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Introduction

The Kozuf metallogenetic district formed in the marginal parts between the
Republic of Macedonia and the Aridai region in northern Greece. Hence, the most
appropriate name for this metallogenetic unit would be Kozuf - Aridai area.

This Monograph presents, in a synthesized manner, results of investigations
carried out so far in the territory of the Republic of Macedonia. The part that is
situated in the terrane of Greece is poorly investigated and studied, particularly in
the domain of its ore mineralization. Some investigations, however, were carried
out in the sector of Voros.

The Monograph includes detailed investigations of pertologic features of the
Kozuf magmatic complexes carried out by Blazo Boev, as well as regional features
of the metallogeny in Kozuf as part of a larger metallogenic unit in south-east
Europe. Particular reference is given to the geochemical metallogenetic features of
the Sb-As-TI-Au Alsar deposit that belongs to this metallogenic district and shows
a number of specific mineralogic, geochemical and metallogenetic features that
make it a unique deposit in the world.

Since the Alsar deposit is insufficiently investigated, results presented in
this Monograph should be considered as preliminary. Detailed and systematic
examinations are in progress.

The Monograph presents the results of the implementation of a research
scientific project on Alsar financed by the Ministry of Science of Republic of
Macedonia.
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Fig. 0. Panoramic view of the Kozuf Mountain { Photo B.Boev )
Cu. 0. ITanopama oy ITnannxara Koxyd ( @oto B.Boes )



© 2 Geology of the Kozuf district

GEOLOGY OF THE KOZUF DISTRICT

Geologically viewed the Kozuf district is built of several geologic
formations distributed in several stratigraphic complexes:

- A complex of Precambrian metamorphic rocks

- A complex of Paleozoic metamorphic rocks

- A complex of Triassic-Jurassic sedimentary rocks

- A complex of Upper-Cretaceous sedimentary rocks
- A complex of Upper-Eocene rocks

- A complex of Pliocene sediments and pyroclasts and
- A complex of Quaternary sediments

The gecologic structure also includes magmatic rocks represented by
¢ A complex of metamorphosed rhyolites and pyroclasts

= A complex of serpentinized ultramafic rocks

2 A complex of basic igneous rocks, and

2 A complex of volcanic of calc-alkaline suites.

Fig.1. shows the geologic map of the Kozuf district.

The complex of Precambrian metamorphic rocks is built of albitic gneisses
and marbles situated in the vicinity of the Mala Rupa metamorphic block on the
east. On the west (Mount Kozuf) the complex is built of gneisses and micaschists
located in the Elen Supe tectonic block.

Gneisses and marbles have been found in the tectonically emersion block at
Mala Rupa, west of the village of Konsko. Rakicevic and Pendzerkovski {1970)
determined a Precambrian age, but Mersier (1973) reported Mesozoic or Triassic
age for the rocks.

Gneisses are developed in the {ower, but marbles in the upper parts of the
complex. The gneisses of the lowermost part are albites with pronounced
porphyroblastic texture, whereas those of the upper parts have amphibolite-biotitic
composition with lenses of micaschists and cipolines. Besides albite, they contain
potassium feldpar-microcline. They also contain coloured minerals such as
amphibole, biotite, chlorite and mica. ‘

Marbles are medium to large-grained rocks built of calcite. They overlie
gneisses and grade into cipolines and calc-schists and along with gneisses
comprise one metamorphic complex. The marble horizon is estimated at 600 m,
while the horizon of gneisses at approximately 1000 to 1500 m thick.
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1. Aluvium / Anysuym
2. Complex of vulkanites / Konnexc Ha Bynkammv

3. Compiex of Pliocene piroclasts / Komnnekc Ha MmuoLyeHcKu NHpoKNacTvT

4. Complex of Pliocene sediments / KoMnnekc Ha MAMOUGHCKH 0o QuMeHTH

5. Complex of serpentinized ukramafic rocks / KoMnnexc wa cepreHTHHWIMpaKH yTpabasiun Kapmik

6. Complex of Upper Eocene rocks / Komnnekc 04 ropso @oyeHcKu Kapnu

7. Granitoids / TpasmTongn '

8.-9. Complex of Upper Cretaceous sedimentary rocks / KoMnnexc Ha ropHo Kpegri c8 JUMEHTHA KaprH

10. - 11. Complex of Jurasic magmatic and metamorphic rocks / KoMnneKc Ha [ypcii MArMATCKM i MaTAMOPbHM Kapnm
12. Gomplex of Triasic sedimentary and metamorphic rocks / KoMnneKc Ha TPHjacku cagMMeHTHH i MeTaMophHY Kapnu
13. Complex of Paleozoic matamorphic rocks / Komrinexc Ha nanecaojeku MeTamopdiHm kapnu

14, Complex of Precambrian metamorphic rocks / Kemnneke Ha npexamGpHCKy MeTaMOPhHH Kapnu

Fig. 1. Geologic Map of the Kozuf district ( Boev, 1988 )
Cn.l. Teonomrka kapra Ha Koxyccekara o6nact ( Boes, 1988 )
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Besides the metamorphic rocks in the Mala Rupa block in the western flank
of the Vardar zone and the Pelagon (Kozjak Mt), a block of metamorphic rocks -
Elen Supe containing rocks of different composition, but similar degree of
metamorphism, was also determined. The Elen Supe block is built of gneisses and
micaschists and its composition is similar to that determined for the lower parts of
the Pelagonian metamerphic complex.

The complex of Paleozoic metamorphic rocks, unlike the Precambrian
gneisses and marbles, is of lower metamorphic degree. It conformably overlies
marbles of Precambrian age.

Paleozoic metamorfic rocks are most common in Adzibarica, between Keci
Kaj and Gladnica, Jelovarnik and Porta as a phyliite horizon, a horizon of phyllitic
schists and cipolines, quartzporphyry, phyllites, argilloschists and metasandstones
with marble interlations and finally a horizon of quartzites, quartz schists and
metadiabases.

The phyllite horizon also contains sericitic and epidotic schists, cipolines
and marbles and metamorphosed quartzporphyry intruded by quariz veins
(Adzibarica, between Keci Kaj and Gladnica). Graphitic schists have also been
noticed in the series of sericitic schists. The horizon is approximately 750 m thick.
Tt was also revealed in Adzibarica, Jelovarnik and Porta as well as in the vicinity of
the Dusnica River source.

Cipolines and marbles alternate phyllitic schists in the horizon of cipolines
and phyllitic schists west of Flora, Alcak, Ursa and Jelovranik along the River
Dosnica course. They are overlain by schistose quartz porphyry distinguished as a
separate horizon. They possess micro porphyroblastic texture, built of sericitized
and kaolinized feldspars of albitic composition. They alse contain potassium
feldspar, quartz, epidote and chlorite.

A horizon of quartzites and metasandstones was determined in Boulska
Reka near Dina, Kalugjerica and Usevica. It also contains meta diabases with
sporadic sulphide mineralization.

Rakicevic and Pendzerkovski (1970) determined these metamorphic rocks as
early Paleozoic. Mersier (1973) determined the age of this series and that of Porta
as Jurassic based on the degree of metamoprhism and because it concordantly
overlies the Mala Rupa - Tsena series which he determined as Triassic.

Upper Cretaceous limestones overlie the horizon of phyllites, argilloschists
and metasandstones with intercalations of marbles in the upper course of the River
Dosnica.
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sediments that overlie the basement of various geologic formations. They overlie
Upper Eocenic sediments between Barovo and Krnjevo. They are present as large-
grained conglomerates and clayey sandstone sediments (between the villages of
Dolna Bosava and Kmjevo).

Gravel sediments have been determined in the basement of the tuffs near the
village of Gorna Bosava in the valley of the River Nistaica above the village of
Cemersko. There are sands and clayey sands with intercalations of sand-clays or
clayey sediments over the series of conglomerates near Krnjevo which itself is
overlain by clayey carbonate rocks.

Marls overlain by clayey sand and clayey carbonate sediments with large
amounts of fossil residues, bones and fauna (of mammals) occur near the village of
Barovo. The last skeletons of this fauna were found in the topmost level of these
clastic lacustrine sediments in diatornaceous earth beneath volcanic sediments -
tuffs near Stukovi Orai in the vicinity of the village of Barovo (Garevski, 1960).
The age of the sediments was determined as lower part of the Upper Pliocene
based on the fauna (Izmailov, 1960). Radovanovic (1930) determined the age of
these sediments as Pontian.

The Pliocene clastic sediments in the southern parts of the basin end with a
travertine and lie immediately beneath the pyroclastic sediments (above the village
of Boula).

Pyroclastic sedimentary rocks cover Pliocene lacustrine sediments in the
south parts of the basin near Vitacevo and Gatenovo. In the southmost part they
overlie the rocks of the northern slopes of Mount Kozuf and extend along the
Macedonian - Greek border, south of the village of Mrezicko. In the north they
extend close to the town of Kavardci and Delni Disan (south of Negotino). The
final tuffs and conglomerates can be seen in the vicinity of the village of Radnja.
The volcanic sediments are from several meters up to several hundred meters
thick.

A horizon of aglomerative tuffs overlain by a honzon of fine-gramed
volcanic ashes and glass occurs in close proximity to the Kokliski Monastery in
the valley of the River Luda Mara over the clastic lacustrine sediments present as
carbonate clayey material. The latest horizon of volcanic sediments consists of
brecciated well banded volcanic tuffs - pyroclasts. The largest blocks of volcanic
rocks were found in the north slopes of Mount Kozuf, beneath the volcanic craters
and domes (above the village of Radnja and Bara, in the vicinity of Gladnica,
Ametkova Glava and Konopiste).

The complex of Quaternary sediments: Large amounts of significant
Quaternary terraces are found right of the River Konska. The layers are 20 to 30 m
thick. They are large-grained sediments consisting of rounded fragments, built
mainly of gneisses, marbles and quartz that formed from crystalline rocks from the




Comiplex of igneous rocks 7

vicinity of Mala Rupa and Keci Kaj. These terrace sediments were completely
worked out - washed for gold during ancient period that is noticeable in the terrain.

Larger terrace sediments are not noticed along the valley of the River
Dosnica because of the steep river sides. However, today's terrace layers can be
found in the river bed. Traces of washed out river terraces can be seen in
individual parts, particularly in the lower river course at the end of the cliff below
the village of Dren.

Quaternary tuff sediments ( 20 meters thick) can be seen near the village of
Sermenin in an area of approximately 200 to 300 meters in size. They are located in
the mouth of the River Belica and the River Sermeninska. Similar tuffs can be seen
in the River Boulska near Dina.

The River Bosava with its tributaries brings mainly volcanic material,
because it passes through volcanic sedimentary seriez in its upper and middle
courses.

Deluvial coarse-grained clastic sediments overlie the volcanic sediments
near Vitacevo. Redeposited volcanic glass and ashes, known as pemza and pumice,
as well as redeposited aglomerative tuffs can be noticed along the Mrezicko -
Kavadarci road.

The complex of metamorphosed rhyolites and quartzporhyry is located in
Paleozoic schists or Jurassic metasediments in Adzibarica and Gladnica (Mersier
1973). 1t is known that they are interstratified in phyllite horizon conditionally
determined as Paleozoic without any stratigrafic data. Quartzporphyry near Bel
Kamen and Dve Usi in the vicinity of the villages Konsko and Dudica have also
been identified.

Quartzporphyries are greyish-white to green rocks and represent
metamorphosed magmatic rocks, or rhyolites and pyroclasts developed, most
probably, at the same time period as the sedimentary rocks that formed the
phyllites. Such rocks have also been established in the terrains of neighbouring
Greece in Kastaneri, south of the village of Uma. Based on data reported by
Mersier (1973) they are of Upper Jurassic age. Rakicevic and Pendzerkovski
(1970) determined these rocks as early Paleozoic,

The complex of serpentinized ultramafic rocks is situated in the Studena
Voda - Rzanovo - Kumanicevo zone. Tt represents a tectonic structure on which
serpentinites along with Jurassic and Upper Cretaceous metasediments cover
Paleozoic and Triassic metamorphic rocks.

Lateritic deposits of nickeliferous iron ore developed over the Rzanovo -
Studena Voda zone and along with sediments of the top parts were
dynamometamorphosed in conditions of prehnite pumpelite up to greenschist
facies (Boev, 1982).
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A large mass of serpentinized ultramafic rocks is located in the River
Mrezicka above the village of Mrezicko. Serpentinized masses are also found. near
Alsar. The serpentinites near Mrezicko and wider are highly tectonized grading, in
some parts, into serpentine and talcous schists. Smaal chromite pods are known in
the ultramaphic rocks.

Large masses of serpentinized ultramafic rocks are also located along the
Rzanovo - Studena Voda tectonic zone. Detailed petrologic investigations
determined these rocks as dunites and harzburgites. They are almost completely
altered to serpentinites and only in some places relicts of fresh ultramafic rocks
can be seen. Gabbro pegmatites and rodingites have also been found in the zone.

The complex of mafic igneous rocks is present as gabbro diabase complex
that occupies the eastern and north-eastern parts of Kozuf district. Gabbros,
diabases and spilites predominate in the complex. Minor intrusions of leucocratic
granitic rocks gquartzmonzonitic in composition like those in Gornicet were
determined in the bordering parts between intrusive mafic rocks - gabbros and
effusive rocks - spilites. Granite porphyry dikes were also determined in the mafic
rocks near Smokvica, Davidovo and Dren.

Quartzdiorites and granodiorites were identified in the north-west part of the
gabbro diabase complex, near the village of Boula and Radnja as well as near
Milovan and along the valley of the River Dosnica, Smaller pegmatitic lodes
intersecting quartzdiorites or granodiorites were also found near Radnja.

Tajder (1939) carried out detailed petrologic investigations of the gabbros of
this complex and determined the following major types: wehrlite, troctolite,
olivine gabbro, gabbro-eucrite, uralite-gabbro, diorite and quartzdiorite, basalts
and diabases.

<

The easternmost parts of the gabbro diabase complex on both sides of the
River Vardar (from Demir Kapija to Udovo) and even further to Gevgelija are
represented by diabases, spilites and keratophyre. Spilites are the most abundant
among them.

Karamata (1973) gave the basic genetic assumptions related to this gabbro
diabase complex. He reports that Dren - Boula gabbro diabase complex is a
product of multi stage extrusions of large amounts of basaltic magma forming,
first, the diabase spilite parties. Later, the prompted new masses intruded beneath
the diabase crust (rarely intersecting it} forming new diabase spilite extrusions.
The intruded igneous masses partiallly differentiated, but the tectonic processes
and magma pulasations precluded magma differentiation.




Structural and Volcanic Features 9

Structural and Volcanic Characteristics of the Kozuf District

The Kozuf district is a large volcanic complex sitnated in the south of the
Republic of Macedonia. It spreads in the area of Mount Kozuf .

According to the regional' geologic setting of the Balkans, it is part of the
Vardar zone,

In the east the Kozuf district is [imited by a fault zone which is the west
border of the Demir Kapija - Gevgelija gabbro diabase ophiolite massif. In the
west it is bordered by a fault zone that separates the Pelagonian massif and the
Vardar zone.

The location of this volcanic complex in the Kozuf - Kilkis transverse zone
(Arsovski, Ivanov, 1977) and the intersection with the Vardar zone indicates a
central type volcanism, activated on the tectonic intersection formed by the
reactivated regional fault structures of Vardar strike (NW - SE to N - 8) and the
Kozuf - Kilkis (E - W) fault structure formed during the neotectonic period. This
type of volcanism is characterized by ring-radial structures.

A schematic morphostructural map of the Kozuf district, was made using
the anlaysis of satellite scanograms, aerophotos and geologic data obtained by
field investigations ( Fig.2 ). The neotectonic fault structures grouped into three
systems.

A fault system of Vardar strike are reactivated fault structures, the oldest
being those of NW - SE and the youngest of N - S orientation. Products of both
incipient and major phases of volcanic activity are located along these faults.
Intensive hydrothermal activity (in the area of Dudica and Alsar) of N - S strike
took place affecting the products of incipient volcanic activity.

A system of faults of NE - SW to E - W strike. This system is relatively
younger than the Vardar system manifesting recent seismic activity. The
intersection between this fanlt system and faults of Vardar strike points to the
younger and final volcanic activity in the Kozuf district,

Ring structures are represented by several morphologically negative shapes
(that can be seen in scanograms} and a positive structure in the area of Dudica. The
area of the most striking negative ring structure ( Vasov Grad-Mrezicko-Topli Dol-
Rozden-Alsar) is built mainly of volcanic material but it also includes Pliocene as
well as Triassic and Cretaceous sedimentary material. This composition, the
concentric shape and radial pattern of internal rupture structures, the type of
drainage indicate that this large ring structure is-a collaps caldera.
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Fig. 2. Morphostructural Map of the Kozuf district - Schematic ( Boev, 1988 )
Cn.2. Mopdocrpykrypha kapra na Koxyderara o6xacr - memarcku ( Boes, 1988 )
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The Dudica positive ring structure can not be seen in scanograms, but it can
clearly be defined by field investigations and analyses such as drainage system.
Most probably the volcanic activity started in the area of this positive structure
(Stara Mircevica). The products of initial volcanic activity are hydrothermally
altered and covered by the products of later and final volcanic activity. The
volcanic activity in the Kozuf district started in the Miocene and the isotopic age
of rocks was determined as 12.1 m.y. (Troesch and Frantz, 1994)

The volcanic characteristics of the Kozuf district were determined by field
investigations and analyses of plane photographs. The volcanic activities produced
voleanic necks, frozen supply channels, large quantities of pyroclastitic material.
Lava flows and development of typical volcanic domes have not been identified.
This results from the nature of the magmatic activity and the composition of
magma that gave the material for the rocks during the final phases of
differentiation.

The magmatic activity included intermediary, occasionaly acidic, magma
which was immobile and fairly rich in volatile components. This led to a rapid
closure of supply channels resulting in a large explosive phase during volcanic
activities. This is proved by the large presence of pyroclastic and epiclastic
material such as lacustrine tuffs, conglomerates, volcanic glass and ashes. The
large amounts of borone and fluorine in the volcanic rocks from Kozuf points to
the existence of a long duration of emanation phase in the evolution of this
volcanism.

A review of some specific geologic cross-sections through products of
volcanic activity will be given for better interpertauion of the velcanologic
characteristics of the volcanism.

The Katuniste geologic cross-section (Fig. 3) is most distant from the
centres of volcanic activity and starts from the marginal parts of the Tikves valley
(in the vicinity of Kavadarci) and extends to the Vitacevo plateau.

Lacustrine Neogene sediments with no volcanic materials in them, present
as sands and sandy clays (with carbonate or limestone parties in the top parts) can
be noticed along the Luda Mara River valley up to the Vitacevo plateau.

Neogene lacustrine sediments with no volcanic material disappear at peak of
about 470 meters. They are overlain by epiclastic sediments and rocks present as
conglomerates. Fragment in the conglomerates are rounded and partially sorted.
They are present as volcanic rocks that correspond to latites and quarizlatites.

The series of epiclastic conglomerates is overlain by lacustrine deposited
tuff with pemsa. Pronounced stratification can be noticed in the series. Pemsa is a
redeposited material and epiclasts are rounded and partially sorted. They are
overlain by a series of lacustrine deposited tuff with epiclasts of 2 mm to 64 mm in
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size and clearly pronounced stratification. Epiclasts are represented by fragments
of volcanic rocks. This series underlies a lacustrine deposited white tuff of
pronaunced stratification.
iz
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Fig.3. Geological cross-section of Katuniste ( Boev, 1988)
1. Conglomerate tuff; 2. Lacustrine deposited tuff, 3. Lacustrine deposited tuff with
epiclaste larger than 2 mm but smaller then 64 mm in size; 4. Lacustrine deposited tuff
with pemsa; 5. Epiclastic conglomerate; 6. Sands, clays and limestones; 7. Alluvium,

Crn. 3. T'eonomxu apodin Karyrumre ( Boes, 1988 )
1. Konrnomeparuen Tydy; 2. JlakycerpHekH fenorupan Tydy;, 3. Makycrpreku jJeronapay
Ty() CO ENBKIACTH uYija BEMHYHHA € NoroNemMa of 2 MM a IoMana on 64 mm, 4.
JlaxycTpucku nenorMpad Ty(d co nemsa; 5. Emmicracrirann xourioMepaty ; 6. Ieco,
TIHHH H BApOBHULM, 7. AIyBHOH

A horizon of conglomerate tuffs with epiclasts present as large fragments of
voleanic rocks occurs before reaching the Vitacevo plateau. Epiclasts are not
rounded in shape and their size has not been sorted.

Based on general geologic characteristics it can be inferred that the material
was deposited in ater environmnet with pronounced redeposition due to the large
distance of the profile from the centres of volcanic activity.




Structural and Volcanic Features 13

The Parnapes - Vitacevo geologic cross-section, (Fig. 4) is located close to
the centres of volcanic activities, From the River Parnapes valley further on to the
Vitacevo plateau, Neogene lacustrine sediments with no volcanic material are
identified. They are found as sands, sandy clays and limestones in the top parts.

Neogene sediments disapear at approximately 470 m sea level. They are
overlain by lacustrine deposited tuff with epiclasts of 2 mm to 64 mm in size.
Epiclasts are present as fragments of volcanic materials of clearly pronounced
stratification.
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Fig.4. Geologic cross-section of Parnapes-Vitacevo { Boev, 1988 )
1. Conglomerate tuff; 2. Lacusirine deposited tuff; 3. Lacustrine deposited tuff with
epiclaste larger than 2 mm but smaller then 64 mm in size; 4. Sands, clays, snady clays;

Cun. 4. 'eonoinkn npocmn [Naprarem-Buraueso ( Boes, 1988 )
1. Kournomepatuen Tydy, 2. Maxycrpueky nenorupat Tydy; 3. JIaKycTpucKy JenoHHpaH
Ty cO enUKIACTH Uija BeJWUHHA ¢ oroneMa off 2 MM a noMana of 64 muy; 4. THecor,
TIHHHA, AECKOBHTH [IHHH
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This series is ovrelain by white lacustrine deposited tuff overlain by a series
of conglomerate tuff. The epiclasts vary in size and are mainly unrounded.
Stratification is pronounced in the lower parts of the series, whereas in its upper
parts (above the level of 900 meters) stratification can not be noticed and the series
has characteristics of pyrocistic breccia.

The Barovo-Vitacevo geologic cross-section (Fig. 5) is located near the
village of Barovo. It is not close to the centres of volcanic activity. Neogene
lacustrine sediments with no volcanic material can be seen in the area between the
village of Barovo and the Vitacevo plateau. Sediments are found as clays, sands
and sandy clays with carbonate sediments occurring in some of them.
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Fig.5. Geologic cross-section Barovo-Vitacevo { Boev, 1988)
1. Conglomerate tuff; 2. Lacustrine deposited tuff; 3. Lacustrine deposited tuff with
epiclaste larger than 2 mmbut smaller then 64 mm in size; 4. Neogene lacusirine
sediments; 5. Tuffs; 6. Eocene marls; 7. Quartzites

Cn. 5. Teonomxn npochun Baposo-Burauero ( Boes, 1988 )
1. Konrnomepariet Tyd; 2. Jlakycrpucku jenonupad Tyd; 3. JlakycTpHCKH NeHOHHPAH
Ty CO ENHKIACTY YHja BeNHUHHA & TorodeMa of 2 MM a moMana off 64 mM; 4. Heorenn
esepcky ceguMenTH; 5. Burposy; 6. EoteHekn nanopiy; 7. KBapuuTy

Sediments are overlain by a horizon of lacustrine tuff with epiclasts of over
2 mm to 64 mm in size. Stratification is distinctly pronounced and epiclasts are
partially rounded. The horizon is overlain by a series of white lacustrine tuff with
clearly expressed stratification that itself is overlain by a series of conglomerate
tff of unrounded and unsorted epiclasts. Presence of epiclastic breccias can be
noticed in the top parts of the series.
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The Bosava geologic cross-section (Fig. 6) is situated close to the centres of
volcanic activities near the village of Bosava.

A series of Neogene sediments with no volcanic material represented by
sands, sandy clays and carbonate travertine on the top was established near the
village of Bosava. The series is overlain by a deposited lacustrine tuff with
epiclasts of various sizes. The stratification is clearly pronounced. There are
horizons with pemsa intercalations of epiclastic provenance. It is overlain by a
series of lacustrine tuff. The uppermost party of the cross-section consists of
conglomerate tuffs without pronounced stratification that look like pyroclstic as
breccia. The absence of stratification in the series is due to filling of the lacustrine
basin and transportation of the material by the violent flows.

a

BoSAva

900

00

500

GEOLOSK! PROFIL ., BOSAVA
w11 25000

LEGENDA:

Vo 278 e ifmmz] o[ZT

Fig. 6. Geologic cross-section of Bosava { Boev, 1988 )
1.Conglomerate tuff; 2. Lacustrine deposited tuff; 3. Deposited lacustrine tuff with
epiclaste presence of various sezes; 4, Pemsa; 5. Tufas; 6. Neogene lacustrine sediments;

Ca. 6. Teonowrsn npocun Bomara { Boes, 1988 )
1. Xonrnomeparaen rydy; 2. Jakyerpucku genonupad tydy; 3. JlakycTpucKs JenoHHpaH
Tyd) CO ENMKNACTH YHMja BelWYHHA e Hajpasnuuna; 4. [Temsa; 5. Burposu; 6. Heorenn
£3ePCKH CeRHMEHTH;
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The Studena Voda - Prasnik geologic cross-section is located close to the
centres of volcanic activity and to the Prasnik volcanic neck (Fig.7).
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Fig. 7. Geologic cross-section Studena Voda-Prasnik ( Boev, 1988 )
t. Epiclast blocks of volcanic rocks; 2. Lacustrine tuff with pemza; 3. Lacustrine tuff with
epiclasts of various sizes; 4. Lacustrine tuff; 5. Lacustrine wff with epiclaste of 2 to 64
mm in size; 6. Serpentinite; 7. Primary volcanic rocks

Cn. 7. T'eonourkn npodmn Crynena Bopa-Ilpamnnk ( Boes, 1988 )
1. BrokoBuTe enukiacTH Off BYIKaHcKy Kaprnn, 2. JIakycTpHCK fenoHupaH Tyg co
[IPUCYCTBO HA MeMaa; 3. JlakycTpHCKH NenoHupan Ty ¢o IPHCYCTRO HA CITIKIACTH €O
HajpasiuyHa rosemuna; 4. JlakycTpHekH fenoHupad Tyd; 5. JlaKyCTpHCKH Nemonnpan
Tyt cO NPUCYCTRO Ha eMHKNACTH CO BeNHuMHa of 2 10 64 mu; 6. Cepuewruuntm; 7.
TlpuMapHi MarMaTCKu KapIi;

The area of the Studena Voda deposit is composed of serpentinites overlain
by a horizon of lacustrine tuff with unrounded epiclasts of 2 mm up to 64 mm in
size, represented by fragments of volcanic rocks. The series is overlain by a
horizon of white lacustrine tuff, which itself is overlain by a series of lacustrine
tuff with epiclasts of various sizes. The epiclasts are unrounded and unsorted with
clear stratification. The series is overlain by lacustrine tuff with presence of
pemsa. The uppermost part of the cross-section consists of blocks of volcanic
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rocks formed as a result of weathering of volcanic necks or frozen supply
channels.

Based on the composition of the aforementioned geological cross-sections
that pass through the volcanic-sedimentary materials the following conclusions can
be drawn:

1. Recurrence of individual series of epiclastic and pyroclstic materials
within the volcanogene sedimentary series in the Kozuf district indicates the
polyphase or repetition volcanic activities.

2. Deposition of voluminous quatntities of volcanic material took place in
water environment and successive filling of Tikves Lake.

3. The level of the Vitacevo peneplane or peak 900 meters, is the highest
mark in the Neogene Tikves Lake within the vertical movements in the last 5
million years.

4. Based on analyses carried out of volcanic activities it can be inferred that
these volcanoes had an increased explosive phase in their evolution.

The multistage activity of the volcanoes or the recurrence of volcanic
activities is due to the nature of volcanoes and magma characteristics. Magma was
intermediary to acid in nature and fairly immobile and rich in volatile components.
The slight mobility resulted in very rapid closing of supply channels and in an
increase of concentration of volatile components inside volcanic sources. When
internal pressure due to increased amount of volatile components became very
high, a phase of destruction of volcanic domes and increased volcanic activity
followed as a result. Large amounts of pyroclastic material came down the
volcanic slopes as voluminous hot masses of broken material, hot gases and
vapours. This volcanic material flowed into Lake Tikves and started its filling. The
lack of typical volcanic bombs in the sedimentary series indicates that there was no
lava throws in the air, nor catchment of molten lava along the volcanic slopes.

Volcanic destruction or the moment of veleanic opening is accompanied by
an explosion of gases forming silicate foam that is more acid than the velcanic
material. This foam or pemza along with the pyroclastic material erupted into the
air and the surrounding slopes and deposited in the coastal portions of the lake.

When volatile components come out, the internal pressure decreases due to
volcanic destruction. This will result in a decrease in the intensity of explosive
activity and grade into poor emanation phase or a phase of eruption of gases,
vapour and volcanic ashes and complete the volcanic activity due to a closure of
supply channels.

The period of weak emanation phase and termination of volcanic activity is
followed by erosion of volcanic shapes. Rapid flows entrained voluminous
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amounts of pyroclstic material from volcanic slopes and deposited it to
neighbouring lake forming various kinds of epiclastic sediments.

The activity of lake erosion resulted in erosion of volcanoes and large cuts
of volcanic necks in the marginal parts of the lake in the foot of the volcanoes.
This slightly rounded material of various sizes deposited in the coastal part of the
lake and mixed with materials brought from the slopes of neighbouring volcanoes.

Inside the lake, sedimentation processes gave the primary pyroclstic material
characteristics of lacustrine deposited tuffs and epiclasts. The presence of pemza
in individual epiclastic horizons points to the phenomenon of its resettling along
with other primary pyroclstic material. The end of the volcanic activities is marked
by the occurrences of diatoms in the formation of Lake Tikves. Today they can be
found as a horizon of diatomaceous earth in the epiclastic materials.

MAGMATISM OF THE KOZUF DISTRICT

The magmatic complex of the Kozuf district is a segment of the widespread
magmatic activity in the petrographic province formed in the Vardar zone and the
Serbo-Macedonian Mass.

General features of the petrographic province. - During the Tertiary, from
the Eocene to the Pliocene, granodioritic magmas in this terrain intruded, and
extruded to the suwrface in individual tectonic zones. The evolution of this
magmatism was first reported by Ilic (1962), and later shown in detail by
Karamata (1962), and Karamata and Djordjevic (1980). The principal geochemical
features of this magmatism were given by Karamata (1984) and Antonovic and
Filipovic (1987), and individual areas were investigated in detail by Boev (1988)
and Serafimovski (1990).

The Tertiary magmatism in the the Vardar zone and the Serbo-Macedonian
Mass took place after closure of the Mesozoic oceanic basin (Karamata, 1983).
This closure is due to the approach of the Dinaride slab and the Carpatho-Balkan
block to the Serbo-Macedonian mass and the successive collison of the continental
segments (Dimitrievic, 1974, Karamata, 1975, 1981). The process related to
subduction during Dogger and Upper Jurassic was accompanied by calc-alkaline
magmatism during the Middle and Upper Creataceous in the Carpatho-Balkanides.

Following-up continental collison resulted in thickening of the continental
crust and its intrusion into the upper envelop and isostatic upliftings.
Discontinuous compression caused temporary melting of the basal parts of the
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continental crust and mixing with larger or smaller amounts of material from the
envelop (Knezevic et al., 1989). These pulsations and tactonomagmatic activities
took place in the Oligocene, Miocene and Pliocene for several times (Thompson et
al,, 1982). ’

Magmas were distributed in individual areas, most commonly, in the middle
parts of arch-dome structures and formed volcano-plutonic belts. Rocks formed
from granodiorite, quartzdiorite to quartzmonzonite magmas and built intrusive
bodies of various sizes and very large and small volcanic complexes. Rocks occur
at and / or near the surface due to upliftings of individual tectonic blocks and the
intensity of erosion. However, these complexes can be interpreted as volcano-
plutonic complexes in which deep intrusive parts are sometimes revealed by deep
erosion processes.

Generally viewed, these rocks occur in two belts that join in their middle
parts (the area of Kopaonik) and separate to the north and northwest and southeast
and south- southeast. These belts are not connected to one geologic unit, and are
located on both sides of the ophioloite belt and intersect the geotectonic units of
the Balkan Peninsula - the Dinarides, the Vardar zone and the Serbo-Macedonian
mass under a slight angle.

Volcanic Rocks of the Kozuf District

The volcanic rocks formed during the Pliocene along transverse tectonic
structures of Vardar strike are revealed on Kozuf and Kozjak Mts. in the southern
marginal parts of the Tikves - Mariovo Tertiary basin. Volcanic activity is
manifested by the occurrence of numerous volcanic heaps which basically
represent frozen supply channel, and large masses of pyroclastiic materials.

Generally, the volcanic domes are distributed in a zone of east-northeast
extension, most commonly on tectonic structures, in the places where they
intersect older structures of northwest orientation (the Vardar strike). The
transverse tectonic structures are of neotectonic age, formed in the Pliocene and lie
parallel to the north margin of the Aegean valley between Thessaloniki and
Kavala.

Volcanic activity in Mts. Kozuf and Kozjak is represented as various types
of volcanic rocks and volcanoclasts (voleanic breccias, conglomerates and tuffs).
Volcanoclasts oceur as sedimentary layers in the southern parts of the Tikves-
Mariovo Tertiary basin where they comprise the topmost parts of the sediments. In
some places the volcanoclasts are 200 to 300 meters thick.

Volcanic rocks are present as alkali basalt (small bodies), quartzlatites
(delenites), andesite-latites (trachyandesites), transitional latite-quartzlatite and
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quartzlatite-latite (delenite-latite), as well as latite, trachyte, trachyrhyolites and
rhyolites.

The volcanic rocks of Kozuf and Kozjak Mts display greatest similarity to
the series of volcanic rocks of the Buchim-Borov Dol ore district, both in their
mineralogy and chemical compositions the only difference being in the time period
of their formation. Namely, the rocks of Kozuf and Kozjak Mts. formed in the
Pliocene, whereas those from Buchim- Borov Dol formed in the Upper Oligocene.
The former are extrusive (and explosive), the latter are subvolcanic and
subvolcanic to hypoabyssal facies which means that their individual upper parts
are eroded deeper.

Petrology. Alkali basalts (trachybasalts) are the least abundant rocks
in Kozuf district. They are established in the Bara Jocality near the source of the
River Nisava. Similar rocks are found in the wider Tikves basin such as the
marginal parts of the valley near the village of Koresnica, near Demir Kapija,
Karaudzule on the Negotino-Stip road, near the villages of Debriste, Mrzen,
QOraovec and Gaber north of Bojanciste (Tajder, 1940, Boev, 1988).

The basalt of Bara is a dark to black rock of porphyrytic texture. It is
composed of andesine (with 42% An), amphibole, biotite and augite as
phenocrysts and cryptocrystalline groundmass. Chemical analyses (Table 1) show
that it is a basic rocks that contains Si0, ranging from 50.12 up to 51.20%,
containing fairly large amount of Mg0 - the largest magnesium content among the
volcanic rocks of Kozuf, It also contains some alkalis which classifies it as alkali
basalt.

Table 1. Chemical composition of alkali basalts of the Kozuf area ( % )

i 2 3
Si0, 50.12 50.75 51.20
TiO, 0.65 0.58 0.60
ALO5 16.70 15.86 17.80
Fe;04 1.66 1.58 2.01
FeO 2.39 2.12 242
MnO 0.07 0.07 0.06
MgO 10.80 10.50 11.20
Ca0 4.42 4.70 4.60
Na,O 3.05 3.12 3.25
K50 3.51 3.45 3.65
P,05 0.33 0.25 0.45
H,0 6.37 6.50 5.72
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The Studena Voda - Prasnik geologic cross-section is located close to the
centres of volcanic activity and to the Prasnik volcanic neck (Fig.7).
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Fig. 7. Geologic cross-section Studena Voda-Prasnik ( Boev, 1988 )
1. Epiclast blocks of voleanic rocks; 2. Lacustrine twff with pemza; 3. Lacustrine tuff with
epiclasts of various sizes; 4. Lacustrine tuff; 5. Lacustrine tuff with epiclaste of 2 to 64
mimn in size; 6. Serpentinite; 7. Primary voleanic rocks

Cn. 7. l'eonomks npotua Crynena Boxa-Tlpawnux ( Boes, 1988 )
1. BIOKOBHTE ENHUKIACTH Off BYJKaHCKH Kaphy; 2. JIAKYCTPHCKH JENOHHpad Tydh co
NpPUCYCTEO Ha nemsa; 3. JlaxycTpHEKH [eloHupaH Ty cO IPHCYCTRO Ha eNMKIACTH Co
HajpasnudHa romemuna; 4. Jlagycrpuekn fenosupan Tygy; 5. JlakycTpHCKY genoHnpan
TY() CO NPHCYCTBO Ha eNHKAACTH CO BeJH4YHHa Off 2 o 64 Mm; 6. CepnenrtumnT; 7.
ITpuMapuy MarMaTcKs Kapiy;

The area of the Studena Voda deposit is composed of serpentinites overlain
by a horizon of lacustrine tuff with unrounded epiclasts of 2 mm up to 64 mm in
size, represented by fragments of voleanic rocks. The series is overlain by a
horizon of white lacustrine tuff, which itself is overlain by a series of lacustrine
tuff with epiclasts of various sizes. The epiclasts are unrounded and unsorted with
clear stratification. The series is overlain by lacustrine tuff with presence of
pemsa. The uppermost part of the cross-section consists of blocks of volcanic
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fairly rich in light rare earths with respect to heavy rare earths, with amount of rare
earths of 280 ppm.

Table 3: Chemical composition (in %) and microelements (in ppm)
of the latite and andesite-latite

] 2 3 4 3 6
SiO2 60.86 | 58.67 | 59.97 1§ 59.68 1 60.37 | 60.04
TiC2 0.52 0.71 0.62 0.63 0.62 0.62
AbhO3 18.20 | 17.81 17.65 17.38 | 17.53 17,61
Fea0Og 4.64 5,51 4.87 4.97 4.88 4724
MnO 0.11 0.11 0.09 0.12 1010 0.07
MeO 1.11 1.50 1.25 2.07 1.18 243
Ca0 4.10 5.48 4.45 4.58 4.71 3.32
NasO 4,35 4.05 4.44 4.35 3.83 3.87
KoO | 475 4.71 4.99 476 | 404 4.18
Pa205 0.56 0.68 0.73 0.73 0.56 0.16
H\2O 0.80 0.78 0.92 0.72 1.28 1.17
Zn 100 80 100 100 90 90
Mo I 2 1 2 j 1
Ni 20 30 30 20 20 30
Co 20 20 20 20 20 20
Cd I ] ] 1 ] 1
As 13 12 il 10 10 11
Sb 0.9 0.8 0.8 0.9 1 0.9
Se 0.2 0.2 0.1 0.3 0.2 0.1
Se 10 15 11 12 10 11
Hf 5 6 5 5 3 3
Ta 0.8 0.8 0.7 0.6 0.8 0.9
Th 31 28 29 30 31 31
U 9 8 7 8 9 9
Rb 180 174 154 181 180 174
Zr 210 200 210 210 190 200
Sr 1170 1100 1110 1050 1120 1100
Ba 1760 1800 1850 1750 1850 1800
Cr 25 26 25 26 26 25
W 4 3 4 4 4 3
Cs 4] 42 41 42 42 41
La 85 85 95 78 80 81
Ce 157 145 200 210 170 175
Sim 5.1 8.13 11.2 11.] 14.1 13.2
Eu 1.9 2.0 2.1 2.3 2.5 1.9
Tb 0.78 0.75 0.74 0.68 .11 1.10
Yb 1.85 2.0] 2,20 2.50 2.70 2.82
Lu 0.28 0.30 0.31 0.32 0.30 0.29

t. Latite of Dobro Pole; 2. Latite of Crna Tumba;
3. Latite of Dobro Pole; 4. Latite of Kozjak;
5. Latite of Kozjak; 6. Andesite-latite of Bela Voda
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Fig. 8. Distributinot pattern of trace elements and rare earth elements in the latie and andesite-
latite of the Kozuf district ( Boev, 1988 )

Cn. 8. [mcrpubyumja Ha peTkdre eNeMeHTH W PeTKHTE 3eMjH RO JIATHTHTE H AHIE3HTO-
raturuTe off Koxydiekara obnacr ( Boes, 1988 )

Quartzlatites (delenites) are transition varieties to latites. They are the most
widespread velcanic rocks in Kozuf. They have been discovered in Blatec,
Golubec, Miajlovo, in the vicinity of Dudica (Cardak, Sarena a.a.), Porta, Bela
Voda, up to typical quartzlatites (delenites) near Momina Cuka. This group of
volcanic rocks contains all transition varieties from latites to quartzlatites and has
leucocratic nature. Quartzlatites are rocks with porphyritic structure composed
mainly of andesine phenocrysts (38 to 45 % An) and sanidine. They also contain
low amounts of femic minerals such as amphibole, biotite and augite. Individual
types of quartzlatites such as those at Bela Voda, Cardak, Golubec etc. contain
large-grained idiomorphic amphibole as well as more glass in the groundmass that
gives the rocks dark-grey to black colour. Quartzlatites contain higher silicium
dioxide content, almost equal content of alkali oxides and lower potassium oxide
content than that in latites which gives the volcanic rocks (quartzlatite of Momina
Cuka) more acidic nature (Table 4).

The composition determined for quartzlatites classifies them in the alkali
calcium group of rocks. Because of the large calcium and silica contents they are
transitions between intermediary to acidic type of rocks. Their chemical
composition is in agreement with their mineralogical composition since they are
basically composed of plagioclases, potassium feldspars, amphibole and accessory
minerals. It should be mentioned that taking in consideration the chemical
composition of the rocks alone, would classify them as trachy- andesites or latites.
However, from the aspect of their chemical composition, the presence of 14 % of
normative quartz in particular, the plagioclase and potassium feldspar ratio of 60:
40, it is clear that they are quartzlatites.
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Table 4: Chemical composition (in % ) of quartzlatites
and content of microelements (in ppm)

1 2 3 4 5 6
S107 64.06 | 6581 |65.08 [63.16 |62.72 |61.97
Ti0, 0.39 0.43 (.43 0.57 0.50 0.58
AlbOz 11786 11672 |17.04 1662 |17.84 |18.54
Fe,Oq 113.02 2.90 3.39 4.44 4.12 3.82
MnQ 0.03 0.05 0.08 0.0%9 0.08 0.07
MeO 1.44 Q.61 0.47 1.32 Q.79 (.52
Cal} 3.69 3.2 5.04 4.20 3.64 2.40
Na,O  }14.21 4.56 4.34 392 4.09 4.74
K0 4.38 4.12 3.84 4.26 4.77 4.44
P20s 0.19 0.39 0.54 0.50 0.54 0.19
H,0 0.98 1.47 0.47 0.92 0.90 1.28
Zn 20 20 20 20 20 20
Mo 1 1 ] 1 ] 1
Ni 10 10 20 10 10 10
Co 16 10 0 10 10 10
Cd ] 1 1 1 1 |
As 10 10 i0 10 10 10
sb 0.8 0.7 0.8 0.7 0.8 0.8
Se 0.} 0.2 0.1 0.2 0.1 0.
Sc 15 15 i0 13 15 15
Hi 5 3 4 5 5 4
Ta 0.8 0.9 0.6 0.7 0.7 0.7
Th 27 28 28 29 28 27
U 7 8 8 7 6 7
Rb 190 210 200 180 190 210
Zr 220 210 220 220 210 220
Sr 1200 11230 1250 11200 [ 1250 1250
Ba 1950 12000 12100 12100 [1950 ]1900
Cr 20 20 20 20 20 20
W 3 4 4 3 4 3
Cs 40 41 39 39 40 40
La 62 63 66 63 63 67
Ce 140 138 115 120 125 125
Sm 7.3 7.4 6.8 7.1 1.2 1.2
Eu 1.52 1.50 1.38 1.47 i.42 1.54
Tb 0.7 0.7 0.7 0.7 0.7 0.7
Yb 2.0 1.6 1.7 1.8 1.8 i.8
Lu 0.36 0.39 0.38 0.34 0.34 0.35

Data related to the presence of microelements and REE indicates that the
quartzlatites are enriched in LIL elements or the incompatible elements ( Fig.9 ).
They possess high contents of light elements, while total rare earths amount to 240
ppm. The rocks also contain fairly high arsenic and antimony amounts along with
nickel and cobalt concentrations which is an indication of character of the deep
fundament in the area.

Trachytes and trachyrhyolites are located in the westernmost parts of
Kravica near the Sokol watch-house. The Kravica trachyte (an arsoite according to
Tajder, 1940), occurs as a neck close to the Macedonian-Greek border in the
territory of Greece. It is a well crystallized porphyry rock different in mineral
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composition from the rocks already described. It is composed of andesine, alkali
feldspars such as sanidine and orthoclase and augite as femic mineral. The
trachytes of the wider vicinity of Kravica are calc-alkaline in composition with
large amounts of alkali oxides and higher potassium than sodium amounts that
gives them pronounced potassic nature (Table 5). Chemical analyses indicate the
presence of transition varieties called trachyrhyolites.
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Fig. 9. Distributinot pattern of trace elements and rare earth elements in the qugrtzlatites of the

Kozuf district ( Boev, 1988 )

Cn. 9. HucTpudynuja Ha PeTKHTE eIEMEHTH H PETKHTE 3CMjH BO KBAPLJIATHTITE Off

Koxyderara ofnacr ( Boer, 1988 )

Table 5 : Chemical composition of trachytes (in %)

1 2 3 4 5 6
Si0Oq 5582 | 55.81 | 5552 | 58.39 | 56.16 | 60.12
TiO, (.95 0.86 092 10.93 0.93 0.55
Al,Os | 1841 | 18.06 | 18.88 [ 19.17 [ 17.76 | 17.84
FesQq |1 5.11 5.26 5.14 3.95 5.06 3.86
MnO 0.15 0.13 0.16 0.12 0.19 0.09
MgO 1.81 1.61 2.01 0.88 1.70 1.51
Ca0 5.81 4.76 476 | 437 5.07 4.62
Na,O 4.80 3.53 439 3.31 4.38 3.86
K70 5.74 6.50 6.37 6.10 6.26 5.05
P20s5 0.75 0.73 0.57 .50 | 0.71 0.36
H,O 1.09 2.26 2.22 1.15 1.38 1.27

1. Trachyte of Kravica

2. Trachyte of Ano Paternik (Soldatos, 1955)
3. Trachyte of Ano Paternik (Scldatos, 1955)

4. Trachyle of Greka (Soldatos, 1955)

5. Trachyte of Kravica (Soldatos, 19535)
6. Trachyte of Kapina (Seldatos, 1955)
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The Gradesnica Rhyolites are represented by lava extrusions of perlitic
composition. Chemical analyses (Table 6) show that they are the most acid rocks
occurring in the vicinity of Gradesnica west of Kozjak Mt.

Table 6 : Chemical composition of rhyolites of Kozuf ( % )

1 2 3 4 5 6
Si0, | 7249 | 7132 ]71.89 |73.39 [ 72.89 [71.09
TiO, 030 | 030 | 026 | 025 | 028 | 032
ALO. || 1122 | 12.85 | 10.20 | 946 | 978 [13.30
Fe,05 | 6.19 | 495 | 6.61 | 8.04 | 804 | 413
MnO | 012 | 012 | 012 | 011 | 015 |0.26
MO || 0.14 | 022 | 093 | 037 | 025 |0.18
CaO 078 | 075 | 055 | 040 | 0.60 | 0.71
Na,O | 2.87 | 321 | 215 | 232 | 246 |3.24
K0 483 | 485 | 395 | 3.84 | 431 | 479
P,0s | 006 | 0.60 | 0.08 | 0.03 | 007 | 0.03
H,0 108 | 060 | 3.23 | 2.18 | 152 | 1.95

1, 2,3, 4,5, 6 - Rhyolites of Gradesnica

They are the last volcanic rocks formed in Kozuf and Kozjak Mts. They are
of the Pleistocene (the Lower Quaternary) age and possess rhyolitic or vitrophyre
composition. They are composed of glass with microliths of feldspars as small
needles that have lava flow orientation. Large sanidine and plagioclase
phenocrysts in their composition in some places make them typically porphyrytic.
The rocks are fairly rich in silicium dioxide that gives them acidic nature. They are
rich in alkalis, particularly potassium, but poor in calcinm and magnesium oxides
(Table 6).

Summary of the Mineral Composition of the Volcanic Rocks of Kozuf

The common feature of the volcanic rocks of Kozuf is the fairly high
feldspar and almost equal amounts of plagioclases and potassium feldspar present
as high potassium, calcium and sodium oxide in their mineral composition.
Sporadically potassium content is higher than that of sodium oxides.

The disequilibrium in plagioclase and potassium contents results in the
occurrence of transitional rocks types - from alkali to calc-alkaline series.

The silicium dioxide content results in the occurrence of transitional basic
(from intermediary to acid) rocks that coincide with rhyolites. The Si0; content,
including the basalt type of Bara (50.12%) ranges from 55.52% up to about 69 %,
only in exceptional cases to 73.39 % Si0,.
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Table 7: Correlation between Si0, content and normative
quartz in the volcanic rocks of Kozuf

Locality Rock type Si0 content | Norm. quartz
Bara basalt 50.12 -
Kravica arsoit 56.12 -
Crna Tumba trachyte 58.67 -
Dobro Pole latite 60.86 5.73
Bela Voda andesite-latite 60.04 8.50
Blatec Jatite-Q latite 61.77 11.50
Dudica quartz-latite 61.97 11.90
Momina Cuka || quartz-latite 63.68 12.00
Momina Cuka || quartz-latite 64.06 13.05
Mavra Petka irachyte-riolite 60.44 16.74
Gradesnica rhyolite 69.06 24.87
Gradesnica rhiolite 73.39 41.26

Quartz within phenocrysts can rarely be noticed in samples of volcanic
rocks from Kozuf. It is mostly drawn into the groundmass and can not be seen
under a microscope. Its content is shown as normative quartz calculated based on
its chemical composition.

Another feature of the volcanic rocks from Kozuf is that they are
characterized by the high feldspar abundances and the low amount of femic
minerals such as pyroxene, biotite and amphibole in particular. It can be inferred
that they are of salic nature because of 70% normative feldspars present in the
rock. The total salic components amount to 95% (feldspars along with quartz).
Table 7 gives the correlation between the Si0, and normative quartz in individual
rock types from some localities.

Table 7 shows that the amount of normative quartz increases in rocks with
higher Si0, content (the acidic igneous rocks).

An interesting analysis of the correlation between feldspars in individual
rock types was also carried out (Table 8 ).

Table 8: Correlations between normative feldspars
in volcanic rocks of Kozuf

Locality | Rock nor.fel. | nor.plag. | nor.K-fel PI/Kf
Kravica arsoite 84.5 27.5 57 32:67
Dudica Q latite 80.0 28 52 35:65
Tumba latite 81.0 43 38 53:47
M. Cuka | Q latite 80.5 46 34 57:43
B.Voda and. latite 75.5 44,5 31 59:41
Blatec latite 72.5 46 26.5 63 ;37
Bara basalt 67 49 18 73:27
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Data shown in Table 8 indicates that the amount of potassium feldspar
increases with the increase of the amount of feldspar, but decreases with the
decrease of the amount of feldspar. And vice versa, the amount of plagioclases
decreases with the increase of the amount of feldspars, but increases with the
decrease of the amount of feldspars. This behaviour is due either to the genesis of
the rocks or the evolution of the primary isotopes.

On the contrary, the increase of the amount of silicium dioxide results in
decrease of femic minerals which means that the rocks get greater salic nature. The
change of individual components depending on the change in the silicium dioxide
content is displayed in the diagrams that follow.
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Fig.10. Correllation between TiO, contents and SiO of the volcanic rocks of Kozuf
district ( Boev, 1988) '

Cn. 10. KopenaTupeH [ujarpamM noMefy conpxunaTa Ha TiOg u Si0q
3a ByNKaHckuTe Kapiu off Koxydekara obmacr { Boes, 1988 )

Fig. 10 displays the proncunced trend of decrease in Ti0; depending on the
increase in $i0, including rocks of basic nature and higher Ti0, and rocks of acid
nature in which Ti0, decreases constantly. The increased Ti0, in basic members of
the series of volcanic rocks is due to the higher presence of femic minerals.

Fig. 11. which gives the correlation between the Si0; and Al,0; contents
shows that Al,0; is relatively constant depending on the change in Si0, in rocks
containing 65% Si0,, whereas Al,0; in rhyolitic rocks drops rapidly with the
increase of Si0, due to the low feldspar content in the rocks.

Fig. 12, gives the correlation between Si0y and total iron. It shows that there
is no pronounced correlation between the two components in the volcanic rocks of
Kozuf.
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Fig.11. Correllation between ALO; contents and Si0O; of the voleanic rocks of Kozuf -
district ( Boev, 1988)

Cn. 11, Kopenarusen gujarpam noMely coppskuiaTa Ha AlpQ3 u $iQ3 3a BynkauckuTe
kapnu off Koxydickarta o6macr ( Boen, 1988 )
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Fig.12. Correllation between SiO and total iron of the volcanic rocks
of Kozuf district { Boev, 1988 )

Cn. 12. KopenaTHBEH IHjarpaM [OMely CONpKHHaTa Ha Si0oH BKyIIHATa CONpIKHHA Ha
SKENE30TO 3a ByIKanckuTe Kapnu of Koxydoekara obnacr ( Boes, 1988)
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Fig.13. Correllation between MgO contents and SiO, of the voleanic rocks
of Kozuf district { Boev, 1983)

Ca. 13. Kopenarusen gujarpaM nomery cofpxunara s#a MgO u Si02
3a BynkaHckuTe Kapni of Koxydickara obnacr ( Boer, 1988 )
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Fig. 13 gives the correlation between Si0; and Mg0. It shows that the .
increase in Si0, lowers the Mg0 due to the changes in the mineral composition and |
the nature of magmatic melt during differentiation processes.

Classification of the volcanic rocks of Kozuf

Classification of the volcanic rocks of Kozuf and Kozjak Mts is based on
TAS diagram (Fig. 14).
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Fig.14. Clasification of the Kozuf volcanic rocks based on the Le Maitre ( 1989 )
diagram ( from Boev, 1988 )

Cn. 14, Knacudukanyja Ha BynxaHckuTe Kapnn of Koxydgckara obnacr
Le Maitre ( 1989 } (zemeno o Boes, 1988 )

The diagram (Fig. 14} shows that only a small number of volcanic rocks
analyzed belong to the field of andesites of subalkali nature. Most of the data
related to the chemistry of the rocks plot in the field of latites and quartz latites
(calc-alkaline rocks) with transition to trachytes (alkali rocks). The most acidic
volcanic rocks plot in the field of rhyolites.
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Fig. 15. Clasification of the Kozuf volcanic rocks based on Si0O; / K>0
contents { Le Maitre, 1989 ) ( from Boev, 1988 )
Ca. 15. Knacudpuxatuja Ha synkanckure xapnu off Koxydekara obnacr
Ha Ga3a Ha cofpxitHata Ha $i02/K20 ( Le Maitre, 1989) ( on Boes, 1988 )
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Fig. 15 shows classification of the volcanic rocks of Kozuf based on Si0,
and Kj0 contents. It shows that they contain high potassium contents. Only
andesites plot in the field of rocks of low potassium.
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Fig. 16. Chemical composition of the Kozuf volcanic rocks ( Irvine and Baragar, 1971 )
{ from Boev, 1988 )

Cn. 16. XeMHCKH COCTaB Ha ByNKaHcKuTe xapnu off Koxydcekara o6nacr
( Yrvine and Baragar, 1971 ) ( og Boes, 1988 )
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Fig. 17. Chemical composition of the Kozuf volcanic rocks ( Irvine and Baragar, 1971)
{ from Boev, 1988 )

Cn. 17. XeMucku cocras Ha BynkaHckuTe Kapnu off KoxcydekaTa obnacr
(Irvine and Baragar, 1971 ) ( o Boes, 1988 )

The diagrams in Figs 16 and 17 show that the volcanic rocks of Kozuf
belong to the calc-alkaline series and that they are transitions between subalkali
and alkali rocks.

Mineralogy of voleanic rocks. The chemical composition of the
main mineral phases of all types of volcanic rocks was determined by electronic
microprobe.

Investigations determined the chemical compositions of the mineral phases
of plagioclases, potassium feldspars, amphiboles, pyroxenes and micas.
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Table 9: Chemical composition of plagioclases
in volcanic rocks of Kozuf ( % )

grain 1 grain 2

25 26 27 4 35 36
Si0, 60.15 59,12 | 5851 | 59.85 58.59 57.29
TiC, - - - - - -
AlLOs 25.99 26.03 | 26.64 | 25.87 26.82 28.02
FeO # 0.14 0.15 0.14 0.14 0.14 0.15
MnO - - - - - -

MgO | - i : — - :

CaO 4.98 6.21 7.22 5.97 6.41 7.55
K,0O 0.81 0.56 046 | 0.63 0.53 (.43
Na, 0 8.12 7.93 7.03 7.58 7.51 6.56
z 100.19 | 1000 ] 100.0 | 100.0 100.0 100.0

Total Fe is given as FeO
Total of ions for the basis of 32 (0)

25 26 27 34 35 36
Si 10.667 | 10.72 1072 | 10.66 | 10.54 10.24
Al 5.436 5475 | 5.603 |5422 | 5637 5.890
- Fe 0.020 0.020 10020 |0.020_|0.020 0.020
K 0.183 0.127 | 0.104 |0.143 1 0.120 0.120
Na 2.948 2744 | 2.432 |2.613 |2.597 2.269
Ca 0.948 1.189 | 1.383 1.139 | 1227 1.446
Z 16.12 16.04 16.06 § 16.08 16.10 16.13
X 3.93 4.06 3.92 3.89 3.94 3.83
Si/Al 1.96 1.96 1.91 1.96 1.87 1.74
Or 4.48 3.12 2.65 3.67 3.04 2.57
Ab 72.27 6758 16205 |67.08 |65.84 59.50
An 23.25 2930 |35.30 [2925 3112 37.93

25. Part of basic oligoclase 34 Part of basic oligeclase
26. Part of basic oligoclase ~ 35. Part of andesine
27. Part of andesine 36. Part of andesine

The following conclusions can be drawn based on data obtained from these
investigations (Tables 9, 10, 11 and 12):
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Fig.18 . Zonal plagioclas of quartzlatite of Momina Cuka
P-ojective = 6.3, + N ( From Boev, 1988 )

Cr. 18. 3oHapeH niarnokiac of KBapILIaTHTATE Ha MomuHa lIyK.a
II - oGjexTnB = 6.3, + H ( Boes, 1988 )

Fig. 19. Lamellar plagioclase of quartzlatite of Momina Cuka -
P-objective = 6.3, + N ( From Boev, 1988 )

Cn. 19. JlTaMenapHo GIH3HET IIIATHOKIAC Off KBapLUJIaTUTUTE Ha
Mowmuna Yyka , IT-o6jextus = 6.3, + H ( Boes, 1988 )
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Table 10: Chemical composition of amphibole
" in volcanic rock of Kozuf ( % )

grain 2
43 44 145

Si0, 44,70 4184 | 41.60
TiO, 0.95 1.38 1.32
AbO; [ 9.62 1037 | 10.30
FeQ* | 16.45 17.73 | 17.19
MnO | 0.39 0.39 0.34
Mg 11.29 1076 | 9.96
CaO || 11.83 11.62 | 11.18
K50 1.16 1.41 1.40
Na,0O | 1.64 1.73 1.97

b 98.04 97.59 | 95.26

(1,0 196 [241  [474 |

H>0 is givento 100 %
Total Fe is given as FeO
Total of ions form basis of 23 (O)

Si 6685 | 6374 | 6476 T
Al 1315 | 1.626 | 1524
AP 2100377 | 0297 | 0363
Ti 20106 | 0157 | 0.154 M;
Fch— - - _
Mg 2532 | 2459 | 2326 | M,
Fe* 1936 | 2037 | 2113
Mn 0.049 | 0050 | 0.044 M;
Fe?* 0115 | 0214 | 0117 |
Mn C- - -
Ca 1.885 | 1.786 | 1.865
Na - - 0.018 My
Ca 0.010 | 0.110 -
Na 0474 | 0274 | 0575
K 0221 | 0510 | 0278 A
T 8.00 8.00 .00
C 5.00 5.00 5.00
B 2.00 2.00 2.00
A 0.705 | 0.804 | 0.853
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Fig.20. Amphibole of quartzlatite of Momina Cuka
P-objective = 6.3, + N ( From Boev, 1988 )

Cn. 20. AMcdpu6onu onf kBapyaTTHTEe Ha MomuHa Yyka
IT-n6jextus = 6.3, + H ( Boes, 1988 )
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Table 11: Chemical composition of biotite of volcanic
rock of Kozuf ( % )

grain 5 arain 6
82 83 81 79 25 26
Si0, 34.81 35.54 35.65 32.91 34.86 34.31
TiO, 426 4.34 4.14 4.41 4.56 4.69

Al,O5 14.88 14.69 15.15 14.93 14.91 15.06
FeO * 16.24 15:95 16.46 15.90 14.90 15.14

MnO 0.22 0.22 0.17 0.23 0.23 0.20

MgO 15.61 1564 [ 14.90 15.77 16.17 15.74

Ca0 s g 2 z = -

K,0 5.96 5.92 4.80 8.16 9.17 9.10

Na,O 0.51 0.45 0.52 0.55 0.33 0.66

b 92.49 9275 |91.79 [9286 | 9513 94.90
(H0 751 i - [ o . i [ - [ 5.10 |

H,0 is given to 100 %
Total Fe is given as FeO
Total ions for basis of 23 (O,0H,F)

32 83 81 79 25 26

Si | 5.650 5.693 5.344 5.495 5.439
Al 2.429 2.350 2.307 2.656 2.505 2.561
Al 0.372 0.397 0.539 0.196 0.261 0.247
Ti 0.511 0.517 0.495 0.537 0.539 0.557
Fe 2.166 2813 2.190 2157 1.957 2.000
Mn 0.029 0.029 0.023 0.031 0.030 0.026
Mg 3.747 3.729 3.569 3.841 3.823 3.743
Ca = - - - = =

K 1.217 1.201 0.978 1.691 1.845 1.841
Na 0.157 0.138 0.160 0.172 0.100 0.202

Fig.21. Biotites of latites of Dobro Pole P-objective = 6.3, + N ( From Boev, 1988 )
Cn. 21. BuotuTn o natutute Ha Jo6po Ilone IT-o6jexTus = 6.3, + H ( Boes, 1988 )
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Table 12: Chemical composition of pyroxene in
volcanic rock of Kozuf ( %)

erain 2 grain 3
60 61 62 56 57 58 59
Si0- 49.41 4731 | 4843 | 48.24 49.44 46.52 48.23
TiO, 0.29 0.41 0.30 0.29 .27 {1.31 .25

AlO4 2.08 2.57 2.15 L97 2.00 2.29 2.04
FeQ * 9.57 9.57 0.57 8.69 8.87 9.02 0.63
MnQ 0.42 0.40 .36 (.41 148 (.33 0.48
MgO 13.99 13.52 | 13.62 | 14.18 13.04 14.04 13.94
Ca0O 25.33 25.62 | 25.45 | 26.11 25.17 26.06 25.71

K0 - - - - - - -
Na, O 078 | 066 | 079 | 0.62 | 067 0.71 0.62
) 101.87 | 100.0 | 1006 | 1005 | 101.5 | 99.28 | 100.9

Total Fe is given as FeQ
Total of ions form basis of 6 (Q)

60 61 62 36 57 58 59
Si 1.851 1.814 [ 1.84F | 1.833 |1.860 |11.800 |1.832
Al 0.091 0.116 10.096 {0.088 1008 |0.104 [ 0.09]
Al - - - - - - -
Ti 0.008 0.011 [0.008 ]0.008 ]0.007 [0.009 |0.007
Fe 0.298 0305 (0305 10275 10279 10297 ]0.305
Mn 0.013 0013 10.011 10013 10013 10.011 ]0.013
Mg 0.786 0777 10776 10808 10773 | 0.815 10.794
Ca 1.016 1.052 11.036 [11.063 [ 1.019 |1.080 | 1.046
K - N B - - _ -
Na 0.056 0.049 10.658 10.045 ]0.049 10.053 |0.045
Mg 37.43 3041 | 36.69 [37.65 |3732 [3728 |37.01
Fe 14.19 1429 11432 11281 (1247 |133] 14.22
Ca 48.38 4929 14899 149354 14921 4941 | 4877

Plagioclases in the rocks occur as zoned and lamellar polysinthetic and
twinned (Figs. 18, 19). The zoned plagioclases occur as

e normal, in which the calcium content decreases from the central parts of
the grains to the rims. The decrease in anorthitic component results in increase of
orthoclase component.

e inverse, in which the rim parts of the grains are more acidic relative to the
central parts.

The phenomenon is due to the crystallization and stabilty of the hornblende.

Table 9 shows chemical composition of plagioclases in the Kozuf volcanic
rocks.
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Amphibole in the volcanic rocks is present as magnesio- hastingsite
hornblende. Table 10 displays chemical composition of amphibole in the Kozuf
volcanic rocks. Under a microscope it can be seen as well developed dark crystals
of pronounced columnar habitus of up to 2 cm in size (Fig. 20). It occurs mainly
individually, and sporadically as twins. The processes of magmatic resoption
resulted in the development of thin magnetite and augite rim.

Micas are present as biotite occurring as leaves of pronounced
pseudohexagonal habitus. In processes parallel to the ¢ crystallographic axis it
differs from amphibole in its characteristic pleochroism. In processes normal to the
axis it is completely dark. It is less abundant than amphibole. Table 11 shows
chemical composition of biotite of the Kozuf volcanic rocks.

The processes of magmatic resorption resulted in formation of products such
as magnetite, augite and hornblende ( Fig.21.)

Pyroxene is the least abundant compared to other femic minerals. It is
present as augite which in some cases is very close to salite in its chemistry. It
occurs as small alotriomorphic grains, rarely as idiomorphic crystals of greenish
colour and without pleochroism. It displays pronounced cleavage under an angle of
86 degrees. It possesses high relief and vivid interferential colours (Fig. 22).

Fig.22. Pyroxene of latites of Dobro Pole
P-objective = 6.3, + N ( From Boev, 1988 )

Cn. 22. INupokcenu oy natutuTe Ha [Jo6po Ilone
IT-o6jexTus = 6.3, + H ( Boes, 1988 )
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Isotopic age of igneous rocks

Determination of isotopic age of Tertiary magmatism in the Regublic of
Macedonia was carried out by K/Ar method. Data obtained along with 7st/% Sr
ratio are shown in Table 13,

Data indicate that Jhe isotopic age in Tertiary volcanic and intrusive rocks
ranges from 1.8 up to 29.0 m.y. depending on the locality. The youngest magmatic
activity was determined for the Kozuf district (the south of Macedonia) where
magmatic activity began in the period between the Miocene and Pliocene and
terminated in the Quaternary. The highest isotopic value was determined for the
rocks of Buchim-Borov Dol where the magmatic activity took place in the
Oligocene.

The isotopic values for ®’Sr/*%Sr ratio indicate that they range from
0.706318 up to 0.710641.

Table 13: Isotopic age of Tertiary magmatic rock from teritory
of the Republic of Macedonia ( Boev et al., 1991 )

Locality Type of rock Agein Ma | ¥sr/%sr
Kozuf Latite 1.8+0,1

Kozuf Latite 5.0£02 (.708546
Kozuf Qurtzlatite 65102 0.709019
Kozuf Andesite 4.8%02

Bucim Latite 246%2.0 (.706928
Borov Dol Andesite 20.0+£3.0 0.706897
Damjan Andesite 286 0.6 0.706633
Zletovo Quarzlatite 26.54£2.0 | 0.706318
Zletovo Latite 247204

Zletovo Monconite 21,9104 0.707770
Sasa Andesite-latite 14.0+3.0 | 0.710641
Sasa Quartzlatite 240+3.0 10710244

The first data related to the age of volcanic rocks from Kozuf were reported
by Cvijic (1906). He discovered round pebbles of extrusive rocks in Neogene
lacustrine sediments. He came to the conclusion that andesite in the area of Kozuf
intruded Cretaceous limestones and that they are post Cretaceous in age, even
older than the Tikves Neogene.
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From investigations carried out on volcanic rocks of Kozuf, Radovanovic
(19303) concluded that the products of the volcanic activity are lacustrine and
coeval with the Neogene sediments.

Based on investigations carried out in the terrains of Greece, Kosmat (1924)
reports of possible Pliocene age for the volcanic rocks of Kozuf.

Based on superposition relationships between the volcanic agglomerative
tuffs and the Neogene lacustrine sediments in which pikermi fauna was discovered
in the top parts Ivanov (1960) infers that, most probably, the rocks are of the
Pontian age.

Based on investigations carried out on pollens Mersier and Sauvage (1965)
infer that these rocks are of Pliocene age.

Measurements of the isotopic composition of the velcanic rocks on Voras
Mt. (Kozuf} in Greece gave the following data (Table 14).

~ Table 14: Isotopic age of volcanic rocks in Kozuf in the teritory
of Grecee ( Kolios et all, 1980 )

Rock K% | “Ar/arKx10° | “Ar%r | my

Latite 5.87 [.98 41 5.0+02
Quartzlatite 3.12 1.84 68 46402
Quartzlatite 9.04 1.81 49 4.5+02
Quartzlatite 8.91 1.79 55 4502
Quartzlatite 7.00 1.76 45 4.4+02
Latite 6.44 1.72 21 4302
Latite 8.01 1.60 42 4.0x£0.2
Latite 4.65 7.50 10 1.9+£0.1
Latite 7.35 2.96 20 1.8 0.1

Boev (]1988) carried out measurements on the isotopic composition of
volcanic rocks of Kozuf in the Republic of Macedonia, Results obtained are shown
in Table 15.

Table 15: Isotopic age of volcanic rocks of theKozuf district ( Boev, 1988 )

Rocktypeand | K% | “K Ard | YAr War Car MK | my.
locality gl x10° et x10° | /g x10? | elgx10?
Latite of Baltova 3.0 0.84 1.50 0.29 5.0
Cuka 436 | S08 | 30 | 076 1.36 027 | 47
Latite-Quartzlatite 20 0.64 1.14 0.38 6.5
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Lipolt and Fuhrman (1986) measured some volcanic materials as products of
the hydrothermal zone of Alsar and obtained results as follow {Table 16):

Table 16: Age of volcanics of the hydrothermal zone
of Alshar (Lippelt and Fuhrman, 1986)

Rock mineral K% | “ar (cemvg) x 10° | “Ar atm % m.y.
Tuff biotite 5.19 0.83 8.4 4,147
feldspar 1.55 .28 63.0 4.630.4
Tuff biotite 7.04 1.21 522 4.410.4
feldspar 5.90 1.01 517 4.4+0.5
biotite 4.07 0.80 78.5 5.1#1.9
Andesite || feldspar 1.18 0.22 787 4.8+1.9
ground mass | 5.62 0.86 25.2 39402

The following conclusions can be drawn based on data of isotopic
investigations: the age of the rocks is in the span of 6.5 to 1.8 m.y. that determines
a Pliocenic age. Individual differentiates are of Lower Pliocene age. Troesch,
Frantz and Lepitkova (1995} report of data about the subvolcanic phase in Alsar
that is in accord with the Miocene (12.1 m.y.).

Genesis of the volcanie rocks of the Kozuf district

Boev (1988) reports of some conclusions related to the origin of magmas
that formed the volcanic rocks of the Kozuf district. He considered that magma
sources were located in the marginal parts between the continental crust and the
envelope. He gives data about isotopic S7Sr/86Sr ratio that supports this
assumption.

Further investigations carried out by Lepitkova (1991) confirmed the earlier
assumptions about origin of the magma that gave the material for the formation of
the volcanic rocks. Namely, values determined for the isotopic 8781/86Sr ratio are
within 0.708568 and are very close to those that Boev (1988) determined for the
volcanic rocks of Kozuf,

Fig. 23 shows the relationship between the volcanic rocks of Kozuf and
individual geotectonic areas in which magmatic processes took place. The diagram
indicates that data on the voleanic rocks of Kozuf plot in the field of continental
slab- like basalts or the so called within plate basalts. '

This confirmation can be applied to explain the processes that contributed (o
the formation of the volcanic rocks in Kozuf.
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Fig.23, Relations between the volcanic rocks of Kozuf and individual
tectonic zones ( based on Pearce and Norry, 1979 ) ( From Boev, 1988 )

Ca. 23. [1oBp3aHOCT HA BYAKAHCKHUTE KApHY OfI KOoxXytpekaTa oBNacT co oeTHHH
reoTeRToHCKHE 3081 { Pearce and Norry, 1979 ) ( Boeg, 1988 )

It should be mentioned that CFB is related to the evolution of continental
rift areas. The explanation about the genesis of magmas that gave the material for
the formation of the volcanic rocks during the consolidation processes should be
searched in the development of these structures present in the continental areas.

Chemistry of magmas related to continental rift zones is conditioned by
heterogeneity of mineral and chemical compositions of the source in the envelop,
the degree of partial melting and depth of its occurrence, the amount of magma
that comes out on the surface etc. There is poor geophysical data related to the
presence of magmatic sources in the upper parts of the petrographic provinces.
This is important for the fractionation crystallization along with the evolution of
the chemistry in magmas.

The major problem in the study of continental magmatism is the estimation
of the role of the envelop in the genesis of primary magmas. There is some
geophysical data indicating to the existence of diapir in the envelop that moved
upwards along the axis of the rift structure. Thinning of the lithosphere in a wider
area could have caused a significant enlargement of the melt zone that underlies
the axis of the rift structure but in the envelop. Thus, the greatest influence of the
envelop on the processes of partial melting exerted in the rift zones with largest
thinning of the crust and the largest uplifting of the envelop.

The genesis of the volcanic rocks of Kozuf can be explained best within the
evolution of the Vardar zone as a rift zone, recurred several times during its
evolution.

Based on available data related to the magmatic activity that took place in
the Vardar zone from Oligocene to the Pleistocene it can be assumed that the
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processes of this geotectonic unit can be related to processes that took place in
continental rift zones. '

Fig. 24 is a simplified model of magmatic activity in conditions of
continental environments during initial phases of formation of rift zones.
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Fig. 24. Simplified model of magmatic activity in continental rift zone
( Mc Donough et al., 1985)

Cn. 24, CuMmnnudHIpan MOJIe)I Ha MAaTMATCKa AKTHBHOCT
BO KOHTHHEHTANHATE PRGTHYE 308K ( Mc Donough et al., 1985)

The model displays that magmatic activity, formation of tectonic structures,
and reactivation of older tectonic structures is due to processes and formation of
thermal domes following uplifting of the envelop.

Favourable conditions for the formation of magmatic sources in areas of
increased thermal activity is due to partial meltings that took place in the upper
parts of the envelop which supplied more materials from the lower parts of the
crust.

Primary magmas formed in this mode penetrated the surface along
individual structures that formed as a result of the evolution of the area changing
their compeosition by contamination and assimilation processes.

