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GEOLOGICAL AND GENERAL GEOCHEMICAL CHARACTERISTICS
OF Fe-Ni OOLITIC ORES OF THE MOKRA GORA BASIN
(WESTERN SERBIA)

by
Adam Dangic*, Vladimir Fotic** and Jelena Dangic **

The Mokra Gora basin (30 km2) in the Western Serbia is one of most important among numerous localities
with Upper Cretaceous sedimentary iron-nickel ores appearing in central and southern parts of the Balkan Penin-
sula. The ore formation makes a basal part of a thick (>900 m) Upper Cretaceous marly-limstones complex and
consists of iron-rich (pertly with oolites) conglomerates, conglomeratic sandstones, sandstones, and marls, locally
with chart intercalations. The ore formation transgressively covers serpentinites of the Zlatibor massif and as the
basin is a pseudoanticlyne with the axis orientation 234/14, it outcrops at northern, eastern, and southern borders
of the basin. It is characterized by an average thickness of 19.4 m and Fe-chlorite, hematite, magnetite, goethite,
and some pyrite, marcasite, bravoite, and millerite. In a relic of lateritic weathering crust of ultramafites underlying
the ore formation, hematite, talc, kotchubeite, and Ni-serpentinite appear. Average contents (in %) of Fe, Ni, Co,
Cr, and SiO, are 21.7, 0.7, 0.02, and 1.22, respectively.

Key words: oolitic ores, Upper Cretaceous, iron-nickel, lateritized serpentinites, geochemical features, mineralogy,
chemical composition, trace elements, Mokra Gora, Western Serbia.

EaceH MoKpe Tope (30 km2 y 3ana/tHoj Cpf>njh je jeraH on Haj3HaliajHnx Mcljy 6pojHiiM jioKajimcTHMa ca
roprbOKpejjHHM cc;(mmchthhm py~aMa HHKJia h raosdja Koje ce nojaBjtyjy y nempaliHHM h jy>KHHM /(enoBHMa Eaji-
KaHCKor noJiyocrpBa. Py/(Ha (JwpMaipija npe/tcraBjta 6a3ajiHy cepnjy fleSejior (>900 m) JianopoBHro—KpeiiHyaliKor
KOMnjienca ropite Kpene h cacrojn ce on rno>Kt)ciiH'rnx (nejioM ca oojiHTHMa) KOHr/ioMepara, KOHrjioMepaiH’iHHX
neimiapa h Jianopaija, jioKajrao ca HHTepicajiaitHjaMa po>KHaija. PyflHa cjwpMaipija jie>Kn TpeHcrpecmsHo npeKo cep-
neHTHHHra 3jiarn6opcKor MacHBa h, KaKo SaceH HMa o0Sjihk nceyjtoaHTHioiHHajie ca ocom opjem'anHje 234/14, o6pa-
3yje H3flaHKe Ha ceBepHOM, hctohhom, h jyacHOM o60ony SaceHa. Cpeaite je fle6jBHHe 19.4 m, a y MMHcpajiHOM cacraBy
y 3acrynjbeHH Fe-xjiopHT, xeMaTHT, MaraeTHT, remrr h Heurro nnprna, MapKacuxa, SpaBOHTa h MHJiepHTa. Y pejiHK-
xy jiaTepHTCKe Kope pacnal/taita yjrrpaMacjwTa canyBaHe ncnofl pyflHe cfopMaipije sac-iyiui.eiiH cy xeMaTHT, rajiK,
KOiyfigHT h Ni-cepneHTHHHT. CpejtbH cacraB py”e je (y %): Fe 21.7,Ni 0.7, C0 0.02, Cr 1.22 h Si0234.17.

Kjtyme pe*m: 00jiHTCKe pyne, ropita Kpe/ta, roosclje, HHKali, jiaTepm HcaHH cepneHTHHHTH, reoxentHjcice Kapaicre-
pHCTHKC, MHHepanoraja, xeMHjcKH cacraB, MHKpoejicMcnTH. MoKpa Topa, 3anaflHa CpSnja.
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INTRODUCTION

Sedimentary iron-nickel ores of Cretaceous age occur at numerous localities in the
central and south-eastern parts of the Balkan Peninsula. They associate with ophiolites in
a zone extending over Bosnia, Serbia, Macedonia, and Greece, in which during the
Lower Cretaceous lateritic weathering crusts on larger ultramafic massifs had existed. As
the Upper Cretaceous transgression had strongly eroded these ultramafic weathering
crusts, their relics were only exclusively preserved, on a few places. However, at numer-
ous localities a quick deposition of eroded material on/near ultramafic massifs resulted in
formation of Fe-Ni ores which are mostly oolitic. Occurrences and deposits of these ores
are known at several places in the Internal Dinarides, from the Ozren massif in Bosnia,
at the North-West (Dangic & Djordjevic, 1979), over the Zlatibor massif in Eastern
Bosnia-Western Serbia (Milovanovic, 1933), and further to the South, towards Mace-
donia (Jankovic, 1990). At the Zlatibor massif, these ores occur in the Mokra Gora-
-Rzav basin, where two large deposits: Mokra Gora, in Serbia (Fotic, 1961; 1966), and
Vardiste, in Bosnia (Djuric, 1958) were detailly investigated. Some relics of lateritic
weathering crusts on ultramafites were discovered in the Mokra Gora (Dangic &
Fotic, 1981) as well as in the Vardiste (Maksimovic & Antic, 1962).

The Mokra Gora deposit have been intense explored in a period 1958-1961 by deep
drilling, surface and underground mining works, and mineralogical, chemical and techno-
logical studies (Fotic, 1961; 1966).

This paper presents some unpublished data of studies in the period 1958-1961 as
well as data of new investigations.

GENERAL GEOLOGY

The Mokra Gora basin appears to be a part of a complex Upper Cretaceous sedi-
mentary Beli Rzav-Mokra Gora basin which is located on the NW slopes of the Zlatibor
Mt. The Beli Rzav-Mokra Gora basin is crossed by the state border between Serbia and
Bosnia (Republika Srpska), but its larger part (70 km2) is in Serbia. It belongs to the In-
ternal Dinaride geotectonic unit and was formed on the NW parts of the large Zlatibor
ultramafic massif of the Internal Dinaride ophiolite zone. Its iron-nickel oolitic ores
originated from lateritic weathering crusts on serpentinized peridotites and were formed
as basal sediments of the Upper Cretaceous basin. As in the Upper Cretaceous transgres-
sion lateritic crusts were strongly eroded, these ores cover serpentinites/weathered serpen-
tinites. However, the relics of lateritic crust were found at two localities, one in Bosnia
(Maksimovic & Antic, 1962) and one in Serbia (Dangic & Fotic, 1981). The ore
horizon is covered by a thick marly-limestone complex. The Beli Rzav-Mokra Gora ba-
sin structurally consists of two units, western and eastern ones. The western, larger, unit,
the Rzav basin, is elongated in NNW-SSE direction, and is as long as 25 km. In its
southern part, in Bosnia, there is the iron-nickel ore deposit D. Vardiste. The eastern
unit, the Mokra Gora basin, is in Serbia, and it was formed as a golf with an WSW-
-ENE elongation. Oolitic ores were detaily investigated in the Mokra Gora basin, (Fo-
tic, 1961; 1966), and D. Vardiste (Djuric, 1958).



The Mokra Gora basin covers an area of 30 km2. Structurally, it is a pseudosyncline
with the axis orientation 234/14 (Fotic, 1961; 1966), which is at the north, east and south
surrounded by serpentinized peridotites and at the west continues to the Beli Rzav basin (Fig.
1). It is deformed by a few longitudinal faults. The Mokra Gora Upper Cretaceous
sedimentary complex consists of 3 units: (1) a basal series or ore productive horizon, (2) a
thick marly complex, and (3) limestone horizons (the uppermost part of the complex).

Fig. 1 Geological map of the Mokra Gora Basin (Fotic, 1966). 1 borehole; 2. exploratory adits; 3. ore-bearing
horizon; 4. serpentinite; 5-7. Upper Cretaceous: 5. marls; 6. tabular limestones; 7. massive limestones.

Cji. 1, reojtouiKa Kapra SaceHa Moicpe Tope (Fotic, 1966). 1. 6ymoxHHa; 2. Hcrpasam no'i'Kon; 3. pyjtroi
X0pn30HT; 4. cepneHTHHHT; 5-7. ropita Kpena: 5. Jianopnti; 6. njionacra Kpe'tttanii; 7. MacrmsHM Kpc'in.anH.

The basal series with iron-nickel ores covers serpentinized or partly weathered peri-
dotites Its outcrops are well exposed at several places at northern, eastern and southern



borders of the basin. It was detailly investigated by several tranches, in outcropping
zones, as well as by underground works and boreholes in shallow parts and by few bore-
holes in the deeper parts of the basin (Fotic, 1961; 1966). In the studied parts of the ba-
sin, the ore formation is in average as thick as 20.4 m, its average iron and nickel contents
are 21.20 and 0.70%, respectively. It was found that iron in ore is mostly in the form of
silicates (chlorite and chamosite) - in average 70%, only 30% of iron is in the oxide and
hydroxide forms. The related ore reserves are a thousend million tons.

MATERIALS AND METHODS

Geological, mineralogical, chemical-technological, and geochemical studies were
carried out at selected profiles of Fe-Ni ores and their footwall and hanging wall forma-
tions, in their outcropping zones, underground mining works, and boreholes.

Mineralogical studies included microscopic thin-section and ore-microscopic, DTA-TG,
and X-ray diffraction (XRD). In the XRD study, the powder diffraction patterns were ob-
tained on a Philips PW-1050/25 diffractometer equipped with a CuKa radiation, and a
graphite monochromator (random, oriented and treated samples) investigations. Bulk sam-
ples as well as oolite separates and clay fractions of the samples were analyzed.

Chemical-technological studies (carried out in the period 1958-1961, at the Faculty
of Technology, Belgrade) included generally determination (by classical wet chemistry) of
four ore metals - Fe, Ni, Co, and Cr. In the few selected profiles, in addition to these
elements As, Ti, and Si were also analyzed.

Later studies (cerried out after 1981, at the Faculty of Mining and Geology, Bel-
grade) included silicate chemical analyses, analyses of main and trace elements, and de-
terminations of "abrasive" pH and Eh. Silicate analyses were made by a combination of
atomic apsorbtion spectrophotometry (AAS), spectrophotometric (SPH), and classical
methods of chemical analysis. In AAS and SPH a Perkin-Elmer 373 equipment (and the
flame technique) and a "Zeiss" UV VIS SPECORD were used, respectively. Trace ele-
ments were analyzed by emission spectrography (ES), using a EST-1 spectrograph with
crossed dispersion and the d.c. arc in a controlled atmosphere (Ar+02). By the ES, 30
elements were analyzed and average precision and accuracy, controlled by internal stan-
dards (Ge and Pd) and geochemical (international) referent standards were +12%.

RESULTS AND DISCUSSION

The Fe-Ni ore-bearing horizon in the Mokra Gora basin as being the basal part of
the Upper Cretaceous sedimentary complex transgressivelly covers ultramafic basement in
all parts of the basin. As the basin sediments form a pseudosyncline with the axis of ori-
entation 234/14, the ore horizon has the outcrops at northern, eastern, and southern bor-
ders of the basin (Fig. 1). Its continuity towards western, deep, parts of the basin is dis-
covered by boreholes (in the borehole B-I, it is as deep as about 700 m). The Upper
Cretaceous transgression associated with a strong erosion of laterite weathering crusts on
ultramafites caused that the basement of ore formation mostly made serpentinites and
serpentinized peridotites. However, in the southern border of the basin a local occurrence



of lateritized serpentinite, as a relic of the lateritic weathering crust was discovered
(Dangic & Fotic, 1981).

The ore formation is characterized by some variations of both thickness and compo-
sition in the basin. It was detailly explored in outcropping zones and shallow parts of the
basin, at 6 localities (Fotic, 1961; 1966). The average thickness of the formation veries
in a range of 10.0-23.0 m, and their mean is 18.1+5.5 m (Table 1). In the deep part of
the basin, in the borehole B-1, the ore formation is as thick as 26.8 m. The mean thick-
ness of the formation for the basin calculated from the average for 6 localities and thick-
ness in the borhole B-1 is 19.4+6.0 m. Generally, the thickness of the formation in-
creases from the southern borders of the basin towards the north and north-west.

Table 1. Average thickness of ore formation and contents of ore metals and silica
and ore metal ratios in diverse parts of the basinl
Taficjia 1 Cpe/(H>e ;ic6ji,hhc py/mc cjjop.MauHjc h ca/ip>Kajn Mcia;ia h
h Ko.fiHiHnnH pyflHHx Merajia y pa3HHMjjejioBHMa 6aceHa'.

