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Y fIK 55:549:550.4:553.445(497.15-18) OpHrHHajnm nayTrHH pajj

JIEBKHIUTE m P>3H 1\ OJIOBO (BOCHA): TEOJIOHIKE H
MHHEPAJIOffIKO-rEOXEMHJCKE KAPAKTEPHCTHKE

0o«
AflaMa JlaHrnha*

Jle>KHUiTe Ojiobo y CH Bochh ~Ahhh 3anaHHH jjeo 30He ca Jie*HUiTHMa Kap6oHaTHHX pyffa oJioBa y Tpnjac-

khm KpegH.ai*HMa, Koja ce npoTe>Ke Kpo3 3anasHy Cp6njy h HCTOHHy BocHy. Hana3H ce oko 3 km jy>KHo on rpa-
jia OjioBa, y flejiy KapcHe noBpuiH npoceMeHOM KaifcOHOM peKe BHoniTime. Hhhh ra 30-aK py«HHX Tejia THnH'i-
Hor acOTHor 06jiHKa, jioKajiH30BaHnx y Kpe~itaiilHMa ropH>er h cpefliter Tpnjaca n cKOHileHTpHcaHHX y 3ohh py-
»CHHe oko 6 km h UBipHHe oko 2,5 km. PyflHe >KHie ce KapaKTepHiuy 3HaHajHHM BapnpajaijHjaMa HHMeH3Hja
(fly>KHHa 0 p x 10m ;to oko 2 km, /je6JbHHa oj N x 10 cm ao n X m) a crpyKTypa hm je yrjiaBHOM cjioaceHa.
Pyfly H3rpal)yjy L(epy3HT h KaJiUHT a JiOKaJiHO, y jjejioBHMa hékhx pyffrax m ma, nojaBJtyje ce h raneHHT.
npHKa33HH cy H JIHCKyTOBaHH pe3yJiTaTH peHftreHCKHX, MHKpOCKONCKHX, XeMHjCKHX H CneKTpOXeMHjCKHX aHa-
JiH3a h npoy>iaBaH.a ca ejieKTpoHCKOM mhkpocohhom pa3JiHHHTHX THnoBa pyBe h h3otohckhx npoygaBaH>a pyjie

h okojihhx creHa.

Kjty'ime peia: jiesHiUTe uepy3HTa; Tpnjac; reojiornja; MHHepajiornja; reoxeMHja; ejieK TpoHCKa MHKpocoHna;
Ojiobo; fInHapHflIH; BocHa.

YBO3

Y uiHpoj okojihhh rpafla ojiosa y ceBepOHCTOTIOj Bochh, y ropiteM cjiHBy peKe
KpHBaje, Halia3e ce nojaBe py/(a ojioBa nepvsnTCKor rana Mei)y KojHMa je flajieKO Haj-
3naTiajHHje jieacHiHTe ojiobo. Obo NO;ipy'ije je Y cpejjiteM BeKy Shjio 3iia>iajaH pyjjapcKH
Heirrap h nponsBo”a'i "Mekor" ojioBa Koje je bcjihkhm jjcjiom H3bo>kciio Y BeHen,Hjy.

llefleceTHX ro/jnna oBora BeKa BprneHa cy nclipa>KHBan>a Man.er 06HMa y jiokhiiitv
ojiobo (Ramovié, 1957), a ojj ccjjaMjjeccTHX npHiiuio ce HHTeH3HBHHM ncTpaacHBaibHMa
KaKO CTapnx pyjiapcKHX pajjona t3ko h jjy6jt>HX jjejioBa jieacnniTa (Tadi¢ i dr., 1978;
Veljkovi¢ i dr, 1985). KaKO je VTBpbeno jja nocToje snaHajiic pe3epBe KBajiHTeTHe
pyijje, npHuuio ce npnnpeMaMa 3a eKcnjioaTaii;Hjy JioKHiirra. Mei>yTHM, y ToKy obhx aK-
thbhocth cjinb KpHBaje je nporjiameH 3a pecypc 3a Bojjocna6jjeBaH>e HH3a Hacejta

