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GEOLOGY AND PARAGENETIC RELATIONSHIPS
OF THE BREZANIK COPPER DEPOSIT
(BOR, EASTERN SERBIA)

by
Petar Zaric*, Rade Jelenkovic* and Boris Vakanjac*

The article describes geologic features and copper mineralization environment of Brezanik deposit.
Morphostructural types of ore, mineral concentrations in ore bodies, modes of the studied mineral species
occurrence and ore types are considered. Preliminary inferences are given on the model of the formation
and its sequence for the observed mineral parageneses.
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y pay ce «ajc npHKaa reoJioiiiKHx KapaKTepHcrHKa h cpertHHe cruapan.a MHHcpajtH3anHjc Oaicpa y
jie*Hiirry Epc3aHHK. lloceCHa nana ce nocBehyje aHaJiH3H MOpc})OcrpyKTypHHX THnoBa opynH>CH>a, crencHy
KOHUcHTpHcaHocTH MHiicpajia y py;JHHM TejiHMa, BHtOBHVR nojaBjbHBaita anajiH mpaiiMX MHHcpajtHHX Bpcra
Kao h THnoBHMa pyrta. AoHOce ce npeliHMHHapHH samtymui o Moflejiy ciBapaH.a 06pa30BaH>a m pc/tocjtcrty
craapan.a yoMCHHx MHncpajiHHx naparcHO3a.

Kjbynue pe*ui: SaKap, kobcjihh, nnpHT, py«a, MHHepajiH3anHja, napareHercKH ortHocH, Bpc3aHHK, Bop,
HCTOHHa CpfiHja.

INTRODUCTION

The deposit (ore body, in Jankovic, 1990) is a part of the central deposit of the
Bor ore field, characterised by a relatively simple structure similar to that of any other
copper body of the same metallogenetic unit, described in detail by many mineralogists.

Complete descriptions of the structural and geologic features of the mineralization
environment, the facial configuration of hydrothermal alterations and metallogenetic char-
acter of mineralization are found in Bogdanovic (1969), Milicic & Grujicic (1979),
Miskovic (1979), Jankovic et al. (1980), Jankovic (1990), and some others.
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GEOLOGY OF BREZANIK DEPOSIT

The principal lithologic members of the Brezanik copper deposit area are hydro-
thermally altered andesites and pyroclastics of homblende-biotite andesites. A dominant
structural characteristics of the ore mineralization environment is the presence of several
fissure systems, the most developed being fractures in NNW-SSE direction. Rocks
prevailing in the central part of the deposit are hornblende biotite andesites and their
pyroclastic equivalents; in the eastern, Bor pelites and sandstones; in western, Bor pelites,
andesite breccias, and tuffs, and subordinately quartz diorite porphyrite intrusions and
limestones altered into skam at the contact.

Ore minerals directiy occur in propylitised andesites, pyroclastics, and hydrotermally al-
tered andesites intersected by quartz veins and veins with gypsum and anhydrite. The propy-
litised andesites and pyroclastics are basically characterised by extensive pyritisation which is
associated with the processes of igneous activity, and hydrothermally altered rocks associated
with volcanic vents. Spatial distributions of copper-mineralised rocks is controlled by the
mentioned geologic features which will be briefly described in this article.

Propylitised andesites consist largely of kaolinised plagioclase phenociysts, altered colou-
red minerals (by prevailing chloritisation and epidotisation) with sparce magnetite, and the
groundmass of fine crystalline quartz, illite, chlorite, and carbonate. The rock is holocrystall-
ine porphyritic in structure. The hydrothermally altered rocks of completely changed primary
composition and textural and structural properties consist of finegrained quartz, sericite, anhy-
drite, chlorite, some other mineral species, and idiomorphic grains of metallic minerals.

Piroclasts are composed of calcite fragments, hydrothermally altered andesites, meta-
llic minerals, and prevailing anhydrite, illite, and chlorite. Their structure is lithoclastic.
Quartz veins are composed dominantly of quartz, and subordinately of anhydrite, chlorite,
and illite, impregnated by metallic minerals; veins with gypsum are composed of gypsum,
anhydrite, chlorite, and metallic minerals.

The largest part of rock complexes, with which mineral ores are directly associated,
have changed their primarly mineral composition in reaction with the hydrothermal solutions.
Notable among the alteration facies are: chloritisation, kaolinisation followed by local sericiti-
sation, pyritisation, silicification, and sulphatisation, which exhibit certain, both vertical and
lateral, zoning in their spatial distribution. Silicification is principally directly associated with
mineralization, it is followed by kaolinisation (locally sericitisation as well), laterally alternat-
ing with chloritisation and carbonatisation facies. The types of alterations observed from the
surface downward are: (a) from the surface to the depth of about 200 m, pyroclastic chloritis-
ed and pyritised homblende-biotite andesite; (b) kaolinization zone from a few to 10 m thick;
(c) zone of advanced chloritisation and subordinate kaolinization and pyritisation, 10 to 50 m
thick; (d) zone of kaolinised andesites variable in thickness; (e) silicification and pyritisation
zone with copper mineral (ore zone); (f) kaolinisation zone with chloritisation, and deep (g)
chloritisation and the presence of large epidotes. The deepest ore levels consist of tectonic
clays at the Bor fault level.

Chloritisation of variable occurrence intensity is extensive in the deposit. It alters
pyroclastic rocks and andesites in two modes: one is the reaction of hydrothermal solu-
tions with the femic minerals of rocks, and the other with the entire rock mass.



Kaolinisation is noted in three different types of formation. Hydrothermal, the com-
monest type is noted throuhgout the deposit, more advanced on its margin. The altered rocks
are phenocrysts, almost completely, and groundmass. Another type of kaolinisation forms a
narrow belt in the ore body and andesite contact zone. The third type is associated with tec-
tonic displacement of rock blocks in the deposit and in the neighbouring rocks.

Silicification is also extensive and intensive within the deposit and the adjacent
rocks. It occurs in three modes: intensive where entire rock has been altered, in fractures
and fissures mainly on the deposit margin, and relict in rock where hydrothermal solu-
tions leached most of the primary rock constituents.

Sulphatisation products are gypsum and anhydrite veins in rock fractures. It is more
developed on the ore body margin. Generally, anhydrite formation is younger than the
ore mineralisation. Copper ore bodies bear marginally anhydrites and locally thin galena
and sphalerite veins.

Pyritisation is extensive, associated with other alterations.

MORPHOLOGY OF ORE BODIES AND ORE-MINERAL GRADE

Morphologic features of the Brezanik deposit ore bodies are the result of filling
fractures and fissures in hydrothermally altered and propylitised andesites and pyroclasts
which had not been significantly deformed in the pre-ore stage of the structural trans-
formation. Controlled by the fissure systems of NNW-SSE trend and subvertical dip, the
prevailing mineral occurrences are of vein-impregnation, partly vein and stockwork
(stockwork-impregnation) types. Megascopically, the systems of mineralized fractures and
fissures of up to 20 cm, and single veins and lenses form a number of subparallel ore
zones of up to 150 m in length and to 350 m in depth. Marginal parts of the ore zones
bear dominantly pyrite impregnations in silicified andesites. Minor lenses, or nests of
massive sulphides, occur locally in the ore zones.

Mineral composition of the Brezanik ore zones is relatively simple. The essential miner-
al species are pyrite and copper sulphides: chalcopyrite, enargite, bomite, chalcocite, and
covellite, assembled with many non-mineral, both hydrothermal and relict rocks mineral. Di-
vided by the grade in the deposit, the modes of mineralization are the following:

(@) Predominant veinlents and veinlents-impregnation, localised in hydrothermally
altered andesites (associations: 1. pyrite-covellite-quartz, 2. pyrite-quartz, and 3. enargi-
te-pyrite-covellite) and partly in quartz veins (associations: 1. pyrite-covellite-quartz and
3. enargite-pyrite-covellite);

(b) Subordinate impregnation, localised mainly in hydrothermally altered andesites, repre-
sented by single grains of pyrite, covellite, rarely chalcopyrite, and pyrite-chalcopyrite aggregates.

(c) Stockwork and stockwork-impregnation, similar in composition with a; its dis-
tribution is limited to the much deformed cataclastic parts of the deposit; and

(d) Massive, but less developed than the former three modes.

It is represented by 1. pyrite-enargite assemblages with or without covellite and
quartz, 2. pyrite-bornite assemblages with or without chalcocite, chalcopyrite, colusite,
quartz, and gypsum, and 3. pyrite-covellite assemblages with quartz and gypsum.