In addition, normalized values of distribution of rare earths (Fig. 25) are
applied to explain the genesis of the volcanic rocks.
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Fig. 25. The REE contents of the Kozuf volcanic rocks { From Boev, 1988 )

Cn. 25, PeTxn 3eMjH BO ByNnkanckure Kapin of Koxydy ( Boes, 1988 )

Fig. 25 displays that there is no pronounced anomaly of Eu or predominance
in fractionation processes of primary magma materials. The content of rare earth
elements, enrichment in light rare earths as well as the high content of LIL
elements indicate that primary melt consisted of crystallized garnet that was
conformable with residual plagioclase melt. Pressure in such systems amountssto
some 15 Kb or 45 to 50 km depth.

From geophysical data of continental crust beneath Kozuf it can be inferred
that the crust is about 40 km thick,

Based on the aforementioned data a conclusion can be drawn that magma
sources were located in the marginal parts of the upper envelope and the lower
crust taking in consideration, of course, erosional processes of several million
years.

The change in chemical composition of the extrusive magma yielding the
series of volcanic rocks can be explained by assimilation processes that magma
performed passing through different lithologic environments assimilating them but
altering its composition as well. According to their mode of occurrence and spatial
distribution the volcanic rocks of Kozuf are riftogenic, formed by magmatic
activation in the marginal parts of the earth's crust and the upper envelop. This can
be inferred from isotopic 8751/808r ratio that amounts from 0.7088 to 0.7090
(Boev, 1988).

Consolidation time, and the occurrence of volcanic rocks in the area were
determined as 6 to 1.8 m.y. by K/Ar method (Boev, 1988) which is consistent with
their stratigraphic age.
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‘The Serbo-Macedonian Metallogenic Province and Kozuf
Metallogenic District: Similarities and Differences

The Kozuf magmato-metallogenic district ( KMD ) is situated in the Serbo-
Macedonian-Anadolian metallogenic province (SMAMP, Fig. 26). Spatially, it is
situated along the western margin of the Vardar zone and the Pelagonian Mass.

The magmatic and metallogenic features of the Kozuf area display
similarities and specific differences with regard to other areas in the Serbo-
Macedonian-Anadolian province. The following chapter presents a more detailed
analysis of its specific features.

The province is in genetic and/or paragenetic relationship with the Tertiary
volcano-intrusive magmatic complexes of calc-alkaline suites. Fig. 27 shows the
position of magmatic complexes and larger metallogenic districts in the Serbo-
Macedonian metatlogenic province ( SMMP ).

Latites, quartz-latites and trachytes predominate in the magmatic complexes
of the Kozuf arca, whereas the amounts of andesites and dacites are low compared
to other magmatic complexes in the Serbo-Macedonian metallogenic province in
which dacites and andesites are most abundant. Unlike most Oligo-Miocene calc-
alkaline complexes in the Vardar zone and the Serbo-Macedonian Massif, the
volcanics of Kozuf are very young - of Pliocene age (formed during the period
between 12 and 1.8 m.y.). Volcanic facies are widespread, whereas intrusive facies
occur sporadically as subvolcanic intrusions.

Fig. 28 shows classification of Tertiary volcanics in the Vardar zone based
on K90:S10, ratio, and AFM diagram that includes volcanics of the Kozuf district.
The figure displays correlation between Kozuf complexes and those of the Vardar
zone, Petrologic features of the igneous rocks of Kozuf have been presented in
previous chapters.

The Kozuf district displays many specific features because of its
metallogeny. It is characterized by increased antimony, arsenic, thallium and, to
some extent, gold concentrations. Minor copper concentrations occur sporadically
as well. Lead- zinc deposits, which are the mosta distinct for the metallogeny of
the Vardar zone and SMM, are quite rare in the Kozuf district even as mineralogic
occurrences. Absence or poor development of deposits of non-ferrous metals in the
Kozuf district is due to the relatively low salinity of the hydrothermal solutions
and the low erosion level along with significant thickness of volcanics (tuffs etc.).
The metallogeny in the Greek part of Macedonia has been poorly investigated.
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Fig. 26. The position of the Serbo-Macedonian-Anatolian metallogenic
province in the NE Mediterranean ( Jankovic, 1977; modified )

Cn. 26. TTonox6a na Cplicko-MaKeqoHcKo- AHATOIHCKATE
MeTanoreHercka nposusuuja o CH Menurepan
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48 Serbo-Macedonian province and Kozuf metallogenic district

71

51

5-

N
RS
R 3
-

2-

i 4

o-!— I °+ +AAA| a Al T H T T l‘ 1 T F T T

o l||l-¥l|I‘lVi!_l S i S R ‘. 0 75
< 9 “ basd&ﬁ%glmdesitgo—-ﬁn—%m _ T 2 73

Fig. 28. Classification of Tertiary volcanics in the Vardar Zone Ko0/510; ratio
and AFM diagram ( Jankovic, 1990)

Cn, 28. Knacudpurayuja na TepiuepuuTe ByJIKaHCKE Kapiu off Bapajgapckara
30Ha Ha 0asa Ha onnocoT K20/Si072 u AFM nujarpam (Jankosug, 1990)
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The Serbo-Macedonian metallogenic province (SMMP) is a geochemical
province of lead-zinc, antimony, thallium as major elements. Lead-zinc ore is
accompanied by silver, bismuth, cadmium, antimony-arsenic and, sporadically,
mercury.

The Kozuf district contains many clements that are typomorphic for the
SMMP, but this metallogenic unit can be considered as a thallium, arsenic and
antimony geochemical district.

i¢
erranez,n Sez

@& Sb and Sb-As deposit
with Tl

Fig.29. Position of the most important antimony and antimony-arssenic deposits
with thallium in SE Europe and the area of Alps
Ca. 29, [Tono:x06a Ha 3HaMajHATE AHTUMOHCKH 1 aHTHMOHCKO-apCeHCKH
HaofamumTa co Tanuym Bo JU Espona 1 Bo Anncxara oGnact
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Thallim  mineralization represents a specific trait of the Alpine
metallogeny of SE Europe and the Serbo-Macedonia-Anadolian province.
SMAMP is one of the rare metallogenic provinces in which thallium forms ore
deposits. One of them is in the Kozuf district (the complex TI-Sb-As-Au Alsar
deposit), the other is in Anatolia (the TI-Sb-As Bozcukur deposit, 35 km west of
Kytahya - Jankovic and LaBel, 1976).

Fig. 29 shows the position of the most important thallium (Sb, As)
occurrences in SE Europe and the Alpine area.

Besides the T1-Sb-As-S associations in the SMMP, thallium occurs in close
relationship to lead-zinc sulphides (Terzic, 1982). Thallium content in the galenas
of SMMP ranges from traces to 37 ppm (the Jezero ore body, the Rudnik deposit) -
most commonly to several ppm T1. Thailium content in sphalerifes is much less
uniform than in galenas - from traces to 160 ppm (the Precica deposit on Avala). In
the latter case, increased thallium contents are consistent with the increase of
mercury as trace element.

Table 17 shows thallium contents in individual antimony deposits in SMMP.

Table 17: Thallium contents in individual antimony deposits
in SMMP ( Mudrinic, 1978 )

Deposit T ( ppm ) Deposit Tl ( ppm )
Rujevac 46.17 Takovo 114.26
Brasina 12.66 Ivanjica 1.09
Zavorje (.81 Rajiceva Gora 80.95
Stira 1.04 Bujanovac 2.47

Dolic 045 Lojane 1053.20
Stolice 3.56 Nikustak 7.30
Vujinovaca 18.31 Krstov Dol 88.26
Brezovica 2.43 Alsar 2274.70
Trbusnica 2.52

Increased thallium concentrations also occur in antimony = arsenic deposits.

Antimony deposits.- A large number of antimony deposits, grouped in large
metallogenic units (ore fields, districts, zones), are shown at Fig. 30.

According to its size the Alsar deposit .is one of the most important
antimony deposits in the Serbo-Macedonian metallogenic province.

Table 18 shows the principal metallogenic features of selected Tertiary
antimony mineralization in the Serbo-Macedonian-Anatolian metallogenic
province, and Table 19 - trace elements of stibnite in selected Sb-deposits.
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Cn. 30. ITonox6a #a BaXHETE METANOFCHTCKH aHTUMOHCKH EJUHILH BO
JH Espona sryuysajiu ja Koxycdekara obnacr ( Jaukosug, 1979 )
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Table 18: ‘The main metallogenic feautures of selected Tertiary antimony
mineralization in the Serbo-Macedonian-Anatolianc metallogenic province

Depaosit Brasina Rujevac Rajiceva Lojane Lahanas Bozeukur Alsar
Zajaca ora Gomuskoy
Kitahya
Elemenls [Sb: 1-3% Sb  |Sb. As, Pb, Sh, Pb. Zn Sh.AsENI |ShtW Sh, As, TL, Sk, As, TL Au
Zn; 2-4% Sh An (7). 2.5 Ga Sb,
I % As 4 % Sb, 3% As,
15 % Phy 0.5 % Pb; 1-3 ght Au
4 % Zn 0.7 % n 0.15% T1
5% As
.45 5 Ti
ﬁ’rim:n‘y Stbnite Stibnile Stibnite Stibnile Stibnite Stibnite Stbnite
iminerals Pyrite real gar realgar realgar pyrise (idiomor-phic  {reaigar
bravoile orpiiment pyrite orpiment marcasite and ollomorl’ ) [espiment
sphalerile pyrite acsenopyrite pytite arsenopyrite  [orpiment aold
cinnabar arsenopiryte  fbravoite marcasite wolframite realgar Tl-minerals
chlacopyrite  |sphalerite sphalerite bravoite ¢ Pilaf Tepe ) jramels-bergite  [(lorandie }
auartz galena palena melnikovite  {quartz pyiite Pyrite
chalcedony tetrahedrite Pb-Sb pitchblende  |caleite marcasite mareasite
barite Pb-Sb sulplsosalts greigite fresbergite meknikovite
caleite sulphiosalts 1etrabedrile niolibdenite galenn arsenopyrile
cinnabar cintabat quarlz sphalerite Pb-Sb
gudmundite chalcapyrite chaleedony Ti- ulphoun-  [sulphosalts
quartz quastz calcite timonide maucheriie
caleite barite barite quartz bravoite
tetrabedriie cingabar
nive 5 quartz
skorodite calcite barite
F 2yYpsiim chalee-lony
Wall rocks Limstone / Silicified Contact Serpentinite | Micashists Siliceous Tufface-ous
shists limstone serpentinite / silicified less  |sinter with dolemiteMdolemi
schists flysh- volcano serichized tfls beds ic voleanics-
sedimentary and argitiized silicified,
rocks arilitized
Type of Cotitact- Tassperoid Sb - {Mineralized Mineralized  [Mineralized Hydrother-mai  |Jasperoid
mineralization ||metasomatic  |ore, Complex | fraciured ore fracture fissures sedimen-lary  ftype
jasperoid, Zn-Sb-As-Ph  along serpenti- | zones massive ore and
Campact ore nite Thysh contact disseminntion
(issemination Compat
dissemination
Morphostruc- |[Stratiform Lenses Steatiform Lenses vein, veintet  tlenses Lenses
tural types  llenses, nests | veins lenses. nests veins nest beids, brecela
IRcfcrcncu "Jnnkm'ic Tankovic Jankovic Tankovie Jankowic Iankovic Jankovic 1993
1967 1990 1990 1979 1479 1982 Boev 1993

So far identified antimony deposits are classified into three main groups:

1. Deposits that originate from highly differentiated hydrothermal solutions
and composed of almost monomineralic associations in which stibnite and quartz
are the principal minerals.

Ore deposits of this group are usually located at a fairly long distance from
magmatic complexes (i.e. Lisa, Bujanovac, Takovo, Crni Vrh a.a. in Yugoslavia,
and Katiforikon and Lahanas in Greece).

II. Complex mineral associations in which stibnite is the principal ore
mineral originating from incompletely differentiated ore-bearing hydrothermal
solutions.

Antimony is accompanied by considerable amounts of As, minor Hg and
sporadically tungsten. The number of ore metals rarely exceeds two or three.

Among these antimony deposits the following metal associations are
distinguished;
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4 Ab-As + Tl: The deposit at Alsar and Smrdliva Voda in the Republic of
Macedonia.

¢ Sb-W: Pilav Tepe (Lahanas) and Filadelfion in Greece belong to this
group.

¢ Sb-Fe: Stibnite and berthierite association derived from hydrothermal
solutions low in sulphur {the Krstov Dol deposit in Macedonia).

Table 19: Trace elements in stibnite from some deposits ( Emision
spectrographic analyses, ppm ., Mudrinic, 1978; Terzic, 1982)

A B c |D E F G |H I
As 7700 1320 637 2063 890 199 538 676 7500
Tl 153 33 25 12 325 8 857 210 335
Ph 000G | 338 434 179 2675 410 373 1663 25
Zn 16l 279 650 218 462 82 335 14 14
Cu 117 43 18 215 142 131 116 312 135
_Ei_g 31 205 1 - 103 1091 450 21 o7
Ni 37 3 4 5 79 2 313 11 17
Co 1 3 2 1 5 2 406 )| 2
Cr 0.5 2
A% 0.3 i4 68 31 25 2 6l
Mo 0.9 2 2 2 1 606 16 4
Ag 10000 | 383 111 60 8 2 i 220 230
Au 14.6
Bi 4 26 8 130 32
Ba 76 271 310 192 331 149 34 77 116
Sr 83 459 83 35 19 3 5 3 19
B 23 9 13 33 14 17 5 6 13
F 11 75 16 12 g 4 20 1 76
Na 337 10000 | 293 463 321 596 444 190 10000
Cl 322 245 86 96 163 121 89 94 149
Mn | 425 32 105 56 400 71 160 64 124
Ga 9 20 3 8 8 4 3 22
Ge 49 16

A - Rujevac; B - Brasina; C - Stolice; D - Trbusnica; E - Rajiceva Gora;
F - Bujanovac ; G - Lojane ; H - Krstov Dol; 1 - Alsar

¢ Sb-Hg: Common occurrences of antimony and mercury are rare (the
Takovo deposit) and are not considered as a typical metal association for the
Tertiary antimony deposits of the Balkan Peninsula.

Table 20 shows mineral associations in selected antimony deposits of the
Balkan Peninsula.
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Table 20: Mineral associations in selected antimony deposits of SE Europe
and Western Asia ( primary minerals only, Jankovic, 1979

A B C D E ¥ G H 1 J K L

M

STIBNITE XXX X% XXX ANX XXX XXX XXX XXX XXX XXX XXX XXX

XXX

REALGAR XX X XK X XXX XXX

ORPIMENT X X b3 X XXX XXX

METASTIBNITE X

WOLFRAMITE XXX XX x

SCHEELITE X X X

PYRITE XX X 3 peS %X XK XX XX XX

XX

MARCASITE XX XX XX

ARSENOPYRITE X X X

x
X

PYRRHOTITE X
X

X

BRAVOITE X

SPHALERITE xX X XX XX x XX 3 Ly

GALENA XX X XX XX 3

RAMMELSBERGITE

MELNIKOVITE XX

EAERERE

FREIBERGITE

BOURNOMNTLE

BOULANGERITE

JAMSONITE

ZINKENITE

PLAGIONITE

ROBINSONITE

TETRAHEDRITE

FERERER N R B B

CINNABAR

MOLYDENITE X

GHALCOPYRITE % % x X

BERTHIERITE XX XX 3

GUDMUNDITE X

GREIGITE X

PITCHBLENDE X

LORANDITE XXX

YRBAITE

PARAPIERROTITE

RAGUINITE

SIMONITE

REBULITE

RN N E

PICOTPAULITE

NATIVE
SULPHUR

QUARTZ XXX XXX XXX XXX XXX XXX XLX XXX XXX XXX XXX XXk

XXX

'"CHALCEDONY X x X XX % x X XX X

AX

BARITE X X % X X

KX

CALCITE 21X XXX XX X X xX XX X

xxx - Main mineral; xx - Accompanying mineral ; x - Minor abundance

Deposit: From (A ) trough (M) Yugosiavija; A - Rujevac ; B - Brasina;
C - Trbhusnica ; D - Srebrenica; E - Bujanovac; F . Rajiceva Gora,
G - Osanica : Macedonia ; H - Krstov Dol, I - Lojane; ¥ - Alsar; Greece;
K - Lahanas / Pilav Tepe ; L - Filade-Ifion; Turkey ; M - Gumuskoy;
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Table 21 shows trace elements of realgar from Alsar, Lojane and Smrdliva
Voda deposits. Data indicate that T1 concentration in realgar is very h1gh due to
the presence of Tl-sulphosalts (e.g. Alsar deposit).

Table 21: Trace elements of realgar from selected deposits
in Republic of Macedonia ( spectrochemical analyses, ppm )

|| El " Lojane " Alshar " Smrdliva Voda ||
Sb 5000 fo000 Jiooo fsoco Jrooo Jooe Jisee [oco 100|420 |65 Ja00  Jra00
AS 1% f>i% |»1% |>1% 1% »1% |21% [2l% Ri% |21% 1% 2% F1%  |»1%
Be 3 8

||'['e

P

Pb 10 3 3 3 3 2 2 1 3 1 30 7500 |5 5
St 7 kS 3 7

Cu 1 04 05 o5 lod4 oz oz oz Jos  Jos |4 50 wo s
Ag 0.5 1 0.5 1

Zn 500 1800 00 350

Ccd 5

Co 10 3 8 3 10 3

Ni 10 10 50 20 30 10 8 15 15 50 10 5
Zr 10 15

Mo o 2 10 10 19 5 3 3 8 - 10 3 5
[rra

Nb 10

Bi 3

In

Ge

W 100 100

Ga 3 3 5

T 300 160 Js00 100 oo [3ce fooo liooe fsim BIw B 165|200 250
Cr s 100 6 10
v 10 30

(Mo Jlseoo  |sooo [so0  [4000 [3000 |1c00  f1000  |3000  |3c00 |1000 1000 |s00 1000|2000
(B

Ba 150 100

Sr 100 100 [100  |100

5c 6 3

i 10 15 10 7 30 20 3 5 3

#Hy 150 30

Ca 100 1000 |>1%  J100 {300 Ba% |»1% =% 1% [»1% [0t [o00 |so0
Al 100 300 (3000 200 200 300|519 se0 fiooo [so00 [si®m [mi% 1% 1%
Mg |lioo 2000 >k 1200 300 [51% b1 e b1 g e |pl% 5% |-1%
M ls 0 00 |5 5 200 |30 150 1% (3000|100 [3c0 1000 [soo
Fe 100 200 3800 1200 J200  |7000  [1s00  |9000 f»1%  [7000 [>1% [2000 [3000  |s000
Ti 100 150 |30 80 00 |60 100 [s0 200 100
53 1% 1% 1% |>1% (5000 (3000 [s00 {300 Jaooo oo sl D1e s sl

IIL. The third group of antimony deposits dominated by polymetallic
association have been formed from slightly differentiated complex solutions. Ore
deposition resulted in formation of complex deposits where, besides antimony,
other metals can reach economic concentrations.
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Antimony in these deposits occurs not only as stibnite, but often as diverse
sulphosalts, mostly Sb-Pb sulphosalts. Based on metal and mineral associations the
following deposits are distinguished:

% Antimony-lead/zinc-minor arsenic is the most frequent association of
polymetallic deposits. The gradual transition between mono metallic antimony
deposits/ore bodies and lead- zinc deposits/ore bodies are common; in the former
deposits, antimony is mainly represented by sulphosalts (i.e. the deposits at
Rujevac, Rajiceva Gora, Srebrenica, Trbusnica and Samar in Yugoslavia, and
Pontokerasia in Greece).

¢ Antimony-arsenic-minor thallium, nickel, uranium: The Lojane deposit in
Macedonia belongs to this type.

Arsenic deposifs.- Arsenic is commonly an accompanying component of
antimony deposits. Important arsenic concentrations are known in the Alsar and
Lojane deposits.

Arsenic mainly occurs as realgar, accompanied by some orpiment, while
arsenopyrite is rare and occurs mainly in lead-zinc deposits.

Principal ore deposits of the Kozuf district

The Kozuf metallogenic DISTRICT is defined by its ore mineralization and
controlling factors of its spatial distribution.

Based on available knowledge and the degree of investigations carried out
several mineralization styles and metal associations such as copper, antimony,
arsenic, thallium and gold were identified in the domain of the district. The Sb-As-
Tl-Au is the predominating mineralization.

The following morphogenetic types are distinguished :

s Volcanogenic epithermal replacement mineralization of Sb-As-T1
association,

e Carlin-type gold mineralization,

¢ High sulphidation enargite vein-type mineralization accompanied, most
probably, by gold mineralization as well

e Porphyry copper mineralization

o Epithermal Sb-As-Fe mineralization of vein-lense type related with
fractures in the crystalline schists,
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Fig. 31. The position of metallogenic distrikt of Kozuf ( Jankovic, 1993 }

Cn. 31. TTonox6a Ha MeTanoreHeTckara obnact Ha Koxyd (Janronui, 1993)
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e Solfataric products are represented by native sulphur and marcasite,
sporadically associated with galena.

The mineralization is of Pliocene age.

Magmatism of calc-alkaline suites and structures, both volcanic ring-radial
and regional fractures are the principal factors controlling distribution of
mineralization in time and space. Magmatic complexes are the principle source of
ore metals and/or the source of heat energy for the formation of hydrothermal ore-
bearing solutions that mobilized ore minerals from ultimate sources and
transported them to the site of precipitation of mineral parageneses.

Fig. 31 shows the sites of mineralization of the Kozuf metallogenic district.
The distribution pattern of mineralization is characterized by both lateral and
vertical zoning. The central part of the district contains copper mineralization,
surrounded by Sb-As + TlxAu deposit and occurrences (e.g. Alsar and Smrdliva
Yoda).

The Kozuf district is poorly explored, except of the Alsar deposit, and to
some extent, the Dudica mineralization.

All so far identified mineralization styles of the Kozuf metallogenic district
will be reviewed in this Monograph, with particular reference to the Alsar deposit.

ALSAR Sb-As-Ti-Au DEPOSIT

The Alsar complex Sb-As-Ti-Au deposit is one of the unique deposits in the
world not because of its size, but mineral composition. It contains significant
thallium concentrations that classify it as a unique deposit containing that metal.
Besides economically significant antimony and arsenic concentrations, the Alsar
deposit is the first Carlin- type gold deposit found in the Balkan Peninsula during
the mid 1980s.

The latest mining activities started in 1881, and with some interruptions,
lasted till 1913, During that period mainly arsenic ore was excavated and exported
to Thessaloniki, Greece and Germany. Small amounts were mined out in the
outcrops of the deposit. There is no data about the amount of arsenic ore mined out
at that time,

The mineral potential of arsenic in the deposit is estimated at some 15.000
tons. According to today's criteria arsenic is a harmful component that results from
antimony processing.

During the final years of the [ast century the first thallium minerals were
discovered (lorandite, vrbaite a.a.) as constituents of arsenic-antimeny ore.
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Fig.32 shows a panoramic view of the Alsar area.

Fig.32. Panoramic view of Alsar ( Photo, Boev )

Cn. 32. TTanopamcku norsej Ha Asmuap ( poro, Boes)

Exploration for antimony carried out from 1953 to 1957 and from 1962 to
1965 resulted in the discovery of significant reserves of low grade ore. However,
high arsenic contents in Sb-concentrations has precluded economic exploitation.
The latest exploration for antimony was carried out in 1970-1973.

Mineral potential of the Alsar deposit, both mined out and available ore,
exceeds 20.000 tons of antimony with 0.5 % Sb as cut-off grade.

The name of the deposit pronounces as Alsar (Alshar), deriving the name of
former Allchar mine (abbreviation of Allatini - a bank institution, owner of the
concession, and Charteau - a mining engineer who worked in the mine).

Special interest for thallium as possible solar neutrino detector gave a new
impulse for systematical investigations of thallium mineralization in the north part
of the Alsar deposit (i.e. the Crven Dol ore body). This was an international
LOREX Project aiming to establish reliability of the mineral lorandite from this
deposit as thallium solar neutrino detector (Pavicevic, 1986, 1994). Some adits as
no. 21 have been re- opened to enable taking the samples. This activity lasted from
1987 through 1993. Later it was restricted to laboratory investigations.
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‘The mineral potential of thallium in the Alshar deposit has been estimated at
500 tons (order of magnitude).

The possible presence of gold in the Sb-As-Tl association at Alsar was
initially suggested by Radtke and Dickinson (1984). During the 1986-1989 period
gold mineralization was systematically explored. The results of both field and
laboratory studies showed that the geological, geochemical, mineralogical and
hydrothermal alteration features are strikingly similar to those which characterize
Carlin-type mineralization of the Western United States (Percival and Radtke,
1990; Percival ?t al.,1992).

Unlike the Carlin-type gold deposits in the Western USA, the Alsar
mineralization is hosted not only by sediments, but volcanics as well.

It should be emphasized that the Alsar deposit is not fully explored and the
metallogenetic studies completed. The current investigations are still in progress.

For the results of previous studies of the Alsar deposit, the reader is referred
to Ivanov (1965, 1968), Jankovic (1960, 1979, 1982, 1988, 1993), Percival and
Boev (1990), Percival et al. (1992), Percival and Radtke (1994), Boev and
Serafimovski (1996) and for investigation of minerals to Krenner (1894), Locka
(1904), Jezek (1912}, Caye et al. (1967), Laurent et al. (1969), Johan et al. (1970,
1975), Terzic (1982), Balic-Zunic et al. (1986a,b, 1993), El Goresy and Pavicevic
(1988), Palme et al. (1988), Jankovic and Jelenkovic (1994), Pasava et al. (1989,
Frantz (1994), Frantz et al. (1994), Cvetkovic et al.(1994), Litbowitzky et al.
1993).

Regional geologic setting

Spatially the Alsar deposit is located along the western flank of the unstable
Vardar zone and the Dinarides or rigid Pelagonian crystalline block on the west,
about 50 km south-west of the town of Kavadarci in close proximity to the Greek -
Macedonian border.

Mineralization is associated with a Pliocene volcano-intrusive complex of
calc-alkaline suites, controlled by deep fractures striking mostly N - S and SW -
NE.

This igneous complex formed on a basement composed predominantly of
Triassic sediments, Jurassic ophiolite (gabbro-peridotites prevail) and Cretaceous
sediments.

The terrain adjacent to the deposit is composed of several litho-stratigraphy
members (Fig. 33).
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The wide vicinity of the Alsar deposit is characterized by complex tectonic
relations in which N - S structures of deep fractures along the contact of the
Vardar zone and the Pelagonian massif play an important role. Volcanic structures
and subvolcanic intrusions of calc-alkaline magma formed at their intersections
with neotecionic fractures SW - NE. The age of subvolcanic intrusions is the same
as in other parts of the Kozuf area, and in the case of the Alsar deposit these
intrusions belong to the youngest phases (3.9 - 5.1 m.y.).

All geological units, except those of the Pliocene shallow basin, demonstrate
an elongation with north-south trend and are tectonically rather dislocated.

Precambrian albitic gneisses with sporadic amphibolite lenses belong to the
oldest rocks in the wide vicinity of Alsar. Sporadic marble masses occur in the
gneisses.

Paleozoic schists, phylites, locally cipolines, metasandstones, argilloschists
and quartzites are not widespread.

Triassic sediments comprise a large portion of the terrain in the Alsar area.

They occur in two basic facies: (i) as marbelised limestones and dolomites and (i1)

claystones and sandstones with sporadic masses of diabases and local green
schists.

Jurassic rocks are represented by diabase-chert formations composed of
limestones, sandstones, clayshists, quartzites, cherts sedimentary facies as well as
strongly serpentinized gabbro-peridotite complexes of harburgitic-dunitic
composition. Small deposits with podiform chromite bodies (Arnicko at al.) have
been found in the latter. Serpentinites also occur as separated narrow bands with
tectonic borders on surrounding rocks. They were brought to the area as a result of
processes associated with diapirism. This is indicated by intensive tectonic
fracturing and dislocations that affected serpentinites marking the zone of tectonic
disruption of the western margin of the Vardar zone.

Upper Cretaceous sediments have a significant spread in the vicinity of
Alsar. They occur in several facies such as:

- Barremian-Albian conglomerates and
- Turronian limestones

These rocks make up the hanging-wall in the Ni-Fe Rzanovo deposit.

Upper-Eocene series consists of basal conglomerates covered by flysch
sediments (alevrolites, clays, sandstones, and limestone intercalations).
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Pliocene lacustrine sediments and pyroclastites are wide spread in the
vicinity of Alsar. Pliocene sediments consist of conglomerates and clayey-
sandstone facies with local occurrences of marls. Small deposits of diatomaceous
earths are occasionally noticed. Volcano-sedimentary suites with pyroclasts and
clayey-sandstone sediments (Kojcov Rid north of Alsar) developed in individual
Pliocene basins.

Quaternary sediments occur in the form of terraces, and as tuffs locally.

The volcano-intrusive complex of calc-alkaline rocks of Pliocene age is part
of the wide Kozuf area. Its petrologic features are shown in detail by Boev {1988).

Latites, minor quartz latites and andesites (near Studena Voda) occur in the
wide area of Alsar.

Local Geologic Setting

Deposition of sandstone and claystone, followed by bedded and massive
carbonate rocks (limestone, dolomite, marble) took place in the Middle and Upper
Triassic. These rocks are the basement of the Alsar deposit (Fig. 35).

The quartz-sericite-feldspar schists are developed along the eastern flank of
the deposit, while the central part is built of dolomite, marble, and sporadically
limestone.

The dolomite series underlies marbel. Based on fission traces the age of
dolomite was determined as 250 m.y. (Lepitkova, 1995).

Fig. 34 shows distribution pattern of REE in the dolomite of the Alsar
deposit.
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Fig. 34. Distribution pattern of REE in the Ashar dolomite
( from: Lepitkova, 1995 }

Cn. 34. Tuctpubymuja Ha peTKHTe 3eMjH BO JONOMUTHTE Off AIHap
{ lenntkosa, 1995 )
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Table 22 shows the chemical composition of fresh and hydrothermally
altered dolomites from Alsar including trace elements,

Table 22: Chemical composition of dolomite ( Percival and Radtke, 1994 )
( major elements concentration in % ; trace elements, ppm )

1 2 3 4 5
Si0, 2.06 0.94 3.30 23.90 | 2040
TiO, 0.03 0.02 0.06 - {0.07 0.14
Al Q4 1.24 2.13 1.00 1.70 | 4.06
Fey, 04 0.21 0.26 15.04 | 1.37 1.50
FeO 0.13 0.02 0.05 0.30 0.56
MnQ 0.02 0.03 0.08 0.06 0.08
MgO 1.50 19.80 15.30 | 15.60 | 13.50
CaQ 5140 | 30.20 26.10 {24.10 | 21.00
Na,O 0.06 0.07 0.02 | 0,01 0.01
K0 0.12 0.10 0.09 0.39 0.81
P50 0.19 .17 042 |0.23 0.27
L0l 4270 | 46.14 3773 | 3198 {3576
Total 99 53 99.86 99.19 | 9973 1 98.14
Au(ppb) [ <5 <35 23 138 10
Ag 0.3 < (.2 0.9 0.5 0.5
As <5 24 5300 | 1980 12.29%
Ba 48 23 29 26 38
Bi <5 7 <5 7 6
Co <1 <1 19 2 5
Cr 2 2 8 18 17
Cu 5 4 9 5 33
Hg <001 | <0.01 4,33 3.93 5.86
Mo <1 <] 12 1 <1
Ni 1 1 71 g |23
Pb 2 <2 4 g 12
Rb <] < 1 2 35 66
Sh <5 <5 31 897 978
Se <5 <5 7 <3 9
Sr 232 98 45 66 42
Tl 0.3 0.4 390 690 730
W < 20 <20 <20 | <20 <20
Y 10 1 14 1 5
in 8 6 23 9= 49
Zr 5 10 14 21 28

1. Triassic marble; 2, Tertiary dolomiie;
3. Argillic altered dolomite;

4. Argillic altered and silicified marble;
5. Argillic altered and silicified marble
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Data shows pronounced negative anomalies (normalized values) of Rb, Ba
and Hf, but positive anomalies of U.

These data indicate a marine origin of dolomite. In addition, increased
contents of metals such as Zn, Hg, T1, Mn, and Au can be noticed in dolomites
affected by hydrothermal solutions.

Turassic period is characterized by ophiolites (mainly mafic-ultramafics
transformed into serpentinites) followed by Neogene mollase deposits in small
lacustrine basins, containing locally diatomaceous earths and voluminous calc-
alkaline volcanism in the form of tuffs, flows, volcano-sedimentary series and
subvolcanic-hypabissal intrusions.

The Mesozoic rocks are unconformably overlain by Pliocene cover and
glacial till. The earliest Tertiary rocks are very likely tuffaceous dolomite. It
unconformable overlies the Mesozoic basement rock, particularly in the central,
northern and southwest parts of the deposit. This unit is of volcano- sedimentary
provenance and commonly mineralized.

The massive tuffaccous dolomite contains sporadically intercalated
sequences of fine-grained tuff, water lain ash or volcanic glass. This volcano-
sedimentary unit is 100-130 m thick (Percival, 1990).

The basal contact of the tuff and underlying Tertiary tuffaceous dolomite
and pre-Tertiary rocks is often marked by an unconformity zone, 2 to 12 m thick. It
consists of a mixture of unsorted and ungraded detrital material. This basal
unconformity of the tuff unit indicates a discontinuity in the Tertiary stratigraphic
section and the beginning of volcanic activity during which dolomite deposition
took place {Percival, 1990). The basal contact zone is of particular interest as a
preferred environment of hydrothermal alteration and mineralization, particularly
in the central and southern parts of the deposit.

The unit of Pliocene felsic tuffs covers a large portion of the Alsar deposit.
This volcanic sequence includes ash, crystal tuffs, wff breccia and lacustrine
tuffaceous sediments.

According to Percival (1990) the lowest level of felsic tuffs consists of soft
and friable ash tuffs, grading upwards to a crystal lithic tuff and then into a crystal
tuff. These tuffs contain sanidine, biotite and quartz phenocrysts in an aphanatic
ground mass.

The composition of tuff braccia is similar to the crystal tuff. The tuffs
deposited in the sublacustrine basins in the southern part of Alsar show bedding
and contain tuffaceous sedimentary clay material (a volcano-sedimentary series).

The Alsar volcanic complex was investigated in detail by Frantz (1994),
Frantz et al. (1994) and Lepitkova (1993).

-«
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Two principal volcano-intrusive phases have been identified in Alsar based
on investigations carried out so far: :

(a) a Miocene phase of calc-alkaline rocks ocurring as dikes. Troesch and
Frantz (1994) have determined a Miocene age (14.3 - 8.2 m.y.) for the volcanic
phase. The age determination is based on “°Ar/’Ar data obtained for plagioclase
from Crven Dol (Table 23).

Table 23: Absolute age determination of volcanic rock from Alsar based
on Ar /P Ar of plagioclase (Troesh and Frantz ( 1994 )

Minerals Temperature (°C) | “Ar/¥Ar

Plagioklase 800 9.222 40.842
1000 8.270 £1.183
1200 12.256£0.762
1400 14.323£0.776

The volcano-intrusive rocks of this volcanic phase were completely altered
by hydrothermal solutions during the Pliocene.

(b) The most significant volcanic rocks in Alsar developed as part of the
Kozuf volcano-intrusive activities. Subvolcanic hypoabyssal intrusions formed,
based on data from K-Ar investigations, during the period from 4.5 to 5.0 m.y.
(Lepitkova, 1995; Frantz et al. 1994).

Boev (1985) determined the age of volcanic rocks from the vicinity of Alsar
as pliocene.

Resuits obtained from determination of age by K/Ar method of andesites
affected by hydrothermal processes indicate to absolute age of 3.9 to 5.1 m.y.
(Lipolt and Fuhrman, 1986).

Determination of the age of volcanic rocks from Alsar was also carried out
on sanidine and plagioclase (Table 24).

Table 24: The age of volcanic rocks from Alshar determined ba
“Ar/*Ar method ( Troesh and Frantz, 1994 )

Mineral Temperature ( °C) ®Ar I ¥Ar

Sanidinee 800 3.657 410,137
1000 3.334 £ 0.065
1200 3271 £0.063
1400 3,261 £0.067
1600 3.289£0.170

Plagioklase 800 3.923 £0.319
1000 i 3.328 +0.708
[200 3.283 £0.757
1400 5.027+0.511
1600 2.927+0.058
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It can be inferred that the volcanic activity in Alsar took place in the period
between 3.9 to 5.1 m.y.. Based on St/ Sr ratio for latite (0.70856) it can.be

inferred that parent magma derived from lower continental crust/upper mantle
domain (Boev, 1990/91).

Le Mailre 1984 (fig B.14)
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Fig.36. Diagrams of a) Si0,/Na;0+X,0 ; b) §i0; - X,0. and ¢) NayO+K-MgO-FeO of
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Volcano-intrusive rocks of Alsar include latite, quartz-latite, trachyte,
sporadically andesite and dacite (Fig. 36).

The volcanics of Alsar contain variable amounts of trace elements and REE.
Table 25 shows the values of trace elements and REE from three samples of
trachytes (Frantz, 1994). Fig. 37 shows the distribution of REE in the volcanic
rocks of Alsar. It can be inferred that there is certain enrichment in light REE in
regard to heavy elements. The relative enrichment in La is characteristic for the
volcanic rocks of Alsar, whereas the Ce content (140-157 ppm), as well as Ce/Y
(around 6) point to certain empoverishment in heavy elements. The Nd content is
also high.

From the analysis it can be inferred that the enrichment in light REE
elements indicates that magma originated from the continental crust and that it
distinguishes it from toleitic basalts. The slightly pronounced minimum of Eu and
the pronounced minimum of Dy indicate to the fractionation processes of primary
magma and its contamination by rocks from the upper and lower crust (Lepitkova,
1995).
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Fig. 37. Distribution pattern of rarc elements ( left ) and REE of the trachytes from
Alshar ( right ) (Frantz, 1994 ) { Lepitkova, 1995)

Cn. 37. JucTpubyunja Ha peTKUTE eIeMEHTH { ICBO ) 1 PETKHTE 36Mjl
BO TpaxHTHTe Of Anmap { jecuo ) { Frantz, 1994 } ( JlenuTkoea, 1995 )

Table 25: Trace elements of the trachytes from Alsar in ppm
( Frantz, 1994, method INAA)

element in ppm error % | element || in ppm error %
L1 Sn

B Sh 0.5270 10
C Te

F J

Na 167.0 3.0 Cs i.330 6.0
P Ba 3480 13
S La 6.340 3.0
Cl Ce 7.300 5.0
K 41.00 15 Pr

Sc 2.780 3.0 Nd 11.00 il
V Sm 2,440 6.0
Cr 18.00 5.0 Eu 0.3400 6.0
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Mn 38000 3.0 Gd 1.000

Co 88.86 3.0 1o 0.2400 13
N1 < 20.00 Dy

Cu < 30.00 Ho 0.4700 20
Zn 393.0 4.0 Er

Ga < 0.6000 Tm 0.2700 20
Ge Yb 1.200 6.0
Ag 637.8 3.0 Lu (.1980 11
Se < 0.40 Hf (.2400 15
Br Ta 0.03200 12
Rb < 3.500 W 8440 3
Sr < 80.00 Re

Y Os

Zr 10.0 Ir < 0.00200

Nb Pt

Mo 3.0 20 Au 0.494 3.0
Ru He 0.7560 16
Rh Tl

Pd Pb

Ag 1.300 20 Bi

Cd 12.00 20 Th 0.8000 i4
In U $.520 5.0
element in ppm error % | element | in ppm error %
Li Sn

B Sb (0.4100 1.0
C Te

F J

Na 110.0 3.0 Cs 1.370 6.0
P Ba < 50.00

S La 4,440 3.0
Cl Ce 0,900 10
K 310.0 4.0 Pr

Sc 3.070 3.0 Nd 6.200 10
)i Sm 0.9800 10
Cr 16.10 0.0 Eu (0.2230 6.0
Mn 36000 3.0 Gd

Co 118.0 3.0 Th (0.1900 15
Ni 40.0 30 Dy

Cu < 20,00 Ho

Zn 539.0 3.0 Er

Ga < 0.9000 Tm

Ge Yb 1.230 4.0
As 120.0 3.0 Lu (0.2360 4.0
Se < 0.3000 Hi 0.1700 15
Br Ta (0.02500 20
Rb 2.500 W 3,770 3.0
Sr Re

Y Os

Zr 5.000 Ir < (.00200

Nb Pt

Mo 24.00 10 Au (.00760 10
Ru Hge < ().3000

Rh Tl < 1000

Pd Pb

Ag Bi

Cd Th (0.5300 0.0
In U 15.50 3.0
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element |l in ppm error % | element | in ppm crror %
Li Sn

B Sh 0.9300 6.0
C Te

F J

Na 16900 3.0 Cs 28.30 4.0
P Ba 1760 7.0
S La 78.50 3.0
Cl Ce 157.0 4.0
Ji8 31500 3.0 Pr 7.800 40
Sc 9.510 3.0 Nd 63.00 50
v Sm 8.540 3.0
Cr 16.40 4.0 Eu 1.710 4.0
Mn 294.0 3.0 Gd

Co 10.30 5.0 Th 0.6900 3.0
Ni [1.00 30 Dy 3.800 3.0
Cu Ho 1.400 15
Zn 56.00 10 Er

Ga 19.70 7.0 Tm 0.3200 20
Ge Yh 1.840 5.0
Asg 13.80 5.0 Lu 0.3010 4.0
Se 0.2000 Hf 5.930 3.0
Br Ta 0.8200 5.0
Rb 181.0 3.0 W 3.200 11
Sr 1170 6.0 Re

Y Os

Zr 250.0 10 Ir < 0.00160

Nb P

Mo 3.000 20 Au

Ru Hg < 0.3000

Rh Ti < 3000

Pd Pb

Ag Bi

Cd 1.000 Th 34.10 4.0
In U 9.750 4.0

General Characteristics of the Volcanic Rocks. Pliocene volcanic rocks
occur either as subvolcanic intrusions in the shape of dikes and /or small
intrusions, and extrusive volcanic material. Unlike Miocene volcanics, the younger
rocks are relatively fresh and less affected by hydrothermal alteration processes
(Lepitkova, 1995).



72 The Kozuf metallegenic district

Latites. - Phenocrysts are clynopyroxene, andesine, sporadically biotite
located in the ground mass of sanidine, andesine, Fe-Ti oxides and apatite.

The latites are the most common velcanic rock in the Alsar deposit. Their
chemical compositions are displayed in Table 26.

Table 26: Chemical composition of the latites of Alsar (%)
( from Lepitkova, 1995 )

1 2 3 4 5 6
Si0, 57.28 | 5743 | 57.77 15630 57.20 50.32
TiO, 0.72 0.77 .75 (.70 0.68 (.70
AlLO; 17.20 | 17.4] 17.68 | 17.31 18.00 17.90
Fe,04 | 5.60 5.84 5.73 5.20 5.62 5.25

FeQ
MnO 0.06 0.08 0.06 0.06 0.06 0.10
MgO 1.89 1.60 2.00 3.21 1.80 1.66

Ca0 4.42 423 5.35 5.18 4.68 5.07
Na, O 4.01 4.10 4.31 3.65 4.15 3.65
X,0 5.60 5.70 545 4.82 5.33 4.01
P,0; 0.57 0.51 0.50 0.44 0.51 0.52
H,0 2.30 230 1,10 3.14 1.95 1.56
Total 9974 | 99.97 |100.7 [100.0f |100.18 |99.74

7 3 9 10 11
SiQ), 59.65 56.86 5690 |57.12 58.30
TiO, 0.81 0.90 0.88 0.83 0.85
AlLO3 18.12 17.70 17.90 17.49 17.01
Fes0q | 5.38 5.30 5.32 5.48 4.73
Fe(
MnO 0.10 0.10 0.10 0.09 (.10
MgO 1.78 1.88 1.98 2.01 2.12
Ca0 4.87 5.12 495 4.88 5.60
Na,O 3.79 4.01 3,95 3.88 4,12
K>0 4.11 5.10 4.75 4,80 4.98
P50 0.50 0.48 0.44 0.47 0.56
H,0 1.20 2.60 2.90 2.88 1.50
Total 100.31 | 100.05 | 100.01 | 99.93 99.81

Note: The method applied in determination of the chemical composition of
the rocks is Inductive Connected Plasma (ICP - method)

Trachyte is characterized by holocrystalline porphyry texture with
phenocrysts represented by sanidine, plagioclase, amphibole and biotite. The
groundmass consists of microliths of the same minerals.
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The chemical composition of the trachytes of the Alsar deposit is shown in
Table 27. i

Table 27: Chemical composition of the trachytes of Alsar ( % )
( Lepitkova, 1995)

1 2 3
Si0, 61.90 62.30 62.08
Ti0, 0.70 0.65 0.72
ALO; [17.80 | 18.01 17.23
Fe, 05 || 4.60 4.80 4.65
FeO
MnO 0.10 0.09 0.09
MsO 1.30 1.39 1.35
CaO 4,72 4.30 4.18
Na,O 4.01 3,61 3.85
K,O 4,30 4.10 4.15
P,0s 0.50 0.50 0.50
H,0 0.85 0.88 1.11
Total 100.78 | 100.63 | 100.63

Method ( Inductive Connected Plasma, ICP)

Dacite and andesite occur sporadically. Their chemical composition is
shown in Table 28.

Table 28: Chemical composition of andesite and dacite of Alsar (%)
(from Lepitkova, 1995)

1 ( andesite } 2 ( dacite )

8i0, 61.17 65.50
TiO, 0.53 0.58
Al Oy 15.9] 16.45
Fe, (O 4.68 3.43
FeO

MnO 0.04 0.10
MgO 1.24 1.49
Ca0 3.37 3.84
Na,O 3.82 2.33
K50 0.24 3.50
P,0< 0.24
H,0 4,77 6.79
Total 98.31 98.97

Applied method: Inductive Connected Plasma, ICP method.



74 The Kozuf metallogenic district

Dacite consists of phenocrystas such as andesine, biotite, hornblende and
minor quartz and sanidine, and of groundmass composed of microliths of andesine
and sanidine as well as minor quartz, biotite, hornblende, apatite and Fe-Ti oxides.

Andesite is rare in the Alsar deposit. It is characterized by less alkalies than
latite and treahyte- andesite.

Structurzal features

The faults and fault zones of the Alsar deposit are grouped into three
principle sets based on strike orientation (Percival, 1990): N - NE20E, N35-50E,
and N40-50W. Only in the southern part a series of E - W faults dominates.

Most of the structural features are marked by tectonic brecciation
"juxtaposed stratigraphic relationships, topopgraphic discontinuities and by a
marked increase in hydrothermal alteration intensities along their traces” (Percival,
1990).

A major structural zone is developed along the northerly trending of the
valley of the River Majdan. On the east side of this structure cliff-like outcrops of
extensively silicified rocks (i.e. tuffaceous dolomite a.a.), sporadically
mineralized, are developed (Figs 38 and 39).

In the underground antimony mine workings several NE-trending faults are
identified, reaching the surface of the terrain. These fractured zones control the
localization of antimony mineralization.

From the point of view of its regional position the Alsar deposits is situated
on the Alsar - Radovis structure of NE-SW strike that can be clearly seen in
satellite scanograms. It does not end in the Alsar deposit, but extends further to the
terrains of neighbouring Greece. Most of the Kozuf volcanism in Miocene-
Pliocene up to Pleistocene took place along this as well as on the Kozuf-Kuklis
transverse structure.

The Alsar deposit itself is located on the cross sections between this
structure and those of NNW-SSE to N-S strices, or those that separate the
Pelagonian block from the Vardar zone.

Many of the structures exhibit a strip-type shearing movement, whereby the
fault trace is actually a zone of sheared and broken rocks in a fine-grained gougy
matrix. They contain large clay component (Percival, 1990).



Alsar - Geology

75

s

)
{55
%

L8

L
=

P

N

TN

Fig.38. Structural pattern of the central and southern parts of Asar deposit
( Percival, Int, report, 1990 )

Cn. 38. CTpyKTYpHH KapaKTePHCTHKH Ha USHTPANHHOT H jYKHHOT [e
of HaorammTeTo Ammap ( Percival, nHTepeH n3pemtaj, 1990 )
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Fig.39. Map showing major struktural trends in the Alsar area
{ Percival, 1990, Int. Report, unpublished )
Cn.39. Kaprara ja IoKaxKyBa [NaBHaTa CTPYKTYPHa KOHTPOA
Bo ofnacra Ha Asgutap ( Percival, 1990, usnrepen usseiraj )




Alsar - Geology Ti

Fig. 40 shows a sketch of distribution pattern of lithostratigraphic members
in the central part of the deposit.Fig 41 shows croos section through the southern
part of Alsar deposit.

Felsic tuff
(tatite)
{Pliocen)

e oo Basal contact
Unconformity

Tuffaceous
17— dolomite
(Tertiary)

1 Unconformity
Triassic

Triassic

carbonate rocks

¥17(dolomite, marble,
limestone)

TR

Y~ Trassic phyll. arg.

. T schists + sandstone
"' Hypabyssal intrusion’v v v v
|4

oy
v Latite Y “$N N .

Y..r V¥

Fig. 40. A sketch of distribution pattern of litho-stratigraphic member in
the Central part of Alshar deposit

Co. 40. Cruua Ha pacnopefoT Ha JIHTOCTPATHIPA(CKUTE YICHORH
BO HEHTPATHHOT e Off HaofaNnHIITeTO Auap

Environments of mineralization. The localization of mineralization is
partially associated with environments characterized by increased porosity and
permeability, typically related to fractures and fractured zones in the vicinity of
subvolcanic intrusive bodies. Such steeply dipping ore-bearing structures resulted
from slip-type shearing movements represented by brecciated rocks often in a fine-
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grained gougy matrix. The increased porosity and composition of tuffs are a
favourable environment for hydrothermal fluid migration and for introduction of
sulphides and gold. A second favourable environment is a porous and permeable
basal zone develgped as a stratabound along the Triassic erosion surface. It is 5 -
10 m thick and several metres long (Percival, 1990), Fig. 41.

B00m —

100 = —4

EXPLANATION
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Fig.41. East-west cross-section through the southern part of Alshar deposit
( Percival and Radtke, 1994 )

Cn. 41. TTonpeyeH npodun KCTOK-3aliaf] HU3 JVKHHOT Aeil Of
Haofammurrero Axmap { Percival and Radtke, 1994 )
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Carbonate rocks such as dolomite and marble are also favourable
environment for deposition of mineralization in the Alshar deposit. K

In conclusion, complex Sb-As-T1-Au mineralization is hosted by the Triassic
carbonates (dolomites and marble), the Tertiary volcanics and volcano-
sedimentary sequence (tuffaceous dolomite).

Structural control. The position of ore bodies is strongly controlled by
high-angle faults, along which hydrothermal fluids moved upwards and subsequent
mineralization took place. It is not certain whether one or more faults served as
pathways for the movement of hydrothermal ore-bearing fluids into favourable
lithologic environment where precipitation of ore took place.

Magmatic control. Although a spatial relationship between the subvolcanic
intrusions and mineralization has been evident in the central part of the Alshar
deposit, still the timing between the intrusive events and the Sb-As-TIl-Au
mineralization has not been reliably established. It is only certain that some phases
of mineralization, particularly pyrite, occur along the contact of the hydrothermally
altered intrusive latite, and it postdates the intrusions. This is revealed by
underground antimony workings. But it is very likely that mineralization is
genetically related to multi phase subvolcanic-hypabissal intrusive activities.

Wall-rock alteration. Hydrothermal alteration of host rocks and the
distribution facies of alteration are described in detail by Percival (1990).

The most significant alteration facies are silification and argilitization. The
silification mostly prevails in the central part of the deposit, while argillization
along slight silicification occurs mainly in the northern part, i.e, the Crven Dol ore
body.

Various forms of silica were deposited at different times during the lifetime
of the hydrothermal system.

¢ Complete replacement of dolomite and tuffaceous dolomite by
microcrystalline silica (Fig. 42). Decalcification is characterized by removal of
calcite and dolomite by acidic solutions in a pyrite stable field. Apart from
widespread replacement of carbonate rocks, crystalline silica filled the open space.
This precipitation of silica took place during cooling of the hydrothermal fluids.
Silification is mostly of strong intensity often grading into jasperoids.
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Fig.42. Hydrothermal replacement of dolomite and tuffaceous dolomite by
microcrystalline silica along the Majdan river ( Photo; Jankovic, 1976 )

Cn. 42. XugporepMaaHu 3aMEHHI BO TOTOMUTHTE 1 TYDO3HHTE TOTOMHATH
CO MHKPOKPHCTAJIECT KBAPIL 110 IO/KHHaTa Ha MajiancKara peka
( oto; Jankosug, 1976 )

Northwards from the central part of the deposit (the area of underground
antimony mine workings) silicification decreases in intensity resulting in the
decrease of antimony and gold abundances.

* Formation of quartz veins, veinlets and stockwork- veinlets (in previously
silicified rocks, jasperoids and in silicified tuffs) where fractures were easily
formed (the stage of ore mineralization).

Argillization is mainly developed above and lateral of tuffs and tuffaceous
dolomite. The lateration intensity ranges from weak clay replacement to complete
destruction of the parent rock textures in the pervasively altered host rock. The
latered tuffs contain mixtures of kaolinite, illite, fine- grained quartz and jarosite,
iron oxide and gypsum.

Small occurrences of ankeritization are found sporadically in dolomite (the
Crven Dol ore body, Balic-Zunic et al.,1993).
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Distribution of the hydrothermal alteration facies is characteristically zoned
from a silicified core grading laterally into argillized rocks. Locally, silicification

is intermixed with argillically altered rocks.

Fig.43.Gossan developed in the vicinity of the Central mineralized part of Alsar
( Photo; Jankovic, 1976 )

Cn. 43. Pa3BUTOK Ha KeIe3HH Welupi Bo ob1acra Ha NeHTpamHaTa
MIHepanusupana sona Ha Amuap ( (poro; Jankosuk, 1976 )

Introduction of disseminated pyrite (markasite into volcanic rocks and
tuffaceous dolomite e.g. Crven Dol - level 800 m) may be considered as a specific
facies of hydrothermal alteration. '

Supergene alteration. This type of alteration is widespread in the Alsar
deposit, involving the following processes and products:

(i) Oxidation of iron, and to some extent antimony, arsenic sulphides,
locally thallium sulphosalts resulted in the formation of gossans, composed of
ocherous limonite-manganese oxides mixed with argillic clays. Some of the
gossane zones are silicified. They are developed in the vicinity of mineralization
(Fig.43).
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Crn.44. Pacniopes| Ha reoXeMHCKHTE aHOMAIIMH Ha AaHTHMOH 8O IEHTPATHHOT H
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Fig. 45. Distribution pattern of geochemical Ar-anomalies, the Central and
southern parts of Alsar deposit ( Hadzi-Petrusev, 1987 )

Cn 45. Pacnopeq Ha TeOXeMBECKUTE AHOMAIUH Ha 371aTO BO LEHTPaHHOT
¥ jysHuoT gest of Haofamumrero Anmmap ( Xann-Ilerpymres, 1987 )
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Fig. 46. Distribution pattern of geochemical Ag-anomalies, the Central and
southern parts of Alsar deposit ( Hadzi-Petrusev, 1987 )

Cr.46. Pacniopen Ha TeOXeMHCKHTE AHOMaHIl Ha ¢pedpo BO UEHTPANHIOT
¥ JY3KHHOT flen o #aofanumrreto Anuap { Xauu-Iletpyures, 1937 )
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Limonite and jarosite derive from primary iron sulphides, while stibnite was
transformed into cervantite, stibiconite etc., As-sulphides into scorodite,
arsenolithe etc. intermixed with limonite, sporadically manganese oxides, argillic
clays and microcrystalline quartz. Some of the recently identified thallium
minerals such as dor-allcharite were formed in the process of supergene alteration
of primary Tl-mineral (Balic-Zunic et al., 1993).

(ii) Argillic alteration is mostly a follow-up process of oxidation of primary
sulphides, when sulphuric acid, as a by- product affected the host rocks. The
products of these processes are represented by clays containing abundant limonite
and manganese oxides, locally concentrations of residual sulphides.

(ili) Weak Ilateritic weathering of igneous and sedimentary rocks
(predominantly developed in tuffs and tuffaceous dolomite) indicates the hot and
humid climate after mineralization.

Geochemical anomalies. The favourable environments for precipitation of
ore are often represented in Alsar by the anomalous concentrations of antimony,
arsenic, gold and silver as well as thallium. During 1987 - 1988 a geochemical grid
sampling was carried out by the Geological Institute from Skopje and NASSAU
Ltd. exploration company (Hadzi Petrusev, 1987; Percival, 1990).

The grid consisted of 25 east-west sample lines spaced 50 m apart in a
north-south direction, Samples were collected at 20 m intervals along the lines. A
total of 288 samples were collected. The geological sampling focused mostly on
the central and southern parts of the deposit where gold mineralization along with
antimony was identified in the underground antimony mine workings. The results
for antimony, silver and gold are compiled in Figs. 44,45 and 46.

From the geochemical anomaly maps it can be inferred that the area south of
the main antimony mine displays highly anomalous concentrations of antimony
and gold. The gold and antimony anomalies are enveloped by a large arsenic
anomaly. Such a zone is over 1.2 km long.

Several areas north of the antimony mine underground workings, up to
Crven Dol, contain geological and geochemical indications of subsurface
mineralization,
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Mineralization

The Alsar deposit consists of several ore bodies and numerous occurrences,
each characterized by specific associations of metals and mineral assemblages.

The Sb-As-Ti-Au mineralization occurs within a zone almost 3 km long and
200 - 300 wide. (Fig. 47).

Morphostructural types of mineralization. Several distinct types of
mineralization occur in the Alsar deposit including

(i) Mineralized brecciated zones developed along the contact between the
subvolcanic intrusions, with dolomite and/or tuffaceous dolomite or along shear
zones in the carbonate rocks and/or silicified tuffs.

(ii) Massive lenses of realgar ore occurring in the carbonate rocks and
grading into stockwork-type mineralization. Massive sulphide mineralization,
mainly pyrite/markasite occupies sporadically steeply-dipping fault/shear zones.
Massive sulphide-bearing jasperoids occur sporadically only as small pods.

(1ii) A Mineralized systems of veinlets and fractures occur in the tuffaceous
dolomite und the Triassic dolomite.

(iv) Disseminated mineralization, mostly stibnite, pyrite/marcasite, gold
occurs (a) as stratabound bodies along the contact between the basal portion of
volcano-sedimentary tuffaceous dolomite and/or tuffs, and underlying Triassic
carbonate rocks, (b) in silicified volcanics (with variable amounts of argillization),
and (c) as abundant finely disseminated pyrite-marcasite and stibnite in the
jasperoids, locally accompanied by arsenic sulphides and Tl-minerals.

Ore bodies occur most frequently as steep-dipping lenses, irregular in shape,
sporadically as ore-shoots. The size.and shape of these ore bodies depend on cut-
off grades. Lo

(v) system of thin, up to 10 cm wide, subparallel veins of orpiment are
identified in the Crven Dol ore body at 800 m level.

Association of metals. The major elemental components of the Alsar
deposit are Sb, As, TI, Fe, S and Au, accompanied by minor Hg and Ba and traces
of Pb, Zn, Cu, U and Th.

Enrichment in gold in the Alshar deposit is closely associated with
enrichment in silica, while enrichment in Tl is related to increased concentrations
of volatiles, such as As, Sb, Hg, S.

The distribution of ore metals and their concentration rates display a lateral
zoning (Fig. 47). These zones are not sharply defined and typically a gradual
transition exists between zones.
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Fig.47. The ore-bearing zones in the Alsar deposit

Ci. 47. PynoHocHaTa 30Ha Ha HaofaIHILTeTo ATHIap
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Fig.48. Variations of Sh and As contents in underground mine workings,
the Central part of Alsar deposit

Ci. 48. Bapujausy Bo COLPKUHATA HA ARTHMOHOT H aPCEHOT BO TOA3&MHHTE
pPy¥napcky paboTH BO HEHTPaNHHOT e Of HAOlaNHIITETO Ajlap
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¢ In the northern part of the deposit As and Tl prevail, accompanied by
minor Sb, locally traces of Hg and An. The average grade of mineralization iri the
Crven Dol ore body is 6% As, 0.3% TI, 0.08% Sb and 0.2 ppm Au (Jankovie and
Jelenkovic, 1994).

¢ The central part of the deposit is dominated by Sb and Au, but it also
contains significant amount of As, Tl, minor Ba, Hg, and traces of Pb. The ore
bodies contain 2 - 3% Sb, 2% As, up to 0.4% TI, up to 3.5 ppm Au and 435 ppm
Ba. Fig. 48 shows variation of thallium, antimony and arsenic contents within
some ore bodies explored by underground workings in the central part of the
deposit.

¢ The southern part of the deposit is characterized by dominance of goid
mineralization accompanied by variable amounts of antimony and arsenic.

Mineral associations.- The mineral composition of the Alsar ore bodies as a
whole, is still poorly known, except for Crven Dol. The latter ore body has been
subject to systematic investigations of the LOREX Project, with application of the
most modemn laboratory techniques. The results of these investigations are given in
several excellent papers (Frantz, 1994; Frantz et al., 1994, El Goresy and
Pavicevic, 1998, Pahme et al.,1998; Balic-Zunic et al,, 1993 a.a.).

While many geochemical-mineralogical associations and metaliogenic
features of the Crven Dol ore body have been outlined in detail, the mineral
paragenesis of the central and southern part of the Alshar deposit are slightly
studied (Ivanov, 1965). This is the main reason that the present knowledge of the
mineralogy, geochemistry and metallogeny of the central and southern part of the
deposit is considered to be preliminary only.,

Fig. 49 displays the geological, aiteration and mineralization relationships
among the northern, central and southern parts of the Alsar deposit.

The Alsar ore bodies are composed of primary and secondary minerals.

Investigations carried out so far as well as partial exploitation of the deposit
focused on two parts - in the central part there are underground antimony workings
in which antimony ore of increased arsenic and gold contents was excavated, and
in the northern part (Crven Dol) arsenic ore with thallium was mined out. The
south part of the deposit in which gold and antimony prevail should be
investigated in detail.

This review of the mineralization in the Alshar deposit is focused on the
main ore bodies of the central and northern parts of the deposit. It should be
emphasized that they differ not only regarding the mineral associations, and
amount of metal concentrations, but also with respect to host rocks, facies of
alteration, controlling factors of mineralization, and particularly the level of
laboratory studies of ore bodies.



90 The Kozuf metallogenic district

SOUTHERN CENTRAL NORTHERN
tgotd+antimony) {antimany +goid) (areanic+ihallium)
E?-) Sirong aliciication’ Modarate to alrong Mossarale 10 strong
= widaspresd and pervasvg arpillic akteralion rgellic aireration.
'E overtying jasperoid witasprend and parveaive
@ Waeak aeollic plipration Moosrate te alréng Oolomitization
E " ’
< Rare goinmillzation Lacal getomilizalion Weak, localized giliclfication
% Stlicitied tutls sre Stibadle-baarkg Thaltiue mun
= sadiments (+Au.ALSbY jraparand. (+AuAL) (abundant)
=3 (aburdant} fatwaazn)
|
= Silicitied &nd goig~mi, in Assenical gokt min. Arsenic min
o unconlormity zone. (sbundant} (ocatirod) (abundanl)
w
Z Stibnite=bearing jaspercid Arsenic mlo.
- e, (localized) Gocatizad)
E Si0,+30+HAS2Be, TIHg Su+SiR AL TLHGBa AdrTI D bg+SDHSIO,
- Widezpread goid Locakzed hiph-prace Trace goid {¢0.Tppm)
2] {1=-3pnm) min, okt (2-F0ppm) min, min
=
L
Mcreasng { sn Ax:Sb Incraasiog
é { BrAs Y50
Wcrassing . _Isw 5, ]_D_ec_rg_l_m___
o [ o russs
] ~
| / / NE

[ / r 00
-
’ M »
| o
B .t
I Antimehy ?h:"i:"‘:"‘ YA
ming Yo ST, Lasem

.30y
T4

#00m

T30m

Ti0m

Latita tutl {Pliocone) Arsgnic-thalium mingratization
Hypa byasal ntrusive poephyry (Phocane) Argitlic aheralicn

Tullacoous dolomitn (Tertian) Slticification

Basal unconformity Bibnie-bearing kkaperoid

Fault, showing reiative megnient and
breccistion

@ Marbia and dolomite { Triasess)

Fig. 49. North-south longitudinal section trough the Alsar district showing
geologic, alteration and mineralization relationships amang the northern,
central and southern partions of the district ( Percival and Radtke, 1994 )

Cn. 49. TlogomxH#oT npoghu ceBep-jyT HU3 obracTa ANIIAp I'H MOKAXKYBa
TEONOIIKETE, ANTEPANHCKHTE I MEHEDATH3aHCKHTS OTHOCH BO CEBEPHHOT,
LUEHTpaIHUOT U jy:KHHOT ien 8o ofnacra ( Percival and Radike, 1994 )
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The Crven Dol ore bodies were investigated in detail within the LOREX
Project, while the mineralogy and geochemistry of ore bodies of the central part of
the deposit are known at the level of preliminary exploration project for antimony -
and gold. Thus, further more detailed metallogenic studies of the mineralization of
the central part are required.

1.1. Antimony-arsenic-gold mineralization
of the central part of the deposit

Several ore bodies of variable size have been revealed by three main adits at
the levels of 775 m., 799 m and 823 m (Fig. 50) and several sublevels and inclined
shafts. Some diamond drillings were performed sporadically. The ore
mineralization spreads out between level 852 m and beyond the level 775 m. The
length of mineralization exceeds 180 m; the width of mineralized zone ranges from
20 to 50 m (Fig. 51).

Table 29; Chemical composition of various types of ore from the
Alsar deposit ( in % , ICP-method )

A1l | A-12 | A-13 | A-14 | A-15 | A-16 | A-17 | A-18 | A-1D | A-10
Pb 0.01 0.01 .01 0.01 0.04 0.01 0.01 0.01 0.01 0.01
Cu | 0.001 { 0.001 | C.001 | 0.001 | 0.001 | 0.00! | 0.001 { 0.001 § 0.001 § 0.00
Zn || 0.008 | 0.002 | 0.00f | 0.001 | 0.001 | 0.00F | 0.02 | 0.015 § 0015 { 0.028
Ni 0.006 | 0.003 | 0.001 | 0001 { 0.001 | 0.001 | 0.00¢ | 0.001 [ 0,001 | 0.001
Sh 5.11
Mo [l 0.001 | 0.001 | 0.001 | 0.00; | 0.001 | 0.001 | 9.001 | Q.001 | Q.001 | 0.001
As 2.29 | 0.076 | 0.006 | 30.52 | 31,75 § 27.81 | 24.68 | 23.28 | 23.66 | 11.1
Cd 0006 {0001 | 0.001 | 0.001 | 0.001 | 0.001 | 0.001 | 0.001 | 0.001 | 0.001
Co [ 0.006 {0001 {0001 | 0.001 | 0.00¢ | 0.001 § 0.001 | 0.001 | 0.001 | 0.001
I'e 3335 | 176 [ 026 | 036 | 008 | 015 17.21 | 1406 | 16.15 | 20.61
R Mn [ 0.06 | C.003 | 0.0! 0.01 0.01 ¢.001 | 039 (032 | 014 | 028
i S 48.54 | 2.3 1.05 18.83 | 30 50 2948 § 27.07 | 28.09 | 28.14
" Se 0.005 | 0.05 [ 005 {0005 |0.005 | 0.005 0005 {0005 ;00050005
Ti 0,21 0.017 { 0.017 ] 0.52 | 0.2] 0.067 | 2.71 349 1253 {37

A-11 Massive pyrile-marcasile aggregate

A-12 Marcasite impregnations in silicified rock

A-13 Stibnite ore

A-14 Orpiment and realgar crystals

A-15 Orpiment and realgar with lorandite

A-16 Massieve realgar aggregales

A-17- A-19, A-10 Realgar with Fe thallium minerals with pyrile, arsenopyrite and
marcasiie
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Fig.50. The principal orebodies at selected horizons of the Central part of
Alsar deposit { Tankovic, 1993 )

Cn.50. Ocxonyy pyIHH TesTa B0 B30Palli XOPHIOHTIH BO UCHTPAJIHEOT
fen ofl Haofanuurrero Ammap { Janrosui, 1993 )
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Fig.51. Geologic Cros-section through the Central part ol Alsar deposit
( Ivanov, 1965 )

Cn.51. Teonomru npodi HE3 EHTPARHHOT 1e] Off HaolalnmTero
Ammap { Usanos, 1965 )

The ore reserves of proved, probable and possible categories are established
at about 500.000 tons of 2.5 % Sb, 1.4 % As, 0.1 % Tl and 2 g/t Au (1974). Table
29 shows the chemical composition of various types of ore.

The mineral potential of antimony in the Central part is estimated at 800.000
tons of ore/mined out ore and available reserves.

Fig. 52 shows the shape and size and the mean contents of antimony, arsenic
and thallium within the level 823 v, The ore bodies are outlined on the results of
systematical sampling, and 0.5 % Sb cut-off grade.
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Fig.52. Shape, size, and the Sh, As, Tl contents within orebodies,
level 823 m, the Central part of Alsar deposit ( Jankovic, 1993 )
Cn. 52. QO6nUK, roneMuHA | cofpkuna Ha Sb, As, Tl Bo pyaumnTe Tena

Ha XOPH3OHTOT 8§23 M, BO HEHTPATHHOT JIeJ 0jl HAOTAMHIITETO
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The antimony contents range from traces ap to 10 %. The arsenic contents
are mostly lower, but locally some massive sulphide realgar bodies contain up to 8
- 10 % As. The thallium content is very variable - from traces up to 0.5 %. At the
level 839 m, the thallium contents vary from 100 ppm up to 2.000 ppm,
accompanied by 0.93 % As and 1.10 % Sb (the interval of 35 m).

The host rocks are mostly silicified dolomite grading into jasperiods.

Mineral composition of ore

The ore consists of numerous minerals such as stibnite, realgar, pyrite,
marcasite as the most abundant minerals, accompanied by minor arsenopyrite,
orpiment, native gold, sporadically petzite, native gold, magnetite, bravoite and

Replacement of carbonate rocks

by silica ---+jasperolds
Argillizetion (kaolinlte, 11litse,
sericlte 5
Quartz velning

Pre-mineraiiza=
tion stagge

e R

Quartz
Chalcedony
Magnetite
Pyrite

_ e Marcasite

Bravolte
Maucherite
Araenopyrite
— Petzite
e ———— Netive gold
Stibnite
—_— Pb-Sb~mulphosalts
—————— Realgar
— i e e Orpiment
— Cinnabar
Lorandite
Ti-Ag-Sb
sulphosalts
w Barite

Decreasing temperature

Primari mineralization

Fig.53. Paragenetic sequence of primary minerals in the Centrat part of
Alsar deposit

Ca. 53, TlaparesHercka cepuja Ha NPHMAPHITE MEHEPANH BO
HEHTPANHITOT G Off HACTAMMINTETO ANLEAp
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numerous thallium minerals such as lorandite, vrbaite, raguinite, picopaulite,
pierrotite, parapierrotine etc. (the list of Tl-minerals is still incomplete in the ore
bodies), then Sb-Pb sulphosalts {boulangerite, falcmanite a.a.), cinnabar, barite etc.

Fig. 53 shows a preliminary sequence of deposition of minerals of the ore
bodies in the central zone. It should be pointed out that the list of identified
minerals in this antimony jasperoid ore is still incomplete.

Stibrite is the most significant antimony mineral. It occurs disseminated in
the fine-grained micro-crystalline matrix of quartz. Sporadically thin veinlets of
stibite are developed along fissures and thin fractures in the highly silicified rocks
(jasperoids). In some drusies stibnite forms crystal aggregates (Fig. 54). Stibnite,
locally, occurs in irregularly shaped fine to erystalline masses in jasperoid.

The contents of antimony in the stibnite ore range from 0.5 % to over 10 -
15 % Sb, but average 2 - 3 %.

The composition of stibnite based on microprobe analyses is displayed in
Table 30.

Table 30: The composition of stibnitte from central zone of Alsar, %
{ a microprobe analyses ) { Boev, 1993 )

K Z A F ZAF ATOM | WT NORM
¥ e ki

Cu-K | 0001 | 0979 | 1.109 | 1.000 | 1.0S6 | C.18 0.7 0.18
Fe-KX || 0.000 | 0.953 | 1237 10,999 [ 179 | 0.00 0.00 0.00
Zn-K 3 0.000 | 0.962 | L.085 | 1.000Q | 1044 | 0.00 0.00 0.00
As-L 310000 | 1.016 | 2.80%1 {0995 | 2835 | 0.00 0.00 0.00
Sb-L || 0.597 | 1.082 | 1.088 | 0.999 | 1.178 | 38.58 7040 | 70.48
Au-L § 0.000 | 1.185 | 1.002 | £.000 | 1.188 | 0.00 0.00 0.00
Ag-L 10000 | 1034 | 1.246 | 0965 | 1.245 | 0.00 0.00 0.00
S-K 0220 | 0.876 [ 1.536 {0984 | 1.326 | 61.24 2931 | 28.34

JOEL. double focusing high resciution mass spectrometer.

The trace elements (in ppm) identified in stibnite are as follows (Table 31)
(Boev et al. 1993),
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Table 31: Trace elements in stibnite from central zone of Alsar
{ Boevetal, 1993)

Be 0.4 Ca% | >0.1 Zr 3
Cl 20 Ni 200 Si % > 0.1
Fe % > 0.1 Rb 20 Cr 10
Se % > 0.1 Pb t0 Ga 4
Sn % > 0.1 Na 60 Nb 0.5
B 40 Ti 100 P 400
K% 0.1 - Cu 10 Mn 50
Co 10 Y i As % > 0.1
Sr 6 Mg % | >0.1 | Mo 10
Tl 100 v 10

r 700 Zn 30

A more detailed chemical data on the trace elements of stibnites from the
central zone are shown in Table 32.

Table 32: Chemical composition of Stibnite from central and south zones
of Alsar deposit, ppm ( Percival and Radtke, 1994 )

1 2 3 4 5 6
An (pph) | 479 345 [ 184 81 549 11240
Ag <0.2 3.9 <02 <02 [ <02 {10
As 313 84 331 135 153 170
Bi <5 <5 <5 <5 <5 <5
Co | 7 i < 1 <1 4
Cr 15 74 24 33 17 40
Cn 7 152 88 2 2 5
Fe % 0.23 0.67 (.34 0.08 0.35 0.18
Hg 222 16.8 3,48 1.82 2,54 2.91
Mn 25 165 | 2 3 145
Mo 3 2 9 2 10 4
Ni <l < | 04 < | <1 <1
Pb <2 <2 <2 <2 <2 <2
Sh M M M M M M
Te 14.5 > 100 | 5.8 <02 | <02 | 556
T] 100 70 > 100 6 45 > 100
W 22 21 <20 24 23 <20
7Zn 12 29 34 2 6 23
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Realgar usually deposited after stibnite. It occurs as crystals and crystalline
aggregates filling thin fractures (Fig. 55) but sporadically it forms massive: ore
bodies of irregular shape. Host rocks are pervasively altered (o fine- grained clay
minerals and sericite mixed with fimonite, jarosite, manganese oxides, gypsum and
minor hydrothermal quartz (Percival and Radtke, 1994)).