PynapcKO-reoJiouiKH cjjaKyjiTeT, KaTejipa 3a reoxeMHjy, YHHBep3HTeT y Beorpajiy, rByuiHHa 7, 11000
Beorpau. JvrocjiaBHja.
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ceBepoHCTOMHe EocHe Te ce nojaBHJia 6oja3aH jja 6h eKciuioaTannja jie>KHUiTa Moraa pa
H3a30Be Hej(onycTHBy KOHTaMHiiaipijy Boaa cjiHBa ojiobom. CTora je Mopajio j*a ce 3ac-
TaHe ca ripHiipeMaMa 3a oTBapa&e py*HHKa jiok ce He nponeHH jja jih nocToje ycjiOBH 3a
OTKonaBaibe pvjje 6e3 yrpo>KaBaiba Bojja cjiHBa Kao pecypca Bojjocna6jjeBaiba.

y niiJbv pemaBaifca npo6jieMa jia jih je Moryha eKcnjioaTainja JioKiiniTa OjiOBa y3
HCTOBpeMeHO Kopnmheihe cJiHBa KpHBaje Kao pecypca Bojjocna6jjeiiaH,a ypatjeiia je
KOMnjieKCHa reOxeMHjcK0-eK0Ji0OiHKa CTyjprja pyjjnor pejoHa OjioBa h cjiHBa KpHBaje
(Dangi¢ i dr., 1988). Y OKBHpy Te cryjmje H3Bej?ena cy h HOBa reojionika, MHHepa-
jiouiKa h reoxeMHjcKa HCTpa>KHBafta Jie>KHiirra Ojiobo. Pajj npHKa3yje pe3yjiTaTe obhx
HCTpa>KHBaH,a.

METOfIH HCTPA2KHBAHE.A

jia6opaTopnjcKa hCTpa>Khbaila.

Y OKBHpy jia6opaTopnjcKHX HCTpa>KHBaH>a HSBejjeiia Cy o;ipe})eHa MHHepajioniKa,
xeMHjcKa h reoxeM HjcKa npov'iaBaiha.

MnHepajiouiKa npoyHaBaiLa cy o6yxBaTHJia aHajiH3e peiijjreHCKe jjHflipaKHiije npa-
xa, MHKpocKoncKa npoynaBaH>a h aHajiH3e ca ejieKTpoHCKOM MHKpoconjjoM. Y peiijjren-
ckhm npoy'iaBaiLHMa iipHMeiteH je mctojj jjnjarpaMa penj(reiicKe jjHcJjpakKHHje npaxa.

neite CuKa=0,154051 h CuKP=0,15433 nm, ca saKpnBJBeHHM rpafjiHTHHM MOHoxpoMa-
TopoM, aHOfIHHM onTepehciLeM 40 kV h 32 mA, nojjpyHje 20= 5° jjo 70° h mnpHHa ko-
paKa/BpeMe Mepe&a 0,02/0.8 Isec.

npoyTaBan»a ca ejieKTpoHCKOM MHKpoconjjoM HSBcjjena cy Ha HHCTpyMeHTy JEOL
SUPERPROB 373, y Jla6opaTopnjH 3a reoxeMHjy MatjapcKe aKajjeMHje HayKa y EyflIHM-
neuiTH.

XeMHjcKa h reoxeMHjcKa npoyHaBaiLa cy o6yxBaTHJia xeMHjcKe aHaJiH3e, aHajiH3e
cajjp>Kaja MHKpoeJdieMeHaTa h H30TOncKe aHaJiH3e. Y xeMHjcKHM aHajiH3aMa npHMeiLcnH
cy KJiaciiHHH nocTyni?H h aTOMCKa ancopmjHona cneKirpo(f)o romerpnja (AAC). 3a AAC
KopnuiheH je HHCTpyMeHT PERKIN-ELMER 373. Caflpacajn MHKpoejieMeHaTa cy ojjpe-
tjeiiH MeTOflIOM eMHCHOHe ciieK TporpacjjHje. KopnmheHH cy cneKTporpacj) ca yKpmTeHOM
j(Hcnep3HjoM CTE-1, caropeBaite y njia3MH jejjiiocMepnor jiyKka h KOHTpojmcaHoj aT-
Moccjjepn (Ar+0) h Ge h Pd Kao yiiyrpaniH,H c'ianjjapjjii. Cpejjita npennsiiocT h TaHiiocT
(KoiiTpoJiHcaHa npeKO pe({)epeiiTHHX reoxeMHjcKHX c'ranjjapjja) cy 6hjinh +12%. Hsotoii-
CKe aHajiH3e cy o6yxBaTHJie ojjpehniBaifce H30TOHCKOr cacTaBa yrjteiiHKa h KHceoHHKa y
MHHepajiHMa h CTeHaMa mctojjom MaceHe cneKTpoMeTHje, a pajjene cy y HHCTHTyTy
“Joacecjj Illiecj)an” y JLy6jtaHH.