Part of basin Locality d1 Fe Ni Co Cr Si02

Qieo Caccua) (jtoKajiHTe'r) m % % % % o  Ni/Fe Co/Ni
1. northern border i
(cenepHH 060fl) Postenje 204 23 072 0.032 118 33.00 0.031 0.044
2. north-eastern bord
(eBOPOHCTO IHH OA0Y)) Jatare 240 1770 064 0.021 130 36.20 0.036 0.033
3. eastern border . L.
(hcto>ihh 060;t) Mikovici 237 2180 0.70 0.019 109 3550 0.032 0.027
4. eastern border
Presedo 145 22.00 0.70 0.012 126 - 0.032 0.017

(hctomhh o60h)
5. south-eastern bord
(jyrOHCTO’IHH 060j()

6. southern border

Krsmanski potok 163 21.61 0.72 0.030 115 33.67 0.033 0.042

(iyxcHH o6ofl) Kotroman 100 2250 075 0025 097 3250 0.033 0.033

average 1-6 181 2143 071 0023 116 3417 0.033 0.030

(cpe/jH>e 1-6) #55  +1.90 +0.04 +0.007 #0.12 1.60 +0.002 #0.(X)9
7. central part borehole B-I

(ijeHTpajiHH fteo) (OymoTHHa B-1) 268 2325 065 0014 157 - 0.028  0.022

average 1-7 194 2170 070 0.022 122 0.032  0.029

(cpc;tH>e 1-7) 6.0 +1.86 +0.04 +0.008 #0.19 +0.002 +0.009

' 1-6: average for the locality, after Fotic (1966); 7- from this paper, Table 5.
11-6: cpe«H,e 3a noKajiHTex, npeMa Fotic (1966); 7- H3oBor pa/ta, Ta6ejia 5.

The ore formation generally consists of: basal conglomerates commonly with iron
oolites, which upwards transit into iron-bearing conglomeratic sandstones, sandstones,
sandy marls, and marls, and it is covered by common marls and marly limestones. Lo-
cally one or more chart banks may appear in any part of the profile.

The ore formation in the northern outcroping zone is of the following structure and
composition: (1) lowermost part, 12 m thick - green conglomerates with iron oolites, (2)
ore sandstones, 4 m thick, (3) a chart bank, and than sandstones and marls. Near similar
profiles were found by the underground works and boreholes.



At the northeastern borders of the basin, in the outcroping zone as long as 900 m
the ore-formation consists of green and brown rather coarse-grain conglomerates with
iron oolites and carbonates.

At the eastern border of the basin (from the Kamisna River to the Krsmanski
Potok), the ore-bearing horizon is of a variable thickness, more red in color, covers
brownish-green serpentinized peridotites, and is covered by the gray marls. It is also
characterized by wide variations in metal contents.

At the southeastern and southern borders of the basin (from Krsmanski Potok to
Koiroman and the Beli R/.av River), outcrops of the ore-bearing horizon are partly cov-
ered. At the Beli Rzav bank, a profile of the ore-bearing zone is characterized by the
following composition (from the footwall altered serpentinites upstears): (1) oolitic con-
glomerate, 2 m thick, (2) a chart bank, (3) alternation of iron-rich conglomerates, marls,
and sandstones. Its hanging wall is made of folliated marls and marly, locally silicified,
umeMoncs. Similar profile is in the shallow part of the basin, in the borehole B--XXX
(Table 2). Here, serpentinites are covered by 2 m thick layer of iron-poor conglomerates,
than comes a 0.8 m thick chart bank, 4 rn thick iron conglomerates, again a chart bank
(2.7 m thick), iron-rich conglomerates and a complex of iron-rich sandstones and marls.
The ore formation is as "hick as 29.0 ro and is covered by the iron-poor sandstone and
black marls.

In the central parts of the basin, in the borehole B-1, the ore formation is as thick
as 26.8 m (corrected value), but it might be something thicker, as the borehole didn’t
reach serpentinites (Table 3). Its footwall part is made of iron-rich serpentinite (1.2 m
thick), than oolitic iron-rich sandstones with charts (4.8 m), oolites (1.7 m), and upstears
appear alternations of iron-rich sandstones and iron-rich marls. The ore formation is
covered by marls and limestones.

The ore formation is characterized by iron silicate, oxide, oxyhydroxide, sulfide and
carbonate minerals (Folic, 1966). Iron silicates are green or brownish-green to brown
(when oxidized) chlorites. They are abundant constituents of the matrix and oolites in the
conglomerates and conglomeratic sandstones (Fig. 2a). At the Kotroman locality, oolites
contain up to 22-37% of chlorite and chamosite.

Iron oxides are generally low abundant in conglomerates and sandstones except in
their oolite-rich parts. Hematite commonly appears in oolites (as abundant as 20-25%)
but locally may be present in matrix forming tabular crystals or as finely dispersed with
silica (quartz) around oolites. Magnetite appears either in oolites (forming magnetite
oolites) or less frequently as relics in pseudomorphic hematite. Chromite is of clastic ori-
gin and appears as an. accessory mineral, in both matrix and oolites (Tig. 2b). Iron oxy-
hydroxide (goethite) appears mostly in oolites (as abundant as up to 2.0%) but may be
also present in the matrix. Sulfides are relative widespread but appear in small amounts.
They are represented by pyrite, marcasite, bravoite, and millerite and mostly form
fine-grain aggregates in fissures and cracks of oolites. Pyrite and bravoite form zoned
alternating aggregates. Millerite needle-like crystals (up to 0.7 mm long, 0.QQ3~0.G9 mm
thick) form radial aggregates. Carbonates occur as neo-minerals in the matrix of green
sandstones as zoned crystals containing a clayey core.



Table 2. Profile of ore-bearing horizon and contents of main metals in the central part of the basin,
at a depth of 33.00-79.00 m (borehole B-XXX).
Ta6ejia 2. llpo(j3HJi pyflHor xopn3om'a h cajtpxaj niaBHHx Mexana y jyjKHOM ueny 6accHa,
Ha Ay6nHH 33.00-79.00 m (SymoTHHa B-XXX).

Material AeGjbMHa (m) Fe Ni Co Cr
(MaTepHja.n) Thickness (m) % % % %
black marl (upHH Jianopai;) 5.30
iron-rich marl with sandstone interbeds 3.90
(nio>Kt)CBHTH jtanopan ca npocnojuHMa neiii‘iapa)
iron-rich sandstone, partly conglomeratic 9.80 /3.30 21.23 0.74 0.029 0.82
(rBoadjeBHTH neitiHap, jjejioM KOHrjtoMcpaTHHaH) /3.30 23.60 0.76 0.028 0.81
/3.20 25.36 0.74 0.030 1.10
iron-rich marl (rBox"eBHTH JianopatO 1.50 25.28 0.84 0.041 1.27
iron-rich conglomerate, partly oolitic 5.10 20.80 0.73 0.360 0.40
(rBO)Kt)eBHTH KOHrjTOMepaT, fiejiom OQIIHTHVEH)
sandstone (neupiap) 0.70
iron-rich sandstone with oolites 2.50 28.30 101 0.068 1.83
(raoadjeBHTH ricnniap ca oojim HMa)
iron-rich conglomerate 2.50 /1.30 27.10 0.77 0.030 0.36
(mo>KISCBHTH KOHraoMepax) /1.20 2425 068 0015 1.40
chart (poxcHan) 2.70
iron-rich conglomerate 4.00 /2.00 29.38 0.60 0.240 0.74
(rBox"eBHTH KOHrjioMepax) /2.00 2610 070  0.034 033
chart (poxHaij) 0.80
conglomerate (KoitrjioMepaT) 2.00
serpentinite (cepneHTHHirr) 5.20

Table 3. Profile of ore-bearing horizon and contents of main metals in the central part of the basin,
borehole B-I (deepness 694.5-723.6 m).
TaSeJta 3. llpocfiHJi pyflHor xopn30Hxa h caflpxaj mammx Merajia Yy tjeHTpaJiHOM jtejiy Sacetta,
6ymoxHHa B -1 (flyGma 694.5-723.6 m)

Material JI,cGuriiina (m) Fe Ni Co Cr
(MaTepHjan) Thickness (m) : % % % %
marls and limestones (jianopnn h KpemtaijH) 0.80 16.25 0.46 0.040 1.29
iron-rich sandstone (rBOKIjeBHTH ncnrtap) 4.10 /1.00 18.19 0.57 0.020 131
/3.10 2244 043  0.000 185
iron-rich marls with sandstone and oolite interbeds 2.50 19.00 051 0.000 2.45
('Bo>Kt)CBHTH jtanopan ca npocji. neuwapa h oonHTa)
iron-rich sandstone with marl interbeds 6.25 23.01 0.60 0.000 1.64
(rBO>i<i)eniiTM neni'iap ca npocjiojuHMa Jianopaua)
iron-rich marls (rao>KI}CBHTn Jtanopan) 4.90 2150 0.78 0.040 0.83
iron-rich sandstone (reoxtjeBHTH neuiMap) 1.20 2240 063 0.010 0.83
iron-rich marl (rBO>K})eBHTH Jianopaij) 2.50 23.79 0.83  0.050 1.29
oolites (oojihth) 1.70 24.73 0.46 0.020 1.44
iron-rich oolitic sandstone with charts 4.80 28.42 0.78 0.000 2.09
(fbo>kIcbmth oojihtiihhh neimap ca proKHanHMa)
serpentine sandstone (cepneHTHHCKH neuinap) 1.20 2438 0.82 0.020 127
mean (ponderized)’ (cpeflite - noHflepncaHo) 29.15 2325 065 0.014 157

lexcluded uppermost 0.8 m. (ca HCKjbyiieH>eM HajBHinnx 0.8 m)



Fig. 2. Microphotografs of oolitic ore (from Fotic, 1966). a: Chamosite (gray) with concentric circles of an
opaque mineral (black) in carbonate cement (white). Transmited light, parallel nicols, X40. b: Oolite of
hematite with a chromite grain in the core - red oolitic sandstone, borehole B-I. Reflected light, air,
parallel nicols, X200.

Cji. 2. MHKpotJxn'orpac”Hje oojraxcice pyjie (hs Fotic, 1966). a: 1ilaMO3HT (chbo) ca kohi*htphmhhm
KpyroBHMa onaKor MHHepajia (itpHo) y KapSoHaraoM ijeMem-y (6eno). nponyurreHo cbctjio, napajrejiHH
hmkojim, x40, b: XeMaTHTCKH oojiht ca xpomhtckhm 3pHOMy je3rpy - i;pneHH oojihtckh nemnap, SymoTHHa
B-1. Oj(6njeHO CBexjio , y BasMyxy, napaliHH hmkojih, x200.



Relics of the lateritic weathering crusts were discovered and studied at the southern
border of the basin, at few localities by Dangic & Fotic (1981). The relics underlie the
oolitic ores, are up to a few meters thick and represent lower parts of weathering profiles.
The best preserved profile, at Kotroman, is characterized by the following zonation: (1)
serpentinite, (2) a lower weathering zone - partly weathered serpentinite, and (3) an upper
weathering zone - lateritized serpentinite (Table 4). The lower weathering zone is charac-
terized by serpentinite, talc, and presence of quartz and magnesite. It is divided into two
sub-zones: (a) lower one - Ni-serpentinite, and (b) upper one - Ni-serpentinite-talc. The
upper weathering zone is characterized by hematite, chlorite, talc, and presence of serpenti-
nite and some goethite. It is divided also into two sub-zones: (a) lower one - hematite-
-talc-chlorite, and (b) upper one - hematite-chlorite-talc. The XRD studies showed that
chlorite is of Cr(Ni)-type, i.e. kotchubeite. Serpentinite is Ni-rich in both weathering zones
and talc is Ni-rich only in the lower zone.

Table 4. Profile and composition of a relic of the lateritic weathering crust on ultramafites
at Kotroman (after Dangic & Fotic (1981).
Tabe.ua 4. FlpocJwji h cacxaB penHKTa jiaTepHTCKe Kope pacna«an>a yjixpaMac})iixa
Koa KoTpoMaHa (npeMa Dangic & Fotic (1981).

Zones and sub-zones Mineralsl Ni  Cr Mn Flagtsap
(3 ohc mcy630He) (MHHepaOT)1 o % % Ni Cr Mn

Lateritized serpentinite
(Jlaxe pHXHcaHH cepneHTHHHX)

a) hematite-chlorite-talc He, Ch, Tc, >1 >1 030 >45 >10 3.75
(XeMaXHXCKO-XJIOpHTCKO-XajlKHa) Se, (Goe)
b) hematite-talc-chlorite
(xeMaxiixcKO-xajiK-xjiopitxcKa)
Partly weathered serpentinite Se, Tc,
(J].ejioM pacnajiHyxH cepneHxmmx) (Q. Mg)
a) Ni-serpentinite-talc
(Ni-cepneHXHHHxcKo-xajiKHa)

Serpentinite (CepneHTHHHX) Se 0.22 0.10 0.08 1 1 1
1 He= hematite (xeMaTHT); Ch= chlorite (xjiopiix); Tc= talc (xajiK); Se= serpentinite (cepneHTiiHMx);
Goe= goethite (rexiix); Q= quartz (KBapij); Mg= magnesite (MarHe3Hx).
2The ratio: lateritized serpentinite!serpentinite (Kojihhhhk: jiaiuepuiUcKU cepueHiuuHutWcepueHuiuHuiu)

The ore formation is characterized by a significant variation of chemical composition
and contents of ore metals in vertical profiles. However, there are relative small varia-
tions in average contents of ore metals - iron, nickel, cobalt, and chromium, as well as
of silica in diverse parts of the basin (Table 1).