The realgar is the main arsenic-carrier in the ore. Its content of ore is very
variable - from traces to 5 - 8% As, but usually from 1.5 to 2.5%. The composition
of realgar is shown in Table 33.

Table 33: The composition of realgar from central zone of Alshar, %
( a microprobe analyses ) { Boev, 1993 )

K Y4 A F ZAF | ATOM | WT | NORM
% o %
Cu-K || 0.002 | 1.0.19 | 1.018 | 0.855 | 0.889 | 0.22 0.26 [ 0.26
Fe-K | 0.000 [ 0.990 | 1.038 | 0.953 [ 1.000 | .00 0.00 | 0.00
Zn-K {0000 | 1.003 | 1.012 | 0.803 | 0.816 | 0.00 0.00 [ 0.00
As-L [ 0.665 | 1.048 | 1.028 {0997 | 1.074 | 51.65 71.48 | 71.37
Sb-L [ 0.000 { 1.121 | 1.225 | 0.997 | 1.370 | 0.00 0.00. 1 0.00
Au-L [ 0.000 1 1.239 | 0.957 | 1.000 | 1.186 | 0.00 0.00 1 0.00
Ag-L [ 0.000 ; 1070 | 1488 | 0.998 | 1.591 [ 0.60 0.00 1 0.00
S-K G.144 [ 0.905 | 2.178 | 0999 | 1.972 | 48.13 28.42 | 28.37

The trace elements of realgar from the central underground mine workings
are (Percival and Radtke, 1994} in ppm (Table 34):

Table 34: Trace elements of realgar from the central underground mine
( Percival and Radtke, 1994, in ppm )

]
An (ppb) 1-6]
Agp < ()2
As M
Bi <35
Co < |
Cr 1-19
Cu 3
Fe % 0.4-1.55
Hg 0.86 - 4.6
Mn 9-28
Mo ]
Ni <1
Ph 5
Sh > 2000
Te 0.2-36
Ti 15 -38
w < 2()
Zn 4-17
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Fig.55. Realgar ( red ) as filling in fracture ( Photo : Boev )

Cn.55. Peanrap ( UpBeHO ) KaKO 3all0JHYBaka BO IyKHATHHATE (¢poro: boer )

Analyses by Bondar-Clegg, Sparks, Nevada. Gold analyses by fire assay
method (reported in ppn); Hg, Te and T1 by atomic absorption. All other analyses
by ICP method.

Table 35: Trace elements of orpiment from the central underground
mine ( Percival and Radtke, 1994., in ppm )

|
An (ppb) 125
Ag <02
As M
Bi <0
[ <1
r 1
Cu 1
Fe % 0.23
Hg 3.76
Mn 31
Mo 2
Ni 3
Pb =
Sb 6.25
Te 12.4
TI 75
\ui <20
Zn 2
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Orpiment is usually intergrown with realgar, but its amount considerably
lags behind with regard to realgar. It is often intermixed with argillic alteration; but
sporadically forms large crystal aggregates.

Orpiment contains trace elements such as (Percival and Radtke, 1994) (in
ppm, except for gold in ppb) (Table 35).

Pyrite, marcasite, melnikovite pyrite are the most abundant sulphides,
forming locally massive ore bodies, mostly of small size. The colloform structures
are widespread (Fig. 56).

Fig.56. Colomorph structure of marcasite { Photo: Serafimovski )

Cn. 56. Konomopdmi ¢TpyKTyput Ha Mapkacutire (oto: Cepadnmoseky )
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Pyrite occurs as fine subhedral disseminated grains, often as large crystals,
aggregates of course-grained crystals. Sporadically, pyrite and pyrite-quartz
veinlets cut across the groundmass of microcrystalline quartz. The groundmass
contains finely crystalline arsenopyrite, stibnite and marcasite as well.

Marcasite is found mostly as framboidal masses and banded veins. It is a
very abundant mineral of many jasperoid ores.

Pb-Sb sulphosalts - occur in association with stibnite and are represented by
falkmannite and fizelyte. They formed after stibnite, but prior to commencement of
deposition of realgar and orpiment. Thye occur as alongated crystal aggregates
along with quartz.

Fig.57. Crystal aggregates of lorandite ( Photo: Boev )

Cn. 57. Kpucranen arperat Ha nopanur ( doro : Goes )
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Table 35a: Chemical composition of falkmannite and fizelyite

Falkmanite | Fizelyte
Pb 50.96 38.24
Ag 0.72 7.58
Cu (.32
Sh 22.84 33.98
S 18.32 20.26

Thallivun minerals. Although thallium geochemistry and mineralogy of the
central ore bodies of the Alsar deposit have insufficiently been studied, it is proved
that these ore bodies contain high thallium concentrations. Nevertheless, several
thallium minerals have been so far identified.

Fig.58. Intergrowth between ragunite ( grey ) and pyrite ( black ) as pseudomorphosis of an
unknow mincral; the later is replaced by realgar, x 100 ( Laurent et al, 1969 )

Ci.58. ITpopacHyBamsa nosefy pareut (CBeTAO) 1 MpuT { UPHO } kaxo

neeyioMoposa 0 HENO3HAT MUHEPAR HOKACHO 3AMEHET CO peanrap, x 100,
( Laurent ct al, 1969 )

Lorandite. This is the most commeon thallium mineral in the Alsar deposit
(Krenner, 1894). It occurs in close association with realgar, less frequently with
orpiment. It forms sporadically large aggregates and /or individual crystals
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(Fig.57). Precipitation of lorandite usually takes place after crystallization of
realgar and orpiment. '

Vrbaite occurs, mostly as small crystals with realgar and orpiment (Jezek,
1912). The aggregates of realgar, orpiment and vrbaite crystals of variable sizes
are found in hydrothermally altered dolomite and tuffaceous dolomite. Its
deposition follows precipitation of As-sulphides.

Raguinite (Laurent et al.,1969) occurs in association with pyrite and as
pseudomorphose of picopaulite (Fig. 58). Its position in paragenetic sequence of
mineralization is not quite clear. Raguinite is sporadically replaced by lorandite.

Picopaulite (Johan et al.,1970) is known in association with raguinite and
realgar. It occurs in realgar with envelope of raguinite.

Fig. 59. Rebulite - crystals in dolomite ( Fhoto; Boev )

Cn. 59. PeGymuT - kpyicran Bo goxoMut ( (oro: Boes )

Both raguinite and picopaulite are, as the Tl minerals of the TI-Fe-S system
closely associated with pyrite. It seems that raguinite and pyrite originated from a
parent mineral, most likely picopaulite by adoption of sulphur. Wang (1993)
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indicates the possibility of incongruent breakdown of picopaulite to TIFeS and
FeS at 384°C. Pyrite derived from picopaulite transformation is rich in thalliam.
Raguinite occurs more frequently where lorandite is abundant, and it is rare where
realgar is dominant.

It is expected to identify some other minerals from the TI-Fe-S system
{(Jankovic, 1993). Further investigations are needed to clarify conditions of
precipitation and position of TI-Fe sulphides in paragenetic sequence of
mineralization in the central part of Alsar deposit. At present, the critical factor
governing the distribution of thallium in this system appears to be sorption of Tl in
Fe-sulphide gels, with isomoprhism playing a secondary role. Some
pyrite/marcasite contain 300-900 ppm of T1.

Parapierrotite (Johan et al., 1975) is the only mineral so far identified in
Alsar from the TI-Sb-S system. It is associated with realgar, but its crystals up to a
few mm in diameter are sporadically found as well.

Simonite (Ingel et al., 1982) is the only mineral identified until now from
the Tl-Hg-As-S system. It is very rare in the deposit and its position in the
paragenetic sequence of mineralization is not clear.

Rebulite- is a new thallium mineral discovered during this decade. It occurs
as dark-grey crystals with metal uster and brownish-red streak (Fig. 59). It occurs
in association with realgar, simonite and other thallium sulphosalts.

Gold Mineralization

Gold mineralization occurs in the central and southern parts of the Alsar
deposit (Fig. 47). The epithermal ore is of disseminated replacement type. The
principal characteristics of gold mineralization in the Alsar deposit are reviewed
by Percival et al., (1990, 1992), and Percival and Radtke (1990, 1994).

Gold mineralization occurs in Mesozoic dolomite, in jasperoids along faults
and within an unconformity between the pre- Tertiary age rocks, and micro-quartz
veinlets, disseminations and silica replacement bodies in Tertiary tuffaceous
dolomite and overlying Tertiary tuffs. Gold is very fine-grained (micron to
submicron particles), and shows a strong assaciation with introduced silica and
antimony.
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Fig. 45 shows the distribution pattern of gold at the surface of the terrain
(based on the geochemical exploration). Gold concentrations are identified also:in
the underground mining workings in the central part of the deposit. Fig. 60
displays the gold contents in various underground mining workings of the central
part of the Alsar deposit.

Although gold mineralization in the Alsar deposit is similar to Carlin-type, it
differs from the typical Carlin-type deposits in the Western United States by
relatively young Pliocene age, presence of mineralization in volcanics and
sedimentary rocks, as well as very large amount of thallium in mineralized rocks.

Three principle types of gold ore have been identified so far (Percival et al.,
1990, 1992) and Percival and Radtke (1994}, Table 36 shows chemical data of the
Alsar gold ores.

Jasperoidal ore occurs in Tertiary tuffaceous dolomite and volcanic tuff, i
Mesozoic carbonate rocks, and in and along the unconformity.

This type of gold ore formed by the near complete replacement of the
original rocks by introduced hydrothermal silica. The mineral assemblage consists
of native gold and, in decreasing abundances, marcasite, pyrite, stibnite, realgar,
orpiment and As-Sb-TI-Hg sulphosalts.

Table 36: Chemical data of the Alsar gold ores
( Percival and Radtke, 1994 )

1 2 3 4 5 6

Au ( g/t) 380 | 375 | 420 | 291 [ 230 [ 246
Ag (g/t) 3.02 | 030 | 448 | 1.68 | 056 | 140
As (ppm) | 7900 | 6500 | 7800 | 10400 [ 750 | 6400
Sb (ppm) || 2500 | 580 | 69000 | 2300 | 220 | 450
TI (ppm) 30 | 430 | 950 | 1400 | 41 | 450

Hg (ppm) 13 12 7.3 4,3 12 i5
Cu (ppm) 3 5 na 5 3 5
Pb (ppm) 5 10 na 10 5 10
Zn (ppm) a5 30 na 5 5 25
Ba (ppm) 314 na na na na ni

Asalyses by Hunter Mining Laboratory, Sparks, Nevada,
(iold and silver determined by fire assay methods.

Other values determined by atomic absorption method
na - not analyzed

1. Siliceous ore in dolomite; 2. Jasperoidal ore; 3. Stibnite jasperoidal at unconf.,
4. Arsenical ore in tufaceous dolomite; 3. Silicified wff; 6. Clay-altered tuff

The gold content varies from 0.5 to 3 g/t.
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Siliceous ore deposited in both tuffs and dolomite replaced by hydrothermal
silica. The gold ores, particularly those in tuff, are characterized by brecciation and
quartz micro-stockworks. The content of sulphide minerals such as pyrite, stibnite,
marcasite and realgar, is lower than that in the mineralized jasperoids. '

The gold content ranges usually from 0.5 to less than 2 g/t.

The hydrothermal system in the central and southern part of deposit involves
Sb, As, Tl, Au, Hg, Ba, traces of Ag, Pb, Zn, Cu as well as silica in various forms.

Arsenial gold ore is hosted by argillically altered Tertiary tuffuaceous
dolomite and tuff. The primary mineral assemblage includes, apart from gold,
realgar, orpiment, marcasite, and Tl-minerals. It occurs above and lateral to
jasperoidal and siliceous types of ores.

The ore contains high arsenic (up to 10 % As), 1 - 3 g/t gold, and variable
amounts of thallium (from traces to 0.25 % TI).

Some aspects of genesis

Based on available information, a brief review of genetic aspects of the
central and southern parts of Alsar is reported here. Additional integrated studies,
both field and laboratory, similar to the Crven Dol ore body, are required for better
understanding of the evolution of the ore bearing fluids and controlling factors for
precipitation of mineral assemblages in this part of the deposit are the main
constituents of a genetic model.

Source of ore constituents. Based on isotopic composition of lead, Frantz et
al.,(1990) concluded that the lead in the hydrothermal solutions in the Crven Dol
ore body. derived from neighbouring country rocks (volcanics 7). It is very
probable that it is the same case as in the central and southern parts of the Alshar
deposit.

Sulphur isotope values { 83% S ) for the Alshar sulphides range from +0.351
to -5.601 %0, mean -2.214 %o for stibnite; from -1.640 to -3.770 %o, mean -2.214
%o for realgar and orpiment, while -6.840 %o for marcasite (Serafimovski et al.,
1990/91). These data suggest the sulphide sulphur to be of volcanic origin.

Ore-bearing solutions. Lack of fluid inclusion studies in the Central part of
the Alsar deposit, prevents to consider reliably the composition, temperature,
salinity and pH of ore- bearing solutions.

It is evident that very large amounts of silica were introduced into the
deposit by hydrothermal solutions. Over 20.000 tons of antimony, about 15.000
tons of arsenic, and about 500 tons of thallium (amount of gold is still uncertain)
precipitated within already identified ore bodies alone.
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Cu. 60. HQucTpubyuija Ha 3AaT0T0 H cpeGPOTO BO XOPUIOHTHTE
799 11 823 M, BO UEHTPAIHNOT HeJl Of HAolraaHIuTEeTo Angrap



110 The Kozuf metatlogenic district

The metal-bearing hydrothermal fluids were acid at the beginning of their
differentiation, with high sulphur fugasity. Minor occurrences of native sulphur,
and traces of solfataric activity indicate acidic hydrothermal fluids. "

~ Apart from ionic solutions, the colloidal solutions played significant role in
the formation of the ore bodies of the central zone.

Transport and precipitation. Gold, antimony, arsenic and thallium were
transported most probably as complex ions (bisulphides) by acid fluids of low
salinity, and under slightly reducing conditions.

The precipitation of metals as sulphides and/or sulphosalts could have been
triggered most simply by oversaturation due to a decrease of pressure and
temperature, and a change in solution chemistry by wall-rock interaction (mixing
with other solutions does not seem significant, but it is possible as well).

The role of secondary boiling in precipitation is not reliably defined. It is
possible that hydrothermal fluids at 120 - 160°C and shallow depth (less than 500
m) boiled, releasing vapour, CO, and H,S, that resulted in increase of pil, and ore
precipitation (Jankovic, 1993).

A better understanding of precipitation from colloidal solutions requires
additional studies.

The ore precipitation in the Alsar deposit is closely assoctated with
structures and lithogeochemical characteristics of environments through which
metals-bearing fluids moved. Entering a reactive lithological environment such as
dolomite, a rapid precipitation of ore took place due to interaction with
hydrothermal solutions. Thus, pure dolomite was a distinct geochemical barrier for
acidic ore-bearing hyrothermal solutions with S 2- spaces. The ore bodies formed
in such processes are mostly characterized by short interval of mineralization, and
they are located at or near contact of dolomite and intrusive latite. On the other
hand, highly silicified dolomite and felsic tuffs, predating precipitation of ore,
along with argillization represent an environment which is slightly reactive with
metals-bearing fluids. Such an environment allows fairly rapid upward movement
of the metals- bearing solutions along high-angle faults and brecciated zones.
Precipitation of mineral assemblage along such structures takes place within
intervals exceeding 150 - 200 m. Sporadically, the ore bodies are located near the
latite intrusion of the Central part of the deposit.

In both these environments, ore deposition occurs under pyrite-stable
conditions.
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Fig.61. Model of mineralization in the Central part of Alsar deposit
{ Jankovic, 1993, modified )

Ci. 61. Mopen na MUHEPAIH3alja BO UEHTPARHUOT Ie o)
HaoTanuurreto Anurap ( Jankosrg, 1993 )

Precipitation of iron sulphides, often from colloidal solutions, was followed
by precipitation of arsenopyrite, Sb-Pb sulphosalts, realgar/orpiment, and TI-
sulphosalts. The position of gold precipitation and its relation with other sulphides
has not been studied (except that some occurrences of petzite are known in pyrite).
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The formation of ore bodies is genetically associated with subvolcanic-
hypabyssal intrusion/s/ of calc-alkaline composition. The timing of intrusive
events, and the mineralization has not reliably been established. '

The ore bodies from multistage solutions, during several episodes. Fig. 61
displays schematically a model of mineralization in the central part of the Alsar
deposit.

1.2. The Crven Dol Arsenic-Thallium Mineralization

This ore body lies in the northern part of Alsar (Fig. 62). It was opened by
two adits - No. 25 at the level 753 m on the western part, and adit 21 at the level
823 m on the eastern side (Fig 63). The mineralization is explored underground at
three levels -753, 802 and 823 m connected by two vertical shafts. The most
significant mineralization occurs close to the entrance of adit 21 m and the vertical
shaft (Fig. 64).

Fig.62. Panoramic view of Crven Dol ( Photo : Boev )

Cn. 62. ITanopamcku norien va Lpsen [ox ( ¢oTo : Boer )
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Fig.64. Geclogical section through the Crven Dol orebody
( Jankovic, Jelenkovic, 1994, modified )

Ca. 64. I"'eonolky Ipogpuil H13 PYJHOTO TeNo Ha LUpBeH Jon
{ Janxosnk, Jeneukonng, 1994, mogndmmupano )

Local geology. Crven Dol is composed of carbonate rocks (dolomite and
minor limestone /marble) intruded by a subvolcanic magmatic body (7} highly

hydrothermally altered, so that its primary composition is extremely difficult to -

identify reliably.
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The rock contains phenocrysts of sanidine, quartz and biotite; the
groundmass consists mostly of K-feldspar and quartz. It has been so far named as
quartz rhyolite (Jankovic, Jelenkovic, 1994), andesite (Jelenkovic and Pavicevic,
1994} and rhyolitic tuff (Frantz, 1994).

Table 37 shows instrumental neutron activation analyses of host rocks inside
the Crven Dol orebody. These data are important when analyzing primary sources
of metals mobilized later and concentrated in the Crven Dol ore body. Thallium
content in carbonate rocks and in tuffs as well (intrusive body ?7) is very low,
whereas arsenic content is high ( with the possibility that it originated from
hydrothermal solutions). The LIL elements such as B, K, Rb, Cs, Ba and Sr are
strongly enriched with regard to primitive mantle, particularly Cs (Frantz, 1994).
The REE spider diagram of the altered subvolcanic intrunded body and surrounding
marble and dolomite shows enrichment in LREE up to a factor 100 normalized to
the Cl- chondritic values (Fig. 65, Frantz, 1991).
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Fig.65. Spider diagrams of samples inside and outside the mine from Crven Dol
Samples are normalized to C 1- chodritic values of Palme et al., ( 1981 )
from Frantz, ( 1991)

Cn. 65. Criajuep pujarpaMe 3a MPEMEPOLITE Of BHATPS H ON HAfBOP Of

pyauuxor Lpeex Hox . TIpuMepolyTe ce HOpaMalH3Hpai €0

C 1 - xounpuraTe ( of Palme et al., 1981 ) ( Frantz, 1991 )

Mineralization

Three styles of fow mineralization have been so far revealed, each with a
distinct geochemical signature and mineral assemblage:

(i) Massive realgar ore grading into stockwork formed in dolomite near or
along its contact with subvolcanic intrusions. Sporadically, high grade ore occurs
in brecciated zone (Fig. 63 and 64).
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Table 37: Instrumental neutron activation analyses of host rocks inside the Crven
Dol orebody and comparision with a marble and dolomite outside from
valley Crven Dol ( Frantz et al., 1994 ) :
clement a b c d ¢ f Iy b
Ve marble andesite bulk bulk dofomite dolomite dolomite marble
Mg 4] al di di 8.700 dl 13.00 4]
jica 37.10 10.10 13.70 di 21,43 17.60 2437 3970
i[Fe 0.2260  |2.890 9.130 21,10 01570 5.900 00253 0,0583
llcppm )
[ 47.80 62300 93.70 75.30 1030 62.20 3,50 41,30
[feet | di d.l dl < 80,00 <900.0 51.00 dl
[l 229 18700 880.0 7200 166.0 2400 43.80 1390
[ls< 1,070 7.260 2,930 £.510 1.200 2,600 0.3700 0.2430
[lce 5.450 8.800 51.00 49.10 4.500 10.00 1,600 1,200
[z 450 12200 11500 4350.0 3920 36200 66.50 201.0
[lco 1.440 5.810 1435.0 1470.0 0.4800 18.30 0.6700 0.2800
[Iri <7000 [<40.00 4340.0 41500 i1 59.00 < 5.000 <2.000
[lcu <6000 |<1700 < 100.0 <4000 < 60,00 <2000 <1500 < 4,000
[lzn 20.00 96.00 54.00 200.0 9.300 1150 6.300 1.800
Ga 0.3200 18,60 <2000 [<3000  [d1 d. i 0.1200
As 210 53.80 51600 82300 3040.0 36000 197.0 45.60
Se 13.20 < 0.2000 d.1 2500 < 0.4000 < 0,3000 < {.2000 < 0.0300
Br <0.2000 [<05000  |<2000  [dl 0,3900 dl 0.3200 0.1230
Rb <rs00  hivo <1500  |<7000  je2000  |<3zopo [cosooo (w10
St 65.00 285.0 <1200 §<i500 _ }70.00 90.00 41.00 116.0
Zr . 200.0 d.l <1500 ld1 d. o) <3.000
Mo 0.8000  J2.000 40.00 120.0 dl 7,600 <0.1500 _ [0.2300
Ag a.] dl dt d.f .6500 ol d.1 < 0.0500
Cd 4.1 dl dd dl 2,000 dl o] 0.1600
In ] dl d) <0.2000  1dI dl dl d]
Sb 1.370 02000 1670 32.80 0.1000 36.00 0.0640 09690
Cs 1350 30.00 11.12 2520 £.2000 7.060 0.0860 0.2900
Ba 11,00 11£0.0 <7000 <5000 di <6000 [<i000  ds900
La 2,260 67.30 3.340 3,700 02560 3,250 0.2400 0.860
Ce 14,120 138.0 5.000 4.400 0,6560 5,100 0.2000 1.820
Pr 4] 13.00 d dl dl dl dl 0.1300
Nd H1,400 51,80 o] d] 0.3200 4500 <0.3000 10,5600
5m 4750 [8.310 0.9700 0.6400 0.0890 0,500 £.0660 01730
Eu 00020 2,000 01600 0.1300 £.0300 0,1800 00130 0302
Gd .l d.l dl dl dl d] dl 0.1300
Th 00860 0.9300 0.2300 <0.0900  [0.0220 0.1500 0.0130 00180
Dy 0.5280  [4.990 <09400  l<1500  l<ous00  [<2000 00740 0.1200
Ho 01500 1,100 dl él gl ol dl 0.0280
Yb 03100 [2.440 0.6500 <0000 |0.0800 0.7160 0.0460 0.0760
Lu 00440 [0.3630 0.0730 <0.1800__ |D.0080 0,1400 0.0032 0.0110
Hf 00760 [6.100 <04000  |<0.3000  l<00500  [0.0750 0.0130 0.0390
Ta <0.0200 [0.9100 <0.2200 [<02000  |<00300  |<00500  |<0.0250  [0.0230
W 1.490 <2000 <1000 |4l al 9,300 0.0530 0.9000
e <0.0025  |<0.005¢  [<0.0085 4l <0.0020  [dl il < 00003
Au 00017 [0.0020 <0,0080  fat 1,008 0.0210 0.0897 0.0006
Hg .t d.l <1.5000  |6.600 0.1400 2,900 00700 [0.2600
Tl .1 d.) <1000 |di dl 45000 <4000 [dl
Th 02430 |61.50 <250 <0.4000 100660 0.1960 0.0370 0,2700
U 06000 [9.200 4,400 <2000 [oa300 3,970 0.0540 0.4500
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This ore is open at the level 823 m and explored by short cross-cuts and
shallow shaft. This ore body contains about 6.000 tones with 8 % As, 0.09 % Sb,
0.35 % TI, 45 ppm Hg and 0.2 ppm Au. It is located approximately 30 m below
the present surface.

Realgar is dominant mineral accompanied by pyrite and marcasite, minor
orpiment and thallium minerals.

Realgar encloses lorandites and marcasites. It appears as crystals, often of
large size, and as massive pods and lenses. It is usually intergrown with orpiment
(Fig. 66) and it frequently hosts lorandite. In some places, realgar is found to
cement "gel-marcasite".

Fig.66. Realgar and orpiment from Crven Dol ( Photo: Boev )

Cn. 66. Peanrap u aypunurment off Lpsen Jox ( ¢oto : Boes )

Table 38 shows major and trace elements of realgar within the orebody of
Crven Dol (Frantz, et al., 1994).
Native Ag occurs sporadically in realgar (electrum).

Orpiment occurs in massive ore as small aggregates (Fig. 66) intergrown
with realgar, but locally it forms plate crystals.

Marcasite and pyrite are widespread minerals. Collomorph textures are
characteristic for both, particularly marcasite.
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Marcasite occurs in crystal forms, but frequently marcasite grains are
rounded. Some marcasite grains consist of a core, a thin rim and globules of an:As
rich composition (Frantz et al., 1994). Table 39 shows composition of marcasite
from Crven Dol

Table 38: Major and trace elements of realgar from

Crven Dol, ppm ( Frantz et al., 1994 )

Element Realegar
Fe % < (.05
As 57.33
Ti < 1.2
Sh 0.00243
Na ppm < 30

K < 1300
Sc < (.04
Cr 6Y.8
Mn < 4,00
Co < 4,00
N1 d.l
Cu d.l
Zn <30
Ga < 30
Se 24.2
Mo < 80
Cd d.1
In d.i
Cs 2.5
La d.l
Sm < 1.2
Eu < (.08
Yh <0.7
Lu < 0.1
Ta <05
W <50
He <100
Th < 0,35
U <8

d.l. -« below detection limit,
< - upper limit

Table 39: Composition of marcasite ( EDS } of the first gallery ( 823 )
from Crven Dol mine ( Frantz et al., 1994 )

Weight. % [ Core Rim Globules
Asg - - 7173
Fe 47.59 48.20 24.04
S 52.81 31.80 3.63
Total 99 86 100 100.01
Formula
As - - 2.17
Fe ] 1 1
S 1.933 1.870 0.25
Total 2.933 2.872 342
Fes2 FeAs2
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The As-rich globules, surrounding altered marcasite with cores of
" stoichiometric composition, containing 24.64 wt % Fe, 71.73 wt % As and minor
S (3.64 wt %), are described by Frantz et al., (1994) as lollingite (Fe As ).

Fig.67. BSE image a polished section with realgar { ligh grey ), lorandite ( white ),
arsenolite ( middle grey ) and marcasite ( black ), realgar surroundes the other
minerals, ( Frantz et al,, 1994 )

Cn.67, BSE cnmka Ha pyfeH MpenapaT co peanrap { cBeTno ), mopanarT ( Geno )
apceHONUT ( CPEIHO TEMHO )} M MapKacHTe ( UPHO ), peanrapoT e
ONKPY:KeH co pyraTe MuHepany ( Frantz et al., 1994)

A detailed investigation of the mineral assemblages of the ore by Frantz et
al., (1994) revealed a mineral phase with the composition of arsenolithe (As,03 ).
It occurs along fissures inside of realgar crystal (Fig. 67). This mineral phase is
probably a secondary product from oxidation of elemental arsenic or from
alteration of realgar. Process of oxidation may take place during the precipitation
of realgar, in the first stage of mineralization.

Thallium minerals. - The massive realgar ore body of Crven Dol contains
numerous Tl-minerals, some of them have been recently discovered. The list of Tl-
minerals from Crven Dol is still incomplete.
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T!-As-S system

Lorandite TIAsS, {Krenner, 1884)
Bernardite TlAssSg (Pasava et al., 1989)
Fangite Tl3AsS, (El Goresy/Pavicevic. 1988, Williamson, et al., 1993)

Lorandite is the most common thallium mineral. It is the most suitable TI-
mineral for the LOREX Project.

Lorandite occurs in close association with realgar and less frequently with
orpiment, locally with marcasite (Fig. 68). It sporadically forms large aggregates
and/or individual crystals.

The lorandite mineral from Crven Dol contains numerous trace elements
{Table 40).

Table 40: Major and trace elements (ppm) in lorandite from Crven Dol
{ Frantz et al., 1994 )

Elements Fril P12 FP 13
Fe % 0.196 . (0.059 0.126
As 20.53 19,72 19.56
Tl 62.70 57.50 6(.35
5b 0.0379 .0278 0.0258
Na ppm 40 < 30 37
K < 650 < 310 < 500
Sc <0.03 < 0.01 0.046
Cr 15 20 23
Mn 48 9 58
Co <15 < 0.4 < 0.8
Ni <500 <35 <40
Cu d.] < 300 < 1000
Zn d.l <6 < 10
Ga < 30 </ <15
Se <8 <1.5 < 2.0
Mo <15 8.0 <15
Cd d.] d.l < 100
In d.] < 2.5 < 0.20
Cs d.] d.l d.]
La < 1.00 <0.43 d.]
Sm <0.2 <0.13 <0.16
Eu < (.14 < 0.07 <0.03
Yb <0.35 < 0.45 d.]
Lu d.] < 0.052 d.]
Ta <0.3 <0.15 d.]
W d.l < 10 d.}
Hg 1.4 < (.85 d.i
Th < 0.4 <0.16 d.i
U < 1.0 < 1.0 d.]

< - upper limit

d.l - below detection limit
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Lorandit

Realgar

Fig.68. BSE image of a polished section with realgar ( light grey ), lorandite {white)
and marcasite ( black ) ( Franiz et al., 1994 )

Cn.68. BSE cinka Ha pyjlcH IIpenapat co peanrap { Majiky MOTEMHO,
nopaHpT { Geno) 1 Mapracur { upHo ) ( Frantz et al., 1994 )

Since the largest effects on the production of Pb atoms, due to the neutrino
reaction, in the Tl-mineral/s/ from Alsar are associated with the elements such as
Pb, U and Th, it is significant to establish their concentrations in lorandite.

Tables 41- 43 show the concentrations of Pb, U and Th of realgar, lorandite
and orpiment.

Several determinations of Pb, U and Th have been so far completed:

¢ Frantz et al., (1990 presented the results of their investigations of lorandite
from Crven Dol (Table 41):

Table 41; Concentration of Pb, U, Th in lorandite from Crven Dol
( Frantz et al., 1990)

lead (Pb) from 0.5 to 2.0 ppm
Uranmium (U) from 0.06 to 0.26 ppm
Thorium (Th) from 0.005 to 0.028 ppm
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Table 42: Concentration of Pb, U, Th in lorandite from Crven Dol
( Todt., 1938 ) ( concentrations mg/g)

Pb U Th
Crystal 0.79 0.039 0.0092
Small grains 2.02 0.150 0.0135

Table 43: Concentration of Pb, U, Th in realgar and orpiment from
Crven Dol ( Todt., 1988 ) ( concentrations mg/g)

Pb U Th
Realgar 0.38 0.74 1.19
Orpiment 11.60 | 0.084 2.64

* Todt (1988) has determined concentration values of Pb, U, and Th in a
single idiomorphic crystal of lorandite from Crven Dol, and in small grains of
lorandite. These analyses have revealed certain differences between them
(Table 42).

Such concentration values of Pb, U and Th are small enough to be accepted
for the LOREX tests. Since the concentration of U and Th in minerals intergrown
with lorandite are also important, Todt (1988) found that the concentration of these
crystal elements in realgar and orpiment are also acceptably low (Table 43).

Some preliminary investigations by means of alpha activation analysis
indicated the lead/thallium ratio as (5.2 £1.3) 10° (Preisenberger et al., 1988).

Further investigations on the "purity" of the mineral lorandite, with regard to
the LOREX Project, are still in progress.

Table 44, 45 and 46 show the concentrations of Pb, U, Th in some minerals
such as lorandite, orpiment and realgar taken from underground mining workings
in Crven Dol.

Table 44: Pb, U and Th concentrations of realgar at gallery I1( 823 m)
{ Frantz et al., 1994)

Realgar || Number of grain V\(/eiggxt Pb (ppm) | U (ppm) | Th (ppm) Level
mg

Rea i 8 50.65 0.018 0.18 0.0017

Rea II 5 98.70 0.213 0.28 0.0037

FR 5 12 51.30 0.032 0.134 0.008 823/1/P21

FR 6 21 52.30 0.047 0.078 0.005

FR7 44 39.90 0.042 0.11 0.009

FR1 1 58.30 0.014 0.04 0.0018

FR2 1 152.60 0.0066 0.0017 [ 0.0017 823//P21

FR3 1 140.20 0.01 0.017 0.0058

FR 4 i 47.00 0.08 0.007 0.002
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Table 45: Pb, U and Th concentrations of forandite and orpiment from shaft

{ 823 to 800 m ) ( Frantz et al., 1994 )

Level

Lorandite | Number of Weight Pb (ppm) | U (ppm) | Th (ppm)
grain {(mg)
PA 7 1 16.30 0.51 0.033 0.109
PAS & ] 18.43 0.79 0.039 0.009 823 / 800
L1 1 13.04 1.79 0.186 bl
Orpiment
Al 1 42.21 0.41 0.0102 b.]
A2 1 2111 0.207 0.092 b.l 823/ 800
Orpiment i 13.44 11.60 0.084 2.04

% - Todt { 1988 ); b.1. - below detection limit

Table 46: Pb, U and Th concentrations of lorandite and orpiment at gallery v
(763 m ) ( Frantz et al., 1994 )

Lorandite | Number of | Weight | Pb{(ppm) | U {ppm) Th Level
grain (mg) (ppm)

Fl11 | 42.20 0.552 0.686 (.0239

Fi2 1 70.10 2.024 0.174 0.0281 763/1V/P25

Fl3 | 74.00 0.616 0.2538 0.0057

Fl 4 1 34.00 1.375 0.169 0.0099

Orpiment

FA 1 1 64.40 4.09 0.026 0.011 T63/IVIPAS

FA 2 1 160.10 0.072 0.092 0.0056

FA 3 1 125.50 0.13 b.l b.]

h.l. - helow detection limit

torandil T1AsSy

Fig.69. BSE image of the fangite ( white ) surrounding lorandite
( Bl Goresy and Pavicevic, 1988 )
Cn.69. BSE cmixa Ha paurut ( 5e/io ) onkpy:KeH Of TOpaHiuT
{ El Goresy and Pavicevic, 1938}
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Bernardite occurs only locally as crystals of up to 1 cm in size. Its position
in the general mineral series is not clear.

Fangite was discovered and preliminary described by El Goresy and
Pavicevic (1988), but Wilson et al., (1993) found this T1 - As sulphosalt in the
Mercur Au deposit, Utah and completed investigations necessary for its
recognition as a new thallium mineral.

Fangite from Crven Dol resembles orpiment in its optical properties (El
Goresy and Pavicevic, 1988). It was found as thin layers around lorandite, realgar
and orpiment (Fig. 69). It precipitated in the last mineralization episode, following
crystallization of lorandite.

Ti- Sb- As- § system

Only two minerals of this system have been identified in Alshar so far:

Rebulite  TlsSbsAsgS,;  (Balic-Zunic et al. 1982)
Jankovicite Tl5Sbg(As,Sb)4S2, (Cvetkovic et al.,1994 Libowitzky et al.,1995)

Jankovicite is one of the minerals from this system identified in Crven Dol.
It is associated with coarse-grained realgar and minor stibnite, and very fine,
globular pyrite.

Jankovicite displays some strong similarities to other TI-Sb-As and TI-Sb
sulphosalts, such as rebulite and parapierrotite, particularly to rebulite (Libowitzky
et al., 1995).

Apart from the reviewed T1 minerals, Ribeck (1993) identified weissbergite
(TISbS,). It is not known whether this mineral was found in the Crven Dol
orebody.

Detailed investigation on mineral assemblages of Crven Dol ore, carried out
by Frantz et al., (1994) discovered a new mineral (?) iron-thallium arsenate
(FeaTl {(Asp.gsS0.15)04)3 4HO,1. It displays radial growth from a core (Fig. 70),
and occurs locally as a colloform type filling fractures (Fig. 70). This mineral is
frequently associated with highly altered marcasite. Its chemical composition is
shown in Table 47.
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Table 47: Chemical composition of Fe-Tl arsenate ( EMP ) of adit 823 m
of Crven Dol ( Frantz et al., 1994 ) -

Radial type Colomorphic type

Fe( %) 18.36 17.20
Tl 29.27 26.63
As 37.16 39.28
S 4.13 4,03
Total 88.93 87.13
Formula

Fe 1.31 1.34
Tl 0.56 0.71
As 1.65 2.25
S 0.28 0.29
Total 37 4.59

I Composition | Fe, TI(As g.85 Sg.15) O4) x 4 H,O |

The very low sulphur and relatively low thallium contents, with high iron
and arsenic concentrations and traces of other elements of around 0.1 wt % (e.g.
Sb) indicate a secondary origin of this arsenate (Frantz et al., 1994).

(ii} Stratiform orpiment bands and veinlets in tuff/ftuffaceous dolomite are
developed below the massive realgar ore body. They are revealed in gallery 800 m.
Subparallel bands form a zone a few meters wide. Individual orpiment bands are
mostly up to 1 - 2 cm wide.

Orpiment is the most abundant mineral and realgar is almost absent.
Pyrite/marcasite disseminations round orpiment are widespread (Jankovic, 1993).

(iii) Disseminated TI-As mineralization in carbonate rocks, mainly
dolomite, is frequently found in Crven Dol, particularly in adit No. 25. Realgar,
sporadically orpiment, T] minerals and pyrite/marcasite are the main mineral
constituents of this poor mineralization.

So far, this type of As-T| mineralization has not been studied.

Secondary minerals.- Of the principal supergene minerals of Crven Dol the
following have been identified so far: goethite, fibroferrite (Rieck, 1993), gypsum,
hoernesite, picropharmacolite (Rieck, 1993), rosenite, starkeyte (Riebeck, 1993),
jarosite, pharmacosiderite Kz( OH )Feq( AsQy4 )a{ OH)4 n H»0O and dor-allcharite
(Balic-Zunic et al., 1993).
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.

algar

E

Realgar AsS

Fig.70. A new ( ? ) tallium mineral FC;_TI [( As ggs SO‘]ﬁ ) Oy ] 31X 4 Hgo
{ Frantz et al., 1994 )

Cn.70. Hos ( 7 ) Tanuymckn mMuHepan Fe; Tl [( As g5 So.15) Q413 x4 Ha0
{ Frantz et al., 1994 )
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Some Genetic Aspects

The hydrothermal system of Crven Dol includes As-T1-Fe-S minerals, rspa{'se
Sb and bharite, traces of Au and Hg, as well as minor silica. The same minerals are
determined in the antimony mine in the central part of the deposit.

The process of mineralization took place in shallow depth, in a strong
oxidation environment, under high arsenic and thallium fugasity; the period of the
dominance of arsenic was followed by high concentrations of thallium decreasing
_ gradually to the end of precipitation of primary mineralization.

A genetic model of the Crven Dol mineralization involves the fellowing
parameters:

¢ Ultimate source of metals. Based on investigations of lead isotopes in ore
metals (lorandite, realgar, orpiment) and volcanics, it is possible to constrain the
geological history of the As-T1 minerals in Crven Dol (Frantz et al., 1994). Tables
48 - 51 show the isotopic composition of lorandite, realgar, orpiment "andesite”
and marble/dolomite in the underground workings of Crven Dol (Frantz et al.,
1994).

Table 48: The isotopic composition of Pb in lorandite samples at
gallery 1 (823 m } ( Franiz et al., 1994 )

Lorandite [Number of| Weight | 20spy,201pp, | 207pp204py, | 206y, 204p, Level
grain {mg)
LO 3 25 20.0 38.84 15.76 20.14
E1 5 36 30.70 38.89 15.81 20.15 823/1/P2]
F1 6 54 18.00 38.64 15.69 20.04
F1 7 78 66.70 39.02 . 1576 19.26
PA G I 45.80 27.76 11.25 14.24
Table 49: The isotopic composition of Pb in realgar samples at
gallery I ( 823 m ) ( Frantz et al., 1994 )
Realgar | number of | Weight WEph 2%l | 207pR20pE | 206pp2%ph Level
grain (mg)
Rea [ 5 50.65 38.09 15.63 18.16
EFR 5 12 51.30 38.96 15.97 20.09 823/1/P21
FR 6 21 52.30 37.90 15.75 18.93
FR 7 44 39.90 38.70 15.68 19.65
FR 1 1 59.30 36.71 15.40 18.15
FR 2 I 152.60 38.24 15.52 18.82 823/1/P21
FR 3 1 140.20 37.85 15.68 20.63
FR 4 I 47.00 36.74 1574 20.80
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a: Pr-isotopic compositions of minerals and of andesite
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Fig. 71. a: The lead isotopic ratios of minerals and andesite are plottedina S & K
{ Stacey & Kramers 1975 ) diagram. The 2 o error for the isotopic composition
is 0.5 % as indicated. b: The lead isotope ratios of Crven Dol dolomite and bulk
samples plotted in a S & K diagram { Stacey & Kramers 1975 ).

Cn. 71, a: H3oronckuTe OfHOCH HA ONOBOTO 33 MHHEPAIATE H aHIE3HTHTE
ce MAOTHpPaHH Ha fujarpaMoT Ha ( Stacey & Kramers 1975 ).
6: H30TONCKUOT GRHOC HA ONOBOTO 3a NPUMEPOLHTE Off JOIOMIT HCTO
TaKa Ce IIOTHPaHH Ha BujarpaMor Ha { Stacey & Kramers 1975 ).
( Stacey & Kramers 1975).
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Table 50: The isotopic composition of Pb in lorandite and orpiment samples
at gallery IV ( 763 m ) ( Frantz et al., 1994 )

Lorandite Numbfzr of { Weight WEpH 2Py | 207ph 2P 206D Pl Level
grain (rng)

F1 1 1 4220 [ 38.55 15.71 19.80

[F1 2 1 70.10 | 3895 15.76 1994 | 763/IV/P25
FI3 1 7400 | 37.81 15.43 19.68

FI 4 1 3400 | 3734 15.91 22.41

Orpiment

IFA 1 1 6440 | 39.01 15.74 19.20

IFA 2 I 166.10 | 3872 15.71 19.40 | 763/1V/P25
IFA 3 I 125501 38.84 15.75 19.52

Table 51: The isotopic composition of Pb in marble, andesite at gallery I (823m)
and of dolomite marble within the shaft { 823 to 800 m ) connecting
gallery I and II ( Frantz et al., 1994 )

Rocks Picces V‘(’elg;“ 28py, 04y, | 0Tpp2pY | 26phA%Ph | Level
mg

Andesite (b) I 169.10 | 39.05 15.71 18.78

Andesite (b) I 124.60 | 38.97 15.68 18.74 823/1/P21

Bulk A (c) 1 52.20 38.40 15.67 20.63

Bulk D (D) 2 94.20 38.96 15.85 21.25

Marble (a) 2 77.50 38.88 15.81 20.86

[Dolomite (&) || 2 | 180.70 38.72 15.76 20,30

Dolomite (g)[| 3 | 197.80 |  38.69 15.78 20.81 | 823/800/P21

Dolomite () | 2 | 14530 3878 15.69 19.25

Dolomite () | 2 | 179.60 | 38.82 15.75 20.11

There are different models to explain the evolution of Pb in rocks and ore
deposits. Frantz et al., (1994) used the model of Stacey and Kramers (1975), which
is two stage evolution model, showing the evolution of Pb in the continental crust
within a time between 4.57 and 3.7 Ga from one reservoir with an unique U/ Pb
(m) and Th/ Pb ratios of 7.192 and 32.208". At 3.7 Ga the values of m and w are
changed by geochemical differentiations (crust formation) to 9.735 and 36.837 and
remain constant until today. In Fig. 71 (a, b) the Pb evolution of the continental
crust is indicated by Stacey - Kramers evolution line.

From Tables 48 - 51 and Fig. 71 it can be inferred that the values of
subvolcanic intrusion revealed by the adit no. 21 lie on the Stacey-Kramrs
geochron (the isochron with zero age going through the 3.7 Ga evolution point),
whereas most of the mineral data samples of the carbonate rocks are to the right of
this S - K geochron, except the coarse realgars FR 1 and FR 2 (Franntz et al.,
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1994). All peints scatter around the isotopic composition of modern continental
crust (strippled circles) in Fig. 71.

Frantz et al., (1994) found for the Crven Dol samples a time-integrated
i ( 2U/2%Ph) of 8.6 and a time integrated x(2*>Th/ 22Uy of 4.1 (w = 35.3).

In conclusion, they suggest that lead in the hydrothermal phases was
extracted from the neighbouring or basement rocks.

Since trace elements of investigated rocks in and near Crven Dol show that
As- and Tl-contents of carbonate rocks are low, it appears that volecanics are the
most probable ultimate source of ore metals, mobilized by hydrothermal fluids.

Isotopic composition of sulphur associated with realgar, orpiment and

lorandite from Crven Dol is characterized by values of 8345, ranging from -1.7 to -
5.7 %o (Table 52).

Table 52: The isotopic compesition of S of minerals within the realgar-lorandite
( gallery I, 823 m) and orpiment-lorandite assembleges (shaft connecting
gallery I, 823 to 800 m ) as well as orpiment-lorandite paragenesis
( gallery IV, at 763 m ) ( Frantz et al., 1994 )

Samples ‘ §345 a0 (CDT) relativ;a11 ?E;;?:nce of
1

Coaller m
Lorandite -57(135°C) ** %

Realgar -1.7{(+144°Cro 170 °C)* XXX
site -1.7 XXX

_ Mar

Lorandite 21 o

Realgar -2.6 X
Orpiment

shaft'800
Lorandite
Realgar
Orpiment
‘pallery IV/763 i e
Lorandite -2.0 XX
Orpiment -2.5 XAXX

XXXX - major mineralisation ; xxx - farge abundance of minerals; xx - minor
X - subordinate mineralisation

* . fliud inclusion measurements from Beran et al., { 1990}

*# - fliud inclusion measwrements from Rieck ( priv.com., 1991 )

CDT - Canyon Diablo meteorite 8 34 § %o £ 0.2 ( 1 ¢ standard deviation )
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From these data it can be concluded that sulphide sulphur originated from a
magmatic source. This is considered as an additional confirmation that volcanic
rocks (quartz/latite) are the ultimate source for thallium and other metals of the
Crven Dol ore body.

+ Composition of hydrothermal fluids. - Hydrothermal solutions are
characterized by high arsenic and thallium concentrations. They introduced into
Crven Dol over 5.000 tons of arsenic, and about 20 tons of thallium, and small
amounts of antimony and gold. Hydrothermal fluids were poor in silica.

+ Temperature of metal-bearing solutions ranges from 280/250%and 120°C.
Homogenization temperature of fluid inclusions in realgar is determined as 144 to
170°C (Beran et al., 1990).

* Salinity.- Based on information from fluid inclusions in realgar, Beran et
al., {1990) determined salinity to range from 7.9 to 12.9 equivalent wt % NaCl.

Some weak indications for the presence of hydrocarbon-bearing inclusions
have been reported by Beran et al.,(1990) for realgar. Hydrocarbon derives, very
likely, from the Pliocene sedimentary basins in the vicinity.

¢ Mode of metals transport. - Thallium and arsenic were transported most
probably as complex ions by acid to slightly alkaline fluids of low salinity, and
under oxidation conditions.

¢ Precipitation. - Deposition of arsenic and thallium took place as the result
of changes of geochemistry in hydrothermal ore-bearing fluids due to their
interaction with host carbonate rocks (mostly dolomite) and replacement of host
rocks. Several stages of precipitation are distinguished:

(i) Precipitation of ore minerals was predated by ankeritization of dolomite,
and argillization of silicate rocks (kaolinization).

Temperature below 400°C, pH - low.

(ii} Precipitation of siderite, pyrite, marcasite as a fine-grained mixture
(Balic-Zunic et al., 1993). The thallium content is low (0.5 %).

(iii) Precipitation of pyrite globules with low As contents.
High oxidation environment.

(iv) Precipitation of abundant realgar (i) accompanied by minor orpiment
and realgar, locally very minor stibnite.

Temperature was about 180°C. Thallium contents started to increase. Due to
high oxidation conditions, minor arsenolite was formed, and likely
pharmacosiderite (Balic-Zunic et al., 1993).
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(v) This is stage of the highest thallium concentrations resulting in
deposition of lorandite, followed by precipitation in accordance with  the
decreasing of Tl activity by other thallium minerals (bernardite, fangite,
jankovicite a.a.).

(vi) Stage of supergene development is characterized by

¢ strong oxidation environment,

+ amorphous iron and manganese sulphate-arsenate such as pharmaco-
siderite, Mg-arsenate - hoernesite {with gypsum); absent or low thallium. '

+ thallium minerals of jarosite group formed under high Tl concentrations.
Here belongs a new recently identified mineral dorallcharite (T, K) Fe (SO ) (OH)
- Balic-Zunic et al., (1993). Fig. 72 shows a tentative paragenetic sequence of
primary minerals in Crven Dol.

DECREASING TEMPERATURE

Pyrite e -
Marcasite  —

Stibnite -

Pargpierrotite -

Orpiment o —
Realgar = = e
Picotpaulite —

Faquinite -

Rebulite —

Lorandite e =
Jankovicite/fangite —— —
Bertrandite -
Simonite e

Sb CEERT, aIw p o @R ams

Fig. 72. Paragenetic Sequence of primary minerals in the Crven Dol orebody
( Jankovic, Jelenkovic, 1994, modified )

Cn. 72. Iaparesercka cepyja Ha NpHMapHHTE MIHESPATH BO PYAHOT TEIO
na Ipsen Jlon ( Tauxkosug, Jeneukopnx, 1994, mopudgunpano )
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Age of mineralization. - Based on Oar P Ar investigations of sanidine
grains separated from the subvolcanic intrusions, revealed by adit No. 21, total age
of it was established as 4.2 + 0.1 m.y. (Troesch and Frantz, 1992).

This age of intrusion represents most likely the age of primary As - Tl
mineralization in the Crven Dol ore body.
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2.Anfimony-arsenic mineralization at Smrdliva Voda

These occurrences are situated 70 to 80 meters from the mouth of the Creek
Javor and the River Sliva. Mineralization is represented by a dark-grey silicified
outcrop located in the brook. The outcrop is built mainly of small-grained sulphide
minerals. Surrounding rocks, crystalline schists, are strongly hydrothermally
altered and kaolinized. Chemical studies determined Sb, As, Pb, Zn, Hg, Au and
Ag.

Ore occurs as 1500 meters long veins of NW - SE strike from the Creek

Javorto Smilevo Bacilo. Ancient mining activities can be noticed right of the
Creek Javor.

Mineral paragenesis in this mineralization consists of stibnite, senarmontite,
stibiconite, valentinite, kermesite, arsenopyrite, realgar, orpiment, marcasite etc.

Fluorite associated with oxide minerals of stibnite can be found in the north-
west part of the occurrence whereas orpiment predominates in the south east.

The occurrence was explored by six cross-cut trenches and contents of
individual elements determined are as follows: 0.30-5.66 % Sb, 0.15-7.94 % As,
0.12-0.20 % Zn, 0.59-1.0 % Au g/t.

Mineralization is emplaced in gneisses close to the contact with cipolines.
Vein type mineralization is some 3 meters wide.

Apart from these, gold and polymetallic occurrences can be found in the
vicinity of Asan Cesma, Jelovarnik, Mrsa and Boulska Reka. There is no available
data about these occurrences except some indications that point to hydrothermal
processes related to these mineralization styles.
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3 .Ore field of Dudica

The Dudica ore field is situated close to the Greek-Macedonian border,
some 40 km south of the town of Kavadarci. The area is typically mountainous in
which mineralization is located between 2100 and 1.400 m on the surface.
Infrastructure is poorly developed and cold winters make mining activities
difficuit.

Investigations carried out to date. - Latest mining activities in the Dudica-
ore field were carried out during the First World War. In that time (1917) native
sulphur was mined out. Excavation lasted for a short time and was of insignificant
amount.

Some investigations were carried out for copper and lead- zinc
mineralization during 1920-1940.

During World War II, particularly in 1942 and 1943, German scientists
carried out extensive exploration digging out adits and shallow shafts. The first
geologic map of the ore field was compiled at that time (Hiessleitner, 1945).

After some explorations carried out occasionally during 1945-1970,
systematic geological-geochemical-geophysical investigations were completed by
Czechoslovak geologists (Hajek, J. and Pokorny J.) in 1972. Unfortunately, results
were not published, but presented in internal reports. Cifliganec (1993) presented
the general metallogenic features of the mineralization in Dudica. Apart from
exploration during 1940-1947, when several diamond bore holes have been drilled
( total 1494 m ), additional diamond drillings were carried out later, In the period
1950-1975, 11 diamond drill holes, total 2627 m, have been perfomed, the depth of
which varied from 50 to 690 m ( the bore hole G4 ).

Geological Setting

The Dudica ore field 1s composed of Paleozoic schists, Upper Cretaceous
limestone, and late Tertiary volcanic complex.

Paleozoic schists include phyllite, with intercalations of sericitic and
chloritic shales, epidotic schists, marbles and cipolines, and metamorphosed quartz
porphyry and rhyolites. Mersier (1973) thinks that these schists are of Upper
Turassic age.

Phyllites, argilloschists and metasandstones with marble intercalations are
overlain by Upper Crefaceous limestones. The Sennon age was determined for
them. They are located in the south portion of the Dudica ore field. The Rzanovo
nickeliferous iron deposit is located in 400 to 600 m thick limestones west of
Dudica. Hydrothermal alterations (metasomatic quartz-jasperoid) occur in them
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close to subvolcanic intrusions of Pliocene calc-alkaline magma (Fig. 73).
Limestone is bituminous locally. ;

Pyrite
Chalcopyrite
Enargite
Pb-Zn ore
Thae O Native sulphur
Phylliiic schists, Tph, ph, gru Metasomatic quartz
Limestone, marble "*°* Tectonic breccia
Andesile N Eauit
Propylite

Fig.73. Geological map of the Dudica ore field ( Hiessleitner, 1945 )
Cn. 73. Feosnourka kapra Ha pynHoto noie [fynuua ( ( Hiessleitner, 1945)
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Magmatic rocks. - The middle portion of the Dudica ore field is composed
of Pliocene magmatic rocks. Apart from subvolcanic intrusions, pyroclasts are also
widespread. '

Magmatic rocks are represented by quartzporphyries, granodiorites and
rocks of two phases of latite-delenite volcanic activity. Quartzporphyries of
schistose texture can be found in the vicinity of Konjske and Dve Usi. Unlike
these, the quartzporphiries near Dudica possess massive texture and developed
during a later magmatic phase.

The small granodiorite outcrop in the vicinity of Dudica is a product of the
same magmatic process as quartzporphyries.

A thick lacustrine tuffaceous cover was identified north of Dudica.
Lacustrine sediments consist of Miocene coal-bearing seams overlain by sandy-
clayey sediments. They are overlain by tuffites with interlayers of lavas and
ignimbrites.

The Dudica mineralization is in close paragenetic relationship with a single-
sided lopolith grading into a dike of N - S strike to depth that intruded the series of
Porta. Tt covers the series of Paleozoic sediments in the east, and is cut by younger
andesites to the west. The lopolith is later cut by fault structures of E - W strike.
The south parts have a raised position compared to those in the north.
Consequently, the upper part of the lopolith is eroded and can be seen as real dike,
whereas in the lowered north parts the intrusion preserved the former shape of the
lopolith.

Volcanic breccias in the domain of Stara Reka that accompany
impregnations of native sulphur are related to the subvolcanic intrusions in the NE
and SW parts of the Dudica ore field. According to their petro-chemical
composition they are mainly andesites.

Structural features. - Intrusions of quartzlatites are closely related to the
ring-radial structures.

Fracture structures are a striking mark of the Dudica ore field, particularly in
their volcanic rocks. They can be found in an area of 1.5 km . Along with faults
and systems of thin fissures, the zones of bracciation are sporadically developed as
well. Some of these intrusive hydrothermal breccias are slightly mineralized (e.g.
in the vicinity of Karaula).

Several systems of fractures have so far been identified; among them the
SW - NE faults are dominant, though the NW - SE fractures are also significant
(Fig. 74). The ore veins are mostly controlled by the SW - NE faults.

Increased hydrothermal silicification, accompanied by enargite and pyrite
impregnations can be noticed along individual zones.
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et Fig. 74. Geological map of the copper mineralization of Mircevica
: ( Hiessleitner, 1945; J.Hajke - Shrbeni, 1972; Modified )

Ci. 74. Teonowka xapra Ha 6akaprara MiHepanu3alija Ha Mupyesnua
{ Hiessleitner, 1945; J.Hajke - Shrbeni, 1972; Modified b




138 The Kozuf metallogenic district

Hydrothermal alteration

The hydrothermal alteration is developed within a surface of about 1.5¢km”.
Apart from chloritization, accompanied by disseminated pyrite, associated with
voleanic activity, volcanic propylitization covering large surfaces, in the Dudica
ore field the following facies of hydrothermal alteration are identified:

Chloritization is very widespread in the volcanics.

Cericitization is the dominant facies in the hydrothermally altered volcanics.
It is accompanied by kaolinization and silicification. The presence of
alunitization along with silicification and porous quartz masses, native sulphur as
well, and argillic types of alteration may indicate the development of advanced
argillic alteration and high sulphidation systems in the Dudica ore field (enargite,
pyrite, gold).

Carbonitization is also developed. In the deeper parts of mineralization
anhydritization is widespread, usually accompanied by pyrite.

High sulphidation processes are also indicated by highly silicified porous
masses, products of acid leaching of volcanic rocks, developed along the fractures
E - W, NE - SW and particularly with the NNE - SSW faults, as well as strong
solfataric activity. Unlike volcanic propylitization, the hydrothermal advanced
argillic alteration is found as thin zones the width of which is up to 20 m, and the
length up to 300 m.

The advanced argillic alteration, including porous hydrothermal masses
(hydrothermal replacement of phenocrysts by quartz), alunitic replacement of
pheneocrysts and sporadic occurrences of tourmaline (west of bore holes F-5 and
G-4) may be used as a prospecting criterion for gold mineralization.

Mode of mineralization.- Copper mineralization occurs as:

* Hydrothermal veins formed along faults, mostly in the volcanics. Veins
are most frequently thin, 0.1 to 0.3 m wide, sporadically up to 1.0 m, but usually
short (from a few to 30 m.), exceptionally longer.

In the adit No 6 several enargite-pyrite-quartz veins have been revealed, the
width of which ranges from 0.1 to 1.0 m. Sporadically, veins of various width are
subparallel (Fig. 75). Veins contain 3 to 5 % Cu, up to 18 g/t Ag, and traces of
gold (mostly about 0.1 g/t, but in places 1.1 g/t).

+ System of veinlets (in places as elongate stockwork) is usually developed
along faults, the width of which can reach a few meters. The grade of
mineralization mostly 0.5 to 1.5 % Cu. There are no data on gold and silver
concentrations.
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I~

Fig.75. Quartz-pyrite-enargite veins. Adit No.6 ( Hiessleitner, 1945; Modified )

Cn. 75. Kpapu-nupur-eHeprurcki xumn. [Torkon 6p.6.
( Hiessleitner, 1945; Moagnguuupaso }

+ Disseminated mineralization occurs mainly in the schists and/or along its
contact with andesite. Sporadically, enargite disseminats surround quartz-veinlets
of massive enargite veins (Fig. 76). Stockwork-disseminated type of mineralization
is revealed mainly by diamond bore holes in the deeper parts of the
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Fig.76.Quartz-energite vein surrounded by disseminated enargite-pyrite;
the Mircevica river

Cn.76. Kpapil-eHAPruTcKa XKHa ONKPYIKEHa CO HMIPETHATIM O]
EHAPTUT-HKPHUT; BO perkaTa MHupteBnia
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sector of Mircevica creek (Porphyry copper mineralization). Chalcopyrite and
pyrite are the principal minerals in disseminated-stockwork mineralization. The
copper contents in this mineralization, based on diamond bore holes and
underground mine workings, range between 0.1 and 0.5 %. The samples have not
been analyzed for gold and silver,

The copper mineralization has not been so far outlined as individual ore
bodies and the ore reserves calculated.

Mineral associations.- The mineralization of the Dudica ore field has not
been systematically investigated. Some preliminary information presented
Heissleitner (1945) and Ivanov (1957 - unpublished).

So far, the following primary minerals have been found in the Dudica ore
field: pyrite, marcasite, bravoite, enargite, famatinite, pyrrhotite, magnetite,
bornite, chacopyrite, vallerite, covellite, minor galena, sphalerite, tetrahedrite,
stibnite, callaverite, proustite, quartz, native sulphur, barite, anhydrite and calcite.
The list of minerals is still incomplite.

All these minerals have not been precipitated all together. There are several
mineral associations deposited in different parts of the Dudica ore field. The most
significant morphogenetic types and mineral associations are the following
(Cifliganec, 1993):

¢¢ Skarn mineralization occurs in the Upper Cretaceous limestone, near its
contact with subvolcanic intrusions. The Mineral association involves minor
granate, wollastonite, pyrrhotite, magnetite, pyrite.

** Enargite (famatinite), pyrite, quartz veins. Apart from veins, enargite
forms compact, massive elongated lenses inside hydrothermally altered
andesites/quartz latites. Sporadically, covellite occurs along with enargite, as well
as traces of tetrahedrite,

The mineral association is concentrated mainly in the central part of the ore
field (the Mircevica creek). The concentration of enargite assemblages decreases
with depth.

¢¢ Chalcopyrite-pyrite association is widespread, particularly beneath the
level of the underground mine workings (beneath 1400 m level). The vertical
extension of this association exceeds 1.000 m - from the topographic height of
1900 m down to 600 m level; mineralization is not continuously developed in this
interval.

This association occurs as stockwork-disseminated mineralization,
resembling poor porphyry copper type, and sporadically, as disseminated and
veinlets with quartz veins in the uppermost part of the Dudica ore field.
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The poprhyry copper mineralization is located beneath enargite-pyrite
association.

Anhydrite accompanied by strong pyritization is abundant . with
chalcopyrite-pyrite mineralization. Locally, anhydrite occurs as massive veins up
to 2 m wide. So far, potassium silicate alteration and biotitization have not been
found, neither the presence of molybdenite. If porphyry copper mineralization
formed, it must be at least about 800 to 1000 m beneath the present surface.

The model of porphyry copper mineralization overlain by enargite-pyrite
association is known in several deposits of the Bor metallogenic zone.

e Pyrite veins.- Pyrite is the most widespread mineral in the Dudica ore
field. Apart from disseminated pyrite in the volcanics, it also sporadically forms
veins along strongly silicified faults in andesites. Sporadically, pyrite is
accompanied by chalcopyrite.

These quartz-pyrite veins contain massive pyrite, but they are usually up to
0.5 m wide, grading into lenses and pods in the kaolinized volcanics (adit no 7). In
the latter bodies, the copper content is very low (less than 0.1 % Cu).

» Quartz-galena veins occur at places in the ore field. They often contain
native sulphur such as the occurrences at the contact of limestone and chloritized
volcanic in the Stara Reka (Petunikov, 1931).

On the north slope of Dudica, galena occurs along the faults in
hydrothermally altered volcanics, accompanied by native sulphur. In 1940 about
20 t of galena was mined there (Hiessleitner, 1945). The occurrences of lead-zinc
sulphides (the latter is very scarce) seems to be related with lateral margin of
porphyry copper mineralization of the Mircevica creek.

s Native sulphur.- This type of mineralization is rather frequent in the
Dudica ore field. It is a product of solfataric activity at the different levels of ore
mineralization. The largest concentration of native sulphur is known at the highest
topographic level of the ore field.

The occurrences of native sulphur are more of genetic rather than economic
interest. During 1917 about 20 t of native sulphur was mined out.

Native sulphur occurs along the faults, in the form of lenses and pods. The
largest occurrence is known near Karaula Dudica.

» Jasperoid type of mineralization.- The hydrothermal quartz masses
formed by replacement of carbonates (limestone, marble) in the southern part of
the ore field and located above the enargite mineralization may be of interest for
epithermal gold mineralization. The same mineralization may be hosted by highly
silicified andesites, when quartz replaced phenocrysts under conditions of high
sulphidation processes.
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Fig.77. Paragenetic sequence of primary minerals in the Dudica ore field

Cn.77. TlapareneTcKa cepuja Ha NPHMapHATE MUHCPaJIL BO
pynxoro none [Lynmia

So far, this environment was not investigated for gold mineralization. There
are some information that jasperoids formed in marble in the Sarenka creek
contain 7.2 g/t gold (One sample of the outcrop); a sample taken from jasperoids in
marble at the path between the mine camp and Karaula-Dudica did show 13.4 g/t
(Ivanov, 1957 - unpublished). Of course, these values are not the average, but they
indicate the possibility gold mineralization to be formed.

The ore-bearing zone of Mircevica River is approxirnately 2 km Jong and
500 to 700 m wide.

Mineral sequence.- Deposition of individual minerals and mineral
associations took place within several phases. The skarn minerals are the earliest
products of deposition, followed up by pyrite (i), enargite, farmatinite and covellite
and traces of native gold. Chacopyrite and pyrite (i) are younger. Minor vallerite
occurs as exsolution in chacopyrite. Native gold, callaverite formed in the
epithermal environment. Minor tetrahedrite is in close re!. tion with enargite, pyrite
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and covellite association. A preliminary pattern of succession of mineral
deposition is shown in Fig. 77.
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Fig.78. Vertical extension of individual ore minerals in the
Dudica ore field ( shematically only )

Cn.78. BepuranHo paclpoctpanyBathe Ha NOSHHUTE PYIHE MHHEPATH
BO pyfEOTO None Iynuna ( memaTekn )

Enargite dominates between 1250 and 1650 m levels (present topographic
height), while chalcopyrite extends mostly between 1400 and 700 m topographic
level (altitude). Fig. 78 displays a tentative pattern of vertical distribution of the
most significant minerals of the Dudica ore field.

Zoning. - The distribution of mineral association displays a zonal pattern,
both vertical and horizontal one. In the central part of the ore field copper
mineralization is dominant (enargite veins, chacopyrite stockwork-disseminated
mineralization in the deeper parts) surrounded by Pb-Zn sulphides, and native
sulphur,

The vertical zoning is characterized by jasperoid mineralization or highly
silicified volcanic rocks altered under influence of very acid solutions at the top of
mineralized system, sporadically native sulphur. In the middle of the hydrothermal
mineralized system enargite, covellite, pyrite association is developed, overlying
the porphyry copper (7} mineralization of chalcopyrite-pyrite association.

Conclusio n.- Although investigations in the Dudica district have
been carried out, with some interruptions, for over 50 years, and numerous adits
and diamond drill holes have been made, the mineral potential of this part of
Kozuf has not been defined. This includes, first of all, the possibility of
development of economically significant epithermal gold concentrations.
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R Investigations and studies carried out so far have not determined economic copper
concentrations, whereas investigations for gold mineralization have not been
carried out. The core from diamond bore holes were analyzed for copper but
samples have not been analyzed for gold and silver.

The possibility of formation and concentration of gold is indicated by
individual analyses , the type of alteration and the presence of high sulphidation
system. This uncertainty and a complete definition of the Dudica ore field are
expected to be resolved by future exploration.

Translated by Vangel Karagunoy




BOBEA

KoxydckaTa MarMaTcKo-MeTalloreHeTcka obiacT e QopMmupaHa BO
NOrpaHiyHuOT mpoctop noMefly Penybnuxa Maxeponuja u pumja. Ha
TepuTopHjaTa Ha ['piyja oBaa obnacT ce HapeKyBa Bopac, MefyToa axko 6u
cakalle fla JaJieMe [TOLENOCeH HaclloB Ha 0Baa MaraMaTcKO-MeTanoreHeTcKa
obacr BO TOj cny4yaj Toj 61 MoxKen ga Oue " MarMaTCKO-MeTaNOTeHeTCKa
obnact Koxyg-Apugea ".

Bo opaa Mouorpaduja ce npurakaHu, CHHTETH3UPAHO, pe3yATaTHTe
O JOCeraillHMTe HCTPaXKyBalba KOH ce H3BeNYBaHU Ha TEpHTOpHjaTa Ha
Peny6inuka Maxkegonnja. CreneHOT Ha HCIHTAHOCTA M HCTPAsKEHOCTA Ha
JENOT O}f OBaa MarMaTCKO-MeTanoreHeTcka obnacT Koj ce Haofa Bo cocefua
Ipunja € MHOI'Y HH30K, TOCESHO BO JHOMEHOT HA PYNHHTES MEHEpATU3al[HH,
( HanpaBeHH Ce NMONETANHA HCIATYBAkA KOW Ce OHECYBAaT Ha MarMaTCKHOT
xoMmnneke Ha ITnanunara Bopac ).

MonorpagujaTa e HCTO TakKa KOHUMIHPaHa fla TH ondyaTH IeTalHuTe
HCIIATYBarha Ha METPOAOIIKHTE KapaKTepUCTHKH Ha MarMaTCKHOT KOMIUTEKC
Ha Koxyd, KoM ce U3BpHIEHH Of cTpaHa Ha Biaxo Boes, u permoHamsuTe
KapaKTepHCTUKM Ha MeTaloreHujata Ha KoxydekaTta ofsacr Kaxo
COCTaBeH Jie]l Ha MOKDPYIHHTE METAJOTeHeTCKH eIMHuI BO JyroHmcTouHa
Espomna. Iloceben axuestT 8o MoHorpagujata e Jajied Ha IeOXeMHCKO-
METAJIOreHETCKUTE OCOOEHOCTH Ha HaofaMiuTeTo AJLap, Koe Ipunara Bo
OBaa MarmaTcKO-MeTaloreHeTcka ofmacT ®  KOe TIOKaXKyBa  HE3a
CIHeUH(HIHN OCODHHH, MAHEPATOIIKH, TEOXEMUCKE H METAIOIeHETCKH, KOH
FO YMHAT YHHKATHO BO CBETOT.

HiMajku ro Bo npensry (akTOT [JeKa CTENEeHOT Ha MCTPayKeHOCTa Ha
HaofanumIiTeTo AJNMIAp CEYWITe HEe IO [JOCTHTHYBAa CaKaHOTO HHBO,
IPE3CHTUPAHUTE PE3yaTaTH MOXKaT [a ce CMeTaT caMo 34 IeJHMMHHApHU.
[MoraTaMOIIHHTE JeTaHA H CHCTEMATCKM MCITMTYBAMa Ha 0Baa HAOTAJMIITE
Ce BO TEK.

Ilpukaxanata MoHorpacuja mpencTaByBa peaiu3ayuja Ha efeH
noBeKe TONUUIEH HaydyeH IpOeKT Koj ro (mHachmpa MumncrepcrBoTo 3a
Hayka Ha Penybnmurka Makegouuja.
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TEQJOINJA HA KOXYDPCKATA OBJIACT

T'eonomikn rnepano Koskydcerara obnacr e H3rpafeHa Of HEeKOJKY
reoNomIKy hopMalM¥M KO Ce pPaclOpelleHM BO HEeKOJKy crpaTurpadCcku
kommnekcr Htoa ( Cn. 1) :

- KOMILIEKC Ha NpeKaMOpHCKH MeTaMOPQHE Kapny

- KOMILEKC Ha Nae030jCKH MeTaMOpdyHH Kapry

- KOMIUIEKC Ha TPHjacKO~]YPCKH CEIUMEHTHU KapIn

- KOMIINIEKC Ha FOPHO-KPeIHH CeIHMEHTHH Kapiu

- KOMILIIEKC Ha FOPHO €0IeHCKH CEIMMEHTH

- KOMIUTIEKC Ha TUTHOT[EHCKH CeJIMMERTH I MHPOKITACTHTH 1
- KOMILIEKC Ha KBapTapHH CeJHMEHTH

HcTo Taxa Bo reonomxkara rpan6a BJIErYBaaT H MarMaTCKH KapliH KOoH
CC IIPCOCTaBeHH CO .

- KOMIUIEKC Ha MeTaMOP(hUCaEy PHONUTH U APOKIACTHTH
- KOMIUIEKC Ha CepIeHTHHU3MPAHH YITpaba3uIHy KapnH

- KOMIIIEKC Ha Da3siysl MarMaTCKH Kaplid

- KOMIUIEKC Ha BYJIKaHCKH Kapiy

KoMmniekcoT Ha npexkamOpuckaTe MeTaMop(HM Kapn € IPeCcTaBeH
€O anGUTCKH rHajceBH ¥ MEpMEpH BO HOLPAYjeTO Ha MeTaMophHUOT OI0K Ha
Mamna Pyna, Bo ncrournor fiex Ha Koxxydcekara ofiact a Bo 3amalHHOT JeTl,
Ha maaHMHaTa Ko3jak, oBOj] KOMIUIEKC € IpejcraBeH cO TI'HajceBH U
MHEKAIIHCTH BO TEKTOHCKHOT 610K Ha Enen Ulyne.

Bo TeKTOHCKH H3TMIHATHOT 60K Ha Mana Pyma, 3amafHo off ceno
KoHcKo, ce HaofaaT THajceBH H MepMepH 3a KOM ce cMeTa JleKa HMaar
npexkambpucka crapoct ( T.Paxmueruxk, J. Ienypepxorcku, 1970 ), moneka
JMersie ( 1973 ) 3a oBHe MeTaMOp(gHH Kaplid HaBellyBa HeKa HMaaT
Me3030jcKa CTapocCT, OHOCHO, TPHjacKa.

I'HajceBHTe ce HaofaaT BO JONHHTE [ENOBH Off KOMILIEKCOT a
MEPMEPHUTE BO TOpDHHTE [elOBH. BO HajRONHHTE HEJIOBH THajCeBHTE IIO
cocras ce anbHTCKH H HMMaaT HarjieceHa mopdHpobiacTHuHa CTPYKTypa, a
BO TOPHUTE [EJIOBK EMaAaT aM(pubOICKo-OHOTHTCKH COCTaB CO MPHCYCTBO Ha
neKy Off NMUCKYHCKH WIKpHiIuy 1 upnonusd. Ilokpaj anbuToT THe BO CBOjOT
COCTaB MMaaT M KanmuckH enpcnaT-MuakpokanH. On OoeHHTe MHHEpany ce
[IPUCYTHH, NOKpaj amMpubonorT B GHOTHTOT, YHITE XJOPHT K JNHCKYH KOj €
NpejicTaBex co (PeHTHT.
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MepMepHTe ce CPerHO A0 KPYITHOIPHECTH Kaplly H3TPajeHl BO OCHOBA
of Kanuet. JlexxaT JUPEKTHO NpeKy THajceBHTe, cO IOCTelleH IIPeof KOH
LHANOINHE U KaNKIIACTH, Taka IUTO 3aeQHO CO THAjCEBUTE NpeAcraByBaaT
efieH MeTaMopdeH kommnexc. ebenunata Ha XOPH3OHTOT Ha MEpPMEpHTE ce
npoueHypa Ha oxony 600 merpu, a pebenuHaTa Ha XOPH3OHTOT Ha
raajcesrTe Ha okoxy 1000 go 1500 meTpu.