rEOJIOHIKH H METAJIOTEHETCKH I10JI()>K VJ jnOKHIIII A

Jle>KHiirre 0JiOBHe pyjie Ojiobo ce najia3H y CH Eochh, kor rpajja Ojiobo, y jjejiy
npocTpaHe KapcHe noBpuiH (najjMopcKHX bhchh3 800-850 m) Koja ce npo're>Ke ojj njia-
HHHe PoMaHHje Ka CapajeBy. Jle>Kiiiirre ce Hana3H oko 3 km jy>KHO ojj rpaj(a 0jiOBO, y
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ropibeM cjiHBy peKe KpHBaje, ofHOCHO H>eHHX cacTaBimna IjHoimime h CTyii4anHne.
llpoceTeHO je KaiLono.M peke BHonm ine Koja ce hhsbhojijio, koji ojioBa, cnaja ca cTyn-
naHHiioM jjajvhii KpHBajy.

niape riojjpy'ije jieacHiirra O jiobo w a ciiei“HcjjH'iaH reoTeKTOHCKH noJio)«aj: Hajia3H
ce y rpaiiHHHoj 3ohh yHyrpainH>HX h cnojbaiiiH>HX J*niiapiijia. FopibH jjeo cjiHBa peKe
KpHBaje, H3Haji rpajia OjioBa, ojjhociio cjihbobh BHOIHTHH;e h Oiyii'ianHHe, y KojHMa ce
Hajia3e n;epy3HTCKa opy;jH>H>a, 06yxBaTajy jjejioBe cTpyKType npa‘iancKor h jjpnncKor
najie030HKa ca oGojjom, Kao h jjeo H,eHTpajiHe ocjjHOjnrrcKC 30He /J,HnapHjia; cpejiiMi h
jjoibH jjejioBii cjiHBa KpHBaje npHna-jjajv ocjjiiojiHTCKoj 30HH (cji. 1.).

Geological Map

Index Map

3!4s

10 km

Cji. 1. TeorpacdicKa H reojiouiKa KapTaiuuper nojipy'ija pyflHor Jie*Hurra Ojiobo.
TeorpacJjcKa KapTa: 1- noflpy>ije OjioBa; 2 - pynHO Jie>SKHmTe Thcobhk.
FeojiouiKa KapTa (no C F3,1971, ynpoiuheHo): 1. KBapTap; 2. Fopiia Kpefla: Kpe'HtaiiH, hojiomhth; 3. Jy-
pa-Kpena: KliacTHTH h KpeqH>auH; 4. Jypa - ByjiKaHOreHO~cejjHMeHTHa (HHja6a3-po>KHaMKa) cjjopMaiiHja;
5.Jypa, yonuiTe; 6. yjiTpaMacf)HTH; 7. CpenH>H-ropH>H Tpnjac: jjojiom hth, Kpe'iH>aiiH, KJiacTHTH; 8. CpenibH
Tpnjac, yonuiTe; 9- BepcfjeH, yonuiTe: Kpe'utaijH h KJiacTHTH.

Fig. 1. Index and geological maps of the broader area of the Olovo ore deposit.
Index map: 1- the Olovo area; 2- the ore deposits Tisovik.
Geological map (after SGZ, 1971, simplificated): 1. Quatemery; 2. Upper Cretaceous; limestones,
dolomites; 3. Jurassic-Cretaceous: clatites and limestones; 4. Jurassic - volcanogenic-sedimentary
(diabase-chert) formation; 5. Jurassic, in general; 6. ultramafites; 7. Middle-Upper Triassic: dolo-
mites, limestones, clastites; 8. Middle Triassic, in general; 9. Werfenian, in general: limestones and
clastites.