The highest associated non-ore minerals are quartz and anhydrite, or gypsum.



MINERAL ORE OCCURRENCES

The predominant mineral in the Brezanik copper deposit is pyrite, which occurs in
several generations. In respect of the time of formation and the relation to the mineral
association these are: first generation of pyrite, associated with the processes of regional
rock pyritisation that preceded the ore mineralization stage, and second, associated with
copper mineralization. Pyrite, found is association with copper sulphides is commonly
shapeless, partly recrystallised and cataclastic. In an ore mass, it forms irregular concen-
trations an small nests. Less frequently, it is idiomorphic, tens of |J.m in size, developed
both in groundmass and in fracture/fissure systems. It is found in all characteristic ore as-
sociations (covellite-pyrite, bomite, chalcocite-pyrite, enargite-pyrite), and rarely unasso-
ciated (Fig. la). It is often developed on replaced hornblende and other femic minerals
now chloritised, and sometimes as aggregate with leucoxene.

As to its crystallomorphic character, pyrite is known as granular idiomorphic in impreg-
nations, granular xenomorphic in association with bomite in massive ore, and metagranular
with covellite, or bomite, in massive ore. It is also cataclastic in impregnations, or in veins with
quartz and covellite, or with enargite, covellite, and quartz, and in association with bomite.

Chalcopyrite is relatively a scarce mineral in the deposit. It is principally associated
with other sulphides, usually pyrite (agregate in hydrothermally altered andesites), or unasso-
ciated forming veinlets, veins and single grains of tens of flm in size, sometimes developed
on femic minerals of rocks. It is its mode of occurrence that chalcopyrite cannot be assigned
to the group of typomoiphic minerals of Brezanik deposit (Fig. Ib). In massive sulphide min-
eralization, it relatively rarely forms structures of solid solution decomposition with bomite in
the association bomite-pyrite+chalcocite, colusite, quartz, and gypsum.

Enargite is widespread in Brezanik deposit, but it rarely forms significant concen-
trations. Its distribution is limited to the highly hydrothermally altered andesites, where it
forms impregnations or veinlets. It is always associated with pyrite and with quartz ce-
menting them (Fig. Ic). Cataclastic enargite is noted in place, particularly where in large
aggregates. Covellite has precipitated in fractures and interstices of rock fragments. The
relationship of enargite with other minerals of the deposit suggests its precedence to the
bornite-chalcocite paragenesis.

Fig. 1. Characteristic patterns of mineral ore occurrences in Brezanik copper deposit: a. Idiomorphic pyrite
grains in altered andesite (80x, Il N); b. Chalcopyrite replacements in bomite (between two pyrite
grains; 80x, Il N); c. Cataclastic enargite with pyrite (80X, Il N); d. Decomposition of solid chalcopy-
rite-bornite solution (30X, 1l N); e. Chalcocite-bomite (80X, Il N); f. Younger covellite phase ce-
menting cataclastic enargite and pyrite (80X, Il N); g. Covellite associated with pyrite (80X, Il N); h.
Cataclastic pyrite associated with covellite (30X, Il N). Symbols: py- pyrite, cv- covellite, cc- chal-
cocite, bn- bomite, en- enargite, cp- chalcopyrite.

Cji. 1. KapaK TcpHCTHMHH o6jihi(h nojaisji.Huan.a py/(HHX MHHepajia y Jieacmirry 6aicpa Epc3aHHK: a. HjiHOMoptJ)-
Ha 3pHa niipHTa y ajircpHcanoM aii/icwiy (80x, Il N); b. HS/inajan.a xajiKonapHTa y fiopiiHiy (H3Mct;y j(na
3piia HHpHTa (80x, Il N); ¢. Kai'aKJia3HpaHii CHaprarH ca rmpHTOM (80x, Il N); d. pacna;( wBpcror pac-
TBopa xajik03HH-6cpHHT (30X, Il N); e. xalik03HH-60pHHT (80X, Il N); f. Mjiatja (J)a3a KOBCJimia neMeH-
ryje KaraKJiaiHpanc eHaprHic hiimpure (80x, Il N), g. kobcjihh y aconHjai(njn ca mipHToM (80x, 11 N), h.
KaraKJiajHpaHM riHpHTH y acouMjanHjH ca kobcjinhom (30X, Il N). chm6ojih: py- nupwi, cv- kobcjihh,
cc- xajik0O3HH, bn-60pHHT, en- eHaprHT, cp- xajiKonnpHT.






Bornite has precipitated in Brezanik deposit as the cement of cataclastic pyrite (asso-
ciation pyrite-bomite+chalcocite, chalcopyrite, quartz, gypsum) or in the form of decom-
posed solid solution with chalcocite also cementing cataclastic pyrite grains (association
bornite-chalcocite from the group bomite-pyrite+chalcocite, chalcopyrite, colusite, quartz,
gypsiim) (Fig. 1d). It is always associated with quartz and, very rarely, in paragenesis with
chalcocite and colusite (?). Occasionally, it forms thin veins with chalcopyrite. It was found
in the basal part of the deposit and in quartz vein uncovered at 1X-XI level.

Chalcocite has precipitated in ore bodies of Brezanik deposit in more than one
mode. It has been noted in paragenesis with bornite (solid solution decomposed structure)
in association with pyrite of the group bomite-pyritet+chalcocite, chalcopyrite, colusite,
quartz, gypsum. A characteristic of this group of minerals is the presence of partly re-
crystallised and partly cataclastic former gel-pyrite which was formed before the mentio-
ned minerals. According to Djordjevic (1984), chalcocite corrodes and cements cata-
clastic and partly recrystallised fragments of the same pyrite. Another, frequently found
mode of chalcocite occurrence in Brezanik deposit is in association with covellite, always
in irregular grains or intersecting varisized veinlets (Fig. le).

Covellite is comparatively widespread in the deposit. It occurs in several generation
and modes. The older, large flaky covellite is dominant over the younger, usually localis-
ed in quartz-pyrite veins. The environment of its occurrence is hydrothermally altered
and silicified andesite. Single covellite concentrations and veins with pyrite, quartz, and
gypsum, or with chalcocite, pyrite, and quartz with or without gypsum, are dominant in
the deposit. It is often associated with pyrite (occasionally forming eutectic texture with
it), deposited between cataclasts of pyrite-enargite paragenesis. Also, it is noted in mas-
sive pyrite-covellite ore, where it forms columnar nuclei, syngenetic with pyrite. Covel-
lite veins and impregnations in altered andesite, and veinlets of broken pyrite and quartz,
to 5 mm wide and a few cm long, have an economic value as well. Covellite is com-
monly concentrated centrally in veins (Fig. If). Texturally, covellite occurs in the menti-
oned environments as granular xenomorphic (hydrothermally altered andesites), as meta-
granular in quartz-anhydrite veins, and in cement associated with pyrite-enargite and py-
rite-quartz.

The youngest ore minerals in Brezanik deposit are galena and sphalerite, which
form veins with or without anhydrite or single grains/aggregates in fractures and fissures
of the deposit.

Rutile and leucoxene also occur in the deposit, but their value is inferior. Rutile is
mostly granular, ideoblastic, developed near or at the contact with pyrite mineral, varying
in size within 10-30 |Im. Leucoxene is scarser than rutile. It forms irregular patches,
sometimes with rutile in patch centre.

ORE TYPES

On the basis of the above descriptions of mineral composition and interrelationship
of minerals and their concentrations in the studied ore bodies, the classified ore types of
the Brezanik deposit are the following: 1. dominant pyrite-covellite with or without



quartz, gypsum, and anhydrite; 2. pyrite with scarce chalcopyrite, rutile, and leucoxene;
3. pyrite, and enargite with or without quartz, covellite, gypsum, and anhydrite; 4. py-
rite-chalcocite-covellite; and 5. pyrite-bornite, with chalcocite and scarce chalcopyrite.
Geological and economic characteristics of the ores, represented by the grade of or-min-
eral content, environment and mode of occurrence, are the following:

The first type of ore is of the highest importance. Its distribution is limited to the
hydrothermally highly altered andesites and less to quartz, gypsum, and anhydrite veins.
This type of ore occurs in the deposit in several modes: (1) Veinlets and veins, less than
1 cm thick, of cataclastic pyrite and covellite cement. The veinlets centrally contain
quartz, but not always; (2) Pyrite and covellite impregnations in rocks. Irregular covellite
grains mostly form ellipsoid, nodular or veinous assemblages, whereas pyrite is dissemi-
nated in the groundmass; (3) Pyrite and covellite are developed in irregular metablasts.