OcgeH oBME MeTaMOP(gHH Kapnu off npekambpucka crapocr { 7 ) Kon
ce mpepcraseHn co OgokoT Masa Pyna Bo 3amagHmoT OOOfeH fen Ha
Bappapckara 30Ha co [Tenaronor { Kosjax Ilnanuna ) AMaMe yIITe eleH
OJIOK Ha MeTaMOP(HH KapMu KOU IO COCTaB ¢€ PaslIHYHH HO IO CTENeH Ha
MeTaMopgH3aM ce cIHYHE co biokor Masa Pyna, Toa e MertaMmopdhHuOT
omok Ha Emern Iyme. OBoj 60K € BO OCHOBa M3rpajieH Off THAJCEBH H
MHKAIIMCTH H TIO CBOjOT COCTaB ORroBapa Ha [OJHUTE [ejJOBH Ha
MeTaMOp(pHIOT KoMIuieKe Ha [TeraroHoT.

Komnnekcor Ha maneo3ojckuTe MeTaMOpgHH Kaplnu 3a pasildka Of
IpekaMOpHCKHTE THAjCeBH M MepMEpH € CcOo TIoManl  CTeleH Ha
MeramopdrsaM. Opo] KoMmiulekc Ha MeTaMOpdHH Kapny  JIeXKH
KOHKOPJZHTHO  TpeKy  MepMepuTe O  NpekaMOpHCcKa  CTApOCT.
[Taneosojckure MeTamopdHy Kapiy HajMHOTY ce 3acTalleHH Ha Ayunbapuua,
nomefy Keun Kaj u I'maguema, Jenopapuuk u ITopTa, H Toa cO XOPH3OHT Ha
hUIHTH, XOPU3OHT Ha (DUNHTHYHY MKPUIIY K UHIONHHH, IOTOAa XOPH3OHT
Ha KBapInopdupy , GHINTH, aprUIONIMCTH H METANECOUHHIA CO IPOCIOjUH
Ol MepMepH U Ha KpajoT €O XOPHU3OHT Ha KBapUWTH, KBAPUHM IUKPHIIM H
MeTapujabasu.

Bo xopuzoHTOT Ha (unuTHTE ce HaofaaT ¥ CEPHUUTCKH IIKPHIIIH,
EMUOTCKHE IUKPHIIM, UHNOIMHE H MepMepH U MeTaMOD(UCaHH KBapil
nopdupu. Hcnpobuenu ce co xpapunu sk ( Agubapuna, nomefy Kewun
Kaj w I'naguuua ). Bo ceprjaTa Ha CEpHIMTCKUATE IIKPHIIIHE c& CIOMEHYBAaT
n rpaduTHyHE Kkpuiany. ebenuHaTa Ha OBO] XOPHM3OHT € OHeHeTa Ha
okony 750 Mmerpu. OBO] XOPH3OHT € HAJMHOTY 3acTalleH Ha Anmdaprua,
Jenopapuux u IlopTa, BO H3BOPHILHUTE HENIOBH Ha peKaTa [fomHma.

Bo XOpH3OHTOT HA UHMONWHA H QUINTHIHE INKPHIIH, XOPH30H-
TA/HO ¥ BEPTHKAIHO Ce CMEHYBAaT LUIONNHH ¥ MepMepH cO (QHIMTHYHN
mxpuiany. Ce pacnpocTpaHeTH Ha Tofpadjero 3anagHo of dmopa, Anuax,
¥pea u Jenosaprrk Bo npasel Ha pexarta Jowmunua.

Bo <¢unuTHTE, ONHOCHO, NPEeKy HMB IeXKaT HMIKPWIECTH KBapll
DOpgUpH KOH ce H3NBOeHM Kaxko nocebeH xopuszoHT. MmaaT MuKpo
nopupobIacTHIHA CTPYKTYpa, H3TpajieHd Cce Off CEepHUUTH3UpaHu |



148  Teomornia Ha Koxydickara obnact

KaoNHHUSHPAHY (peniclaTH KOH [TOKayKyBaaT anbuTcky cocras. McTo Taka
CORpIKAaT KallACcKy denpenat, KBapl, eNuLoT H XJIOPAT.

XOPH3OHTOT HA KBaplMTH M METANECOUYHHLH € YTBPHeH Bo Boyicka
Pexa xaj Huna, Kanyfepruua B YieBuia. Bo 0BO] XOPH30HT ce HaofaaT H
MeTanrjada3u, BO KOH MMa TIPUCYCTBO W Ha CYI(HHH MUHEPaIH3aLHY.

Crapocra Ha OBaa cepHja Ha NaJICO30]CKH METaMOP(DHH KapmH II0
T. Paxuuesnk u J. [lengepkosekn ( 1970 ) e crapo naneosojcka. J. Mersie
(1973) crapocra Ha opaa cepuja unu cepmjata IlopTa ja oppepyBa Kako
jypcka Ha Oasza Ha CTElEHOT Ha MeTaMOpdH3MOT H Bp3 Daza Ha Toa Jieka
TeXXW KOHKOPAAHTHO TIpeKy cepujata Ha Mana Pyna - Taena, 3a koja Beke
CIIOMEHABMe [eKa ja oppefyBa Kako TpHjacka.

[Ipexy XOpH30HTOT Ha (MHUIWTHTE, apruIOIIMCTHTE H METAIECO-
YHHLIHTE CO TPOCTOjIH Off MEPMEDPH, BO TOPHHOT TeK Ha peKaTa JIOIHHNA
Je3KaT FOPHO KpeJIHE BapOBHHIH.

KomiurekcoT Ha Tpujacko-jypekaTe cefMenTHE KapnH € H3[IBOCH Kaj
ceno ¥Yma o gee dauu ( T.Pakuuesuk u J.Ilenyeproseku, 1970 )

¢ hapuja Ha pasHOOOJHHM IVIMHECTH IIKPHIALYM CO HHTEepKalalHMH Ha
BapOBHUIIA

¢ (panyja Ha BApOBHUIM ¥ JOJNOMHUTCKH BAPOBHMHLH Of TpHjacka
CTapocT.

Jypata e mnpepncraBeHa co pamuja Ha TUIOYECTH M OaHKOBHTH
BapOBHHNM ¥ ¢dalyja Ha IECOYHMIH M IJUHECTH HIKDUILM, KBapLHTH H
pPOXIBaUK BO TIOKanuTetTuTe Ha [Ipe Y1um, ®aopa u JeaoBapHuk.

Osue gapuu Bo fgoinHaTa Ha Boyiacka peka ce NOKpHeHH co feberne
cepHja Off MHPOKIACTHYHH Kapiu H TyhOBH.

Kommexcor Ha ropuo KpegHH CefHMEHTHH KApPHH € [pelcTaBeH Cco
cepija Ha NECOYHUIH H KOHITIOMEpaTH HITC OfiroBapaar Ha SapeM # anb u co
cepHja Ha BRPOBHMLUH Ofl TYPOHCKa CTapoCT.

CepujaTa Ha BapOBHHIIUTE € 3acTalcHa BO JIOKANHTeTHTE Ha Yaphaxk,
Oymana u Cragauia Kaxo ¥ BO JoKamMTeraTe Ha Pxanoso u CrygeHa Bopga
KaJie OBWE CEeMMEHTHM CTEeHM ja YHHAT TOBJaTraTa Ha HHKIIOHOCHO-
JKeJesHUTe pyAu. BaHKoBUTHTE BApOBHHNM BO [ONHUTE JEJOBH HMMaaT
JAOPOBHUT COCTAaB H BO HHB WMa OCTaToLUd of payHa H Toa Nerinea
olisoponensis cf. optuca, O.Turonica, 3a xou B.Temkora ( 1962 ) cMeTa gexa
uMaaT  TypoHcka crapoct. [lo 3.Maxcumosuk ( 1981 ) ropuara
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cTpaturpadpcka rpaHUIa & O3HAYEHa CO TPaH3TPecHjaTa Ha anb-UeHOMaH
LEHOMAH, KOra KOpaTa Ha TPOIIEHETO BO HajrojeM jes Ouna pasopeHa M
MPETANOKEHA KAKO OOJIMTCKH CeJMMEHTHN PYAK Ha *Kene30 U BOKCUTH.

Bo pamxure na Koxydckara obnact ronemo  NIpOCTPAHCTBO
3aB36MaaT ¥ MACHBHHTE BapOBHHLY, ocebHO BO peoHOT Ha Happak, Hynuna
u Iiagsuna, Xajie HITO TPAH3TPECHBHO JEXKAT IIPeKy HalleO30jCKUTS KAPIIi.
Baposuuiure ce 1ocTa H3IpodeHn U KapeTHgHIMpany, aMaaT fedbenuna of
oxony 400 po 600 MeTpw W Taa mnpefcTaByBa HajroneMa nebenuHa Ha
CEHOHCKH BapoBHuuH B0 Marenounja. Bo Hus ce yTBpienu cnabo couyBaHH
PYRHCTH M Ha Ga3a Ha HHB CTAPOCTA HA OBHE BAPOBHHLH € Ofpe[leHa KaKo
cenoHcka. Ilopamu TolleMaTa HCHYKaHOCT H KapCTH(OHIAPAHOCT THE
IpelCcTaByBaaT KONEKTOPH Ha BOAd M BO HHB Ce HaofaaT jaKHTE W3BODH Ha
Crapa Pexa u XKapunuia. Bo peosor #a [dynuua BapOBHULKTE ¢& HHTEH3HBHO
XMAPTOTEPMATHO IIPOMEHETH M HCHPOGHEHHM Ce CO MIAafH CyOBYIKAHCKH
KapIi.

KoMnnexcoT Ha TOPHO €0LEHCKH CEMIMEHTH € TIPefcTaBeH co BazanHu
KOH[VIOMEPATH INpeKy KOH JeXaT ((IMIHN cefEMeHTH. basannure
xournoMepatu kaj c.Kymaunueso, Hparoxen, T'opuukoso u bBaposo
IIPETEXHO Ce W3rpafeHH O NanoOPOBHTH H BApOBHHYKH Bamytoun. Bo
KOHrnmoMepaTuTe noMery Kpmeso H bapoBo JoMMHHpaaT BadyTOWH Of
rabpoBu, ppjabasy H BapoBHMUE. KonrmomepaTure HAUSMEHHYHO cCe
CMEHYBAaT CO NECOYHHIH H JNalOpOBUTH BapOBHHIM, OIHOCHO, falOpIy.
Nebenuuara Ha FOPHO COLEHCKATE CENHMEHTH Kaj cejlo baposo u ceno
Kpmero nanecyra okony 800 Metpn.

KoMniexcor Ha INIHONEHCKHTE CeXUMeNTHH Kapmii 1 MHPOKIACTHTH €
HIAPOKO pacnpocrpareT Bo Kosxydckara obnacr.

Bo ocHOBa IUIMOUEHCKUTE €3€PCKH CEOHMEHTH C& M3TPafeHH Off
rpyGOKIacTHYHE CCOUMEHTH KOW JeXaT IIPeKy TOLIoraTa Ha Kapld oOff
paszun reonomxy opmaunu. THe nexar HpeKy CeJUMEHTHTE Ha TOpPeH
eouen noMely c. Baposo u ¢. Kpimbepo. Tyka NIHOUEHCKHTE CEUMEHTH Ce
NpejICTARCHH CcO TpyOO3pHECTH KOHINIOMEPATH W [IMHOBHTO MNECKOBHTH
cepumenTH ( moMely ceno [Jonmua Bomasa 0 Kpmweso )

Bo nognorara va TydgoeuTe kaj ceno I'opra borlasa, Bo fonHHaTa Ha
PEKaTa HI/IIH’I‘aHIIa, HapE CElno quepCKO CC YTBPACHH W YaKaleCTH
cepumenTH. Ilpeky cepujata Ha KOHIJIOMepaTuTe Kaj ceno Kpmeso ce
HaofaaT IeCKOBH H IIIHHOBUTH IIECKOBH CO IPOCTIQJIHN Off NECKOBATH IVIHHH,
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ORHMOCHO, INIMHOBHTH CENHMEHTH a HNpEeKy HUB ce HaolaaT IIIMHOBUTO
KapOOHATHM KapIIy.

Kaj cemro BapoBo ce mojaByBaaT Janopud HpPEeKY KOH JexKar
IJIHHOBUTO IMECKOBHTH M I'MIMHOBHTO KapBOHATHH CEQUMEHTH €O MHOI'Y
thocunum octatoun ( Kocku u dhayna of uuuaun ) IMocnensure cKeneTn of
opaa chayHa ( MaCTOJOHTH ) C€ HajAeHH BO HA]TOPHUOT HUBO Ha KHaCTHYHHTE
€3epCKH  CEeIUMEHTH, BO [MjaTOMEjcKaTa 3eMja HelOCPeNHO HCIOf
BYNKAHCKHTE ceguMeHTH-TyroBuTe Kaj " IlITykon Opan " wag ceso.
Baposo ( P.l'apeBcku, 1960 ). Crapocra Ha OBHe CENHMEHTH Ha OCHOBA Ha
HajieHaTa ¢payHa € OfpelieHa XakO [ONeH [esll Ha roped Ilmnones
( H.HU3majnos, 1960 ).

B. Pagopanosuk ( 1930 ) crapocra Ha OBHE CeJJUMEHTH ja ONpEAyBa
K&KO [IOHT.

Bo jyxuure penoBu Ha 0aceHOT, IIHOUEHCKHTE KJIACTHUHK
CEeMMEHTH 3aBpIIyBaaT cO OHIPOBUTA IIOYA M THE JIESKAT HEIOCPERHO oK
NHPOKNacTHYHKTe cefuMenTs ( Hag c. Boyna ).

ITHPOKNACTHYHUTE CeIUMEHTHI KAapIH I'H IPEKPHBaaT IIHOLEHCKUTE
€3epCKU CEfVIMEHTH BO JY)KHUTE [ENOBH Ha OaceHor, kaj BuraueBo u
Catenoso. Tue BO Hajy:XHMTEe [ENOBH ce HaofaaT NpeKy Kapiure Ha
cepepHuTe namuHu Ha Koxyd IlnmaBMHa H IpakTH4YHO ce NPOTEraaT op
Makegoncko-I'pukara rpaHHla , Jy)KHO OF celo Mpekuuko, ma Ha ceBep
foairaaT g0 HemocpenHa OiusnHa Ha Kapagapuu u go Jonuu [ducaH, jy:KHO
of HeroTmHo, a Ha ¥cToK nochefHHTe TY(POBH H KOHIVIOMEPATH CE
cpeTHyBaaT kaj ceno Papma. JleGenuHata Ha BYJNKAHCKHTE CEIMMEHTH
H3HECYBa Off HEKOJIKY METPH Ma [0 HEKONKY CTOTHOH METPH.

Bo menocpenna 6mu3nza Ha MOKITHIIKHOT MAHACTHD, BO JOJMHATA Ha
pekara Jlyga Mapa, npexy KnacTHUHMTE e3epPCKH CeIHMEHTH NMpEeACTABEHU
€0 KapOOHATHO TJIHHOBMTH MaTepujalnH, ce Haofa XOpPH3OHT Ha
arJIOMEpaTUBHE TY(POBH IpeKy KOH JEXKH XOPH30HT Ha (PHHO3PHECTH
BYNKAHCKY MNEeNejd M BYIKAaHCKH CTakiaad. 3aBpUIHHOT XOPHW3OHT Of
BYJKAHCKUTE CElAMEHTH CE COCTOM off OpedoBHAHH JOOpO Bp3aHH
BYJIKAHCKH Ty(POBH-MHPOKNACTHTH. Hajronemu 6iI0KOBE Of BYJIKaHCKH
Kapnmu ce KOHCTaTHpaHM Ha ceBepHHTe nNaguHu #a Koxyd Ilnaununa,
HEIOCPEeAHO MO ByJKaHCKHTe KpaTepd H kymH { Haj ceno Pamea, Hag Bapa,
kaj Inapuuia, AMerkora ['naBa u Hapn ceno Koronuinre ).

Kommieke na KBapTapun celUMENTH: NO3HAaYajHH KBAPTAPHH TepacHH
Hacaard BO MOTOJEeMH KOJNWYHHHA ce HaofaaT HAa JecHaTa cTpaHa Ha Koncka
peka. Tyka febenmHaTa Ha oBue Hacnaru u3sHecyBa 20 go 30 metpu. Toa ce
TpyGO3pHECTH CEAUMERTH CO 3300MIeHH (PparMeHTH, IPETeXKHO H3TPAeHH Off
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THAJCEBH, MEPMEPH H KBapl KOM MOTEKHYBAAT Of KPHCTANECTHTE KAPIY Ha
Mana Pyna u Keuu Kaj. OBHE TepacH# CEHMEHTH BO aHTHYKO BpeMe GIie
HEJAOCHO MpepalOTeHu-UCIPaHd Ha 3J1aTO, INTO [eHEeCKa € MHOTY jacHo
BHJIJIMBO Ha TEpEH.

Bo pomumara Ba pekaTa JlomHuna He ce NPHMETEHH MNOTOIEMH
TepacHW Hacnarw, MOpajgd CTPMHHTE CTpaHM Ha pekata. [JocrojaT
COBPEMECHH TEpPACHH HAcjaryd BO HHBOTO Ha pekara. Bo moeguuu genorwm, a
nocebHO BO OJAHHOT TEK HA peKaTa Ha M3le30T Of KIUCYPACTHOT Hes TOf
ceio JIpeH ¥Ma TParoBH Ha HCIIUPAHU PEUHH TEPACH.

Ksaprapun SHTPOBHTH CEJUMEHTH ce HaoraaT Kaj ceno CepMenuH Ha
npoctop off okony 200 go 300 merpu co pebenmma on 20 Merpu. Tue ce
HaofaaT Ha ycTHeTO Ha peka Bemuua Bo CepmenuHcka pera. CIHUYHE
6urpoBH ce Haof'aaT i Bo Boyicka pexa kaj MecHocta [{uHa.

Pexata Bomasa co cBoure HPHTOKH IPETEKHO HOCH HAHOC Of
BYJIKAHCKM KapnH, OWAejKH BO TOPHHOT ¥ CPEeJHHOT TeK Taa mpoafa Hu3
BYJIKQHCKY CEJMEHTHH HACTATH,

[lpeky ByIKaHCKHTE CeJMMEHTH Ha BuTaueBo ce HaofaaT JCAyBH]alHl
rpyGOKIacTHYHA CEAMMEHTH, BO XO¥ Ha MECTa ce YTBPAEHH IIpPeTaloKeHH
BYJIKAHCKH CTaKkja H NenelH [Io3HATH Kako [eM3a W AYMHIMT, Kako H
IIPETANOMKEHN AarjioOMepaTHBHE TY()OBM BHUIMBY Ha INATOT MPpeXXuuko-
Kasagapin.

Komnnekcor na meraMopducany pHONHTE i kBapuuopdgupy ce Haofa
BO Tale030jCKUTE IIKPUILM, OFHOCHO, jYPCKHETe MeTaceiumenTH J.Mersie
( 1973 ) nwa Anubapuua u kaj I'maguuna. Ha ocHOBa Ha HalllMTe CO3HAHM]A
THE C& MHTEePCTPaTH(PHIMPAaHH BO XOPH3OHTOT Ha (DUAHTHTE KOj YCIOBHO €
OfpPENicH Kako maneosojckd, 0Oe3 crpardrpadcku pokazn. Mcro Taka
YTBpAEHH ce KBapunopdupy B Kaj Ben Kaven u [IBe Y Bo 6inu3uHaTa Ha
ceno Koncko u Oynuna.

Kpapunopdupure ce cuBo OGelH [0 3eNeHKAcTH Kapnu |
IpeficTaByBaaT MeTaMoephHCaHH MArMaTCKH KapiH, OfHOCHO, PHONHTH |
IHMPOKIACTUTH KOH C& BEPOjaTHO MCTOBPEMEHO CTBAPAHM CO CEHNMEHTHHTE
Kapnu KO¥ ru fane (puanTure. Baksu Kapnu ce yTBPIEHU H HA TEpEHUTE Ha
cocepna ['pumja, xaj Mecroro Kacrawepu, jy:kHO o ceno YMa ¥ 1o
nopgatouuTe Ha J.Mersie ( 1973 ) THe MMaaT TOPHO jypcKa CTapocT.
T.Pakwuesuk u J.Ilennepxoscku ( 1970 ) oBHe Kapiw ru ofipefyBaaT Kaxo
CTapo Naneo30jCKu.

KoMnmeKcoT Ba cepneHTHHH3IUpany yrrpada3udny Kapuy ce Haora Ha
mannjata CryneHa Bopga-Pxanoro-KyManuuero, Koja BOEHO NPEJCTaByBa U
TEKTOHCKa CTPYKTYPa JIOJK KOja CEPIEeHTHHHTHTE 3aegHO CO JYPCKHTE H
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FOpHO KpEJHATE METACE[HMEHTH Ce HABJIEYEeHM IPEKy NaleO30jCKHTE H
TpHjackaTe MeTaMop I KapliH.

Ha cepnenTusmTuTe oOff 30HaTa PxaHoso-CryneHa Boga ce
chopMupaHy JATEPATCKUTE HAOFAHINTA Ha HHKJIOHOCHO JKeNe30 KOH 3ae/(HO
€O CeNUMEHATHTE Ha MOBJATATA C& JUHAMO MeTaMOpP(HMCAHH BO YCIOBHTE Ha
IpeHuT nymnenurckara ¢ayyja ma fo <anujaTa Ha 3eleHuTe MIKPHINH
( B.Boes, 1982 ).

[Moromema mMaca Ha CepleHTHHH3EPAHH YIATpabasHyIHA KApIA e Haola
B0 Mpexuuka pexa Haj ceno MpexXuuko, a HCTO Taka CepICHTHHHTCKH
MacK ce HaolaaT i BO HeImocpeHa OJM3NHa Ha AJap.

CepleHTHHATHTE BO HelocpegHaTa Onu3uHa Ha MpEeXmuKko 1a u
IIOIIMPOKO Ce CHJTHO TEeKTOHU3HDAaHM Taka Ja BO HEKOHM [ENOBH THE
IOMUAHYBAAT BO CEPHEHTHHCKH HIM TANKHYE IIKPHIIIIH.

PenaTHBHO TOJIEMH MacH Ha CEpIieHTHHU3UPAHK yATpabasuyuHy Kapmiy
ce HaofaaT Ha TEKTOHCKaTa muHHuja PxxanoBo-Crynena Bopa. Bo oBaa 3oHa
Ha 6a3za Ha JISTAIHUTE TETPOSOLUKM MCIHTYBatha CE€ OJPENEeHH CIEJHUTE
THIIOBH Ha KapIH : BYHETH U Xap30yprutu. OBxe Kapnu ¢¢ CKOpO HOTIORHO
IPETBOPEHN BO CEPIIEHTHHHTH Taka [a caMO Ha HEKOU MECTa MOXKaT jia ce
3aBenexaT OCTATOIM Of cBexkw ynTpabGazuyHu Kapnu. Bo opaa 30Ha HCTO
TaKa e KOHCTATHpaHu U radpo NerMaTHTH H POIUHIHTH.

Kommiexcor Ba Ga3MuHH MAarMATCKH Kapmu e NpejicTaseH co rabpo
Aujaba3HEOT KOMIIEKC KOj TH U3rpajyBa MCTOYHHMTE ¥ CEBEpPO MCTOUHMTE
genopu Ha Koxydekara ofnacT. Bo 0BOj KOMIUIEKC HA MarMaTCKH KapIH
JOMHHMpaaT ; rabpoBu, Aujabasu u cruiuuTy, Bo rpaHnvHATE HENOBH MoMery
JHHTPY3UBHNTe Ga3WyH KapNHE-rabpoBHTE M W3JMBHUTE KaPNH-CIMIMTHATE C&
HaofaaT HoMa# Mpo6GOr Ha JIEYKOKPATHE TPAHUTHH KAapHH KOH II0 COCTaB Ce
KBapUMOHIIOHATCKH, K2KO IITO ¢ MPEMepoT Ha ['opHudeT, a ka) CMOKBHLA 1
HapapgoBo ¥ Hpen Bo OasHyHWTe Kaply ce HaofaaT ¥ SKHIM Ha
TPaHATIIOPhHPH.

KBapupropyuTy 7 TPaHOJHOPHTH C& HAOTaaT BO CEBEPO 3allafHHOT Jie
Ha raBpo pujaBasHHOT KOMINIEKC, Kaj ceno Boyma u ceno Papma u Kaj
Musosai Bo fonuHaTa Ha pekara Jowmuna. Kaj ceno Pagma ce Haolaar ¢
NOMaNH TMerMATHTCKH JKHIU KOH T'H cedaT KBapLJHOPUTHTE, OJHOCHO,
I'PAaHOTHOPHTHTE.

M.Tajmep { 1939 ) usBpmumnn feTanHu NeTPOJOMIKH HCTPAXKyBarba Ha
raBpoBHTE OJ] OBO] KOMINIEKC H I'M YTBPAWI ITIABHHTE THIIOBH BO HUB:
BCPIIAT, TPOKTONNT, OJMBHHCKH rafpo, rabpo-eyKpHT, ypamuTcku rabpo,
[HOPHT M KBApUIHOPKT, 6a3alTH U fujadasu.
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Hajucroynute nenoBm Ha rabpo aujabasHHOT KOMIUIEKS, Off JBETE
crparu Ha pexaTta Bapgap ( o Memup Kanuja o Yioso ) n1a 1 noHatamy o
T'eprenmja, ce npepcrasesn co gujabasu, cOMaNTH B KepaTodupu. Mely oBre
Kapy KOJHYHHCKY JOMUHUPaaT CITUITHTHTE.

Kapamara ( 1973 ) i faBa OCHOBHHTE FeHETCKH NPENIIOCTABKH KOH C&
onHecyBaaT Ha rabpo pujabasHuor komiureke. Toj 36Gopysa mexa rabpo
nujabasumor xominekc Jpen - Boyna e pesynrat Ha moseke hasHuTe
M3IIUBakba Ha IIOTONEMM KONHYHHE Ha OasaiToupHa Marma, IpH IITO
HajHarpex co obpasysane pmjabasHo crminTckure naprTud. [lokacho
HOKPEeHATATE HOBM MarMaTCKH MacH OHie NPETeXKHO BTHCHYBAHM HCIIOH
pujabazHaTa Kopa, a caMO BO PeTKH ClyvaeBH ja npobmBane H IPHTOA ce
cdhopmupane HOBH AXjaba3HO CHUNKTCKH W3IMBH. BTHCHYBaHWTE MAarMaTCKH
MacH JediyMHO ce gudeperuupane, HO KakKo pesyiTaT Ha TeKTOHCKHTE
NPOLECH ¥ HOBUTE MyNcaliii Ha MarMa JudyepeHUujalyjaTa e IpeKnHyBaHa 1
nopeMeTyBaHa.

CTPYKTYPHH M BYJIKAHOJOIMKY KAPAKTEPHUCTHUKH
HA KOXKYOPCKATA OBJACT

KoxydckaTa obnacT NpefcTaByBa eleH roleM BYIKAHCKM KOMIIIEKC
KO] ce Haofa Ha jy>KHHOT [ell o Make[oHnja u e pa3BHeH Ha NPENeNoT Ha
INTAHUCKHOT MacKB Ha Koxkyd.

Bo reorexroHckaTa peoHH3alHdja Ha OBOj JeJ Ha DBamKaHCKHOT
TIONyOCTPOB OBOj KOMILIEKC BIIETYBa BO IPOCTOPOT Ha Bappapekara 30Ha.

Koxycdckara obnacr Bo rpybu UpTH, HA MCTOK € OlpaHHYeHa CO
pacejHaTa 30Ha Koja NpefcTaByBa M 3alafHa CpaHALa Ha rabpo qujabasHHOT
ogmonurcky MacuB [lemup Kamuja - Tesrenuja, a Ha 3amaf € OrpaHgyeH co
pacefHaTa CTpPyKTypa Koja Io H3[BOjyBa IleNarOHHCKHOT MacHE O
Bappapckara 3oHa.

JloxanmzanujaTa Ha OBOj BYJKAHCKH KOMIUIEKC Ha TpaHcgepsamHaTa
sona Koxyd-Kyxkym ( M.Apcoscku, T.MeaHos, 1977 ) co mpecekoT Ha
Baprapckata 30Ha, ykaxkyBa Ha BYJIKaHH3aM Of UEHTpAJE THII, aKTHBUpPAH
Ha TEKTOHCKHOT jasan (DOPMHpPAH CO PEaKTHBHPAHATE PErHMOHAIHH DACEIHE
cTpykrypu op Bapapapcxu npasen (C3-JH po C-J ) u HOBO (hopMHpanaTa
pacepiHa cTpykrypa Koxyd-Kykyu ( ¥-3 ) Bo HeoTeKTOHCKHOT nepuofn. Ha
OBO] THI Ha BYAKAHH3aM YKaKyBAaT ¥ I[PCTEHACTHTE CTPYKTYPH
KapaKTEPHCTHYHH 32 HOIPAIjeTO Ha OBOj KOMIIEKC.
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Co aHanMsaTa HA CATEIMTCKUTE CKAHOTPaMH, aepogOTOrpaMure M
FeOTOIKITE MORATONH JOBHEHH CO TEPEeHCKH HCTpaxKyBama € uspaboTeHa
leMaTH3NpaHa MOp(OCIPYKTYpPHA KapTa Ha MOApayjeTo Ha Koxyd Bo
Mepka of 1 : 250 000 ( Ci. 2 ). Ha osaa KxapTa JOMHHAHTHO Ce HCTAKHYyBaaT
HEOTEKTOHCKHUTE PAceliHU CTPYKTYPH KOH Ce IPYNHpaaT BO TPH CHCTCMM H
TOA !

Cucrem na paceju o Bappapckn npasey, Toa c€ PEAKTHBHPAHH
paceuu cTPyKTypH Of Kom cucremor C3-JH ¢ HajcTap, flofleKa paceHuTe
CTpYKTYpH co opueHTanuja C-J mpefcTaByBaaT HELUTO MOMIafH CHCTCMA.
Bromk OBaa Ipyna Ha pacefH ce JOUMpaHH NMPOAYKTHTE Ha IOYCTHATA H
rnaBHaTa haza Ha BYJKAHCKATa aKTHBHOCT. BROMK PacefHHOT CHCTEM CJ
ce wManmdpecTHpa M WHTEH3UBHATA XH[POTEpMajHa aKTHBHOCT, Ha
noppayjero Ha Jlygmma ¥ Asrap, co Koja ce 3afpaTeHH NPORYKTUTE Ha
[OYETHATA BYJIKAHCKA aKTHBHOCT.

Cucrem na pacean co npasey CH-J3 o H-3, oBoj cHcTeM Ha pacepu €
PEenaTHBHO MOMNAaf cucTeM off BapiapckuoT 1 BIOJIK HEro ce MaHudecripa
¥ pelleHTHaTa CeusMHYKa akTuBHOCT. Ha npecexoT Ha OBOj CHCTEM Ha
pacefyi coO CHTeMOT Ha pacefid of Bapmapckm mpasel ce MaHH(pECTHPa
OMTajaTa M 3aBplIHATa BYJIKaHCKA AKTHBHOCT BO DPaMKHUTE Ha
Koxydekara obmact.

JIpcTeHecTH CTPYKTYPH, NPE[ICTABEHHA Ce €O HEKONKY MOP(ONOMKH
MApKAHTHE METATHBHH CIPYKTYpHE OOIMUM, jaCHO BUINIHBA  Ha
CKaHOTpaMiTe, 1 CO efjHa O3WTHBHA CIPYKTYpa BO [IOfpatjeTo Ha [lyauua.

IIpocTOpOT Ha HajMapKaHTHATA HEraTHBHA MNPCTEHECTa CTPYKTYpa
( crpykTypara Bacos I'pap-Mpesxuako-Tomu Hon-Posxnen-Anwap ) e
wsrpafeHa [IaBHO Off BYJKAHCKH MaTepiujal, HO CO Hea ce oupaTeHn H
CeIFMENTHITE MaTepHjalli Off INIMOLEH & ¥ TTOCTapHTe KOMIUeKeH ( TpHjac,
kpemia ). TakBHOT COCTAB Ha OBOj CTPYKTYpeH OOJNHK, KOHUEHTPHHIHHOT
M3MiIe]l KaKo M PajdaHHOT Pacliopei Ha MHTepHAaTa PYNTYPHA TEKTOHHKA,
THIOT Ha JpEeHa)KHaTa MpeXd, YKaXysa Ha TOa [eKa OBaa KpymHa
mpcreHecTa CTPYKTYpa IpefcTasyBa KONanc Kaaiepa.

Tlo3uTHBHATA IPCTEHECTA CTPYKTYpa Ha [lyauila Ha CKaHOIpaMUTe Hee
BHJUIHBA, MefyTOa CO TePeHCKUTE HCIUTYBaYba I CO aHallN3aTa Ha THIIOT Ha
JpeHajkHaTa MpeXka Taa jacHO ce Ofpefysa. HajsepojaTHO € @IeKa BO
TOfpavjeTo Ha OBaa IIO3UTHBHA CTPYKTYPA, OFHOCHO, CTPYKTypaTa Ha Crapa
MupueBNlia MOYHyBAa H caMaTa BYJKAaHCKa aKTHBHOCT. ITpopykTuTe OR
[OYeTHAaTa BYJKAHCKa AaKTHBHOCT C€ XHAPOTEPMAlHO TPOMEHETH K
IOXKPHEHM CO NPONYKTHTe Ha [OKAacHaTa M 3aBpIIHATA BYIKAHCKA
ARTHBHOCT.
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IToveTonuTe Ha BYJIKaHCKATa aKTABHOCT BO PaMKHTe Ha KoxydckaTa
oBnacT ce BO MHOLIEH, ONHOCHO, HMaaT H30TOMNCKa crapocT of 12.1 Mundon
roguns ( Troesh and Frantz, 1994 ).

ByaxKaHomomkate KapakTepucTukn Ha Koxxygdcekarta obmact ce
pellaBaHy NpeKy OOeMHHTE TepeHCKH MCTPaXKyBakha KaKo B CO .eTalHaTa
aHaJ H3a Ha aBROT OTO cHuMKMTE. Bo pamkure Ha KoxydcekaTa obiracr ce
perscTpupaHn (eHOMEHM Ha BYJKAHCKA AKTHBHOCT, MpENCTaBeHH CO
BYIKaHCK¥ HEKOBH, OFHOCHO, 3aMp3HATH [OBOJHM XaHalH, TIojeMa
KONAYAHA Ha THPOKNACTHYHE MaTepHjail Kako H (PEeHOMEHH Ha
[OCTBYNKaHcKa akTusHOCT. CIMBOBH Ha J1aBH, KAKO M PA3BHTOK HAa THHHYHH
BYJIKAaHCKM Xynd He ce 3abenexxany, a Toa € ITOCHegua NpeR ce Ha
KapakTepoT Ha caMaTa MarMaTcKa aKTHBHOCT KaKO H Ha KapaKTCPHCTHKHTE
Ha MarMaTa Koja BO 3aBpuinuTe pasu Ha JudepeHLMjauMjaTa TH Aajia
pynKaHckuTe Kapnu Ha Kyxkyd [lnannna.

Kaj oBaa Marmarcka akTHBHOCT ce paboTH 3a HHTepMe[MjapHa, Ha
MecTa [0 KMcesa, MarMa Koja Ce OJIMKYBa CO Toa LITo € clNabo MOMBILKHA H
penaTusHo GoraTa co JIECHO HCMApiHBA KOMIIOHeHTH. Baxsure
KapakKTePHUCTHKH JOBENyBaaT 0 Toa Ka Taa OP30 [H 3ayeNyBa JJOBOLHUTE
BYJIKaHCKM KaHANH, a KaKO pesyJraT Ha Toa W JO I0jaBa Ha rojieMa
eKcIUTo3uBHa pasa Bo padoTarta Ha oBHe Bynkauu. [locToemero Ha roaema
ekcirosuBHa ¢asa Bo paboTaTa Ha OBHE BYJKaHM ce€ IIOTBPAyBa H# €O
roJeMOTO IIPUCYCTBO Ha IHMPOKJACTHYHE H ENMHKIACTHYHHA MATepHjaiIn
IpejCTaBeHN CO NAKYCTPHCKH TY(hOBH, KOHTJIOMEDPATH, BYIKAHCKH CTaKJa |
neneny. PenaTHBHO ToneMaTa KONHUKHA Ha 60p M (hIIYyOP BO BYIKAaHCKHTE
Kapna Ha KoXyd, HEJBOCMHCIEHO yKaxKyBa Ha IIOCTOEHETO Ha rolema
eMaHalucka ¢asa BO pasojoT Ha OBOj BYJIKaHHU3aM.

3a nmonobpo Ja M COrMeNaMe BYJIKAHOJNOIIKHUTE KapaKTECPHCTHKH Ha
OBO] BYNKAHH3aM TIONETallHO Ke Tl NIpUKaXeMe HEKOH KapakKTepHCTHYHH
TeONIOMIKH NPOQUIN HU3 HPORYKTHTE HA BYJIKAHCKATA AKTHBHOCT.

T'eonomxu npodrn Karyuuirre, ce Haora Hajjaneky off HEHTPUTE Ha
BYJIKAHCKATa aKTHBHOCT, BO OGOJHUTE JeOBY Ha THKBEWKATA KOTIKHA { BO
okonmnara wa Kapagapiy ) ma ce go BHcopaMHHHaTa Buraueso.

Tpruysajéu op pomusara Ha peka Jlyma Mapa (Cn.3) xox
BHCOpaMHMHaTAa BHTa1eBO MHHYBaMe HH3 €3ePCKH HEOTEHM CeJUMEHTH BO
KOH HeMa BYJKAHCKH MaTepHjasid, IPEeICTaBeHH CE CO NECOUH U NMECKOBUTE
IJVHY a BO HajlOPHATE NeNOBH ¥ cO KapOOHATHH OfHOCHO, BAPOBHMYKK
mapTHY.

Heorenure esepcky cefUMCHTH, BO KOH HeMa IPHCYCTBO Ha
BYJIKAHCKYM MaTepHjalii, 3aBpiysaaT Ha KoTa off okony 470 MeTpn, a npeky
OBHE CEUMEHTH foalaaT eNEKIacTHYHHE CeIEMEHTH H ENUKIaCTHIHH Kapiu
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NpEeAcTaBeHY CO KOHrnoMepaTd. PparMeHTHTE BO KOHIVIOMEpAaTHTE Ce
32007I€HH ¥ [IEJIYMHO ce JoOPO COPTHPAHH, a IPEJCTABEHH C& CO BYNKAHCKH
KapmH KOH 1O COCTAaB OfiroBaap Ha JIATHTH M KBAPLUIATHTH. ‘

- Ilpexy cepujata Ha €nuMKIaCTHYHMTE KOHIVIOMEpATH Hoafa cepuja Ha
TMaKyCTPHCKH JEeTIOHHpaH Ty CO IPHCYCTBO Ha ieM3a. Bo oBaa cepHja ce
3abenexxysa pobpo m3paseHa crpaTucdmkaumja. IlemsaTa mnpegcraByga
ApeTaNoXKeH MaTepHjan a eNuKIAcTUTe ce 3a00IeHH | JeIYMHO COPTHPaHH.
ITpery nuB goafa cepuja Ha NaKyCTPHCKY HENOHMPAH Ty CO MPUCYCTBO Ha
eNUKJIACTH YHja TONIEMHHA € BO MHTEPBANOT of 2 MM na fo 64 mM. Bo nus
cTparudUKanAjaTa € jacHO H3pa3eHa. EINMKIACTUTE ce IIPENCTaBeHH CO
(hparmeHTH Off ByNKaHcKM Kapnu. [Ipeky oBaa cepuja pmoafa cepuja Ha
JAKYCTPHCKH AENIOHUPaH TYd ko] 1o 6oja e Gen u Bo Koj crpatndukalnujaTa
€ jJacHO u3pa3eHa,

Henocpegro mnpel ma ce u3ne3e HA BHCOpAMHMHaTa BuHTaueso,
34M0YHYBa XOPH30HT Ha KOHIAOMEPAaTHYHA TY(OBY BO KOM eNHKIACTHTE CE
NpefICTaBeHH CO KPYNHH (hparMeHTH Ol BYJIKaHCKK Kapind. EMKIacTuTe He ce
COPTHPAHH TI0 TOJICMEHA ¥ HE Ce 3200 IeHH.

Ha 6asza Ha ONIITHTE IeONOIIKY KAPAKTEPUCTHKHM HA MATEPHjaIoOT
MOXKEME Fa 3aKNy4YiMe [ieKa TO] € AeMOHAPAH BO BOJEHA CPENMHA H JieKa BO
HEro MMaMe H3paseHd (DEHOMEHH Ha NMPETAaNOKyBarhbe KOM Ce pe3yiITaT Ha
roneMata OfalieuyeHOCT Ha OBOj NMpodHNI OF HEHTPHTe Ha BYJIKAHCKATa
aKTHBHOCT.

T'eonowkn npodun [lapsanem-Burayeso, ce Haofa BO HEIOCPeNHa
6iM3nHA Ha HEHTPUTE Ha BYJIKaHCKaTa akKTHBHOCT. Tpruysajim off fosMHaTa
Ha pexata [lapuanem (Cn.4) npema BHCOpaMHHHATA BHTauero MHHyBaMe
HH3 HEOTEHH €3€PCKH Ce[JAMEHTH BO KOM HeMa IIPHCYCTBO Ha BYAKAHCKH
MAaTepHjall, IPE[CTABEHU C& CO NMECOLH, NECKOBUTH [JIHHU ¥ BO HAJTOPHUTE
[IEJIOBH CO BAPOBHAIIH.

Heoresure ceTuMEHTH 3aBpINyBaaT Ha HAAMOPCKA BHCOUMHA O OKONY
470 metpu. IIpeky BuB moafa cepujaTa Ha NaKyCTPHCKH KETMOHHpAH TY( co
IPHCYCTBO Ha ENMKIACTH YKja BEIMYHHA Ce HAaoa BO HHTEPBAJIOT Of 2MM Ila
no 64 MM, EMUKNacTHTe ce IpefcTaBeHH cO (DPaTMEHTH O RYJKAHCKH
Marepujann. CrpaTudukanujaTa BO 0Baa Cepuja e jacHO U3paseHa.

Ilpexy oBaa cepHja joafa cepHjaTa Ha NaKyCTPHCKH JSMOHEDAH TY(h
Koj 1o 6oja e Genuyact, a NpeKy Hea oafa cepujata Ha KOHIJIOMEepaTHieH
Ty. BennmunuaTa Ha ENEKIACTHTE € HAjpasiIMyHA W THE Ce BOTIABHO
He3aobneuw. Bo fonHATe HenoBM Ha OBaa cephja cTpaTH(UKalyjaTa e
M3paseHa, a BO TOpHHTe JenoBd ( mpeky Hueo Ha 900 metpm )
CTpaTH(pEKanyjaTa He ce IPUMETYBA M cepHjata 3a06MBa KapaKTEPHCTAKHA
Ha IMpOKJIacTH4YHa Hpeya.
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Il'eomomkn mpotun Baposo-Buraweso, ce Haofa BO HenocpegHa
6IM3WHAa Ha cejoro Bapoo. Bo OfHOC Ha LEGHTPHTE Ha BYJIKAaHCKAaTa
aKTUBHOCT HE MOXKe Jja ce Kaxe [eka e mMuory 6musy ( Cn.5 ). Tprayeajku op
cenoto bBapoBo kKoH BUcopaMHMHaTa BHTaueBO MHMHyBaMe HHM3 HEOIEHH
£3epCKH CE[{HMEHTH, BO KOH HeMa IPHCYCTBO Ha BYJIKAHCKH MAaTepHjal,
NPEeHCTABEHH CO TJHHM, NECOId K IIECKOBUTH IJIMHH a BO OJpeJieH:
XOPH3HOTH ce M0jaByBaaT ¥ KapOOHATHH CEUMECHTH.

IMpeky HUB foafa XOPH3OHT Ha JAKYCTPHCKH [ENOHHPaH Ty cO
NPHCYCTBO Ha EIWKIJIACTH YHja BeNMYHHa ¢ Of 2MM ma fo 64 mM. Bo 0B0j
XOPH30HT crpaTu¢uKanyjaTa ¢ jacHO U3pa3eHa a eMUKIACTHTE Ce HeJyMHO
za06ieny. TIpexy 0BO] XOPH3OHT foafa cepHja Ha NaKyCTPHCKH NETOHUPaH
Ty K0j e 1o Hoja Gen ¥ co jacHO M3pa3eHa cTpaTH(MKalyja, a IpPeKy Toa
[oala cepyja Ha KOHIVIOMEPATHYeH Ty, BO KOj eIHKJIACTHTE C& He3a00/IeHH
¥ HecopTHpanu. Bo TOpHHTe [ENOBH Ha oOBaa cepyja ce 3aberexysa
IIPUCYCTBO Ha €IHMKIACTHYHH Opeyn.

Feosomxu mpoun Bomasa, ce Haofa BO HeNocpefHa OIM3MHA Ha
HeHTPHTE Ha BYJIKAHCKATa aKTHBHOCT, BO HeNocpefHa Onu3uHa Ha CEIOTO
Bormasa ( Cin. 6).

Tprayeajkn op cenoro BomaBa MHHYBaMe HH3 cepHja Ha HEOFEHH
e3epCKH CENUMEHTH, BO KOW HeMa NPHCYCTBO Ha BYJKaHCKH MaTepwujal,
NpefcTaBeHy CO TEeCcOlH, MeCKOBHTH INIHHH a BO HajrOPHHTE [ENOBH M CO
KapOoHaTHa TpaBepTHHCKa Iuiova. IIpexy opaa cepmja Koafa cepHja Ha
NAKYCTPUCKH JeNOHKUpal Tyd co IpUCYCTBO Ha ENMKIACTH YHja BENHYMHA €
Hajpa3npura. CTpaTnduKanujaTa BO OBaa cepyja e jacHo uspaseHa. Bo osaa
cepHja BO OffpefieHM XOPHU3OHTH HMa INIPUCYCTBO Ha CIOEBU Of NMEM3a vue
Iopekyo e emuiactuyHo. [Ipeky Toa Hoafa cepHja Ha NaKyCTPHCKH
NEeNOHEPaH Ty ¥ BO Hajl'OPHETE [EJIOBH Off IPOMHIOT HMaMe IIPHCYCTBO Ha
KOHIVIOMEpaTHYHY TY(QOBH BO KO HeMa H3pa3eHa CTpaTH(hHKALHja ¥ Ha IIPB
Iorner  JuYaT Ha  NHpoknacTMyHa  Opeua.  Hemocroemero | Ha
cTpaTH(hHKamija BO OBaa cepyja e NOCIeHMUA Ha 3allONHYBameTO Ha
e3epckHoT OaceH a MaTepHjalioT M HoHaTaMy Oui MOHecyBaH CO aKTHBHOCTA
Ha OYUYHHUTE TEKOBH.

TFeonomku npogun Cryaena Boga-TIpammuk, ce Haora BO HENOCPEHA
OnM3uHA Ha UEHTPHTE Ha BYJIKAHCKATA aKTHBHOCT, OQHOCHO BO HENOCpETHA
OM3KHA Ha BYNKAHCKHAOT Hek Ha [lpamsnk { Ci. 7 ).

Tpruysajku o nokamureror Crymesa DBopja MuHyBaMe HE3
CEPHEHTHHHTH a IpeKy HHB HaHMAyBa efcH XOPH30HT Ha JaKyCTPHCKH
AETOHHPaH TY( cO IPHCYCTBO Ha eNMKIACTH YHja BeJMYUHA € Off 2MM Ia Jo
64 MM. EnmuxnacTaTe ce npeficTaBeH: co (parMeHTH Off BYJKAHCKH Kaply
THe ce cnabo 3aocbnenn. Ilpeky oBaa cepuja poafa XOPH3OHT Ha
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JAKYCTPUCKH JIENIOHAPaH Ty} Koj no 6oja e ben, a npeky Hero goafa cepuja
Ha JIAKYCTPUCKY MEMOHHpaH Ty( CO IPHCYCTBO HAa €MHUKIACTH KOM Ce TO
BeNMYMHa HajpasnudHd. EnukaacTure ce He3ao0NeHM H HEeCOPTHPAHU, a
crpaTucuKallijaTa jacHO ce mpuMeTyBa. IIpeky oBaa cepuja goafa cepuja Ha
TAKYCTPHUCKM NEMOoHUpaH Tyd BO KOj MMa IPHCYCTBO Ha nemsa. Bo
HaTOPHATE JCMOBH Of NpOWIOT MMaMe TPHCYCTBO Ha OIOKOBH O
BYJIKAHCKY KaplH KOH CE& PE3yITAT Ha epo3yjaTa Ha BYJKAHCKHTE HEKOBW,
OJHOCHO, 3aMP3HATHTE {OBONHHA KaHalH.

MMajkn ja BO mpefBHp rpanbara Ha Jocera HaBeeHHTe TeONOIIKH
npounn KOM MHHYBAaaT HU3 BYIKAHOIEHO CENMMEHTHHTE BYJIKAHCKH
MaTepHjany MOKeMe Ia I'O 3aKJIYIAME CIefHOTO:

1. TIoHOBYBaWmETO Ha MNOCHMHMTE CePHH HA ENUKIACTHYHM H Ha
NMUPOKNACTHYHHM MaTepHjalmd BO PaMKHTE Ha BYJIKAHOTCHO CEMMEHTHATA
cepija Ha Koxydcekara obnact, MOXe Ha yKaXe Ha NOBEKEKPATHOCTA,
ONHOCHO, Ha NOBTOPYBAKETO Ha BYJIKAHCKATa AKTHBHOCT.

2. HenoHMpameTo Ha HNOTONEMHOT Ael Off BYJKAHCKHOT MaTCpHjal ¢
BPIIEHO BO BOJE&Ha CPefMHa, OFHOCHO, BPUIEHO € CYKIECHRHO 3alONHYBAME
Ha roNeMOTO THKBEIIKO €3Epo.

3. HajBUCOKHOT Tpar Ha TMKBELIKOTO HEOTEHO €3¢p0 ¢ CEKAKO HHBOTO
Ha fleHeINIeHOT Ha BuTauero, ofHOCHO, XoTa 900 MeTpH, BRIyYyBajku TH BO
cefe M BEPTHKAJHUTE [IBUXKEHA BO NOCICTHHTE 5 MUTHOHH TOIUHH.

4. Ha ocHOBa Ha HampaBeHaTa aHanu3a Ha paboTaTa Ha BYJIKaHUTeE
MOXE Jla ce 3akjyyd deka Tyka cTadyBa 360p 3a BYNKaHHM KOH BO CBOjOT
€BONIYTHEEH Pa3BHTOK HMaaT IIEPHOL, Ha 3TOJIeMeHa eKCIUIO3UBHA dhasa.

[MosekedrasHATa aKTUBHOCT HA BYJIKAHHTE, OOHOCHO, IOBTOPYBAKETO
Ha BYIKaHCKaTa aKTHBHOCT ¢ Pe3yJITaT Ha CaMHUTE KaPaKTECPHCTHKH Ha
BYJIKAHHTE KaKo M Ha KapaKTepOoT Ha Marmara Kaj OBOj THII Ha BYJKaHH.
Tyka marmaTa Mo CBOJOT KapaKkTep € WHTepMeIHjapHa [0 KICena, a Kako
pa3yiraT Ha TOa Taa € crnabo [IOOBHKHA 4 HCTOBPEMEHO € PEJIaTUBHO Borara
CO JIECHO MCIApIHBH KOMIOHEHTM. ManmaTa NOOBIIKHOCT Ha Marmara
[OBENyBa IO PeNaTHBHO 6P30 3auelnyBamke Ha JOBOJHMTE BYJKAHCKH KaHAJIH
4 KakKo DPE3ynaTa Ha TOoa BO BHATPENIHOCTAa Ha BYJIKAHCKHTE OTHHILITA CE
3rofeMyBa KOHIEHTpallijaTa Ha JNEecHO HCHapiuBuTe KoMnoHenTH. Kora
BHATPEIMHAOT IIPHTHCOK, KOj € pe3yiATaT Ha 3rojleMeHaTa KOJUUHHA Ha
JIECHO MCHAPN¥BH KOMHOHEHTH, K& CTaHe MHOTY TOIeM Ke Nojae fo ¢ra3a Ha
pa3s’pyllyBam-e Ha BYJIAHCKHTE KYIIH, OGHOCHO, Ke JojIe JO Nojaea Ha ¢as3a Ha
3rONIEMEHa eKCIIO3MBHa paboTa Ha BynmkaHuTe. Bo obaa ¢asa Ha
eKIUIO3MBHA AKTHBHOCT foalfa 1o Hchplame Ha TONEMH KONWYHHH Ha
IUPOKIACTHUEH MaTepHjall KOj ce CIYLUITAN II0 NafuHiTe Ha BYJIKAHHTE BO
BH[I Ha rojema BXKellTeHa Maca Ha pasfgpobeH BYJNKaHCKH MaTepujan u
BXKCLITeHM racoBd M Iaped. OBaa roieMa pexa Ha BYJNKaHCKH MaTepHjal
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HUPEKTHO Ce BJIHBajla BO TMKBEIUKOTO €3€p0 M NPHUTOA Ce BPILISJIO HErOBO
3anoiHyBame. HenocroeweTo Ha THIHYHH, TaKa HapeyeHM BYJIKAHCKH
GoMbGH, BO paMKHUTe Ha BYJIKAHOTEHO CeJHMERTHATA CEPHja jaCHO YKakKyBa
Ha Toa jeKa IIpd OBaa BYJKaHCKAa aKTHBHOCT HeMaMe NOjaBa Ha TOIEMO
ucppname Ha BYIKAHCKA JIaBa BO BO3QYX, HATY Hak (heHOMEHH Ha CIMBAME
Ha CTOIEHA BYNKAaHCKa JaBa 10 MajHHUTe Ha BYJIKaHUTE.

Bo mnepuopoT Ha paspymIyBameTO HAa BYNKaHHTe, OINHOCHO, BO
MOMEHTOT, Ha HHBHOTO OTEapame foala J[0 NojaRa Ha eKCNIO3Hja Ha FacOoBH
i mpuToa ce (bopMEpa CUIUKAaTHa [EHAa KOja © PEeJaTHBHO MOKHCENA Of
NCTaHATHOT BYJIKaHCKM Martepyjan. Opaa meHa WIH neM3a 3aefHO CO
OCTaHATHOT NHPOKIACTHICH MaTepHjall ¢ udpiada off BYJIKaHHTE BO BO3JYX
H HH3 NajdHUTEe H NpHTOa € [eMOHMpaHa BO NPHOOANHHTE [IENOBH Ha
&3epoTo.

Kora necHo ucrapnueBuTe KOMIIOHEHTH Ke ce ocnobopar Ke fojae 1o
HaMallyBak€é Ha  BHATPEIIHWOT  IIPUTHCOK, Kako  pesyaraT Ha
paspyllyBawkeTO Ha ByIKaHHTE, Torall Xe CJIeOH HaMalyBalbe Ha
HHTEH3UTETOT Ha EeKINIOIWBHATA AKTHBHOCT KOja BO IIOHATAMOIIHHOT
PasBUTOK Ha BYNKaHHTE ce ToBeKe IIOMMHYBA BO PENaTHBHO claba
eMeHauucka caza, OfHOCHO, haza Ha Mcdpramke HA TACOBH, Iapea H
BYJIKAHCKa IIpALMHA, 33 A4 Ha KPaj J{ojfle 10 IOTIIONH MPEKHH Ha BYIKAHCKTA
aXTHBHOCT, a KaKO pe3yNiTaT Ha IOBTOPHOTO 3auUenyBalhe Ha JOBOHHTE
BYJIKAHCKH KAHaJIH.

Bo nepropnoT Ha cnabaTa eMaHanucka rasa, Kako B BO IEPUONOT Ha
NPEKHHOT Ha ByJNKaHCKaTa akKTHBHOCT, foafa [JO IojaBa Ha eposuja Ha
BynxaHckuTe popmu. OBaa epo3dja Ha BYJIKAaHCKHTe (POPMH ce Oriefa BO
OfHECYBAHETO Ha IIOTOJIeMa KOJHYHHA Ha [HPOKJIACTHUEH MaTepujall Off
NagHHHTe Ha BYIKaHWTE, TIOf BAHjande Ha OYyMYHWTE TEKOBHM, M HETOBO
TMPEKTHO AENOHUPamkEe BO OKOMHOTO €3epo H NpuToa ce (popMHpaaT pasHu
TUIOBH Ha eNMKIacTHIHY CEIAMCHTH.

Bo ofopnutre RemoBH Ha e3¢pOTO, BO NOJHOXKHHTE J[EJOBH Ha
BYJIKaHUTE, KAKO PE3yNTaT Ha aKTMRHOCTAa Ha e3epcKaTa eposija joafa Jo
epo3tja Ha BYKAHUTE M [0 MOTONEMO 3aCeUyBalhe Ha BYIKAHCKHTE HEKOBH.
Oroj MaTepHjal Xoj 110 CBOHTE KapaKTepHCTHKY Ke Gupe cnabo 3aobied u
110 BEMWYHHA pa3HOBHMEH, Ke OHpe [eNOHHpaH BO NpHOOalHUTE NEJOBH Ha
€3¢poTo M Ke OHJe HCTOBPEMEHO H3MCILIAH €O MaTepHjaiure KOH ce
HoHecyBaaT Off NaflHHUTE Ha OKONHUTE BYIKAHH.

Bratpe Bo caMOTO e3epo, KakO pe3ylTaT Ha IPOLECHTe Ha
CeflUMEHTalMja, foafa [0 Ce{HMEHTAalWja Ha IpUMapeH NHPOKIACTHYEeH
MaTepHjall Koj cera 3afo6HBa KapaKTePHCTHKY Ha TAKYCTPUCKH JETOHHpaHy
TypOBH ¥ enukinactuTh. [IpHCycTBOTO Ha eM3a BO OfipeleH:n XOPHIOHTH Ha
EMYKNacTHTHTE  JACHO  yKaXXyBa Ha  (JEHOMEHOT HAa  HEJ3HHOTO
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IPEeTaNOKyBake BO PAMKHTE Ha [PETaJOXYBakeTO Ha IOTOJIEMHOT Ael Ol
NPUMAPHEOT [MPOKIACTHUESH MaTepyjaid. IIpeKMHOT Ha BYIKaHCKATa
AKTHBHOCT e OfbeNekaH co MojapaTa Ha [MjaTOMeMTe BO pa3BojoT Ha
THKBEIIKOTO €3epo, KOM JAeHecka ce TMPEJCTaBeHM CO XOPHU3OHT HA
JMjaToMejCKa 3eMja BO PAMKHTE Ha eTHKIACTHIHATE MaTepHjali.

MATMATH3AM HA KOXY®CKATA OBJACT

3a BpeMe Ha TepUMEPOT, Of €OleH JO IUIHOLEH, TPAHOJHOPUTCKHTE
MarMu Ha OBHE TEpeHH ce BTHCHYBAlle H Ce H3/THBAJe Ha MOBPUIAHATA BOIK
OpefeH: TEKTOHCKH 30HK, PasBHTOKOT Ha OBOj MarMaTnsaM G TIpHKasKaH
npBo of crpaHa Ha M.Mmuk ( 1962 ), a oToa MOETANHO Of CTpaHa Ha
C. Kapamara (1962), Kapamata n T'oprepuk ( 1980 ). ITaBHETE reOXEMHCKH
0cOBEHOCTY Ha OBO] MarMaTH3aM ce IpHKaxaHi off crpara Ha C.Kapamara
( 1984 )} u AnToHoBuE ¥ Pmmmmosuk (1987), a noenury moppatja ToJeTaIHO
Ginte npuKaxkany oy crpana Ha B.Boes ( 1988 ), T.Cepagpumonckn {1991).

TepuwepHHOT MarMaThsaM Bo [luHapupmre, Bapmapckara 30Ha H
CpIcKo-MakefloHcKaTa Maca ce  JojaByBa JIOC/IE  3aTBAPAETO  HA
Me3030jcKHOT okeancku GaceH ( Kapamata 1983 ). Osaa saTpapame €
Hochaendna Ha NpHOMDKysalseTo Ha [IEHapHACKaTa MHKpPO IUIoYa A
KapraTo-6ankasckaoT 6nok co (Cprcko-MakefoHCKaTa Maca H IIOKacHaTa
KONH3Hja ToMely THEe KOHTHHCHTAJIHH CETMEHTH ( Oumurpuesuk, 1974;
Kapamata, 1975, 1981 ). IlpouecoT Bp3ad co cybpykuyjaTa BO TEKOT Ha
cpefiHa ¥ ropHa jypa Gmi mpareH cO KalKo-afKaJeH MarMaTHsaM BO TEKOT
Ha cpejlHa K TOpHa Kpefa.

[JomaraMoIIHATA  KOHTHHEHTalHa  KOJNHM3Hja  JOBefyBa  JIO
sagefenyBabe Ha KOHTHHCHTANHATa KOpa ¥ HEJ3WHO BTHCHYBame BO
ropHaTa oGBWBKA, HO i [0 H30CTATCKH H3JUTHYBakba. JJUCKOHTHHYyHpaHATA
KOMIIpecHja HOBefyBalla O TMEPHONHMYHO TONCHE HA KOPEHHUTC [IeNOBY Ha
KOHTHHEHTAJHATa KOpa CO TIOMIKY UK NOBeke IPHMECH Ha MaTepHjail Off
ropuara obsuska ( Kuexepm¢ u fip., 1989 ). Opue myscaiuu ¥ TEKTOHO-
MarMaTCKH aKTHBHU3AIMH ce CIyuYuie NnoBeKke INaTH BO ONUIOLEH, MHOUEH H
mwmones { Tomcor 1 xp. 1982 ).

MarmaTaTe ce PaclpOCTPaHETH BO M3[BOCHH Hofpayja, OOHUHO BO
CPEMILHMTE [ENOBH Ha CBOAECTO-KYIONHHTE CTPYKTYpH H BO leIHHA
TIeaHo TpafiaT BYJIKAHO-IDIYTOHCKH Iojacy. OBMe KapnH opMupaHu Of
TPAHOAMOPUTCKH  BO  HAjIIMPOK  CMHCON,  KBAapUJHOPHTCKE [0
KBAPUMOHIOHATCKE MarMH, TpajaT MHTPY3UBHH Teja CO pasNHiHH
[MMEH3HH I MHOTY FOJEMH [0 MAiH BYJKAHCKHM KOMIUIEKCH. THNOBUTE Ha
Kaphy KOH ce HaolaaT Ha MOBPIUMHATA Ce pe3ylTaT Ha W3AUrHyBamaTa Ha
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NOEAIMHMUTE TEKTOHCKH OJIOKOBH ¥ HHTEH3HTETOT Ha eposujaTa. Cenak cure
KOMIIIEKCH MOXaT [a ©OujaT cBaT@HH KaKo BYAKaHCKO-IUIYTOHCKH
KOMIIJIGKCH, Kaj KOH IIOHEKOTalll CO epo3ujaTa ce OTKPHEHHW HIaboKHTe
UHTPY3HBHH JEJIOBH, a Ha JpYrH MecTa Off eposHWjaTa OHie 3adyBaHH M
BYJIKAHCKUTE KOMIUIEKCH.

I'eHepalIHO I'MEAaHO OBME KapIH Ce II0jaByBaaT BO JIBA 10jaca KOH BO
CPe[HIIHKOT #el ce clojyBaaT { Ha mogpavjero Ha KomaoHuK ) a cnipema
ceBep U ceBepo3amnaj H JyrOHCTOK H JyI-jyroucToK ce paspsojysaat. Tpeba ga
ce HAalOMEHE JeKa OBHe [IBa Iojaca HE ce Bp3aHY 3a e[Ha OjpeleHa
reoJyiolixa efUHHIA, ce HaofaaT Off ABeTe CTpaHK Ha O(HONUTCKHOT II0jac u
ru cevyaT mop Omar Haru® OCHOBHUTE TEOTEKTOHCKH ENMHHIM Ha
bankanckmor momyocrpos; [muapunure, Bappapckata soHa u Cprcko-
MaKeOHCKaTa Maca.

BYIKAHMIAM HA KOXKY® JITAHHHA

Ha Koxyd u Kosjak mnanmea BO jy:xuHuTe OOONHHM [EJIOBH Ha
Tuxsemko-MapHoBCKHOT TepHuepeH OaceH ce HaofaaT BYNKAHCKH CTEHH
CTBApaHM BO IUIHOLUEH BMOJIK TIONPEYHHTE TEKTOHCKM CTPYKTYpPH Ha
BaplapckKHOT IIpaBel] Ha MpoTerawme. BynkaHckaTa aKTHBHOCT —ce
MaHH(DeCTHpa cO II0jaBa Ha MHOTYOPOjHH BYNKaHCKH KYyIH, KOH BO OCHOBa
IpeACTABYBAAT 3aMP3HaTH HOBOAHM KaHagH H TONEMH Macu oOff
NMPOKNACTHYHE MaTEPHjalH. '

I'enepanno ByJAKaHCKHTE XVIH C¢ paclOpelCHH BO efHa 30HA CO
HCTOK-CEBEPOUCTOYHO NpOTerame, HO HAJUYeCTO €€ Ha TeKTOHCKHTE
CTPYKTYPH, Ha MecTaTa Kefle ce cedaT CcO IIOCTapHTe CTPYKTYpH CO
ceBepo3anafgHoO MpoTerame ( Bapiapcku npasern ). Hanpeunute TexToHCKH
CTPYKTYPH Ce HEQTEKTOHCKH, HacTaHalle BO IUIHOHEHOT M €& MapajeHH Ha
cereprOT obop Ha Erejckara noronmna, nomery Comnyn u Kasana.
Bynkanckara akrusHocT Ha Koxyd n Ko3sjax miaHmHa ce IPEICTABEHU €O
Pa3snHYHA THIIOBY Ha BYJNKAHCKH KYIIH B BYJKAHOKNACTH ( ByIKaHCKH Opedn
4 KoHriaoMepaTH B Tygorx ). BymkaHoknacTHTe ce HaolaaT BO BHI Ha
CelMMEHTHH HacJlard BO jY>KHHTE RENOBH Ha THKBEMKO-MapHOBCKHOT
Tepuneper baceH, Kafe I' U3rpafyBaaT HajlOPHUTE eJIOBH HA CE[UMEHTHTE.
ﬂeﬁqnnna’ra Ha BYJKAHOKJACTHTUTE HaMecTa focTuraysa 1 200-300 meTpu.

BynxaHcKuTe CTEHH ce NpeACTaBeHH co: ankainHd Oasarrd (Manu
Tena ), KBaplanaTyTi ( LeNeHHTH ), aHJE3UTO-TATHTH ( TPaXUaHOAE3HTH ),
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NpeOHH  JIATHTH-KBAPLJATHTH H  KaBapuiaTHTH-JIATHTH (ILBJIBHHTO-
JFATHTH ), HOTO&a Of JIATHTH, TPAXKHTH, TPAXHDPHOJHTH X PHOJIATH. o

Bynkauckure crenn of Koxyd u Kosjak mmannHa uMaar gajronema
CITAYHOCT, KAKO BP3 OCHOBA Ha MHHEPANOIIKHOT HCTO Taka ¥ BP3 OCHOBA HA
HUBHUOT XEMHCKHM COCTaB, CO CEpHjaTa Ha BYJNKaHCKATE CTEHH Of ByumMm-
BopoBonckrOT pyAeH PeoH, a WITO e BUIIHBO Ha xnacupurkanuonute TAC
mujarpaMu. Pasnmka momefy HHB IIOCTOH BO BpPEMETO Ha CO3[(aBarkeTo,
noneka crenute of Koxyd n Kosjax mnanwsa ce cTBapaHH BO IUIHONEH,
creHaTe Ha DByuum-Bopos [Hon ce cTBapaH# BO TOpPHH ONMIONEH.
Bynxauckure cren o Koxkyd u Kosjak ce excrpysuBHE ( H3NUBHU M
EKCINIO3HMBHM ) HOAeKa BYIKaHCKHTe cTeHH BO Byuum-Bopos Jox ce of
BYJIKaHCKH ¥ CyOBYJIKaHCKH JIO Xunoabucanuu hanuecH, ITO 3HAUH C& BO
TOENHHH JeJIOBY HOANaboKo epoMpPaHH IOTOPHETE BYJIKAHCKY HeTOBH.

IHETPOJIOTHAJA

Ankammure OasantH ( TpaxubaszalnTH ) ce HAJMAIKy KOMHUMHCKH
3acralieHu cTens Ha Koxyd mnanuna. Ce perncTpupasy BO JOKATATETOT Ha
Bapa o m3popummnoT men Ha p. Hucapuna. ITommupoxo Bo THKBEMIKHOT
faceH ce KOHCTATHPaHK CIHYHH CTeHH BO OGONHMTE JIEJIOBH HAa KOTAHHATA
kaj. c. Kopemnuua, Brusy Jemup Kannja, moroa Ha Kapaynyne Ha mator
Herotuno-Ultun, ma xaj c. Jebpumre Gnusy c. Mpsen Opaosel U Kaj
MecHocTa ['abep, cesepro op ¢. BojanunmTe ( Tajuep, 1940, Boes, 1988 ).

Tabeusa 1: XeMHCKH cOCTaB Ha ajkanHuTe 6asanTi
BO paMKHTe Ha Koxydckara obnact

1 2 3

Si0y 50.12 [ 50.75 51.20
TiQ, 0.65 0.58 0.60
ALO; 1670 | 15.86 17.80
Fey 0 1.66 1.58 2.01
FeO 2.39 2.12 2,42
MnO 0.07 0.07 0.06
MgO [ 10.80 | 10.50 11.20
Ca0 442 4.70 4.60
Na,O 3.05 3.12 3.25
K,O 3.51 3.45 3.65
P;0s 0.33 (.25 0.45
H,0 6.37 6.50 3.72
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Basanror op Bapa ¢ TeMHocHBa [0 IpHa cTeHa co mopdgHpcka
cTpykTypa. Marpagena e ox auuesut { co 42% An ), amdubon, SHOTRT K
ayrutT Kako (peHOKpHCTaJIH H KpPHITOKpHCTanecTa OCHOBHa Macd. Of
npunoxkeHuTe xemucku aHannsu { Tabena 1) ce riefa feka e Toa HaznyHa
Kaprna xoja uMa SiO; Bo rpanuuuTe of 50.12 ma ge 51,20% a mcrospemMeno
HMa peNaTHBHO rojieMa cojp:kuHa Ha MgQO, Hajronema coAap:XKHHa Ha
MarHe3uyM Mely BYJIKaHCKHTE CTeHH Ha KoxXyd, Kaxo ¥ 3HaTHa KONHYHHA
Ha ajKalyy, Bp3 OCHOBA Ha IITO chafa BO IPyNaTa Ha anKanHg OasanTi.

AngesuTuTe ce MOPQUPCKH BYTKAHCKH Kaplid KOHCTATHpPAHH Kaj
Crypena Bopga, Tpewren Kamen u Cpepun Pupg ( Boes, 1988 ). Toa ce
CYGBYIIKAHCKHE KapIlH KOM MMaaT HarieceHa NMOPGHUpPCKa CTPYKTYpa BO Koja
theHoKpuCTagHTE Ce NPENCTaBEeHH CO IIATHOKNAc, KOj OfroBapa Ha GasuyeH
aupie3uH fo xucen nabpagop ( okoay 50 % An ), ampubon, OROTHT M ayTHT.

Tabena 2: XeMHCKH COCTaB Ha aHIe3HTHTE
op Koxkytpckara obnacr

1 2 3
Si0; 5094 | 59.75 59.20
TiO, 054 | 056 0.60
ALO; 1630 | 1625 16.80
Fe,03 397 | 3.88 3.71
FeO 1.52 1.48 1.50
MnO 005 | 006 0.06
MgO || 200 1.95 2.12
CaO 733 | 552 5.60
NaO 2.11 2.70 3.10
K,0 083 | 085 0.92
P,0s 045 | 046 0.45
H,0 360 | 635 575

OcHoBHaTa Maca Ha KaplaTa € MHKPO KpHcTalecTa, a Ha MecTra ce
3abesexkyBa B BHTpPO(HpPCKa OCHOBA. XEMHCKHOT COCTABR HAa OBME KapIH
( TaBena 2 ) mokaskyBa JIeKa ce TOoa MHTEPMEIHjAPHH KapIK KOU BO CBOJOT
coctaB umaar of 5920 mo 59.94 % mna Si0s w gexa UMaaT peENaTHBHO
moroneMa konwawHa Ha NapyO Bo opgHoc Ha K»(O, mogexa conp:KmHaTa Ha
AbLO; ce perkH BO rpasuuuTe of 16.25 no 16.80 %.
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Tabena 3: Xemuckm coctaB ( Bo % ) Ha JaTUTHTE M aHJIE3HTO-
JMATHTHTH ¥ CORPKHUHA HAa MUKpOeNieMeHTHTe ( BO ppm ) .

1 2 3 4 5 0
Si0, 60.86 | 58.67 |59.97 |59.68 | 6037 | 60.04
TiO, 0.52 0.71 0.62 0.65 0.62 0.62
ALO, [[1820 [17.81 |17.65 |17.38 |17.53 | 17.61
Fe,0O; |1 4.64 5.51 4.87 4.97 4 88 4.24
MnO_ | 0.11 0.11 0.09 0.12 0.10 0.07
MgQ [1.11 1.50 1235 207 1.18 243
CaO 4.10 5.48 4.45 4.58 4.71 3.32
Na,O | 435 4.05 4.44 4.35 3.83 3.87
K,;O 4.75 471 4.99 4.76 4,94 4.18
P,0s 0.56 0.68 0.73 0.73 0.56 0.16
H,;O 0.80 0.78 0.92 0.72 1.28 1.17

Zn 100 80 100 100 80 90
Mo i 2 1 2 1 1
Ni 20 30 30 20 20 30
Co 20 20 20 20 20 20
Cd 1 1 1 1 i 1
As 13 12 11 10 10 11
Sb 0.9 0.8 0.8 0.9 1 0.9
Se 0.2 0.2 0.1 0.3 0.2 0.1
Sc 10 15 11 12 10 11
Hf 5 6 3 5 5 5
Ta 0.8 0.8 07 0.6 0.8 0.9
Th 31 28 29 30 31 31
U 9 8 7 8 9 9

Rb 180 174 154 181 180 174
Zr 210 200 210 210 190 200

Sr 1170 1100 1110 1030 1120 1100
Ba 1760 1800 | 1850 1750 1850 1800
Cr 25 26 25 26 26 25
W 4 3 4 4 4 3

Cs 41 42 41 42 42 41
La 85 85 93 78 80 81
Ce 157 145 200 210 170 175
Sm 9.1 8.13 11.2 11.1 14.1 13.2
Eu 1.9 2.0 2.1 2.3 2.5 1.9

Th 0.78 0.75 0.74 0.68 1.11 1.10
Yb 1.85 2.01 2.20 2.50 2.70 2.82
Lu 0.28 0.30 0.31 0.32 0.30 0.29

1. NatuTt ox Hobpo [lone

2. latur op Lipza Tym6a

3. Jlatut on Jobpo Ilone

4, JIatut of Kozjak

5. aTur o Kozjax

6. Augesuto-naTuT o Bena Bopa
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JlatuTure ¥ angesuro-jarurare of Koxyd m Kozjak nnanmHa ce
NOphUPCKA  BYJKAHCKE Kaphu { Kanko-alKalHH ) H3TPajeHd oOf
uproMopdHn deHoKpHcTany Ha anpe3nn ( 40-47% An ), carupus, ampubon,
6uoTuT ¥ mipokceH. OCHOBHaTa Maca ¢ MHKDOKPHCTAllecTa M € H3rpajgeHa
Ol MHUKpOJNIMTH Ha IUIATHOKMACH, CaHWAWH, OGuoTHT M nupokceH. Kako
AKUEeCOPHY MHHEpadd ce II0jaByBaaT amnaTHT, HMIMEHHT, PYTHJ, MHPHT,
MarHeTAT. Of IPUIOXKEHUTE XeMHCKH H TEOXEMHCKH aHallM3y ce TIefa JeKa
JATHTHTE ce HHTepMelHjapHU KaplH BO KOH cofpxuHaTa Ha Si0; ce nBixu
BO HHTepBanoT off 58.67 no 60.86 %, a cogpxxmHaTa Ha AlbO3 ce BBHXKM BO
uuTepBanoT of 17.38 mo 1820 %. Tpeba pma ce cliOMeéHe peNaTHBHO
yegHAYEeHATA KOJHMYNHa Ha IJIaBHUTe oKcHau Ha Ca0, Nay(O, K,0 mwTo BO
OCHOBa OBHE Kaplld I CBpPCTYBa BO IpynaTa Ha MOHIOHHTCKHTE Kapiiy,
popexa coppykunara Ha MgO e Bo rpamumuTe Ha 1.11 go 2.43 % mto e
OCHOBHA KapaKTEepHCTHKa Ha Kanko-ankamxure Kapnu ( Tabena 3 ).