The average contents of iron and nickel of six detailly explored localities vary in
ranges 17.70-23.00 and 0.64-0.75%, respectively, and their mean values are 21.43% Fe
and 0.71% Ni. If one incudes into the calculation also the average contents in the deep part
of the basin, in the borehole B-I, the mean values for the basin are 21.70% Fe and 0.70%
Ni. The lowest average contents of both iron and nickel are in the northeastern part of te
basin. The deep part of the basin is characterized by a low nickel content and the highest
iron content. The highest and lowest Ni/Fe ratios - 0.036 and 0.0.28 are in the northwest-
ern and deep parts of the basin, in other parts are in the range 0.0031-0.032.



The average contents of cobalt of six detailly explored localities vary in the range
0.12-0.32% *ind the related mean content is 0.023%. If one includes into the calculation
the average content in the deep part of the basin, in the borehole B-I, the mean value
for the basin is 0.022%. The lowest and highest values are in the eastern and northern
parts of the basin. The deep part of the basin is characterized by a low Co content. The
highest Co/Ni ratios - 0.044-0.042, are the northern and southeastern parts, and the low-
est one - 0.017, is in the southeastern parts of the basin. In other parts Co/Ni ratio is in
a range 0.027-0.033. The average Co/Ni ratio is 0.029.

Table 5. Variation of metal content (in %) in the footwall serpentinites and
oolitic ores in the exploration tunnel H-500, Kotroman.
Tafiena 5. BapiijanHjc ca/ip*aja MeTadia (y %) y no.nmm py«Hor xopHaoHTa
h pyjiHOM xopHaoHTy y HCTpa>KHOM noTKony H-500, KoxpoMaH.

Material Sample - No. and positionl . . .
(MaTcpnjadi) (ripoCa - 6p. ii iiojio>Kaj) Ni Cr Mn As T Si
(Ségg::I:I'F:EHT) i - (4.8-6.0) m 524 0.17 0.27 0.13 0.008 tr. 17.28

-11- 2/ (3.64.8) m 6.51 0.40 0.28 0.11 0.010 0.009 15.34
-11- 3/ (2.4-3.6) m 411 0.26 0.18 0.11 0.008 tr. 27.53
-11- 4/ (1.2-2.4) m 6.16 0.09 031 0.43 0.008 tr. 16.28
-11- 5/ - (0-1.2) m 7.08 053 0.35 050 0.012 0.009 19.03
Fe-Ni ore (pyna)* 6/ 0-1.2 m 3110 165 128 0.38 0.031 0.026 11.86
-1- 7/ 1.2-24 m 36.32 140 168 0.55 0.028 0.043 9.19
Fe-Ni ore (py;ta) 8/ 2.4-36 m 1890 0.76 1.65 0.30 0.018 0.026 15.55
-11- 9/ 3.6-4.8 m 1848 0.90 138 0.28 0.020 0.032 17.57
-11- 10/ 4.8-6.0 m 2496 118 140 0.30 0.020 0.040 16.40
-11- 1 6.9-7.2 m 2497 0.84 087 0.28 0.020 0.050 15.15
-11- 12/ 7.2-S.4 m 21.16 0.70 0.85 0.34 0.015 0.020 16.74
-11- 13/ 8.4-9.6 m 26.38 0.69 121 056 0.015 0.020 14.01
-1- 14/ 9.6-10.8 m 15.02 059 126 0.20 0.010 0.050 19.95
-1- 15/ 10.8-12.0 m 26.52 0.71 0.82 0.40 0.020 tr. 14.33

1Position of the sample from the contact weathered serpeninite-ore horizon', sampling slits (120X10X5 cm)
were oriented crosswise to the stratification, (nonoxaj npo6c ofl KOHTaicra pacuadnyiuu cepuemuu-
Hiau-pydHu xopu30Hiu\ onpo6aiiaH>e imejieHO 6pa3floOM (120x10x5 cm) nocrawbeHOM ynpaBHo Ha cjio-
jeBHrocr)

* Weathering crust redeposited without longer transport (Kopa pacna/(an>a npcTajioxcciia 6e3 Beher
TpaHcnop'ra)

The average contents of chromium of six detailly explored localities are character-
ized by the range 0.97-1.30% and a mean of 1.16%. With inclusion of the deep part of
the basin (the borehole B-I), the range and mean values for the basin are 0.97-1.57 and
1.22%, respectively. The lowest and highest values are in the deep and the eastern parts
of the basin. The range of contents for other parts of the basin are 1.09-1.30%.

The average contents of silica of fife detailly explored localities (data for the eastern
part of the basin omitted) vary in a rather small range: 32.50-36.20%, and the mean
value is 34.17+1.60%. The lowest and highest values are in southern and north-eastern
parts of the basin. Generally, there is a negative correlation between the iron and the
silica contents.



Distribution of ore metals and some associated elements in the vertical profiles of
tne ore formation are studied in profiles represented three diverse parts of the basin.
hallow one, deep one, and border one (near-outcropping zone) (Tables 2, 3, and 5). The
study includes Fe, Ni, and Cr in all profiles, Co in the first two ones, and Mn, As, Ti,
:nd Si in the third one.

In the profile representing shallow parts of the basin (Table 2), the ore formation is
as thick as 28.80 m. In its structure two chart beds appear: lower one, 2.7 m thick, and
upper one, 0.7 m thick. According the composition, the profile may be divided into two
iorizons, by the 0.7 m thick chart bed. The lower horizon, 11.7 m thick, mostly consists
of conglomerates and sandstones containing oolites, and include the lower chart bed. The
upper horizon, 16.4 m thick, mostly consists of sandstones and marls. In the considera-
tion of the ore metal distribution, both chart beds are excluded.

The iron contents in the profile vary in the range 20.80-29.39% and generally are
higher in the lower horizon (24.25-29.38% compared with 20.80-25-36% in the upper
horizon). Nickel contents vary in the profile in the range 0.60-1.01% and are highest in
Itie central parts of the profile.

Cobalt is characterized by a very' wide range of variation: 0.015-0.360%. However,
(>niy two segments of the profile, each situated in the lower parts of both horizons are very
rich in cobalt. In the other segments of the profile, cobalt contents are in the range
('.015-0.068%. Chromium contents are in the range 0.36-1.83%. Chromium shows a less
isgular distribution in the profile, but mostly is concentrated in the central parts of profile.

In the profile representing deep parts of the basin (Table 3), the ore formation is as
ISick as 29.15 m. According to composition of materials, the profile may be divided into
three horizons. The lower horizon, 7.7 m thick, mostly consisted of sandstones containing
oolites. The middle and upper horizons, as thick as 14.85 m and 6.6 m, respectively, are
mostly consisted of sandstones and marls.

The iron contents vary in the profile in the range 18.19-28.42 % and generally are
higher in the lower horizon and decrease upstairs. Their ranges for the lower, middle and
tpper horizons are (in %): 24.38-28.42, 21.50-23.79, and 18.19-22.44%. Nickel contents
*ary in the profile in the range of 0.43-0.83% and are generally higher in the lower and
niddle horizons - in the upper horizon their range is 0.43-0.57%.

Cobalt shows low contents and a small range of their variation: 0.00-0.05%. It is
generally concentrated in the lower parts of the profile. Chromium is very abundant in
the profile - its contents are in the range 0.83-2.45%. Generally, it is more concentrated
in lower and upper horizons, which are characterized by the ranges 1.27-2.09 and
1.31-2.45%, respectively. Contents in the middle horizon are in the range 0.83-1.64%.

In the profile representing the border parts of the basin or near-to-outcropping zone
of the ore formation (Table 6), the study of element distribution includes Fe, Ni, Cr, Mn,
As, Ti, and Si. Distribution of these elements was studied in both the ore formation and
serpentinites being its basement. Here will lie at first considered distribution of studied
elements in the ore formation. The ore formation is as thick as 12.00 m and may be di-
vided into 3 horizons. The lower horizon, 2.4 m thick, is a high-iron, with oolites, and
ihe middle one, 2.4 m thick, is more silicic. The upper horizon, 7.2 m thick consists
mostly of sandstones and marls, partly containing oolites.
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The iron contents in the ore profile vary in the range 15.02-36.32% and are highest
in the lower horizon: 31.10-36.32%. In the middle horizon they are as low as 18.48-18.90
and in the upper horizon are (with exclusion of one value related to more silicic material)
21.60-26.52%. The nickel distribution in the ore profile is characterized by the trends si-
milar to iron. Its contents in the profile vary in the range 0.59-1.65%, and appear to be
highest in the lower horizon (1.28-1.68%). In the middle and upper horizons, contents are
in ranges 0.76-0.90 and 0.59-1.18%, respectively.

The chromium contents in the ore profile are in the range 0.82-1.68%. Chromium
shows generally higher and similar concentrations in the lower and middle horizons -
1.28-1.68 and 1.38-1.65%, respectively, than in the upper horizon (contents are in the
range 0.82-1.40%).

The manganese contents in the ore profile are in the range of 0.20-0.56%. Manga-
nese is generally more concentrated in the lower and upper horizons (0.38-0.55 and
0.20-0.56%, respectively) than in the middle one (0.28-0.30%). It shows lower contents
in more silicious segments of the profile.

The arsenic contents in the ore profile are in the range 0.010-0.031%. They are
highest in the lower part of the profile and generally increase upwards. In the lower ho-
rizon, arsenic contents are 0.28-0.31%, and in the middle and upper ones are in the
ranges 0.018-0.020 and 0.010-0.020%, respectively.

The titanium contents in the ore profile vary in the range from traces-0.50%. They
are less regularly distributed in the profile but are generally somewhat higher, and more
variable, in the upper horizon (tr.-0.50%). Contents in the lower and middle horizons are
in the ranges 0.26-0.40 and 0.26-0.32%, respectively.

The silicon contents in the ore profile vary in a wide range: 9.19-19.95%, as ex-
pected due to presence of some of more siliceius (chart) beds in the profile. They are
lowest (9.19-11.86%) in the lower horizon, rich in iron, and highest in a silicious seg-
ment in the upper horizon. In the middle and upper horizons they are 16.40-17.57 and
14.01-19.95%, respectively. In the upper horizon, the silicon contents, with exclusion a
value related to the chart segment, are in a range 14.01-16.74%.

The studied profile includes also serpentinites which make the basement of the ore
formation. They were representing by fife samples, taken in a vertical profile 6 m thick. In
the serpentinite profile, distributions of Fe, Ni, Cr, Mn, As, Ti, and Si were studied also.

The iron contents in serpentinites vary in the range of 4.11-7.08%. Iron shows an
irregular trend of small increasing from the lowermost part of the profile (5.24%) up-
wards. The highest content is in the uppermost part of the profile.

Nickel contents are in a range 0.09-0.53%. Nickel like iron shows an irregular trend
of a slight concentration from lowermost part of the profile upwards. However, lowest
and highest values are in the upper part of the profile.

The chromium contents vary in a rather narrow range: 0.18-0.35%. The lowest and
highest chromium contents are in the middle and upper parts of the profile.

The manganese contents vary in the range 0.11-0.50%. Manganese is enriched in
the upper parts of the profile (0.43-0.50% compared to 0.11-0.13% in the lower parts of
the profile).



The arsenic contents are in a narrow range: 0.008-0.012%. The highest coiitent is
in the uppermost part of the profile.

Titanium is very low abundant in the profile - it is detected only in one sample, in
the content of 0.009%.

The silicon contents are in a wide range: 15.34-27.53%. Silicon shows a rather ir-
regular distribution in the profile. Its highest content is in the sample in the middle part
of the profile, and the lowest content has a sample bellow it.

Contents and distribution of the studied elements in the profile indicate that serpen-
tinites represent the very low levels of the weathering crust on ultramafites. This is indi-
cated by a general enrichment of elements of hydrolizats in the upper parts of the profile
caused by geochemical processes typical for weathering profiles.

Table 6. Chemical composition of serpentinized peridotite, lateritized serpentinite, oolitic ore, and oolites
separated from the oreland element enrichment factors (F).
Ta6ejia 6. Xcmhjckh cacraii cepncHTHHHcaHor nepHflonrra, JiarepH iHcanor cepneHTHHirra, oojihtcke py«e h
00jiHTa H3 pyflelh 4>aicropH o6orahen>a e/icMcnaTa (F).