The second type of ore is less abundant than the first type. It largely occurs in hy-
drothermally altered andesites; portions of andesite emplace relicts of replaced femic
minerals.

The third type of ore (pyrite with enargite, with or without quartz, covellite, gyp-
sum, and anhydrite) is not much widespread in the deposit. It is massive, primarily with-
out covellite. Quartz, pyrite, and enargite form aggregates of the 10 mm or less, replac-
ing each other; quartz mainly fills spacies between ore minerals. In places, this type of
mineral body got subsequently broken and sometimes cemented by younger covellite.

The fourth, pyrite-chalcocite-covelite type of ore is found in altered andesites, char-
acteristically scarse in the deposit.

Analogous to the forth, the fifth type of ore (pyrite-bornite with chalcocite and
some chalcopyrite) has a small distribution and economic value. It occurs mainly in
quartz veins with gypsum. The dominant mineral in this type of ore is bomite, locally
developed chalcocite in the structures of solid solution decomposition. The minerals ce-
ment cataclastic pyrite grains. The ore contains sparsely chalcopyrite as a product of
solid solution decomposition in bomite or as a halo of dispersion around pyrite grains.

ORE FORMATION MODEL, STAGED ORE MINERAL FORMATION

Preliminary inferences on the environment of ore-mineral occurrence, i.e. the met-
allogenetic analysis of the study region, on the morphostuctural types of ores, the grade
of ore-mineral concentrations in ore bodies, and the modes of occurrence of the given
mineral spacies lead to the conclusions about the formation of the deposit and the present
mineral paragenesis.

The pre-ore phase was the time when the Timok magmatic complex completed its
structural and geological transformation and spatial localisation. Its origin is regionally
associated with rift structures (horst/grabens) formed over the subduction area of the oce-
anic lithosphere (Karamata, 1974; Jankovic, 1989, 1990). The direct geological envi-
ronment of the ore occurrence consists of volcanogenic intrusive complexes of
calc-alkalic magma, associated vein equivalents of these rocks, and volcanic-sedimentary
group. Magma was repeatedly extruded through linear, and locally central, volcanic vents.
As a result of intensive hydrothermal activity, synchronous with and subsequent to vol-



canogenic intrusions, Brezanik deposit was formed as a part of Bor ore field (Jankovic
et al,, 1995).

The deposit itself formed through at least two phases: (a) pre-ore, when the inter-
action of magmatic gases and vapour and volcanogenic rocks resultet in intensive pyriti-
sation and silification of country rocks, accompanied by relatively low copper concentra-
tion (acid environment, from high sulphur fugacity), and (b) ore, evolved in a number of
subphases. The resulting ores of Brezanik deposit are characterised by relatively simple
mineral compositions and complex paragenetic relationship. The composition and occur-
rence of ores are controled by multiple pulsating hydrothermal flow which deposited ore
minerals, and by complex physical and chemical conditions that prevailed in pre-, intra-,
and post-ore periods. Hence, generally scrutinized, the general model of copper ore for-
mation includes the following elements: the primary source of ore metals is calco-alkalic
magma of the Upper Cretaceous, with the mobilisation and transfer of ore components
performed by fluids of high sulphur fugacity. The mentioned solutions had a multiple ef-
fect on the environment, as evinced by the alteration products and the succession of min-
eral formation, their parageneses. Ore minerals are deposited at subvolcanic levels, in en-
vironments where the dominant factor for ore formation was process of secondary boiling
caused by abrupt pressure decrease. The process liberated C02 and H2S from the solu-
tion, decreased the acidity and provided for interaction between metals and S2‘ and HS
ions, which led to sulphide precipitation (Vakanjac & Jelenkovic, 1998). From the
aspect of physical and chemical properties of hydrothermal fluids, the mineral associa-
tions of Brezanik deposit was principally deposited at low pH potential, in middly reduc-
tional environment, where relative Fe2+ and Cu-complex ratios and oxygen fugacity were
variable.

The first stage of hydrothermal action was synchronous with the geologic cycle of
andesite formation and structural transformation of the environment (fracturing-fissuring)
in which ore minerals were deposited in Brezanik deposit area. The hydrothermal action
caused a process of regional alteration, which led to conversion of most of the petrogenic
elements, removal of sodium, potassium, liberation of iron and silica and their redistribu-
tion. Consequently, new, empty spaces formed in the hydrothermally altered propoylitised
andesites and pyroclastics for regional pyritisation, and in the high-temperature oxide
stage for extensive neorutilisation.

The second-stage action of hydrothermal solutions continued to alter volcanic rocks,
with intensive solification and deposition of dominantly pyrite and enargite. The subse-
quent stage was that of intra-ore tectonics manifested in the development of fracture and
fissure systems and pyrite-enargite, bornite and bornite-chalcocite mineralizations with
minor chalcopyrite segregation. New generation of pirite accompanied by quartz, barite,
anhydrite and gypsum veins formed, locally associated with PbS and ZnS, in narrowly
localised spaces of deposit. Continual extensive intra-ore deformations controlled the de-
position of economic most significant mass of ore minerals (covellite and covellite with
syngenetic pyrite).

The association of minerals thus formed in the Brezanik deposit general area includ-
es pyrite, associated with the process of regional andesite pyritisation and propylitisation,
with the formation of accessory neorutile as a result of decreased sulphur fugacity. The



formation of these minerals was succeeded by the activity of hydrothermal ore-bearing
solutions from which, in suitably highly deformed environment and under favourable
physical and chemical conditions, deposited the following ore parageneses: (1) pyrite.
enargite, (2a) pyrite-enargite, (2b) bornite and bornite-chalcocite + quartz, gypsum,
and anhydrite (minor chalcopyrite), (3) pyrite, quartz, barite, anhydrite, gypsum %
PbS, ZnS, and (4) covellite and covellite with pyrite.
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PE3HME

TEOJIOIUKE KAPAKTEPHCTHKE H IITAPArEHETCKH O™MHOCH
y JIEJKHIHTY EAKPA "EPE3AHHK"™ (EOP, HCTOHHA CPEHJA)

y pa”y ce jjaje npnKa3 cpejjime CTBapaita h iipaTehnx nponeca 06pa30Bait.a opyfl-
HCH>a 6aicpa y jiokhlutv Epe3aHHK, jjonytteH npnKa30M cneiincjjHHHOCTH ranoBa pyjja,
MHHepajiH3au;Hje h napareHeTCKHX oflHoca Haj3HaTiajHHjnx pyj(HHX KOMnoHeHTH. CaMO
jie>KHiine (pyjjHO tcjio no Jankovicu, 1990) nperCTaBJba cacTaBHH /(eo U,eHTpaliHor
py~nmTa pyflnor nojba Bop, a KapaKTepHine ce pejiaTHBHO jcfIHocraBHOM cTpyKTypHO—
-reojiomKOM rpal)OM cnenHtJjJHHHOM 3a /ipyra opyniteita 6aKpa y noMeHyToj MeTajio-
reHeTCKaoj jeHHHHI"H, flexa®HO onncaHOM y payoBHMa 6pojHHX ncirpa>KHBa'ia.



HajnoTnyHuju npukas CTPYKTYPHO-reonowkor yob6nuyaBawa cpefuHe cTBapamwa
OpyAH€era, MPOCTOPHOr pasMelwTaja aynja XMLpoTepmManHMxX antepaumnja u metanore-
HeTCKMX KapaKTepucTuKa pyfHe MuHepanu3aliuje Hanasu ce y pajosuma Bo§clano\'lc
(1969), MlWclc & Orwujjcjc (1979), Mjb6koyjc (1979), Jankoyjc el al (1980), Jan-
Koyjc (1990) n apyrmux nctpaxmsaya.