JcTpubyuyjaTa Ha MHKPOESIEMEHTHTE H eJeMeHTUTE Off TpylaTa Ha
PeTKHTE 3eMjH ¢ npuKaxkana Ha (Ci. 8). Of npakaxkaHuTe QHjarpaMi Kako 1
Ol HaBEJCHUTE MONATONM 32 COAPKHHATA HA MUKPOCIEMEHTHTE W PETKHTE
semju { Tabenma 3 ) ce ryega feKa BO BYJKAHCKUTE Kapld Of THIOT Ha
NaTUTUTE HMMaMe HarjlaceHa KOHIEHTpallija Ha WHKOMIATHOMIHUTE
elleMEHTH Kako mro ce Rb, Ba, Sr, ogHOCHO, Ha Taka Hapeuyenure LIL
eneMeHTH. FICTO Taka o] NIpHKasKaHWTEe QHjarpaMH MOxe fa ce 3abenexH
nexa He ce 3aGelexXyBa HarlaceH MHHHMYM Ha eypONHYMOT LITO Of CBOja
cTpaHa 300pyBa 3a NpPOLECHTe Ha (PAKIHOHUPAIETO Ha IIPUMApPHHTE
MarMH, OJHOCHO, 33 KapakTepoTr Ha [elyMHHTe Tollera. MHOTy jacHo ce
3aberesysa Jleka BO OBHE Kaplli UMa peJIaTHBHO ODOraTyBame Ha JIeCHHTE
PETKH 3eMjil BO OHOC Ha TENIKNTe, a cyMaTa Ha PETKHTE 3EMH CE ABIKH BO
rpauuiiaTa Ha 280 mnM.

Norn: Chandeits Norim: FRIM
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natuTaTe o Koxydexara obnacr
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Tabena 4: Xemucky cocTas ( BO % ) Ha KBApIJIATHTHTE
¥ COipPKMHA Ha MUKpoesiemenTure ( Bo ppm )

1 2 3 4 5 6

1510, [164.06 |6581 [65.08 [63.16 [62.72 161.97
TiO, ] 0.39 0.43 0.43 057 |0.50 1058
ALO; ||17.86 11672 11704 11662 |17.84 1854
Fe,O; 1302 1290 339 (444 14.12 [382
MnQ [ 0.03 0.05 0.08 1009 10.08 0.07
MgO | 1.44 0.61 0.47 132 10.99 0.52
CaO [3.69 3.12 204 1420 1364 240
Na,O 114.21 4.56 1434 392 14.09 474
K,0 438 14.12 3.84 1426 1477 4.44
P05 10.19 0.39 054 1050 10.54 0.19
o0 0.98 147 1047 1092 1090 1.28
Zn 20 20 20 20 20 20
Mo 1 1 1 1 1 ]

Ni 10 10 20 10 10 i0
Co 10 10 10 10 10 10
Cd 1 1 l I 1 1

As 10 10 10 10 10 10
Sh 0.8 0.7 0.8 0.7 0.8 0.8

Se 0.1 0.2 0.1 0.2 0.1 0.1
Sc 15 15 10 15 15 5
Hf 5 3 4 ) 5 4

Ta 0.8 0.9 0.6 0.7 0.7 0.7
Th 27 28 28 29 28 27

u 7 8 8 7 6 7

Rb 190 210 200 180 190 210
Zr 220 210 220 220 210 220
Sr 1200|1250 {11250 1200 |1250 1250
Ba 1950 12000 {2100 [2100 |1950 | 1900
Cr 20 20 20 20 20 20
W 3 4 4 3 4 3

Cs 40 41 39 39 40 40
La 62 65 66 63 63 67
Ce 140 138 115 120 125 125
Sm 7.3 7.4 6.8 7.1 7.2 7.2
Eu 1.52 1.50 1,38 1.47 1.42 1.54
Tb 0.7 0.7 0.7 0.7 0.7 0.7
Yh 2.0 1.6 1.7 1.8 1.8 1.3
Lu 030 10,39 0.38 0.34 034 1035

Ksapuiaturyre ( JeJIeHHTHTE ) CO IPEOJHUTE BAPUETETH CO JATHTHUTE
Ceé HAjUIMPOKO 3acTalleHH BYNKaHcku creHn Ha Koxyd: xaj Bnaren,
Lony6en, MuajmoBo, Bo momupokaTa oxonuna Ha Jypuna (Yappak, lllapena
i gp.), xaj Ilopra, Bena Boga go Tuncku xBapuyiatuTn ( JEJEHATH } Kaj
Momuna Yyka. OBaa rpyna Ha BYNKAHCKH CTEHH TH CONPKH CHTE NPEeOLHH
BapUETETH OJf JIATATH [0 KBaPUIaTHTH H C& KapaKTePH3Hpa CO JeyKOKpaTeH
THII HA BYJIKAHCKM CTEHH CO NOpdHPCcKa CTPYKTYpa H3IPAJEHH IPETEKHO O]
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(penokpucrany Ha aHgesuH ( ox 3845 % An ) m of caHMHH. 3HATHO
IOMAJIKy BO Maju KOJIHYHHE COpKaT U GoeHn MuHepanu: amubon, BHOTHT
u ayrut. [TocebHO ce youyBa HEIITO MO3TONEMEHa CONPXKHHA HA IIOKPYIeH
upnoMopder amdubon BO HOSNUHHTE THIOBH KBapHAaTHTH-NATUTH Ka)
Bena Bopa, Yapgak, lony6el u Ap. ¥ cO MPUCYCTBO HA IOBEKE CTAKIO BO
OCHOBHATa Maca, MOPagH IITO OBHE CTEHHM WMaaT IIOTEMHO CHBa JIO IpHa
6oja. KeapiiaTiTiTe ce KapakTepeHsnpaaT CO HEIITO 3T0JIEMEHa CORPIKUHA
Ha CHJIMLHYM QHOKCH) O HpHOIMIKHO NONEe/iHaKBa CONPXKHMHA Ha OKCHOHTE
HA aNkajuETe H CO TOMana COJIpPKHHA Ha KajluuyM OKCHE ONKONKY
COOPXKUHATA HA MCTHOT BO JATHTHTE IOPajgy INTO OBHE BYIKAHCKH CTEHH
(xkpapimataToT off MomuHa Yyka) uMaar nokucen Kapaxrep. (Tabena 4 ).

Baka ofpeleHHOT cOCTaB Ha KBapIUIaTHTHTE ja CBPCTYBa OBaa Ipyna
Ha Kaphy BO TPylNaTa Ha AlKaJIHO KaJUHCKHTE KaplM NpH IITO KakKo
pe3yNTaT Ha rojeMaTa KONHYMHA Ha KanlluyM H CHIHUHYM OKCHJ| OBHE
Kaphy [IPECTaByBaaT I[PEOfHH KapmH mnoMely MHTepMe[HjapHATE U
KUCEHTe KapiH. XeMHCKHOT COCTAB Ha OBHe KapilH MHOTY JIECHO MOXKe fa
ce JOBefe RO CKJaJ CO MMHEpPAalOIIKHOT COCTAB HAa MCTHTE, MMEHO OBUE
Kapmi BO OCHOBa Ce H3I'DafeHH Off TJIarHOKJACH, KaducKH QejcnarT,
ambubon u akuecopiu MuHepann. Tpeba fa ce HallOMEHe [leKa ako IO
3eMeMe NMPENBHY CAMO COCTABOT HA OBHE Kapld KOM MoXe Hda ce fodue. co
MHKPOCKOIICKY MCIHTYBala BO TO] CIydYaj OBWe Kapnu O6M Tpebano fja I
ofpefuMe KaKO TpaXH-aHIe3UTH, OFHOCHO, maTuTH. Mefyroa kora Ke ce
3eMe BO IPENBHA XEMUCKHOT COCTAR BEJTHALI CTAHYBA JACHO ieKa OBHE Kapmu
WMaaT BO CBOjOT cocTaB okony 14% Ha HOpMaTHBEH KBapl| KOj KaKo TaKoB
ce IIOBJIEKYBa BO OCHOBHATa Maca, OJHOCOT INIOMefly IUIarHOKJacHTe M
kamuckroT drenperrat e 60 : 40, craHyBa jacHO ieka ce Toa Kapns Koy rpeba
ha ce OfpefaT Kako KBapIyTaTHTH.

Xvani: Chenckite Hore: PRIA

Ruardan  Skvacdan Skt Skerdai Skvardau Olvardat  Olwarelath  Slvardalt  Dhuacatit  Chyarclain
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Cn. 9. JucTpubyudja Ha MEUKPOSIEMEHTHTE U PeTKITE 2eMjH
BO KBapwiatuTuTe of Koxyekara obnacr
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Op npukakaHATe MOAATOLH KOH Ce OXHecyBaaT Ha 3acTalleHocTa Ha
MHUKPOEIEMEHTHTE H elIeMEHTHTE Off FpyIlaTa Ha PeTKATE 3EMjH MOXKe la‘ce
BH[HM [eKa KBaplylaTuTHTe ce oforaTeHu co Taka HapedeHUTe LIL eneMenTH,
OJJHOCHO CO MHKOMIIAaTHORIHATE enement., McTo Taka MOXe Oa c& BHOH
JAeKd BO OBHE Kaplii KHMa I/I'pe.]'IaTHBHO 3roJeMyBame Ha COODPIKHHaTa Ha
JECHHTE PETKY 3eMjH FofeKa BKYNHATa KONHMUHHA Ha PETKHTIE 3eMJH e
ABUKH BO IpaHmuaTa Ha oxony 240 nmM. MHTepecHo e ja ce HamoMmeHe
peNaTHBHO TOlIeMaTa COAPMKHHA Ha apCeH M aHTEMOH BO OBHE KaplH a
cexako Tpeba [a ce CIoMeHe M KOHUEHTpauujaTa Ha HEKENOT H KOGanToT
I0TO Of cBOja cTpaHa 360pyBa 3a KapakTepoct Ha MIabHHCKUOT (yHIaMeHT
BO OBHE Ofipadja.

Ha Cn. 9, e mpukaxana pucTpuOylHjaTa Ha MHKPOENEMEHTHTE H
peTkrTe 3eMji BO KBapIyIaTUTHTE off KoxkydckaTa obnacr.

TpaxuTure W TPAXMPHOIMTHTE ce HaofaaT BO “Haj3allaJHHUTE [EJIOBH,
kaj Kpaguua po GnuzuHaTa Ha Kapaynata Cokxolnl. Tpaxuror of Kpaeuia
{ Apcour no Tajuep, 1940 ), ce nojasyBa BO BHJL Ha HEK Ha ['puKa TEpUTOPHja
BO HelocpegHa OnmsuHa Ha rpapunara. Toa e mnopdupcka pobpo
MCKpHCTaNH3Mpana BYJKaHCKa CTeHa CO MEHEpaleH COCTaB KOj Ce pa3iIAKyEa
O}l NPEeTXONHO OIHIIAHMTE BYNKaHCKM cTeHW. Marpajena ¢ NPETEXHO Off
BazndeH aHNE3HH, alIKaNHH (eafcIaTH:

Tabena 5: Xemucku cocras Ha TpaxuThTe (Bo % ) |,

1 2 3 4 5 6
Si0, 55.82 | 55.81 [55.52 | 5839 |56.16 |60.12
TiO, 0.95 0.86 092 0.93 0.93 0.55
AlLO, [ 1841 | 18.06 | 18.88 | 19.17 [17.76 [ 17.84
Fe:05 |1 5.11 5.26 5.14 3.95 5.06 3.86
MnO I 0.15 0.13 0.16 0.12 .19 0.09
 MgO  § 1.81 1.61 2.01 .88 1.70 1.51
Ca0 5.81 4.76 4.76 4.37 5.07 4.62
Na,O | 4.80 3.53 4.39 5.31 4.38 3.86
K0 374 6.50 6.37 6.10 6.26 5.05
P;05 0.75 0.73 0.57 0.50 0.71 0.36
H,O 1.09 2.26 2.22 I.15 1,38 1.27

1. Tpaxur o Kpasuua

2. Tpaxut o Ao Ilatepuux ( Soldatos, 1955 )
3. Tpaxnt ox AHo ITatepruk ( Soldatos, 1955)
4. Tpaxur op I'pexa ( Soldatos, 1955)

5. Tpaxur op Kpasuna ( Soldatos, 1955)

6. Tpaxur op Kanuna ( Soldatos, 1955 )
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CaHU[IH H aHOPTOKNAcC ¥ KaKo HOeH MUHEpal ce 1I0jaByBa ayruT. Tpaxuture
Ofl MOUBIPOKAaTa OKOJIHHA Ha KpaBulla npefcTagyBaaT KanKo-aJKalHi CTCHH
CO 3rofieMeHa KOJWYWHA Ha ajJKajdHH OKCH[H, CO 3HATHO TIOBeKe KAJNHUCKH
OKCHJi ©Off HATPHCKH{ IIOpajd ILUTC TPaxXHTHTE HMAaaT H3Pa3HTO KalWCKH
kapakTep ( Tabema 5 ). Of xeMucKure aHalrdsy MOXe Ja ce 3abesiexu ieKa
NocTOjaT ¥ NMPEeofHH BapHeTeTH Ha CTCHH a KOH HHe TH HapeKyBMe TpaXd-
PHOJIHTH.

ProsuTHTEe O OKONMHaTa Ha ['pajemiHuiia ce IpejcTaBeHH co
JaBHYHH M3JUBA CO NepiauTcKa cTpykTypa. Op XeMHCKHTe aHaJXH3H
( Tabema 6 ) ce rnefa JeKa ce TOa HAJKUCEId CTEHY, KOM ce IMojaByBaar
sanajguo of wlaHHHaTa Ko3sjak Bo oxonupara Ha c.l'papemmmua. Toa ce
BOEJIHO H NTOCNENHH BYIKaHCKH CTEHH CTBapaHu Bo 3oHaTa Kowxyd u Kozjax
IJIaHWHA.

Tre uMaar nneucroueHcka ( JOIHO KBapTapHa ) crapocT. OBH Kapmu
BO OCHOBa HMaaT PHOINUTCKH CTPYKTYPH, OFHOCHO, BATPOMUPCKE CTPYKTYDH.
HsrpapieHs ce Of CTaklo BO KO€ ce HaolaaT MUKPOIUTH Off (pelAcaTH BO
BHJl Ha CHTHM HIVMUM KOM C& OPHEHTHPAHHM BO IIpaBel] Ha TeYeHmeTO Ha
napaTa. Ha Mecra MoXaT fa ce sabeiexxaT u xpylnHu (PeHOKDHCTaN# Ha
CaHHQHH W TJIaruoKJac Taka Ja Ha MecTa CTPYKTYpaTa Ha OBHEe KapIu ¢
THIMYHO nopdupcka. O XeMHCKHOT COCTaR Ha OBHE KapiH MOXe a ce
3abeNexu JeKa ce THE PesaTHBHO JocTa OBOTaTeHH CO CHIHLIHYM [HOKCHL
yhja KONHYMHa OJf [pyra CTpaHa I'M CBPCTYBa OBME KAapIH BO IpyllaTa Ha
KHCEJITE BYJKaHCKU Kapru. Ylcro Taka oBHe Kapnu ce OOTATH CO alKauu
nocebHO CO KalHyM, @ C& CHPOMAIUHM CO KANLHYM OKCHf| ¥ MarHE3HyM
OKCHE,

Tabena 6: XeMmucku cocras Ha puonuTute of KosxydgcekaTta obmacr

1 2 3 4 5 6
Si0, 7249 17132 17189 | 7339 |72.89 | 71.09
TiO, 0.30 0.30 0.26 0.25 0.28 0.32
ALO; [ 11.22 | 1285 [ 1020 | 946 9.78 13.30
Te, 0, | 6.19 4.95 6.61 8.04 8.04 4.13
MnO | 0.12 0.12 0.12 0.11 .15 (.26
MgO | 0.14 0.22 0.93 0.37 0.25 0.i8
CaO G.78 0.75 0.55 0.40 0.60 (.71
Na, O | 2.87 3.21 2.15 2.32 2.46 3.24
K,0 4.83 4,85 395 3.84 4.31 479
P,0; 0.06 0.60 0.08 0.03 0.07 0.03
H,0 1.08 0.60 3.23 2.18 1.52 1.95

1,2,3, 4,5, 6 - Puonutu o I'paneurHumna
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PekanuTynaiuja Ha MEHEPATHHOT H XEMACKHOT COCTAB Ha
pynxanckure kapna of Koxydexara odnacr ’

Bynxarckute Kapny of Koxydcerara obiacT 0 CBOJOT MHHEPaleH |
XEMHCKH COCTaB TOKaXKyBaaT ONTHa 3ae[HHYKa KapaKTepHCTHKa, a Toa €
FOJIEMATA COOPyKWHA Ha (DENCIATHTE M PEeJIATHBHO MOASJHAKBHOT Of{HOC Ha
IIArHOKJIACKHTE M KAJHCKHOT (DeNfciaT XeMHCKH U3paseH MpeKy BHCOKHOT
IIPOIEHT HA KaJHCKHOT, KAMIMCKHOT W HATPHCKUOT OKCH. KonuiuHata Ha
KaJHACKMOT OKCHJ BO MHOTY CIy4acBH € MoroleMa Off KOMM4MHaTa Ha
HATPHCKHOT OKCHT,

OpHOCOT Ha NNArkOKJIacHTe M KaNHCKHOT beafcnaT Hee cekane UcT
[a 3aToa MMa H JiojaBa Ha TIPEOJHH THIIOBH HAa Kapiii Off alKallHaTa KOH
KaJIKO-AJIKAJHATA CEPHja Ha Kapiid.

Op pmpyra crpaHa kxora BO Tpefpuji Ke ce 3eMe KONMYHMHATA Ha
CHNMIHYM JHOKCHOOT MMame II0jaBa Ha HH3 HA NMPEOJH Off DasHuHu , TpeKy
HHTEPMEUjapHH TIa {0 KHCeIH KapIii KOM 110 CBOjOT COCTAB OJroBapaaT Ha
puonmraTe. KonwynHata Ha SiO;, HCKIyuyBaj'H ro 6azanTCKHOT THI Off
Bapa ( 50.12 % ), ce JBIDKH BO TparMuuTe Of 55.52 % mHa §o oxony 69 % u
HCKIYYUTEIHO BO HEKOH clyyaern ao 73.39 % Ha Si0,.

Tadena 7: OpHoc Ha comp xXHHaTa Ha Si0; ¥ HOpMATUBHHOT KBapll BO
ByJKaHCcKATE Kapnu of Koxydckara ofnact

Jloxanurer THI HA Kapra cojip. Ha Si0, HopwM. xBapy
Bapa HasanTr 50.12 -
Kpasuna APCOHT 56.12 -
TIpua Tymba TPaXHT 58.67 -
JTo6po Ilone JNATHT 60.86 5.73
Bena Bopa AHIEe3UT-IATHT 60.04 8.50
Brnaren aaTuT-( TaTAT 61.77 11.50
Bypuna KBapIiaTHT 61.97 11.90
MowmnHa Yyka KBapLUJaTUT 63.68 12.00
Momnna Yyka KBapHAJATHAT 64.06 13.05
Masgpa IleTxka Tpaxu-pPHOIHT 66.44 16.74
I'paeiranna PHOIUT 69.06 24.87
I'papemauya DHOJUT 73.39 41.26

Tpeba jga ce cIOMeHe AeKa BO IPAMEPOLHTE OF BYJIKaHCKATE KAPIH Off
KoxytckaTa 061acT MHOTY PeTKO MOKe fa ce 3abelleku KBapl| BO PaMKHTe
Ha (peroxpucramuTe. Toj BO HajrojieMa KOJNMUNHA ¢ NOBNEUYEH BO OCHOBHATA
Maca NpH IUTO He ce 3abeneXkyBa IO MHKPOCKOIL TYKY HEroBaTa KONMMIHHA
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ja W3pa3syBaMme KaKO HOPMATHMBEH KBapll cpayyHaT Ha 0asa Ha XCMHCKOT
COCTaB. S

Opyra OwWTHa KapakTepUCTHKa Ha BYJIKAHCKHTE Kapmu  Off
KoXydcKHOT KOMIUIEKC € Taa [eka THe ce O[JIHKyBaaT CO IojleMa
3acTameHocT Ha heICHATH M PEllaTHBHO IIOMajla KONHYMHa Ha 6oeHu
MHHepany, noceGHo MmapokceH, Guotut 1 amdubon. Moxe pa ce KaXke fieka
OBHE KapIlH HMAAT CAlICK! KapaKTep a INTO ¢e MOTBRPAYBa H cO NPHCYCTBOTO
Ha mpexy 70 % HOPMATHBHH (heJfcIaTH KOHM ja M3TpajysaaT KaphaTa.
BKynHaTa KOJMYAHA Ha CAJICKHTe KOMIIOHEHTH ce BHXY HYpH 4 o 95 %
( denmcmata 3aegHo co KBapy ). Bo Tabemata 7, ¢ JajeH OJHOCT Ha
compkunaTa Ha Si0z ¥ HOPMATHBHUOT KBapll BO MOSNUHY THIOBH Ha Kaplx
Ofi ONpPelEeHH JIOKAIHTETH.

Op HaBejeHHTe mopaTouy Bo Tabena 7, Moxke jacHO fa ce 3abenexu
IeKa KOTMYMHATZ Ha HODMATHBHHOT KBapl[ ce 3roNeMyBa oOfejKH KOH
KapIMTe KO MMaaT NOrofleMa KonuyuHa Ha Si0O;, OfHOCHO KOH KapIHTE Off
rpyraTa Ha KHCEANTE MarMaTCKy Kapliy.

HuTepecHo € []a ce BHIH ONHOCOT Ha (PeNfIcHaTHTe MO HOSIHH THIOBY
Ha Kapmu ( Tabena 8).

Tabena 8 : MefyceGHu OJIHOCH Ha HOPMAaTHBHHTE (ENICIATH BO
BylKaHckaTe Kapny off KoxydckuoT KOMIIIeKC

JloganaocT Kapna pop.pen. | Hop.maar. | mop.K-dea | PI/Kf
Kpapnua APCOUT 84.5 27.5 57 32:67
Hynuna () maTAT 80.0 28 52 35:65
Tymba JIATHT 81.0 43 38 53:47
M. Yyka Q natur 80.5 46 34 57 :43
b.Bopa AH. JATUT 75.5 44.5 31 59:41
baaren SIATHT 725 46 26.5 63:37
bapa Dazanrt 67 49 18 73:27

Op mojaToumTe KOH ce NOpHKaskaHM Bo Tabemata 8, MOXKe [ga ce
KOHCTaTHpa JIeKa KONHYMHATA HA KaJHMCKHOT (elciar pacre co
3rONeMyBakheTO Ha BKyNHaTa KONEYMHA Ha peicraTHTe a omara co
HaMasyBakeTO Ha BKyNHATa KONH4YWHA Ha (penpcrnature. Kommuwxara Ha
IUIATHOKJIACHTE OIlara CO 3TOJNEeMYBalkeTO Ha BKYIHATA KOJIHYHHa Ha
denpenaruTe a pacre co onafalmeTo Ha BKyNHaTa KONHYMHA Ha
tdenpanarare. OpHe IPABUITHOCTH BO ONHECYBARETO Ha (enpcraTaTe ce
cexako MMIUIMKAlHja Ha caMaTa IeHesa Ha OBMe KapllM, OJHOCHO, Ha caMara
€BOJIyLH]a Ha IPHMapHATE MarMaTCKA PacTONH.
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Op #pyra cTpada cO 3rojieMyBaibe Ha KOJNHMYHHATa Ha CHIHIHYM
HHOKCHIOT CEe HAMAMyBa KOJWYMHATa Ha (DeMCKUTEe MHUHEpald, OFHOCHO,
KapraTa 3afo0HBa ce noBeKe calcKW xapakTtep. IIpoMeHaTa Ha MOEJHHTE
KOMITOHEHTH BO 34BMCHOCT OJf NpOMEHaTa Ha COApXKHHATa Ha CHIMIMYM
AHOKCHNOT € MIYCTPUpaHa RO HapejHuTe [Hjarpamy .
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Cn. 10. Kopenarages gujarpam nomefly coppskunara Ha Si0; 1 TiO;
3a ByzIKaHcKuTe Kapnu of Koxydckara obnacr

Op Cn. 10, Moxke jacHO fa ce 3abeneXd HaArJaceHWOT TPEeHJ Ha
onarameTo Ha cofpxuHaTa Ha TiO; BO 3aBHCHOCT O} 3roJIEMYBamkeTO Ha
coppkuHaTa Ha SiO;, ONHOCHO, OfejKH Of KapiluTe KOH MMaaT DazmueH
KapakTep Kajle cogp>kuHara Ha TiO; e morosema, XOH KapnuTe KOH HMaaT
OK#CeNl Kapakrep coApxuHaTa Ha TiOz KOHCTAaHTHO <e HaMamysa.
3roneMeHaTa konmumHa TiO; Bo OasuuynuTe YICHOBH Ha OBaa CEpHja Ha
BYJIKAHCKY Kapli € NOCHefuUa Ha I[OTONEeMOTO IPHCYCTBO Ha GoeHu
MUHEpaN} BO OBHE KapId.
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Cn. 11. Kopenatusen gujarpaM noMery coppskunaTa Ha 810, 1 Al,O3
3a BynkaHckure Kapmu of Koxydcekara obnacr
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Op Cn. 11, Ha Koja e JiaieHa KopelaTHBHaTa 3aBHCHOCT ToMel'y CORPXKUHAaTa
Ha SiO, m copp:kuHaTa Ha AlO3, MoXe fa ce BHJHU [ieka COApKUHATA Ha
Al;O3 e paTHTBHO KOHCTaTHTHA BO 3aBHCHOCT Off IIPOMEHATa Ha CONpIKAHATA
Ha S$i0; ce Mo XapuuTe KOM EMaaT OKony 65 % Ha SiOs, jjoleka BO KapuuTe
Ol PHOIIMTCKATA IPyIia CORp¥KuHaTa Ha Al,Os Harmo nafa co 3roJeMyBameTo
Ha cofdpxuHaTa Ha S5i0;, IITO € BO OCHOBA NOCHEAMIla Ha HaMalleHaTa
KOJIHYHHA Ha (peNACcHaTy BO OBHE KapHH.
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Ci. 12. KopenaTrBeH gujarpam noMely coppsxkusaTa Ha Si0O; # Fep03
3a ByJIKaHCKHTe KapnH of Koxydckara obnact

Op Cn.12, Ha Xoja e IpUKaXKaHa KopelardBHaTa 3aBHCHOT noMmefy
conp:HHaTa Ha 5i02 M COIp KHHATa Ha BKYITHOTO JXeJjie30, MOXKE fa ¢ BHIH
IeKa He TIOCTOM HEeKOoja HarjiaceHa KOpIEeaTHBHOCT mnoMely OBHe [Be
KOMIIOHEHTH BO ByJIKaHCKuTe Kapnu off Koxyd.
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Cn. 13. KopenatuseH gujarpaM noMerl'y conpskuaaTta Ha Si0O; n MgO
3a ByakaHckuTe Kaprm off Koxydcekara obnacr
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Op Cn.l3, Ha Koja e IpuKaKaHa KopellaTHBHaTa 3aBHCHOCT NMOMely
S5i0; m MgO, Moxke fa ce 3abesiexXn ieka co 3roJIeMyBabe Ha COp>KMHAaTa Ha
510, ce Hamanysa coppxkupaTa Ha MgO, IITO ¢ BO OCHOBa IIOCIETHIEA Ha
npoMeHaTa Ha MHHepaJ’EHIfIOT cocras " HpOM@HaTa Ha KapaKTCpOT Ha
MarMaTcKHOT pacToll 3a BpeMe Ha NPOLEeCHTe Ha U eperIRjanuja.

Knacudukannja Ha ByJIKasckuTe Kapiuy of Koy cKHOT KOMILIEKC

Knacaukannjata Ha Bynkaeckure creHn Ha Koxyd u Kosjax
IIIaHKMHA € H3BpIIeHa Bp3 ocHoBa Ha TAC gmjarpamor ( Ci.14 ).

Le Maitre 1989 (fig B.14)
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Cn. 14, Knacmdukandja Ha BYJIKaHCKHTe Xapuu o7 Koxydcekara
obmacT La Maitre, 1989

Op npunoxenuor gujarpaM ( Cm. 14 ) ce rnega geka Man 6poj Ha
aHaJM3WPAaHN BYJIKAHCKM CTeHH IafaaT BO MOJIETC Ha aHJe3sUTHTe, KOH
IMaaT cybankaneH xapakrep. [logekero off HofaToONUTe, KOU & OfHECYBAaT
Ha XeMH3MOT Ha KapIHTe, cé IUIOTHpaaT BO IIONEeTO Ha JNaTHTHTE ¥
KBapIIATHTHTE (KallKO-aJKalHI CTeHH ) CO NpPEeOf BO TPaxwTH ( alKaIHH
CTEHM ) KaKO M HajKHCENH BYJIKAHCKH CTEHH KOH Ce IIPOEKTHpaaT BO
IIOJIETO Ha PUOIHTHTE.

On Cn. 15, Ha x0ja e IpuUKaxKkaHa KiacH(MKaLHjaTa HA BYJIKAHCKHUTE
kapnu of Koxydckara obnacr Ha 6Ga3za Ha coppxuHaTta Ha Si0; u KoO,
MOXKE fa ce BIIH IeKa BO OBOj CIy4aj cTaHyBa 300p 3a KaplW KOH npunaraaT
Ha TpylaTa Ha BHCOKO KaJHMCKHTe KapmyM M JeKa caMO aHJIe3uTHTe ce
INIOTHPAaT BO MOJETO Ha HHCKO KalUCKATE KapH.




HeTposorija 175

Le Mailre 1989 (lig B.15)
5 ——— v
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Ca. 15. Knacudukanuja Ha BynkaHcKHTe Kapiu off KoxydckaTta oGmact
Ha ba3za Ha compkuHaTa Ha Si0; n K0 ( Le Maitre, 1989 )

Fe(*

Frvine & Bavagar 971 (fig 2)

Tholeiitic

Cale-Alkaline
A

Na20 + K20 MgO

Cn. 16. A-F-M gujarpaM 3a ByIKaHCKHTE KapIy Of
Koxyekara obnacr ( Irvine and Baragar, 1971)

On npukaxanute pgujarpamum Ha Cin. 16, uw Cm 17. Moxe na ce
3abeneKu ileKa ByNKaHCKETe Kapmu off Koxkygcekara obnact npunaraar Ha
cepujaTa Ha KaJKoO alKaJHHTe KaplH H feKa THe II0 CBOjOT KapakTep ¢e
Ipeo[HHA Kaply oMely rpynaTa Ha cybaaKamHUTe H aNKalHHTE KapI.
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Irvine & Baragar 1971 (fig 3)
20 T 3 T T [ T

Alkaline

N2d + k20 (wt %)

SubAikaline
1 t 1 1 ] i 1 |

35 40 45 S50 65 70 15 80 85

55 60
Si2 (wt %)

Ca. 17. 8i02/Na;0O + K70 nujarpam 3a BYJKaHCKHUTE Kapld Off
Koxydcekara obnacr ( Irvine and Baragar, 1971}

MHUHEPAJTOTHJA

XeMHCKHOT COCTaR Ha IVIABHHTE MHHEpPajHH ¢asd € ofpelyBaH co
IIOMOLI Ha eIEKTPOHCKA MEUKPOCOHNA IPH HITO € BOJEHO cMeTKa la GHfaT co
HCIUTYBaka 3aaTeHH CKOPO CHTE TUIIOBH Ha BYJIKAHCKH KapIld.

Co oBHe HCHHTYBaka € OfpelcH XeMHCKHOT CcocTaB Ha CJIelHHTe

MUHepaJHu a3y  qarnoxiack, Kamuekw  (enpemary, amdpudonn,
MHPOKCEHH M JIKCKYHH.

Ha ocuHoBa Ha HOGI’IBHPITB nopaTolx OfF HEBPIJ.EGHHTC HCHHTYBHI—L&
( Tabena 9, 10, 11 u 12) MoxKe jja ce 3aKIyYH CIENHOTO!

IInargoxiacuTe BO OBHE KapIM Ce II0jaByBaaT BO HEKONKY BLJa H TOa:
30HAPHE, JlaMeNapHO TOMUCHHTeTcko Omusumetu. Kaj  3oHapHHTe
IUIATAOKNIACH Ce OfpeleHH ABa THIa Ha 30HamHocT ¥ T1oa ( Cm. 18 u 19 ):
Hopmanua, OFHOCHO, COfp:KMHAaTa Ha KalIMyMmMOoT onafa ofejkH Of
LHEHTpalHATe JEeJOBY Ha 3pHaTa KOH nepudepHjarta, onara CORpKUHATA Ha
aHOpPTHTCKaTa KOMNOHEHTAa a Kako pesyNTaT Ha Toa Cce 3rolleMyBa
COPIKWHATA HAa OPTOKNAcHaTa KoMIoHeHTa. IHBepCcHA 30HATHOCT, OJHOCHO,
nepHQEepHAUTE MEeJIOBH Ha 3pHAaTa ce NobOa3W4YHH BO OJHOC Ha IEeHTPANHHTE

nenosu. OBOj (peHOMEH € HOCHeNHIA Ha KPUCTajdu3aluujaTa B crabuiHoCTa
Ha xopHbneHpaTa.
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Bo Tabenata 9, e nprKakaH XeMHCKHOT COCTAB Ha IINar¥oKIacuTe of
ByNKaHCKMTe Xapiy Ha Koxyd.

Tabena 9: XeMHCKH cOCTaB Ha IIarAOKIACHTE Of] BYJIKAHCKHTE
xapnn Ha Koxyd [nanuna

3pHo 1 3pHO 2
25 26 27 34 35 36
§5i0, 60.15 59.12 58.51 59.85 58.59 57.29
TiO, - - - - - -
ALO; 25.99 26.03 26.64 2587 26.82 28.02
FeQ * 0.14 0.15 0.14 0.14 0.14 0.15
MnO - - - - - -
MgO - - - - - -
Ca0 4.98 6.21 7.22 5.97 6.41 7.55
K,O 0.81 0.56 0.46 0.63 0.53 0.43
Na,O 8.12 7.93 7.03 7.58 7.51 6.56
p 100,19 1000 100.0 100.0 100.0 100.0
BKynHoTO Fe e npuxaxano kaxo FeO
36Hp Ha jOHUTe 3a ocHOBa off 32 (Q)

. 25 26 27 34 35 36

3 Si 10.667 10.72 10.72 10.66 10.54 10.24

Al 5.436 5475 5.603 5422 5.637 5.890

n Fe 0.020 0.020 0.020 0.020 0.020 0.020

L K 0.183 0.127 0.104 0.143 0.120 0.120

' é Na 2.948 2.744 2432 2.613 2.597 2.269
Ca 0.948 1.189 1.383 1.139 1.227 1.446
Z 16.12 16.04 16.06 16.08 16.10 16.13
X 3.93 4.06 3.92 3.89 3.94 3.83
SifAl 1.96 1.96 1.91 1.96 1.87 1.74
Or 4.48 3.12 2.65 3.67 3.04 2.57
Ab 72.27 67.58 62.05 67.08 65.84 59.50
An 23.25 29.30 35.30 29.25 31.12 37.93

25. Hen ua 6aznuen onuroxnac  34. Hen na GasnueH OIHIOKIAC
26. Hen wa Gazpven onuroxnac 35, Jen Ha aHEesHH
27. Hen wa angesus 36. Ilen na anme3ntH

Amdubonor Bo BynkaHckuTe xapmu of Koxyd I[lnanmna e
ImpejcraBeH co XopHONeHja Off THIOT Ha MarHe3Mo XecTWHrcuT. Bo
Tabenara 10 e mnpuKaxaH XeMHCKHOT cocTaB Ha aM(pHuOGOIOT BO
BynxaHckuTe Kapmu of Koxyd. Mukpockonocku Toj ce nojarysa Bo fobpo
PasBHEHM LPHH KPUCTAIN CO U3pa3eN cTonbyecT XabHTyC U CO FONEMHHEA [I0
2 ¢em ( Cii. 20 ). BornaBHo ce IojaByBa BQ CAMOCTAITHA HHIMEHAYH a BO HEKOU
cnydad K BO BHJ Ha Omusdany. IIpouecnre Ha MarmarTckaTa pecopriiija ce
TIPHCYTHHE W TIpH TO ce (hOpMHEpa TaHOK ONALNTCKY pab off MarHeTHT X ayrut.
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Tabena 10: XeMucku cocTaB Ha aM(hHOOIIOT Off BYTKAHCKUTE
Kapnd Ha Koxyd [Inauuna

Ipro 2
43 44 45
8i0, 44.70 4184 [ 41.60
TiO, 0.95 1.38 1.32
ALO; [[9.62 1037 {10.30
FeO* | 1645 1773 11719
MnO [/ 039 0.39 0.34
MgO |/ 1129 1076 | 9.96
Ca0 11.83 1162 [ 1118
K;0 1.16 1.41 1.40
Na,O | 1.64 1.73 1.97
) 98.04 97.59 | 95.26
[H0 [1.96 241  [474 |

H,O e gopageno go 100 %
BKYIHOTO Fe e npakaxano kako FeQ

30up Ha joHHTE 33 OcHORa off 23 (0)

Si 6.685 6.374 6.476 T

AV | 1315 1.626 1.524

Al | 0.377 0.297 0.363

Ti 0.106 0.157 0.154 M,

F83+ - - -

Mg | 2.532 2.459 2.326 M

Fett || 1936 2.037 2.113

Mn | 0049 |-0.050 0.044 M;

Fert || 0115 0214 0.117

Mn - - -

Ca 1.885 1.786 1.865

Na - - 0.018 My

Ca 0.010 0.110 -

Na 0.474 0.274 0.575

K 0.221 0.510 0.278 A
T 8.00 8.00 8.00

‘C 5.00 5.00 5.00

B 2.00 2.00 2.00
A 0.705 0.894 0.853
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JIMcKyHHTE ce NpEefcTaBeHH cO OMOTHT KOj ce Tl0jaByBa BO BHJ Ha
JIECTOBH CO H3pa3eH NceypoxekcaroHaneH xabmTyc. Bo npecemute xou ce
mapaielnHH co KpucTanorpadgckara ocka " ¢ ' ce pasnukysa of amduboior
MO KapaKTEePHCTHYHHOT INeoXpou3aM. Bo mpecenyuTe KOM ¢ HOPMANHHE Ha
Kpucranorpadcekara ocka " ¢ " € NOTIIONHO TEMEH.

KonuurHcKY e 3acTalled NOMANKY Of aMpubonIoT.

Tabema 11 ro mnpuxaxKyBa XeMHCKHOT cOCTaB Ha OHOTHTOT Of
BYJIKAaHCKHTe Xapnu Ha Koxyd.

Tadena 11: XeMucku cocTag Ha OHOTHTOT Off BYNKaHCKUTE
kapny Ha Koxyd Ilnaunna

3pHO 5 3pHo 6
82 83 81 79 25 26
Si0, 34.81 35.54 35.65 32.91 34.86 34.31
TiO, 4.26 4.34 4.14 4.41 4.56 4.69

AL O, 14.88 14.69 15.15 14.93 14.91 15.06
FeQ * 16.24 15.95 16.46 15.90 14.90 15.14

MnO__|[0.22 022 017 1023 023 0.20

MgO [ 15.61 1564 1490 [1577 1617 ]1574

Ca0 - - - - - -

K,0 |59 592|480 [816 [917 9.10

Na,0 ] 0.51 045 1052 [055 [033 0.66

5 92.49 9275 9179 [ 9286 | 9513 | 94.90
[H0 751 725 [821 [714 [487 5.10 |

H,0 e pogapeno mo 100 %
BRynHoto Fe e npukaxano kako FeQ
36Hp Ha joHHTe 32 OcHOBa off 23 (O,0H,F)

82 83 81 79 23 26
Si 5.571 5.650 5.693 5.344 5.495 5.439
Al 2.429 2.350 2.307 2.656 2.505 2.561
Al 0.372 0.397 0.539 0.196 0.261 0.247
Ti 0.511 0.517 0.495 0.537 0.539 0.557
Fe 2.166 2.113 2.190 2.157 1.957 2.000
Mn 0.029 0.02% 0.023 0.031 0.030 0.026
Mg 3.747 3.729 3.569 3.841 3.823 3.743
Ca - - - - - -
K 1.217 1.201 0.978 1.691 1.845 1.841
Na 0.157 0.138 0,160 0.172 0.100 0.202

[IpolecnTe Ha MarMaTcKaTa PEeCcOpHIMja C& HCTO Taka HPUCYTHH M
KaKo IPONYKTH ce N0jaByBaaT, MaTHeTHT, ayruT u Xopubuenpa ( Cir. 21 ).
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[TupokceHoT BO OBHE Kapiy ¢ HajMalKy 3acTallel BO OJHOC Ha
ApyruTe GOCHH MHHEpanTM M TOj € IpEJCTaBeH CO ayIHT, KOj BO HEKOH

CiyvJaeBHd 1o CBO_]OT XeMH3aM ce HO6JII/I}KYB3 KOH CalIUTOT.

Ce nojasysa BO BHjl Ha Maly aJOTPHOMOpPKHM 3PHA & HOPETKO ¥ BO

BH]] Ha HIHOMOPgHY XpUCTanu co 3eJeHKacTa boja 1 6e3 nneoxpousam.

Mma jacHo M3pa3seHa LEMIMBOGT MTOT aroll Off 86 CTeNeHu H ¥Ma BHCOK

penjed ¥ xxkuBu HHTepthepenuckn Gou ( Cn. 22 ).

Bo Tabenara 12 ¢ mpukaXkad XeMHCKHOT COCTAB Ha IIMPOKCEHOT Off
ByIKaHCKuTe Kapnu Ha Koxyd.

Tabena 12: XeMucku cocTas Ha IMPOKCEHNUTE Off BYJIKaHCKUTE

kapnu Ha Koxyg IIraHuHa -

3pHo 2 3pro 3
Gl 61 62 56 57 58 59
Si0, 49.41 47.31 48.43 48.24 49.44 46.52 48.23
TiO, 0.29 0.41 0.30 0.29 0.27 0.31 0.25
AlLO; 2.08 2.57 2.15 1.97 2.00 2.29 2.04
FeQ * 9.57 9.57 9.57 8.69 8.87 9.02 9.63
MnOC 0.42 0.40 0.36 0.41 0.48 0.33 0.48
MeO 13.99 13.52 13.62 14.18 13.64 14.04 13.94
CaQ 25.33 25.62 25.45 26.11 2517 26.06 25.71
K,0 - - - - - - -
Na,O 0.78 0.66 0.79 0.62 0.7 071 0.62
3 101.87 100.0 100.6 100.5 101.5 0028 100.9
BKYNTHOTO Fe e nipAakaxaHo Kako FeQ
36Mp Ha joHMTe 3a ocHoBa o 6 ( Q)

6{) 61 62 56 57 58 59
Si 1.851 1.814 1.841 1.833 1.869 1.800 1.832
Al 0.091 0.116 0.096 0.088 0.089 0.104 0.091
Al - - ~ - - - -
Ti 0.008 0.011 0.008 0.008 0.007 0.009 0.007
Fe 0.298 0.305 0.303 0.275 0.279 0.297 0.305
Mn 0.013 0.013 0.011 0.013 0.013 0.011 0.015
Mg 0.786 0.777 0.776 0.808 0.773 0.815 0.794
Ca 1.016 1.052 1.036 1.063 1.019 1.080 1.046
K . - - N _ R -
Na 0.056 0.049 0.058 0.045 0.049 0.053 0.045
Mg 37.43 36.41 36.69 37.65 37.32 37.28 37.01
Fe 14,19 14.29 14.32 12.81 12.47 13.31 14.22
Ca 48.38 49,29 48.99 49.54 49.21 4941 48.77
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U30TOIICKA CTAPOCT

Opperbara Ha H30TONCKATa CTAPOCT Ha TEPIUEPHHOT MarMaTH3aM BO
Peny6nuka Makeonnja ¢ HanpaBeHa cO mpHMeHa Ha MetofaTta Ha K/ Ar m
IpH Toa ce fOoOHEHH TIOMAaTONTE KOU Ce MPUKaXKaH BO Tabenara 13. Hero
TaKa BO OBaa Tebana ¢ NpHKaskaH ¥ OFHOCOT Ha 878r/*sr

Tabena 13: M3oTomcKa cTApOCT HA TEPUMEPHUTE MarMaTCKy Kapiiy Ha
nogpayjeto Ha Penybnuxa Maxepgonuja (Boes u gp., 1993)

Joxanuoct Tun Ha Kapua Agein Ma | Vsr/%sr
Koxyd JlaTaT 1.8£0.1

Koxyp JlaTuTt 50£02 0.708546
Koxyd Kgapragatur 65+02 0.709019
Koxkyd AHJE3nT 48+0.2

Byuum Jartur 24.6:£2.0 0.706928
Bopos Hon AHgezaT 20.0+3.0 0.706857
HNamjax Aupesur 28.6+0.6 0.706633
3JeTOBO KBapiyiataT 26.5% 2.0 0.706318
3neToBO Jatur 24704

3neToBo MoHNOHKT 21.9+04 0.707770
Caca AHYE3UT-TIATHT 140:+£3.0 0.710641
Caca KBapuiaTHT 24.0£3.0 0.710244

Op uHaBejeHHTe KONATOIM jacHO MOXKe @Ha ce 3abenelku fAeka
H30TOIICKATa CTApPOCT Ha TepIHepHHTE BYJIKAHCKH M HHTPY3UMBHM Kapiu ce
IBICKE BO rpaHuuuTe of 1.8 ma mo 29.0 MHNMOHM IOMMHU BO 3aBHCHOCT Of
TO2 3a KOj JIOKanuTeT cranyBa 360p. HajMnaga MarMaTcKa aKTHBHOCT
uMame Ha nofipadjeto Ha Koxydcerara obnacr ( Jyskna Makenonnja ) Kage
MarMaTcKaTa AaKTHBHOCT 3aM0YHYBa Ha TrpaHMIaTa NHoMefy MHOHEH H
ITHOLEH a 3aBpIIyBa BO KBaprap. Kapns co HajroieMa H30TOICKA BPEJHOCT
umame Bo obnacra Ha ByunM-BopoB [Jon Kaje MarMaTckaTa aKTHBHOCT ce
OJBUBAJIa 32 BPEMETO Ha OJIHTOLCH.

Op npHKaskKaHETEe BPEHOCTH 33 H30TONCKUOT OJHOC Ha 8751/ %581 Moke
[ia ce BHAM HeKa THe ce Haolaat Bo rpanuuure oy 0.706318 na go 0.710641.

Ha synxanckure xapiu of Koxydcekara obiact ce HallpaBeHH focera
BO IOBeKe HaBpaTH, HAlIOpH Jla ce OfpefH HHBHATa CTapoOCT, OOHOCHO, [a Ce
OIpefM HEBHOTO MECTO BO NOMIMPOKHOT FEONOIKH CKIOM Ha OBaa Mofpayje.
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IlpBuTE pa3sMHCIyBamka 3a CTApOCTAa Ha BYJKAHCKUTE KapIX Ha
Koxyd tu cpernyBame Bo Tpyposure Ha J.LlIsmjuk ( 1906 ), xame Toj
360pyBa 3a BaJyTOLWre Ha epIYTHBHHTE XapnM KOH Cce HaolaaT BO
HEOTeHHTE e3epcky cefaMerTH. Bo oBue crou Tpynos# J.IIBHjHK 3aKnyvyBa
IeKa aHAesuTCKuTe epymuuu Bo pamiutre Ha Koxydcekxata obnacr ru
npoGusaarT KpefHATE BapOBHHMIM H Jexka IO CBOjaTa CTapocT THE ce
HAJBEPOjATHO TIOCNE KPEeHH ¥ Toa BO rojieM Aell MOCTAPH Off THKBELIKHOT
HEOTEH.

Bo crouTe ucrpaxysaiba B.Pagopanornuk ( 1930 )ru msHecysa cBOHTE
3aKJIyYOIM BO OHOC HA CTAPOCTA Ha BYNKAaHCKHTe Kapnu Ha Koxydcekara
o6NacT ¥ NPUTOA 3aKIY4yBa NeKa NPORYKTHUTE Ha BYJIKAHCKATa AKTHBHOCT
ce JAaKyCTPUCKH CHHXODHH CO HEOFEHHTE CEUMEHTH.

®.KocMmar ( 1924 ) Ha ocHOBa Ha CBOUTE MCTPAXKYBatba HA TEPEHHUTE Ha
coceHa I'pumja 3akiyuyBa feka cTapocTa Ha BYJIKAHCKHTE KapHu Ha
KoxydpckaTa o6IacT € MHOHEHCKA.

T.WBanos ( 1960 ), Bp3 0a3a Ha CyNepneo3HUHOHWTE ONHOCH Ha
BYJIKAHCKUTE arIOMEPATHBHU TY(HOBU M HEOTEHUTE €3€PCKH CEJHMEHTH BO
YHj COCTAB BO HAJTOPHMTE JENIOBH € [IpOHajjeHa INKEPMH (hayHa, 3aKIy1yBa
Nlexa BYJIKaHCKHTE Kapili HajBepojaTHO HMaaT IOHTCKa CTapocCT.

Ha 6a3a Ha ucTpaxKyBamara Ha nonenure J.Mersier, Sauvage, J ( 1965 )
3aKJIydyBaaT fAeka ByJIKAHCKAaTa aKTHBHOCT BO KoxydckaTa obnacr mMa
ILIAONEHCKA CTapocT.

Onpenmen 6poj Ha Mepera Ha W30TOINCKATa CTapOCT Ha BYIKAHCKHTE
Kapnu of wianubata Bopac ( Koxyd ) so I'puyja r'm faBaaT clIeJHHTE
peaynraTi ( Tabema 14 ):

Tabena 14: i3oToncKa cTapocT Ha BynkaHckuTe Xapnn off Koxyd Ha
TepuTopHjaTa Ha Ipugja ( N.Kolios et all, 1980 )

Kapma K% | Ard0/grKx10”° | Ar40 % r | my

JaTtar 5.87 1.98 41 50£02
Ksapunatur 3.12 1.84 68 4602
Krapunatur 9.04 1.81 49 4.5£0.2
KpapniaTur 8.91 1.79 55 45£02
Krapmiaatur 7.00 1.76 45 44£0.2
JJaTur 6.44 1.72 21 43x02
Jatur - 8.01 1.60 42 40+0.2
Jarnt 4.65 7.50 10 1.910.1
Jarur 7.35 2.96 20 1.840.1
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Bo 1988 roguna off crpaHa Ha B.BoeB ce H3BpilieHy OlpeleHl Mepetba
Ha H30TOHNCKATA CTapOCT Ha BynkaHckuTe Kapnu of Koxydgcekara obnact u
IpHTOA ce fOOHEHH TOJATOLMTE KO ce NpuKaxasu Bo Tabenara 15 :

Tabena 15: M30TOICKa CTAPOCT Ha BYIKAHCKUTE KapITH
o Koxxydcekara obnacr ( B.Boes, 1988 )

THI Ha Kapna g || K% K40 gz Ar % Ar40cm3 Ar40g/g Ar40 /K40 gfg | my.
AOKaNHTeT %100 x10° X107 %107

JaTHT Of 436 | 5.08 3.0 0.84 1.50 0.29 5.0
Bantora Yyxa 3.0 0.76 1.36 0.27 47
JarTur- 255 | 3.04 20 0.64 1.14 0.38 6.5
KBapINISaTHT 07 3.0 0.64 1.16 0.38 6.5
Bacor Fpan

Op crpana Ha Lipolt and Fuhrman, 1986, ce H3BpLUeHH OfpejeHM
Meper-a Ha BYJIKAaHCKH MaTepHjalid Koy INOTEKHYBaaT O] XHIpOTepMalHaTa
30Ha Ha HaofaNMINTeTO AMIIap H NPHTCa ce NoCHeHW NOJATOLHTE KOM Ce
npekaxauy Bo Tabenara 16.

Tabemna 16 : Crapoct Ha BYIKaHHTHTE O] XEAPOTEPMAIIHATA 30HA
Ha Amuap (Lipolt and Fuhrman, 1986)

Kapia MEHepaJ K% Ay {cem/g) x 10° M ar atm % M.Y.
Tyd oroTHT 519 0.83 80.4 4.140.7
dgengenar 1.55 0.28 63.0 4.630.4
Tyd BHOTHT 7.04 121 522 44104
dengenaT 5.90 1.01 51.7 44405
ot 4.07 0.80 T8.5 51+19
Aupgesnr denpenar 1.18 0.22 78.7 4.8+1.9
Oc. Maca 5.62 0.86 252 39402

Ha 6a3a Ha mogaronure KOH ce [JoOMEHM CO H3OTOICKUTE
HCTPaKyBaHa Ha CTApOCTa Ha ByaKaHckuTe Kapnu of Komxydcekara obract
MOXe @a ce 3aknyyu peka: CrapocTa Ha BYJIKAHCKHTE KaplmH Of
Koxydckara obrmacT Bo nenocr ce Haofa BO MHTepBanoT of 6.5 mo 1.8
MHJIHOT TOJIHHM, IITO BO OCHOBa OH 3Hadyeno peKka cTaHyBa 30o0p 3a
IIONEHCKATa CTapocT, CO HANOMeHa feka HeKOH AudepeHnHjaTH #MaaT
RYPH U IOJIHO IeJUCToleHCcKa cTapocT. Tpeba fa ce cmoMeHe JieKa Off cTpaHa
Ha Troesh, Frantz, Lepitkova ( 1995 ) ce HaBegyBaaT MONAaTOIM 3a CTapOCTa Ha
cybBynKaHcKaTa (haza BO Haofan#mreTo AJap Koja CTapoCT OfroBapa Ha
MuoneH ( 12.1 MUIHOH TORHHEH ).
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T'EHE3A HA BYJIKAHCKUTE KAPIIH O KOXY®CKATA *
OBJACT

OnpefieHy 3akiydyBaha KOH ce OJHECYBaaT Ha OBO] mpobiem
cpeTHyBame BO Tpymomure Ha B.Boes (1988), xame Toj 36opyea 3a
HOTEKJIOTO HAa MarMuTe Of KoM ce (popMHpaHH BYJKaHCKHTE KaplM Ha
Koxyd. Tyka TOj MarMaTCKUTe OFHHIUTA I'M JIOUHEpa BO IPaHHIHOTO
nofgpayje noMel'y KOHTHHEHTANHATA KOpa i 00BHBAKATA U IPUTOA HABENyBa
7 HH(hOMAIEAH 32 U30TONCKHOT OJHOC Ha 5781/%8r co KOj ja IOTBpAYBa OBaa
TEOPHja.

Co [JopaTHHMTE HCTPaXKyBama KOH C& HANPAaBEHH BO TOCHeIHHTE
roguni ( Jlemmtkosa, 1991 ) Bo ocHOBa ce NOTBPJEHH TEOPETCKUTE
pasMEciIyBarba Ha B.BoeB, a KOH ce OffHECYBAAT Ha NIOTEKIOTO Ha MArMHATE
ol KOH ce hopMupale BYJIKaHCKHTe Kapid Bo Koxydcerara BylIKaHCKa
obnacr. UMeHO OfpeeHuTe BPERHOCTH 32 H30TOICKHOT OJHOC Ha 875e/%08r
ce pBIsKaT Bo rpammuTe Ha 0.708568 1 ce MHoTy 6mucku co onme Koj b.Boes
(1988) ru HaBefyBa 32 BYJIKAHCKHTE Kapmy off nnanuHaTa Koxyd.

Ha Cn.23. e npuka)kaHa NOBP3aHOCTa Ha BYJAKAHCKUTE KapHH OF
KoxydhckaTa 061acT €O IOEJUHATE FeOTEKTOHCKM MOApadja BO KOH e
cTydyBaaT OfpelcHH MarMaTcku mnpouecd. Of 0Boj mujarpaM MoXe fla ce
BUAM [eKa IOJATOIHUTE KOH ¢e& OHecyBaaT Ha BYJIKAHCKUTE Kapiu Of
Koxydcekara obigact ce mnOTYpaaT BO TOJNETO Ha KOHTHHEHTANHHTE
mroyecTH GasanTy, Wi Taka HapedyeHHTe Within plate basalts.

Pearce & Nurry 19749 {fig 3)
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B: Island arc basaits

10 C: Mid-oeean ridge basalts
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Ca. 23. IloBp3anoct Ha BynkaHckuTe Kapmk off Koxydcekara ofnact
co noeuHn reotekToHcKH 30HH (Pearce and Norry, 1979)
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On oBaa xoHcTaTaugja 61 Tpebano ga ce Tprie Bo 06jacHYBAKETO Ha
NpollecHTe BO KOM ce (popMmHpane ByJIKaHCKHTe Kaprmu of Koxydgcekara
obmacr. Tpeba pa ce HamoMerme peka QopmupameTro Ha CFB
(KOHTHHEHTANHATE IMaTO (a3alTH) e NOBP3aHO cO €BONyIHjaTa Ha
KOHTHHEHTAIHUTE PUGPTHH mojpadja. Bo cBeTIOTO Ha pPasBOjOT Ha OBHE
CTPYKTYPH KOH C¢ NMPHCYTHH BO XOHTHHEHTAMHATE NOApayja Ou Tpebano ga
ce nobapa ofjacHyBameTO Ha reHe3aTa Ha MATMATE Off KOH BO NIPOLECHTE Ha
KOHCOMMaumjaTa ce dopMapalie BylkaHcKHTe Kaprnu Bo Koxyderara
obracrt.

XeMH3MOT Ha MarMHTe KOM ce [OBP3aHM €O KOHTHHEHTAJHHTE
PU(THH 30HH € YCAOBEH CO XeTePOreHOCTa Ha MHUHEPalHHOT H XEMHCKHOT
COCTAB Ha M3BOPOT KOj ce Haof'a BO 0GBMBKATa, CTENEHOT HA MapUHjaliHOTO
ToNEekkhe, 1abuHaTa Ha TONEHETO, KONMYMHATE HAa MarMaTa Koja IOCIeBa J[o
NoBpiluHara 1 Ap. He mocrojaT HoBONHO reodH3HUKH OKA3H KOH ce
OJHECYBaaT Ha IIOCTOEHETO Ha MATMATCKY OFHMIITA BO IIOBHCOKHTE [IEJIOBH
opi BakeuTe npouHiuy. Ilopagn Toa ¢pakumoHaTa KpHcTaNu3anmja 3aegHO
€O IIPOUECOT HA KOHTaMHHallja CO KOPaTa € BaXeH MOMEHT BO eBoJlyuujaTa
Ha XeMH3MOT Ha OBHE MArMu.

sapauor mpoGieM BO  NPOYYYBAKETO HA  KOHTHHEHTAIHHOT
MarMaTH3aM € HOpOLEHKaTa Ha yhorata Ha OOBHBKATA BO TeHe3aTa Ha
npuMapHure Marmd. IlocTojaT mnoBeke TreoH3MUYKH TONATOUH KOH
YKaxyBaaT Ha [OCTOEHETO Ha IHjamip Bo 0OBHBKATa KOj C& [BFDKU Harope
JOJIK OCKaTa Ha puTHaTa cTpykTypa. McranuysameTo Ha nuTocdepaTa Bo
NOMKPOKO NOEpavje MOXKe fa JOoBefie O 3HAYaJHO 3rolleMyBalhe Ha 30HaTa
Ha TOIEHETO Koja ce Haofa HCIOA ocKara Ha pudTHATA CTPYKTYpa, a BO
o6BuBKata. JlormyHo € fAeKa BO PHQTHHTE 30HA BO KOH HMa HajroNneMo
HCTaHUyBare Ha KOpaTa W HajrolieMO HM3[OUTHYBake Ha OOBHBaKaTa ¥Ma K
HajroneMo BiHjaHue Ha OOBHBAKAaTa BO IPOLECATE HA NAPIHjalHOTO
TOHEHE.

HajsepojatHo € f@eka reHesaTa Ha BY/IKAHCKATE KapiH Of
Koxydekara obmact 65 MoKele jja ja cBATHME BO PaMKHTE HA eBOJYIHjaTa
Ha Bappapckata 3oma Kako puTha 30Ha, OOHOBYBaHa IOBeKe NaTd 3a
BpEME Ha Hej3uHaTa eBONYIIH]a.

Bo maumoT cimyd4aj, Ha OCHOBa Ha cuTe JZOOHEHH CO3HaHUja, KOH ce
OFHECYBaaT Ha MarmMaTcKaTa aKTHBHOCT Koja Bo Bappapckara soma ce
CIIyYyBaJa Off ONUIOLEH A [0 INICHCTOLEH, BEPOjaTHO € [1a ce NPEeTIoCTaBn
l€Ka BO OBOj IIEPHOJ, BO PAMKHTE HA OBaa MOroJieMa reOTeKTOHCKA eiHALA
e CIIydyBaaT NpoLecy Kou 61 MOXKele a I'il HOBp3eMe CO IPOLECHTe KOH Ce
CAYYYyBaaT BO KOHTHHEHTAIHATE PH(THH 30HH.

Ha Ci. 24. e nprEKaxaH efieH cuMIITMUIEPaH MoJe] Ha MarMaTcka
aKTHBHOCT BO YCNOBH HA KOHTHHEHTAIIHH CPENMHA H TOa BO IIOUeTHUTE (haszu
Ha (popMHpamEeTO Ha PH(THATE 30HH.
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Op NpUKaXaHUOT MO CTaHyBa jacHo ieKa MarMaTcKara akTHBHOCT,
(hOpMHEPaETO HA TEKTOHCKUTE CTPYKTYDH, PEaKTHBHPABETO Ha MOCTapHTe
TEeKTOHCKK CTPYKTYpH € IOocNefuna Ha 30HIHyRamaTa BO oOBUBAKATA,
TIPEeTCTABEHH BO (hOPMHPaHmkeTO Ha TEPMUUKH JOMH KOH Ce IOCnefxua Ha
H3[MIHYBAKRETO Ha 0OBHBKaTa. Bo BakBUTE ofipaYja BO KOK WMa 3rOJieMeHa
TEPMHYKA aKTHBHOCT € TI0jaByBaaT YCJIOBH 34 cdopMAparke Ha MarMaTCKM
OTHHIITA KaKO MOCIeNAIa Ha NEeJyMHHTE TOeha KOU BO HAIIHOT CIy4a)j ce
cydyBasia BO TOPHHTE JENOBH Off OOBHBKaTa H TPHTOA BO TNPHUMApHHTE
H3BOpH foalafo JO NOToNeMH MPUHOCH Ha MaTepHjamy Ofl LONHHETE JeTOBH
Ha XOpaT4.

Baka Ip¥MapHO CTBOPEHHTE MarMi ce IpobuBaie KOH TIOBDIIMHATA
Ha 3eMjaTa oMK [Oe[MHATE CTPYTYPH, KOH Ce MOCNefHlia Ha IeNoKyNHaTa
€BOTYIMjaTa HA NAJEHOTO TEOTEKTOHCKO Moppayje, i MPAToa IO MEHyBale
CBOjOT COCTAB BO TIPOLECHTE Ha KOHTAMHMHALMjaTa I aCAMUIALAjaTa.

Of Apyra cTpaHa 3a TEHE3aTa HA ByNKAHCKHTE KapmM MHOTY Hobpo ce -
KOPHCTAaT W HOpMAJM3MpaHuTe BPETHOCTH Ha HUCTpuOyuijaTa Ha PETKHUTE
zemju ( CiL. 25)
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Cu. 25. Perxn 3eMju Bo BysikauckuTte Kapnu of, Koxydcekara obmact

Op npukaxaHuoT gujarpam Ha Cn. 25. MOXe Ha ce sabeeKy Neka He
[IOCTOHM H3pa3eHa aHoManWja Ha Eu, OJJHOCHO, He TIOCTOH JIOMMHAHTHOCT Ha
npoiecuTe Ha (PpaKkUHOHUPALETO HA PUMAapHUTE MarMaTCKH MaTepHjaiu.
CoppskuHara Ha eJIEMEHTHTE Off IPY[aTa Ha PETKUTE 3eMjH, oGoraTyBame Ha
NECHWTEe PETKH 3eMjH Kako H roneMara coppxuna Ha JIMJI enemenTute BO
OCHOBAa YKa)KyBaaT Ha TOa [eKa TPHMapHHOT pacTOl ce COCTOEeN Of
MCKPHCTAJM3UPaH IpaHaT Koj ce Haofal BO paMHOTeXa CO pacTom off
pesmjyaleH Iularuoknac. [IpETHCOKOT BO BakBM CHCTEMH OfroBapa Ha
oxony 15 K6 unu Ha AnabouuHa Off OKOIY 45 po 50 kM. AKO ce 3eMaT
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npepBHA TeodH3UYKHTE NOAaTOlH 3a MHebeluHata Ha KOHTHHEHTaTHATa
xopa mcnof Koxydcekuor koMmneke { Giese P.Reuter, 1978 ) ce goafa 1o
3aKJIy4OK feKa Taa e aebena okony 40 kM. Bps 6a3a Ha M3HECEHOTO MOXKE Ha
Ce 3aK/Ay4YM JeKa MarMaTCKMTe OrHHINTA Ce JIOUUPAHH BO IPaHHYHHTE
FEeNOBH Ha rOpHaTa 06BHBKA M JOMHATa KOp4, CEKaKO HMajKi IO BO HPE[BH]
H MOMEHTOT Ha epO3HjaTa BO 3a[HUTE HEKOJKY MAIHORH I'O[HHH.

IIpomenaTa Ha XEMHCKHOT COCTAaB HA MCXOHHATA MarMa Koja ja jana
CepHjaTa Ha BYNKaHCKHTE CTEHM MoxKe fla ce o6jacHn co gudepeHnnAjanmjaTa
Ha HCTaTa, HO mpu Toa Tpeba fa ce MMaaT BO BHJ ¥ NPOLECHTE Ha
acHMHNANHjaTa KOM TH Bplliela MarMaTa MHHYBajkH HH3 Da3IHYHA
JINTONOMIKY THHOBH Ha CTEHM BO 3€MjHHATa KOpa, KOM T ACHMUIHpana ¥
IIDH TO4 HCTO TaKa I'O MEHYBAlla CBOjOT COCTAB.

Bynxanckure creHn Ha Koxydcekara o6IacT 0 HAYHHOT Ha CBOETO
IojaByBaibe KaKO H IO HHBHHOT IIPOCTOPEH pactopel ce pHGTOreH:H,
CTBapaHM CO MArMaTCKaTa aKTHBH3allHja BO TIpaHHYHHTE JEJOBH Ha
3eMjUHAaTa KOpa ¥ TFODHHOT OMOTadY, a IITO MOXE fa Ce 3aKIYYH Of

H30TONCKHOT OJHOC Ha 7s/%08y koj m3uecysa 0.7088 go 0.7090 (Bees, 1988).

BpemeTo Ha KOHcONMpaumjaTa, CO3NABANLETO HA BYNKAHCKHTE CTEHH
Ha OBa TIOflap4je, BP3 OCHOBA Ha M3BPUIEHATE M3OTONCKY HCHHMTYBaha CO
K/Ar Metona e of 1.8 mo 6 m.roguuu ( Boes, 1988 ), a mro e Bo cormacHocT
CO cTpaTHrpachcKaTa cTapocT.

Cpncko-Maxkenoncka MeTanorenercka nposunnuja u Koxydeka
MarmMaTcKo-MeTalorenercka odnacr: CaudHociiu u pasauxu

Cpncko-Makenonckara MetanoreHeTcka npoeuanmgja ( CMMIT ) e
HCTOBPEMEHO U TeOXEMHCKA NPOBHHIIMja HA OJIOBO U LMHK, aHTHMOH, TaaHyM
KaKo BOJe4YKH elleMeHTH. IIpH Toa Bo acougjalHja co ONOBO-MHKOT ce

nojaBysa u cpebpo, GH3MyT, KaIMHUYM, CO aHTHMOHOT, apceH, JOKanHO H
KHBA.

Bo Cprcko-MakeoHCKaTa MeTajoreHeTCKa MpPOBHHIMjA NOCTOH
OfpefieHa MOBP3aHOCT, TeHETCKa H / MAM NaparcHeTCKa CO TepIHEePHHTE
BYIKaHO-MHTPY3HBHH MarMaTCKH KOMIUIEKCH Ha KaJKO-alKalHaTa Marma.
Ha Cn.27 e nprxakana nonox6aTa Ha MATMATCKHTE KOMITIEKCH H KpyHHHTE

MeTanmoTeHeTckKl ofnact Bo Cprcko-MakeioHCKaTa MeTallOTeHEeTCKA
OPOBHHIFA.

Bo mMarmaTckuTe xoMineker Ha Koxydekara obmact TIpeoBIagyBaaT
JATHTH, KBapLUIaTHTH, ¥ TPaXHTH, foieKa YIeAOT Ha agje3ATHTE H Nal[HTHTe
€ Majx 3a pasnmKa Of [pYyrdTé MarMaTcKd KoMiiekcu Bo Cpricko-
MaxkegonckaTa MeTaIOreHeTcKa IPOBHMENHja, KaJe NALKTHTE W aHIe3ATHTE
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¥EMaaT JOMUHAHTHO YUecTBO. 3a pasiuka Off HOreoJeMHOT JIen Ha OJIUro-
MHOHEHCKATE KalKOo-aJKATHA KOMIUIEKCH BO BappapckaTa 30Ha ¥ Cpricko-
MakelOHCKHOT Macub. Koxxydckure BYIKAHATH ¢& MHOTY MJafi B HMaar
LITMOLEHCKA cTapocT, HacTaHasle BO MepHof of 6.5 fo 1.8 MUIHMOH TORHHH.
Bynkanckure (haupmM HMaaT [IMPOKO  pacnpoCTpaiyBambe  Joleka
MHTpy3uBHUTe (daliy ce CBEeJIeHH caMO Ha PeTKH CyOBYIKAHCKH HHTPY3UH.

Ha Cn 28 e npwkaxaHa Knacudukaluajata Ha TEpLUHEPHUTE
BYNKaHKTH BO BapjapckaTa 30Ha, Ha OCHOBA Ha OfHOCOT Ha K50 f Nap,O u
mjarpaMoT AFM, Koja Bo cefe 'l BKIIYUyBa H BYJIKaHUTATE O Koxydcrara
obaacr. Bo IIOKACHHATE NOrJaBHja e MPHRAXKAHM JIETAIHHTE NETPOICIIKO-
FeOXeMUCKH KapaKTepHCTMKH Ha MarmaTckuTe Kapmu Ha Koxydcekara
o6iracT, Ka0 U HEKOH Off METPONOILKO-TEOXeMHCKUTE KapaKTepHCTHKY Ha
ApYrUTe TEPLUEEPHH MArMaTCKH KOMIUICKCH KOH e MPHCYTHH BO paMKHTE Ha
TepuTOpHjaTa Ha Pany6inka MakefoHnja. .

KoxyhckaTa MarMaTcKO-MeTanoreHercka  obmacr ce Haofa BO
pamkure Ha  Cprcko-MakejoHCKO-AHAIONAHCKATa  METAIOrCHETCKa
nposuaumja ( CMAMIT ) { Cn. 26 ). TIpocTopHo oBaa 06IacT ce Haofa Ok
samapHUOT pa® Ha BpampackaTa 30Ha  Off KOja Ha 3anaj ce  Haofa
IlenaroHCKMOT MaCHB. ‘

IlpeMa CcBOMTE MarMaTCKM M  METaJOI'CHETCKH 0CcoDEeHOCTH,
Koxydekata obnacT NOKaXysa CNHIHOCTH HO H crieliyHY Pa3NUKH BO
OgHOC Ha JpyraTe oOJacTH BO PaMKUTC Ha Cpricko-MakenoHCKo-
AHajoIHCKaTa TPOBHHIM]A.

Bo HapegHOTO IOINABHE TOAETAJHO Ke TH pasriiefaMe THE
crieEpHYHOCTH.

Ha oCHOBA Ha METANOTEHETCKHATE KapaKTeDHCTHKH MOXKE [ia C& Kaxe
pexa KoxydckaTa o61acT NOKaKyBa MHOTY clieludiaHn UpTH. Taa npef ce
ce OBJMKYBa CO 3rojlieMeHa KOHIEHTpaldja Ha aHTHMOH, apCeH, TaluyM H
3HavYaeH yjel Ha 31aTo. JIOKanHo ce HojaByBaaT ¥ IOMajlh KOHUEHTPAHH Ha
Haxap. OJOBHO-IMHKOBHTE HaofajUIITAa KOH ce riaBHo obenexje Ha
MeTaJorenmjata Ha Bappapckara 3oHa ¥ CplCcKO-MakeJloHCKaTa Maca, BO
noMenoT Ha Koskydcerarta ofiacT ce KpajHO PeTKH, I'H HMa CaMO Kako
MHHEPANOmKy: NojaBd. HegocTaToKOT wmi cnabara pasBHEHOCT Ha
HaofanmmrraTa wa o6oeruTe Meranu Bo KoxydekaTa obnacr ¢ nocneguua
Of €fHA CTpaHA Ha PEAaTHBHO HECKHOT CAHHATET Ha XHJPOTEpPMATHUTE
PAcTBOpH, a OJf Apyra CTpaHa Ha MAalHOT €PO3HOHEH HMBO M roieMaTa
pe6enmua Ha BynKanpTHTe ( TY(OBHTE ), KOH 0Baa CEKaKo JeKa Tpeba ja ce
[ojaje W MHCKHMOT CTeleH Ha HCTPaKeHOCTa Ha JeA0T Of OBaa
MeTasioreHeTcKa 06IacT Koj ce Haofa o cocefHa I'puuja.

