forms
sundry mineral varieties sensitive to certain physical and
chemical conditions in different mineralogical environment.
Therefore, a comparative study of bismuth behaviour in
ore-bearing neovolcanites of both Ukrainian and Slovakian
provinces is vital in understanding the processes and fea-
tures of gold mineralization.

Despite the fact that in most cases bismuth minerals
form submicroscopic segregations, they can serve as indi-
cators of physical and chemical conditions of ore formation
because their composition is highly sensitive to slight varia-
tions in temperature, Eh-pH, fTe», fS,, fSe,, fO2, and some
other parameters.

Background. Based on the findings of the research
carried and the data on the regional features of the distribu-
tion, mineralogical and geochemical properties of bismuth
mineralization out of the Neogene volcanites in the Ukrain-
ian Carpathians and Slovakia, there were established
some typical features of bismuth distribution and minera-
logical forms of their occurrences. Basically, regional-
geochemical bismuthic mineralization is characterized by a
marked contrast in the distribution of bismuth — from its
dissemination in sedimentary and volcanic rocks to high
and sometimes "tremendously high" concentrations of bis-
muth regularly revealed in the products of metasomatic
alteration of the Neogene volcanites. There can be distin-
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guished two stages of bismuth mineralization within the
trans-Carpathian region of Ukraine and the territory of Slo-
vakia, both being synchronous with volcanic processes of
the Miocene and Pliocene ages, correspondingly. The vol-
canic eruptions, in turn, can be connected with the subduc-
tion of European Plate under Carpathian volcanic arch or
regional displacement of Panonian terraine [9]. Numerous
volcanic ejections of the Miocene age are spatially confined
to the internal zone of the inner-Carpathian volcanic belt
(Berehivske, Preshov, Middle-Slovakian structures), while
volcanic formations of the Pliocene age are mainly local-
lized within the external zone of this belt. They form a re-
gional structure, the Vyhorlat-Ghuta ridge, which stretches
both on the territory of Ukraine and Slovakia [6].

Each stage of volcanic activity is characterised by a cer-
tain typomorphic set of bismuth minerals and a different de-
gree of the bismuth mineralization manifestation. It was es-
tablished that such mineral varieties as bismuth sulphosalts
are characteristic of the Miocene volcanic formations, epi-
thermal and mesothermal gold, and polymetalic deposits
associated with them. Meanwhile, the manifestations of bis-
muth-tellurium mineralization are mostly spread in the me-
tasomatically altered volcanic varieties of the Pliocene age
that are localised within the Vyhorlat-Ghuta ridge.

In Miocene volcanites bismuth mineralization is
mainly revealed in correlation with gold in polymetallic ores
of the Neogene volcanites within the Berehivske and Cen-
tral-Slovakian ore fields (Banska Shtiavnitsa-Hodrusha).
Mostly, gold-polymetallic deposits and ore manifestations
of the Ukrainian trans-Carpathians — Muzhyivske, Bere-
hivske, Behanske, Kuklianske deposits and Bucha, Kvas-
ove ore manifestations — are localised within the Bere-
hivske ore field. The location of the ore bodies is outlined
by the structures closely associated with calderas, crater
necks, and extrusion formations. Ore bodies occur in apical
and near-contact zones of subvolcanic intrusives, fracture
zones, radial and arc faults of calderas, dome raisings,
linear zones of faults, stocks and veins of explosive brec-
cias. Ore-bearing rocks are represented by metasomati-
cally altered rhyodacitic tuffs and explosive breccias, un-
commonly by porphyrites and basic porphyritic tuffs, as
well as by subvolcanic intrusions.

The conditions might relate the deposit formation to the
near-surficial, low-to-middle temperature environment, which
corresponds, according to standard international classification,
to the formations of epithermal-copper-porphyry type. Within
the Muzhyivske deposit of the Ukrainian trans-Carpathians
(the one being most thoroughly investigated), the manifesta-
tions of gold-polymetallic and gold-quartz-sulphide mineraliza-
tion are localised mainly in the plagioliparites and plagi-
oliparite-dacite formations of the middle tuff horizon of the
lower level; whereas the manifestations of pure gold and gold-
silver mineralization are confined to the explosive breccias that
were subjected to intensive argyllisation in the upper horizons
of ore structures.