FEOJ/IOWKA TPABA IEXXNWTA "BPE3AHUK™

OCHOBHM NMTONOWKK YNaHOBM y rpahu wuper nogpyyja nexuwta 6akpa "Bpesa-
HUK" Cy XUAPOTEPMasiHO MPOMEeHEHN aHAE3UTU U NMUPOKIACTUTU XOPHO6MeHa-6uoTUT-
CKuX aHge3nTa. [LOMMHAHTHO CTPYKTYpHO 06efnexje cpefdunHe y KOjoj ce Hanasu pyfgHa
MUHepanusaumja, YnHM npucyctso Beher 6poj cuctema NyKOTMHaA MeRfy Kojuma cy Haj-
3aCTyn/beHmje pyntype npyxawa CC3-JJV. Y yeHTpanHOM geny nAexuwTa SOMUHMPaEjY
XOpH61eHAa GUOTUTCKM aHAE3UTU U HUXOBU MUPOKNACTUUYHN EKBMNBANEHTU, Y UCTOUHOM
60pcKM KOHrioMepaTu 1 newvapu, y 3anagHom geny 60pCKu nNeauTun, aHae3nTcke bpeye
M TY(HOBM Kao W, MakbuM fenoM, Npoboju KBapuamopuT nophuputa n Kpeuwaumn Koju cy
Ha KOHTaKTKMa ca UCTUM CKapHU3UpPaHU.

HenocpefHy cpefiMHy MnojaB/bUBaka pyAHe MUHepanusauuje YMHe NPONUIUTUCAHU
aHAes3nTn, MUPOKNACTUTU U XUAPOTEPMASIHO M3MEwhEHU aHAe3UTU MChpeceLaHn Keapl-
HUM XKnLaMa, Kao 1 Kuuama ca runcoMm v aHxmaputom. OCHOBHa KapakKTepucTuka npo-
MUAMTUCHUX aHAe3MTa U MUPOKacTUTa je eKCTEH3UBHO pa3BMjeHa NupuTM3almja Yunje ce
CTBapake MOXe [0BEeCTU Y Be3y ca npoLecumMa By IKaHCKe aKTUBHOCTU, a XMAPOTepMasHo
M3MereHNX CTeHa ca CTPYKTypama By/nKaHCKMX anapata. C 063MpoOM Ha YMkbeHuLy Aa je
NpoCTOpHM pa3mewTaj Beher gena mmHepanusaynje 6akpa KOHTPOAUCAH NOM0OXajem no-
MeHYTUX FeoNoWKNX TBOPEBUHA, Y Aa/beM TeKCTY paja yKpaTtko hemo nmpukasaTu wuxo-
BE KapaKTepucTuke.

MponuanTncaHn aHAe3nTu cy narpaheHn of NPeTeXHO KaoNUHUCaHWX heHoKpucTana
nnarvoknaca, antepucaHux 6ojeHUX MmHepana (xnopuTtu3aumnja v enmaoTusalmnja npeosna-
fyjy) ca peTKUM MarHeTMTOM, [OK Ceé OCHOBHA Maca CTeHe CacToju Off CUTHOKpuUcTanactor
KBapua, ninTta, xnoputa u kapboHata. CTpyKType cy X0N0KpucTanacto nopgupcke. Xugpo-
TEPManHO U3MeHeHe CTeHe MOTNYHO M3MeweHOr MPMMapHOr cacTaBa U CTPYKTYpPHO-TeKC-
TYpPHUX KapaKTepucTuka, cy u3rpahjeHe o0f CUTHO3PHOTr KBapua, CepuuuTa, aHXuapuTa,
XJI0pUTa U ApYyrMX MUHEpanHUX BPCTa, Kao U MANOMOP(HUX 3pHA METAIMYHMUX MUHEpPana.

MupoknactTuTu cy usrpaheHn o parmeHaTa KaauuTta, 3aTUM XWLPOTEPMANHO U3-
MeHeHUX aHAe3nTa, MeTalMYHUX MUHepana u npeosnafyjyher aHxugpuTa, uanTa n xno-
puta. CTPYKType Cy TMTOKIacTUYHe. Y cacTaBy KBapLHUX XMla AOMUHMPajy KBapL, noj-
pefeHo aHXUAPUT, XN0PUT M UANUT ca UMNpPerHaunjaMma MeTaamMyHuX MUHepana, ay Xuua-
Ma ca FMNCOM - TUNC, aHXUAPUT, XJIOPUT U METaNNYHU MUHEPANN.

HajBehun feo CTeHCKMX KOMMeKkca 3a Koje je pyAHa MuHepanusauuja HenocpegHo
Be3aHa, MPeTpneo je NojA yTulajeM XMAPOTEPMaNHUX pPacTBOpa MHTEH3WBHE MPOMEHE Npu-
MapHOr MUHepanHor cactaBa. Mehy daymjama anTepaumja ce UCTUYY: XA0pUTM3aLuja,
3aTUM KaonuHM3aumja ca IOKaNHOM cepuuuTusaumjom, nuputusaumja, cunmpukalmja u
cyndartusaumja, Npy Yemy ce y hMWXOBOM MPOCTOPHOM pa3MellTajy, Kako y BepTMKAa/HOj
paBHMW, TaKO W naTepasHo 3anaxa ogpeheHa 3oHanHocT. Ornepa ce y cnegehem: cunnym-
thukaynja je Hajuewhe HenocpegHO Be3aHa ca OpYAeweM; npaheHa je KaoNMHUCakEM
(MECTUMMYHO K cepuunTHCakbeM), NaTepanHo ce Mewajyhun ca haymjama xnoputusaynje u
Kapb6oHuTM3aLmje. MocmaTpaHo of MNOBPLIMHE TepeHa Ka Ay6/bUM HUBOMMA NEXULLTA,
youeHe cy cnegehe Bpcte npomeHa: (a) of noBpLKnHe A0 gy6uHe npn6nunxHo 200 w Hanasu



ce NMPOKIACTUYHU XNOPUTUCAH M MUPUTUCAH XOPHBNeHAa-6MOTUTCKKU aHAe3unr, 3aTum (6)
30Ha KaoNnmMHu3aumje aebbrnHe o4 HeKoNuKo Ao 10 T, (B) 30Ha Ca MHTEH3UBHOM X/10pUTK3a-
Luujom 1 ca nogpeheHOM KaonuMHM3aLMjoM 1 NMpuTM3aLunjom unja je ge6n*umnHa 10-50 w, (r)
30Ha KaoNUHUCAHUX aHAe3nTa MPOMeH/bUBE Aeb/buHe Y pasnuunTUM ef0BUMa NeXuLlTa,
(n) 30Ha cunudumkaumje n NnupuTU3aLmje ca opyaterbem 6akpa (pygHa 3oHa), () 30Ha kao-
NMHW3aLMje ca XxnopuTmsaumjom u, y ayb/smum genosuma, (e) xnoputusannja ca npucycTeom
KPYNHUX enuAoTa. Y HajHUXWM HUBOMMA PYAWMLITA Ce Hanale TEKTOHCKe [/IMHE Y HUBOY
6opckor pacefa.

XnopuTusaumnja pasnnynTor MHTEH3TeTa je eKCTEH3UBHO pa3BujeHa y LOMEHY py-
AuWTa. 3axBaTa MMPOKNAcTUUHE CTEHE U aHfe3nTe, a UCNOo/baBa Ce Ha ABa HauyMHa: Kao
nocnefmua akTMBHOCTM XMAPOTEPMaIHUX pacTBOpa Ha heMCcKe MUHepane CTeHa y NpPBOM
W,y 4pyroM cnyuajy, Kafja 3axBaTa Liefly Macy CTeHe.

KaonuHusauuja je KOHCTaToBaHa y Tpu, N0 HaYMHy nocTaHka Mehyco6HO pasnmuuTa
Tuna. XmapotepMmasnHa, yjeAHO U Haj3acTymn/beHuja, ce yoyaBa y AOMEHY LEenor pyauwlTa;
HajuspaxeHuja je, mefyTuM, y HeroBum 0604HUM genoBnma. 3axBaTa Kako PeHOKpucTa-
ne, Hajuyewhe ux NOTNYHO TpaHchopmuwyhu, TaKO M OCHOBHY Macy CTeHe. [pyru Tun
KaonMHMU3aLMje YAHW YCKM Nojac y 30HM KOHTaKTa pyAHUX Tena u aHaesnTa, LOK je Tpehu Tun
NCTe Be3aH 3a TEKTOHCKaA KpeTawa CTeHCKMX 6/10K0Ba Y IEXULUTY Y OKOSTHUM CTeHaMa.