KoxydckaTa 06nacT cOpp:KA MHHEpAIH3alM Ha MHOTY €NeMEeHTH
KOM MOXKAT Ha ce cMeTaaT 3a Tenomopduu 3a Cprcko-MaxegoHcKaTa
MeTaloreHeTcka INpOBHHLMja, II1a TOpagd Toa OBaa pETHOHAIHA
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METaJOI'eHeTCKa IPOBHHLM]a € HCTOBPEMEHO M IeoXeMHCKa NPOBHUUMja H
TallHyM, apceH H aHTUMOH. i

Tanuymor e wMHOry coneuudmudo ofelexxje Ha  AJckara
meranorenyja Bo JHM  Espoma, opHocHo, Cprcko-MaxeToHCKO-
AHafonMcKaTa NpOBHHIHja. Toa e egHa Off peTKATe MeTaloreHeTCKH
OPOBHHIMHE BO KOH TanMyMOT oOpa3yra M CHOCTBEHH HaofamuiiTa. EnHa off
Tre obnactm ¢ W Koxydgcekara ( xommuexcHo TI-Sb-As-Au HaofamuinTe
Ammuap ), ® J[pyro HaofamuiiTe KOe ce INojaByBa BO AHafgonuja
( HaoTammure Bouykyp, TI-Sb-As, 35 kM 3anagno op Kuraxja, Jankosuk u La
Bel, 1976 ).

Ha Cn. 29 e npuraxana monoxkGaTa Ha NMO3HA4ajHHTE TAIHYMCKH
(Sb, As ) nojasa Bo JM Erpona Bo AnnuckaTta obnacr.

Tabena 17: Copp:xkuHa Ha TallHYM BO NOEHHHH aHTHMOHCKH
Haoramumita B0 CMMII ( Mynpurnk, 1978 )

Haoraaumre Ti (ppm ) Haorammure TI ( ppm )
Pyjeran 46.17 TakoBo 114.26
Bpacuza 12.66 Wpamuna 1.09
3asopie 0.81 Pajnuepa Fopa 80.95
Hltrpa 1.04 Byjauonal 8.47
Homug (.45 Jojane 1053.20
Cromuue 3.56 Hukymrak 7.30
ByjunoBaya 18.31 Kpcroe Jox 88.26
Bpesosuia 243 Asap 2274.70
Tpbyigana 2.52

Tlokpaj aconujanujara Tl-Sb-As-S, Bo Cpricko-MaxkejoHcKkaTa MeTallo-
reHeTcKa NMPOBMHUM]a, TAIMYMOT ce MOjaByBa H BO TeCHA BPCKa CO OJIOBHO-
misxoprte cynguan { Tepsux, 1982 ). CoppxuHaTa Ha TamHyMOT BO
ragennTyre Ha CMMIIT ce peEX® BO TpaHMUHTE Off TparoBH #o 37 ppm
( pynHo reno Esepo, Haofanumute Py[HHK ), HO HajuyecTo HEKONKY ppm Ha
tanuyM. CopfpKuHaTa Ha TanyuMOT BO cdalepuTHTE € MHOTY
IOHEYeIHAYEHA OTKOIIKY BO TANSHHWTHTE, Taa ce JBUKH Off Tparosu no 160
M { Haofamuurre Tlpurua Ha ABana ); BO IIOCAEIHAOT CIy4aj 3roJIeMeHUTe
YAENH Ha TallUyM Cce BO KOpeNauuja co IIOpactoT Ha CORpKMHATA Ha JKHBaTa
KaKO peflOK eNeMEeHT.

TamuyMOT ce 1[OjaByBa BO 3TONEMEHH KOHLUGHTpauUMH ¥ BO
HaofanmumiTaTa Ha aHTHMOH t apcen. Bo Tabemara 17 ce IpHKaXKaHH
CONP>KEHETE Ha TalkyM BO IOCHIHHE HaolanHuMIiTa Ha anTUMOH Bo CMMIL
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i Tabena 18: OCHOBHE MeTaJOreHETCKH KapaKTepUCTHKH Ha onbpanu
& TeplEepHH aHTHMOHHUTCKE MHHCpalIU3aly BO Cprcko-
MaKeHOHCKO-AHa]]’,OJH’ICKaTa METAJIOTECHETCK A HPOBHHHH_] a
|
i
Bpacknn Bouykyp
Haofanmure 3ajaus Pyjenoy Pojuena Fopo Hojane Jaxstiam Cumuwkoj Amuoap
i Kuraxnja
Sby 1-5% Sb Sb, As, Pb, Sb, Py, Zn Sb, As£Ni ShiW Sh, As, ThLAu (2); |Sb, As, Th Aw
Zn; 2-4% 5o 4 % Sb, 0.5 % Pb; [2.5 % 5B, 3% As,
1% As; 15% Pb; 0.7 % Zn; 5 % As |1-3 glt Au
Enemesis 4% Zn 0,45 % T1 0.15% T
ABTIMGHITT ARTHMOHHT AHTHMONKT ARTHMOHILT AHTEMOHIT AUTHMORRT AHTHMORNT
TTapur, peanrap peanrap peanrap nupHT (inuomopdpett i | peasrap
OGpaBoHT AYPHONTMEHT  |THpHT AYPUIHTMCHT | MAPKacHT gonoMopicH ) [aypHINTMEHT
AYpHEISTMEHT | HPHT MapKagiT SPHT apcCHONMPUT  |ayplIiTMenT 40RO
cchancpuT apceHOMMDHT  |APCCHONMPWT  {MApKAcHT BuAdpPaMHT peanrap Tl-wsikepalis
TEpnaopun snabapir edaneprT GpasosT GPanoRT (Tturan Tene ) {pamencheprsT (mopauauT )
|lmunepann XANKOIHpHT  [rancHnT cihancpuT MCNHHKOBET  {Kaapu HPHT NPT
Kuapo ‘TCTPACAPILT TancEnT nexGnexyia KanuuT MAPKACHT MapKacaT
KanLCHOH Ph-Sh Pb-Sb TpeNrnT panficprinT MeAKHKONTT
GapHT cyndoconn cynihoconst monsnbneHnT FARCHUT QpLCHOIHPHT
KaUAT itHabapiT TCTPACRPAT KBApA chanepiut Pb-Sh
TYAMYBAHT wiHaGapuT Kanicylos Tl-cyndoa- cynrdpoconit
Kaapi( XaNKonHpuT  FRATUAT HTAMORIH MayXepirT
KaniuT KB3pLL Gapur GapeT Gpanont
KRapl imsaGapT
TCTPACAPHT Knapi|
cyndyp KAAUNT
CKOPONKT Gaput
rpe KansIeNOH
Moy BaponHHLiL Csinnscprapann | KonrakT Cepnenmnrty |MeTawpiam CHASIEHCKN ‘TydbozHit
|lxspny TIKpIAL BapOlHHUA, ceprienTine [ cunudniy- CHHTEP CO NOBOMHTH,
LSKPEASH ANII-BYAKAHO panst, ceps-  {Tydront ZOMOMHTH
CCANMEHTHN THIHpAKH H BYRKAHUTH-
KapT aprunuTi- cuandnupa
APAHH W apri-
NITRIADAHH
[Ten na KoRTakTHO Hacneponia  |Muscpanian- Mnnepans- Miuncpann- Xuppotepmanso |Lacieponjcki
MaHeprans- MeTACOM- Shpyna PaHi CTPYRTY- |3sipanit BPAHH CCIMMERTHA THIL
EETTER] TCKi, Kominexena | pit co pyna CTPYKTYpEH NYRHATINKS MacHBHA py/a u
HACIEPONS, Zn-5b-As-Pb NMORA KOHTAK-  |90HHE SAMIPerHaimit
KORTAKTHI pysa 10T Ha ceprel-
[MISCPTAHDRYE TIHATETC W
T
KoMirakyiu
BMNpCrHAHIL
Mopthacrpys  [{CrpaTichop- Counsa it Crpatitgop- Causnza it SKHILE 1 COMHBE, COMIBA
HTYpeH TV MHA COUMRA B {/KHOH MHU COMIRA 18 FSKATICH cHCTCM HA cnocni 1
nedi neku KBAHIN Gpeust
‘ Pedepetinis Taskomnk Jankosus Jarkonik JurROBBR Janxonsk Jaskoaitk JankoBuk,1993;
1967 1950 1990 1979 1979 1982 Bocs,1993
—cma e

nonumka, o6IacTH, 30HH )
Anuap Ipunafa BO 3HaYajHUTe HaolampiITa Bo 0Baa MeTanoreHeTcKa 30Ha.

Haofamuura Ma ABTMMOH; BO PaMKHUTE Ha Cpricko-MakeloHCKaTa
MeTaJlOreHeTCKa HpOBHHIH]a MMO3HA
AaHTHMOH, TPYNHpPaHHd BO

TH ce morojeM Bpoj Ha HaoramumTa Ha

TIOKPYHHE METAJIOTCHETCKH CRUHAIH ( pymam

(Cn. 30). Ilo cpomTe pasMepH, HaofalmMILTETO

Ha Tabenata 18 ce IPHKaXaHM OCHOBHHTE METAIIOTEHETCKH KapaKTe

PHECTHKH Ha CeleKT
Cpricko-MaKefAoHCKO-

WpaHy TepLUMEpPHH AHTHMOHHTCKH MHHEpaNn3alEd BO
AuamonucKaTa METamOoreHeTCKa TIpOBHHIE]A, & BO

TaBesata 19 ce NPUKAXKAHM PETKHTE EJEMEHTH BO AHTHMOHMTHTE OR
celleKTHPAHATE AHTHMOHCKY HAOAHIIITA.
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Tabemna 19: PeTKu eneMeHTH BO aHTHMOHHUTHTE Off MOSAHHE HAOFalHIITa
Ha antuMoH B0 CMMII ( meroga ECA, Bo ppm )
( Mynpunaxk, 1978, Tepsng, 1982 )

A B C D E r G H I
As || 7700 1320 637 | 263 | 890 199 338 | 676 7500
Tl 155 33 25 12 325 8 857 | 210 555

Pb 10000 | 358 434 1179 | 2675 | 410 373 | 1663 |25
Zn 1161 279 650 | 218 | 462 32 535 | 14 14

Cu 117 45 18 215 142 131 116 | 312 135
Hg | 31 205 1 - 103 1091 | 450 |21 97
Ni 37 3 4 5 79 2 313 | 11 17
Co 1 3 2 1 5 2 406 |1 2
Cr |05 2
w 0.3 14 68 31 25 2 61
Mo | 0.9 2 2 2 1 606 | 16 4
A_g 10000 | 383 111 |60 8 2 i 229 230
Au 14.6
Bi 4 26 8 130 32
Ba 76 271 310 | 192 331 149 34 71 116
Sr 83 459 83 35 19 5 15 5 19
B 23 9 13 33 14 17 5 6 13
F 11 75 16 12 9 4 20 1 76

Na | 337 10000 | 293 | 463 | 321 5%6 444 1 190 10000
Cl 322 245 86 96 163 121 89 94 149

Mn | 425 32 105 | 56 400 71 100 | 64 124
Ga 9 20 5 8 8 4 3 22
Ge 49 16

R A - Pyesan; B - Bpacmua; C - Cronuue; D - Tp6ywnuna; E - Pajuuepa I'opa;
G | F - Byjanosax ; G - Jlojane ; H - Kpcros Joxn; I- Ammap

Taxa HfeHTHDUIHPaHA AHTHMOHCKHTE HaOFaaHIITA ce
KJIaCH(UOUPaHN BO TPY [VIABHY IPYHH :

1. Haofanumra XoH ce NpPOAYKT Ha BHCOKO NuepeHIHPAHH
XAJPOTePMaNHA DAaCTBOPH, M TNaBHO COCTABEHH O}f MOHOMHHEDAJHH
ACOIMjAlIHH.

AHTUMOHUTOT ¥ KBapUOT Ce OCHOBHH MHHEpald. Pyguute
HAOlaJMIITa Off OBaa I'Pyia ce OOWYHO JOMUPAHH Ha MOTOeMa JalleYdHa Of
MHTPY3UBHHTe Kommnekcd ( Ha mpmMep, Jluca, Byjanosau, Takoso, Llpuu
Bps, Bo Jyrocnasuja u Katudopukon 1 fJaxanam so Ipumja ).
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2. KoMnekcHH MuHEpaIHH acOlHjallid BO KOH aHTHMOHHUTOT €
OCHOBEH PyIEeH MHHEpal, KOH ce MPOAYKT Ha HeOBOIHO NH(EPEeHIUpPaHH
PYACHOCHH XHAPOTEPMATTHH pacTBOPH.

AHTAMOHOT € [PHEPY:KYBAH CcO 3HA4YajHH KOJUYHMHH Ha apceH,
IIOMAJIKY JKHBa ¥ CHOpaguiso BoiadpaM. BpojoT Ha pYJHUTE METAlH PETKO
NOMHHYBA IB4 MIIH TDH.

“Merfy oBHe HaofaNmHIITa Ha aHTHMOH Ce H3[BOCHH ACOLHAjALHH
Ha METaJH :

* Sb-As £ Tl; Haofammmra Amuap m Cuppimea Bopa Bo
Maxkenonuja,

* Sb - W; Bo opaa rpyna cnafaat Ilunae Tene ( Jlaxawaumr ) u
dunagencuol o I'puyja,

* Sb - Fe; AcouujanujaTa Ha aHTEMOHUTOT B OePTHEPHTOT Koja e
thopMupasa Off XHEPOTEPMAllHY PacTBOPDH KOH HMMaaT HMCKa COJpXKWHa Ha
cynpyp (maoramumre Kperos [Jon Bo Mekenonnja )

* Sb - Hg; HaofanuiiTa BO KOM aHTHMOHOT ¥ KMBaTa ce jaByBaar
3aeHo ce petkd ( Haofammure TakoBO ) M He ce CMeTaaT 3a THIMYHA
acoldjandja Ha MeTaJd BO TepUUEepHHTE HaofanmMIITa Ha AHTHMOH Ha
Bankauckuor IlonyocTpos.

3. Tpera rpyna Ha HaofamMINTa Ha AHTUMOH BO KOja JOMHHHpaaT
MOJEMETANMYHA ACOLHjalun ce GOpMEpale off He3HATHO NH(epeHIHpaHH
C/IOKEHH pacTBOPH. JenoHupamkeTo Ha pyfaTa PEe3ylTHPANO BO CO3aBaAmE
HA CIIOXEHH HAOTanuTa, Xajle NOKpaj aHTAMOHOT M APYTH METalld MOXKAT
2 JOCTHIHAT €KOHOMCKH KOHIEHTpallHi.

AHTHMOHOT BO OBHEe HaofaNmIlTa ce I0jaByBa HE CaMO Kako
AHTHMOHHT, TYKY UeCTO IaTH ¥ BO OpMa Ha pa3HH cyndocony, rnasHo Sb-
Pb cyndroconn.

Ha 6a3a wa aconmjanyjaTa Ha METAIATE W MEHEpallHTe H3[BOSHH ce
CIIeqHHuTe HaofaduIITa ;

* AHTEMOH-OJIOBO-TIMHK - CHOPagHYHO apceH € HajyecTa acolH-
jaldja Ha MONMMMETAaTHYHM HaofamuiTa. YecTomaTH IOCTOjAT IIOCTENEHH
IpeofH IoMely MOHOMETANHYHHTE AHTHMOHMTCKM HaofalmumuTa / pyfHH
Tella U OJIOBO-IHHKOBHTE HaoranuinTa / pyfH# Tena. Bo npeuTe anTUMOHOT
e TIaBHO TpefcTaBeH co condocony { Ha MpuMep; HaofanumraTa Pyjesal,
Pajueea I'opa, Cpebpennua, Tpbymmuuna, Bo Jyrocmasmja, Camap Bo
Maxkenouuja, kaxo u [TonTokepacuja so puyja ).
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Tabena 20: MuHepaisy acOUHjaliy BO ofOpaHd aHTHMOHCKH HAOFaHIITa
po JU Eppona 1 3anafgHa Asgmja ( JankouK, 1979 )

AIBICI[DIEJFIG{HII]J]IKI|L|M
ANTHMOBHT x|k | oo | ok | oo | oo | x| xxx x| XXX | XXX | XXX | XXX
Peanrap XX X | xx X | xxx [ xxx
A YpHOATMEHnT X X | x x| xxx | xxx
MeraaHTHMOHIT X
{Bondpamur XXX xx | x
{mennr x | x X
([(irpuT xx | x | x | xx x | xx sx | oxx | xx | oxx | oxx
Mapracnt XX X XX | XX X
IInporun X

X

X

Apceronapar X x | X
Bpasout X
Chanepur xx o x Ixx|xx P x Ixx! x [ x
FanennT XX X b XX xx ] x
PamancGeprur
MeHiKOBHT XX
i@ panGeprur
BypronnsT
Bymamkeput
IYemconur
mixenur
[1rarmoHET
PoGanconuy
Terpaenpar
HiunaGapur X Xx | X X % X
MonuGaennt X
X anKOnUpHT X X X X
Bepraepur XX XX X
HTyEmMyHpeT X
(Kpenrmr X
i radnenta X
Jopanut XXX
Bp6anr
ITapaniepoTyT
i Parennt
CaMoHuT
Pedyaur
Iukononut
Cynpyp X
Knapu xxx bxxx oo | x| x| o | oo | xxx | xxx | XXX [ Xxx | XX | Xxx
IKanuexon x Fx | x Pxx] x| x| x xx | xx XX
UBapur X x | x - x | x XX
{Kanuur xx | xxx XX X x Jxx Ixx| x

L o P

Bl B Bl Bl o £

R FC L O o

xxx - Imapen Musepan; xx - [Ipunpy:xen MHHEDAJ; X - Malla 3acTaleHOCT

Haofamumure: On ( A } mo ( M ): Jyrocnasnja; A - Pyjesaw; B - Bpacuna; C - Tp6y-
wanna; D - Cpebpennna; E - Byjanosan; F - Pajuesa T'opa; G - Ocanwuua;
Maxenonnja ; H - Kpcros Jou, I - llojane; J - Ammap; Tpuuja; K - Jlaxasaw / Tnias
Temne; L - ®unageacduon; Typuuja; M - I'ymymxo];
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* AHTHMOH-apCEeH-CHOPaWyHO TaluyM, Bukeln, ypay; Haoranmurer
Jlojane Bo MakenoHuja.

Bo Tabenara 20 e npAxaxaH MHHEPaJTHHOT COCTaB BO Oj6paHu
HaolaJHIITa Ha aHTUMOH Ha Banxauckuor TlonyocTpos.

Haofammmra wa apcen; APceHOT e OOHYHO NpaTeyka KOMNOHEHTA BO
AHTAMOHUTCKATE HaofalnuuiTa. ENWHCTBEHO 3HAYajHH KOHIEHTpAlUdd Ha
apceH ce O3HATH BO HaolanmmTaTa Anmap i Jlojane.

Tabena 21: PeTK# eXeMEHTH BO peanrapoT Of of0paly HaOlaIHIITa BO
Peny6nuka Makenonuja ( cnekTpaliHM aHATH3H, BO ppm )

LEa |

Jlojane

Ajgmap

I Cmprea Bopa

Sb

3600

2000

1009

5000

7000

30060

200

100

420

265

400

2400

As

>1 %

> 1%

>1%

>1%

>1%

>i%

>1%

>1%"

>1%

>1%

>1%

>1%

>1%

Be

[Te

P

Pb

10

30

7500

Sn

Cu

0.4

0.5

0.5

0.4

0.3

0.5

0.2

0.5

50

Ag

0.5

0.5

Zn

300

1800

330

Cd

Co

10

10

NI

S0

20

10

15

50

[Zr

10

Mo

10

10

10

10

Ta

Nb

Bi

In

Ge

W

Ga

Tl

300

100

500

1000

300

1000

>1%

>1%

10

165

200

250

Cr

100

10

V

10

30

Na

5000

5000

5000

4000

3000

1000

3000

3000

1000

500

30600

Li

Ba

150

100

Sr

100

100

Sc

B

10

15

10

30

20

Hg

50

30

Ca

100

1000

>1%

300

>1%

>1%

>1%

>1%

>1%

300

100

1000

500

Al

100

300

3000

200

200

E]

> %

500

1000

5000

>1%

>1%

>1%

>1%

on

100

2000

>1%

200

300

>1%

>1%

>1%

>15

>15

>1%

>1%

>1%

»1%

Mn

30

100

200

30

150

>1%

3000

100

300

1000

800

Fe

200

300

200

200

7000

1500

9000

1%

7000

>1%

2000

3000

5000

Ti

100

150

30

30

300

60

100

50

200

Si

>1%

>1%

>1%%

=%

5600

3000

500

300

3000

400

>1%

>1%

>1%

>1%
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APpCEeHOT BOTJIaBHO € IOjaByBa KaKO peairap, ciefieH co MajKy
AYPUIATMEHT, HOMEKa apCeHOIMPHTOT € MHOIY DEeNOK H Ce IojaByBa
BOITIABHO BO OJOBHO-IMHKOBUTE HAOTaTHILITA.

Bo Tabenara 21 ce NpHKaXKaHE PETKUTE €IEMEHTH BO PEaNrapoT Off
Anmap, Jlojae u Cmpgnnea Bopga. Kako mTo ce miena of MOXATOLHTE BO
Tabenara 21, 3acranmeHocra Ha TaJHyMOT BO DEalrapdTe € 9eCTO MHOTY
BHCOKa, IITO € IOCAefHUa Ha mpeCycTBOTO Ha Tl-cyndocomure Bo
peanrapor ( Ha MpAMep, Haofanuurrero Ammap ).

METAJIOTEHHUJA HA KGXKY®OCKATA OBJIACT

KoxydckaTa MmeranoreHercka obnact e fecuHupana co pyJSHHTE
MHHEpaNH3aUHd ¥ KOHTPOJIHMTE (DaKTOPH Ha Hej3MHAaTa IPOCTOPHA
paclopeNeHOCT.

Bps ocHoBa Ha CTeNeHOT MHa [MOCETallHaTa IPOYYEHOCT BO
KoxydckaTa MeramoreHeTcka O6JMacT ce YIBpHEHH MUHEpPaIH3ALMA Ha
Gaxap, aHTHMOH, apCeH, TalnuyM u 3y1ato. Off HEB JOMUHaHTHA e Sb-As-Tl-Au
MMHEDalA3alujaTa.

CHOpC,I[ MOPQ)OI‘CHGTCKPITB THIIOBY BO OBaa MeTajoreHeTcka obyact
CC H3OBOESHH .

1. BankaHoreHo enurepMaiHi METaCOMATCKY MUHEpPaJHM3alHK Ha Sb-
As-Tl aconujanuy,

2. MuHepalnM3alyy Ha 371aTO Off KapIHHCKH THII,

3. Bucogo-cyndupHa eHaprUTCKa MAHEpANU3aluja Of SKWYEH THII
IIpOTIpaTeHa, HajBepojaTHO CO MEHEpAaIH3alHja Ha 371aTo,

4. ITopdapcka 6akapHa MIHEpanu3alyja,

5. EnmrepManna Sb-As-Fe MuHepanusaumja Off RKHYHO-IEKECT THII
TIOBP3aHa CO pacefliTe BO KPHCTANECTHTE INKPHIIIH,

6. Condarapsyu MaHH(ECTaIHY IPENCTaBEHH CO CAMOPOJIeH cyidyp
MapKacHT, IOHEXOTall aCOIUPAHH CO FAJIEHUT.
Munepanusanuure ce off Ilnmaonencka crapocr.

MarmMaTusMOT Off KanKo-alIKalHaTa CepHja i CTPYKTYPHTE, 3a¢IHO CO
BYJIKQHCKHTE PajldjalHO-NPCTEHECTH CTPYKTYPH H PerHOHaIHUTE pacely, ce
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TIaBHHTE  (PAKTOPH  KOH ja KOHTpPONHpaaT pacnopefjeHocTa Ha
MEHEpaJH3alHjaTa BO IPOCTOPOT M BpeMeTo. MarMarTcKuTe KOMIUIEKCH e
[IABHHOT W3BOP HA DYIHHTE MeTald H / MM H3BOPOT Ha eHeprujara 3a
OpMHEpameTO Ha XWPOTEPMAJHHTE PYAOHOCHH pPCTBOpPH KoM Ke TH
MOGHII3APAAT PYIHATE MUHEPAITH OJf OCHOBHHTC H3BOpY U ke I'H foHecar
BO HPOCTOPOT BO KOj Ce BPIIH [ENOHAPathe Ha MUHEPalHUTE TapareHs3y.

Ha Cn. 31 ce npHKaXXaH¥ MecTaTa BO KOM HMa MHHEpanu3aldja BO
Koxydekara MeranoreseTcka obnacr. PacmopeRoT Ha MUHEpaTU3alnujaTa
ce KapaKTepH3Hpa co J(BOjHa 30HAIHOCT I TOA JaTepaiHa ¥ BepThkanHa. Bo
LEHTPATHIOT Jlest off ofiacTa HMa IPUCYCTBO Ha 6akapHa MEHEpalu3auy)a,
OKONy KOja Cce PACMOpefeHM HaofalMINTa M MOjaBH Ha Sb-As T Tl £ Au
( Amuap u Cymprimusa Bona )

Koxydckara o6actT Hee HOBOIHO HCTPAYKEHa, OCBEH HAOTAIMINITETO
AJap H o W3BeCEH CTeNeH MUHepannsanujata Ha Hypuuna.

Bo oBa Momnorpaguja Ke OHmaT pasriefaHd CHTe [OCerallHH
YTBpOEHY MHHepaNu3alEd BO MeTajoreHerckarta ofnacT Ha Koxyd a Ke
fune pafeH K noceBeH OCBPT Ha HaolalHIITETO AJap.

A JIIH AP Sh-As-Tl-Au Haoranuire

Bosep

Kommekcuoro Sb-As-Tl-Au  Haofamure Amnapl e emHo of
VHUKATHUTE HAOFANWINTA BO CBETOT, HE NOPajll CBOjaTa rOJNEMWHA, TYKY
Opafd CHELHpHIHAIOT MUHEDANEH COCTAB. Toa ce npel ce 3HaYajHu
KOHUEHTPALH Ha TajiyM, HAa OCHOBA Ha KOW OBaa ¢ EJUHCTBEHO
HaofalMIITe Ha OBOj MeTal Bo cBeroT. ITOKpaj eKOHOMCKHTE 3Ha4ajHH
KOHIEHTPALMM HA aHTUMOH M apCceH, alIapCcKOTO HaolamuilTe € W MPBO
HAOfANUINTE Ha 3JAaTO Off KAPAWHCKA THI Koe € HIeHTH(HUHPAHO Ha
BanKaHCKHOT NOJYOCTPOB BO CPEJMHATA Ha OCYMJIECCTHTE TOAMHA OF OBO]
BEK.

[loHOBUTE pYIapck¥ AKTHBHOCTH BO AJIIApCKOTO HaolalHTe
3a104HyBaaT Bo 1881 roguua ¥ co mpekuHHE TpaaT ce o 1913 ropuua. Bo
OBOj MepHOf] Of HAOTIHIITETO & eKCIVIOATHPAHO BOTJIABHO apCeHCKa pyia H
ncTaTa e usBesypaHa mpexy Conyd Bo I'epmanmja. Toa ce BOTIAaBHO Maid

'"Yimero Ha HaofamumTeTo Anmap, goafa oJf HMETO Ha IOpPaHEIHHOT PYHHMK
Amuap ( KpaTeHKa Of AnaTHHU-GaHKApcKa MHCTHTYLHja, CONCIBEHNK HA NPABOTO
3a excrioatanyja 1 llapTo, pyAapeky HEXKIHED KOj paloTelt BO PyAHUKOT.
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KOJMYHHHE, KO Ceé OTKONYBAHH BO W3JAHCKHOT Jell Ha Haolfamamrrero. Hema
HOHaTOILH 3a T0a KOU KONHYMHY Ha apCeHCKa Pyda € OTKOIaHa. .

MuHepalHaTa NOTEHIMjaNMHOCT Ha apceHOT BO  ANIIAPCKOTO
Haof'anuIITe e TIpoleHeTa Ha oKody 15 000 touu. Bo geHelHHTE YCIOBH
ApCceHOT MpEACTaByBa IUTETHA KOMIOHEHTa IpH BalopH3alMjaTa Ha
AHTHMOHOT.

KoH kpajor Ha ocymaeceTrTe TOIHEN Of MUHATHOT BEK OTKPHEHH Ce 1
IPBUTE MHHEPANM Ha TanumyM ( JOpaHAHUT, BPOAHT ) H TOa KaKO COCTABHA
[{eJIOBH Ha apCeHCKO-aHTHMOHCKATa pyJa.

TogousesknuTe WCTpaXKyBarma Ha aHTMMOH Kou Tpaeja ox 1953 po
1957a op 1957 po 1962 ropmmma pesynTHpaa cO OTKDHBAake Ha 3HadajHU
KOJIMYMHKA Ha aHTHMOHCKA Dyfa CO HHUCKa coppsKuHa. Tpeba jna ce cmoMeHe
AeKa BUCOKHTE COPKMHH Ha apceH BO AHTHMOHCKHTE KOHIEHTPATH TO
nonpeynja  eKOHOMCKOTO BajlopH3Mpame Ha opue pymd. Hajuosure
HCTpaXKyBamha Ha aHTHUMOH 6Gea wu3pemeHH of 1970 go 1973 ropuna.
ToTeHijantuTe KONMIAHE Ha aHTHMOHCKA DY/Ja, 3ae[IHO CO OHaa Koja e
focera mcKonaHa, HapgmuHyBaar 20 000 TOHH co rpaHMYHa COOPKMHA Of
0.5% anTHMOH.

IToceGeHHOT HMHTEpEC 32 TaAMYMOT K4KO MOXEH HETeKTOp Ha
CONIapHMTE HEeYTPHHA [afie HOB MMIYNC 3a CHCTEMAaTCKH HCTpasKyBakha Ha
MHHEpaNN3alliiTe Ha TaJHyM BO CEBEPHHUTE MENOBH Ha HaOlralMIITETO
Anwap ( pygaoto Tesno Hprer Hon ). Toa 6emme Mefynaponruor JTIOPEKC
TIIpOeKT KOj MMallle 3a HeNl fa ja Offpeli NPHMEHJMBOCTA Ha JIOPAHJUTOT
KaKO IETEKTOp Ha conapuuTe HeyTprHa ( Ilapmuennk, 1986, 1994 ). Hexon
CTapH NOTKONHM, KaKO Ha IpUMep IIOTKOI 21, 6ea MOBTOPHO OTBOpeHu 3a fia
CE€ OBO3MOXH 3eMame Ha npumepoud. Paborure tpaeja on 1987 no 1993
roguHa. Bo cBouTe mopouHeskHu hpa3E IMPOEKTOT Ce CRENe Ha
1abopaTOPHCKU UCTPAXKYBAbA.

KoJnuecTBOTO Ha TajyM BO HAOFANALITETO ANap e MpONeHeTO Ha
oxony 500 roxu.

Mo:kHOTO NIpHCcycTBO Ha 31aT0 Bo Sb-As-T1 aconujaunjata Bo Asap
Gewe Hajnpro comenaro of Radtke and Dickson { 1974 ). Bo Tekor Ha 1986
ma ce po 1989 ropuma 3maroro Oellie CHCTEMATCKH HMCTPaKYBaHO.
Peszynratute o TepeHckHTe E 1aGOPaTOPHCKHTE NPOYYyBama IIOKaXKaa
HeKa reoNIOKUTe, XEMHUCKUTE, MHHEDANOIIKATe H KAPaKTepHCTHKHTE Ha
XAApOTEPMANlHUTE aNTePalWH e MHOTY CIMYHH CO OHHE KOH ja
KdpaKTepu3upaaT MEHepanu3aldjaTa off KapnuHCKE THD Ha 3anT0 BO
sajagHuTe nenoBk Ha Coepunernte Amepukadeku Hpskasum ( Percival,
Radtke, 1990, Percival i dr. 1992 ). 3a pasmuka off HaofaMITaTa HA 374TO
of KapauHcku THN op 3amafHmor men Ha CAJ, MHEHEpaNu3aumjaTa BO
AJnap e cMeCTeHa He caMO BO CEIUIMEHTHTE, TYKY H BO BYIKAHHTHTE.
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Tpeba ma ce HaryacH feKa HaofalMINTETO Hee LENOCHO MCTPAKEHOo a
HEroBaTa METaJIOreHHja Hee JOKpaj mpoydeHa. CeralllHATE HCTPaXKyBarha Ce -
CEYLITE BO TeK. '

3a pesynTaTHTEe Off NPETXONHATE HCTPAKYBalba YUTATENOT MOXKE [a
ce OCBpHE Ha TpyposuTe Ha MBanos ( 1965, 1968 ), Jaukosuk ( 1960, 1979,
1982, 1988, 1993 ), Percival u Boeg ( 1990 ), Percival u ap, ( 1992 ), Percival
and Radtke ( 1994 ), Boes u Cepacgamoncku ( 1996 ), a 3a ucTpakyBarmaTa Ha
TAIHYMCKHTE MUHEpaIX MOXKE fia ¢e OCBPHe Ha Tpynosute Ha Krener (1894 ), .
Locka ( 1904 ), Jexex ( 1912 ), Caye et al ( 1967 ), Laurent at al { 1969 ),
Johan et al. ( 1970, 1975 ), Terzic ( 1982 ), Balic-Zunic et Stafilov, ( 1986,
1993 ), El Goresy and Pavicevic ( 1988 ), Palme et al. ( 1988 ), Jankovic and
Jelenkovic ( 1994 ), Pasava et al. (1989), Frantz ( 1994 ), Frantz et al.
(1994), Cvetkovic et al. ( 1994 ).

TEOJIOIIKA ITIONTOXEBA

Pervonanna

HaorfanaurreTo Anap IpocTOPHO € CMECTEHO TOMXK 3amafHuoT obof
Ha nabmnHata Bappgapcka 30Ha2 ¥ [I@HapupuTe, ONHOCHO, UBPCTHOT
kpucranecr 6mok Ha IlemaromHoT, Ha okKony 50 KM jyroszamamHo oOf
Kasanapim Bo HenocpenHa 61u3uda Ha MakeIoHCKO-rpuKaTa TpaHula.

MunepanusanzjaTa e TOBp3ana co IINHOLEHCKHOT BYJIKaHO-
HHTPY3SUBEH KOMIUIEKC Ha KANKO-alIKalH{ CepHUH, KOK ce KOHTPOIUPAHH Off
NNabuHCKM paceln KOM [MIaBHO ce nporeraar ko C-J u J3-CH.

OBoj MarmaTcku KoMmekc ce ¢OpPMHpaln Ha IOETOTa Koja e
H3rpajieHa IVIaBHO Off TPHjacKM CefMMEHTH, JypcKH oduonutd ( npeosna-
IlyBaaT rabpo-TIEPRNOTUTH ) ¥ KPeIHK CeJUMEHTH.

TepenoT Koj ce Haofa Bo OJM3IMHATA HA HAOFamMIUTETO AJIIApD €
COCTaBeH Off HEKOJIKY TRTOCTpaTurpacgek egunnnu ( Cn.33 ).

[Mommpokara oxoaMHa Ha HaofaJHIITeTO AJIIAp ce KapaKTepHsupa
€O CIIOXKeHa TEeKTOHCKa rpanda, BO Koja HOCeGHO BaKHO MECTO HMAaaT
AnabHHCKUTE pacefHH CTPYKTypH, BornasHo C-J JOMK KOHTAKTOT Ha
Bappapckata 3oHa u Ilenaromuckmor MacmB. Ha MecraTa Ha HUBHOTO
BKPCTYBaihe CO HEOTEKTOHCKUTe pacefu# cTpykrypH J3-CH gomo pmo
ofpasyBame Ha BYJIKAHCKH CTPYKTYPH ¥ CyOBYJIKAHCKY HHTPY3HH Ha KaJKo-
ankanua Marma. CrapocTa Ha CyOBYJIKAHCKATE HHTPY3MH € CIHYHA KAKO H
BO ocTaHaTuTe enoBd Ha Koxydcekara obnacr, mpu mTo BO AJmIap OBHE
MHTPY3HH NpunafaaT Ha HajMiagaTe ¢asy ( 4.5 jo 5.0 MITHOHHA rofuHY ).
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CuTe TeONOMIKH egMHMOM, CO WCKIYYOK Ha [UTHOLEHCKHTE
IUIHTKOBOIZHH OaceHW, MOKaXKyBaaT W3HOJLKYBalbe BO IIPABel] CEBEp-jyT,
TEKTOHCKH C& MHOT'Y TOPEMETEHH.

Bo xoMmnnexkcoT Ha HajcTapdTe Xaphmu BO IOIIMPOKATa OKORHHA HA
HaofalHITeTO AJAp BileryBaaT NPeKaMOPHCKHTE anGuTCKHM THAjceBH,
KOH BO cebOe Ha IOeHHH MecTa COApKAaT ¥ Impochojuu Ha ampubomard. Ha
MecTa BO CepHjaTa Ha 'HajCeBHTE ce [I0jaByBaaT M IIOMAaJlH MacH Ha MEPMEPH.

IIameozojcknTe IuKpunuw, QUANTA, JOKAIHO ¥  LAIOIKHH,
METANEeCOYHHIM, APIHIONINCTH M KBAPUHTH HMaaT PpENaTHBHO MAJio
PACIIPOCTPAHYBAE.

TpHjackuTe Ce[lUMEHTH IO H3rpafgyBaaT NOrOIEMHOT e Ha TEPEHOT
BO KOj ce Haofa Haofamumrero Ammap. Ce mojaByBaaT BO JIB€ OCHOBHH
chaEy: BO BHJ HAa MEpPMEPH3MpaHHM BAPOBHHUUY ¥ JOJIOMHTH M BO BHJ Ha
PIMHOBHTH IUKPUILE ¥ TECOYHHUM BO KOM MECTHMHMYHO ce 3abelexyBa
HojaBa Ha TOMamy MacH Ha AHjabasH # 3eIeHH IIKPHIIIH.

Jypexknre TROpeBMHH ce mpeacTaBenm co fAujaba3  poxkuHaTa
copmanmja mM3rpageHa Of BapOBHMIM, IECOUHHI(M, ITIMHECTH UIKPHIIH,
KBapUUTH, POXIaOH Kako CeJAMEHTHH (halmi H rabpo-NepHEOTHTCKA
KOMIIEKC KOj IO COCTaB € AYHHTCKO-Xap3OYpruTcKE # KO] e H3pa3uro
CEePNeHTHHM3UPaH. BO 0OBAE CePHEHTHHU3HPAHH NEPHEOTHTCKU KQMIUIEKCH
NO3HATA Ce H IOMan¥ HaofalHIOTa Ha NOAM(OPMHH XPOMHTCKH Tena
( Apuuuxo, Kosjauku kameH ). CeplleHTHHATHTE ce TI0jaByBaaT BO BUM Ha
MefycebHO H3[BOEHHM JIEHTH KOM MMaaT TEKTOHCKH OJHOCH KOH OKOIHETE
Kapny, B BO [IEHEIIHATE IIPOCTOPH C& JOBElEHH Kako MOCkefguila Ha
mpouecuTe Ha gajamApr3aM. Ha oBa yKaKyBaaT HHTEH3MBHUTE TEKTOHCKH
pacegHyBara U JHCIOLEpPakha KO} Ce IPUCYTHH BO CEPIIEHTHHUTHTE.

3HavajHO paclpocTpaHyBame BO IOLIMPOKATa OKONMHA Ha HAaolfamd-

ITeTO ANIIAp HMAaT ¥ FOPHOKPENHNTE cefuMeHTH. THe ce MojaByBaaT BO
noBeKe (hayuyu Kako INTO ce:

- BapeMmcko-anbcKu KOHTTIOMEPATH H

- TypoH¢ku BapOBHUIY, KOM ja YAHAT NOBJATATA Ha NPETANIOMKEHATE
HHUKJIOHOCHO-XKEIIe3HM Py Ha PaxaHoso.

T'opHo eonenckaTa cepuja ce cocton off 6a3alHu KOHIIIOMEPATH KOH
Ce TOKPHEHH CO (hIMIIHA CeAuMeHTH ( aneBpPONUTH, IVIHHIY, TeCOYHUIH H
HHTEpKAalallii Ha BaDOBHANH ).

IInuoneHcKuTe e3epeky CefHMEHTH H THPOKITACTHTHE HMAAT LIHPOKO
PacmpoCTpaHyBame BO NONIIMPOKAaTA OKONHHa Ha Ammap. IlinoneHckwrte
CEeIAMEHTHH C& COCTOjaT Off KOHIVIOMEPATH W TIHHOBHTO-NIECKOBHUTY (DaliHy,
a JIOKaJHO ce 3abenexyBaaT M jamoply. MecTHMHYHO BO OBaa cep#ja Ha
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IIHONEeHCKH TBOpGH ce 3alenexkypa ¥ HojaBa Ha Maid Haofanuumura Ha
nujaToMejcka semja. Bo noepuuy IUTHOLEGHCKH DaceHHM ce OpMMpaHH |
BYJIKAHOT€HO-CEJUMEHTHU CEPUH CO MAPOKIACTATH M IMHHOBHTO-IIECKOBUTH
cegumenTt { Kojuor Pup, cesepHo o Amap ).

KBapraprure ceMMeHTH ce NojaRyBaaT BO BHJ Ha TePacH, IOKaIHO H
BO BUJ{ Ha OUIOPBHTH INIOYH.

ByiakaHO-NHTY3MBHAOT KOMIIJIEKC Ha Kalko-alKalHHTe KaphH Of
IJIMOLEHCKA CTApOCT € COCcTaBeH fell Ha mpocTpaHaTa Kowydceka obmact.
Herosure fleTalHu NETPONOIIKHA KapAKTEPHCTHKY C& MPHKaKaHH Off CTpaHa
Ha boes (1988 ).

Bo mouMpoKaTa OKONKMEA Ha AJluap ce NOjaByBaaT JaTHTH, TOMalKy
xBapiyiaTHTH U aHpe3uTH ( kaj Crygena Bopa ).

JOKAIHA I'EQJONKA IIOTOXKBA

TanoXemeTo Ha MecOYHHIH U IIHHIM, TPOCIENEeHO CO IPOCIOJIH Of
MacHBHA KapGOHATHH Kapid ( BAPOBHMK, JOMOMAT ¥ MEPMEp ) CE OfBARANO
BO TEKOT Ha CpefHa ¥ ropHa jypa. OBH Kapliy ce OCHOBHH KapIiy KOM JIeXKaT
nop ucrop Haoranuumrero Anmap ( Cn. 34 ).

Keapuno-cepuuutcko-henicnaTcKaTe MKPHINK ce (popMUpae oK
WCTOYHATA CTpaHa Ha HaolalqMIUTETO, AOAeKa LEeHTPANHHOT QOeN Of
HAOFHIITETO € M3TpafieH Off AOJIOMHT, MepMep ¥ BapoBHHK. CepHjaTa Ha
IDOJIOMHTHTE JIEXU ucnof MepMepute. Ha ocHoBa Ha (DMCHOHHMTE TpParoBH
CTapoCTa Ha JIONIOMATHATE € OfpeieHa Ha okony 250 Mamuonu rogusd ( Jlenn-
TKOBa, 1995 ).

Nom: PRIM

OTgzhit o Trahil
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Cn. 35, JIucTpubyuuja Ha peTKUTE eleMEeHTH BO NOJOMUTHTE
Off HaofaNnuHITETO ANap
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Bo Tabenmata 22, e MpHKaXXKaH XEMHCKHOT COCT@B Ha CBEXHTE H
XAOPOTEPMAJIHO TIPOMEHETHTe JOIOMHTH Off AJlap, BKIYUyBajku TH K
MHUKPOEIEMEHTHTE., '

Tabena 22: XeMHCKH aHANH3H Ha ROMOMETH
{ Percival and Radtke, 1994 )

1 2 3 4 5
Si0Os 2.06 0.94 3.30 23.00 | 20.40
TiO, 0.03 0.02 0.06 0.07 0.14
Al,O3 1.24 2.13 1.00 1.70 4.00
Fe; Oy 0.21 0.26 15.04 | 1.37 1.50
FeQ 0.13 0.02 0.05 0.30 0.56
MnQ 0.02 G.03 0.08 0.06 (.08
MgsO 1.50 19.80 15.30 | 15.60 | 13.50
CaO 51.40 30.20 26.10 | 24,10 | 21.00
Na,O 0.06 0.07 0.02 0.01 0.01
K,0O 0.12 0.10 0.09 0.39 0.81
P05 0.19 0.17 0.42 0.23 0.27
LOI 4270 46.14 3773 | 31.98 | 35.76
Total 99,53 99.86 099.19 | 99.73 | 98.14
Au (ppb) <5 <5 23 138 10
Ag 0.3 <0.2 0.9 0.5 0.5
As <5 24 5300 1980 | 2.29%
Ba 48 23 29 26 38
Bi <5 7 <5 7 6
Co <1 <1 19 2 5
Cr 2 2 8 13 17
Cu 5 4 9 5 33
Hg <0.01 |<00l |433 |393 |586
Mo <1 <1 12 1 <1
Ni 1 1 71 8 23
Pb 2 <2 4 8 12
Rb <1 <1 2 35 66
Sh <5 <5 3] 897 978
Se <5 <5 7 <5 9
Sr 232 98 45 66 42
Tl 0.3 0.4 390 690 730
W <20 <20 <20 [<20 | <20
Y 10 1 14 1 5
In 8 6 23 9 49
Zr 5 10 14 21 28

1. Tpujacku MepMepH; 2. TEpUMEPHH RONOMHTH; 3. [IIHHOBHTO
HpOMEHETH JOJOMUTY; 4.TIHHOBATO aNTEPHCAHH H CHIRGHUIMPAHH
MepMepH; 5. TIMHOBHTO IPOMEHETH U CHIMMUIHMPAHE MEPMEPH




202  Meraaorenuja va KoxydickaTa ofinmacr

Ha Cn 35. e mpukaxana JuCTpHOyWHjaTa Ha PETKHTE 3eMjH BO
HOJIOMHETHTE O HaolanHIITeTo AMap.

Op oBue mogaTouy nafa BO OYM M3pPa3’uTO HETATHBHHTE aHOMANHMH Ha
Rb, Ba, Hf ( ‘HopMamu3upaHH BpeIHOCTH ) ¥ [TO3HTHBHATa aHOMalHja Ha U.
OBxe nogaToly HEAUIMPAAT Ha MAPHHCKO IOTEKJIO Ha fonoMuTHTe. IToKpaj
TO2 BO NOJNOMHTHTE KOH ce¢ 3a)aTeHH CO XHIPOTEPMANHW anTepaldd ce
BOOUYBa 3rojleMeHaTa COIpXKAHA Ha MeTanuTte Kako mro ce Zn, Hg, T1, Mn.
Au, u p.

IlepumoT Ha jypa ce XapaxkTepH3upa co IojaBa Ha ouonuTH ( IIaBHO
MagUTCKO-yATpaMaUTCKH, KOM ce mnpecOpa3eHH BO CEpPIEHTHHHTH ),
CIE[IEHH CO HEOreHH MOJAcCHH CeHMEHTHH HElOHUPaHK BO Malll e3epCKH
6aceHn KOH JTOKAMHO COJp:KAT HaoTaMIUTAa Ha AUjaToOMejcKa 3eMja ¥ rojeM
KaJKo-ajKalneH BYNKaHH3aM MaHHQECTHUPaH cO 110jaBa Ha TY(OBH, CIUBOBY
Ha JIaBM, BYJNKaHO-CEJMMEHTHHM CepHM H CyOBYIKaHCKO-XHIOabHCAIHH
HHTPY3HH.

TInmolleHCKATE CeIMMEHTHM M (DIYBHO ITAlMjalHHTe HaHOCH JIeXaT
NpeKy Me3030jcKuTe Kapnd. HajpepojaTHO € feKa HajMIaJuTe TepUHeDHH
Kapmu ce Ty(O3HATE AONOMHETH. THe Heye[HauUeHO JIeXaT IpeKy OCHOBaTa
Ol MEe3030MCKM KaplH, ocobeHo BO [EHTpAalHHOT, CEBEpHHOT H
jyrosamagHuoT fen of Haofanumrero. OBaa efHHMNA e O BYNKAHOIEHO
CEIMMEHTHO IOTEKNIO H YeCTO NaTH € MEHepanu3upaHa.

MacuBHEOT Ty 03eH TOIOMET CONPKU ITOMali HHTepKalHpaiy cepun
Of CHTHO 3pHecT Tyd), BYJNKaHCKH NENeNM HIH BYIKaHCKO crakio. OBaa

BYJIKaHO ceUMEHTHa eUHIIa uMa febemuna oy okony 130 merpu ( Percival,
1990).

KonTakToT noMery Ty(oT # TeplLHepPHUOT TY(PO3IHUOT HOIOMUT KOj
TeXH TIOR HETO M NIpe[ TEPHHEPHHUTE Kapl# 4ecTO IATH € HPefCTaBeH Co
HeyefgHadeHa 30Ha co febenmua opx 2 mo 12 merpm. Taa ce cocToH of
MeHIaBHHA Off HECOPTHPaH H HeojpeneH peTpuTHYeH Matepmjan. Osa
HeyeZHAYEeHOCT BO OCHOBaTa Ha TyjoreHeTa efHHHI2 VYKaXyBa Ha
OUCKOHTHHYHTETOT BO TEPLHMEPHHOT CTpaTHrpadcKH AeNn # MOYEeTOKOT Ha
ByJIKaHCKaTa aKTHBHOCT BO TEKOT Ha KOja IOLUIO AC HATANOXYyBare Ha
ponomutot ( Percival, 1990 ). KonTakTHaTa 30Ha BO OCHOBaTa € Of noceben
HHTepec KaKO NOTOfHa CPefiMHa 3a XHAPOTEPMaNHATE anTepalud, ToceOHo
33 MUHepaNu3alMjaTa, OBaa € Cly4aj BO LEHTPaJHUOT M jY>KHHOT JIeNl Off
HaoFanumrero.

Epununarta Ha nuuoleHckute GeN3uTcky TY(QOBE HOKPUBA TONEM Jel
on HaofanmumuTeTo Anmap. OBaa ByJIKaHCKa cepHja COOpPKH Ielel,
KpHcTanecTH Ty(oBH, Ty(pHH Opeun 1 e3epckd TY(OTeHH ceUMEHTH.
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Crnopep Percival ( 1990 ) HajHHCKOTO HEBO Ha (elsuTCKH Ty(OBH ce
COCTOM Off MEKM H KpUUIMBH TyhOBE H IEHENH, KOH IOMEHYBaaT :BO
KPHCTAIIOKIIACTHYEH Ty( a HoToa ¥ Bo Kpucramect Tyd. Osue Tydosn
COApIKaT CaHWJMH, OMOTHT M (heHOKDHCTANH Ha KBapL BO elHa adadaTcKa
OCHOBHa Maca.

CocraBoT Ha TyhHaTa Gpeda e CIHYeH CO COCTABOT HA KPHCTAIECTHOT
Ty®. TydoBuTe KOU ce HaTanoXKeHu BO cyOe3epcky GaceHH, BO JY:KHHOT HeJ
of Anuap, NOKa)KyBaaT IIPOCIOjYBalmhe H CORpKaT Ty(oreH cefdaMeHTeH
MaTepHjall Off IMIHHA ( ByJIKaHO-CeJHMEHTHA CepHja ).

By/nKaHCKHOT KOMIMIEKC Ha AJIIIap NONETANHO € H3y4yBaH Off CTpaHa
1a Boes u JlenmTkopa ( 1992 )Frantz ( 1994 ), Frantz et al. ( 1994 ), u
JlermutkoRra ( 1995 ).

Ha ocrosa nHa mocerallHETe HCOMTYBAka, BO HAOfANMINTETO AJIIAap
ce focera HNeHTU(OHIHPaHH 1BE OCHOBHY BYJIKAHO-HHTPY3HBHE (hasu:

a. Enua nocrapa, MHOIEHcKa (pasa Ha KallKO-anKallHi KaplH, Koja ce
IojaByBa BO BHA Ha #ajkonu. [Ipema wenuTyBamaTa Ha Troesh and Frantz
( 1994 ), crapocra Ha opaa ByaKkaHcka ¢asa e Muouerncka ( 14.3-8.2 Munuonn
TOJMHH), a yTBpIEHa € Ha OCHOBa Ha nopatouute CAr/’Ar, 3a
mnarnoknacute off Upsen Hon ( Tabexa 23 ).

Ta6ena 23: ATCONYTHA CTapOCT HA BYJIKAHCKHTE Kapie off AJuap Ha
ocHOBa Ha Metonara 40 Ar/ 39 Ar no mnarnoxnacuTe
Troesh and Frantz ( 1994 )

Munepan Temnepatypa (° C) “CAr/YAr
800 9,222 £0.842

Tinaruoxnac 1000 8.279+1.183
1200 12,25610.762
1400 14.323+0,776

BynkaHuo-unTpy3sHBHATe Kapiu Of OBaa ByJIKaHCKa ¢haza ce TIOKACHO
XUAPOTEPMAIHO IIPOMEHETH MOJ] BIMjaHHE Ha XHAPOTESPMANHUTE PAcTBOPH
BO TEKOT Ha INIHOL{EH.

6. HajsHauajuuTe BYNKAHCKH Kapii BO OKOJMHATA Ha AJmap
HacTaHale, Kako cOCTapHu fAeoBHM Ha KoKydcekara BYNKaHO-MHTPY3UBHA
akTHBHOCT. Cy6ByIKaHCKO XHNOabHCANHUTE HHTPY3ud (OPMHPAHHA ce, Ha
OcHOBa Ha nogarouurte Ha K / Ar Bo BpeMeTo oft 4.5 o 5.0 MHIMOHH TOXHHE
( Jlemurkosa, 1995 ), Frantz et al. ( 1994 ). Boer ( 1988 ) ja oppemun
CTapocTa Ha BYNKAHCKHTE KaplH BO HeNOcpeaHaTa OKOJMHA Ha
HaolaTumTeTo ANLIap KaKo INHOIEHCKA.
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PesynraTuTe o}l oppefyBameTO Ha CTApOCTa HAa AHIE3UTHTE KOH ce
3apaTeHy CO XHAPOTEPMANHH NMPOMEHH YKaXKyBaaT Ha aGCONyTHA CTApoeT
of 3.9 go 5.1 MunuoH ropyuHH co Metogata Ha K / Ar ( Lipolt and Fuhrman,
1986 ).

OppenyBameTo Ha cTapocTa Ha BYJIKAHCKHTE KAPIH Off OKOJHHATA Ha
HAaOfalNMIITeTO AMap € BpIIEHO W HAa OCHOBA Ha HCIHTYBamaTa Ha
CAaHUJUHOT ¥ mnarnoknacor ( Tabema 24 ).

Tabena 24 : CrapocT Ha ByNKaHCKHTE KapnH off AJsuap ofpefieHa co
IpuMeHa Ha MeTojara OAr Ar { Troesh and Frantz, 1994 )

Muuepan Temneparypa (°C) O Ar/¥Ar

Canupguy 800 3.657 +0.137
1000 3.334 £ 0.065
1200 3.271 4+ 0.063
1400 3.261 £0.067
1600 3.280+0.170

IInaruoxnac 800 3.923+0.319
1000 3.328 +(),708
1200 3,283+ 0.757
1400 3,027 £0.511
1600 2.927 £ 0.058

Lo Maitre 1989 (fig B.14)

L e e A e e e e e S St

Na20 +

U 1 L 1 1 1 1 L 1 1L I n £, i i 1] i i 1 L 1 1
55 65 75
SH02 (wi)

Cn. 36 Knacudukanyja Ha ByIKaHCKHTE KAPIIH Off OKOJIHHATA Ha
Amuap (La Maitre, 1989)

Oa npukaskanuTe NOJATOLH MOXKe Ia e 3aKiy4d JleKa BYJIKaHCKaTa
aKTUBHOCT BO AJIIap Tpaesa Bo nepuofoT of 3.9 go 5.1 munuod roguny. Ha

Gazsa Ha ogmocr Ha ° Sr/%Sr ( 0.70856 ) moxe pga ce 3aKiayuM peka
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NpBOGUTHATA MarMa BOJM MOTEKNIO Off FPaHAvHOTO IOfpavje Ha [OIHATa
KOHTYHEHTANIHA KOpa i ropHata o6sueka ( Boes, 1990/91 ).

BynkaHO-HHTPY3UBHHTE XapmM Ha AJuap BKAy4yBaaT JIATHTH,
KBAPIIATATH, TPAXWTH, TOKTAHO H aHJE3UT H JAallHT (Ca.36).

FeO*

Irvine & Baragar 1971 (fig 2)

Tholeiitic

Calc-Alkaline
W A

Na20 + K20 MzO

Cn. 36. NayO + K0 - MgO - FeO pujarpam 3a ByJKaHCKATE Kaplu
of okommHarta Ha Anmap (Irvine and Baragar, 1971)

Trvine & Baragar 1971 (fig 3)
20 - :

H ¥ I T T ¥ 7

Alkaline

Na2d + K20 (wi %)

SubAtkaline

1 1 L 1 1 H ] 1

075 8 8

0 55 60
SiDZ (wt %)

Cn.36. $10,-Na;O+K,0 pujarpamM 3a ByJIKaHCKHTE KapIH Off
oxonunara Ha Ammap (Irvine and Baragar, 1971)
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BysnkanckuTe Kapmu Of AJiap COEpPMKaT IIPOMEHIHBY KONEYHHH Ha
efleMEHTH BO TparoBd W eNEMEHTH Ha peTkure 3eMju. Bo Tabena 25 ce
IPHKaXKaHK BPEHOCTHTE 33 CONPYKHHATA HAa PCTKHTE eJNEMCHTH U PETKUTE
seMji BO TpH NpUMepoKa Off BYIKaHCKHTE Kapud Of AJIap KOH
npepcrasysaat Tpaxuti (Frantz, 1994 ).

Tabena 25: PeTKa eneMenTH K PETKH 3¢Mji BO TPaxuTuTe Off AIap
( Frantz, 1994 ) metopa INAA

eleMenT B0 ppm | error % | ejieMenT BO ppm error %
Li Sn

B Sb 0.5270 10
C Te

F ]

Na 167.0 3.0 Cs 1.330 6.0
P Ba 34.80 13
S La 6.340 3.0
Cl Ce 7.300 5.0
K 41.00 15 Pr

Sc 2.780 3.0 Nd 11.00 11
Vv Sm 2.440 6.0
Cr 18.00 5.0 Eu 0.3400 6.0
Mn 38000 3.0 Gd 1.000

Co 88.86 3.0 Tb 0.2400 13
Ni < 20.00 Dy

Cu < 30.00 Ho 0.4700 20
Zn 593.0 4.0 Er

Ga . ]| <0.6000 Tm 0.2700 20
Ge Yh 1.200 6.0
As 637.8 3.0 Lu 0.1980 11
Se < (140 Hf 0.2400 15
Br Ta 0.03200 12
Rb < 3,500 W 8.440 3
Sr < 80.00 Re

Y Os

Ir 10.0 Ir < (.00200

Nb Pt

Mo 3.0 20 Au 0.494 3.0
Ru Hg 0.7560 16
Rh ' Tl .

Pd Pb
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Ag 1.300 20 Bi
Cd 12.00 20 Th 0.8000 14
In U 8.520 5.0
eJIeMeHT BO ppm_ | error % | ememenr BOG ppm error %
Li Sn
B Sh 0.4100 7.0
C Te
F J
Na 110.0 3.0 Cs 1.370 6.0
P Ba < 50.00
S La 4,440 3.0
Cl Ce 9.900 10
K 310.0 4.0 Pr
Sc 3.070 3.0 Nd 6.200 10
Vv Sm .9800 10
Cr 16.10 6.0 Eu {(.2250 6.0
Mn 36000 3.0 Gd
Co 118.0 3.0 Th 0.1900 15
Ni 40.0 30 Dy
Cu < 20.00 Ho
Zn 33%9.0 3.0 Er
Ga < 0.9000 Tm
Ge Yb 1.330 4.0
As 120.0 3.0 Lu 0.2360 4.0
Se < 0.3000 Hf 0.1700 15
Br Ta 0.02500, 20
Rb 2.500 W 3.770 3.0
Sr Re
Y Os
Zr 5.000 Ir < 0.00200
Nb Pt
Mo 24.00 10 Au 0.00760 10
Ru Hg < (.3000
Rh TI < 1000
Pd Pb

| Ag Bi
Cd Th 0.5300 6.0
In U 15.50 3.0
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eJeMeHT Bo ppm_ | error % | eneMeHT BO ppm error %
Li Sn

B Sb 0.9300 6.0
C Te

F J

Na 16900 3.0 Cs 28.30 4.0
p Ba 1760 7.0
S La 78.50 3.0
Cl Ce 157.0 4.0
K 31500 3.0 Pr 7.800 40
Sc 9.510 3.0 Nd 63.00 5.0
v Sm 8.540 3.0
Cr 16.40 4.0 En 1.710 4.0
Mn 294.0 3.0 Gd

Co 10.30 5.0 Th 0.6900 5.0
Ni 11.00 30 Dy 3.800 3.0
Cu Ho 1.400 15
Zn 56.00 10 Er

Ga 19.70 7.0 Tm 0.3200 20
Ge Yb 1.840 5.0
As 13.80 5.0 Lu 0.3010 4.0
Se 0.2000 Hf 5.930 3.0
Br Ta 0.8200 5.0
Rb 181.0 3.0 W 3.200 11
Sr 1170 6.0 Re

Y Os

Zr 250.0 10 Ir < 0.00160

Nb Pt

Mo 3.000 20 Au

Ru Hg < (.3000

Rh Tl < 3000

Pd Pb

Ag Bi

Cd 1.000 Th 34.10 4.0
In U 9.750 4.0

e

Ha Cn. 37 e npuxaxaHa guctpubyuujarta Ha REE BO BYJIKaHCKHTE
xapnu on Amumap. O HapefeHUTEe TOJATOWA MOXE A2 c& 3aKiyHn fieKa
MOCTON W3BECHO OBOraTyBame HA JIeCHHTe PETKH 3eMjI BO OJHOC Ha
remigure. PemaTuBHOTO oBoraTypame Ha JIAHTAHOT C€ MCTakHyBa BO
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BYNKaHCKHTE Kapiu Off Anmuap, fomeka ogrocoT Ha Ce / Y ( oxony 6 )
yKa)KyBa Ha M3BECHO OCHPOMAllyBame Ha TEIIKHTE peTku semju. Tpeba fa
ce CIOMEHE fieka € 300raTeHa ¥ CONPIKHHATA Ha HEOMUHUYMOT.

Norm: PRIM

oFrahkit & Trahit
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Cn.37. MucTpubyuuja Ha PETKUTE eMEMEHTH 1 PETKATE 3EeMjH
! BO BYJIKaHCKUTE KapIlH Off OKOJMHATa Ha AJlrap

On amanmsaTa Ha COANpXHHATa ¥ pucrpubynumjata Ha REE Bo
BYJIKGHCKHTE Kaphy Off AJap MOXe Ja ce 3aK/IyuH fgexa 360raTeHocra Ha
JIECHATe PpeTKH 3€MjH YyKaXyBa Ha IOTEKJOTO Ha MarMHTe Of
KOHTHHEHTAJIHATa KOpa, H JeKa Toa ja OfBOjyBa O TOJNEHTCKHUTE OGa3ajITH.
Cna6o HarmaceHHOT MHHMMYM Ha Eu xako n jaCHO HCTAaKHATHOT MHHHMYM
na Dy ykaxypa Ha npouecure Ha (PaKIHOHHPAKETO HA MIPHMapHaTa MarMa,

KaKo W HAa Hej3uHATa KOHTAaMHHAUHja CO KapluTe Off TOpHATa H JlONHATAa
kopa ( Jlenmnrrosa, 1995 ).
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OCHOBHH KAPAKTEPHCTUKK HA BYITKAHCKUTE KAPIIN -

[MAuoneHcKATe BYJKAHCKM KapNHM ce IiojaByBaaT BO BHJ Ha
CyOBYIKAHCKH HHTPY3UM KOK HMAaT NajKOBCKM KapakTep W / MM Maju
MHTPY3WH, B KaKO EKCIUIO3UBEH BYIKAHCKM MaTepHjal. 3a pasiuka Of
MHOLIEHCKATE BYJIKAHWTH, OBHE ce TOMJIAag{ H Ce CBEXH M Ce IIOMAJKY
3adpaTeHy CO NPOLeCct Ha XHAPOTEpMAaIHY anTepalny. ‘

Tabena 26: XeMHCKH COCTAR Ha JaTHTHATE Of AJliap
( Jlenwrkora, 1995)

1 2 3 4 5 6

Si0; 57.28 | 5743 {5777 | 56.30 57.20 59.32
TiQ, 0.72 077 1 075 0.70 0.68 0.70
ALO, 1720 {1741 | 17.68 | 17.31 18.00 17.90
Fe: 0 5.60 584 | 573 520 5.62 5.25
FeO
MnO 0.06 0.08 | 0.06 0.06 0.06 0.10
MgO 1.89 1.60 | 2.00 3.21 1.80 1.66
CaO 4.42 423 | 5.35 5.18 4.68 5.07
Na. O 4.01 4,10 | 4.31 3.65 4.15 3.65
K0 5.60 570 | 545 4.82 5.53 4.01
P,05 0.57 0.51 0.50 0.44 0.51 0.52
H,0O 2.30 2.30 1.10 314 1.95 1.56
SUMA |[99.74 |99.97 | 1007 | 100.01 | 100.18 |99.74

5i0, 59,65 56.86 56.90 57.12 | 58.30
TiO; 0.81 0.90 0.88 0.83 0.85
ALO, 18.12 17.70 17.90 1749 { 17.01
Fe, 04 5.38 5.30 532 5.48 4,73
FeQ
MnO 0.10 0.10 0.10 0.09 (.10
| MgO 1.78 1.88 1.98 2.01 2.12
Ca() 4.87 5.12 495 4.38 5.60
Na,O 3,79 4.01 3.85 3.88 4,12
KO 4.11 5.10 4.75 4.80 4,98
P,0;5 0.50 0.48 0.44 0.47 0.56
H,0O 1.20 2.60 2.90 2.88 1.50
SUMA 100.31 100,05 | 100.01 | 99.93 | 99.81
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Onwpe KapnH IOfETaHO IH IpuKaxysa JlenuTrosa ( 1995 ).

JlaTtuTi, (eHOKpHCTANNTE Ce NPEJCTABEHH CO KIMHONHPOKCEHH,
aNJe3HHMN, IOPEeTKO M OHOTHT KOj € CMECTeH BO OCHORHATA Maca Of CAHUJIAH,
anpesuH, Fe-Ti okcugn 1 anaTuT.

JlaTuTATe Ce HajuecTH BYIKAHCKHM Kaplid BO HAOTANMINTETO AJIHAP.
HusHuTe XeMHCKM KapakTepHCTHKY ce MpHEKaxKauu 8o Tabemnarta 26 .

TpaxatH, ce XapaKTepH3HpaaT cO HHBHaTa XOJOKPHCTAIIECTO
nopHpcKa CTPYKTypa BO Koja (DEHOKPHCTANHMTE C& NpECTaBeHH Co
CaHH[IUH, Maarnokiaac, aMmgpudon n 6uornt. OCHOBHATA Maca Ce COCTOM Off
MHUKPOJNIHTH Ha HCTHTE MUHepaiau. XeMHCKHOT COCTaB Ha TPAXUTHTE O
HaoramHIITeTO AJIap ¢ Ipukaxkad Ha TaGenara 27 .

Tabena 27: XeMucKM cocTaB Ha TpaxuTHTe of AJuap
( Hemurxona, 1995 )

1 2 3
Si0, 61.90 62.30 62.08
Ti0, 0.70 0.65 0.72
AlO, 17.80 18.01 17.23
Fe, 0, 4.60 4.80 4.65
FeO
MnO 0.10 0.09 0.09
MgO 1.30 1.39 1.35
Ca0 4.72 4.30 4.18
Na,O 4.01 3.6l 3.85
K,0 4.30 4.10 4.15
P,0; 0.50 0.50 0.50
H,0 (.85 0.88 1.11
SUMA | 100.78 | 100.63 | 100.63

(MugyxTHBHO cBp3aHa ma3Ma, ICP method)

Jau|TH M aHDESHTH ce 1I0jaByBaaT caMO MECTHMHYHO. HUBHHOT
XeMHCKH COCTaB e NpHKaXaH Ha Tabesnara 28 .

HauuTHTe ce cOCTOjAaT Off (PeHOKPHCTANH KakKo IUTO Ce AHIE3HH,
6uOTUT, XOpHONEHA & CIHOpPAaIMYHO H KBAPI H CAHWIHH KOHW JIEXKAT BO
OCHOBH& Maca COCTaBEHA OF MHKDOJHTH HA aHNe3WH M CaHWIHH, Kako o
MECTHMHUYHO KBapl, OHOTHAT, XopHOnena, anaruT u Fe-Ti oxkcamn.
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Tabena 28: XeMUCKY cOCTAaB Ha aHRS3HT H JAIAT of ANap
( Jlenurkosa, 1995 )

1 { aagesur ) 2 { maiur )

Si0, 61.17 65.50
Ti0, 0.53 0.598
Al Oy 1591 16.45
Fe, O, 4,68 343
FeO

MnO 0.04 0.10

[ MgO 1.24 1.49

CaQ 3.37 3.84
NazO 3.82 2.33
K0 0.24 3.50
P,0; 0.24
H,0O 4,77 6.79
SUMA 68.31 98.97

AHnesuTATe ce MHOTY PETKM BO HaofanmmrTeTo Ammap. Tme ce
OJUIMKYBAAT €O TPHCYCTBO HA IIOMAajla KOJHYHHAa Ha AJIKalul OTKONKY
JATHTHTE } Tpaxu-aHge3uTHTE.

CTPYKTYPHU KAPAKTEPHUCTUKH

Pacequre n pacegHuTe 30HU BO HaOfaNUIITETO AJIIAp ce IPYyIHpaHi
BO TpH TCJIaBHH HHM3a BpP3 OCHOBA Ha HHBHHOT IIpaBel| Ha HPOTErame
( Percival, 1990 ). C-CH 20 M, C 35 - 50 ¥, u C 40 - 50 3. Camo BO

CEBEPHHOT [leJl JOMUHUpA eHa cepyja Ha pace[id CO IpaBel] Ha MpoTerame
H-3.

HajroseM fien of pacegure ce MAPKHPaHK CO TEKTOHCKM Opeduparha,
HapalelfHE CTPaTHpadcKH COOTHOCH, TOUNOrpatpCcKH JUCKOHTHHYHTETH
Kako W  3abeleXHTEeNHO  3UOJIeMyBalke Ha  MHTEH3UTETOT  Ha
XHUOPOTEPMATIHATE ATePaliii HONK OBHME CTPYKTYPHU AHUCKOHTHHYHTETH
( Percival, 1990 ).

Epna riaBHa CTPYKTYpPHa 30Ha e opMHpaHa KOH cepep, ROIIK
ponuHaTa Ha pekaTa MajgaH. Bo McTouHaTa CTpaHa Ha OBaa CTPYKTypa ce
cdopMupaie rpaGeHacTd U3TAHOUH CO 3HAYHTENHO CHIH(HIEPAHH Kaplu
( Tydo3eH JONOMUT H [p. ), KOH Cce MECTHMI4HO MuHepanusupans. ( Cia. 38 u
Cn.39)
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Hexonky pacegu co rnpasey Ha nporeratse koH CH  ce
HACHTH(MHUIAPAHYE BO NOA3CMHHETe paGoOTH 3a eKCIIoaTallija Ha aHTHMOH.
Omue pacefHu CTPYKTYPH Ja KOHTpONMpaaT JOKanM3alHjaTa Ha
MHHepajHu3aliajaTa Ha aHTHMOH.

MHory of OBHe CTPYKTYPH TIOKaXKyBaaT JIHHHCKO [BIDKEHE IIPU
CMOJIKHYBAaHKE, NOEKa TParoT Ha PacefoT € BCYIUHOCT 30Ha Ha CMOJIKHATH M
HCKPpIIEHM Kapili BO CHTHO3pPHECTa CYNIHKaBa OCHOBHa Maca. Tue cofpkat
ronema KONWYiHA Ha TIHHOBHTA MaTepHja { Percival, 1990 ).

Ha Cn. 40 e mpuxaxkaH cKWIla Ha pacliOpefoT Ha JHTOCTpaTH-
rpad)CKHTE WISHOBH BO LEHTPAIHHOT JIeJl Ha HaofaHITeTO.

CPEIVHY HA MUHEPAJIMIAIIMIA

JlokanusauyujaTa Ha MHHEpaln3anyjaTa IPOCTOPHO € TIOBp3aHa co
CPeiMHM KOHM €& KapaKTepH3HpaaT CO 3TOJEMEHa IOPO3HOCT H
IPOIYCTIMBOCT, KOHM C& FOBP3aHH CO pacefHH CTPYKTYPH H 30HH Ha
pace[HyBame BO OKOJHMHATa Ha CyOBYAKaHCKO-MHTPY3HBHHTE TeNa. 1akBH
KOCH HAaJOJLKHH PYNOHOCHH CTPYKTYPH pE3YJTHpale Ojf [BIDKEeHe §
CMOJIKHYBaK:e Off THHUCKH THUII KO CE HajuyecTo NpejicCTaBeHu co OpeyypaHu
KapIid BO CHTHO3PHECTa HIYIIJIHKaBa OCHOBHA Maca.

3roneMenaTa IOPO3HOCT M COCTABOT Ha Ty(gOBHTE ce€ IIOTOJHa
CpefiiHa 3a QNBIKEeHke Ha XuppoTepManHuTe (IYAAM M BHECYRAKkE Ha
cynunE | 31aTOo.

Jpyra moropHa cpefiHa € NMOPO3HATa H NPONYCTNHBA OCHOBHA 30HA
Koja ce ¢opMHpana KaKo XOPH30HT JOMXK TPHjackaTa epO3HOHA MOBPUIMHA
Koja e fedena 5 no 10 meTpu ( Percival, 1990), { Cn. 41 )

Kapﬁonaz‘nm‘e KapIid KaKo HITO ¢& JONOMUTHTE H MEpMEDHTEe ce HCTO
Taka IMOTOoNHa CpelyHa 3a Oiarake Ha MUHSPpATH3alliiuTe BO Anmap.

Kaxo 3aknyJyox MOXKeMe [a KaXKeMe JieKa MEHepainsalgjata Ha Sb-
As-Tl-Au e cmecTeHa Bo TpHjackuTe KapboHaTH ( HONMOMHUTH H MEPMEPH ),
TEPUMEPHHTE BYJIKAaHUTH M BYyJIKaHO-ceNUMeHTHaTa cepuja ( Tydosen
OJIOMHTH ).