The paragenesis of bismuth minerals with Sb-As-
sulphosalts, chalcopyrte, native gold, quartz and adularia is
characteristic of the Sarmatian gold-polymetallic deposits in
the Berehivske (the Berehivske deposit) and Central Slo-
vakian (the Banska Shtiavnitsa and Hodrusha deposits) ore
fields. In the Berehivske ore field the area of the paragene-
sis mentioned above is characterised by distinct minera-
logical-geochemical zonality, in which antimony minerals
(bournonite, tetrahedrite) occupy peripheral position on the
flanks and upper part of the ore columns (mainly in the
Muzhyivske deposit), whereas bismuth mineralization (Bi-
As gray ores, galenite-matildite solid solutions, Cu-Bi-Pb
sulphosalts, bismutite) occurs at the lower horizons of the
central, chalcopyrite-rich narrow zones (only in the Bere-

hivske deposit) [1]. There was identified an increase of the
bismuth sulphosalt content being in direct ratio to the hy-
pogene concentrations of chalcopyrite in the veins of the
Banska Shtiavnitsa-Hodrusha ore field [3].

The investigation having been carried out, there were
revealed some common features in the evolution of the Cu-
Bi-Pb sulphosalt composition in the Berehivske and the
Banska Shtiavnitsa-Hodrusha ore fields. In the Beregove
deposit Bi-sulfosalts occur as the inclusions in galenite
grains found in fine-grained quartz and adularia-quartz
aggregates [2]. The same genesis is observed in the ores
of the Banska Shtiavnitsa-Hodrusha deposits [5]. This as-
sociation is of reactive, metasomatic nature, which is
proved by a wide distribution of symplektites in the contact
zone between sulphosalts and galenite and between
chemically-heterogeneous sulphosalts.

All bismuth sulphosalts can be classified into four
groups:

1.the Ag-Bi-Pb sulphosalts represented by matildite-
AgBi>-galenite solid solutions in both ore fields, with the
persistence of galenite-lillianite (Pb2Bi2Se) modular struc-
ture type, mostly being minerals of ourayite series
(AgsPbBigS12-Pb11Bi2S14). The veins of the Berehivske de-
posit show the presence of gustavite-lillianite and treasurite
Ag7PbeBi15S32 sulphosalts. Mineral phases of this group are
mostly represented by myrmekite and lamella-like struc-
tures of galenite replacement.

2.the Cu-Ag-Pb-Bi sulphosalts, similar in composition
to  benjaminite  (Ag,Cu)s;(Bi,Pb);S12, and  berryite
Pbs(Ag,Cu)sBizS+, including a number of AgsCuBisPb11 -
AgCusBisPb2S11 phases and characteristic of the Banska
Shtiavnitsa-Hodrusha ore field. They form thin intergrowths
with Ag-Pb-Bi sulphosalts and chalcopyrite in galenite.

3.the Cu-Pb-Bi sulphosalts represented by the inter-
mediary aikinite CuPbBiz-bismuthite Bi>S3 series. They are
widespread in the aggregates of the Banska Shtiavnitsa-
Hodrusha deposits [4] in the form of intergrowths with Ag-
Pb-Bi sulphosalts, chalcopyrite and bismutite. As single
grains, they are found in the Berehivske deposit ores [2].

4. the Cu-Bi sulphosalts, homologues of cuprobismutite
(hodrusite, kupcikite), found only in the Hodrusha deposit
ores as predominant phases among the bismuth sul-
phosalts in the hematite-chalcopyrite-quartz ores.