Oj( najieo3ojcKHx CTpyKTypa ca o6ojjHMa 3acryndbeHH cy o6ojjh Koje H3ipayjy
yrjiaBHOM Kap6oHaTHH cejuiMeirrn ‘ipnjaca h jype, a Ha MajioM npocTopy (ropH>H jjeo
cjiHBa Ciyii'iaiiHiie) je 3acTynjbeH h Kap6oH jjpiiHCKor najie030HKa. Kap6oH je iipejj-
CTaBJteH cepnjoM neiii‘iapa, rJiHHan,a h Kpe'iii>aKa.
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TpHjac je npeijcTaBlheH CepPNjoM viliaBiioM Kap6oHaTHHX cejiHMeHara Kojn Npejj-
CTaBlJbajy fleo NpocTpaHe 30He /jimapcK or NpyacaH>a, ofl Bnmerpasia, Ha JH, jio Baperna,
Ha C3. Y oKBHpy 'rpiijaca sac'rvnjrene CY ()opMaH,Hje jjoiber (Tj) h cpejiiBer Tpnjaca (T2
h Hepam'uiaireiia cepnja cpeflH>er-ropifcer ipnjaca (T23). JlotbH ipnjac je iipejjcTaBjren
cepnjoM neinnapa h Kpe'iiraKa. Cpejjini 'ipnjac h cpejjibH -ropibii Tpnjac cy npejic'ran-
Tpnjaca cy KapcTHcjjHKOBaiiH h'y HHMAcy JioKajiH30BaHa nepy3HTCKa opyjjiLeH>a.

0,0H>a jypa h nepamTlJiaiLeiie j(OH>a-cpejjii>a jypa cy npejicTaBJi>ene cj)opMannjoM
Kpe'iitaKa h jiojioMHTa.

0())hojihtckh kKomnjiekc je npejicTaBJBCIi YjiTpaMa(jjirrcKHM Macama h jypcKOM jjnja-
6aj-po>KHOM c|)opMau;HjoM (ijihhhh, iieui‘iapH h pojKiiami).

llpeKo TpnjacKHX cejiHMeiiaTa h ocjjiiojniTCKor KOMnjieKca nojaBJbyjy ce cejjHMeirrn
cpejiii>e-ropii>e jype h Kpejie. Fopiba-cpejiiba jypa je npejjCTaBli>ena cepnjom Kpe'iibaKa,
jj0jioMHTa h KuiiacTHTa, jypa-Kpejja kjiacTHTHMa h Kpe'iibaijHMa h ropiba Kpejja Kpe'i-
IbaiJHMa H JJ0JIOMHTHMa.

Mnoii;eHCKH cejjHMeHTH (cepnja KliacTHTa, Kpe'iibaKa h yribeBa) h KBapTap M ajior
cy pacnpocTpaibeiba.

MeTajioreHeTCKH pejoH Ojiobo ca jiokhiiitcm nepy3HTa O jiobo iipnnajja "HiiapcKoj
MeTalioreHeTCKoj iipoBiiiinHjH 0jioBa h nHHKa h iipejjc'raBJba jjeo 30He ca JieikHiiiTHMa
u;epy3HTa Koja ce iipo'roKe Kpo3 3anajjHy CpGnjv h ncro'iiiy BocHy. Jle>KHiiiTa y 0Boj
3ohh (y Cp6njH: Thcobhk, ElocTeibe h 3aBJiaKa) JioKaJiH30BaHa cy y TpnjacKHM Kpe'ima-
i"HMa, Npe'iOKHO cy MOHOMeTajiHa, 1jepy3HT je jejjHHH hjih jjoM HiiaiiTaH MHHepali, a pyjja
ojjcycriio jaciiHjHX reHeTCKHX KapaKTepHcniKa. MeTalioreHHja h reHe3a obhx jie>SKHm~a
HHcy jom yBek pa3jamH>eHH ajiH je BepoBaTiia Be3a H3Metjy h>hx h ajmcKHX (rpnjackK Hx)
JieacHmTa Pn-Zn pyjja (JaHKOBHh, 1967).

TEOJIOFfIKE KAPAKI KPHCTHKE Il /KMnH A

Pyji;HO jiokhhitc ijepy3HTa Ojiobo ce Hajia3H y jjejiy npocTpaHe KapcHe nOBpiHH,
najjMopcKe BHCHHe oko 800-850 m, KojH je iipoce'ien KaibOHHMa peKa BHonmme h
KpHBaje.