45 61 52 52-0 F F F F

(%) (%) (%) (%) 61/45  52/45 52-0/45 52-0/52
Si02 38.19 4228 3110 3145 111 0.81 0.82' 101
Tio2 0.04 0.10 0.12 0.54 2.50 3.00 135  **4.50
AlD, 0.77 2.77 5.18 7.54 3.60 6.72 9.79 145
cro, 0.50 0.80 1.96 2.15 1.60 3.92 4.30 1.10
FCA 740 1521 3308  34.10 2.06 447 461 1.03
FeO 0.60 0.62 0.83 1.02 1.03 138 1.70 1.23
MnO 0.09 0.25 0.36 0.10 2.78 4.00 1.10 0.28
NiO 0.29 0.69 0.95 0.85 2.38 3.28 2.93 0.89
MgO 3482 2542 8.15 6.02 0.73 0.23 0.17 0.74
Ca0 1.91 2.30 172 1.64 1.20 0.90 0.86 0.95
Na2D 0.09 0.14 0.13 0.01 1.56 1.44 0.11 0.08
kD 0.05 0.06 0.07 - 1.20 140 <020  <0.14
hd+ 13.85 8.11 9.49 9.47 0.59 1.46 0.68 1.00
hd * 1.28 1.68 6.76 6.07 131 5.28 4.74 0.90

Sum (Zbir)  99.88  I1(K).45  99.90  99.93

1Samples: 45- serpentinized peridotite; 61- lateritized serpentinite; 52- ooltic ore; 52-0- oolite
concentrate (Y3opuH: 45- cepncHTHHHcaHH nepHjtOTHT; 61- jiaTepHTHcaH cepnenrHHHT; 52 -00jiHTCKa
pyjia; 52-0 - oojihth H3 pyfic)

The upper levels of lateritic weathering profile were identified in the relics of
lateritic weathering crust found also at the same locality (Table 4). The profile is char-
acterized by serpentinized peridotite in the bases and the lateritized serpentinite in the
uppermost part, covered by oolitic ores. In the lateritized serpentinite, Ni, Cr, and Mn are
strongly enriched: Ni and Cr up to contents as high as >1%, and Mn up to 0.30%. Their
concentration factors with a respect to serpentinized peridotites are >4.5, >10, and 3.7,
respectively. The lateritized serpentinite are characterized also by high content of silica,



magnesium, iron (ferric-iron), some alumina (2.77%), calcium, ferro-iron (0.62%), and
traces of Ti (0.10%), Na, and K (Table 6). Most of these elements are enriched com-
pared to their contents in the serpentinized peridotite. The related enrichment factors for
Al, Ti, and Fe3+ are as high as 3.60, 2.50, and 2.06, respectively, as it is expected ac-
cording to hydrolizating character of these elements. On the other hand, magnesium is
significantly removed (enrichment factor 0.73) as it is also expected, as it belongs to the
geochemical group of soluble cations (Dangic, 1998).

The ore metal contents in the ore formation (Tables 2, 3, and 5) indicate their high
enrichments in the ore with respect to their contents in serpentinite or lateritized serpen-
tinite. It is suppoted also by chemical composition of the oolitic ore (sample 52, Table
6). This ore is characterized by very intense enrichments of most elements in comparison
to composition of serpentinitized peridotite. Fe3+ Ni, Mn, Cr, Ti, and Al show enrich-
ment factors as high as 4.47, 3.28, 3.92, 4.00, 3.00, and 6.72, respectively. Although a
high enrichment of aluminum is expected due its strong hydrolizating character, it may
be caused by clay particles transported from non-ultramafic sources. On the other hand,
the contents of magnesium are strongly and of silica slightly lower (enrichment factors
0.23 and 0.81, respectively). Similar geochemical trends were found in distribution of
trace elements (Table 6).

Trace element studies included serpentinized peridotites, two ore types, and some
fractions of the oolitic ore. Two types of ore were analyzed to represent diverse horizons
of the ore formation - oolitic ore and marly ore, representing lower and upper horizons,
respectively. The analyzed fractions of the oolite ore are the oolite separate and the clay
fraction (<2jlm). Among 25 analyzed elements, 14 were detected in at least one of ana-
lyzed samples (Table 6). Analyzed but not detected elements were: Ag, Mo (detection
limit 1 ppm), Ga (4), Y (6), Bi (8), La (10), Nb (15), Sb (32), Cd (100), As (120).

Trace element patterns of the oolitic ore and the marly ore (samples 52 and 56, re-
spectively) are nearly the same. They are characterized by very high contents of Ni, Cr
(both >1%), and Mn (1900-3760 ppm), high contents of Zn, Co, and V (290-350,
245-290, and 100 ppm, respectively), low contents of B, Cu, Pb, Sc, and Sr (<4-26,
22-37, 11-32, 16-18, and 19-23 ppm, respectively); Ba and Zr were bellow detection
limits (<6 and <12 ppm, respectively). However, the oolitic ore (i.e. the lower horizon of
the ore formation) is something richer in Mn, Cu, Pb, and Zn. On the other hand, B is
more abundant (>6.5 times) in the marly ore (i.e. the upper horizon of the ore forma-
tion). A comparison of trace element contents in ore and serpentinized peridotite (sample
45) indicates a significant enrichment in the ore formation of almost detected elements,
especially Zn, Cr, Co, and Ni. The related enrichment factors for the oolitic ore are: Zn
and Co > 11.6, Co 5,7, Ni >4.5, Cu 4.1, Mn 3.3, Sr >2.9, and V, Sc and Pb 2.3-2.9.
On the other hand, B is strongly depleted (an enrichment factor <0.18).

Chemical composition and trace element pattern of the oolite separate (sample
52-0, Tables 6 and 7) differ partly from those representing the oolitic ore. This indicates
that element distribution between oolites and the matrix existed. The oolites are charac-
terized by an intense enrichment of Ti (enrichment factor 4.5), and law enrichments of
Al, Fe2+, and Cr (enrichment factors 1.45, 1.23, and 1.10, respectively) (Table 6). On the
other hand, some elements, especially manganese and less intense nickel and magnesium,



are concentrated in the matrix. Trace element patterns show that in oolites B, Cu, Pb, Sc,
Sr, V, Zn, and Zr are also enriched (Table 7). The highest concentration show B, Sc, and
Zr, with enrichment factors >3.7, 22, and Zr >1.6, respectively; enrichment factors for
others are in a range 1.2-1.5. On the other hand, Mn and Co are significantly less con-
centrated in oolites than in the matrix (enrichment factors 0.39 and 0.65, respectively).

Table 7. Trace elements in serpentinized peridotite, oolitic ore and
ore fractions' and element enrichment factors (F).
Taficjia 7. CaflpacajH MMKpoc/icMcnara y cepneHTHHHcaHOM nepanoTHTY, oojihtckoj py«H
h tjipaKUHjaMa py/(e' h (JjaKTopH o6oraheH>a ejieMeHaTa (F).

45 52 56 52-0 51 F F F
(ppm) (ppm) (ppm)  ippm) (ppm) 52/45 52-052 51/52
B 22 <4 26 15 290 <0.18 >3.75 >73
Ba <6 <6 <6 <6 44 - - >7.3
Co 46 260 245 170 495 5.65 0.65 1.90
Cr 860 >1% >1% >1% 2070 >11.6 - <0.21
Cu 9 37 22 45 120 411 1.22 3.24
Mn 1150 3760 1900 1450 2750 3.27 0.39 0.73

Ni 2200 >1% >1% >1% >1% >4.55 - -
Pb 14 32 1 47 94 2.29 1.47 2.94
Sc 7 18 16 40 22 2.57 2.22 1.22
Sr <8 23 19 32 64 >2.88 1.39 2.78
\Y% 35 100 100 140 72 2.86 1.40 0.72
Zn <30 350 290 500 680 >11.7 143 194
zr <12 <12 <12 19 100 - >1.58 >8.33

1Samples: 45- serpentinized peridotite; 52- ooltic ore; 56- marly ore; 52-0 - oolite
concentrate; 51- clay fraction of oolitic ore (Y3opnH: 45 - cepneHTHHHcaHH ncpHAOTHT;
52-00jiMTCKa pyna; 56- jianopoBHTa pyjia; 52-0 - oojihth H3 pync; 51- raHHOBHTa
()paKnnja oojihtckc pyflc)

The trace element pattern of the clay fraction of the oolitic ore (sample 51, Table 7)
significantly differs from those representing the oolitic ore and the oolite separate. A
comparison of them shows that almost elements are enriched in the clay fraction. The
strongest enrichment shows B, Zr, and Ba, with enrichment factors >73, >8.3, and 7.3,
respectively, and than Cu, Pb, and Sr, with enrichment factors 2.8-32; enrichment fac-
tors for Zn, Co, and Sc are in a range 1.2-1.9. Two elements, on the other side, are de-
pleted in the clay fraction: Cr, strongly, and V, less intense (enrichment factors <0.21
and 0.72, respectively).

Enrichment of chromium in oolites and its deplation in the clay fraction indicate
that in the ore it is mostly present as detrital chromite.

CONCLUSIONS

The present study enables several results and explanations related to the geological
position, mode of occurrence, mineral composition and general geochemical characteris-
tics of the oolitic ore formation of the Mokra Gora basin in Western Serbia. Based on
them, the following may be concluded:



- The oolitic ore formation makes a basal part of the Upper Cretaceous sedimentary
complex and transgressively covers ultramafic basement. Large masses of ore, both lateral
and vertical continuites of the ore formation, and composition of the ore indicate that ore
material was derived by an intense erosion of a thick lateritic weathering crust on ultra-
mafites.

- Relics of lateritic wethering crusts in the basement of the ore formation indicate
that in the area covered by the basin also lateritic weathering crusts exested.

- Composition of the ore formation and element enrichments factors in the forma-
tion in the relation to serpentinites/serpentinized peridotites show that preserved relics of
the lateritic crusts relates to lower levels of lateritic weathering profiles. Ore material, es-
pecially in the lower horizons of the ore formation was derived from more intense lateri-
tized weathering profiles.

- Mineral composition of the ore formation and ore metal distribution in the forma-
tion indicate some variation in either source materials, sedimentation processes or geo-
chemical conditions during sedimentation and/or diagenesis.

- During diagenetic stage, the ore formation was generally under reducing condi-
tions resulting in formation of chlorite, chamosite, and some Fe and Fe-Ni sulfides.

- Lateral and vertical variations in ore element distribution were found and they may
be caused either by variation in source materials, sedimentation processes, geochemical
conditions during transport, sedimentation and diagenesis as well as specific geochemical
features of the elements. For their much sensitive indications and explanations more detaily
geochemical studies including trace elements geochemistry are necessery.
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PE3SVME

MEO/IOWKE U OMNWTE NTEEOXEMNICKE KAPAKTEPUCTUKE IMe-Ne
OOJINTCKUMX PYAA MOKPE INOPE (BANMAOAHA CPBNJA)

YBO/[,

CeanmMeHTHe pyfe reoxha M HUKNa KpeaHe CTapoCTWM MOjaB/byjy Ce Ha OGPOjHUM
NOKaNNTeTUMA Y LeHTPa/IHUM U jyroucTOUYHUM fefioBMMa bankaHCcKOr monyocTpBea, aco-
unpajyhu ca yntpamaputuma y opnonnTCKOj 30HM KOoja ce NpoTexe 04 LueHTpanHe boc-
He npeko Cpbuje n MakegoHuje go F'puke. TOKOM fOwe Kpeae Ha Behum yntpamadut-
CKUM MacuMBUMa y 0BOj 30HU popmMupaHe cy Aebene natepuTcKe Kope pacnajaka. TOKOM
ropkOoKpefHe TpaHcrpecuje oBe Kope pacnajaka Cy MHTEH3VBHO €pOA0BaHE M HhUXOBU
penuKTU Cy peTKO cavyyBaHW, U TO CAMO Ha HEKONMKO MecTa. Minak, Ha To fa cy nocTojane
yKa3syjy nojase Pe-No pyaa, npeTeXXHO O0IMTCKMX, HA OPOjHUM nokKanuTeTuma Ha/nopeg
ynTpamauMTCKMX MacuBa, Koje cy Morfie fga 6ygy o6pasoBaHe 6p3vM [enOHOBakeM
epofoBaHOr Matepujana naTepuTCKMX KOpa Ha TUM MacuBuMma. MojaBe U neXxuliTa OBUX
pyda Cy no3HaTe Ha Bulle NoKanuTeTa y YHyTpawwum JuHapuguma, o Mmacusa O3peHa y
bocHu, Ha CUN (Ban”~c & bjorcyeYic, 1979), npeko 3naTnbOpPCKOr macusa y UCTOM-
Hoj BocHmM-3anagHoj Cpbuju (M Moyanoyjc, 1933) n gabe Ka jyry, npema MakegoHnjm
(Jankoyjc, 1990). Ha 3naTn60opcKOM MacuBy OBe pyAe ce MojaB/byjy y 6aceHy benu
P3aB-Mokpa [opa, y KOMe cy [Ba BelMKa fexuwTa feTa/bHO MCTpaxuBaHa: Mokpa
lFopay Cpbuju (froOc, 1961; 1966), n 4. BapauwTe y bocHn (bjunc, 1958). M3BecHu
PeNuKTW naTepuTCKe KOpe pacnajawa Ha ynTpamauTuma cy OTKPMBEHM Yy 6GaceHy
Mokpe lNope (Ban8lc & Po1lic, 1981) kao uy Bapguwty (Mak51lLlOYlc & AnWc,
1962).