Cunuundurkaumja je Takohe eKCTEH3VBHA U MHTEH3UBHO je pa3BujeHa y AOMEHY fe-
XULWTa U OKOMHUX cTeHa. MaHudecTyje ce Ha BULIE PasIMYUTUX HAYMHA: Kao WHTEH3MB-
Ha, Kajla 3axBaTa Leny CTeHy, 3aTUM NYKOTWHCKO-NPCAUHCKA, Hajuewhe y nepudepHum
[LenoBMMa NeXullTa U Be3aHa 3a aKrMBHOCT XWAPOTepMasHUX pacTBopa Koju cy u3ny-
XU BEANHY 0CTaIMX KOMMNOHEHTU MaTU4He CTeHe.

CyndaTtmsaunja je npescTaB/beHa FMMNCHUM Y aHXUAPUTCKUM XULama y OKBUpY ny-
KOTUHCKUX CWCTEMa y CTEHCKOj Macu. HapouuTo je pasBujeHa y 0604HMM AenoBMMa
py4HOr Tena. Y OMWTEM Cayvajy CTBapake aHXuapuTa je mnahe of pyfHe MuHepanu-
3auuje. Ca aHxuapnTMa ce, Mo 0604y pygHUX Tena, jaB/bajy MECTUMUYHO U TaHKE XUYM-
Lle raneHnTa n cthanepuTa.

MupunTurzaymja je eKCTEH3MBHO pa3BMjeHa U jaB/ba Ce y 3ajeAHULM ca APYTrUM BUAO-
BMMa NPOMeHa.

MOP®OJIOWLWKE KAPAKTEPUCTUKE PYAHUNUX TEJTA U
CTEMEH KOHUEHTPNCAHOCTW PYAHNX MNHEPAA

Mopdonowke KapakTepUCTUKE PYAHUX Tena y OKBUPY nexuliTa bpesaHnk npea-
CTaB/bajy Mocneanly 3anyraBatba MYKOTUHCKO-NPCAMHCKMX CACTEMA Y XMAPOTEPMATHO
anTepMcaHum U MNPONUAUTUCAHUM aHAe3UTMMa U NUPOKNacTUTUMa KOju Yy npepysHOM
CTagnjymy CTpyKTYPHO-TEKTOHCKOT yobinyaBata TepeHa HUCY npeTpneny MHTEH3UBHA
KpeTawa CTEHCKMX Maca. byayhu ga cy NOMeHYTW PYynTYpHWU CUCTEMU MPETEXHO opu-
jeHTucaHn npaBuem CC3-JJM un cy6BepTMKanHoOr naga, y AnexuwTy npeosnahyjy
XUNNYACTO-UMMPETrHALWOHU, Ae/I0M XUYHU W LITOKBEPKHU (LI TOKBEPKHO-MMMNpPErHawu-
OHW) TUMOBM OpYAHeHa. MocmaTpaHo Ha Makpo niaHy, MOMEHYTU CUCTEMMW MUHEpPanu3o-
BaHMX MPCAMHA U MYKOTUHA Ynje pasmepe JocTUXy 1 o 20 cT, 3aje4HO ca NOjefMHAYHUM
Xuuama n couuBmMa rpage Behu 6poj cybnapanenHux pygHUX 30Ha AyXuWHe fo 150 T
unjn BEPTMKANHWU MHTEpBaa pacnpocTparbemwa foCTxe u Ao 350 T. Y nepudepHum ge-
NoBMMa OBUX PYAHWUX 30HA, Hajuewhe y cMNNPUKOBAHUM aHge3urnuma, npeosnahyjy umm-
nperHauunje nuputa. KapakTepucTMUYHO je fa ce y NojeAUHUM [ef0BMMa OBUX PYAHUX
30Ha Hafnase U Makba Co4YMBa, OfHOCHO FHe3da MacuBHUX cyndupa.



MuHepanHu eacTaB pyAHUX 30HA Y NeXuWwTy BpesaHuK je penaTUBHO jeAHOCTaBaH.
LoMWHaHTHe MUHepanHe BPCTe Cy: NUPUT U cyndpuam 6akpa: XanKonupuTt, eHaprut, 6op-
HUT, XanKO3WH W KOBeNWH. OHKU cy npaheHn HU30M HepyAHUX KakKo XULpOTepManHux,
Tako M PeNMKTHUX MUHepana cTeHa. Ca acnekTa cTeneHa KOHLUEHTPUCAHOCTU Y AOMEHY
nexunwTa moryhe je nsgsojuTtun cnegehe TMNoBe opyaera:

(a) MpeoBnahyjyhu Xnnmuactu n XnNam4acto-MMNpPerHaunoHn TUn, 10Kann3oBaH y
XUAPOTEPMaNHO N3MewEeHUM aHAe3nTMa (acouujaunje: 1. nMpMUT-KOBENMH-KBapy, 2. Nu-
puUT-KBapy M 3. eHapruT-rWpUTEKOBENNH) U AEN0OM Y KBapUHMM Xuuama (acoumjaymje:
1 NNPUT-KOBENWNH-KBApL, U 3. eHapruT-MUPUTEKOBENNH). 3aTUM

(6) MoapeheHn uMNperHaLyMoHW, TOKanM30BaH MPEeTEXHO Yy XUAPOTEepManHO M3Me-
HEeHUM aHAe3nMTMMa a NpeAcTaB/beH NojeANHAYHUM 3pHUMa NUPKUTA, KOBENNHA, BP0 peT-
KO XanKONMPMUTOM M arperaTuMa NUPUT-XanKoNUpUT.

(B) Tpehu TMN MnHepanu3auuje, LUTOKBEPKHU U LUTOKBEPKHO-UMMpPErHayuuoHu je
Mo cacTaBy BpP/i0 c/iMyaH Tuny (a); MPOCTOPHO je OrpaHWYeH Ha TEKTOHCKW WHTEH3UBHO
nopemeheHe, KaTakfnasupaHe genose nexuwTa. Mocnefmwn,

(r) macuBHM TN OpyfAHEHA, je Ca acnekTa 3acTyn/beHOCTU nogpeheH y ogHoOCy Ha
NpeTXo4HO NOMeHyTe TunoBe. lNMpeacTaB/beH je: 1. NUPUTCKO-eHApPrMTCKUM Haromuna-
bUMa ca un 6e3 KOBeMHA M KBapLua, 2. NMPUT-60PHUTCKMM HaroMunawuma ca uam 6es
XankKo3uHa, XxankonupuTa, KonycuTa, KBapua u runca n 3. TMpUTCKO-KOBEIMHCKAM Haro-
MUNakuMa ca KBapLom U rmncom.

HajsacTyn/beHnju HepyfHW MUHepanu acouujaunje cy KBapl v aHXUApWUT, OLHOCHO
runc.

BNOOBUN NMOJAB/bUBAKBLA PYAHE MUHEPANTN3ALINIE

JomMnHaTHaH MuHepan y nexuwlTy 6akpa bpesaHuk je nupuT. JaB/ba ce y%uue re-
Hepauwuja. MocmaTpaHo ca CTaHOBULITA BpeMeHa hopmupara ¥ Be3e ca pygHOM acouu-
jaumjom MuHepana, To cy: MpBa reHepauuja nNupuMTa, BesaHa 3a NpoLece permoHanHor
nupuTucarwa CTeHa Koja je npeTxoAuna ¢asu pygHe MUHepanusauunje u gpyra, BesaHa 3a
MUHepanusaumnjy 6akpa. MupuT, KOju ce Hanasu y acoymjaumjn ca cynpugmnma 6akpa je
Hajuelwhe renHW, JeNVMMUYHO peKpUCTanucaH U KataknasmpaH. ¥ macu pyge rpagu KoH-
LeHTpaynje HenpaBunHOr o6mMKa M Maka rHesga. Y pehum cnydvajeBuma je mguomop-
(haH, AMMeEH3Mja 4O HEKONIMKO AeceTuMHa [IT, pa3BMjeH KaKO Y OCHOBHOj CTEHCKOj macw,
Tako My NYKOTUHCKO-NPCAUHCKUM cucTteMmuma. KOHCTAaTOBaH je Y CBUM KapaKTepucTuu-
HUM pyaHUM acoumjaymjama (KOBENUH-MUPUTCKOj, GOPHUTCKO]j, XanKO3UMH-MUPUTCKO],
eHapruT-nMpuTCcKoj), pehe n kao camoctanaH (cn. la). Uecto je pasBujeH no 6MBLIOj
XOpPHOMEHAN W ApYrUM (eMCKUM MUHepanvMma cafja XnoputucaHum, a pefje u y Bugy
arperarta ca IeyKOKCEHOM.