CTPYKTYPHA KOHTPOJIA

Ilonox6Gata Ha pyfHETE TeNa € UeAOCHO KOHTPOJHPaHa Off PACEHUTe
KOH MMaaT TOJEM aroll KoK KOM XMAPOTepMAalHuTe (PIYHAH ce ABHKeHe
Harope ¥ IIPHTOA Ce OJ[BUBATE MUHEpPaIH3alucKuTe LHKIycH. He Moxke co
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CUTYDHOCT [la C& KaXke [alH e[eH MJIH JOoBeKe pacellll CIyXKele KaKo
MAaTHILITA 38 JBYCKEIE Ha XUIPOTEpMalHuTe PYTOHOCHE (PIYHAH BO IMOFOjHa
JUTONIOLIKA CPefiHa BO KOja ce OIBHBaJIE OfIaramheTo Ha pyfaTa.

MAIMATCKA KOHTPOJIA

Maxo IpOCTOPHHOT COORHOC NoMery CyOBYJIKAHCKMTE HUHTPY3HH H-
MHHEpann3al#jaTa BO UEHTPAaNHMOT [el Ha HaofamuiirteTo Aumap e
OUMTIIENEH, Celak BpeMeTo INoMely HHTDY3HBHHTE [pOIECH 1
MuHepanu3anujata Ha Sb-As-Tl-Au Hee TouHo ofipegeno. IlosHaro e camo
mexka HekoW ha3H Ha MHHepaiusaldja, NocebHO Ha NMHPHTOT, CE CIyYHIe
FEOJDK KOHTEKTOT €O XHEPOTEPMANHO H3MEHeTHTe JaTHTH M JeKa TO)
HACTAHAN IIOcke MHTpy3HBHaTa paza. Opaa e JoKaXXaHO CO NOA3EMHHTE
pypnapeky paboTH Ha aHTHMOHOT. Cellak IOCTOM rojieMa BepOjaTHOCT JeKa
MUHepanu3alyjaTa 'eHeTCKH e IIoBp3aHa cO NoBeKe (asHu CYBYJIKaHCKO-
XUMOA6UCAHY HHTPY3UBHA HACTAHH.

AJITEPAITNIN HA OKOJTHUTE KAPIIH

XugpoTepMaJHUTE  aXTepaliy  Ha  MaTHYHATE  KapliH H
pacnopefeHocTa Ha aluuTe Ha alTepallMd [eTalHO Ce ONHIIaHH Off
Percival { 1990 ) n Boes u Cepadumosekn ( 1990 ).

Hajznavajuu haunu Ha antepanuu ce cHIMGUKalyujaTa 0 apTATTHA3E-
uujaTa. CunncbHKanpjaTa [IaBHO [PeoBialyBa BO LUEHTPATHUTE M jY>KHUTE
HeNoBH Ha mHaofanuurreTo, JAofeka aprUiIMTH3al{djaTa 3aefHO  CO
cunudrKanyja ¢ IpHCYyTHA BO CEBEPHHOT JEN, Ha NPUMEP PYNHOTO TENO
Lipseu Jomn.

Paznuuum oBNHIIE Ha CHIHIIHCKH MPHEpan#d ce [OEeNnoHHpalle BO
pasnAvYHE IEPHODH BO TEKOT Ha BPEMETPACHECTO Ha XHIPOTEPMAalIHHOT
CHCTEM.

- HenocHo 3aMeHYBambe Ha HONOMHTOT M TY(O3HHOT JOJOMHT CO
MHKpOKpPHCTalecTH crnmupcky MuHepanu ( Ca. 42 ). JexanuudrkamijaTa
ce KapaKTepH3Hpa cO OACTpaHyBamke Ha KaJlUATOT H JOJIOMHTOT CO KHCENH
pacTBOpM BO YycnoBM Ha crabmiHocra Ha TNHPHTOT. Bo IumpokoTto
DACHPOCTpaHEeTHTEe KapOOHAaTHUW KaplH  KPHUCTAJIECTHTE  CHIMIMCKH
MEHEpalld 'l HCHoNHyBaaT crobofuuTe Mefynpocropu. OBaa ofnarame Ha
CHNHIMCKATE MHHEpalnH ce CIyYHIoO 3a BpeMe Ha JIafielero Ha
xugpotepManuanTe qayuge. CunndrranyjaTa € IPUIHYHO HHTEH3UBHA
[IOjaBa U 4eCTO MPEMHHYBa BO [JaCEPOULH.
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CeBepHO Off NEHTPaNHHOT [eN Ha HaofanuuTeTo cHImpUKAuMjaTa
omara BO HHT€HSHTETOT, IITO Pe3yITHpa cO ONafarme Ha KONHYHHATA:Ha
aHTHMOH H 311aTO.

- QopMHpamkeTe Ha KBAPIHH JKHUM, SKHIHYKE H CTOKBEPK-KHIMYKHA
( BO TWpeTXomEO  cHNH(DMUMPAHHTE KApImH, BO  IIACHEPOJUTE X
cumuguIupanuTe Ty(hOBH ) 32 RpeMe Ha eTaliaTa Ha MEHepaIu3anuja.

Apranurusaudjata ce QopMHEpana INABHO Ha M NATepagHO O
tycpoBuTe ¥ TydosHuTe AONOMETH. IHTEH3WTEOT Ha ajlTepaumjaTa Ce
IBICKE Off cnabo 3aMeHyBame CO [VIHHOBHTH MHHEpANM MHa ¢ [0 LEJTOCHO
pa3biBarbe Ha TEKCTypaTa HA MaTHYHATA Kaplla BO MPONYCTIIABA H3MEHeTa
MaTHYHa Kapua. MsmemeTHTe TyhOBM CONp:KAT MEIIaBUHA Ha KAOJIMHAT,
HITHT, CHTHO 3PHECT KBapIl, japO3HT, 3elieHH OKCHIH ¥ FHIIC.

Many nojaBM Ha aHKEpHTH3alMja Ce OTKPHEHH MECTHMHYHO BO
ronoMuTuTe ( pynHo Teno Lipeen Hon , Bamuk-Kynuz, 1993 ).

PacnopefienocTa Ha chanmuTe Ha XMIPOTEPMANHATE NPOMEHH e
KapaKTEPHCTHYHO 30HapHa Off CHIMGHIMPAHOTO jaipo Koe MHOCTENeHO
M&TEpaNHo MOMHMHYBA BO aprEAMTH3anMja. JIoKamHo cinuduranujaTa e
H3MEIIaHa CO APTHANTCKH H3MEHETHTE KApPIIH.

BHecyBameTo Ha MMIIPETHHpaH NHUPHT / MapKacHT BO BYJNKAHCKATE
Kapiu u TydosHute gonomuty ( Ha npumep Upser Jomn, ruso 800 ) Moxe
fa ce cMeTa 3a cnenugayna dangja Ha XENPOTEPMATHE anTepalliy.

Cynepremn antepawmm: Osoj BHg Ha arrepanud e LUEPOKO
pacmpocTpaHeT BO HaolanuimreTo Amiap, a Bo cebe ' BKIYYYBa CASIHUTE
HPOLECH U IIPONYKTH:

- OgcHpjauujaTa Ha 3XeIe30T0 U O H3BECEH CTeNeH aHTHMOHOT, U
CylhuAUTE HA apCeH, a JIOKATHO M TAIMYMCKUTE Cyn]hOCcoit, pe3yaTHpa Bo
CO3MlaBarbe¢ Ha LICIIMPH COCTABEHH Off KOITEHHKaBO-KadpeaBH OKCHIOHM Ha
TAMOHHT-MaHI'aH W3MEIUAH| CO aprWIATCKH riuHu. THe ce popmupane Bo
OKOIHHATA Ha MHHepanu3auujara, ( Ca. 43 ).

JIMMOHMTOT H japo3WTOT ce NpPOJYKT Ha TpaHcopMaidja Ha
NpEMAPHUTE CYI(DHIH Ha KENe30To, AOfieka aHTHMOHUTOT ce Ipeodpasysa
BO CEPBAHTHT, CTHOMKOHMT M JIp. ApceHcKHTe cynduiyn ce npeobpasyBaat
BO CKODO[HT, apCCHONMTH ¥ JIp., H3MEIIaHH Ce CO JIHMOHHUT, MECTHMHYIHO
OKCH[IH Ha MaHIraH, apIUIANTCKY [IHHE ¥ MEKPOKPHCTaIeCT KBapil. Hexon of
HajHOBO OTKPHEHHUTE TANHMYMCKH MHHCPAIH KaKO MITO € JOpPANapHTOT Ce
(opMHpae BO TPONECOT Ha CyNepreHeTa aiTepandja HAa NPHMAPHHTE
TaMHYMCKHA MutHepann ( Banug-Kyuug u mp, 1993 ).

- ApIHIMTCKaTa anTepalHja € [NIABHO MpONeC KOj clefyBa Io
OXCHJaNjaTa Ha NPUMAapHATE CyHiy, KOTa cyadypHaTa KHCEIMHA KaKo
CIIOpENieH IPOUSBOJ TH 3athaTulia MaTHUIHATE Kapin. [1ponsBogure o) oBHe

n
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OPOIECH Ce NMPEOCTABEHH CO IIIMHA KOH COIpsKaT TOJEMH KOJIHYeCTBa Ha
NHUMOHHT ¥ OKCHEM Ha MaHTaH, a JJOKATHO H KOHIEHTPpaHuuH Ha QCTaTOIH Ha

cyndpupa.

- HesmaTHOTO JIATEPWTCKO paclmararme Ha  MarMaTCKHTE H
cefHMEHTHUTE Kapnu ( ITaBHO c& OABHBANO BO Ty(OoBHTE H TydO3HATE
[ONOMMTH) yKaKyBa Ha TOINlaTa ¥  BJIaKHaTa KJIMMa Hocre
MUHEpalu3alyjaTa.

TEOXEMUCKHY AHOMAJIMMA

[loBONHATE CpefjMHMM 3a OJJaralbe Ha pypara BO Ajmap ce
npefcraBeHd CO AHOMANHM KOHUEHTPALWM Ha AHTMMOH, apceH, 37aTo,
cpebpo kako m TamuyMm. Bo Texor ma 1987 - 1988 rommHa Of cTpaHa
TeonomxuoT 3aBof of CKomje H HcTpaxkyBaykaTa KoMnanuja Hacay Gewe
H3BPIIEHO TeoXeMHCKO onpobysame 1o mpexa { Xauu Ilerpymer 1987,
Percival, 1990 ).

MpeskaTa 3a onpobysatse Gellle pasBHeHa BO 25 NPOGhMIK Co NpaBen
Ha TpOTErame HCTOK-3anaj co MefycebHO pacrojaHHe oOf 50 meTpm RO
npaser; C-J. Ilpumepounre Gea cobpanu Ha pacrojanue of 20 MeTpu 1o
[OMKHHATA Ha npodunuTe. Bea cobpanu BKYNHO 288 IpUMEpOIH.

[e0XeMHCKOTO HCIMTYBAaH:E Ha MPHMepONHTe Oellle CKOHUEHTPHPaHO
TIABHO BO LEHTPANHUOT ¥ jYSKHHOT [EN Ha HaolamHINTeTo, Kajle BO
NOf3eMANTE pyTapcku paboTn Geure OTKpHeHa MEHEpaIu3aldja Ha aHTHMOH
¥ 37aTO. PE3YATATHTE Off FEOXeMHUCKHUTE HCTPaskyBatha Ha aHTHMOH, cpebpo
M 371470 ce JaJeHM Ha CIIUKuTe, 44, 45, 46 .

Oy mpuKayaHHATe KapTH 33 TEOXCMEHCKHTE aHOMAalHM MOXKCE 7a ce
3aKAyYM fgexa o6nacta jy:KHO Off IIaBHHOT PYAHHK 33 aHTHMOH IMOKRaKyBa
BHCOKH aHOMAJTHE KOHLUEHTPAlMH Ha aHTHMOH H 37aTO. AHOMaNMUTE Ha
AHTHOM U 3JIaTO Ce OKPYXKEHH CO rojleMa aHoManuja Ha apceH. TakBaTa 30Ha
e monra npexy 1.2 KuioMeTpy.

Hekonxky 30HH Cce HHHIMpaaT BO CEBEPHUOT [ell Off MOA3EMHUTE
pyapcku paboTH 3a aHTHMOH, ce o Llpses [Joi1, KOH CORPKAT FeOIOLIKE 1
reOXEMUCKY HMHIALNHE 32 MEHEpanusalgja Bo JoAnaboKuTe [elOBH.
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MUHEPAJIM3AIIAIA

HaoranumreTo ANuap ce cocTOH OF HEKONKY PYGHH Tena H Gpojuu
IOjaBH KOH CHTE Ce KapaKTePH3HpaaT co cHeluhHuYHM acONUjalii Ha
METaJIH U MUHEPaHH COCTABH.

Munepanuzanujara Ha Sb-As-Tl-Au ce nojaBysa Bo 30Ha Koja & ckopo
3 xu roara u 200 ro 300 MeTpu wmpoka ( Cr. 47 ).

MopdocrpykTypan THNOBH ma MuHepamm3ammja. Hexosxy
HoceGHH THNOBH Ha MyHepamu3alMja ce IojaByBaaT BO HaoralMILTETO
Anmap, BKIyIyBajkH :

- MUHEpaNu3upaHy, Gpeuupany 30HA (POPMEPAHN FONK KOHTAKTHTE
moMely CyOBYJKaHCKHTE HHTPY3MM H HONOMHTHTH M / Wil TyhO3HHTE
TOJIOMATH MM ZOIK 30HH Ha CMONIKHYBathe BO KapOOHATHUTE KADITH 1 / MR
CUTMMUIEPAHATE TY(HOBH.

- MACHBHN JIEKH Off Pya Ha peanrap KOH ce I0jaByBaaT BO KapboHATHH
Kapiy M KOH IIOMUHYBaaT BO MHHepaju3alHja off CTOKBpKeH Tui. MacueHa
cynuNHa MUHEpanu3alfja, TIABHO NHUPHT / MAapKacHT, MECTHMHYHO I'H
sachaka KOCO HaBEHATHTE PACCHHH 30HM HA CMOIKHYBame. MacHBHH
CYpUIOHOCHH JIaCIIePOUIH Ce NOjaByBAaaT MECTHMHMYHO CAMO KaKO Malu
TekH.

- MUHEDaH3MpaH CHCTEM Off KWJIMUKH M pacefu ce MOjaByBa BO
TY(O3HHOT JOIIOMHT H TPAjacKuTe JOTOMHTH.

- MiMnpernaunosa MuHepanu3aluja, IIaBHO AHTUMOHMTCKA, THPHT /
MapKacuT H 37aT0, ce nojaByBa: ( a ) KaKo CIOSBHTH Telia JOK KOHTAKTOT
noMmery 0asaJHMOT JeNl Ha BYIKaHO-CEHMEHTHHOT TY(hO3eH MOIOMHT X /
MM TY(OBHTE M [ONHATE TPHjacKH KapboHaTHH Kapmu, ( b ) Bo
CHILM(PHUMPAHH BYJIKAHUTH ( CO PA3IMYHO KONMYECTRO HA apTHIMTH3AIH]2 ),
H ( ¢ ) Kako 06eMeH CATHO MMPETHHDPAH IMUPHT-MapKACHT H AHTHMOHHT BO
NaCIepOUINTE, JIOKANHO NPONpaTeH cO CYMpMEH Ha apceH W TalHyMCKH
MHHEpaH.

Pynnute Tena HajuecTo ce nojaByBaaT Kako KOCH 3alleFHATH ek, KO
AMaaT HeNpaBHieH OOJUK, MECTHMHYHO KaKO PYGHHM cTOn60BH. [omMuHaTa
H (popMaTa Ha OBHE PYIHH TeNa 3aBHCH Off TPAHUYHHTE BPETHOCTH.

- CucteM Ha TeHkH, go 10 CAHTHMETDH MIMPOKH, CyOIIapalesiHu KUy
Ha aypUNETMEHT BO pyiHOTO Teqio Lipsen on xaj suBoto 800 MeTpy .
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Acongjammja Ha MeTanu. [7aBEHTEe KOMIOHEHTH Ha METalH BO
HaofammirreTo Ammap ce Sb, As, Tl, Fe, S, Au nparenn co nomaiu
xonuuury va Hg, Ba, kako u tparosu Ha Pb, Zn, Cu, U, Th .

36oraTyBameTo cO 3J1aTO BO HAOTaNMIITETO AJIap ce IOBp3yBa CO
360TaTyBAETO CO CHIHIHYMOBATE MHHEPANH, IofeKa 300raTyBameTo Co
TaJUyM Ce IOBP3YBa CO 3roJIeMEHHTE KOHHEHTPaLMK Ha BONATHIIM KAKO MITO
ce As, Sb, Hg, S.

Pcriopepeiocta  Ha pyOHHTE MeTald ¥ HUBHHTE CTENeHH Ha
KolleHTpaldja IOKaxypaar mnarepamnHa soHantoct ( Cia. 47 ). Osaa
30HANHOCT Hee jacHO Je(PMHHpaHa M INOCTOH H3BECEH CTEeNeH Ha IPEMHH
Mer'y 30HHTE.

- Bo ceBepHHOT Jell Ha HaofamuiureTo npeosiagysaaT As, Tl npatenn
CO TOMaM KONMHYKMHM Ha Sb moxanmHo Tparn of kupa u 371aTo. CpegHaTe
COLPSKUHM BO MHHepanmsalnpjaTa Ha pygHOTO Teino Ha Ilpsen Hox ce:
As -6 % ; TI -03 % ; Sb - 0.08 % ; Au - 0.2 ppm ( JaukoBuk u
Jenenxonux, 1994 ).

- Bo LUeHTpanHuoT el Off HAOTamMIITeTO IpeoBIagyBaaT Sb, Au , HO
HCTO TaKa MMaMe H 3Hayajuu copgpxkusw Ha As, Tl, momanxy Ba, Hg u
Tparosu Ha Pb. Pygunte Tena cogpxar2-3 % Sb; 2% As; 04 % Tl ;3.5
ppm Au ; 435 ppm Ba.

Ha Cn.48 ce npukaxXaHd BapHpamaTa Ha CONPKUHHUTE HA TANHYMOT,
AHTAMOHOT ¥ apceHOT BO HEKOHM PY[HH Teja HCTPaXeHH CO MOA3EMHHA
pymapckd paboTH BO UEHTPAIHNOT [ie Ha HaolalnilTeTo.

- Jy>KHMOT Oen Ha HAaofaJMIITeTO Ce KapaKTepH3Hpa CO Toa ILUTO BO
HEro NpeoBIagyBa MHHepalu3alyjaTa Ha 3JaTO NPONpaTeHa CO PasiuyHE
KONUYHAHN Ha apceH.

Muuepannu aacougjanyy. CocTaBOT Ha MHHEpANHTE BO DYJHUTE
TeNla Ha HAOTAIMIITETO ANIHap BO LeNHHa CeyIUTe Hee JOBOJHO IIO3HAT,
oceeH Bo pypHoro Teno Hpsen Hon. Toa pymgHo Teno e npegMeT Ha
CHCTEMaTCKH HCTPaKyBaha BO paMKHTeE Ha nopaHelsuoT npoekT JIOPEKC
CO MIPUMEHa Ha HajCcOBPEMEHH J1abopaTOPHCKY TEXHUKH. PesynTaTuTe of THe
HCTpaKyBara ce Jocera Nybmuippanu Bo mnorosiem Gpoj Ha TPYROBH
( Frantz, 1994, Frantz et al. 1994 , El Gorersy and Pavicevic, 1988, Palme et
al. 1988, Balic-Zunic et al. 1993 , u gp. ).

Hofileka MHOIY TEeOXeMHCKO-MHHEpAJIOIIKKH H  MEeTalOreHEeTCKH
KapaKTepHCTHKH Ha pymHoto Teno llpBen Jonm ce [eTamHO ONMINAHH,
MUHEpaJHaTa NapareHesa Ha HeHTPAHHOT H [Y3KHEHOT el Ha HaorallIuTeTo
Amnmap e momanky npoydena ( Fisanos, 1965 ). Opaa e rimaBHa IpUYHHA LITO
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CETallHATE MO3HABaKa Ha MMHEpaNOrHjaTa, FeoXeMUjaTa W MeTaAIOreHujaTa
Ha UEHTPANHHOT H jY>KHHOT JAej HA HAOfamMINTETO CE& CMETaT CaMOo :3a
IpeIMUHADHH.

Ha Cn. 49 ce npukaxXkaHd TeOJOIIKHTE, alTepaluckKuTe H
MHHEPANKM3AUHCKUTE OTHOCH BO CEBEPHHOT, IIEHTPATHUOT | JV>KHHOT eIl Off
HaofalHINTETO AJNLIap.

Pynuare Tena Ha Anmap ce COCTABCHH Off IIPHMAapHH M CEKYHJADHH
MEHEpad.

Hoceramnute HCTpakyBama, KaKO ¥ JHelyMHaTa eKClnoaTalldja Ha
HaoraaumTeTo AJiap Onne KOHUEHTPHPAHA BO [IBa feia. Bo ueHTpanuuor
el ce HaoraaT MOK3EMHM PYJAPCKH HCTPaykHy paboTH Ha aHTHMOH, BO KOH €
BpIlleHA eKCIJIoaTallHja Ha pyJa Ha aHTHOM CO 3rOJIEMEHA CONpXiHa Ha
apceH W 31aTo, a BO ceBepHHOT nen ( Llpeen Hon m moTkom 25 ) 6una
HCKOIIyBaH4 apCEeHCKaA Py/a CO 3ToJIeMeHa CORPXKHUHA Ha TalliyM.

JyxxumoT men of HaofanMIITETO BO KO MOMHHHpPA B3JATOTO H
aHTHMOHOT Tpeba JoNpBa IIONETATHO 12 C& HCTPAaKH.

OBoj npernies Ha MEHEpaNH3aUWjaTa BO HAOTANMMITETO AJIIAp € -
KOHIEHTPHPAH Ha [JIaBHHTE DYJAHHM TeJIa H TO& BO LIEHTPaIHHOT M CEBEPHHEOT
Ien Of HaolalHIITeTO. Tpeba fa ce HaIvacH jeka THE ¢¢ PasHKyBaaT He
caMO BO OfHOC Ha acolFjallfjara Ha MHHepaiuTe ¥ 06eMOT M CTENEHOT Ha
KOHUEHTpalnjaTa Ha MeTanuTe TYKY M BO [OIVIe], HA MATHUHUTE KAapIIH,
¢aipATe Ha XEApPOTEpMAaTHHTE aNTepalldd, KOHTpoNHHTe (akTOpH Ha
MAHepanu3al#jaTa Kako H BO ORHOC Ha CTENECHOT Ha J1aBopaTOpHCKHTE
UCTPaXXyBarha Ha PYIHUTE TEema.

Pymguworo rtemo llpeen Jom Geme Muory AETAIHO HCTPAXKEHO BO
paMkmTe Ha npoextoT JJOPEKC, KomeKa MHHepaJiorujata u reoxeMHJaTa Ha
PyAHHTE Tesla Ha UEHTPaNHUOT Qe Ha HaofalMINTeTo ce MO3HATH Ha
TNOHHCKO HIBO M TOA BO PaMKUTE HA TIPOEKTOT 38 HCTPaskyBamhe Ha aHTHMOH
1 3naro. Ilopapy Toa MOHATAMONIHKUTE JeTANHA HCTPaKYBaka BO IIOrIE Ha
NO3HABAKETO Ha MHHEpallordjata, TeoXeMHjaTa ¥ MeTalloreHdjaTa Ha
UEHTPATHHOT JeN ce HeONXOIHH. R : ‘

1. Pynnux 33 AHTHMOH - apceﬂ 371aTO BO ueHTpanHHOT ,U;EJI
Ha HaolaJINIITETO

Hexonky pyanu Tena co pasmudHa TONEMHHA C¢ OTKPHEHH CO TpH
TaBHH NOTKOUHM Ha HuBoaTa 800, 745, u 823 ( Cum. 50 ) W co HEKONKy
HNO[HHEBOM M KoOcH TpocTopud. HanpaBenu ce ¥ HEKONKY [HjaMaHTCKH
[1abMHCKH iynuersa. PyqHaTa MEHepanusaumja ce npoTera noMely HHBOTO
852 u HEBoTO 775. BepTHKAaNHHOT jujana3oH Ha MEHepamH3LujaTa
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HapMuHyBa 180 M, IHpounMHaTa Ha MHHEpaTH3MPAaHUTE 30HU Cce an BO

pamxuTe Ha 20 go 50 meTpu ( Cn. 51 ). .

Pymuure pesepBH Ha YTBPHEHH, BEPOjaTHA ¥ MOKHH KOHﬁqHHK
u3HecyBaaT oxoxy 500 000 Toru co 2.5 % Sb, 1.4 % As, 01 % Tlu2r /T

3Naro.

Bo Tabenata 29 e npukaxkaH XeMHCKHOT COCTAB H& Pa3H# THIIORH Ha

pyna.

Tabena 29: XeMHCKY cocTaB Ha pa3sHH THIIOBM Ha PYHA Off
Haofamamrero Anmap ( Metoga ICP, Bo % )

A-I1 | A-12 | A-13 | A4 | A-I5 | A-16 | A-17 | A-18 | A-19 | A-10
Pbh ||001 {001 |001 (001 001 j0OO1 (001 |001 |00I |0.01
Cu | 0.001 | 0.001 | 0.001 | 0.001 | 0.001 | 0.001 { 0.001 | 0.001 | 0.001 | 0.001
Zn || 0.008 { 0.002 | 0.001 | 0.001 | 0.001 | 0.001 { 0.02 | 0.015 | 0.015 | 0.028
Ni 0.006 | 0.003 | 0.001 j 0.001 [ 0,001 | 0.001 | 0.001 | 0.001 | 0.001 | 0.001
Sb 5.11
Mo j 0.001 | 0.001 | 0.001 { 0.001 | 0,001 | 0.001 | 0.001 | 0.001 | 0.001 | 0.001
As 1 2.20 |0.076 | 0.006 | 30,52 | 31,75 | 27.81 | 24.68 | 23.28 | 23.66 | 11.1
Cd | 0.006 j 0.001 | 0.001 §| 0.001 | 0.001 | 0.001 | 0.001 | 0.001 | 0.001 | 0.001
Co | 0.006 | 0.001 [ 0.001 | 0.001 | 0.001 | 0.001 | 0.001 | 0.001 | 0.001 | 0.001
Fe 33351 L76 | 026 |036 008 |015 |17.21 ] 14.16 | 16.15 | 20.61
Mn 006 |0003 001 |00l |00l |0001|039 |032 (014 |028
S 48.54 | 23 1.05 | 18.83 | 50 50 29.48 | 27.67 | 28.09 | 28.14
Se 0.005 | 0.05 0,05 |0.005 0005 |0.0050.005 | 0.005 | 0.005 | 0.005
Tl - 021 [0017 0017|052 (021 |0067 271 |349 |253 |37

A-11 MacHBeH IHPHTCKO-MaPKACHTCKH arperaT

A-12 MapKacHTCKH UMperHalie B0 CHIH(HUMpaHaTa Kapia

A-13 ABTHMOHNTCKE pyfla

A-14 Kpucran Ha aypHIUTMEHT | peaiarap

A-15 AypHINTMEHT M peanrap co JOpPaHguT

A-16 MacuBrY arperaTy Ha peanrap

A-17 Peanrap co Fe TanHyMCKH MUHEPANH €O IHPHT, APCEHOIMPAHT, MAPKACHT
A-18 Peantap u aypHuurMesT co Fe TanayMcKy MEHEPANH, MTHPUT H MAPKACHT
A-19 Peanrap u aypHNHrMeHT co Fe TATHYMCKM MHHEPANH, IHPUT B MapKACHT
A-10 Peanrap u aypanurMent co Fe TATAYMCKY MHHEPANH, MHPHT H MADKACHT

MunepanHHOT NOTeHLEjaJ Ha AHTHMOH BO LEHTPalHHOT [JeNl ce

oﬁeHyBa Ha 800 000 Toxm pyma ( McKonaHa pyfa ¥ NPUCYTHH Pe3epPBH ).

Ha Cn. 52 ce mpukaxany o0IMKOT, F'ONEMHHATa U CPSJIHATE CONPIKHHY
Ha aHTHMOH, apceH H TATHyM BO HuBOTO 799M. PyiHuTe Tena ce OKOHTYpEeHH
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Ha 6a3a Ha CHCTEMAaTCKOTO 3eMamke Ha IPUMEpOLUTe a KaKo rpaanHa
BPEHOCT e 3eMeHa cofpkuHaTta op 0.5 % nva Sb.

CoppxuHuTE Ha aHTHMOH Ce [BHXKAT BO UPAHHIUTE Off TPArOBH Ila Ce
no 10 %. CoppxunuTe Ha apceH e MHOTY HHMCKH, HO JIOKAJHO MACHBHHATE
CyIUAHYM Tela Ha peairap cofgpxXaT of 8 mo 10 % As. Copp:kuHaTa Ha
TATHYMOT & BapujabunHa, off TparoBu ma ce jo 0.5 %. Bo mumBoTo 839
CONpXKHHATA Ha TanayMmoT Bapupa opf 100 ma go 2000 ppm, mpompaTel co
0.93 % Asu1.10 % Sb ( urTepBan og 35 MeTpH ).

MaTyynuTe Kapmu ce BO OCHOBA CHIM(HIHPAHH TOJOMUTH KOH
MOMMHYBaaT BO JAaCIePOHTH.

Munepaned cocTas Ha pyaara; pyfata ce COCTOH Off GpojHu
MHHEpaNM Kako aHTHMOHMT, peajirap, IIMPHT, MapKasdT KakKO Haj4yecTH
MHUHEPany, lIpompaTeHH CO TOMaly KONHYHHE Ha  apCeHONHpHT,
aypHIHIMEHT, CAMOPO[HO 371aTO, MECTHMUYHO IIEIHT, MATHETHT, OPaBOUT U
6pojHH TaNMyMOBH MMHEPANH Kako LITO Ce JOpPAHNUT, BpOauT, pareHwr,
MHKOIONHT, NHEPOTHT, NAPAIHEPOTHT M Jp. ( CIHHCOKOT MA TAalHyMCKHTE
MHHEepany ceylTe Hee 3aBpIIeH ), noToa Sb-Pb cyndoconu ( dankmannur,
tuzenur ), upHabaput, Gaput u nIp.

Ha Cn. 53 e mpukaxkaHa IpelMMHHADHATA HHU3a HA TAJOXKeHe Ha
MEHEPaJIH BO pyJHUTE Tella Ha LeHTpaaHaTa 30Ha.

Tpeba fa ce HarmacH feka CIHCOKOT Ha OAPENEHATE MEHEPAIH BO ORAA
AHTHMOHHTCKA JlacliepOJHa 30Ha CeyINTe Hee KOHEYEH.

Tabena 30: XeMHCKH cOCTaB Ha AHTHMOHATOT
( MeTOpa - eTeKTPOHCKA MEKpOcouia, Boes u p. 1993 )

K Z A ¥ ZAF | ATOM | WT NORM
% % o
Cu-K 10.001 10979 [1.10% | 1.000 ! 1.08 {0.18 0.17 0.18
Fe-K || 0.000 ] 0953 [1.237 [0.999 | 1.179 | 0.00 0.00 0.00
Zn-K 1 0.000 0962 |1.085 | 1.000 | 1.044 | 0.00 0.00 0.00
As-L 10000 | 1.016 | 2.801 | 0995 | 2.835 | 0.00 0.00 0.00
Sb-L._ 10597 | 1.082 | 1.088 | 0.999 | 1.178 | 38.58 7040 | 70.48
Au-L. {0000 [1.185 {1002 | 1.000 | 1.188 | 0.00 0.00 0.00
 Ag-L 1 0.000 [1.034 |1.246 |0.965 | 1.245 | 0.00 0.00 0.00
S-K 0.220 | 0.876 | 1.536 | 0984 | 1.326 | 61.24 29.31 | 29.34

EnementnTe BO TparoBH ( BO INM ) KOH Ce& WAEHTH(HKYBAHH BO
aHTHMOHUTOT M3HecyBaaT Tabena 31 ( Boes u mp. 1993 ).
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AHTHMOHATOT € HajsHadaeH MMHepal Ha aHTHMOHOT. Toj ce
NOjaByBa HMIPETHHpaH BO CHTHO3PHECTATA MHKPOKPHCTAECTa OCHOBHA
Maca Ha KBapi. MeCTHMUYHO TeHKU JKAMMYKH Ha aHTUMOHHUT ce (popMupae
O/IK IyKHATHHKATE M TEHKUTE PACE[HH 30HH BO' CHIIHO cmm@mn,npanﬁfre
KaplH - Jacnepop#re. Bo HeXou HIyI#HA aHTEMOHHTOT Ce II0jaByBa BO BH{
Ha KPHCTAIIHH arperaTd WK IaK BO BHJ| Ha MHOTY HO6pO M3pa3seHH KPYIHH
kpuctand { Cn. 54 ). AHTHMOHHTOT JIOKalHO C€ II0jaByBa BO HENPABHIHO
O6NMUKYBaHK CHTHH JO KPHCTANECTH MACH BO JACIIEPOUIATE.,

CoppkuHaTa Ha aHTHMOHOT BO aHTHMOHHTCKATA DYNa C& FBHNKHU Off
0.5 % ma o npexy 10 xo 15 % a npoceyno nsnecysa 2 1o 3 %.

XeMHCKHOT ¢OCTaB Ha aHTHMOHATOT ONpeleH co IOMOLI Ha
SIEKTPOHCKA MUKPOCOHNa e IpukaskaH Ha Tabenara 30. ( Boes u gp. 1993 )

TaBena 31: EneMeHTH BO TParoBH BO aHTMMOHKTOT BO ppm
( MeTopa-MaceHa cnexTpoMeTpHja, Boes u ap. 1993 )

Be 0.4 Ca% |[>01 Zr 3

Cl 20 Ni o [200 fsi% |,
Fe % >0.1 Rb 20 Cr 10
Se % >0.1 Pb 10 Ga 4
Sn % >0.1 Na 60 Nb 05
B 40 Ti 100 r 400
K % 0.1 Cu 10 | Mn 50
Co 10 Y 1 As % [>0.1
Sr 6 Mg % ||>01 | Mo 10
Tl 100 |V 10 '

F 700 Zn 30

ITomeTanun XeMHCKH HONATOLH KOU Ce OfIHECYBAAT Ha CIEMEHTHTE BO
TParoBu BO. aHTHMOHHTHTE o;x LEHTPANHATA W jY:KHATA 30HA Ce NafleHH BO
TaﬁenaTa 32..

PeaJII‘ap, obuyEo ce HEeTOHUpan Iocie aHTUMOHHTOT. Toj ce
T0jaByBa BO KPHUCTAITH WM IAK BO KPHCTAJIHY arPEraTH KOH I'i HCTIONHYBAAT
TeHKHuTe pacefn 3oHu ( Cnm. 55 ), HO Ha MecTa Toj pOpMHEpa H MaCHBHU
PYAHH TeJa cO HelpabmieH obnuk. MaTHYHATE KapliH BO KOj Ce [I0jaByBa ce
OOHMYHO' W3MEHETH BO CHTHOSPHECTH MHHEpDANd Ha TIJIMHA H CEpPHLHT
IIOMEIUaHi - CO JIEMOHHUT, japOCHT, OKCHEH HAa MAaHraH, CHNOC M IIOMAlo
komuyecTBo Ha keapi (Percival i Radtke,1994 ).
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Tabena 32: XeMucku mogaTomy 3a AHTHMOHHTOT Off [EHTpaHaTa
¥ jy>KHATa 30HA Ha HAOFalIMIUTETO AJIIIAp BO MM
(Percival and Radtke, 1994)

i 2 3 4 5 6

AU 479 345 184 81 549 1240
Ag <02 3.9 < 0.2 < (.2 <02 1.0
As 313 84 331 135 153 | 170
Bi <3 <5 <5 <5 (<5 <5
Co 1 7 7 <] <1 4
Cr 15 74 24 33 17 40
Cu 7 152 88 2 2 5

Fe % | 0.23 0.67 0.34 0.08 0.35 0.18
Hg 2.22 168 - 13.48 1.82 - 1254 2,91

Mn 25 165 1 2 3 -145
Mo 3 2 . 0 2 10 4

Ni <1 <1 94 <1 <1 <1
Pb <2 <2 <2 <2 <2 <2
Sh M M ‘M M M M
Te 14.5 > 100 5.8 < 0.2 <0.2 55.6
Tl 100 70 > 100 6 45 > 100
W 22 21 <20 24 23 <20

Zn 12 29 34 2 6 23

M - Makpo enemenT

Hcnurysarara ce HanpaBeHu Bo Bodar Gleg, Sparks Nevada. Amanuanre Ha snato ce
HANPaBCHK €O MeTOAAaTa Ha Kynemamyja ( Japenu co mn6G ); Hg, Te. Tl ce HampaBeHu co
aToMcKa abcoprpja. Cure IpyTe elleMenTy ce Hanpaseny co ICP mMeTomara.

Pearapor ¢ riaBeH HOCHTeN Ha apceHOT BO pypmata. Herosata
CONpKHHA BO pyfiaTa BapHpa Of TPAroBH Na ce o 5 o 8 % As, Ho obuuro
(COIpIMHATA Ce NBWXH BO WHTepBaNoT of 1.5 mo 2.5 %. CocraBoT Ha
Pearapor e npuKaxan so Tabenara 33( Boes u fip. 1993 )

Fabera 33: Xemucku cocras Ha Peanrapor _
' ~ (meropa - enexTporcKa MEKPOCOHNA, Boes 1 np. 1993 )

K Z A ] R “ZAF ATOM ‘|: WT' NORM
' ’ % | % %

Cu-K | 0002 | 1.0.10 | 1,018 | 0855 | 0889 | 022 T 056 1 03¢

Fe-K 0.000 | +0.990 1.058 | 0.953 1.000 0.00 0.00 0.00

Zo-K -+ 0.000 1.003 1.012 { 0.803 | 0.816 0.00 0.00 - 0.00

AL |"0.665 | 1.048 | 1.028 | 0997 | 1074 | 3165 | 7148 T 7137

Sh-L 0:000 ~ 1,121 1225 | 0.997 1.370 0.00 0.00 | 0.00

Au-L ' 0.000 1.239 0.957 1.000 | 1.186 0.00 0.00 0.00

Ag-L 0.000 1.070 1.488 | 0.99%8 1.591 0.00 0.00 0.00

SK 0.144_| 0905 | 2.178 | 0099 T 107 T R13 T 3545 T 5537
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EneMeHTHTE BO TPATORH BO PEANTapoT Off MOA3EMHHUTE PyAApPCKH paboTy ¢
npukaxanu 8o Ta6enarta 34 (Percival i Radtke , 1994 ).

Tabena 34; Xemucku cocrap Ha peaarapoT ( Ilepuusan u PagTke 1994 )

1

AU 1-61

Ag <02

As M

Bi <5

Co <1

Cr 1-19
Cu 3

Fe % 04-1.55
 He 0.86-4.6
Mn Q-28
Mo 1

Ni <1

Pb 5

Sb > 2000
Te 0.2 - 36
Tl 15- 38
W <20

Zn 4.17

M - Makpo KOMHOHEHTA

YcnurysamaTa ce HanpaBeHH Bo Bodar Gleg, Sparks Nevada. AnanpmiuTe Ha anaroe ce
HANpABEHH €0 MeTojaTa Ha Kynenaumja ( mafeHn co nnb ); Hg, Te. T! ce HaillpaBeHH cO
aToMcka abeopinmja. CiTe Apyre eneMenTH ce Hanpasenn co ICP meropara.

AypuUnuErMeHT; OOHYHO € CpacHaT Co peajrapor, HO HEeroBOTO
KOJIMYECTBO 3HAYATENHO 3a0CTaHyBa 3a[l KONHYECTBOTO Ha peanrapoTt. Toj
YEeCTO € W3MEIlaH CO AprHIHTCKATA alTepallija, HO CIOpafuHo GOpMHpa H
KPYIHY KPUCTAMHH arperaTy.

Copp:XuHaTa Ha eJleMEHTHTE BO TParoBH BO ayPHITMTMEHTOT C& ANCHH
8o TabenaTa 35( Percival i Radtke, 1994 ).

TlupuT, MAPKAcHT, MEJIMHKOBHT; Ce HajpacHpOCTpaHeTH cyndupu
KOH JTOKAIHO (POpPMUpAAT PyAHH Tena, IMaBHO off Mai obem. Konomopguure
CTPYRTYpH ce mupoko pacupocrpasers ( Ci. 56 ).

W
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1
AU 125
Ag < (.2
As M
Bi <5
Co <]
Cr I
Cu 1
Fe % 0.23
Hg 3.76
Mn 31
Mo <]
Ni 3
Pb <2
Sb 6.25
Te 12.4
Tl 75
W <20
Zn 2

Ta6ena 35: Xemucku cocras Ha aypunurmenToT  Percival i Radtke 1994 ) _

M - MaKpo KOMIIOHEHT2

HcnuryBamaTa ce nanpasennm Bo Bodar Gleg, Sparks Nevada. Amamusure Ha 37aTO ce
HaNpaBCHH €O METONAT2 Ha Kynenauuja ( gapewn co qnG ); Hg, Te. Tl ce uanpasenn co
aroMcka aficopraja. CHTe EPyre e/eMeHTH ce HanpaBeHH co ICP MeToaTa.

ITupuaToT ce nojaByBa BO cySefipanHu MMIPeTHHPAHH 3DHA, UECTO TaTh
KaKO KpyNHH KPHCTaqH , WM arperaTH Ha KPYIHO 3pDHECTH KPHCTANA.
CriopapuyHo XUNTHYKK Ha THPUT U NEPUT-KBapI] ja ceyar OCHOBHATA Maca
COCTaBeHa Off MHKDPOKPUCTaJIECT KBapll, PeTKO MHOTY MajiM aHXe[pasHH
3pHa Ha TIEI|T Ce 10jaByBaaT 3adaTeHn BO NMUPHTCKY cpacHyBama (Percival,
Radtke,1994). OcHopHata Maca CONpPXHM CHTHO 3pHeCT apCceHONHPHT,
aHTHMOHHT KaKO ¥ MapKaCHT.

MapkacuToT riaBHO ce cpeTHYBa BO BHI[ Ha TIONOJIEMH MACH HIIH faK
BO BHI Ha NapajiellHE KWIM. TO] € MHOTY 4YecT MHUHEpal Kaj MHOTY
JJacIepOHIHY THNIOBY Ha PYHA.

Tamaymcxr vupepann; Haxo reoxemujata n MHHepaJloryjaTa Ha
TaMKyMOT Off HEHTPAIHUTE PYHK Tejla He ce JOBOJIHO HCIHTAHH, JOKAKAHO
€ Jieka OBHE DYIHH Tejla COUpP3KAT He CaMO KOHIEHTPALUH Ha TalHyM, TYKY
TyKa TI0CTOjaT # mMoroneM Gpoj Ha MHHEpATd Ha TalTHyM Off KOW HEKOH ce
pocera HEeHTH(HIHPaHA.
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JlopaHgHT; e HajuecT MMHepanl Ha TaNMyMOT BO HaolalHINTETO
Anmap ( Krenner, 1894 ). Toj ce nojasypa Bo TecHa BpCKa CO peajrapoT, a
MOPETKO CO aYPHIUTMEHTOT. T0j MeCTUMHYHO (DOPMHApPA KPYIIHHA arperaTy u
/ unu moepmrewsu kpuctama ( Cm. 57 ). [lenoHupakeTo Ha JIOPAHTHTOT
ODMYHO ce CAydyBano [ocle Kpm’ranmauujam Ha peairaporT u
aypHIUTMEHTOT.

BpoanT; ce nojaByBa BO B Ha MaNH KPHCTAJM BO acolyjauyja co
peanrapot u aypumarmentor ( Jexex, 1912 ). ArperaTute Ha peanrapor,
AYPHIHTMEHTOT M KPHCTamHTe Ha BpOauTOT CO NPOMEHIIMBU I'OJIEMUHM Ce
CPETHYBA4aT BO XHAPOTEPMAJIHO U3MEHETHTE JOJIOMHTH M TY(O3HM
nonomuTi. Herosoro NENoHUpake ce OBUBANO NOCKE NETIORHPAI-eTo Ha
cyndunuTe Ha apCeHoT.

Parennr; ( Laurent i dr, 1969 ), ce mojaByBa BO aconmjanyja co
MHPHTOT MIM [AaK Kako mceygomopdosa o maxonomaToT { Cn.58 ).
HerosoTo MecTo BO IIpareHeTcKkaTa HH3a Ha MHHepaHHBaIIHjaT& Hee cocemMa
jacHo. ParenwroT MECTUMHYHO € 3aMEHET CO JIOPaHMHUT.

Iukonoxut; ( Johan i dr., 1970 ) ce mojasysa Bo aconmujaumja co
pareHdToOT ¥ peanrapot. Toj ce jaByBa BO paenrap OKpPY:KeH CO pareHuT.

PareHuTOT ¥ INUKOIOIUTOT KaKO TATAYMCKY MHHEDPANH Off CUTEMOT Ha
Tl - Fe - S ce mHory. 6Gmucky acouupanu co nupuroT. Ce uMHM [eKa
DATEHHTOT M IIHPHTOT WMAaaT WOTEKJNO Off 3aefHHYKY MaTepHjan,
HajBEpOjATHO IHKOIONAT cO HpeseMarme Ha cyndyp. Wang ( 1993 ) ja
HH[UIAPA MOYKHOCTa 32 HHKOHTPYeHTeH pacnaj Ha nakononaroT Bo TIFeS,
i FeS na Temmeparypa op 384°C. IIupuTOT X0j € IPOJYKT Ha pacmafioT Ha
NUKOMONETOT € HoraT co TamuyM. PareduToT HajuecTo ce IOjaRyBa OHaMy
Kaje IITO HMa TONEeMO KONHYECTBO Ha JOPaHIUT, a ¢ Peok TaMy Kafe IITO
JIOMHHMpa peanrapoT.

“Tpeba fma ce o4ekysa Jja OMfaT UAeHTH(UIMPAHA K IPYTH MEHEpaIy
o' TI-Fe-S cucremor ( Jankopmk, 1993 ). IloTpebHm ce HaTaMOLIHH
HCTPasKyBaka co el Jla ce MOjacHaT yCIOBUTE Ha HAaTalOXKyBarkeTo Kako H
nonoxk6ata ma Tl-Fe cympmpure BO mapareHerckaTa HH3a Ha
MUHEpANU3alujaTa BO LEHTPANHUOT Jie Ha Haofamuuirero Ammap. Bo
MOMEHTOT, KpPHTHYHHOT (hakTOp KOj BIHjae BO paclOpEfeHOCTa Ha
TANMYMOT BO OBOj CHCTEM Ce UHHK [eKa € ancopbupameTo Ha TATHYMOT BO
Fe - cynduguute renosu, co u3oMopgu3aM KOj HTpa BTOPOCTENEHa YIIOra.
Hen op MUpUT / MapKacWTOT KOj KpHCTalHM3HpaZ Of KONOUJHH pacTBOpH
IOKAXKyBa CHIIHO 36oraTyBame co TamuyM { MapkacuT co 300 go 900 M Ha
TaJHYM ).
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IIapanueporut; ( Johan i dr., 1975 ), e enquHCTBEHHOT MHHEPAT KOj €
Hocera H,E[GHTKCIJHH,HPB.H on cucreMoT T1 - Sb - § Bo HaofanuTeTO Aniizap
Toj ce mojaBysa BO acouﬁ]auﬁ]a €O peanrapoT BO KPHCTANH KOH ¢e TOMEMH
l’IO HCKOJIK}’ MI/IHKMGTPH ace TIO} aB}'Ba MECTHMHYHO.

CumonnT; ( Engel i dr., 1982 ), e euHCTBEHHOT MHHEDAN KOj lOcera
unenTapunEpal o cacremotr T1 - Hg - As - S. Toj perko ce cpekaBa BO
HaofaJIMILITETO ¥ HEroBOTO MECTO BO IlapareHeTcKaTa cepHja Ha
MHHEpalu3alHjaTa Hee jacHo. '

PeGymnT; Toe €meH Off HAjHOBHTE MUHEpANH HA TAJIHYM KOM ce
OTKPHEHH BO OBaa felennja. Ce mojaByBa BEO BHJ Ha KPHCTANU KOH CE IO
60ja TEMHO CHBH M HMaaT MeTalleH cjaj i KapeHnkacTo upBeH orpeb { Ci 59 ).
PeOynmuTOT ce MmojaByBa BO acolHjaljja cO PAENT4pOT, CHMOHHTOT H JIPYIH
TaMHYMCKO JKMBYMHHE CYI(OCOIH. ' '

MHHEPATTA3AHUUIA HA 3TTATO

MusepanusalyjaTa Ha 370 ce [I0jaByBa BO LEHTPATHUOT H jV:KHHOT
men op maorammurero Anmap ( Cn. 47 ). Enurepmansara pyma e off
HMpPETHallUCKO MeTACOMATCKH  THO.  [IpermefoT #Ha  IiaBHUTE
KapakTepUCTHKH Ha MHHepanu3aljaTa Ha 3J1aTo € JafeH Off cTpaHa Ha
Percival m gp. (:1990 /1992 ) m Percival i Radtke ( 1990, 1994).

Munepanu3allijaTa Ha 371aTO Ce JOjaBYBa BO ME3030]CKHTE HOJOMHTH,
BO [acOepOMjuTe JOMK pacefHTe H BO HeyefHayeHaTa 30Ha IOMely
IIpeATEPUUEPHATE Kapld U TY(O3HATE JONOMHTH BO KOja MMa I10jaBa Ha
SKHIMYKY Ha KBapll, Kako M BO TEpPUMEPHHTE TY(PO3HH HONOMUTH. 31aTOTO
Ce 110jaByBa BO CHTHM 3pHA ( MEHKPOHCKO 0 CYOMHKDOHCKO ) M YECTHYKH H
MOKAXYBa TONeMa ACONWjaTHBHOCT CO AHTHMOHHTOT M CHIHUHYMCKUTE
MHHEepaH.

Ha Cn. 45 e npuExaxaHa pacliopeJjeHOCTa Ha 37aTOTO Ha MOBPIUMHATA
Ha TepeHOT { Ha ©a3a Ha TeOXEMHCKH HCTpaxkysarba). KoHueHTpauum Ha
3aTO WCTO TakKa ce TPOHAjIEHH H BO INOA3EMHHTE DYIAapcku paGoTH BO
LEeHTPAIHKOT en off HaoranuTeTo. Ha Cn. 60 ce MpHKaKaHW cOHpPKUHUTE
Ha 371aTO BO pa3HH IIOJ[38MHH HCTPaKHH paboTH BO NEHTPaIHHOT Aed Ha
HaoranHmTeTo A.muap

. Tpeba na ce crioMeHe ,ueKa n HOKpa] TOA IITO MnHepanmauHJaTa Ha
31aTO €& cnuvHa Ha KapnpmHCKHOT THI, Taa ce PasiHKyBa Off THIHYHO
KapamuckwoT Tan Ha HaofanminTa off sanagHueor jei Ha CAJ] o penaTueHO
MrafgaTa MIMONEHCKA CTAapOCT, TPHCYCTBOTC Ha MEHepanusanujaTa BO
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BYNKaHUTHTE W CCAHRMEHTHHTEC KapIIH H FOJEMOTO KOMHYECTBO Ha TaluyM
KakKo BC MHHCPATH3HPaHHTE Kaplf TaKa H BO KapnuTe KOH COOpXar
MHUHEDAIHE Ha TaJIHyM.

ITo cera ce ofpefeny TpH THI Ha pygw Ha s3naTo ( Percival u gp. 1990,
1992 ) u Percival and Radtke { 1994 ).

Bo TabemaTa 36 ce mpHKaskaHE XeMHCKHTE TIOJATOLH 32 PYAHTE Ha
3JIaTO Off HaolalKINTeTO ANIIap.

Ilacmepougua pyaa; ce mojaByBa BO TEpUUEPHHTE TYO3HH
FONOMHTH H CHAMGHUHPAHWUTE BYIKaHCKH TY()ORH, BO ME3030jCKHATE
KapOOHATHH KaplH, KaKo H BO ¥ IO HOJEKHHATA HA HEyeJHAYEHHTE 30HH Ha
Pa3)BOjyBamhE.

OBoj T™in Ha pypga ce QopMupan co CKOPO ILENOCHa 3aMeHa Ha
IpBOOGUTHATE KAapIIH €O BHECYBae Ha XHAPOTEPMANHM CHIMIAYMCKH
MuHepand. MuHepamrHHOT COCTaB Ceé COCTOM O} CaMOpPOFHO 37aT0, BO

cMajieHa KOJHYHHA Ha MapKacHT, IIHPUT, AHTAMOHUT, PEAIrap, AYPHIIETMEHT
n As-Sb-TI-Hg cyndgoconn.

Coppskudara Ha 3maT0oTO Bapupa noMefy 0.3 u 3 r/ Tou.

Tabema 36: XeMuCKH cOCTaB HAa PYMUTE OF AJIIIap
( Percival u ap., 1990 )

1 2 3 4 5 6
Au ( g/t) 3.81 3.75 4.20 2.91 230 | 246
Ag (g/t) 3.92 1 0.30 4.48 1.68 0.56 | 1.40
As (ppm) || 7900 | 6500 | 7800 10400 | 750 | 6400
Sb (ppm) || 2500 | 580 | 69000 | 2300 220 | 450
T1 (ppm) 30 430 250 1400 41 450
Hg (ppm) 13 12 7.3 4.3 12 15

Cu (ppm) 5 5 na 5 5 5
Pb (ppm) 5 10 na 10 5 10
Zn (ppm) 25 30 na 5 5 25
Ba (ppm) 110 na na na na na

AnanusuTe ce HalpaBeHu Bo Minig Laboratory, Sparks Nevada, 3naroTo n cpeGpoTo ce
OfpeNeHH co MeTOIaTa Ha Kynejanuaja. Jpyrure eleMeHTH ce OfPENEHH CO METOJ Ha
aToMcxa abcopiuyja.

a - Hee aHanH3HpaHo
1 - cunudunupana pyna Bo JOIOMHTHTE; 2 - [JACIIEPOH[IHA PY/A;

3 - aHTUMOHHTCKM llacliepOMA BO HEPMaHOMEPHOCTHTE; 4 - apCceHCKa pyfa Bo
Ty O3HUTE JONOMHATH; 5 - CHIHGHIUPaH TY; 6 - IIHAOBKUTO anTepucal Tyd
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CumuucKHaTe PYyAH ce JienoHWpane M BO Ty(MOBHTE H BO
MOJIOMHTHTe KOH OHIle 3aMEeHEeTH CO XMAPOTEpPMalHH CHIRLHCKE MHHEDaJIH.
3naToHocHaTa pyna, nocebHO OHa BO Ty OBHUTE, Ce KapakKTepHusupa co
mojaBa Ha OpeuupaHu 30HM M (POpPMHpalme Ha KBaplleH IITOKBEpPK.
Copnp:kuHaTa Ha CyN(UAHNTE MHHEDAJNH KAaKO INTO Ce MHPUT, aHTHMOHUT,
MapKacHT ¥ peajirap € IOHHCKa Off OHaa BO MUHEepali3HpaHuTe Jacleporii.

Coppsxutara Ha 3matoTo ce nuky of 0.5 go oxony 21/ T.

ApceHcka pyaa Ha 3/1aT0, ce 1ojaByBa BO apTHWIHTCKH IIPOMEHETHOT
tydozen goroMuT ¥ Tyd. IIpEMapHHOT MHHEpaJeH COCTAR T'H BKIYUyBa,
TIOKpaj 31aTOTO, peanrap, aypUIMIMeHT, MapKacuT M TalHyMCKH MHHEDaJH.
Osaa pyga ce NmojaByBa Haj| ¥ JaTepajiHo Off JaCIEPOMAHMHOT B CHIMIMCKHOT
THII Ha PYAH.

Pynara coppxu roneMo xonuyecrso Ha apceH (o 10 % As ) u 1 pmo
3 1/T 3J12TO0, ¥ IPOMEHJIMBO KOJIMUYECTBO Ha TanayM (of Tparosu o 0.25%T1 ).

HEKOH ACHEKTH HA TEHE3ATA

Tyka ke Gupme pajieH KpaTOK INperie), Ha IeHeTCKUTe aclleKTH Ha
LIeHTPANHHOT H jYKHHOT Hel Ha AJulap Ha 0a3a Ha paclONIOXKHBHTE
nopaToun. [OMONHATENHUTE LEJOCHH HCIMTYBaHa KaKO TepeHCKH Taka H
naGopaTOpHCKH, CTMYHHE Ha OHHe HalpaBeHH BO pygHOTO Teno Hpsen Ion
ce noTpeCHH 3apafy IOLENOCHO pa3bupame Ha eBONyLHjaTa Ha pyHaTa.
PymorocHuTe (bnyHau M KOHTPOJHHTE (DaKTOpH 32 HENOHHPAaKeTO Ha
MHHEPaHATE AacCOLMjaliii BO OBOj HEJ Of HAofanuIUTeTO Cce INaBHUTE
YHHHTENH Ha TeHeTCKHOT MOAEL.

M3pop na pynaure merany; Ha Gasa Ha M3OTONHHOT COCTaB Ha
onorotTo, Frantz u gp., ( 1990 ) saknyumne [exa OJNOBOTO BO
XHApOTepMalHKHTe PacTROPH BO pyRHOTO Teno lpsex [lon BOgH MOTEXIO O
OKOJIHHTe Kapiu ( BYJKaHHTH ). MHOTY e BepojaTHO feKa € Toa cIydaj H BO
HEHTPaNHHOT ¥ jY>KHUOT [ie)I Ha HaofanumTeTo Ammap.

HsoTonuurte BpegHOCTHE Ha cyndypoT ( & 34 S ) 3a cyndmpure Ha
Amuap ce gsuxar of + 0.351 pgo - 5.601 % , cpegra BpenHocT - 2.214 % 3a
aHTUMOHHT; off - 1.640 mo - 3.770 % , cpemsa BpenHocT of - 2.214 3a
pealyirapoT M aypHIMIMEHTOT, [Ojeka 3a MapKacHTOT Taa BPEHCOT
u3necysa - 6.840 % ( Cepacumoncku u Boer, 1990 / 91 ). OBne nopaTouu
yKaXKyBaaT Ha TOa fieKa cylpypoT e Of BYIKaHOTeHO IOPEKIIO.
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Pynmonocum pactBopn; HejoBonmHaTa - MCHATAHOCT Ha TEYHUTE
WHKy3sHE BO ~IIGHTPanmHWOT fen Ha HaOfalMIUTeTO HE OBO3MOXYBa
NOLENOCHO [Ia TQ ONPEIUMe COCTABOT, TeMIEPATypaTa i CAlMHHTETOT KAKO
i Ph ppefHOCTa Ha pyIOHOCHUTE PAaCTBOPH.

XupoTepMATHAOT CHCTEM BO ueHTpanHHOT u ]yxcﬁno'r e Oof
naofammuTero BKiydysa Sb, As, Tl, Au, Hg, Ba, enemenTn Bo Tparoeu
kako mto ce Ag, Pb, Zn, Cu kaxo ¥ pa3nu pOpMH HA CHIMIHYMCKH
MHHEPaH.

JacHO e jieka MHOTY FONIEMH KONHYECTBA HAa CHIMIMYMOBH MUHEDaIH
GHIe BHECEHH BO HAOfaJHIITETO cO XMApOTepManHuTe (uyunn. [Toseke of
20 000 ToHM Ha aHTHEMOH, okomy 15 000 Toxu apcer u oxonay 500 ToHu Ha
TamiyM ( KONHYECTBOTO Ha 371aTO CEYIITE Hee ORPEeHO ) ce JelOHMparne
camo BO BeKe OTKPHEHATE PY[IHH TeJIa.

MeTanoHocHATE XHAPOTEPMATHH cbnymm Avane. Kucel KapaKTBp Ha
OYETOKOT HA HUBHOTO (DPAKIHOHHDAHE, CO BHCOK (hyrauurer Ha
cyngypor. [lomanure mojaBy Ha caMOpPOjeH Cynyp Kako i TParoBuTe Ha
conchaTapHaTa aKTHBHOCT YKa¥KyBaaT Ha KHCENY XWAPOTEPMAIHH (DITYHAH.

Tloxpaj jOHCKETE PACTBOPH, KONOHHUTE PACTBOPH OUrpalie 3HaYajHa
ynora Bo hOpMHPAEKETO HA PYJHATE Tella BO HEeHTpaiHaTa 30Ha.

Tpal!crlopT M TaloXemwme; 3maToTo, AHTHMOHOT, apceHoT ¥
TANHYMOT HajBepojaTHO 6uie npeﬂecelm KaKO KOMIUIEKCHH JOHH
( Gucyndmpn ) OF KHcenu cynq)mm CO HHM3O0K CalHHHTET M nop crabo
PERYKLEOHH YCIOBA. :

_ Henonnpame'ro Ha MeTaiuTe Kako cymhuH u/ wm cyncpoconn
MOXeENO HajeHOCTABHO Ja 6uge MOTHKHYBAHO OJ NPE3acHTEHOCTa Koja
HacTaHana Kako pesyiTAT Ha ONalamero Ha TeMmIepaTyparta i HpOMEHATa
Ha XeMHCKHOT COCTaB Ha PAcTBOPHTE BO MHTEPaKLHjaTa CO OKOIHHATE KapH
( MemameTO ¢O. APYTH PACTBODH Ce YMHH JIcKa HeMa 3HadYeHHe, HO MCTO TaKa
& MOJKHO ).

Yrorata Ha CeKYHIAPHOTO BPHEHE BO JENOHHPAR-ETO Hee LEIOCHO
onpenena. [TocTon BepojaTHOCT XMApOTepMaNHuTe hIywad Na BpUENe Ha
temneparypa off 120 go 160°C u Ha Mana fnabounna (moMana ox 500 METpH)
ocnoGopysajku napea, COz n Ha8, Koe pesyrtupano o oKadyBake Ha Phu

_MeTOHEpaibe Ha pyfaTa ( JaukoBmg, 1993 ). Ilogobpo TOmKyBame Ha
JENOUUPAILETO OF KONOHIHE PAacTBOPH Dapa HOAETallHI HCTPaXKyBarba.

JlemoHApameTo Ha pyAaTa BO HaofalMIITETO AJIIAD € TEeCHO
IIOBP3aHO CO CTPYKTYPHATE ¥ JMTOTEOXEMUCKHTE KAPAaKTEDHCTHKH Ha
CpEeJIHHITE HU3 KOH Ce ABIKENe MeTaloHOcHMTe (uynnn. HapnerysameTro
BO PEAKTHBHA JUTONOIIKA CpeMHA, KAaKO HITO € AOJIOMUTOT, K& NPeAn3BHKa
HAIJIO JIeTIOHHPAkhe Ha PyAaTa NOpajy HHTepaKlgjaTa co XHAPOTEPMaNTHHOT
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pactBop. Ha Toj Haumu uucTHOT monoMurT e jacHa reoxeMucka Gaprepa 3a
KHCETE PYROKOCHH XHAPOTEPMANHH PacTsopH co S° GloGOgHHM jomm,
Pynuute tema xom ce ¢opmupane BO TakBE NPOUECH INIABHO ce
KapaKTCpUsupaaT €O KpaTOK MHTepBal Ha MHHEpaNH3audja H THe ce
JIOUMPaHK Kaj MM Gin3y 0 KOHTAKTOT HA HONOMHTOT. cO MarMaTCKuTe
KapnH-TaTHTH. e

Ox npyra  crpana, CHTH(pUUHPAHHTE  NOAOMHTH KOH  ce
TpaHCOpMHpaNe BO Laclepouiy, TY(PO3HUTE JIONOMUTH ¥ peTsUTCKHTE
TYOBK 3a€{HO CO AprUIUTH3AIMjaTa TIPEfICTaBYBAAT CPEAUHHE KOK C& MAIKy
PCAKTHBHH BO MHTepaKIHja CO MeTaJTOHOCHHTE hiayupn. Taksure CpemuHy
OBO3MOXKYBAaaT MPUIHYHO roOjeM HHTEDBAN Ha NBIKEH:-€ Ha METalOHOCHHTE
PacTBODH ROMX pacefiTe CO M3pa3eH BHCOK arol # FOIK HpeunpanuTe
30HH. [lenoHNpameTo Ha pymaTa oMK TaKBUTE CTPYKTYPH €€ CIYYYBAJIO BO
HHTEPBaN KOj HagMuHyBa 150 no 200 MeTpH. CopaiHO PyOHATE Tela ce
nouupanx OMM3y gO maTuTCcKaTa UHTPY3Hja HA NEHTPamHHOT Aed Ha
HaoTaTHIITETO.

Bo fipata cnyyaesu genonmpameTo na PYZaTa ce O[[BHBAJIO NOJ YCIOBH
Ha CTabHIHOCT Ha MHPUTOT.

HNenonnpamero Ha cyndumure Ha XKeneso, YecTo maTH Off KOMOUIHE
PacTBOPH, OHIIO CHEJEHO Off TAIOKEHE Ha apCeHOIHPHT, cyadocomu Ha Sh-
Pb, peanrap, aypumurment m Tl - cyacdpoconn. Mecrononox6ara Ha
ACTIOHHPALETO HA 3MATOTO M OMHOCOT CO APYTATE cyIhUnH Hee IpOYyYyBaHa
( OCBeH UTO HEKOH IOjaBH Ha NEWHT ce TIO3HATH BO IIAPKT ).

CospaBamero .Ha pyEHHTE - Tela - reHETCKY . e IMOBP33aHO  CO
cy6ByJIKaHCkO-XumoabrcanaATe HHTPYSHH  CO KallKO-aJIKalleH CcOCTaB.
BpeMero Ha MHTDY3HBHHTe HacTaumd ¥ MHHEpanu3alhjaTa Hee OfpeleHo co
CHTYPHOCT.

-~ Ha Cn. 61 e upmkaxan memarcky MOAeNl Ha MHHEpaTyu3alMjaTa BO
IEHTPAIHHOT [eJl Ha HaOlaNHIITeTo Aummap.

PYIHHK 3A As-TI PBEH JOJ . | g

$

OBaa pynuo Teno aexu Bo CeBepHHOT fiel Ha Amuap ( Cr 62 ). Toe
Bellle OTBOPEHO O 7Ba MOTKOME M Toa NOT. 25 Ha HEBO 753 MeTpH. BO
3allagHuoT gen, W morkon 21 ua wuro 823 MCTPH HA HUCTOYHATA CTpaHa
( Cn. 63 ). Munepamusanujata e UCTPAXYBaHa CO NOM3EMHH DPYNAPCKH
pabOTH Ha TpHM HHBO W TOa: 753, 802 u 823 metpm kom ce MefycebHO
TOBP3aHH  CO BEPTHKANHU  PyAapcKu npocTopur, okHa. Hajsuauajua
MUHCpanM3aLMja ce HojaByBa 6iucky po Biesor Ha morkonm 21 u
BEPTAKAIHOTO 0KHO { Ci.64),
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Tabena 37: XeMHCKY aHANM3Y HA MATHYHUTE Kapiy off pyfHukoT Hpeen
Don ( MeTopa - HeyTpoHCKa akTHRaumja, Frantz u gp., 1994 )

eNeMenT a b C d e £ a h

% smepmep | nHaesnt GyIK (AL FONOMHT | JOXOMHT | I0ONOMET | MepMep
Mg d.l d.| d.1 d. 3.700 d.l 13.00 d.l
Ca 37.10 10.10 13.70 d.l 2845 17.60 24,37 39.70
Fe 0.2260 2.890 9.130 21.10 0.1170 5.900 0.0253 0.0583
{ppm )

Na 47.80 6230.0 98.70 75.30 103.0 62.20 83.50 41.30 -
Cl d.l d.l dl d.l < 80.00 <900.0 51.00 d.l
K 229 18700 880.0 720.0 166.0 340.0 43.80 139.0
Sc 1.070 7.260 2.930 1.510 1.200 2.6%90 0.3700 0.2430
Cr 6.450 8.800 51.00 49.10 4.500 10.00 3.600 3.200
Mn 450 1220.0 11500 4350.0 392.0 5620.0 66.50 20L.0
Co 1.440 5.810 1435.0 1470.0 0.4800 18.30 (.6700 0.2800
Ni < 7,000 < 40.00 4340.0 4150.0 dl 59.00 < 5.000 < 2.000
Cu < 6.000 < 170.0 < 100.0 < 400.0 < 60.00 < 200.0 < 15.00 < 4.000
Zn 20,00 96.00 54.00 200.0 9.300 115.0 6.300 1.800
Ga 0.3200 18.60 < 2.000 < 30.00 d.l dl d.l (.1200
As 210 53.80 58600 82300 3040.0 36000 197.0 45.60
Se 13.20 < 0.2000 d.l 2.500 < 04000 | <0.3000 { <0.2000 | <0.0300
Br < (0.2000 | <0.5000 < 2.000 d.t 0.3500 d.l 0.3200 .1230
Rb < 2.500 127.0 < 15.00 < 70.00 < 2.000 < 3.000 < 0.5000 1.100
Sr 68.00 285.0 < 120.0 < 150.0 70.00 $0.00 41.00 116.0
Zr dl 200.0 d.l < 150.0 d.l d.l dl < 3.000
Mo 0.8000 2.000 40.00 120.0 d.l 7.000 < 0.1500 0.2400
Ag d.l d.l d.l d.l 0.6500 d.l d.l < 0.0500
Cd d.l d.l d.l dl 2.000 d.l d.l 0.1600
In d.l d.l dl < 0.2000 dl d.l d.l d.l
Sb 1.370 <(.2000 16,70 32.80 0.1000 36.00 0.0640 0.9690
Cs 1.350 35.00 11.12 25.20 0.2000 7.060 0.0860 0.2900
Ba 11.00 1110.0 < 70.00 < 500.0 d.l < 60.00 < 10.00 6.900
La 2.260 67.30 3.340 3.700 0.2500 3.250 0.2400 (.860
Ce 4,120 128.0 5,000 4.400 (3.6500 5.100 0.2900 §.820
Pr d.l £3.00 dl d.l d.b d.l d.l 0.1300
Nd 1.400 51.80 d.l d.l .3200 4.500 < 0.3000 0.5600
Sm 0.4750 8.310 0.9700 0.6400 0.08%0 0.800 0.0660 0.1730
Eu 0.1020 2.090 0.1600 0.1300 0.0300 .1800 0.0130 0.0302
Gd d.t d.l d.i d. d.l d.l d.l 0.1300
Th 0.0860 0.9300 0.2300 < 0.0900 0.0220 0.1900 0.0130 0.0180
Dy .5280 4.990 < 0.9400 < 1,500 < 0.1500 < 2000 0.0740 0.1200
Ho 0.1500 1100 d.l d.l d.l d.l d.t 0.0280
Yh (.3100 2.440 0.6500 < (.7000 0.0800 0.7100 0.0460 0.0760
Lu 0.0440 0.3680 0.0730 < 0.1800 0.0080 0.1400 0.0052 0.0110
Hf (.0760 6.100 < 04000 | <0.3000 | <0.0500 0.0750 0.0130 0.0390
Ta < 0.0200 0.9100 <0.2200 | <0.2000 | <0.0300 | <0.0500 | <0.0250 0.0230
\id 1.490 < 2.000 < 1.000 d.l dl 9.300 (.0630 0.9000
Ir <0.0025 | <0.0050 | <0.0085 d.] < 0.0020 d.l d.) < 0.0003
Au 0.0017 0.0020 < 0.0080 d.} 1.098 0.0210 0.0897 0.0006
Hg d.l d.l < 1.5000 6.600 0.1400 2.900 < 0.0700 0.2600
Tl d.l d.l < 10.00 d.l dJ 4500.0 < 400.0 dl
Th 0.2430 61.50 < 2.50 < 0.4000 0.0660 (.1900 0.0370 0.2700
U 0.6000 9.200 4.400 < 2.000 0.1300 3.970 0.0540 0.4500
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JlokamHa reonormja; noxanureTor Ha Lipeen [lom e cocTasen of
kapOoHaTHH Xapnu ( JONOMHTH, BapOBHAUM / MepMepH ) KOW' ce
HHTPYAMPAHH CO CYGBYJNKAHCKO TeJO, XMAPOTEPAMAIIHO MHOTI'Y IPOMEHETO,
Taka IITO € MHOTY TELIKO BepOfOCTOjHO A ce OfPE[# HETOBHOT COCTAE.
Kapnara cofpxu ¢heHOKPHCTANN Of CAaHUAWH, KBapl # 6uotar. OCHOBHATA
Maca IJIaBHO Ce COCTOM Off KaJHCKM (hesicraT | KBapil ¥ Taa 6M MOKela Ia
IpeficTaBysa faTHT / KBapuanatar ( Jenenkoruk u [TaBnuenutk, 1994 ) a op
crpana na Frantz ( 1994 ) oBaa Kapna e HapeueHa pHOTATCKH TYdD.

Ha TaGenara 37 ce mpuKaaHH aHANM3H HA MATHYHETE KApIH O
BHATPEINHOCTa Ha pygHUKOT Upsen [om HaupaBeHM CO HeyTpOHCKa
axTEBanmja ( Frantz 1 up. 1994 ).

IlomaTouure xou ce npukaxkawm Bo Tabemara 37 ce of ocobeH
UHTEpEC NPH pasriejlyBaté Ha NPAMADHATE H3BOPH Ha METAJIMTE KOH
NoRoNHa Gure MOGUITU3NpaHH 1 KOHIIEHTPHPaHH BO PYRHOTO Teno Ha Lipeen
Hoi. Coppunata Ha TaluyMOT BO Kap6OHaTHATE KapIH HO # BO TY(OBUTE
( HETPY3HBHOTO TeJIO ) e HHCKa, IOfEeKa CONpIKAHATA Ha apceHoOT € BHCOKA
( MOXHO e JeKa TOj NMOTeKHyBa OF XUApOTepMamHuTe pacTsopu ). LIL
enemenTHTe Kako wro ce B, K, Rb, Cs, Ba, Sr ce Muory s6oratenn so ofHoc
Ha IPEMHUTHBHATa MaHTHja, nocebuo Cs ( Frantz, 1994 ).

Crnajgep [mMjarpaMuTe Ha pETKHTE 3€MjH Ha anTepECaHuTe
CyGBYJIKQHCKH KapIi, OKOIHHOT MEPMEDH3UpaH BapOBHHK M HONOMHTHTE,
NOKaXyBaaT 300raTyBame Ha JIECHHTE DETKH 3eMju ce 7o thaktop 100
HOopManusupaHu Bo ofHoc Ha C 1 xounpurute ( Ci. 65, Frantz, 1994 ),
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Cn. 65. Coajuep pgujarpa 3a NpHMEpPONE Off BHATPEINHOCTA H HaJIBOpelHoCTa Ha
pymaukoT Ilpsen Hon. Ilpumeponure ce HopManmsupamd co C 1 XOJPHTCKHTE
BpegHocTH Ha Palme u gp., 1981
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MHUHEPAIU3SAITAJA;  7tpum . Tuna . Ha = HHCKOTeMIepaTypHa
MHIHepann3algja ce OTKPHEHH Jocera of KOH CeKOj ¥Ma jacHa reoXeMmcka
LpTa H MEHEpaJeH COCTaB.