Nexuwte Mokpa Fopa je MHTEH3UBHO UCTpaxusaHo y nepuogy 1958-1961. roguHa
JYBUHCKUM OyLlerweM, pacKonmma M NoA3eMHUM pyaapcKuM pajoBuma, y3 oarosapajyha
MWHepanoLKa, XeMuMjcka N TeEXHONOLWKa nctpaxumearwa (PoOc, 1961; 1966).

OBaj paj npukasyje Heke Heny6nMKOBaHe pe3ynTate MCTpaxuBaka U3 nepuopa
1958-1961, rogMHa Kao 1 pe3yntaTte HOBUX UCTPaXKuBaka.

OCHOBHW M'EONOWKWM MOAALLN

BaceH Mokpe [ope npeacTtas/ba 3anafHW [e0 KOMMNAEKCHOI FOPHOKPeJHOr ceau-
MeHTHOr 6aceHa benu P3aB-Mokpa opa Koju ce Hanasum Ha C3 naguHama 3natmbopa.
baceH benn P3aB-Mokpa [Fopa je noge/beH rpaHuyom msmehy Cpbuje n bocHe (Peny6-
nuka Cpncka), a teros Behu geo (70 k12 je y Cpbuju. baceH npunaja reoTeKTOHCKO]
jeAvHUUM YHYTpaWbux AuHapuia u popMupaH je Ha ceBepo3anagHWM AenoBMMa Benu-
KOr 31aTU6OPCKOT yNnTpaMauTCKOr MacuBa, je4HOT o4 Behnx macmBa yHyTpalhe ofuo-
nuTcke 30He AuHapuga. Oonutcke Pe-Ne pyge y 6aceHy Bofe MOPEKNO Of NaTePUTCKUX
Kopa pacnafaka Ha CepneHTUHUCAHUM NepuaoTUTMMa a HacTane Cy Kao 6asanHa cepuja
cefMeHaTa ropwe kpege. Kako cy TOKOM ropwbOKpefHe TpaHCrpecuje nateputcke Kope



WHTEH3UBHO epoji0BaHe, OBe pyje Nnexe NPeko cepneHTUHUTa OAHOCHO CepPNeHTUHUCAHNX
nepugoTuta. Nnak, pennkTn natepuTuckKe Kope cy HaheHW Ha ABa nokanuTeTa, y BocHu
(Maxksiwoyic & Anllc, 1962) un Cpbujun (ban§ic & poiic, 1981). PyaHM XOPU3OHT
je npekpuBeH gebenMm KOMMNAEeKCOM nanopaua U Kpeywaka. baceH benn P3aB-Mokpa
[opa CTPYKTYpPHO 4uMHe [Be jeAuMHMUe, 3anafHa W ucTtoyHa. 3anafHa, Beha, jeguHuua,
p3aBCkM 6aceH, je u3gyxeH npasuem CC3-JJN u gyxuHe je 0KO 25 KT. Y Herosom
Jy>XxHOM peny, y bocHu, ce Hanasm Pe-Ne pygHo nexuwTe . BapauwTe. NcTouHa jeau-
Huua, 6aceH Mokpe Nope, y Cpbuju, o6pasoBaH je Kao 3anuB ca usgyxewem 3J3-MCIU.
Oonutcke pyfge cy getabHO uctpaxusaHe y 6aceHy Mokpe Nope (PoUc, 1961; 1966), n
y4. BapanwTy (Bjunc, 1958; 1963).

baceH Mokpe Nope obyxBaTa noBpwnHY of 0ko 30 Kw2. CTPpYKTYpHO, 6aceH je nce-
yAOaHTWKANHANa, ca 0com opjeHTaynje 234/14 (Poi1lc, 1966), n ca ceBepa, MCTOKa U jyra
je OKpYXeH cepneHTMHMCAHUM NepuAOTUTMMA a Ka 3anajy ce HacTaB/ba y 6aceH benor
P3aBa (cn. 1). baceH je gethopmmucaH ca HEKONWKO Behux NOHTUTYAUHANHUX paceja.
FopwOKpegHN CeAUMEHTHN KOMMIEKC MOKPOropckor 6aceHa ymHe 3 jeguHuue: (1) 6a-
3anHa cepuja UAM PYAHU XOpU30HT, (2) Aebenn Komnaekc nanopauya, u (3) Kpedkbauku
XOPU30HT (HajBMLLIN fe0 KOMMNeKca).

BasanHa cepuja ca Pe-No pypama npekpuBa CepneHTUHUCAHe WU LefloM pacnaj-
HyTe nepugoTute. N3gaHum 6a3anHe cepuje cy f06pPO OTKPUBEHU HA MHOTUM MecTUMa Ha
CEBEPHMM, UCTOYHUM U jyXHUM 060amMma b6aceHa. Cepuja je AeTa/bHO MCTpaxeHa 6poj-
HUM packonuMa y M3gaHadykumMm 30HaMa Kao M NOA3EMHUM pyAapCKuM pafoBuMa v gy6uH-
CKUM bByleweM y ay6/bum genosuma 6aceHa (Poil.c, 1961; 1966). Y ncTpaxeHum geno-
BMMa 6aceHa pyfgHa opmauuja je cpegte febbuHe 20,4 W, cpeawbn cagpxaj reoxha je
21,20% wn cpeatun cagpxaj Hukna 0,70%. Y TBpheHo je fa je reoxhe NpeTexXHO Be3aHO 3a
cunmkate (XNOpUT M WaMO3nUT) - y cpegkbem 70% reoxha y 06nuMKy cunmkaTa, a camo
30% y obnuky okcufa u xuapokcupga. PyaHe pesepBe HaBefeHOr KBanuTeTa WU3HOCE
MUW/INOH TOHA.

MAIFEPNIANT N METOAE NCTPAXWVBAHKA

leonowka, MUHePaNoLWKa, XeMNjCKO-TEXHONOLWIKA, U TEOXEMUjCKA UCTPaXKMBaHa Cy
n3pefeHa Ha ogabpaHum npoguamma Pe-No pyaHe dopmauuje n gopmauyuja y meHoj
NOAUHU U KPOBUHMU, ¥ U3JaHAYKUM 30HaMa, NOA3eMHUM pyAapCcKUM pajoBuma u jesrpuma
6yl OTNHa.

MuHepanowka ncTpaxuBawa cy 06yxBaTuna MUKPOCKOMNCKE, PyLHO-MUKPOCKOMN-
cke, 1)TA-TC wn peHareHcko-gudpakymoHe (XKIr>) aHanuse. ¥ XKI> aHanuszama fguja-
rpamu gudpakymnje npaxa (HEOPMjeHTUCAHUX, OPUjeHTUCAHUX U TPeTUpaHUX y3opaka) cy
fo6ujaHn npumeHom Phllpk P\Y -1050/25 gudpaktometpa, CuKa 3pauvera u rpagutHoOr
MOHOXpoMaTtopa. AHaln3MpaHu cy YKynaH matepujan u kberose pasnnunte gpakuuje.

XeMNjCKO-TEXHONMOW KA MUCTpaxuBawa (M3BegeHa y nepuogy 1958-1961, TexHo-
nowkwn gakyntet y beorpagy) obyxeatuna cy ogpefuBamwe (KAaCUMYHUM XEMUjCKUM
meTofgama) cagpxaje 4 pygHa metana - Pe, Ne, Co, n Cr. Y Hekum nzabpaHum npodu-
NMMa, Y3 OBE efIeMEHTE Cy aHanu3upaHu cagpxaju n A6, Tijw 81.

KacHuja nctpaxusamwa (n3BegeHa y nepuogy nocne 1981. rog., Pysapcko-reonowku
(hakynteT y Beorpagy) cy o6yxBaTuna CUIMKaTHE XeMUjCKe aHanu3e, aHanuse cagpxaja
rnaBHMX efemMeHaTa U MUKpoenemeHaTa u ogpehuBarwe "abpasmBHux" pH wn Eh. Kopg
CUNNKATHEe aHanu3e cy KopuwheHW KoM6UHaLKMja aTOMCKe ancopnuuMoHe CnekTpogpoTo-



meTpuje (AAG) n cnekTpooToMeTpujckmx (6PH) M KnacuyHmx MeTofa XeMWUjCKe aHa-
nuse. Y AA5 KopuwheH je MHCTPYMeHT PerkT-ElTer 373 ay 5PH uHCTpymeHT "2e15%"
LY \75 5PECOK.O. MwuKpoeneMeHTW Cy aHanuM3MpaHu eMUCUOHO-CNeKTporpapcku
(E5), Kopuwherwem cnektoprpata ECT-1 ca yKpWITEHOM AUCMEP3MjOM U jeJHOCMepHOr
NyKa y KoHTponucaHoj atmoctepu (Ar+Or). Ca E5 je aHanu3mp&Ho 30 enemeHata, a
cpeAra MPELU3HOCT M TaYHOCT, KOHTpPOAMCaHe NPeKo YHyTpawwux ctaHgapga (Ce u
Pcl) 1 reoxeMujcknx (MHTEpHaUWMOHANHNX) pePepeHTHUX CTaHgapga cy 6une £12%.

PESYNTATU N ANCKYCUNJIA

PyaHa opmaumnja Pe-Ne pyga 6aceHa Mokpe ope, Kao 6a3anHa cepuja ropwoKpes-
HOT CeAMMEHTHOT KOMMJeKca, TPaHCTPecUBHO MpeKpuBa ynTpamauTcKy Noanory y CBum
fnenoBuma 6aceHa. Kako 6aceH (roptkOKpefHU cefMMeHTU) CTPYKTYPHO NpeAcTaB/ba ncey-
[JOCVMHKNMHaNy ca 0COM opjeHTauwnje 234/14, pygHa opmaumja obpasyje m3gaHavyke 30He
Ha CEBEPHUM, UCTOYHUM U jy>KHUM o6oamnma 6aceHa (cn. 1). KOHTMHYUTeT pyaHe opma-
umnje npema 3anafgHoMm, Ay6oKkom faeny 6aceHa je yTBpheH Ay6uMHCKMM Gywerwem (y GyLio-
TMHW B-1 Hanasm ce Ha ayomuHn og oko 700 T). TopHOKpeaHa TpaHcrpecuja je 6una ygpy-
YKEHa Ca WHTEeH3MBHOM epo3MjoM NaTepuTCKMUX KOpa pacnajaka Ha yntpamaputuma Te
nognory pygHe opmauuje YMHe CEPNEHTUHUTU U CepneHTUCaHU nepugoTuTu. Mnak, Ha
jy>XHOM 0604y 6aceHa OTKpPUBEHA je NOKa/iHA MojaBa NaTepuMTUCaHOr CepneHTMHUTA, Koja
npeacTaB/ba peiMKT nateputcke kope (ban8ic & Pollc, 1981).

PyaHy thopmaumjy KapakTepuwy n3BecHe Bapujaynje n geb/buHe n cactaBa y 6aceHy
WTo je yTBpheHO AeTa/bHUM MUCTPaXuBakbuMma y W3JaHauykum 30Hama u y navhum
fpenoBuma baceHa, Ha 6 nokanuteTta (Ponnc, 1961; 1966). Y wuMma, cpeawa feb/buHa pya-
He ¢popmaumje Bapupa y oncery 10,0-23,0 T, a npoce4yHa BpeAHOCT 3a CBe NOKaMTETE je
18,1+55 T (Tabena 1). Y gnyb6okom feny 6aceHa, y 6ywoTtuHn B-1, geb/muHa pyaHe dop-
maumje je 26,8 1. Cpeara aebbuHa pygHe dopmayuje y 6aceHy, Ha OCHOBY CpefrUX
feb/buHa y 6 nokanuTeTa M gebmbuHe y 6ywoTtuHn B-1 je 19,4+6,0 T. eHepasHO y3eB,
peb/mbuHa pygHe dopmaumje pacTe of jy>XHor oboga 6aceHa npema CeBepy U cese-
posanagy. PyaHy cdopmaumjy nsrpafyjy: 6asanHu KoHraomepaTtu, 06M4HO ca reoxhesun-
TUM 00NUTMMa, KOjU HaBULLEe Npenase y rBoXxheBnuTe KOHINOMepaTUyHe newyape, rBoXx-
heBuTe newuvape, reoxneBnTe NeckoBUTe nanopue u reoxheBuTe nanopue, a KPoBUHA
Cy joj nanopum 1 NanopoBUTU Kpedkaun. JTokanHo, 6aHLM poXxHala Mory fa ce nojaee y
6vno Kom geny npoduna.