Ore aggregates of the Berehove, Shtiavnitsa and
Hodrusha deposits reveal common features in the evolu-
tionary composition of bismuth sulphosalts. The main varia-
tions in bismuth sulphosalts composition are described by
two factors — variations between Pb/Bi and Ag/Cu ratios to
galenite depletion (the latter being initially an unstable
phase), and an increase in the amount of chalcopyrite in
the chemistry of quartz aggregates. The occurrence of
bismuth mineralization is marked by the formation of myr-
mekite and lamella-like structures that replace galenite. At
this stage there are formed Ag-Bi-Pb sulphosalts. An in-
crease of Bi and Cu activity in solutions results subse-
quently in the formation of Cu-Bi-Pb sulphosalts and their
gradual replacement by Cu-Pb-Bi-Cu-Bi-varieties. The
stages of bismuth sulphosalts formation are shown on
Fig. 1 by arrows. The sulphosalts described should be con-
sidered as metastable, intermediate phases of galenite
replacement by chalcopyrite against the temporal increase
in Bi and decrease in Ag activities. The final stage of this
process is manifested by the formation of quartz-
chalcopyrite-bismuthite aggregate. The differences re-
vealed can be explained by the fact that the processes
mentioned above occurred more intensively within the
Banska Shtiavnitsa-Hodrusha ore field, which finally re-
sulted in the persistence of the most stable phases, the
reduction in compositional variations, and a wide distribu-
tion of cuprobismutite homollogues.
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Fig. 1. Variations in Cu-Ag-Pb-Bi-sulphosalt composition in the Berehivske (crosses)
and Banska Shtiavnitsa (circles)ore fields. Arrows show time variations in the composition of various sulphosalts:
| — Ag-Bi-Pb; Il — Ag-Pb-Bi; Ill — Cu-Pb-Bi; IV — Cu-Bi

Bismutite proper was revealed only in the massive ag-
gregates of chalcopyrite (Beregove, Hodrusha-Gamre).
Gold was noticed to associate with chalcopyrite. Thus,
slight gold-bismutite-tetradymite paragenesis was found in
epithermal gold deposits of Slovakia (Banska Shtiavnitsa,
Hodrusha, Zhupkov) [10; 11].

Bismuth mineralization of the metasomatically altered Neo-
gene volcanites is identified by the development of Bi-Te-Se-S
paragenesises within the Vyhorlat-Ghuta ridge [8]. Genetically,
volcanogenic rocks of the Vyhorlat-Ghuta ridge are related to
the basalt-andesite-rhyolite formation, which hypabyssal-
subvolcanic component is represented by gabbro-diorite mon-
zodiorite-granodiorite series that are characterized by central
depression — calderas surrounded by arcs of volcanic structures
and associated polygenic dome-ring structures [6].

Epithermal manifestations of Bi-Te mineralization are
confined to the Late Pannonian-Levantine volcanic ring

structures localized on the territory of Ukraine and Slovakia
(Table. 1). Concentric ore-geochemical zonality found in
these structures testifies to genetic relation between their
mineralization and evolution. They are localized in the focal
part of the dome-ring structures: the pre-neck volcanic
zones. Metasomatites are mainly confined to the axial area
of the ridge where fumarole-solfataric activity occurred inten-
sively. The fields of hydrothermal-metasomatic alteration
with disseminated bismuth-tellurium mineralization are local-
ized in the overlying intrusive part of the geological section.
The altered rocks are represented (according to their top-
down replacement) by argillizite-beresite-propylite facial se-
ries, with the occurrence of deep-laying turmaline-beresite-
greisen associations in the monzodiorite-porphyries. Some-
times the content of tellurium reaches 4 % in metasomati-
cally altered rocks, while bismuth shows 0.9 %.

Table 1

Main Manifestations of Bismuth-Tellurium Mineralization in Metasomatically
Altered Neovolcanites of the Vyghorlat-Ghuta Ridge

Bi Mineralization
Distribution Locality

Bi Mineralization Metasomatites

Bismuth Abundant Minerals

Podulky

kaoline-hydromica and
quartz-turmaline-topaz-mica metasomatites

tsumoite, Ag-tsumoite, pilsenite

II'kovtsy

kaolinite-hydromica-smectite metasomatites

pilsenite, tsumoite, native bismuth, Bi,Te phase

Smerekiv Kamin

hydromica-smectite metasomatites with lenses
of secondary quartzites

bismutite, tsumoite, Te-sulfonevskite, zhozeite,
pilsenite, Bi;Te 5305 and Bi,TegsSo s phases