reo.fiouiKo-cmpyKiuypne KapaKiuepuciuuKe jiejicumuia

Jbyjy y 30HH npy>Kaii>a 3-H, jjy>KHiie oko 6 km h iimpHiie jjo oko 2,5 km (cji. 2). ijjna
Tejia cy JiOKajiH30BaHa y Kpe'iibaijHMa cpe uber h ropiber Tpnjaca. flo cajja je HCTpa-
»ceHO h/hjih perHCTpoBaHO 30-aK pyjjiiHX > i.a, 'inje jjHMensHje sna'iajiio Bapnpajy: jjy-
*HHa ojjn x 100 m jjo npeKO 2 km, a jje6ji .na ojjn x dm jjon x m. MaKCHMajiHO npy-
»caibe ho jjv6hiih pyjjimx >KHija j& jjo oko 200 m. Pyjjne >KHije CY CTpMor najja h iipeTe>K-
ho CY npy>Kaiba npaBijeM CH=-J3, aliH Cy acTynjbeHH h npaBip C3-JH (jjniiapcKH) h
3-H (cji. 3). 3acTynjbeHa cy h panBaiba v ;:y'iejbaBaii>a pyjjimx >KHija - hbkojihko pyjj-
hhx >KHH,a ce y jjy6jpHM HHBOHMa cnaja ca iiajBehoM pyjjnoM >khii,om y jieacHiiny (>KHija
No. 2).
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SH1B 1IZH3EHD* SS4E 36H 7

Cji. 2. reojiouiKa KapTa pyffHor jieacnuiTa Ojiobo, ca noJioacajeM pyf(HHX peBHpa h pyflIHHX >KHija.
1 jypa-Kpena: KpemtauH H JianopijH; 2. florep-MajiM: jianopijH, tjihhuh, rpayBaKe; 3. hophhko—peTCKM
kst: KpeMH>agH H hojiomhthmhh KpeHifcai“H; 4. cpegitH-ropitH TpHjac: cnpyjtHH KpeHH>agH, bojiomhth4hh
KpeHH,aL(H; 5. jianHHHK: KpeiitauH ca pojKHa*HMa; 6. 3hh3hk: KpeHitauH h hojiomhthmhh Kpe'iH>aL(H;
7. pynHe aoiije; 8. rpaHHiia pyflHor Jie>KHiiiTa.

Fig. 2. Geological map of the Olovo ore deposit, with ore veins and deposit sections.
1. Jurassic-Cretaceous: limestones and marls; 2. Dogger-Malm: marls, shales, grauwackes; 3. Nori-
an-Retian: limestones and dolomitic limestones; 4. Middle-Upper Triassic: reef limestones, dolomi-
tic limestones; 5. Ladinian: limestones with cherts; 6. Anisian: limestones and dolomitic limestones;

7. Ore veins; 8. Ore deposit boundary.

----I68"

Cji. 3. Kohctprkthbhh npoiljHJi npeKO pyfIHHX »HLia, hctohhh fleo JieaoiiHTa O jiobo (peBnp OneKajb).

Fig. 3. Cross section over ore veins, the eastem part of the deposit (the Ocekalj revir).
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JleacnniTe y ochobh npe,ncTai>jba jeflHy CTpyKTypHy nejmny. HnaK, ns~Bojena cy 3
peBHpa, Kojn HMajy liiioc-jpvKe H33HBe, npeMa tohohhmhm3 h npeMa nojio»cajy y OKBHpy
JiOKHiirra:

(a) OueKa/b hjih uculohhupeeup.
(6) TlpZoiueeo hjih nemupaAHU peeup, h
(b) Cjiaeahb njih 3auadnu peeup,

OneKa/b hjih uciuohhu peeup o6yxBaTa HajMaH>H jjeo jieacHiirra, ann je y H>My
CKOHU,eHTpHcaH najBehn jjeo py;umx pe3epBH. OBaj peBHp je pasj(Bojeii 03 ne.Huipa.aH02
peeupa (TlpZoiueea) KaibOHOM peKe EHonrrHije. FjiaBHa h HajBeha py;iiia >KHna y jie-
5KHUITY, acHii;a No. 2, ce npoTeace Kpo3 OBa 06a peBHpa Te je npoceneHa KaifcOHOM Bh-
OIHTHIje.

y peBHpy nprouieBO Hajia3H ce, jiaKlie, 3anajiHH ,ueo >khhc No. 2 Kao h isehn 6poj
;ipyrnx py;iHHX >Kima. HeKe o;i >KHna jioimpv j;0 KarbOHa BHOHiTHii;e.