PyaHa ¢opmaunja y ceBepHOj M3faHauykoj 30HU uma cnepehe CTPYKTYpy W cacTas:
(1) HajHuXK feo, 12 T Aeb/bMHE, YMHE 3eleHN KOHTIOMepaTu ca rBoXheBUTUM 00NUTHU-
Mma, (2) pyaHu newdapu, 4 T peb/buHe, (3) €N0j poxKHaua, 3aTUM MNewyapu 1M nanopuu.
CAnyHM npoduaun cy n y NoA3eMHUM pyAapcKum pajoBuma M OywoTuHama. Y ceBepo-
MCTOYHUM 060AMMa HaceHa M3fjaHayka 30Ha je OTKPUBEHA Ha AY>XWHW of oko 900 T.
PygHy popmaunjy 4ymMHe 3e/1eHU U MPKU KOHF1I0MepaTu, NPUANYHO KPYNHO3PHM, Ca rBOX-
NEBUTUM 00NUTUM K KapboHaTMma. Y ucTouHoM o6oay 6aseHa (og KamuwHe Peke go
KpcmaHckor MoToka), pyaoHOCHa ¢opmMauuja je npoMeH/mbuBe Aeb/bUHE, BULLE LPBeHe
60je, NpekpuBa MpKoO3ejeHe CepneHTUHMNCaHe Nepua0TMTE U NPEKPUBAjY je nanopuu.

Y jyronctoumm u jyxkHum obogmnma 6aceHa (o KpcmaHckor MoTtoka 4o KotpomaHa
nbenor P3aBa), usgaHumn pygHe gopmauuje cy 4enoMm nokpuseHu. Y obanu benor P3aBa
pyAHa opmaLmja nexu Npeko cepneHTUHUCAHUX NepuaoTuTa, a usrpahyjy je: (1) oonnt-



CKW KOHrniomepatn, 2 w gebenu, (2) cnoj poxxHaua (3) cepuja y Kojoj ce CMekYyjy rBOX-
HeBUTM KOHrnomepaTu, nanopuu, v newdvapu. KpoBuHy dopmaumje 4ynHe nanopum ca
thonunjaunjom 1M NanopoBUTM NOKANHO CUANDUKOBAHUN KpeUukalumn. ocTta camyaH npogun
pygHe dopmauuje je u y NAUTKOM feny 6aceHa, y 6ywoTtuHn B-XXX (tabena 2). Y
beMY, MPEKO CepneHTUHUTA fonasn 2 T M aebeo cnoj cnabuje reoxheBUTUX KOHrIOMe-
pata, 3atum (0,8 T pfeb6eo) cnoj poxHaua, rBoXXheBuTN KOHrnomepatu (4 T), MOHOBO
cnoj poxHaua (2,7 T), cepuja rsoxheBUTUX KOHrAoMepaTa M reoXxheBMTUX Mewyapa u
nanopaua. PyaHa ¢opmaynja je pebmbuHe 29,0 T a npekpuBajy je cnaborsoxheBuTu
newyapu v LpHU nanopuu.

Y ueHTpanHum fenosuma 6aceHa, y 6ywotuHu B-1, pyaHa opmaumja je geb/buHe
26,8 T (kopuroBaHa aebs/bnHa 360r Harmba cnojesa 'y 6yLWIOTMHN), @ MOXAA M Helw To Beha
nowTo O6yWwOTWHa HuMje ywna y cepneHTuHuUTe (Tabena 3). MognMHCKM feo pygHe dop-
MaLmje YynHe rBOXNEBUTU CEpPNeHTUHCKM newyap (Aeb/buHe 1,2 T), 3aTUM OOAUTUYHMU
rsoXxhesurn newdvap ca poxHauuma (4,8 1), oonmtm (1,7 T), a HaBulle Ce CMekYjy
reoxheBuTn newyvapu n reoxhesnTn nanopun. KposuHy pyaHe hopmalmje YuHe nanop-
UM 1 Kpeyrbalu.

PygHy opmaumnjy KapakTepuiwe 3acTyn/beHOCT cnegehnx MuHepanHux gasa rpox-
ha: cunukata, oKkcmaa, okcmxumapokcuaa, cyngpuga n kapboHata (Pollc, 1966). Cunukatu
reoxkha cy 3efeHn MAM MPKO3eneHn A0 MpKK (Kaga cy okcuaucanu) xnoputu. MNojaemwyjy
ce Kao OOWIHWM cacTojuM LeMeHTa M 00/MTa Yy KOHr/ioMepaTtuMa U KOHFNOMepaTUYHUM
newyapuma. Ha nokanntety KotpomaHa 00nuUTuK cagpxe Ao 22-37% xnoputa u wamo-
3nta (Prolc, 1956). Okcupam reoxha cy reHepasaHo y3eB Mano 06WUHW y KOHFI0MepaTu-
Ma M nelwvyapuma M3y3eB Y hbUXOBUM O0MTCKUM AefioBMMa. XeMaTuT je 06MUYHO 3acTyn-
/beH y oonuTuMa (y o6unHocTtun 20-25%), a NOKanHO MOXe fa ce NojaB/byje Uy LEMEHTY,
ob6pasyjyhu TabnuuacTte KpucTane uam Kao PUHO AUCNEProBaH ca cuanumjom (KBapLom)
O0KO 00/inTa. MarHeTuT ce nojae/byje nan y oonutnuma (obpasyje MarHeTUTCKe 00NUTE)
nnu pehle Kao penuKT y nceygoMoppHOM XemaTuTy. XpOMWUT je KIacTUYHOT MOpekna,
3aCTYMN/beH je Kao aKLUeCOpHW MUHepan, U Yy UeMeHTy W Yy oonutuma. OKCUXMAPOKCMA
reoxhfa (reTuT) yrnaBHOM je 3acTyn/beH Y 00nuThMa (y 06MAHOCTM A0 20%) a MOoXe Aa
ce nojaBu My UeMeHTy. Cynduam cy penaTMBHO A0CTa pacnpocTpaweHn anu ce nojas-
/bYjy Y ManMM KonmumHama. MNpefcrtaB/beHn cy NUPUTOM, MapKacuToM, 6paBoOUTOM U Mu-
nepuTOM M yrnaBHoM obpasyjy CUTHO3pHe arperate y npcivHama U nykoTuHama y 0onu-
TuMa. Muput 1 6paBounT 0bpasyjy arperate y Kojuma ce 30HapHO CMekwYyjy. Munepur ce
nojae/byje y uranyactum kpuctanmma (gyxuHe go 0,7 17, aebmwuHe go 0,003-0,09 11)
Koju obpa3syjy pagujanHe arperate. KapboHaTu ce noja/byjy Kao HEOMUHepanu y Le-
MEHTY 3e/1eHUX MNeLyapa, y BUAy 30HapHUX KpucTana ca FMHOBUTUM je3rpoM.

PennkTn natepuTcKUX Kopa pacnajara OTKPUBEHWM CY M MPOYYEHW HA WCTOYHOM
06oay 6aceHa, Ha Hekonunko nokanuTeTa (Oan§ic & PoYiC, 1981). PenukTu cy oTKpu-
BEHW MCNOL O00NUTCKMX pyfa, Aeb/bWHe Cy L0 HEKONMKO MeTapa W pernpeseHTYjy HUXe
fenose npounna Kopa pacnagaka. HajouysaHuju npogun, ko KotpomaHa, ognunkyje ce
cnegehom 30HapHowhy: (1) cepneHTMHUT, (2) HMXKa 30HA pacnajata - AE/0OM pacnag-
HYTW CepNeHTUHNT, 1 (3) B A 30HA pacnajara - fnaTepuTncaH cepneHTUHUT (Tabena 4).
Huxy 30HYy pacnafawa KapakTepully cepneHTUHUT, Tafk, U MPUCYCTBO KBapla M MarHe-
3MTa Uy HOj Cy M3aBOjeHe ABe Nof30He: (a) Agowa - Ne-cepneHTUHUTCKA, U (6) ropkwa -
No-cepneHTUHMUTCKO-TankHa. Buwy 30Hy pacnafawa KapakTepully XemMaTwuT, X/J0puT,
TanK U NPUCYCTBO CepneHTUHUTA U HewTo retuTa. W y woj cy n3aBojeHe ase nogsoHe: (a)
oA - XeMaTUT-TaNnkK-xnoputcka, u (6) ropwa - XeMaTUT-X10pPUT-TankHa. PeHareH-



CKMM npoy4aBakiMa je yTBpheHo fa je xnoput Cr(Ne)-Tuna, T.j. Kouybejut. CepneHTun-
HWT je 60raT HUKIOM Y 06e 30He pacnafjaka a TaflK camo Y HMKOj 30HW.

PygHy hopmaynjy KapakTepuwy 3HavajHe Bapujaluje XeMunjcKOr cactaBa M cagpa-
ja pygHMx meTana y BepTMKanHum npoguauma. Mnak, Bapujayuje cpefwmux cagpxaja
pygHuMx MeTana - reoxha, HWKAa, Ko6anTa M Xpoma, Kao U cuaumumje y 6aseHy cy
penatusHo mane (tabena 1).

Cpeatn cagpxaju rsoxha n HUKNa y pyaHoj opmaumju y wect geTa/bHO UCTpa-
XEHUX NnokanuTeTa Bapupajy y cnegehum oncesuma: rsoxhe 17,70-23,00% u Hukan
0,64-0,75%, a cpefme BpegHocTu cy 21,43% Pe n 0,71% Ne. AKO ce y npopayyH YK/by-
ye N cpeaby caapXaju y pyaHoj gopmaunjn y gy6okom geny 6aceHa (bywotuHa B-1),
cpedmwn cagpxaju 3a 6aceH cy: 21,70% Pe n 0,70% No. HajHuXwu cpegkn cagpxaju u
reoxha u Hukna cy y CW pgeny 6aceHa. [ly6oku aeo 6aceHa ce OANNKYje HUCKUM ca-
ApXKajeM HUKMA 1 HajBuLW MM cagpxajem reoxkha. Hajpmwn konmyHmuk Ne/Pe - 0,036 je y
CW peny 6aceHa, a HajHmxmn - 0,028 je y gay60kom pgeny 6aceHa. ¥ ocTanum genosuma
6aceHa oBaj KONM4YHMK je y oncery 0,0031-0,032. Cpegh 1 cagpxaju Kobanta y 6 getarmn-
HO MCTpaXKeHMX nokanuTeTa Bapupajy y oncery 0,12-0,32%, a cpeata BpegHOCT je
0,023%. AKO ce y MpopayyH YK/by4u 1 cpearn cagpxaj y gybokom geny b6aceHa, cpegta
BpeAHOCT 3a 6aceH je 0,022%. HajHuxu cafgpxaj je y UICTOYHOM, a HajBULLIN Y CEBEPHOM
neny 6aceHa; f[y60Kn geo 6aceHa ce Of4NUKYje HUCKUM cagpxajem. Hajsulie BpefHOCTU
KonnyHuka Co/Ne- 0,044-0,042, cy y CEBEPHOM W jyroMUCTOYHOM, a HajHuxa - 0,017, y
jyrouctouyHom pgeny 6aceHa. Y gpyrum genosuma 6aceHa konmuHuk Co/Ne je y oncery
0,027-0,033; cpeata BpegHoOCT oBOr KonmyHuka je 0,029, Cpeawn cagpxaju xpoma y
WeCT AeTa/bHO UCTpPaXeHUX lokanuTteTa cy y oncery 0,97-1,30% a cpefta BpegHOCT je
1,16%. AKO ce y npopayyH yK/mbyun n aybokm peo 6aceHa (6ywoTtmHa B-1), oncer
cpeawux cagpxaja 3a 6aceH je 0,97-1,57% a cpefta BpeAHOCT 1,22%. HajHMXKM cpeatm
cagpxaj je y ay6okom feny 6aceHa a Hajsuwun y UCTOYHOM feny. Y ocTanuMm [efioBuMa
6aceHa cpearu cagpxaju cy y oncery 1,09-1,30%.

Cpefmwu cagpxaju cunuumje y 5 eT/bHO UCTPAXEHUX NokKanmTeTa (HegocTaje no-
faTak 3a UCTOoYHM Aeo baceHa) Bapupajy y gocta yckom oncery: 32,50-36,20%, a cpeama
BpegHoOCT je 34,17+1,60%. HajHu>ka BpefHOCT je Yy jy)KHOM a HajBuwla y CeBepHOMC-
TOYHOM feny 6aceHa. 3acTyn/beHa je, reHepasHO Yy3eB, HeraTMBHa Kopenauwuja usmehy
cagpxaja rsoxha v cunuumje.