Poruba pod Vyhorlatom,
Remetske Hamre

kaolinite-hydromica metasomatites with lenses
of secondary quartzites

telluronevskite (Bi;TeSe,), vyghorlatite (Big.x
(Se,Te,S)114)

Bismuth mineralogy of the Vyhorlat-Ghuta ridge. The
main bismuth-bearing associations of the Vyhorlat-Ghuta
ridge are mostly represented by tellurides, sulfotellurides, na-
tive bismuth and local bismuth sulphides, and oxides [5].

Bismuth tellurides. Bismuth telluride, first found in
1950s-60s in the delluvial-alluvial sediments and further in
solid rocks in the vicinity of Perechyn, llkovtsy, Podulky
vilages and Syniak resort, was initially defined as
"wehrlite" [1]. Later, after x-ray research of "wehrlite"
monocrystal plates was carried out, "wehrlite" was noticed
to have heterogeneous structure [8]; thus, it was defined
that "wehrlite" consists of several mineral phases which
form a structure of epytaxial intergrowths in a plane (0001).
The findings facilitated identifying such mineral phases as
tsumoite — BiTe, pilsenite — BisTes and Bi,Te phase [9] in
the chemistry of "primary wehrlite".

The investigations of natural Bi-tellurides of the trans-
Carpathian region and Slovakia have shown that they are
characterised by considerable variations of Bi/Te ratio.
When calculating their crystallochemical formulae, it is of-
ten impossible to reach stoichiometric ratios between at-
oms of metals — (bismuth) and (Te+Se+S). More often
these proportions are of 2:2, 2:3; 3:2, 4:3 and 8:5. Accord-
ing to the X-ray-structural investigations of tellurides their
non-stoichiometry results from a mixed-layered structure
identified in tsumoite, pilsenite and at a phase which chem-
istry is similar to Bi,Te.

Among Bi-rich ore minerals, there were established
such varieties as tsumoite (BiTe), pilsenite (BisTes), zhozeit
(BisTezS), vyghorlatite (Bis«x (Se,Te,S) 11x) and tellu-
ronevskite (BisTeSe,). Some other mineral phases (Table
1), referred to in the publications [10], remain insufficiently
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investigated for the computational complexity of obtaining
reliable x-ray data, the existence of natural solid solutions
and sporadic occurrences of isomorphic replacements. It is
also worth mentioning that there is identified a considerable
increase of selenium content within the area of the Vyhor-
lat-Ghuta ridge stretching on the territory of Slovakia.

Native bismuth is widespread in montmorillonite me-
tasomatites within Smerekiv Kamin area. Here it forms
spheroidal segregations overgrowned by joseite and im-
pregnated with tellurides.

Beyond tellurides, sulphides (ikunolite, BisS3) and na-
tive bismuth there were identified secondary oxides (cur-
rently insufficiently studied) that, being film-like in form,
spread along the tellurides in the metasomatites of llkovtsy
manifestation.

The X-ray-structural analysis indicates the film to be
composed of smirnit (Bi.Tes) or a mixture of smirnit and
Bi,Te,O7 oxide. These oxides form only from pilsenite and
a mineral whose chemistry is similar to Bi;Te. In the
Poruba pod Vyhorlatom mineralised area secondary bis-
muth minerals are mainly represented by montanite.

Conclusions. Mineralogical and geochemical research
being carried out, the following features of bismuth behav-
iour in the Neogene volcanites of the Ukrainian Carpathi-
ans and Slovakia can be distinguished:

1. The Miocene epithermal deposits are characterised
by native gold-bismutite-chalcopyrite-quartz evolving from
neutral solutions that persist adularia due to the replace-
ment of the earlier formed sulphides, mostly galenite. The
decrease of Ag/Cu ratio in time is indicative of this stage. A
considerable number of mineral phases might be explained
by their mostly being metastable and intermediate links
which are formed during metasomatic replacements
caused by spatial and time variations in hydrothermal solu-
tion parameters.