- MacHBHa pyJa Ha peanrap Koj IOMHHYBa BO CTOKBEPK ce popMupa BO
TONOMHTOT, ONH3Y HWIH JOMK KOHTAKTOT CO cy6BynKaH0KaTa HHTPY3Hja.
Cropapu<HO pyAa cO BHCOKa KOHUCHTpaldja ce IHOjaByBa H JOIDK
6peunpanite 30mu ( Cr. 63 164 ). OBaa PYOHO Telo & OTBOPEHO BO HHBOTO
823 W e uCTpaxkeHO CO KpaTKW NPEeYHHIM M JBe BEPTHKAITHH NPOCTOPHH.
( oxHa ). PygHoTto Teno coppxu okony 6000 ToHH pyAa co COgp:KHHATA Ha
koMnonerTaTe Of = As - 8 % ; Sb-0.09 % ; T1 - 0.35 %, Hg - 45 ppm ; Au -
0.1 ppm. Opa pyaHo Teno ce Haofa Ha okoixy:30 MeTpH HO[ ceramHaTa
HOBpIIKHA. [MaBHHOT MUHEpan € peanrapoT, a MOKpaj Hero ce IojaByBaaT
TIPHT, MAPKACHT, ayPUIIMTMEHT M MEHEPANH Ha TATHYM.

Ta6eJIa 38: I'maBHY €IeMEHTH H €JIEMEHTH BO TPArOBH BO peanrapo*r Of
py;mnKOT psen Jox ( ME)TO};(E! INAA, Frantz u ip., 1994 )

Enementn Peanrap
Fe % < 0.05
As -57.33
Tl <1.2
Sb. 0.00243
Na ppm < 30
X < 1300
Sc < 0.04
Cr 69.8
Mn - < 4.00 .
Co < 4.00
Ni d.l
Cu dl =~
n : < 30
Ga . <30
1l Se- 242
Mo < 80
Cd d.l
In d.l
Cs 2.5
La d.l
Sm <12
Eu < (.08
-Yb <07 .
Lu < (.1
Ta < 0.5
W <30
Hg <1.00
Th < (.35
U <8

d.l. - Mo neTEeKNHCKHOT JINMHT,

< - FOpeH JIMMET
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Peanrap; 8o cebe Ha nopexe MecTa 3afpaka JTOPAHAHT M MapKacHT.
PeanrapoT ce HojaByBa BO KPHMCTalH, YECTO TIATH CO IOIEMH JUMEH3HH, HO
ce mojasysa M Bo (opMa Ha MHECHBHH arperatd u Jjeku. Toj oOm4HO €
cpaciar co aypumurmeHToT ( Cia. 66) B dYecronaTH Bo ceDe COApPXKH H
nopaHmuT. Ha HEKoM MecTa, pealrapoT c¢ CPEeTHYBa KakO LEMEHT BO
TEJICKUTE MAapPKaCHTH.

Bo Tabenarta 38 e mpuxaxaH COCTABOT Ha ITIaBHHTE €IEMEHTH H

€JIEMEHTHATE BO TPArOBH BO peanrapoT of pyrHukoT Lipsen Jon ( Frantz u
ap., 1994 ).

Camoponuo cpeGpo; ce nojapyBa CHOPagMYyHO BO pEaNrapoT
( emexTpyMm ).

AypunurMent; ce nojasysa Bo MacusEM opmit ( Cit. 66 ) Kago Manu
arperaTd CpPacHaTH CO peairapor, HO JOKamHo TOj ofpa3syBa IUIOUECTH
MEHEpaJH.

MapkacuT u NHPHUT; Toa ce IUHPOKO PACIPOCTPAHETH MHHEPANH H
OCHOBHA KapaKTepHUCTHKAa MM € Taa JeKa HUMaaT KOJOMOpMhHM TEKCTYDH,
0cobEeHO MapKacHTOT.

MapKacHTOT ¢¢ [T0jaByBa BO KPHCTAIHM (POPMHE, HO YECTO [IATH 3PHATA
Ha MapKacHTOT ce 3a00meHn. Hekon 3pHa Ha MapKacuT ce cocTojat off jafpo,

TeHOK pab u miobynu Ha coctaB Gorat co apced ( Frantz u gp., 1994 ). Ha
Tabenata 39 e npukakad cocTaBoT Ha MapKacuTOT off Ipsen [lom.

Tabena 39: Cocrag xa Mapkacut ( EIIC ) op noTkon 21 Bo
nokanuterot Lipsen Houx ( Frantz u gp., 1994 )

Tex. % jaxpo paté ri06yna
As - - 71.73
Fe 47.59 48.20 24.64
S 52.81 51.80 3.63
Total 99.86 100 100.01
Formula
As - - 2.17
Fe 1 1 1
S 1.933 1.870 | 0.25
Total 2.933 2.872 342
FeS2 FeAsZ2
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T'noGynure Kou ce GOraTH CO apceH, KOH ro ONKpy:KyBaaT MapKacHToT
HMaaT CTeXMOMEeTpHCKE cocras of 24 % Ha Fe, 71.73 % na As u camo
Tparoer of S ( 3.64 % ). Frantz u mp. ( 1994 ) osue rioOynu ru OIHAINATe
KaKo JIEAUHIHAT.

HeTanHHTEe HCTPaKyBakha Ha MHHEPAIHUTE acolyjalldl Ha pypata Of
crpaHa Ha Frantz u gp. ( 1994 ) oTkpmja npHcycTBO Ha MUHEpaiHa (asza Yuj
cocraB oirosapa Ha apcedgonuT ( As»0s3). Toj ce nojapyBa BHaTpe BO
kpucranure Ha peanrapor { Cm.67). OBaa MuHepanHa chaza e BepojaTHO
CeKyHmapHa TBOpOa W e NpOM3BOJ Ha OKCHJallMjaTa Ha ENEMEHTAapHHOT
apceH WK Off anTepalunTe Ha paeirapor. [IpollecoT Ha oKculauujata MoxKe
lla ce CNyuyBal 3a BpeMe Ha [ENOHHPAmEeTO Ha peairapoT, BO TEKOT Ha
npBaTa hasza Ha MHHepajausanujaTa.

Mpmepanu #a Tanaysm; MacuBHOTO DYJHO TesO O peanrap BO
Ipeen [lonm copp:xku OpojHM MUHEpaJH Ha TaluyM OJf KOH HEKOH ce
OTKpHeHu Heomamza. CIHCOKOT Ha MHUHEpaNnuTe Ha TalkyM CeyluTe Hee
3aBpHIeH.

T1- As - § cucrem

JlopaspuT Tl As Ss ( Krenner, 1884 )
BepHapmuT Tl Ass Sg ( Pasava et al., 1989 )
Daurut Tiz As S4 ( El Goresy / Ilasukesux, 1988 )

JlopaHguT; ¢ HajuecT MAUHepal Ha TaauyMoT. JIOpaH[UTOT ¢e [I0jaByBa
BarcKy acon@apay co PealirapoT H NOPeTKO CO ayPHIIMTMEHTOT, a IOKAIHO
1 co MapkacEToT ( Cn.68). Cnopannyso T0j 0bpasyBa KpyiHH arperaTd # /
WA OSNUHEYHH KPHCTATH.

Hoparguror on Upeen on conp:ku OpOjHH €IeMEHTH BO TParoBi,
YHH COIP3KUHH ce npukaxkanu o Tabenata 40.

o . 205
Bupejku rosiem ecdeKT Ha MPORYKIHWjaTa Ha aTOMH Ha ~ Pb, uMaat
peaKHUATE Ha HEYTPHHOTO CO TAIHYMCKHTE MUHEPall BO Anuiap, moTpeGHo
¢ TOfICTAIHO [Ia Ce OfIPe[lH 3aCTaleHOCTa Ha elleMeHTHTe Kako mrto ce Pb, U,
Th Bo TanmyMcKuTe MuHepau ocebHo Bo nopanauToT ( Tabena 41-43).
Bo TaGenure o 41 go 43 ce npuKakaHu KOHLeHTpaluuTe Ha Pb, U n

Th BO IOpPaHEUTOT, pealrapoT M aypHOHrMeHTOT. Hekonxy mepera Ha
KOHILSHTPALKjaTa Ha OBHE eJIEMEHTYH ce JoCeTa 3aBPUISHH:

1. Frantz u mp. { 1990 ) ru mpesenTHpaaT pe3ylTaTHTE Off HUBHHUTE
MCTPaKyBarba Ha jiopaHauToT off Lpser Jon ( Tabena 41 ).
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Tabena 40 : I'1apHE B eNeMEHTH BO TPATOBH BO JIOPAHKUTOT H NpaTedyKaTe
Munepanu Bo pypaukor Ipser Hon ( Metoma INAA )

EnevenTH ®I111 @I 12 @If 13
Fe % 0.196 0.059 0.126
As 20.53 1972 19.56
Ti 62.70 57.50 60.35
Sh 0.0379 0.0278 0.0258
Na ppm 40 <30 37

K < 650 <310 < 500
Se <0.03 <{(.01 0.046
Crx 15 20 23
Mn 48 9 58

Co < 1.5 <04 < (0.8
Ni < 500 <35 <40
Cu d.l < 300 < 1000
Zn d.i <6 < 10
Ga < 30 <7 <15
Se <8 < 1.5 < 2.0
Mo <15 8.6 <15
Cd d.l d.l < 100
In d.li <25 < 0.20
Cs d.l d.l d.l

La < 1.00 <(0.43 d.l

Sm <0.2 <0.13 < (.16
Eu <0.14 <0.07 < 0.03
Yh < 0.5 < 0.45 d.]

Lu d.d < 0,052 d.l

Ta < (.3 <0.15 d.l

W d. <10 d.l

Hg 1.4 < (.85 d.l

Th < (.4 < (.16 d.l

U <1.0 <1.0 d.l

< - TOpHAa IpaHuia

d.l - mcmoy rpaHUIiaTa Ha JeTeKiija

Tabena 41: Konuenrpauuja Ha Pb, U, Th
BO JIopa”puToT of Lpser Hon

Onoro ( Ph) ox 0.5 o 2.0 ppm
Ypar (U) on 0.06 go 0.26 ppm
Topuym (Th) ox 0.005 po 0.028 ppm
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2. Todt ( 1988 )} ru ompejun KounenTpammure Ha Pb, U, Th Bo enen
rproMopdeH KpucTan Ha nopadnuT off Lipsen o, kako ¥ BO Malll 3pHa Ha
nopanant. OBHE aHATA3M OTKPHja HEKOH pasjuku noMely rus (Tabena 42 )-

Tabena 42: Konnenrpanuja Ha Pb, U, Th BO
nopauguror of Upsen Jom ( Mr/r )

Pb U Th
Kpucran 0.79 0.039 0.0092
Masnu KpucTrany 2.02 .150 0.0135

TaxsuTe BpeJHOCTH Ha KOHUeHTpauujaTa Ha Pb, U, Th ce pemaTneHO
Maln¥ ¥ Kako TakBH Oy MoXKese ja ce npudaraT BO €KCNEPUMEHTHTE BO
JIOPEKC npoexrtot. bugejkn konuerTpanuuTe Ha Pb, U, Th ce BaxHA u O
MEHEPATHTE KOH ce CPacHaTH co JopaHpuroT, Todt ( 1988 ) yrepmun geka
KOHIEHTpaUnuTe Ha OBHE eNIEMEHTH ¥ BO PealrapoT U BO aypPHEIIATMEHTOT C&
npucatauBo wucku (Tabena 43).

Tab6ena 43: Konuentpanuja #a Pb, U, Th
BO peasrap ¥ aypUIHrMeHTH (Mr/T )

Pb U Th
Peanrap (.38 0.74 1.19
AYDUORTMEHT 11.60 0.084 2.64

Hexon NpelnMUHADHH HCTpaKyBarba IO NAT HA aHanu3a Ha anda
aKTHBALMja TO HHAMUKpa COONHOCT HA ONOBOTO / TAIAyMOT BO BPENHOCT Off
(5.2+1.3) 10 6( Preisenberger et, al., 1988 ).

Ta6ena 44: Konnentpaunja va Pb, U, Th Bo peasrapot off HOTKONOT
823 ma Lpsen Hon { Frantz m ap., 1994 )

Peanrap fp.3pHa tex (mr) | Pb (ppm} | U (ppmt} | Th (ppmy) | nEBO
Rea 1 8 50.65 0.018 0.18 0.0017

Rea Il 5 98.70 0.213 0.28 0.0037

FR 5 12 51.30 0.032 0.134 0.008 823/1/P21
FR 6 21 52.30 0.047 0.078 0.005

FR7 44 39.90 0.042 0.11 (.009

FR 1 1 58.30 0.014 0.04 0.0018

FR2 1 152.60 0.0066 0.0017 0.0017 823/1/P21
FR 3 | 140.20 0.01 0.017 0.0058

FR 4 1 47.00 0.08 0.007 0.002
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[IoHaTaMOIIHNTE HCTPaKyBak:a BO OIHOC Ha YHCTOTATa Ha MEHEPAaNoT
JopaHpMT, Bo cMucon Ha npoektoT JIOPEKC ce Bo Tek.

Bo Tabenute 44, 45 u 46, ce upukaxanu KoHueHTpagurte Ha Pb, U,
Th Bo moepuHM MUHEpaH KaKo IITO ce JOPAHJUT, aYPUIAIMERT U peayrap
3eMEHH Off NOTKON Ha HuBo 823 M ( Frantz m op., 1994 ).

Tabena 45: Konuentpaugja Ha Pb, U, Th Bo NOpaHAUTOT ¥ aypUIATMEHTOT
of] OKHOTO off HUBO 823 koH uuso 800 M ( Frantz u fip., 1994 )

Jdopaupur || Gp.3pua | tex (mr) | Pb (ppm) | U (ppm) | Th (ppm) HHBO
PA 7 1 16.30 0.51 0.083 0.109

PAS & 1 18.43 0.79 0.039 0.009 823/ 800
LI 1 13.04 1.79 0.186 b.l

Aypunr.

Al 1 42.21 0.41 0.0102 b.l

A2 1 21.11 0.207 0.092 b.1 8§23/ 800
Aypunur. 1 13.44 11.60 0.084 2.64

& - Todt ( 1988 }; b.l. - ucnop rpanunaTa Ha JeTEKUM]ja

Tabena 46: Konuentpauuja Ha Pb, U, Th Bo mopaHgaTOT B aypHIMIMEHTOT
of, HuBRoTo IV Ha xopuzonT 763 M ( Frantz u mp., 1994 )

Jlopaumur | 6p.3pHa | Tex {Mr) | Pb(ppm) | U (ppm) | Th (ppm) HHUBO
Fi1l 1 42.20 0.552 0.686 0.0239

Fi2 1 70.10 2.024 0.174 0.0281 763/IV/P25
Fi3 1 74.00 0.616 0.258 0.0057 B
Fi4 1 34.00 1.375 0.169 0.0099

Avypunur,

FA1 1 64.40 4.09 0.026 0.011 T63/IV/P25
FA2 1 166.10 0.072 0.092 0.0056

FA3 1 125.50 013 |~ bl b.l

b.l. - ucnop rpaxuuaTa Ha geTexiMja

beprapouT; ce nojaBysa JOKanHO BO BHA Ha KPHCTAH CO IOIEMHHA
no 1 cM. HeoroBoto MecTo BO MEHHepalHATa acOLMjalMja Hee MOTIOIHO
jacHo.

DanrAT; OTKPHCH ¢ H NPelIMUHAPHO OIULIaH off cTpaHa Ha El Goresy
1 [Tapnyepuxk ( 1988 ), Ho oy cTpaHa Ha Buiicon u ap., { 1993 ) oBoj Munepau,
K0j npencraByBa Tl-As cyndocoi, € OTKpHEH BO HAOFaNHILTETO 3a 3JATO
Mepkyp Bo ppxapaTa Jyra Bo CAJl, mpH IMTO TO] T¥ 3aBpPUIAA  CHTE
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MOTPebHH MCTpaKyBakbha KOM ce HEONXORHH Ja odHLHjalHO Oufe NpU3HAT
KaKO HOB MHHEpalL

Panruror of llpeen Jon HanumkyRa Ha aypHIUIMEHTOT IO CBOHTE
onrruku ceojerea ( El Goresy w IMasmuesng, 1988 ). Toj 6un oTkpueH BO
TEHKH CJIOEBH OKONY JOPaHgUTOT, peanrapor u aypunurmentor ( Ci. 69).
Toj ce penonmpan Bo nocnegHara <pasa Ha MHUHepanu3alijaTa, Koja ja
crefiesnia KpUCTANU3al¥jaTa Ha JIOPaHIUTOT.

Tl -Sb-As-S cunerem

Hocera camMo pJBa MHHEpala ce OfpPeJeHH Off OBOj CHCTEM BO
HaolaJHILTETO AJIap, Toa ce:

Pebynur Tls Sbs Asg S, ( Bamug-Kynuk u gp., 1982)

Jauxosukur Tls Sby (As, Sb Y4 S2n ( Userxosut u np., 1995 )
( Libowitzky et. al., 1995 )

JanKoBURNT; e caMo efleH MHHEpas Of CHCTEMOT KOj € OIpeleH BO
Lpeen Jon. Toj ce jaryBa RO acoumjalifja cO KpPYIMHO 3pHECT peairap H
MAaJKy aHTHMOHHMT H MHOTY CHTEH IToOyapeH MUpHT.

JaHROBHEHMTOT NOKaKyBa MHOTY cinyHocTy co apyrure T1-Sb-As u TI-
Sb cyndoconn, Kako mMTO ce pedymuToT M NapandepoTHTOT, mocebHo co
pebynurot ( Libowitzky u gp., 1995 ).

Iloxpaj HapegeHUTe TANMMYMCKH MiHepanu off crpana Ha Rieck (1993 )
e orkpueH BajcGepruror ( T1 Sb S; ). Hocera Hema nogaToLH 32 Toa Jaly
OBOj MHHEpPAJ ¢ OTKpHeH BO pygaEUKOT LlpRer Ilom.

Co nmeTanHETe HCTPaKyBaka Ha MHHEDANHHTE acOLHjalludl BO pygaTa
on lpeer Hon, Frantz m gp., ( 1994 ) orkpwie voB ( ? ) MHHepal Koj
HpefcTaByBa xenezHo-TanuyMmcku apceHaT (FeaT1{(ASp85S0.15)04)3 x4H0).
Toj ce mojaByBa BO paJujalnHy arperaTd Kou pactat of egHo jappo ( Cn. 70 ),
a JIOKAJNHO Cce I[0jaByBa Kako KojomopdeH Kora TH HCIOJIHYBa
nykHaTuHkure Bo penrapor ( Cin. 70). OBoj MuHepall 4ecTo e HOjaByBa BO
aconyjanyja co CHIHO npoMeHerure Mapkacuru. Ha TaGenara 47, e
ApHKasKaH XeMHCKHOT COCTAB HA OBO] MHHEpaJL.
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Tabena 47: Cocras Ha Fe-T1 apcenator ( EMP ), o notkonor 823 M Bo
Hpsen Hoxn ( Frantz u np., 1994 )

Papsjanen tun | Konomopden tan

Fe (%) 18.36 17.20

Tl 29.27 26.63

As 37.16 39.28

S 4,13 4.03

Total 88.93 87.13

Popmyna

Fe 1.31 1.34

Tl 0.56 0.71

As 1.65 2.25

S 0.28 0.29

Total 3.7 4.55

| Cocran [ FerTI( AsggsSous)0: ) x 4 H,0 |

Muory HECKaTa COJpKMHAa Ha CcyndypoT, peNaTHBHO HHCKATA
COAp:KHHA Ha TANHYMOT, TOIEMHTE KOHUEHTPALMH Ha JKENe30 ¥ apceH Kako
H TparoBuTe Ha APyruTe exeMmeHTH co okoly 0.1 % ( Ha npumep Sb ) jacuo
YKaXKyBaaT Ha CEKYHJapHOTO TIOTEKNIO Ha 0BOj apcerar { Frantz u ip., 1994 ).

- crpatuopMer THN Ha OpyEHyBawe ( TpakWw M SKWIMYKH Ha
aypUlrMenT) , Bo TydosuTe / TY(O3HATE IONOMHTH € (DOPMHpPAH 1Ox
MACHBHHOT THII Ha OPYAHYBare IpefcTaBed co peairap. OBaa opyfHyBaIbe
€ OTKpHeHO Bo HUBOTO 800 Metpu. Cybnapanensute Tpaku (opMHpaaT 30Ha
CO MMPOYHHA O HEKONKY MeTpu. [ebGennHaTa Ha NMOERHHUTE TPaKW Ha
ayPHIIMIMEHT TJIaBHO ce ABKA of 1 1o 2 oM.

AYPUIIMIMEHTOT € AOMUHAHTSH MHHEpal, PealilZpoT CKOpo fa H
ofcycTByBa. VIMUperHanun Ha YHPHT / MapKacHT OKONY aypHIMIMEHTOT
IIHPOKO ce pacnpocTpaHeTd ( Jankosuk, 1993 ).

- mvoperHanucka Tl - As MEHepanmsanuja Bo KapGOHATHUTE KapITy,
[IaBHO JIOJIOMHT, YecTo ce ¢peTHysa Bo Lprer Jon, ocobeno Bo noTkomn 25.
Peanrapor, CHOpajadHO aypunurmMerTot, Tl MuHepamure W nupur /
MapKacuT Ce TJIaBHHTE MUHEpaiy COCTaBHH [ENIOBH Ha OBaa CHpOMamiHa
MHHEpaIu3alHja.

Mo cera oBoj Tun Ha As-T] Munepanusayumja Hee TpoyuyBaH.
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CexyunapHu MHHepany; mely ITaBHATE CylepreHH MIHEPAId BO
Ipsen Nox gocera ce onpeneHu rerur, ¢pubpodgepnt { Rieck, 1993 ), ramne,
XopHecuT, nmukpogapmaxomuT ( Rieck, 1993 ), pocenur, crpakent ( Rieck,
1993 ), japocar, dapmakocugepur u popanmaput ( Banug-Kyunt u nup.,
1993 ).

HEKOH ACIHIEKTH HA TEHE3ATA

XuppoTepManHAoT cucTeM Ha Llpeen Jlon skiry4yBa MEHEpaIn Ha As-
T1-Fe-S, perko Sb, Tparosu o Au u Hg, xako u mana KojWumHa Ha
CHITHIEYMOBH MMHEpaiH, INTO BO OCHOBA Ce PasiuKyBa Of PYIHHKOT 3a
AHTHMOH BO LIEHTPANHAOT JeN Ha HAOTaNHINTETO.

IlponecoT Ha MHHepanusaldja ce OEBHBAN Ha Mala [IaboOydHa BO
YCIIOBH Ha jaKa OCHJaliFja, a MO roxeMa (hyracHOCT Ha apceHOT ¥ TAIHyMOT.
Ilepuopor Ha npeoBNafyBale HAa apceHOT Oui cleleH o ToNEMH
KOHIIEHTPAlMY Ha TalHyM KOM IIOCTENeHO omafale ce [0 KpajoT Ha
LEeNOHHPAaLeTo Ha IPHMapHaTa MEHEPaTH3alH]ja.

I'eHeTcKHOT MOfEN Ha MUHepanusanujata 8o Lpeen [ou ru BKIy4YyBa
CHeJHHUTE TapaMeTps :

1. OcHoBen u3BOP Ha MeTanuYe; Ha 0asa HA UCTPAXKyBambaTa Ha
H30TOIIHTE Ha ONOBOTO BO PYIHHTE MHHepalH ( JIOPaHJUT, peanrap,
AypUNMTMEHT ) H BYJIKAHHTHTE, MOXHO € [a ce JOje [0 3aKIyuoK 3a

reoyomkara ucropuja Ha As-Tl Munepanute Bo Upsen Hon (Frantz u ap.,
1994 ).

Bo Tabenure 48 - 51, ce npuKa)kaHH H30TOMCKUTE COCTABH HA OIOBOTO
BO JIOPaHIUTOT, PEANrapoT, aypEIETMEHTOT, BYJIKaHHTHTE ¥ MepeMepoT /
AOJIOMHTOT KOM IIOTeKHyBaaT Off mopseMHuTe paboru Bo Lpeen Hon
( Frantz u gp., 1994 ).

Ilocrojat noBeKe Monenn 3a o0jacHyBabe Ha eBONYIHMjaTa HA OIOBOTO
BO KapmuTe M PyOHHTe HaolfanumTte. Frantz m nup., ( 1994 ) ro npumenune
Mopenot Ha Stacey and Kramers ( 1975 ) xoj e gBocrenen mMogen u Koj ro
IIOKaXKyBa pasBOjOT Ha ONOBOTO BO KOHTHHEHTANHATA KOPa BO BPEMEHCKH
nHTepBan moMefy 4.57 um 3.7 MuNHjapoH TONUHM Of €NeH H3BOp CO
eIMHCTBEHH coofHocH Ha ~-°U /2*'Pb (W)u 22T /%P ommocor o 7192w
32.208. Ha 3.7 Munujapiu ToMHE BPEIHOCTHTE Ha |L 1 () Bie MpOMEHETH Off
reOXeMHUCKHUTE Nudepenuujanuy ( hopMapalbe Ha kopaTa ) Ha 9.735 1 36.837
¥ OCTaHalle [IOCTOjaHH ce JIO JieHec,
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Ha Cn. 71 eBomyiyjata Ha OJIOBOTO BO KOHTHHEHTAIHATA Kopa &
O3HAYeHa cO JIMHUjaTa Ha eBONyIfHjaTa Ha Stacey and Kramers. :

Tabena 48: lzoToncku cocTas Ha OJIOBOTO BO IPUMEPOIIHTE HA JIOPAH{HT
off npeyHnoT xopuuk I ( 823 m ), Frantz u gp., ( 1994 )

Jopanput| Bp.spna | Tex.(vr) [P/ %Pb| 2 Ph/"Ph | P/ *Pb| nuBo
IO 3 25 20.0 38.84 15.76 20.14
[F1 5 36 30.70 38.89 15.81 20.15 | 823/1P21
IFI 6 54 18.00 38.64 15.69 20.04
F1 7 78 66.70 39.02 15.76 19.26
IPA. 6 1 45.80 27.76 11.25 14.24

Tabema 49 : I30TONCKY cOCTaB Ha OJOBOTO BO MPHMEPOLHTE HA Peanrap
on npeurnoT xopuuk I ( 823 m ), Frantz u ap., ( 1994 )

Peaarap | Bp. spna | Tex.(mr) | *®Pb/”"Ph |*"Pb/"Pb | PPb/ AP | uuBo
Rea I 5 50.65 38.09 15.63 18.16
FR 5 12 51.30 38.96 15.97 2009 | 823/1/P21
IR 6 21 52.30 37.90 15.75 18.93
IFR 7 44 39.90 38.70 15.68 19.65
¥R 1 1 59.30 36.71 15.40 18.15
[FR 2 1 152.60 38.24 15.52 18.82 | 823/1/P21
IFR 3 1 140.20 37.85 15.68 20.63
IFR 4 1 47.00 36.74 15.74 20.80

Tabena 50: I30TOICKY COCTaB Ha OJIOBOTO BO IIOPAHIAT M AYPAITMIMEHT
of npevHuoT xofHuK IV ( 763 m ), Frantz u uip., (1994)

Jlopaspar || Bp. spua | Tewx.(mr) 2EppA%Ph | 2 Ph/2Ph | PbYPh | mEBO

11 1 42,20 38.55 15,71 16.80

FI 2 1 70.10 38.95 15.76 19,94 | 763/IV/P25
FI 3 1 74.00 37.81 15,43 19.68

K1 4 1 34.00 37.34 15.91 22.41

Aypaur.

FA 1 1 64.40 39.01 15.74 19.20

FA 2 1 166.10 38.72 15.71 19.40  [763/1V/P25
FA 3 1 125.50 38.84 15.75 19.52
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Ta6esa 51: FI30TONCKH COCTAB Ha OJIOBOTO BO MEPMED, aHIE3UT Off
npeuHuoT XogHHK I ( 823 m ), ¥ BO JONOMUTCKY MepMep
op oxuoTo { 823 xou 800 M ), Frantz u 1p., ( 1994 )

IMapuuma | Tex.(mg) | “®Pb"Pb | 27Pu/"%Pb | Pb/A"Pb |  wmmo

Attgesitr (6) 1 169,10 39,05 15.71 18.78
Angesut (6) 1 124.60 38.97 15.68 18,74 823/1/P21
Bynk A (1) 1 52.20 38.40 15.67 20.63
Bynx [ (T) 2 94,20 38.95 15,85 21.25
Mepmep (a) 2 71.50 38.88 15.81 20.86

823 - 800
Tonomur (g) 2 180.70 38.72 15.76 20,30
Nonomut (r) 3 197.80 38.69 15.78 20.81 823/800/P21
NonoMut () 2 145.30 38.78 15.69 19.25
Jionomur () 2 179.60 38.82 15.75 20.11

Op npukaxkanure Tabenn 48, 49, 50,51 1 Ca. 71 MoxKe fa ce 3aKNIydu
Jleka BpeHOCTHTEe Ha CYOBYNKAHCKATAa HHTPY3Wja KOja € OTKPHEHa BO
notkonot 6p. 21, nexxaT Ha reoxpoHaTa Ha Stacey and Kramers ( mzoxpo-
HaTa cO HyNTa CTApocT MHHYBa HM3 TOYKATa Ha eBonyimjaTa of 3.7 Ia ),
NOfieKa HajroneM fen of MOJATOLWTE 3a MUHepalnTe W NpEMEepOoLHTe Ha
xapOOHATHUTE Kapny ce HaofaaT [JeCHO Of reoxpoHaTa Ha Stacey and
Kramers, oceeH Kpynuute peanrapa FR1 u FR2 ( Frantz u gp., 1994 ). Cure
TOUKH ce pacppiiaHyd OKONY H30TONCKUOT COCTAB HA COBpeMeHaTa
xouTHHeHTanda kopa ( Ci. 71 ). Frantz u gp., ( 1994 ) 3a npamepouure ox
Hpsen Hon otpkuja Bpemesck: murerpupano [ (- U/%Pb ) og 8.6 u
BpeMencku surerpupano x ( - Th/**U) og4.2 (0=353).

Kaxo 3axIy4ox THe yKaxKyBaaT Ha Toa JeKa OJIOBOTO BO XHAPOTepMa-
JHUTE PAacTBOPH OHIIO MOOHIU3NPAHO OF, COCERHATE MIIH OCHOBHUTE Kapi.

bupejku peTkuTe eNneMeHTH BO UCTPAXYBAHUTE Kaply BO u OJU3y
lpeen Jon mokaxkypaaT gexa comp:KHHATA Ha 11 B As BO KapboHaTHHTE
KapIi € HHACKa, Ce YHHH fleKa BYJIKaHHTHTe ce HajBepojaTeH OCHOBEH H3BOP
Ha METAMTE KO GHIIe MOBHIH3HPAHH BO XHAPOTEPMAIHUTE PACTBODH.

H30TONHEOT cOCTaB Ha CyA(ypoOT BO peanrapot, aypHIMIMEHTOT H
nopauputotT off Lpsexn Hosn ce kapakrep3upa cO HPOMEHINBH BPEIHOCTH HA
34
57'S, xou ce gemwkat of - 1.7 o - 5.7 %o ( Tabena 52).

On opre TOfATOMM MOXKe fa ce 3aKiydd mexa cysadupHuor cyidgyp
HMa MarMaTcko noTekno. OBa ce c¢MeTa 3a JONONHHTENHa NOTBpHa Hexa
BYJKaHCKHTE KapnH ( KBapIUIATHT / TATHT ) C& OCHOBEH M3BOD 3a TAIHYMOT
U IpyrgTe MeTaNM Bo pyaHoTo Tenxo Lpsex [Jon.




Pynuuk 3a As-T! Lipses [lon 245

Tabena 52: M3oTomncky cocras Ha cyldypoT BO MHHEpaliTe cO peanrap-
nopasgutr ( npevyen xomgmmk I, 823 m ) m aypummrment-
NOpaHAWTCKA acolpjanija ( OKHO 1ITO I'l ITOBP3YBa XOPHIOHTHTE
823 u 800 M) a ¥ BO aypHOHIMEHT-NOpPaHIUTCKATA TApareHsa
( npeunux IV/763 ) Frantz u ip., ( 1994 )

Iipumepox §2S %o (CDT) peXNat. 3aCTANEeHOCT
fipeunur /823 n, =
JIOPBH;{HT -57 ( 135°C ) sk xx

Peanrap -1.7(+144° Cpo 170 °C)* XXXX
Mapracur -1.7 XXX

oo 817 0

Hdopangur -2.1 XX

Peanrap -2.6 X
Aypunirsenr -2.6 . XXXX

“0KkR0 8§00 4
Jlopaupur -2.0 XX
Peaarap -27 X
AVPHIOHIMEHT -2.2 XXKX
Mpeunuic IV/763 : L
Jlopangnt -2.0
AypUnurMeny -2.5 XAAX

XXXX - ITIaBHa MHHepanu3aija

X£X - IMHPOKO 110jaBYBalLe HA MUHEpanuTe

£X - [I0jaBa Ha MUHEPAIH

X - HoJpefieHa MHHepalu3anija

* TeqHH MHKIIY3HH MEpEHH Of] CTpaHa Ha Beran u ip., { 1990 )
¥ TEUHH MHKIY3HH MepeHw ojf crpada Ha Reick ( 1991)

CDT - MeTeopHTOT Ha Kawon [njabno

Cocras Ha xugpoTepMansuTe (MIVHEN; XUEPOTEPMaiHHTE
pacTBOpH ce KapaKTepH3HpaaT cO IOMEeMH KOHUEHTPAIMH Ha apceH H
ranuyM. Bo Lipsen o Tee BHene okony 5 000 Tonu apcen u okony 20 ToHu
Ha TanuyM Kako H ManHM KONHYecTBa Ha AaHTHMMOH H  3JaTo.
Xupporepmamuure Iyaay SHIle CHPOMAIIHH CO CHIHIAYMOBH MEHEPAJIH.

Tevneparypara Ha MeTaJOHOCHUTE PACTBOPH ce HBHKH Of 280/250
no 120 °C. TemnepaTypaTa Ha XOMOTCHM3alMja BO TEYHHTE WHKIIY3HH BO
peanrapoT e ofpeseHa Ha 144 o 170 °C ( Beran et al., 1990).

Canannarer; Ha 6a3sa Ha NOJATOLHTE 3a TEUHHTE HKIY3UH BO
peanrapor Bepan u gp., ( 1990 ) ro ogpenune camuuaTeTOT Ha 7.9 KO 12.9
EeKBHUBaJIEHTHH TexKuHcKH % Ha Na(l .




246 Meranorennja va Koxyderara obaacr

Hexou Manu AHAMKALMA 32 TOCTOCH:E HA XUJPOKapOOHATHA HHKAY3HH
Gune npesenTHpaHH Off cTpaHa Ha Bepad u gp., ( 1990 ) 3a paenrapor.
JarnenoBomOpOOT  HajBEpOjaTHO BOAM OTEKIO Off IUIMOUSHCKHTE
cenuMenTHY OaceHH BO OKOJNHHATA.

Hayun mpa TpaHCHOPT HA MeTANATE; TamuMyMOT H ApPCEHOT
HajBEPOjATHO 6HIe MPEHCYBAHM KAaKO KOMIUIEKCHH jOHM Off KHCENH [O
HE3HATHO alKajuHH YUK CO HU30K CAIMHUTET BO OKCHIALIHOHH YCIOBH,

Hemonupame; [enOHEPakHETO HA ADCEHOT H TANHMYMOT C& ONBHBAJIO
KaKO pesylTaT Ha IPOMEHHTE Ha TreoxXeMHjaTa BO XHIPOTEPMANHUTE
pyooHOCHM <y a Kako MOCHejula Ha HHBHATa HHTEpakiyja co
MATHYHHTEe KapOOHAHTHM KapnH ( ITaBHO JOIOMHT ) Kako M 3aMcHa Ha
MaTHYHHTE KapIIy.

IMTospaTi ce HEKOJIKY CTAgUYMH Ha JIETIOHHPAILe :

1. Ha penonupameTo Ha pygHHTE MUHEpAId My IPETXOMEN TPONEC HA
aHKEepHTH3alMja Ha [ONIOMHMTOT, W apTHIRTH3aUHja Ha CHIMKaTHATE
xapny. TemmepaTypaTa H3Hecysana nomanky o 400°C, a Ph 6uno
HHCKO.

2. Henonupare Ha CHIEpHUT, MHPHT, MapKACHT KAKO CHTHO 3pHECTa
MacuBHa MewasuHa ( Bamug-Kyruk u np., 1993 ). Coppxusara Ha
TanuyMoT 6una Hucka ( 0.5 % ).

3. lenoHupame Ha TIOOYIH Ha IMPUT CO HECKH CONPSKHHM Ha ApCeH.
CpenunaTa UMana HarlleceH OKCHEALMOHEH KapakTep.

4. Nenonupame Ha TOIEMO KONHYECTBO HA peanrap, IpHIPYKEHO cO
NEHOHHpamke Ha MaJ0 KOJNUYHCTEC Ha AypHIIMTMEHT ¥ peanrap,
JIOKAJTHO MHOT'Y MalKy M aHTHMOHHT.

Temmeparypara 6una oxony 180°C. CoppsKuHuTe Ha TamdyMOT
IovHane pa ce 3ronemymaar. Ilopangy ycnoBuTe Ha 3roJeMeHa
OKcHauuja ce opMupara Mana KOIHYHHA APCEHONMT H BEPOjaTHO
dbapmaxocuneput ( Banuk-2Kynuk u ip., 1993 ).

5. OBa e cTaguyM Ha HajroleMid KOHUEHTPALHH HA TaldyM KOH pe-
3ylTHpane co [ENOHHPAHE Ha JIOPaHJUT, CIENEH CO MelOHUpame
( cormacro co omafameTo Ha aKTHBHOCTa Ha TalNMyMOT ) OF ApYrH
TaNHYMOBH MUHEPATH KaKo IITO ce GepHapAnT, (DaHIHT, jAHKOBAKHAT 1

Ap.
6. CTaguyM Ha CymepreHH IPOMeHY KOj ce KapaKTepH3Hpa Co:

- CHITHAa OKCHJallHCKa CpefliHa

- I0jaBa Ha aMOpGHM JKeIe3HO W MAHTaHCKO cyiIpaTHH apCeHaTH
KaKo IITo ce (hapMaKOCHAEPHT, MaTHE3UCKH apCEHATH-XOPHECHT { CO
THIIC }; OfCYCTBO HIIA HHCKO KOJMYECTBO Ha TaHyM.
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- TANWyMOBH MEHEpalli Off japO3HTCcKaTa Ipyna ce ¢opmupane
BO YCIIOBH Ha TOfieMa KOHIEHTpallija Ha TaJHyM. Oppe npunafa ejieH HOB
HeoaMHa OfpefeH MHHEPA - NOPAIapHT (T1,K)Fe3(S04)2(OH)s , Bannk-
Kynmg u ap., (1993 ). Ha Cn. 72 e npuKaXkana lapareHeTcKaTa CeKEeHIa Ha
npuMapHuTe MiHepanu Bo Lipsen Hod.

Crapoct na MuHepalIu3anMjaTa; Ha Oasa Ha MCTpaxypambaTa Ha
SOAr* Ar Ha xpuCTaIH Ha CAHUJMH H3BOCHI OF cyORyJIKaHCKAaTa HHTPY3H]a
KOja € OTKpHeHa BO IIOTKONOT Op. 21., oppefiena e cTapocTa Ha Ha 42 +0.1
vumon roguuu ( Troesh and Frantzm 1992 ). Osaa crapocT Ha
cyGByIKAHCKATAa HMHTPY3Wja HajBEpOjaTHO INpeAcTaByBa  CTapocT  Ha
IpEMapHAaTa MEHepanu3anuja Ha As-T1 Bo pyHOTO TeNIO Ha Lpeern Hoi.
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PYIHH IIOJABH KAJ CMPIIMIBA BOJIA

Osue pynoHH 1mojaBy ce Haolaart Ha okony 70 1o 80 MeTpu TOBHCOKO Of
ycreTo Ha Japop ITorok Bo Cnuea Pexka. MuHepanuzanujarta e npepcraseHa
CO TEMHO CHB CHIH(QHIHpaH M3JaHOK KO ce Haofa BO ¢aMHMOT HNOTOK.
Hsrpajiena e NpeTeKHO OF CHTHO3pHEeCTH cyndupHn MaHepanu. OKOIHATE
Kapny ce CHIHO XMAPOTEPMAJHO HPOMEHETH H CHJIHO KAaONMHU3HpPaHU.
XeMHCKHTe UCTPaKyBaH:a BO OCHOBA YKaykyBaaT Ha NPHCYCTBO Ha Sb, As, Pb,
Zn, Hg, Au, Ag,

PynuaTa mojaBa ¥Ma SKHJIHO HOjaBYBarse cO IpaBel Ha npoterame C3-
JH u Toa ox Jasop IoTok no Cmuneso Bayuno Bo gomkuna ox 1500 metpn.
Op pecHara cTpara Ha Japop IloToK mocTojaT cTapu pygapek paboTw.

MunepanHaTa naparesesa Ha OBaa pyjJHa MUHEpaJM3alija ¢ CIIeIHaTa:
AHTUMOHHT,  CEHAapDMOHTHT, CTHOMKOTHHT, BAIGHTHHHT, KEPME3HuT,
apCEHONMPHUT, pealrap, aypUIIMIMeHT, MapKacuT, HHPHT H K.

Bo ceBepo zamagHEOT Oeln Off IojaBaTa ce CPeTHYBa M (IyOPUT BO
acolMjaldja CcO OKCHIHH MHHEepaNr Ha aHTAMOHHUT. AYPHHTMEHTOT
poMmuHupa 8o JM pen op mojaBara.

PynHata mojaBa € HCTpaskeHa CO LISCT IIONPEYHH PACKOIM BO KOH Ce
VTBPIEHH CIEfHHTE COIPKUHH Ha TMOSUHATE eIeMEHTH:

Sb, 0.30-5.66 % ; As,0.15-7.94 % ; Zn, 0.12 - 0.20 % ; Au. 0.59 - 1.0 gr./t

OpymHyBameTo € CMecTeHO BO THajceBHTe BO OGnu3uHaTa Ha
KOHTaKTOT €O WEIOAHHATEe. MuHepanusalyjaTta Koja e o JKHYeH KapaKkTep
HMa febelinHa Off OKONY 3 MeTpPH.

IToxpaj OBHE IOjaBH, NOjaBM Ha 3JaTO M IIOJHMETAIH HMa H BO
nofpavjero Ha Acal Yemma, JenoBapruuk, Mpura u Boyncka peka. 3a osue
IOjaBH HE HOCTOjaT TOJeTaNHA HHQPOPMALUH OCBEH HEKOH IOMAJH
HHMKalEM KOH BO OCHOBa YKaXKyBaaT Ha MOCTOCHEGTO Ha ONpeleHH
XUAPOTEPMAJHE aKTHBHOCTH €O KOH C€ NOBP3aHH OBRE MHHEDANH3AIIHH.
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PYIHO IIOJIE OYIMIEA.

Pynroro none ce Haofa RO HemocpeHa GNU3HHa Ha TPaHMIATa moMely
Penybnuxka Maxkegornja o Ipunja, na oxony 40 km jyxkHO op Kapamapim.
Toa e TunayHa nAaHEHCKA O6NACT BO KOja MHHEPAIH3alHjaTa € CMECTeHA Ha
HapMmopcka BucounHa of 1400 mo 2100 metpu. MupacTpykTypaTa € MHOTY
ci1abo pa3sBueHa, a OCTPHUTE 3UMCKM IIEPHOJY ja OTEXKHYBAaT pygapcKara
AKTHBHOCT.

Hoceramisy ueTpaxypama, HajHosata pyfapcka aXTHBHOCT BO
pynroTo 1one Ha Hymuia e 3abenesxana BO TEKOT Ha IPBATA CBETCKA BOjHA,
kora Bo 1917 ropumHa e excnnoarupaH camopofeH cyndyp. Osbaa
TIPOH3BOJCTBO IO CBOJOT KapakTep OWIO KpaTKOTPajHO W IIPH Toa ce
NpoH3BeNery noManu Kojauuynu. [loManm wcrpaskyBama ce BpHIEHH H BO
nepuopoT of 1920 go 1940 roguxa. Bo Taa mpunuxa e HCTpaXyBaHa He caMo
MEHepanu3anujaTa Ha 6akap TyKy H OHOBHO-UHHKOBATA MHHEpanu3almja
( Herynukos, 1931).

Bo TekoT Ha BTOpaTa cBeTcKa BOjHA, HoceGHo Bo nepuopoT of 1942 o
1943 ropuma, I'epMannuTe BpuieNe OGEMHE HCTPaXKyBama CO PYAAPCKH
pabotu ( motkom: ¥ Apyro ). Bo oBoj mepmom e manpaseHa W IpBaTa
reoJIoliKa KapTa Ha oBa pynHo mone ( Hiessleitner, 1945 ).

[Io HexO/IKYy HE3HATHH MCIUTYBalha, BPIICHH IIOBPEMEHO BO [IEPHONOT
op 1945 po 1970 roguma, BO TexorT Ha 1972 ropguHa ce CHpOBENEHH
CHCTEMATCKH  TEOJIOIKO-TEOXEMUCKO-TEO(IA3HYKY  HCTpasKyBarba  Ha
IOTECHOTO Nofpavje Ha Jymuua Of crpaHa HAa THM Ha TIeOJNO3H Of
Hexocnosauka ( Hajek, ., and J. Pokorni ). 3a xan pesyiraTare off OBHe
HCHHTYBarka He ce NyONUUUpaHH, TyKy c¢ IIpHKaXXaHW BO WHTEPHH
H3BelITajH.

[1oxpaj pyrapckure ucTpaxkuu paory Bo nepuonot of 1940 go 1947
ropguHa ( BKymHO 1497 M) ce BpIUEHH M HCTDPasKHK [AyUera, “Hja [uaGounHa
Bapupa off 50 go 600 merpu ( mymmatmsa I 4 ), co skynuo 11 gynHaTHHH,
OFHOCHO, 2627 MeTpH.

Teonoumxu ogHOCH

Pynuoro none [Iynuia e u3rpaneHo Of Nalleo30jcKu UWIKPHILH, TOPHO
KPeJIHH BapOBHHLH ¥ JOIHA TEPUHEPHHA BYNKaHCKH KOMIUIEKCH.

[laneosojecknTe IMKPHINE BKAyuyBaaT DHIMTH BO KOHM ce
NOjaByBAAT MHTepKANAlll¥l Ha CePHUUTCKH H XJIOPHTCKHM IUKPHIIH,
EMUNOTCKY IUKPHINY, MEPMEpPH M IHIONHHH KaKO ¥ MeramopdpmcaHu
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xpapuiiopgupu u puonuth. Mersie ( 1973 ) cMmeTa fexa WIKPHINMTE HMaaT
r'OpHO JypcKa cTapoct. ?

Tlpexy <mamTHTE, AaprAJOCIIHCTHTE M METaNeCcOUHHIATE  CO
MHTEpKAJAME HAa MepMepH JIeXaT ropHo Kpeguare saposuuuu.tinBHaTa
cTapocT € OfipelieHa KaKo CEeHOHCKa a IPOCTOPHO C& CMECTEHH BO JYXKHHOT
nen Ha pyguoro none Hymuua. Samagao on Nyguua Bo OBHE BapOBHHLHE CE
HaofaaT HAOFANMINTATa Ha HUKJIOHOCHO Kene3o Pxanoso u Crygena Bopa.
MoXHocTa Ha oBHe BapoBHHIH H3Hecysa off 400 mo 600 merpu. Bo HuB BO
bnaEsuHaTa Ha cyOBynKaHcKHTe MNpo0OOH Ha IUIMOLEHCKA KalKo-aJlKajina
MarMa ce IojaByBaaT XMJPOTEPMAIHH IpPOMeHH ( MEeTacOMATCKH KBapll-
nacniepougu ) Cr. 73 ). BapoBHHIETE JTOKanHO HUMaaT H BUTYMHAHO3EH
KapakTep.

MarmaTekn Kapns, CpefgHIIHHOT feNl Ha pygHoTo mone Hypmua e
npefcraped co [LIMOLEHCKH MarMaTcki Kapmu. I1okpaj CyOBY/IKaHCKHTE
HHTpY31H, IIHPOKO PacHpOCTPaHeTH ce i MHpoknacTuTaTe. [Jebena esepcka
TychoreHa NOKPHUEKA € OTKpHeHa cesepuo of Hymuua. Esepckure ceffuMenTH
ce TpeNCTAaBeHH €O MHOUEHCKH JarJICHOCHM CIOeBM Bp3 KOH JeXKaT
eCOKTMBH-TIIHHECTH CeUMEHTH. IIpeKy HHB JIexaT TY(QHUTH CO IPOCIOjIH
oIl 1aBH H HrHUMODHTH.

Marmarckure Kapm¥  ce  NPENCTaBeHH €O KBapLuuopdupH,
TPaHOAMOPHTH H BYAKAHCKH KApHH O JATHTCKO-JEJICHHTCKH COCTAB KOH ce
mojaByBaaT BO fBe (azu. Ksapunopdupure uMaaT IUKpUIECTa TEKCTypa H
ce cpeTHYBaaT BO OKoNHHaTa Ha Kowcko u [Ise Yuum. 3a pasiuKa O HHB
ksapunopgupuTe BO Gin3EHATA Ha [{yAulia HMaaT MacHBHE TEKCTYpH ¥ ce
chopmupae 3a BpeMe Ha ITOKacHHTe MarMaTcKu (asu.

Maun U30aHOK Ha TPaHOQUOPHT ce Haofa BO oKojamHaTa Ha [yRula & e
MPOXYKT HA HCTHTE MACMaTCKM TIpOLecH BO Kou ce Gopmupane
KBapuopdupaTe.

Hynuia e BO TecHa IIapareHeTcKa BPCKa ¢O eleH e[HOCTPaH JIOIONAT,
K0j B Ma6uHa NpeMUHyBa BO IajK, CO npaBel| Ha npoTerame C-J.

OBoj majk ja npobun cepujata Ha ITopra. Kon mcTok Bo oOnHK Ha
TIOKPOB j& MOKPHBA cepHjaTa Ha MaJe030jCKuTe CeRUMEHTH, [OEKa Ha 3amaf
e mpecedeH cO aHAE3sMTUTEe Of TNOMIafaTa TreHepauuja. JlomonuroT e
HaKHA{HO HCIPECeyeH CO PacefHu CTPYKTYPH €O Ipasel Ha npoTerake U -
3, HOJK KO jY’KHATE NeNOBH ce H3fUTHale Bo ofjHoC Ha cesepruTe. [lopapu
T0& BO JY>KHUTE JIENOBH TOPHMOT [el O NONOJHTOT € epOfMpaH U TyKa T0j
ce MaHmpecTHpa KaKo IIpaB MajkK, HoJleKa BO CEBEPHUTE [EJOBH KOM Ce
CHYIITEHH MHTPY3HjaTa IO CouyBaia CBOjOT IPHMMapeH U3TIIe] Ha JIOTIORUT.

3a ByJKaHCKUTE MHTPY3MH Ce NOBp3aHH H ByIKaHckuTe Opedyn BO
pomenoT Ha Crapa Peka, KOH ce IpaTeHH CO BMIIPETHALMH Ha CaMOPOMEH
cyndyp. CnpeMa NeTPOXEMHCKHOT COCTAR THE Ce INIABHO aHAE3UTH.
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CrpykTypHn KapaKTepHCTHKY, Wutpy3uute Ha KBapn;na'mTHTe ‘ce
HaofaaT BO T&CHa BpCKa CO PHHI-PajHjalHETe CYPYKTYPH.

Paceguure CTpyKTypH ce MapKaHTHO oOelexje Ha PYJHOTO TMoJe
Hymuua, nocebHo BO BYJIKAHCKHTE CHCTEMH. Tue ce KOHUEHTpHUPaHM Ha
NOBPLIKHA Off OKOIYy 1.5 KM, BaeJHO co pacefuTe ¥ NyKHATHHCKHUTE CHCTeMHU
[OBPEMEHO C& CO37aBaHu M 30HH Ha Opeunpamne. Hexon o[l HUB ce He3HaTHO
MHUHepaln3upasyr ( Ha TpuMep, okommHaTa Ha Kapaymata ). Hekonky
paceHH CTPYKTYPH ce ONpeleHu jo cera, Mefy HuB paceguTe co J3-CH
nmpaeel FOMHHHpaaT, HaKo paceaure co mpasen C3-JM ucTo Taka ce
sHayajH| ( Cin. 74 ). PygHHETe JKHUUM ce TIaBHO KOHTPOJIHPaH) CO PAacelMTe co
J3-CH npasen.

WutensuBHaTa  xpjporepMalHa  cunudUKallja IIpaTeHa €O
EMIIpEersaliy Ha eHepIuT 1 HUPUT ce 3a0enexyBa JOILK TMOeHHATE PaceIHu
30HH.

Xugporepmannn antepamun: OcBeH XIOpPHTH3aIFjaTa Koja e
NpaTeHa CO HMPErHALMH Ha [IHPHT KOj € acOLUPaH CO BYJIKAHCKTA aKTHBHOCT
( ByZNKaNcKa MpOIMINTH3ANE]a ) KOja [IOKPUBA rojleMa ITOBpIIHHA, OfPeHeHH
ce U cIeAHATE haly Ha XUAPOTEPMAHI Al Tepaliii:

XJIOpUTH3AIIATA e MHOI'Y palllipeHa BO ByJIKaHUTHATE.

Cepunuruzanyjara e poMusHadTHa Qanpja BO XHUAPOTEPMAIHO
HM3MEHETUTe BYJIKaHHTH. Taa e npaTeHa co KaonuHuzammja 1 cuumdukanuja,
IIpucycTBOTO Ha ajJyHHTH3aNUjaTa 3aefHO co cHnudUKalyjaTa H [TOPO3HK
KBapUHM MaCH, HCTO TaKa 0jaBa Ha caMOPOJEH cylidyp, KaKO H apru/IMTCKU
THIIOBH Ha aJITepalldd MOXKaT Ja YKaXKaT Ha CO3[1aBalbeTO Ha HHTEHIHBHA
APAMANTCKA aNTepanHtja i BHCOK CyJI(PHRAIMCKH CHCTEM BO PYAHOTO IIOJE Ha
Hyrmuua ( eHapraT, MUPUT, 37470 ).

KapOonuTnsanujara e 1cro raka passueHa.Bo nopmaboxure Aei1oBn
Ha MHHepajlH3anHjaTa € MOjaByBa H AHXMApATH3amHja Koja e OOMYHO
CIETeHA CO IMHPHT.

Bucoko cyadugaipcky npoiecu ( MpoLecH co 3TOJeMEeHO BIINjaHue Ha
cyndypoT ) ce MCTO Taka MHOMLHPAHH CO CHAHA cuiuukanuja, HOPO3HU
MacH, NPONYKTH Ha KUCENO JyXKeke Ha BYJIKaHCKUTe Kaplu (hOpMHpaHH
ok pacegaute 30HR M-3, CH-J3, a moce6HOo co pacegunTte mpasua CCH-
JI3. CopoTHBHO Ha NPHNIIHTH3ALH[ATa, XUAPOTSPMajHATA HPOTPECHBHA
aprHIMTCKA ajJTepaliija ce CpeTHYBa BO BHJ Ha TeHKH 30HM YHja IIHPOYMHA
e no 20 MeTpm a poykuHa o 300 METpH. XuppoTepMalHUTe alTepaliy ce
P23BHEHN Ha MOBPIINHA Off OOy 1.5 kM.

[IporpecuBHaTa apruiMTCKa ajTepainija, BKIYIYBAjKH TH JIOPO3HUTE
XHAPOTEepManHy MacH ( XHAPOTEPMANTHO 3aMeHyBare Ha (PeHOKPHCTANHTE
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CO KBapl| ) allyHHTCKaTa 3aMeHa Ha (PEHOKPUCTAIMTE H CIOPAJAYHOTO
IIOojaBYBamke Ha TYpManHHOT ( 3amafHo of nynHatudata ®-5 u [-4 ) 6u
MOXKENO Ja ¢ KODHCTH XakKo KPHTEPHYM BO HCTPaXyBarmkeTo Ha
MHHEpami3alAjaTa Ha 371aTo.

Haunn Ha opyasyBame; Munepanusangjata Ha 6akap BO PYIHOTO
nmone Ha Jfynuna ce mojaByea Kako :

- XHApOTEPMATHH xuun (OPMUPaHH JIOIK pacedd INaBHO BO
BynkanuTHTe. HajuecTo skunure ce renxy, of 0.1 go 0.3 MeTpyn mupoky, a Ha
HeKOH MecTa 1 1o 1.0 MeTpH, HO THe 0OHYHO ce KpaTKH ( IO TPHECeT METPH,
a caMoO BO HCKIYYMTEIIHH CIy4aeBU ce IIOJOIIH ).

Bo motkon 6p. 6 ce OTKpHEHH HEKOIKY EHEPTHTCKO-NHPHTCKO-
KBapIH¥ JKHIH 4YHja mgpoymda u3Hecysa of 0.1 mo 1.0 merpu. Ha Hexon
MecTa JKHIHTE Cce CO pasiHyHa HIMpOYMHa M ce IO CBOjOT KapakTep
cybnapanemsn ( Cn. 75 ). XKunure cogpxar 3 go 5 % ua Cu, o 18 r/t Ag,
KaKo ¥ TParoBH Ha 371aTo ( Bo HajroneM 6poj Ha cnyuaesu of (.1 v/t , HO BO
Hekou mMecta i go 1.1. /T ).

- CucreM Ha XYk ( Ha MecTa KaKO M3[[O/KEHH ITOKOBH ) 00HIHO
& (hOopMHpaH ROICK paceOuTe, HUBHATA NOJDKKHA HE JOCTHTHYBA HEKONKY
MeTpH. MuHepanusanajata cogpxu rnasuo 0.5 no 1.5 % Cu. Hema noparoiu
334 KOHUEHTpalyjaTa Ha 31aTo ’ cpebpo.

- imnpernanucka MuHepanu3agija ce jaByBa IMTAaBHO BO LIKPUILHTEN
/ WM JOJK KOHTaKTOT co aHfesuTuTe. Ha Hexom MecTa MMIperHalf¥ Ha
€HAPTHUT TH ONKPY:KYBaaT KBAPUHHTE NPOXKUIKHY Ha MACHBHUTE eHAPTHTCKH
xung (Cn.76 ). IIToKBEePKHO-UMIPETHALMCKKOT THII Ha MUHepaliHu3aluja e
YTBPOEH TNaBHO CO JYNHATHHM BO TONIa0OKHTE [EJOBH HA CEKTOPOT
Mupuesnta ( mopgupeka Gaxapra MuHepamuzanuja ).XalKONUPUTOT U
OHPUTOT C& IJaBHH MHAHEpaA¥ BO  HMIPErHAHHCKO-IITOKBEPKHATA
MuEHepanusangja. Coppxx@HuTe Ha 6akap BO OBaa MHUHEpalH3allHja,
YTBpAEeHa CO AYIHATHHM M NOJ3eMHH PyZapcku paboTh, ce memxu op 0.2 mo
0.5 %. He ce gocera BplieHu oppejfyBarka Ha COEPXKHMHATa Ha cpebpo H
371aTO BO OBOj THII HA MUHEpaIu3alyja.

Co poceramHuTe HeTpaskHi paboTH Hee H3BPINEHO OKOHTYPYBAIbe Ha
MHHepaln3alujaTa Ha Oaxap Kako MHAMBUAYANHM PYJHM Teja, a PYIHHTE
PE3EPBH HE Ce NPEeCMETAHH.

Acounjanuja Ha mudepamu: MuHepanHsaljaTa BO PYJHOTO MHOJIE
Hymana mee cucreMaTcKy McTpaKyBaHa. Hekowm mpenuMuHaphy paBoTH ce
npukaskany off crpaHa Ha Hiessleitner ( 1945 ) u Msanor ( 1957, nee
nyGuupaso ).
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Co pocerallHATe MCTPaXKyRalba CE YTBDHEHH CHEJHUTE MHHEPANH BO
pyaHoTO Tone Ha Jyyua: mEpyT, MapKacuT, 6paBoOHT, eHAPIHT, (haMaTHHUT,
MHPOTHH, MATHETHT, OOpPHAT, XaJKONMPUT, BAaJIEGPHT, KOBENHH, MANKy
TaJieHuT, chaJlepuT, TETPAEPUT, aHTHMOHUT, KallaBepHT, IPYCTHT, KBapI,
CaMOPOfieH cyndyp, 6apur, aHXxuEpAT 1 KaauuT. CIUCOKOT Ha MAHEPAIIATe
CEYIUTE Hee 3aBPIISH.

Cute oBHe MMHEDANM He ce J[CTOHHpaHu 3aegHo. ViMa HeKONKY
MHHEpalH{ acoLyjalMd KOH ce JENOHHpale BO PpA3MM4YHA JIEJIOBH Ha
pyaHoto mone Hymmna. HajsHauajHure Mop(oreHeTcKM THIOBH Ha
MHHEPaTHH acOlHjalldH Ce CIASIHATE :

- Crapnoscxa MHHEPaAm3aNMja, Ce II0jaByBa BO TOPHO KpeJHHATe
BapDOBHMIHM, OAM3y JO KOHTAaKTOT CO CYOBYIKAHCKWTE HHTDY3HIL
acoldjaumnjaTa Ha MEHEPANM BKIYYyBa MKy IPAHAT, BONACTOHMT, HHPOTHH,
MaTHeTHT ¥ ITHPUT.

- Enaprarcko ( ¢amaTHHHT ) - MUpHTCKO - KBapuma xuum; [Toxpaj
JKHIY €HapruaroT (POpMHpPa M KOMIIAKTHH, MACHBHH H3JOJDKEHH JeKH BO
XHAPOTEPMAalHO NPOMEHTHTE aHjesuTd /[ keapujaaTuTu. I[loBpemeHo
KOBEIIMH Ce [I0]aByBa 3a€[[HO €O EHAPIUTOT, KAKO U TPATOBH Ha TEeTPAESIPHT.

Osaa MuHepalHa acoldjaliiija € [NaBHO KOHUEHTPHPAHA BO
IEHTPaNHHOT [edl Ha pygsoto mone ( morkon Mupueenna ).
KonuenTpansjaTa Ha eHeprHT onara ofejku RO NONTaGOKUTE JENOBH.

- AcouMjanMja Ha XaJKONHPHT-NHMPHT, ¢ INVPOKO PAcIpOCTPaHETa,
0CcOBEHO oK HUBOTO Ha IOJ3EMHHTE PYAapCcky paboTH (o #uBo Ha 1400Mm).
Beprukanno nporerame Ha OBaa MMHepalHa acolMjaluja HagMuHysa 1000
METpH, O HagMopcka BrcounHa 1900 MeTpu o HagMOpCKa BHCOUMHa Of
600 M; MuHepanH3alUjaTa Hee KOHTHHYHpPAHa BO TO] HETEPBAIL.

OsBaa acoumjamuja ce II0jaByBa KakKo IITOKBEPKHO-HMIIperHaHWCKa
MHUHEpAIM3aLja, KOja HAMFKyBa Ha CHPOMAIIEH THI Ha GakapHa pyfa W Ha
HEKOM MeCTa € MMIpETHHPaHa €O NPOXKWIKA Off KBapUHH XKHIE BO
HajTOPHATE [EIOBH Ha PygHOTO noie [yguma.

ITopdupckaTa 6akapHa MUHEpATU3alHja € CMECTEHA TIOfi EHAPTHTCKO-
NHPHTCKaTa MUHEpanu3aLHja.

AHXH[[PHIOT NPATeH CO CHIHA IUPUTH3ALKja € MHOTY paclpoCTpaHeT
BO XaJKOIMPHTCKO-IHPUTCKATa MEHepaln3aluja. JIOKauHo aHXHEPHTOT ce
0jaByBa KaKo MacHBHM KMIH CO IMMPOYHHA off okony 2 Merpm. Ho cera
KaJHCKa MeTacoMaTo3a 1 GHOTHTH3ALH]a, KAKO M IIPHCYCTBO Ha MOIMOHEHUT
HEE YTBpHeHO. AKO BO ©OBaa DyAHO mHoiie ce copmupana Iopdupeka
MHUHepanusalyja Ha Gaxap, Toraml Taa Mopa fa e HajManky 800 mo 1000
METPH IO CeranIHaTa NOBPIIKHA.
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MopenoT Ha nopdupekaTa DakapHa MHEHEepaTu3aldja Bp3 Koja JeXH
acolWjall¥ja Ha CHAPIHT-MHPHT € II03HAT BO HEKONKY HaolfamuiiTa -BO
BopcraTa MeTanoreHeTcxa 30Ha.

- Inpurckn xugy; IIupuTOT € HajpacupocTpaHeT MHHEpall BO
pygHOTO mone Mymuua. ITokpaj HMMIperHaluCcKy THPHT BO BYJIKaHHTHTE, TO]
Ha HEKOH MecTa (POoupMHpa JKHIH J0/DK CHIHO CHIH(HINPAHATE PACeTH BO
aHfiesuTUTe. CHOPagMyHO MUPHTOT € IPAaTEeH CO XaIKOIMPHT.

Osue xBapll NMPUTCKHM JKVWLH COOPXKAT MacHBEH IHPHT, HMaaT
mupourHa of okony 0.5 MeTpH, Ha MecTa NMOMHHYBaaT BO JIEKH H ManH
HEMPABHIIHY Tella BO KAOMHHU3WpaHuTe BynkamuTd ( moTkom 6p. 7 ). Bo
MOKACHO (hOpMHpaHKTE TENa CONpPKUHATA Ha DaKap € MHOTY HucKa { moMana
o 0.1 % Cu ).

- Ksapr-ranennrTckH MKANY, cc I0jaByBaaT Ha HEKOJKY MeCcTa BO
pyIHOTO moie. THe YecTo cofpsKaT caMOpOfeH cyiadyp, Kako IUTO ce
IojaBuTe ONU3y KOHTAaKTOT HOoMely BapOBHHUUTE M XJIOPHTH3HPAHUTE
BynkaHuTH Bo Crapa Pexa ( IleTynuxos, 1931 ).

Ha ceseprute nagusy Ha JIyqulia raJeHATOT e jaByBa AOJDK pacefuTe
BO XHWIPOTEPMAJHO NPOMEHETHTS BYJIKaHHTH, NpaTeH OJ CaMOpPO[EH
cyndyp. Bo 1940 ropmuma oxony 20 TOHM raleHHT Omile MCKOIAHH
( Heissleitner, 1945 ). TlojaBuTe Ha ONOBHO-IJMHKOBH CYJIGHIH ( BTODHOT €
MHOT'Y PEOK ) ¢ YHHH JeKa ce NOBP3aHH CO JaTepallHHOT MapraHalneH Jell
Ha nmopdupckara 6akapaHa MEHepanu3aludja Ha MupueBHIa.

- Camopopen cyngyp; OBoj THII Ha MHHEpaIH3alKja 94ecTo ce [I0jaByBa
BO pyAHOTO none Ha Hymuua. Toj e nporzBoy Ha coidpaTapHaTa aKTHBHOCT
Ka] pasN@vHUTE HHBOM Ha opyAHyBaimke. Hajronema KOHIEHTpaHHja Ha
caMOpofieH cyndyp € OTKpHeHa BO Ha]BUCOKHTE HUBOU Ha PYJHOTO IOJIE,

INojaBuTe Ha caMOpOZeH cyI(yp NOBeKe HMaaT IeHeTcKa OJKOIKY
eKOHOMcKa BaxHocT. Bo Teror Ha 1917 rogmea oxony 20 ToHHm Ha
camopopeH cyngyp 6niIe eKCInoaTapaHu.

CaMopogHHOT cyIdyp ce NnojaBysa JOIDK paceJHTe BO BHUf Ha JEKH U
HenpaswIHH Tena. Hajronemara nojaea ce Haofa Kaj Kapaysata Jynuua.

- IIacnepounen THI Ha MUBepATM3anyja ; XUApOTEpMaTHATE KBapIHH
Mace POPMEpAHH CO 3aMeHyBame Ha KapboHaThTe (BApOBHUK, MEpMep ) BO
JjYKHHOT [ell Ha pPYOHOTO MOoJie, a KOHM ce HaofaaT HaJl €HaprHTCcKaTa
MHHepanm3alija, MOXKaT [a [IpefcTaByBaaT 3HauajHa eIHTEPMAaaHAa
MUHepalu3allija Ha 371aTO. Taa MUHepanpsaidja MOXKe Jla ce Haofa BO
CHIIHO  CHNM(pULUHpAHH  AHOE3WTH, Kora KBaplUOT TH  3aMeHul
(peHOKPHCTAIHTE BO YCIOBM Ha BHCOKa cymdugusanuja ( 3roleMeHa
aKTHBHOCT Ha CyI(ypoT ).
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Hocera MuHepanm3alyjaTa Ha 3JaTO HEE HCTpakyBaHa BO OBaa
cpepraa. ITocTojaT Hexou nHdOpMal JeKa [JacIepOHIUTe KOH Ce IPOFYKT
Ha 3aMeHa BO MepMepute Ha Ilaperka coppskar 7.2 r/T 3maro ( efieH
NPHMEPOK OfI H3AHOKOT); efieH IPUMepOK Ol Jacnepouy (hOpPMHEpPAH €O
3aMeHa BO MEPMEPHTE KOM € 3eMeH Ha IaTOT HOMel'y KaMIIOT Ha PY/{HMKOT H
kapaynata [ymuna nokaxysa 134 r/r aszaro ( Weamos, 1957, Hee
nybninupano ). Tpe6a na ce cBaTy feKa OBHE BPEIHOCTH HE Ce MPOCEYHH, HO
THE BO CEKOJ Clly4aj yKaxXyBaaT HAa MOMKHOCTA Ha IIOCTOEH:E Ha
MHHepanu3alfja Ha 3J1aTo.

PymonocHaTa 30Ha RO pexaTa MupUeBHLa € okoury 2 KM fonra a of 500
#o 700 MeTpu mmpoxa.

Cepuja na muuepann; [JenoHupameTo Ha IMOEJWHA MHHEDANH H
MHHEpaJHH acoNMjalli¥ Ce OfBHBAIO BO HEKONKY ¢asm. CKapHOBCKHTE
MHHEDAIH Ce HajpaHHTe NPOH3BOIH Ha [ENOHHPAK-ETO, CHENEHH Off MHPHT,
CHAprarT, (aMaTHHAT M KOBEJIHH H TParoBH Ha CAMOPOJHO 3J1aTo.
XalKONUPATOT B MUPHTOT Ce NOMIagH. Majo KON#AYecTBO Ha BaJEPHT ce
NojaByBa KakOo H3Ja4yyBalbe BO XanKomMpHTOT. CaMOpOJHO 31aTo H
KanmaBepur ce <opMupale BO eNHTePMalHATEe cpeusH. Manoro
KOJHYECTBO Ha TETPAESAPHT € BO TECHA BPCKa CO acoluajiiijaTa HA eHaprHT,
IMPHT H KOBEJHH. [IpesuMUHAPDHUOT HA3 Ha ACNOHUPAIbe Ha MHHEPAIIHTE €
manxed Ha Cn. 77,

Enaprutor npeoemagyea mnomefy umsomre 1650 u 1259 Merpu
( ceramma HamMOpPCKA BHCOYHHA ), JOAEKA XaIKONHPHTOT c& IPOTEra TIIaBHO
nomery wugoro 1400 m 700 meTpu. Ha Ci. 78 e npuxakaH IpoBH3OPEH HU3
Ha BEPTUKAJHa paCIOPEAEHOCT HA Haj3HAYajHHTe MHHEpaldd BO PYIHOTO
noie Hynua.

3oHannoct; PacmopefeHocra Ha acouujalMjaTa HAa MEHEDATHTE
NOKaXKyBa 30HalleH PACcHopef Kako BePTHKANHO TaKa H XOpH3OHTaluHO. Bo
UEeHTPaMHUOT [el Ha pYIHOTO MNoje MHHepanm3alujaTa Ha 6Gakap e
NOMHHAHTHA ( €HApPrUTCKY KUIM, INTOKBEPKHO-HMIIPETHALUCKA MAHEPATH-
3alija Ha XaIKONUPHUT BO MOJTAGOKHTE IEIOBH ) ONKPYKEHA CO CYIIhMH Ha
Pb-Zn 1 caMopoyeH cyncgpyp. -

Beprukanuara 30HaNHOCT Ce KapaKTepH3dpa co II0jaBa  Ha
NacnepoiuiHa MHHepalH3alija WIM CHIHO CHIH(HIMPAHM BYJIKAHCKH
KaplH IPOMEHETH IIOf| BNHjaHHe Ha MHOT'Y KHCEH PACTEOPH BO FOPHHOT [l
Ha MHHEPaNK3aUCKHOT CHCTEM, a Ha MecTa M cO NOjaBa Ha CaMOpOJIeH
cyndyp. Bo cpeUIIHHOT IeN Ha XHAPOTEPMAIHHOT MHHEPATU3UPaH CHCTEM
¢ ¢opMupaHa acolujalja Ha EHAPIUT, KOBENMH, IMPHT KOja JNEXKH Haj
XalKOIMUPHTCKO-IUPUTCKATE acOlHjalija Off mopdupcKaTa MUHEpaTU3allHja
Ha Bakap.



256  Mertanoresija va Koxygexara obracr

Bakay4ox; [Tokpaj Toa WITO HCTPaXKyBaraTa BO PYRHOTO IIOJIE Ha
Hyruua ce Bpiuar { co NPeKHAM ) TOBeKe Off MefeceT IOMHE ¥ HalpaBeHH ce
BpOojHE TOTKONH i HCTPAXKHH NYNHATHHH, MEHEPAJIHAOT IIOTEHIM]jail BO OBO]
men Ha Koxyd mee nenocHo oppepex. Opa ce OfHecyBa Npel ce Ha
MOXKHOCT2 3a (POpMHpAalhe Ha eKOHOMCKH 3HaYajHH KOHUEHTpalUH Ha
emurepMaino 3nato. CHTe JOCEralliHyl HCTpaXKyBarba W HCHHTYBarba HE
opetja eKOHOMCKY 3HAYajHU KOHUEHTPALMH Ha GaKap, a HCTpaKyBama Of
ACIeKT HA H3HAofalbe HA ©KOHOMCKM KOHUEHTpalliH Ha 3J1aT0 He ce
uspenypann. VcrpaskHMTe NYNHATHHM Cce H3BEAyBaHu BO IOTJe[ Ha
HCTpaskyBamaTa Ha 37aTo JOfleKa HabOpaTOPHCKM aHANM3H HA 37aTO H
cpebpo He ce NPaBeHH.

[MoenmHeuyHHTe NPOOH, THIOT HAa anTepallHiTe ¥ INPHUCYCTBOTO HA
BHCOKO Cy(pIHAlICKy CHCTEMH YKa)KyBAaaT Ha MOIKHOCT2 3a CO3[aBame H
KOHLEHTPHpalhe Ha 371aTo. VIHATE MCTpakyBarba Tpeba fa JafaT OfArosop
Ha OBaa MUJIEMa H LEJOCHO fa ja feHHHpaaT MeTaNoreHujaTa Ha Py[HOTO
mone Ha Jlynuna.
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