Pacnogene pygHuUX MeTana u Hekux npatehnx efneMmeHara y BepTUKaNHUM Npounu-
Ma pyfHe opMalmje cy npoyyeHe y npouanmMa Koju penpeseHTyjy Tpu pasnmunTa gena
b6aceHa: naAnTku feo (tabena 1), ay6oku pgeo (tabena 3), u 0604HU feo (Y3 M3JaHauKy
30HYy) (Tabena 5). MpoyuaBaweM cy obyxBaheHu: Pe, Ne u Cr y cBum npodunuma, Co y
npea aga, u Mn, A6, Tj, n 51 y Tpehewm.

Y npouny Koju penpeseHTyje nnuTke penose 6aceHa (Tabena 2), pygHa dop-
Mauuja je ae6/muHe 28,80 T. Y HeHOj CTPYKTYpM 3aCTyn/beHa Cy fBa c/oja poxHaua: ao-
U je pebbuHe 2,7 T a ropwun 0,7 T. lMpema cacTtaBy ¢opmaumje, npogun Moxe fa ce
nogenn y Ba XOpu3oHTa, ucnog v mnsHag ropwer (0,7 T gebenor) cnoja poxHaua. Jowun
XOpU30HT, febeo 11,7 T, wnsrpafyjy BehHOM KOHroMepaTu U Newlyapun ca cagpxajem
00/1Ta, a Yy beMY je U HUXKN CN0j poxHaua. Fopku XOPU3OHT, AebbuHe 16,4 T, cacToju
ce YrnaBHOM 0f nellyapa v nanopaua. Y pasmatpakwy pacnofene mertana UCKbydeHa cy
oba cnoja poxHaua. Boxhe y npoguny mma cagpxaje y oncery 20,80-29,39%, a
cafgpxaju cy reHepanHo Behu y fOoweM XO0pU30HTY (24,25-29,38% npema 20,80-25-36%
y ropwem). Hukan ce ognukyje oncerom cagpxaja 0,60-1,01% a HajBMLWIKN cagpxaju cy y



LeHTpanHn genosuma npoduna. KobanT ce oannKyje WMPOKMUM OMNCErom Bapujaynja
cagpxaja: 0,015-0,360%. Mnak, Bp/io BUCOKM cagpiKaju ce Hanase caMo y ABa CermeHTa
npoguna, No jefaH y CBAKOM XOPU3OHTY U TO Y HbUXOBUM HVXUM AefoBUMa. Y oCTanm
penosmma npoguna cagpxaj Co je y oncery 0,015-0,068%. Xpom nma cagpxaje y oncery
0,36-1,83% 1 majga nokasyje Make NpaBWUIHY pacnofeny mMnak je HewWwTOo BULIE KOH-
LeHTpUCaH y LeHTpanHuMm genosmmMa npoduna.

Y npoguny Koju penpeseHTyje ay6oke genose 6aceHa (tabena 3), gebmbuHa pyaHe gop-
mauuje je 29,15 1. MNpema cacTaBy maTepujana, npodua MoXe aa ce NOLEeNN Yy TPU XOPU30H-
Ta. [lokbU XOPU3OHT, Aeb/buHe 7,7, usrpahyjy yrnaBHoM newyapu ca oonmtuma. Cpejru
XOPU3OHT, febbuHe 14,85 T, v ropwu, aebbuHe 6,6 T, M3rpahyjy yrnaBHom newyapu v na-
nopuu. F'BoXhe ce ognukyje cagpxajuma y oncery 18,19-28,42% 1 reHepanHo y3eB Hajsehu
cagpXaju cy y Aokem XOpu3oHTy (24,38-28,42%), a HaBuwe onagajy (cpeftbu XOpPWU3OHT
21,50-23,79%, ropwu 18,19-22,44%). Hukan uma cagpxaje y oncery 0,43-0,83%, ca BULLIUM
BpeLHOCTMMA Y [OHEM WU CpPefbeM XOPU3OHTY - OMNCer cajpxaja 3a ropku XOPU3OHT je
0,43-0,57%. KobanT ce oanunkyje manum Oncerom Bapujauuje cagpxaja - 0,00-0,05%, wn
reHepanHo BehOM KOHLEHTpauMjoM Yy HWKWUM fdenosumMa npoduna. Xpom nokasyje Bp/o
BMCOKe caapxaje - 0,83-2,45%), a reHepasHo Y3eB, BULLIN caapXaju cy y gorem (1,27-2,09%)
nropwem (1,31-2,45%) XOPU3OHTY; CafpXaju y LLeHTpasHOM X0pU30HTY cy 0,83-1,64%.

Y npoduny Koju penpeseHTyje ob6oaHe aenose 6aseHa (y3 m3gaHayky 30HY pyfHe
thopmaynje) npoyyeHa je pacnogena e, Ne, Cr, Mn, A3, T u 81, Kako y pyfaHoj dop-
Mauuju Tako Uy CepneHTUHUTUMA Y binXoBoj 6a3un (Tabena 6). PasmoTpuhemo cagpxaje
M pacnojeny oBUX efleMeHaTa NpPBO y PyAHOj (hopmaLmjm a 3aTUM Yy CEPNEHTUHUTUMA.

PyaHa popmauuja je gebbmHe 12,00 T 1 npema cacTaBy maTepujana Moxe fa ce no-
fenn y 3 XxopusoHTa. Jowu, gebmbuHe 2,4 T, je 60rat reoxhem, ca 00N1UTUMA, a Cpeftbu,
pebrbuHe 2,4 T, je 6oratuju CUAULMjOM; TOPHU XOPU3OHT, Aeb/buHe 7,2 T, cacToju ce
yrnaBHOM of newvapa v nanopaua a Aenom cagpxu u oonute. 'Boxhe ce y pyaHOM
npoguny ognukyje cagpxajuma y oncery 15,02-36,32%, a HajBuLLN cagpXaju cy y fOHEM
XOPU30HTY - 31,10-36,32%; y cpeateM XOPU3OHTY cagpXkaju cy y oncery 18,48-18,90% a
y ropwem (ca WCK/by4YeweMm jeAHe BpefHOCTU 3a maTpujan 6oratuju cuauumjom)
21,60-26,52%. Hukan nokasyje TpeHf pacnojene y npoguay cnmyaH rsoxny: cagpxaju
cy y oncery 0,59-1,65%), Hajsehu cy y fotbemM XOpU30oHTY (1,28-1,68%) M HewwTO BUATTTU Y
ropwem (0,59-1,18%) Hero y cpeatemM xopu3oHTy (0,76-0,90%). Xpom ce 04nnKyje cagpxa-
juma y oncery 0,82-1,68% a nokasyje Behe n cnuyHe cagpxaje y Humxem (1,28-1,68%) n
cpearem (1,38-1,65%) XOpM30OHTY; y FTOpkeM XOPU3OHTY caapxaju cy 0,82-1,40%.

MaHraH ce oanukyje cagpxajuma y oncery 0,20-0,56%, a reHepasHo Cy My BMLWIK
cagpxajun y gorwem (0,38-0,55%) u ropwem (0,20-0,56%) XOpPWU3OHTY; HEFO Yy CPeAHEM
(0,28-0,30%). Hunxun cagp>xaju Cy Be3aHmW 3a cermeHTe npoduna 6oratuje cunnumnjom. Ap-
CeH je 3acTyn/beH ca cagpxajuma 0,010-0,031% - HajBMLIK CagpXKaju Cy y LOwEM feny npo-
tuna (0,28-0,31%), a HaBULWEe reHepanHo onagajy (cpeatu xopusoHT 0,018-0,020, ropwu
0,010-0,020%. TuTaH je 3acTyn/beH y oncery Tparosun-0,50% un oagnvkyje ce make npasun-
HOM pacnofefnioMm y npoduay. Mnak, reHepasHo Cy HewWTO BULWIW cagpXkaju, u ca Behum Ba-
pujauunjama, y ropwem Xopu3oHTy (Tp.-0,50%); cagpxaju y fokbeM Xopu3oHTY cy 0,26-0,40%
ay cpeamwem 0,26-0,32%. Cunmunjym ce oa4nnKyje Bapmjaunjom cagpxkajay WMPOKOM Oncery
9,19-19,95%, wWTO je U 04eKMBaHO 360r nojaB/bUBara cnojeBa 60raTux cUNULMjom (pox-
Hau). HajHuXun cagpXxaju cy y AOkeM XOpU30HTY, 6oratom reoxhem (9,19-11,86%) a Haj-
BULUN Y CUNNLMJCKOM CETMEHTY Y FrOpHheM XOPU30HTY; Y CpeAeM XOPU30THY cagpxaju cy
16,40-17,57% ay roptem (ca UCKbYUeeM cunuumnjckor cermeHTa) 14,01-16,74%.



MpoyuyaBaHn nNpogun 0byxBaTnO je U CepNeHTUHUTE Yy NOANO3N pyLHe hopMmauuje, y
[eb6/buMHN 6 T. Uy cepneHTUHUTCKOM Npoguay cy Kao Uy pyaHoj hopmaunju npoydeHe
pacnogene Pe, No, Cr, Mn, A3, h 1 81. FBOXNC je 3aCTyn/beHO Y Npouay y cagpxajuma y
oncery 4,11-7,08% a nokasyje focTa HenpaBunaH TpeHA cnabor mopacTa Cagp)kaja 0f
HajHWXer gena npoguna (5,24%) HaBuLle; HAjBULLN CafpXaj je Y HajBuLLeM aeny npoguna.
Hwukan ce nojaB/byje y cagpxajuma y oncery 0,09-0,53% 1 nokasyje HenpaBuiaH TPeH[
pacnogene, cnM4Ho reoxhy, ca cnabum nopacTom cajpxaja of HajHUXer gena npogwuna
HaBMLLUE; MNaK, HajBMLUM N HAJHVKN cagpXaj Cy y ropwem geny npoguna. Xpom je 3acTyn-
/bEH Y YCKOM oncery cagpxaja - 0,18-0,35%, a HajBuLLM cagpXaju cy y Cpefum 1 BULLUM
fenosuma npoguna. MaHraH ce nojas/byje y cagpxajuma y oncery 0,11-0,50%, a Buwn
cagpxaju cy y ropwbum genosuma npoguna (0,43-0,50%), a 'y gowum cy 0,11-0,13%. Ap-
CeH je 3aCTyMN/beH ca cagp)kajuma y yckom oncery - 0,008-0,012%, ca HajBMWMM Cagp>Kajem
y HajBuliem feny npoguna. TUTaH je BeOMa Mano 3acTyn/beH - LeTeKTOBaH je camo Yy jed-
HOj Mpo6wu, y cagpxajy 0,009%. Cunmumnjym ce oanuKyje LIMPOKMM OMCErom cagpxaja -
15,34-27,53% un gocta HenpaBuU/IHOM PAacrofenom y npoduay: HajBuLIN U HajHUXKU ca-
LpXXaju cy y LeHTpanHoM aeny npoduna.

Cagpxaju n pacnogene enemMeHarta y npoduny ykasyjy fa CepneHTUHUTM penpeseH-
TYjy HajHU)Xe HMBOE Kope pacnajara yntpamadurta. [eHepanHa o6orahewa enemeHarta
Xnaponusatay BUWKM AenoBrMa Npoduraa ykasyjy Ha reoXxeMmnjcke npouece TUNUYHe 3a
npogune pacnagawa.

Muwwn HUBOM npoduna naTepuTCKOr pacnagara cy UAEHTUDUKOBAHU Y PeNNKTUMA
natepuTCKe Kope pacnajawa Ha UCTOM fiokanuTeTy (Tabena 4). Mpodun ce KapakTe-
pulle cepneHTUHUCAHUM MepPUAOTUTOM Y HajHUXKEM N NaTepUTUCAHUM CEPMEHTUHUTOM Y
HajBuLIEM Jeny, KOju je NpeKpuBeH 00UTCKOM pyLHOM opMaunjom. Y nateputucaHom
CepneHTUHUTY cagpxaju Ne, Cr u Mn cy Bpno Bucokn: Ne u Cr >1%, a Mn go 0,30%,
ca cnegehum KouumMjeHTMMa KOHLUEHTpaLmMje y O4HOCY Ha cafpiKaje Y CEpNeHTUHUCAHOM
nepngotuty: Ne >4,5 Cr >10 n Mn 3,7, JlaTepuTucaHun CEpneHTUHUT Ce OA4NNKYje 1 BUCO-
KUM cafpxajuma cunuumje, marHesmjyma, reoxha (Pe3h), a cagpXu M HewTO anymuHuje
(2,77%), kanunje, Pe2+(0,62% PeO) ny tparosuma h, Noe n K (tabena 6). BehuHa 0Bux
efnemeHarta je o6oraheHa y o4HOCY Ha cajpaje y CeprneHTUHUCAHOM MepuAoTUTY. Tako
HMp., AL, i n Pe3+ce ognukyjy cnegehum KoeduumjeHTMMa KoHueHTpauumje: Al 3,60, h
2,50 n Pe3+2,06, WTO je M 04EKMBAHO 300T HUXOBUX FTEOXEMUJCKUX KapaKTepucTuka, Tj.
npunagHoCTW rpynu enemeHara xugponusara. Ca gpyre cTpaHe, MarHesujym je 3HauvajHo
ocupomauwleH (KoeuumnjeHT KOHUeHTpauuje 0,73), WTO je YCNOB/bEHO TUME LWITO MO jOH-
CKOM MOTeHLMjany npunaja reoxeMmjckoj rpynu pactBopHux katjoHa (Oan§Jc, 1998).