2. In the metasomatically altered Pliocene volcanites of
the Vyhorlat-Ghuta ridge there is abundant bismuth-
tellurium-selenic  mineralization. Bismuth-tellurium ore
manifestations are associated with high-temperature
pneumatolytic-hydrothermal systems, in which acid solu-
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tions are predominant, which is proved by a wide distribu-
tion of kaolinite-hydromica metasomatites. According to the
rates of Bi-Te-Se mineralization, the Vyhorlat-Ghuta ridge
is likely to become a unique province on the European con-
tinent, in metallogenic and mineralogical sense.
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Y cmammi suknadeHo mamepian wjodo ocobnusocmeli NOWUpPeHHs1 8icMymoeoi MiHepanisayii y HeozeHosux eynkaHimax YkpaiHu ma Cno-
eayyuHu. BicMmym € munosum enemeHmom 6a2zambox 30/710mopyOHuUX, nosiMemasniyHux i MiOHonopgupoeux Heo2eHoguUx podoeulw YKpaiHCbKO20
3akapnamms ma Cnoea4yyuHu. 3aedsiku ceoili 30amHocmi Ao MiHepasI0ymeopeHHs, 8icMym xapakmepu3yembCsi MOXJiugicmro ¢popmyeaHHs1 3Ha-
YHOTI Kinbkocmi MiHepanbHuUX pisHoeudis, siki € Yymaueumu 0o nesHux ¢hizuko-ximiyHux ymoe cepedosuwa. B 38's13ky 3 yum eue4eHHs1 ocobsiugo-
cmeli noeediHKu gicMymy Mae eaxiuee 3Ha4yeHHs1 Onsi docnidxeHHs1 ocobnueocmeli ma xapakmepucmuku rpoyecy pydozeHe3y. Heszeaxaroyu Ha
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mol ¢hakm, wjo e 6inbwocmi eunadkie MiHepanu eicmymy ¢ghopmyromb cy6miKpockoniyHi eudifneHHsl, 60OHU MOXymb cjiy2yeamu iHOukamopamu
¢pizuKo-ximiyHux ymoe ghopmyeaHHsi pyOHUX cucmeM, moMy Wo ix cknad € eucokoyymnaueum 0o He3Ha4YHUX 3MiH makKux napaMempie sik memrne-
pamypa, Eh-pH, fTe,, fS,, fSe,, fO, ma iHuwi.

Sk y Mmexxax 3akapnamcbKo20 pe2ioHy YkpaiHu mak i Ha mepumopii Crioea44uHuU KOHMPAacMHO Npocmexyromscsi dea emanu 8icMymoego20 Mi-
HepasioymeopeHHs1, siKi CUHXPOHI3yrombcsl 8idnoegiOHO 3 nposieaMu 8yJsIKaHi3My MioyeHo8020 ma nnioyeHoso20 8iky. KoxHuli eman nposiey eyn-
KaHi4HOi dissnbHOCMIi XapaKkmepu3yembCcsi Me8HUM MUNoMopgHUM Habopom eicMymoeux MiHepaslie ma pi3HUM cmyneHeMm iHmeHcueHocmi nposisy
enacHe sicMymoeoi miHepani3zauii. Byno ecmaHoeneHo, wjo cynbgocosi sicMymy € xapakmepHumu Ossi MioyeHo8uUX eyJiKkaHimie ma acoyitiosa-
HUX 3 HUMU enimepMaibHUX podoeulw, 8 moli Yac siKk Nposieu eicMym-meJ1ypoeoi MiHepanisayii € WupoKo po3noecto0XeHUMU 8 MemacoMamu4yHo
3MiHeHuXx eyJsikaHimax nnioyeHoeoe2o 8iKy.