MupuT je no3HaT Kao 3pHAacT manomopgaH y UMMAPErHauuoHOM TUNY OPYAHEHA,
3pHacT KCeHomopgaH y acouujauuju ca 60pHUTOM y MAcCUMBHOM TUMY OpPYAtEema U Me-
Ta3pHacT ca KOBENMHOM, OAHOCHO ca 60PHUTOM y MacuMBHOM TUMy OpyAwewa. Takohe,
jaB/ba ce M Kao KaTak/iacTM4yaH y MMMPErHaLuMoHOM TUNY OpYAHEtba, 3aTUM Y XWUu-
4yacToOM TWUMY ca KBapLOM W KOBE/IMHOM, MOTOM €HApruToOM, KOBE/IMHOM U KBapLuem, u 'y
acoumjaymjn ca 6OpHUTOM.

XankonupuT je penatuBHO pefak MUHepan y nexuwTy. Y BehuHu cnyyajeBa ce
Hanasn y acouujayumju ca gpyrum cyngpuguma, o6M4HoO ca nMpuToMm (arperatum y Xupgpo-
TEpMasHO M3MEhEeHUM aHfe3nTMMa) M Kao camocTaflaH Kaja rpagu Xuauue, xuue u
nojefMHavyHa 3pHa gMMeH3Mja 4O HEKONIMKO JeceThHa LW, KaTKajg pasBujeH no pemMckum



MUHEpanmMma cTeHe. M3 NOMeHYTHUX pas3nora XankonupuT He MoXe fAa ce y6poju y rpyny
KapakTepuCcTUUYHUX MUHepana nexwuwTta bpesaHuk (cn. 1h). Y mMacuBHOj CyngpupgHoj
MUHepanu3alumnju penaTMBHO PeTKO rpaju CTPYKType pacnaga Yspcror pactsopa ca 6op-
HUTOM Yy acouujaumnju 6OPHUT-NUPUTEXANKO3UH, KONYCUT, KBapL, 1 runc.

EHapruT je LWWMPOKO pacnpocTpaweH MuHepan y nexuwTty bpesaHuk, mehytum,
peTKo ob6pa3syje 3HauyajHMje KOHUeHTpauuje. Hajgehum fenom je MPOCTOPHO OrpaHuyeH
Ha MHTEH3MBHO XWAPOTEPMAanHO NPOMEHEHe aHAe3nTe y Kojuma rpagu umnperHayuje u
XUANYACTU TUN OpYyAHera. YBeK je y acouunjaumjyu ca NMPUTOM Kao M KBapLoM KOju uX
uemeHTyje (cn. 1c). Y nojeAnHnM cnyvajeBnma, noce6HO Kaja rpaje arperate KpynHujux
pasmepa, MOXe Ce YyOUMTMW MnojaBa HWUXOBOI KaTakfasupawa. Y @opmupaHe NyKOTUHE U
mMehynpocTope parMeHaTa ce oanaxe KoBenuH. AHannsupajyhu ogHoce eHapruTta npe-
Ma LPYrUM MUHepanuma y NexuiTy, MOXe ce NpeTnocTaBuTU fa UCTWU NpeTxoanm 6op-
HUT-XaNKO3MHCKO] napareHesu.

BOpHUT je y nexuniuTy BpesaHnK AenoHOBaH Kao LEMEHT KaTakjasupaHux 3pHa
nupuTa (acouunjaumja NUPUT-60pHUTEXaNKO3UH, XaNKONUPKT, KBapL, rMnc) ny euay pac-
naja 4YBpPCTOr pacTBOpa Ca XajlKO3MHOM Kafa, Takohe, LUeMeHTyje KaTaknasmpaHa 3pHa
nuputa (acoymnjaumja 60pPHUT-XaNKO3UH M3 rpyne GOPHUT-NMUPUTEXANKO3NH, XanKomnu-
puT, KOoNycuT, KBapy, runc) (cn. 1cl). PegoBHO je npaheH KBapuom ¥ BP0 PeTKo ca
XanKo3uHoM u konycutom (?). KaTkafg rpagu v TaHKe XWUnuue ca xankonuputom. Ha-
WMM UCMNTUBAMMA jeé KOHCTATOBaH Y NOAMHCKOM [efly NeXULlTa Uy KBapLHUM Xuliama
OTKPUBEHUM Ha 1X-X1 XOpU3OHTY.

XanKo3uH ce y pygHUM TenmMa nexuwTta bpes3aHukK fenoHyje Ha BULLE Pa3IMynTUX
HauMHa. Y 04eH je y acoymjaymnjn ca 6opHnTom (CTpyKTypa pacnaja YBpCTOr pacteopa) y
acouujaumju ca NUPMTOM, OLHOCHO Fpynu GOPHUT-TLWIPUTEXANKO3WNH, XaIKOMUPUT, KONY-
cuT, KBapy, runc (cn. le). KapaktepucTuuyHo obenexje NMOMeHyTe rpyne MuHepana je
NPUCYCTBO AENMMUYHO PEKPUCTANIUCAHUX W, AeNOM, KaTaknasmpaHux 6MBLUIKUX ren-nupu-
Ta KOju Cy No BpemMeHy hopmuparba cTapuju of NOMeHYyTUX MuUHepana. Mo [JjorcyeY icu
(1984) xanko3uMH Kopofyje M LEeMeHTyje KaTakna3upaHe U AeIMMUYHO peKpucranmcaHe
thparMeHTe uctor nuputa. OcUM NOMEHYTOr 06/1MKa XanKOo3UH ce y nexuwTy bpesaHuk
Hanasn ny acoumnjaumnju ca KOBEIMHOM. Y NMOMEHYTOM C/y4ajy, jaB/ba Ce y BMAY 3pHa He-
NMpaBUAHOT 061MKa UM YKPLUTEHUX XMUKLLA NPOMEH/bUBUX pasMmepa.

KoBenuH je penaTMBHO LIMPOKO pacnpocTpakeH y NeXxuwTy. JaB/ba ce y BuLle re-
Hepaumnja 1 061uMKa nojaBmbuBarwa. JOMUHUPAjY, /bYCNNYACT KOBENUH KPYMHUjUX pasmepa
M CUTHUjU, OBMYHO NIOKANM30BaH Yy PYLHUM KBApLUHO-MUPUTCKUM Xuuama. [eonowky
CPefVHY HUXOBOT MOjaB/bMBatba YAHE XNAPOTEPMASHO U3MEHEHU U CUTN(PUKOBAHU aH-
ne3nTtun. CamocTanHe KOHLUEHTpaLmje KoBenHa 1 Xule ca NMPUTOM, KBapLeM U FMNCoMm
AN ca Xanko3WHOM, MUPUTOM M KBapLOM ca uau 6e3 runca, AOMUHUPAJY Y NEeXULTY.
YecT je y acoumjaumnju ca NnMpMTOM, AEeNOHOBAH Yy MehynpocTopumMa napareHese nNuput-
-eHaprut. Takofhe, yo4yeH je M Yy MacMBHUM NUPUTCKO—KOBE/IMHCKUM pyfama Yy Kojuma
rpagu nputkacTe WHAMBMAYE, CUHTEHETCKe ca NUPUTOM. EKOHOMCKW 3Hauyaj umajy u
XUuLe U MMNperHaynje KOBeNMHa y anTepucaHoM aHAe3uTy Kao M MpoXWauu msrpa-
heHn of KaTaknasmMpaHor nupuTa U KBapua, WupuHe fo 5 Trn, Ay>XWHE 40 HEKONKO CT.
KoBenuH ce 06MUYHO KOHLEHTPULLIE Y HUXOBUM LEeHTPaiHUM genosuma (cn. Ir). Mocma-
TPaHO ca acnekTa CTPYKTYPHUX KapaKTepuCcTUKa, KOBENWH Ce Y MPETXOLHO MOMEHYTUM
cpefMHamMa jaB/ba Kao 3pHAcT KCeHogopMaH (XMApoTepManHO U3MeHEHN aHAe3nTn), Kao
MeTakpucTanacT y KBapL-aHXMAPUTCKUM XullaMa U y LeMeHTauMoHUM CTPYKTypama y
acoumjaumju NUPUT-eHAPrUT U NUPUT-KBApL,.