Caapxaju pygHuUX meTtana y pyfaHoj ¢opmaumju (tabene 2, 3 n 5) ykasyjy Ha 3HaTHO
Beha ob6oraheta y pyau Hero y nateputucaHom CepneHTUHUTY, Y OAHOCY Ha cajpxaje y
CEepPNeHTUHUTY/CepneHTUHUCAHOM NepuaoTUTY. Ha TO yKasyje U XeMUjCcKM cacTaB 00UT-
cke pyge (ysopak 52, Tabena 6). OBa pyfja ce Of4AuKyje BP0 MHTEH3UBHUM oborahewem
BehuHe efniemeHaTa y nopefewy ca cacTaBOM CeprneHTUHUCAHOr MepuaoTUTa, HaApPoYUTO
Pe3t Ne, Mn, Cr, T: n Al. tbux KapakTepuwy cnegehu KoepuunjeHTU KOHLUEHTpauuje:
Pe3+ 4,47, Ne 3,28, Mn 3,92, Cr 4,00, T1 3,00 nu Al 6,72. Majaa je UHTEH3UBHMje obora-
herwe anyMUHUjyMa O4YeKMBaHO 360r TOra WTO je TUMUYAH eNeMeHT XUAPOAM3aTa, OHO je
MOX/Ja Aen0M M3a3BaHO M MPUHOCOM, TOKOM CeaMMeHTaluuje pygHOr matepujana, rimHo-
BUTUX YecTuua n3 HeyntpamauTckux nssopa. Ca gpyre ctpaHe, cagpxaju marHesnjyma
Cy 3HAaTHO, a CMAMLUNje HEWTO HMKKN Y pyan (KoeduumjeHTW KOHUeHTpaynje: M§ 0,23, 81
0,81). CAMYHM re0XeMUjCKN TPEHAOBM CYy OTKPUBEHU U KOA4 MUKpoenemeHaTta (Tabena 7).



MpoyuyaBamwa cajpxaja n pacnofene MUKpoenemMeHata cy 06yxBaTuaa CepneHTUHM-
caHe nNepupoTuTe, ABa TMNa pyfe W Heke (pakuuje oonuTcke pypne. [Ba aHanusmpaHa
Tuna pyfge cy ogabpaHa Tako Aa Penpe3eHTyjy pasnnuyuTe Xopu3oHTe pyaHe dhopmalmje -
00/1MTCKa pyAe, Ka0 penpeseHT HUXKer XOpu3oHTa pyaHe opmauuje, n nanoposuTta py-
[a, Kao penpe3eHT BuLWer XopusoHTa. Kao dpakuunje 00NMTCKe pyfe aHanusuMpaHu cy
00/IMTCKN KOHLEeHTpaT U rMHOoBUTA (pakumja (<2ju.1). Of 25 aHanmM3nmpaHux enemMmeHara
[eTEeKTOBAHO je, y HajMawe jeaHOM y30pKy, 14 enemeHaTta (Tabena 6). AHanm3npaHu cy
anun Hucy peTtektoBaHu: A§, Mo (rpaHuue getekumje 1 ppT), Oa (4), Y (6), Bj (8), ba
(10), N5 (15), 8h (32), Ccl (100), Ax (120).

OonnTucka pyfa n nanopoBuUTa pyfa ce 0A4MKYjy CKOpPO UCTUM CafpXajuma MUKpoe-
nemeHata (ysopumn 52 n 56). Y Bpno BUCOKMM cagpkajuma cy 3actynsbeHn Ne u Cr (>1%) wn
Mn (1900-3760 ppT) u BUCOKMM cagpxajuma 2n (290-350), Co, (245-290) n V (100). ¥
HUCKMM CafipXXajuma nojasrbyjy ce B (<4-26), Cn (22-37), Ph (11-32), 5¢ (16-18) wn 5r
(19-23) a Ba n 2r cy 6unu ncnog rpaHuue getekynje (Ba <6, 2r <12 ppt). Unak, oonut-
CKa pyfga (Tj. 4OHbU XOPU3OHT pyaHe hopmaumnje) O4NMKYje ce HeWTo BULWMM cagpxajuma
Mn, Cu, Ph, Ba n 2n. Ca gpyre cTpaHe, cagpxaj B je sHaTHO Buwwu (>6,5 nyTta) y nanopo-
BUTOj pyau (Tj. ropweM XOPU3OHTY pyaHe dopmaumje). Mopehewe cagpxaja Mukpoene-
MeHaTa y pyau U ceprneHTUHMUCAHOM NepufoTuTy (y3opak 45) nokasyje ga cy CKOpO CBU
[eTeKTOBaHW eneMeHTH 3HayajHo oboraheHun y pyaHoj hopmaunju, Hapoumto 2n, Cr, Co,
n Ne. Oprosapajyhu KoeduumnjeHTH KoHLeHTpaumnje (o6orahemwa) cy: 2n n Co > 11,6, Co
57, No >4,5, Cn 4,1, Mn 3,3, 5r >2,9, n V, 5¢c n Ph 2,3-2,9. Ca gpyre cTpaHe, B je jako
ocumpoMalueH (KoehuumnjeHT KoHUeHTpayuje <0,18).

O0NUTCKN KOHLLEHTpAT Ce OANIMKYje XeMUjCKMM CacTaBOM M cafpXajuma Mukpoene-
meHaTa (y3opak 52-0, Tabene 6 n 7) genom pasnMUuMTUM O OHUX KOjU PEMNpe3eHTyjy
00/UTCKY pyay. To ykasyje fa je 3acTyn/beHa ogpefjeHa pacnojena enemeHara usmehy
oonmuTa u uemeHTa (Matpukca). OonuTe KapakTepuwe n3pasnmto oborahewe n h (Koe-
huynjeHT oborahewa 4,5), n cnabnje Al (1,45), Pe2+ (1,23) n Cr (1,10) (tabena 7). Ca
Lpyre cTpaHe, HEKW efleMeHTU, Hapo4yuTO 3HauyajHo Mn a y mawoj mepu Ne n MS§, cy
KOHLEHTpUCaHn y ueMeHTy (MaTpukcy). AHann3e MUKpoenemMeHata MOKasyjy fa cy y
oonutuma Takohe o6oraheHu B, Cu, Ph, 5¢c, 5r, V, 2n, n 2r (tabena 7). Hajseha
oborahewa nokasyjy B, 5¢, u 2r, ca cnegehum kOepuynjeHtuma oborahewa: B >3,7, 5¢
2,2 n 2r >16; koemunjeHTn oborahewa 3a Apyre enemeHTe cy y oncery 1,2-1,5, Ca
apyre ctpaHe, Mn 1 Co Ccy 3HaTHO Make 3aCTyN/beHU Yy 00/IMTUMA HErO LLEMEHTY - Koe-
huynjeHT KoHLeHTpaynje 3a Mn je 0,39 a 3a Co 0,65,

FMMHOBUTA (PpaKkLmMja 00NUTCKe pyfe ce MO cagpXajuma MukpoenemeHata (y3opak
51, Tabena 7) 3Ha4yajHO pa3nuKyje of 0O/MTCKe pyAe M 00JMTCKOr KOHUeHTpaTta. lo-
pefewe 0BMX cajprkaja MokKasyje fa Cy CKOpPO CBU enemMeHTW o6oraheHn y rIMHOBUTO]
thpakumjun. Hajseha ob6orahewa nokasyjy B, 2r u Ba, ca koeuymjeHtuma oborahemwa
7,3->73 (B >73, 2r >8,3, n Ba 7,3), a 3atum Cu, Ph un 5r, ca koedhuymjeHtuma obora-
hewa 2,8-3,2; 2n, Co n 5¢c nokasyjy o6orahewa y oncery 1,2-1,9. Ca gpyre cTpaHe, gga
enemeHTa, Cr n 'V, cy ocMpomalleHmn y rAnHoBUTOj pakumnju, Cr jaye a V cnabuje - Koe-
huynjeHT KoHUeHTpaynje 3a Cr je <0,21 a3a V 0,72,

Pacnogena xpoma u3MeRly oonuTa U UeMeHTa, ca oborahewem y oonutuma y3
ocMpoMalletbe y FIMHOBUTO] (hpakuunju, ykasyje fa je XpoM y pyan yrnaBHoOM npucyTaH y
BUAY LETPUTUYHOT XpPOMMUTA.



SAK/bYYUMN

McTpaxunBawa MpukasaHa y oBoM pagy omoryhuna cy gobujarbe 6pojHUX pesyntaTa
M objallkbera Koja ce OfHOCE Ha reosI0WKM MOM0XKaAj, HAYMH MOjaB/bUBaka, MUHEPATHU
cacTaB U ONLWTe reoxemmjcke KapakTepuctuke Pe-Ne oonuTcke pyaHe opmaumje bace-
Ha Mokpe lope y 3anagHoj Cpbuju. Ha ocHoBy cBera Tora Mory fa ce m3segy cnegehu
3aK/byuliu:

- Oonutcka pygHa popmaumja npeactas/ba 6a3anHn 4eo ropbOKpesHOr CeUMEHT-
HOTr KOMMNEeKca U TPaHCTPeCcUBHO MpeKpuBa ynTpamaguTCcKu macus. Benuke mace pyge,
KOHTUHYWUTET pyaHe opMaluje U y XOPU3OHTaHOM U Yy BepTUKanHOM pa3suhy, Kao u
cacTaB pyAe yKasyjy fAa je pyaHu maTepujan HacTtao WHTEH3WBHOM €epo3ujoM Aaebennx
naTepuTCKMX KOopa pacnajaka Ha yntpamautuma v 6p3vMMm LenOHOBakeM epojoBaHOr
MaTepujana.

- PennkTun naTepuTCcKMX Kopa pacnajara y NoOAUHW pyaHe opmaumnje ykasyjy aa cy
ny noapy4jy popmupara 6aceHa Takohe 6une pasBujeHe N1aTepuUTCKe Kope pacnajara.

- CacTtaB pyaHe dopmauynje un KoepuumjeHTU KOHUeHTapumje (oborahewa)
eneMeHaTta y pyAHoj hopmaunju y OfHOCY Ha caapXXaje y CEPMeHTUHUTUMA/CEPNEHTUHU-
CaHMM NepuaoTUTMMA YKasyjy Aa (peTKu) o4yBaHU PeMKTW naTepuTCKMX Kopa OArosa-
pajy HWXUM [0 CpeArUM HUBOMMA NaTEPUTCKMX npoduna. PygHW maTepujan, HapouuTo
Y HUXXUM HUBOMMa pyAHe opmalmje, CMpaH je ca MHOTO MHTEH3WBHUje NaTepuTUCaHnX
Kopa pacnajawa o oHuX y (N03HATUM) peuKTMMa.

- MuHepanHu cacTaB pyAHe hopMmaunje 1 pacnofena pygHux meTana y py4aHoj qop-
MaLumnju ykasyjy Ha Bapujaumnje 6Mno y cactasy MaTU4YHOr matepujana, ceAMMeHTaLUOHUM
npoLecuma Uau reoXeMmjcKMM ycnoBrMa TOKOM CceauMeHTaumje u/unm gujareHese.

- TOKOM AujareHeTCKOr CTagujyma pyfaHa opmaumja je reHepanHo 6una y peayk-
LMOHMM YCNOBUMA LITO je AOBeno Ao obpasoBaka X10pWUTa, LWIAMO3UTa U HewTo Pe un
Pe-Ne cyndgupga.

- PyaHy dopmaumjy KapakTepully naTepasHe WU BepTUKanHe Bapujauuje y pacno-
[Lenn pyaHux enemeHata. OBe Bapujaumnje morne 6u ga noTudy of Bapujauuja y cagpxajy
efneMeHaTa y MaTWYHOM MaTepujany, CeAWMeHTALUOHUM MpoLecumMa, FeoXeMUjCKuM
yCNoB/MMa TOKOM TpaHCnopTa, CeaguMeHTalmje U AujareHese nan/u cneunuyHUM pasiu-
Kama y reoxemuju enemeHarta. Ctora cy 3a noysfgaHuje npoyvaBawe M 06jallmetbe 0BUX
Bapujaunja HeONXo[4Ha AeTa/bHUja FeOXeMUjCKa UCTpaXuMBarka Koja Tpeba fa o6yxBaTe u
MUKpOenemMeHTe.