MiouyeHoei enimepmanbHi podosuwia xapakmepu3yrombCsl Mapa2eHe3ucoM camMopodHe 30s10mo-Bi-cynbghoconi-eicMymuH-xanbkonipum-
Keapy, wjo gpopMyemscs i3 HelimpanbHUX po34uHie (mocmiliHa NnpucymHicme adynsipy) eHacni0oK 3MiuyeHHs1 paHiwe ymeopeHux cynbgidie, nepw
3a ece 2aneHimy. XapakmepHumM 0511 4b020 emarny € 3MeHWeHHs cniesidHoweHHs1 Ag/Cu e yaci. Benuka Kinbkicmb MiHepasibHUX ¢pa3 NnosiCHIEMb-
¢ muM, wo 6inbwicmeb i3 HUX € MemacmabinbHUM, MPOMIXHUMU JTaHKaMUu, W0 YmeoproombCs Npu npoyecax MemacoMamuyHuUx 3amiljeHb Ha
¢oHi npocmopoeux ma Yacoeux eapiayili napamempie 2i6pomepmanbHUX po34uHie.

C IYHO 3MiHEeHUX rioyeHosux eysikaHimax Buzopnam-I'ymuHcbko20 nacma nowupeHa eicMym-mesyp-cesieHoga MiHeparsnizauisi.
Bicmym-menypoei pydonposisu noesidaHi 3 eucokomemmnepamypHUMU NTHe8MamoJlimo-2idpomepmanibHUMU cucmemMaMu, 8 sIKUX rnepesaxasu Kucii
PO34UHU, W0 nNidmeepodXyembcsi WUPOKUM MOWUPEHHSIM KaosliHim-2idpocnroducmux memacomamumie. Macwmabu nposiey npouecie Bi-Te-Se
MiHepanisayii y nnioyeHosux eynkaHimax Buzopnam-I'ymuHcbko20 nacma O0aromb MOXK/UgiCMb po32s1si0amucsi Yo cmpykmypy siK YHiKanbHy
Memaro2eHiyHy npoeiHyito €eponelicbko2o KOHMUHeHmy.

Knro4oei cnoesa: eicmym, minepani3auis, YkpaiHa, CnosavyyuHa.
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MWHEPANN3ALUA BACMYTA B HEOTEHOBbIX BYJIKAHUTAX YKPAUHCKUX KAPMNAT U CJTOBAKUU

B cmambe u3noxeH Mamepuas omHocumesibHo ocobeHHocmel pacrnpocmpaHeHusi 8UCMYMOe8oU MUHepasu3ayuu 8 Heo2eHOo8bIX 8y/IKaHU-
max YKpauHbl u Cnogakuu. Bucmym siensiemcsi munu4HbIM 3/1eMEHMOM MHO2UX 30J/10mMOpPyOHbIX, MOJUMemas/iu4eckux u MedHornopgpuposbix
Heo2eHO8bIX MECMOPOXAeHUl yKpauHcKko20 3akapnames u Cnoeakuu. bnazodaps ceoeli cmoco6HOCMU K MUHEPanoobpa3osaHuro 8UCMym xapa-
Kmepu3yemcsi 603MOXHOCMbLIO (hopMUPOBaHUsI 3HA4UMeEIbHO20 Kosluyecmea MUHepasibHbIX pa3HoeudHocmell, KOmopbie S8/sIIOMCS Yyecmeu-
menbHbIMU K onpedesieHHbIM (hU3UKO-XUMUYECKUM ycrioeusiM cpedbl. B ces3u ¢ amum usyyeHue ocobeHHocmel nosedeHusi sucMyma umeem
8a)KkHoe 3Ha4eHue 0551 uccrnedoeaHusi ocobeHHocmell U xapakmepucmuku npoyecca pydozeHesa. Hecmompsi Ha mom ¢hakm, Yymo e 6osibWuHcmaee
criyyaee MuHepanbl eucMyma @hbopMupyom cy6MUKPOCKOMUYHbIE azpe2ambl, OHU MO2ym CIyXumb 8 Kayecmee uUHOuUkamopoe hu3uko-
Xumu4yeckux ycroeuli ¢popMuposaHusi pyOHbIX cUCmMeM, MomoMy Ymo uUx cocmae sieJisiemcsi 8bICOKOYY8CmMeumesbHbIM K He3Ha4umesibHbIM U3-
MeHeHUsIM maKux napamempos kak memnepamypa, Eh-PH, fTe,, fS,, fSe,, fO, u dpyaue.