Hajmnahu pygHU MuHepanu y nexuiuTy BpesaHunk cy rafieHuT u chaneput. JaB/mbajy
ce y BUAY XMUnuua ca unm 6e3 aHXuapuTa v Kao camocTasiHa 3pHa/arperatu y myKoTUH-
CKO-NPCANHCKUM CUCTEMUMA NEXULLTA.

OcumM HabpojaHUX pyAHUX MUHepana, nogpeheHn 3Hauaj y NexuwTy umajy pytun u
NeyKoKceH. MNpBu je Hajuewhe 3pHacCT, nguobnactuyaH, pasBnjeH y 6/IM3MHN UAN HA KOH-
TaKTy ca NUPUTCKOM MuHepanmsaumnjom. Aumensnja je 10-30 4T. JIeyKOKCEH je HeEWTO
pehun of pyTuna. PasBujeH je y BUAYy Nosba HenpaBuiHe GopMe, Y YNJUM Ce LEHTPaNHUM
[eNoBMMa MOHeKa MOXe [a Youu pyTus.

TWNTMOBW PY A

Ha ocHOBY NpeTX04HO (hOPMMPAHOr MpUKasa MUHepanHOr cacTtaBa OpyfAheta npa-
heHor aHanM3oM HbKxoBe Mefjyco6He MOBe3aHOCTU U CTeMeHa KOHLEHTPUCAHOCTU Y aHa-
NN3NPaHUM PYAHUM Tenuma, y nexuniuTy bpesaHuk je moryhe nsgsojutu cnegehe tunose
pyga: 1. fOMUHaHTaH NUPUT-KOBENMUCKK ca Uan 6e3 KBapua, runca u aHxugputa, 2. nu-
PUTCKMN Ca PETKMM Xa/SIKOMMPUTOM, PYTUIOM U NIeyKOKCEHOM, 3. MAPUTCKW, Ca EHApTrUTOM ca
nnu 6e3 KBapua, KOBe/MHA, TUNca U aHXuapuTa, 4. MUPUT-XaTKO3MH-KOBE/IMHCKM U 5. HU-
pUT-60PHUTCKN, Ca XaNKO3MHOM U PETKMM XanKOMUPUTOM. HbUXOBE OCHOBHE Teo0fiolW KO-
-eKOHOMCKE KapakTepucTuke, npeAcraB/beHe CTEMEHOM 3aCTYN/bEHOCTM Y NTEXULITY, CPeau-
HOM SI0Ka/iM3aluje n BUAOBMMA NOjaB/bUBatba, cy cneaehe:

EKOHOMCKW Haj3HayajHWju je npBu Tun pyge. NMpPoCcTOPHO je OrpaHMYeH Ha UHTEH-
3BHO XWAPOTEPMASHO M3MEHEHE aHAe3nTe U MakbWM [efloM, KBapLHe, TUNCHe U aHXU-
LPUTCKE Xule. Y NeXunwTy ce jaB/ba Ha BULIEe HauyuHa: 1. Y Buay xunuua nxunua aebmsu-
He ucnog 1cT m3rpafeHux of KaTakfasmpaHor NMpUTa U KOBEMHA KOjU ra LeMeHTyje. Y
LEeHTPaNHUM feN0oBMMa XUnmua ce 06MYHO Hanasn Keapl, anu To HUje u npasuno; 2. MNu-
pUT U KOBENWH CY Y BUAY MMMperHayuja pa3BujeHn y CTEHCKOj Macu. 3pHa KOBeJuHa He-
npaBuaHoOr o6nMka 06MYHO Cy rpynucaHa rpagehn Haromunaka enuncacte, rHesgacre
WAn Xununyacte popme, 4OK je MMPUT pacejaH Y OCHOBHOj Macu cTeHe; 3. MnpuT 1 Koge-
NINH cy pa3BujeHn Kao MetabnacTu HenpaBuaHOr o6auka.

Lpyru Tun pyge je HuXKer cTeneHa 3acTyn/be€HOCTM Y OHOCY Ha MPeTX0AHO NoMme-
HyTU. CpeNHY HeroBor nojaB/bnBara HajgehumM LefioM YMHE XUAPOTEePMasHO U3MEEHN
aHAe3nTn, OAHOCHO Le/I0BM MOMEHYTUX CTEHA Y KOjuMa ce youyaBajy pPemKTu 3amMereHnx
(heMCcKUx muuepana.

Tpehu Tvn pyge (MMPUTCKM ca eHapruTom, ca unm 6e3 Keapua, KOBejuHa, runca u
aHXuapuTta) Hema BeNUKY pPacrnpocTpareHOCT Y NeXuwTy. MacuBHe je TekcType, npu-
MapHo 6e3 KoBenuHa. KBapl, MUPWUT ¥ eHapruT rpaje arperate BefnumHe n o 1071 y
KOjuMa ce y3ajaMHO 3amewyjy, Npu 4yemy KBaply Hajuyewhe 3anywaBa MehynpocTope
n3mely pygHuUX MuHepana. Y MojeauHUM ciydvajeBa MOMEHYTM TUN OpY[AheHa je Hak-
HafJHO TEKTOHCKM M3/1I0M/bEH, Kafla MOXe 6MUTK LLeMeHTOoBaH MaafM KOBE/IMHOM.

UeTBpPTHU, NUPUT-XaNKO3MH-KOBEMHCKN TWUM pyAe je MPOCTOPHO OrpaHWYeH Ha an-
TepucaHe aHAe3nTe. PenaTuUBHO je pefak y NexuTy.

AHanorHo 4eTBpTOM, NeTn TUnN pyge (MUPUT-60PHUTCKM ca XaNKO3UHOM U PETKUM
XanKoMMpPMUTOM), OFPAHNYEHOT je pacnpocTpakewa 1 eKOHOMCKOT 3Havaja. CpeauHy He-
roBor nojaB/buBamwa, Hajsehum AenoM, YMHEe KBapLHe Xule ca runcoMm. JOMUHAHTHO
yyewhe y 0BOM TuUNy pyge uma GOPHUT, NOKaNHO pasBMjeH ca XanKo3MHOM Yy 06/UKY
pacnaga 4BpcTor pacteopa. [MoOMeHYTU MWHEpanu LEMEHTYjy KaTakaasuMpaHa 3pHa nu-
puTa. Y OKBUPY OBe rpymne KaTKaj je pasBujeH U XankonupuT y popmu pacnaga 4BpcTor
pacTBopay 60pHUTY UM Kao OpPe0n OKO NOjefMHUX 3pHa NupuTa.



MOJE/T OBPA3OBAHKLA OPYAHEHLA U
DA3E CTBAPABA PYAHUX MNHEPAJIA

Ha OoCHOBM NpeTX04HO M3BeAEHMX 3akK/by4vyaka O CpeAuHW MojaB/buBakba pPyAHE MUHe-
panusaumje, 04HOCHO MeTaNoreHeTCKOj aHanu3mn Wuper nogpyyja nyvyasaHor npocropa, 3a-
TUM MOPGOCTPYKTYPHUM TUMOBMMA OPYAtbetba, CTeneHy KOHLUEHTPUCAHOCTU PYAHUX MUHe-
panay pygHUM Tenuma, BUAOBMMA NOjaB/bUBaka aHaNN3MpaHUX MUHepanHWX BpcTa M TUNo-
BMMa pyfa, Kao NpefMMUHapHU MOTyY ce 3BecTu cnefehu 3ak/byuliy 0 CTBapawy JeXuLLTa u
NPUCYTHUX MUHEPANHUX NapareHesa.

Y npBoj has3n Koja je NpeTxXoAmna CTBapaky NeXulTa M3BPLIEHO je CTPYKTYpPHO-
-reonowWwko yobnnyasarwe cpefMHe eroBe NPOCTOPHE NoKanu3saynje, 0LHOCHO TBOPEBU-
Ha TUMOUYKOr MarmMaTtckor Kommjekca. Hberos HacTaHak ce, perMoHanHO MOCMAaTpaHo,
[0BOAN Yy Be3y ca CTpyKTypama pudToBa (XxopcT-rpabeHn) popmupaHum mnsHag cyb6ayk-
LMoHe 30He okeaHcke nutocepe (Karatala, 1974; Jankoyjc, 1989, 1990). Henocpea-
Hy Te0/oWKY CpeAuHYy MNojaB/bUBawa OPYAHEetha YMHE BY/KAHOTEHO-UHTPY3UBHU KOM-
MNeKcu Kanko-ankanHe Marme, npatehn XMUYHM €KBMBANEHTU MOMEHYTUX MarMu v Byn-
KaHOTeHO-CeJUMeHTHe cepuje. M3nuBare mMarme je npyv TOMe BPLUEHO Yy Buwe (a3a npe-
KO BY/IKAaHCKMX anapaTa /INHWJCKOT, a Ha IOKa/HOM MfaHy, LeHTpanHor Tuna. IHTeH3uB-
HOM XUAPOTEPMAasHOM aKTUBHOWNAY, CUHXPOHO Ca BY/JKaHOTeHO-UHTPY3MBHOM jenart-
HOWHhY M HaKOH ke, Y MOMEHYTOj re0noLWwKOj CpeanHN, CTBOPEHO je nexuwTe bpesaHuk
Kao cacTaBHM feo pygHor no/ba bop (JankoY1c el al, 1995).