Kak e npedenax 3akapnamckoao peauoHa YkpauHbl mak u Ha meppumopuu Croeakuu KOHMPacmMHo npocexusaromcsi 0ea amana eucMymo-
8020 MUHepasioobpa3oeaHusi, KOMOpPble CUHXPOHU3UPYIOMCSI COOME8EMCMEEHHO C IPOSIGJIEHUSIMU 8YJIKAHU3Ma MUOUEHO08020 U IMJIUOYEH08020
eo3pacma. Kaxdbili aman nposieneHusi 8ynkaHu4yeckoli dessmenbHOCMU XapaKmepu3yemcsi onpedesieHHbIM munoMopgHbIM Habopom eucmMymo-
8bIX MUHEPasioe U pa3Hol cmerneHbI0 UHMEHCUSHOCMU MposiesieHuUs1 camoli eucCMymoegoll MuHepasnu3ayuu. YcmaHoeeHo, 4Ymo cynbgocosiu eu-
cMyma xapakmepHbl 011 MUOUEHO8bIX 8Y/IKaHUIMO8 U acCoyuupo8aHHbIX C HUMU 3numepmMasbHbIX MecmopoxxdeHuli, 8 mo epemsi Kak nposiesie-
HUs eUCMYm-messlypoeoll MUHepau3ayuu WupoKo pacrnpocmpaHeHbl 8 MemacomMamu4ecku U3SMeHeHHbIX 8y/IKaHUmax niuoyeHo8020 eo3pacma.

MuouyeHosble anumepMaribHble MecmopOoXOeHUsi XapaKmepu3yromcsi napazeHe3ucoM camopodHoe 3os10mo Bi-cynbghoconu-eucmymun-
XanbKonupum-keapy, Komopbil ¢hopMupyemcsi u3 HelimpasbHbIX pacmeopoe (MocmosiHHoe npucymcmeue adynsipa) eciedcmeue 3aMeuw,eHust
paHee obpa3oeaHHbIX Cynbghudos, npexde ecezo 2aneHuma. XapakmepHbiM 0711 3mMo20 amana siefisiemcsi yMeHbWeHuUsi coomHouweHusi Ag/Cu eo
epemeHu. Bonbuioe Konuyecmeo MuHepasbHbIX a3 06bSICHAEeMCsi meM, Ymo 60/IbWUHCMEBO U3 HUX S18JIAIOMCSI MemacmabusibHbIM, MPOMEXY-
MOYHBLIMU 38€HbSIMU, KOMoOpPbLIe 06pa308bI8arOMCs MPU MPoyeccax MemacoMamu4yecKkux 3ameujeHuli Ha gpoHe NMPocmMPaHCMEEHHbIX U 8PEMEHHbIX
eapuayuli napamempoe 2uépomepmasbHbIX Ppacmeopos.

B MemacomMamuyecKku u3MeHeHHbIX M/IUOYEeHO8bIX 8y/IkaHumax Bbizopnam-I'ymuHckol e2psidbl pacripocmpaHeHa eUcMym-meriiyp-cesieHoeast
MuHepanu3ayusi. BucMym-mensnypoesbie pydonposiesieHusi cesi3aHbl C 8bICOKOmMeMepamypHbIMU NMHe8MamoJsiumo-a2udpomepmasnbHbiMU cucme-
Mamu, 8 KomopkIx npeobsiadanu Kucsiblie pacmeopbl, 4Ymo nodmeepdaemcsi WUPOKUM pacrpocmpaHeHUeM Kao/luHUm-audpocioducmbix Mema-
comamumoes. Macwmab6bi nposieneHusi npoyeccoe Bi-Te-Se MuHepanusayuu e nauoyeHoeux eysikaHumax Bbizopnam-I'ymuHckol epsidbl darom
803MOXHOCMb paccMampueamb OaHHYI0 CMPYKMYPY KakK yHUKaslbHYI0 Memarisio2eHUYeCcKyro nposuHyuto Eeponelicko2o KOHMUHeHmMa.
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