CaMo nexuuwTe je popMmMpaHo y Hajmawe ABe (ase: (a) NpepyAHoj, y OKBUPY Koje
cy Kao pesyntaT MefycobHOr fenoBata BY/IKAaHCKMX racoBa ca BY/KaHUTUMa HacTane
WHTEH3WBHA NMUpMTU3aLMja N cunmdukaymja MaTUHHUX CTeHa, npaheHe penaTUBHO HUC-
KOM KOHUeHTpauujom 6akpa (Kucena cpeamHa, 0iIM4eHa BUCOKOM (PyracuTtom cymnopa),
n (6) pyaHoj, ogurpaHoj y suwe nogdasa. Ha oBaj HaunH popmupaHa opyarewa y ne-
XnwTy BpesaHuK ce KapakTepully penaTWBHO jeAHOCTaBHUM MWHEpPanHWM CacTaBOM U
CNOXEHUM napareHeTCKUM OfHOCMMa. HbuxoBe MefycobHe pasnmke U CHeLUuPUUHOCTM
nojaB/bMBata, YCNOB/bEHE Cy BULIE(HA3ZHOM, NyACaLMOHOM aKTUBHOLWNY XMAPOTEpPMU U3
KOjUX je U3BPLIEHO AenOoHOBake pyfAHEe MUHepanu3auuje, Kao U CNOXEHUM PUINYKO-
-XEMMWJjCKUM YCOBMMA KOjU Cy Blajanu y npe-, MHTpa- 1 noctpygHom nepuogy. OTyaa,
reHepasHoO NocmaTpaHo, oNwTn Moden o6pa3oBaka OpyAmerba 6akpa ykbyuyje cnegehe
eNneMeHTe: MPUMapHM WU3BOP PYLHMX MeTana je Kafko-ankKanHa MarmMa ropwoKpegHe
CTapocTu, Mpu Yemy cy Mobunmsaumnja u NPeHOC PYAHUX KOMMNOHEHTU BPLUEHW (haynamuma
ca BMCOKOM (yracHowhy cymnopa. OMeHyTU pacTBOpM Cy Ha CpeauHy [efoBanu
CENEeKTUBHO 0 YeMy CBeJoue anTepalMoHU NPOAYKTU M CyKLecHja cTBapaka MnuHepana ca
HUXOBMM MapareHesama. [lenoHoBake pyaHe MUHepanu3auuje je Be3aHO 3a CyOBYIKaH-
CKe HMBOE, O4HOCHO CpefMHe y KOjuMa je JOMUHaHTaH pakTop 3a obpa3oBawe MUHepas-
HUX (pa3a 6O MPOLEC CeKYHAAPHOT K/byuyara Y3pOKOBaH Harium nagom nputucka. OH
je, ca cBoje cTpaHe, foBe0 Ao ocnobahawa C02n H2H KOMNOHEHTE U3 pacTBOpa, OAHOCHO
naga KMcenocTu u cTBapawa ycnosa 3a MeflycobHe peakuynje metana ca 82 un H8" joHuma,
Tj. obapara cyngpupa (Yakanjac & Jelenkoylc, 1998). Ca acnekta PU3NUYKO-XEMU]j-
CKMX KapaKTepucTuKa XuapoTepManHux gpaynja, fenoHoBake MUHepanHe acouunjauunje y
nexuwTy bpesaHuk je BehuM [enoM M3BPLUEHO Y YC/OBMMA HUCKMX BpegHOCTU pH no-
TeHUMjana n y cnabo pefyKUMOHOj CpeauHU, ca NPOMEH/bUBUM penaTUBHUM OAHOCMMA
Pe2+n Cu-komnaekca n yracCuToM KUCEOHMKA.

Ca reofiolWKMM LUKNYcOM o6pa3oBatba aHAe3UTa M CTPYKTYPHO-TEKTOHCKUM YO-
6nnyaBatbeM cpeguHe (MYKOTUHCKO-NPCAMHCKMX CMCTEMA) Y KOjoOj je AenoHOBaHa pyfgHa



MUHepanusauuja, Ha NpocTopy NexuwTa bpe3aHnK CUHTEHETCKU je ofMrpaHa npea (asa
XuapoTepManHe akTuBHocTM. OHa je n3a3Bana NpoLec pernoHasHOr anTepucamwa, WTo je
foBeno o npeobpaxasata Beher gena NeTporeHNMX KOMMOHEHTU, OfHOLWeka HaTpuje,
Kanuje, ocnobahara reoxha u cunuunje n buxosor npepacnopefusara. Ha oBaj HauuH
Cy CTBOPEHM HOBW, MPasHW MPOCTOPU Yy XMAPOTEPMASHO U3MEHEHUM MPONUAUTUCAHUM
aHAesnTUMa M NUpOoKNacTUTMMa M W3BPLIEHA permoHasHa nupuTu3auuja, a 3aTuMm y
BMCOKOTEMMNEPATYPHOj OKCUAHOj Pa3un, eKCTEH3NBHA HEOPYTHUIM3aLmja.

[Opyra aza akTUBHOCTM XUAPOTEPMaNHUX pacTBOpa Aa/be anTepulle BY/KaHWUTE, BPLUK
Ce UHTEeH3MBHa cunngukaumja v AenoHyjy JOMUHAHTHU NUPUT U eHapruT. HakoH oBe (ase
cnefn nokanHa WHTpapyAHa TEKTOHCKA aKTMBHOCT MaHM(ecToBaHa CTBapaweM MYKOTUH-
CKO-MPCANHCKNX CUCTEMA Ca MUPUT-EHAPTUTCKOM, BOPHUTCKOM U GOPHUT-XANKO3UHCKOM
MUHepann3aLmnjom y3 AenoHOBakbe Mare KOMMUYUHE XanKonupuTa. Y YCKO N0Kann30BaHUM
npocTopMMa NexuluTa f0Na3un L0 CTBapaka HOBe reHepaluje NMpuUTa, Kao M Xula Keapua,
6apuTa, aHXmMapuTa 1 runca, NokanHo npaheHnx Ph6 n 2n8. Jasba, eKCTEH3MBHA UHTPapyHa
TEKTOHUWKa, omoryhaBa [enoHOBakbe EKOHOMCKM 3HayajHUX KOHLEHTpauuja pygHuUX MuHe-
pana (KOBeNMHa U KOBE/IMHA Ca CUHTEHETCKUM MUPUTOM).

Ha oBaj HauyuH, Ha WKpPeM NpPoCTOpy nexuwTta bpesaHux je ctBopeHa cnefgeha aco-
uujaymja MuHepana: NMpUT, BE3aH ca MPOLECOM PermoHanHe NUpMUTU3aLMje U NPONUINTN-
cakem aHae3uTa, npaheH cTBapaweM HeopyTWaa Kao nocneguua naga gyracmta cymno-
pa. Mocne wUXOBOr CTBapaka, ycnegmna je akTMBHOCT XMAPOTEPMaNHUX PYJOHOCHUX pa-
CTBOpPa M3 KOjUX Cy Y MOBO/bHOj BMCOKO TEKOHW3WPAHOj CPeAVHU W MOBO/LHUM (hU3NY-
KO-XeMWjCKUM ycnoBuMMa, fenoHoBaHe cneaehe pyaHe napareHese: (1) nupuTt, eHapruT,
(2a) nupur-eHapruT, (26) 60pHUT N GOPHUT-XaANKO3UN+KBapPL,, TUMC U aHXNAPUT (PeTKO
xankonupur), (3) NnMpuT, KBapy, 6apuT, aHXMapuT, rnnctPh8, 2n8, n (4) KoBeNUH 1 KOBe-
JIVH Ca HUPUTOM.