Sauadnu peeup (Cjiaean>) je HajMaite ncTpaaceH h ca;jp>KH MaH>H 6poj py;innx >kh-
n,a h MajiH jieo pyj;mix pe3epBH. 3auadnu h u,eHiupa.niiu peeup cy Mei)yco6no pa3j(BojeHH
cao6pahajHHii;oM 0ji0B0-CapajeB0.

y peBHpy O'ieKajt h hctohhom ;jejiy peBHpa npromeBo pviHie »mije cy JioKaJiH30-
BaHe Y ropire'rpiijacKHM 6aHKOBHTHM h MacHBHHM chbhm jjeTpirnnmiM Kpemi>au;HMa (ca
MerajiojjoiiHMa h HHBOJiyTHHaMa). Yy ‘iaiiajmoM jiejiy peBHpa npromeBo h Yy peBHpy Cjia-
BaH> pvjjne >Kime ce Halia3e y MaKpoKpHCTaliacTHM jie'ipirrH'iimM Kpe'iH>aijHMa (ca jiasn-
Kliaj;aii,ejaMa h jjpyniM cl)ocHJiHMa) Hcpaiii'uiaireiior cpejjH>ei' h ropiLer TpHjaca. Y pe-
BHpy (jianaii) Hsrjiejia jja ce jejina pyjma >Kima Hajia3H jicjiom y cpejjh>eTphjackhm njio-
nacTHM Kpe'in>annMa ca MyraaMa po>Kiiana.

Cmpyiciuypa pydnux uiejia

HajmiM BapHjamjjaMa jiHMeirOTia Beh h ojipeljeHHM liapnjaijHjaMa o6jiHKa h CTpyKTypa
Kao h ojjnoca npeMa okojihhm CTeHaMa.

reiiepajiHO y3eB, Mory jja ce irijiBoje cjiejiehii CTpyKTypHH THnoBH pv,n;HHX >KHiia
ojjhocho jisejioBa pyjunix >Kima:

(a) KOMnaKTHe >hijc, ca bhcokhm cajjpacajeM MeTajia (ojioBa),

(6) "pa36HjeHe"™ >«niic, ca hhckhm yKynHHM cajjpacajeM MeTalia ajiH ca sna'iajiiHM
KOHijeHTpaijHjaMa 6oraTe pyjie y ojipeljeiiHM jiejioBHMa iipoc{nuia.

(b) "HMiiperiiaHHOQIiiii" jicjiobh jKHija, ca hhckhm yKynHHM cajjp>KajeM MeTadia h ca
H3pa3HTHjHM KoiincHTpaijHjaMa MeTajia y hckom jiejiv npocjjHJia.

Pyj(He »Hije cy 'iecro cjioaceHe cTpyKType h Ha h>hxobhm npoc|)HJiHMa Mory jja ce
H3jjBoje jicjiobh (ceKTopn) ca pa'idiii'iHTHM THnoBHMa pvjie: jakO 6oraTa, KOMnaKTHa, py-
jja, jaKO 6orara Maite KOMnaK'raa pyjja, 6oraTa py/ja, cHpoMamHa pyjja, "HMnperaaijH-
ohh" THn pyjje, 33thm >kh'-ihh KajiijHT, rjiHHa h ;;po6nna ijeMeHTOBaHa tjihhom. y ;e-
JioBHMa HeKHX pyjjHHX >Kinja 6jiH3y noBpmHHe, V3 cali6aHjje, nojaBJbyjy ce MpKOKVTe
rjiiHHe.

Ha cji. 4 h 5 npHKa3aHH cy HeKH CTpyKTypHH thhobh py;jHHX Tejia na npHMepy npo-
4>HJia pyjjiiHX >KHija No. 2 (npoc|)HJi y peBHpy OneKaJt) h No. 14 (peBHp CjiaBait).
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Cji. 4. J[eTaji.HH reojiouiKH npot{)HJi pyjme acnue No. 2, xopH30HT 680 m.
1. KperitaK, 2. KpemtaK, H3JiOMJbeH, 3. hcto, ca KajnjHTckhm »HijaMa, 4. KOMajjH KpeHH>aKa qeMeHTOBaHH
KajiUHTOM,; 5. Kpe'iH.aK ca uiTOKBepKHOM MHHepajiH3aL(HjoM, 6. Kap6oHaTHa TpouiHa Maca, cjiaSnje MHne-
pajiH30BaHa, 7. pyflHa Maca, ca jjeSjtHM >KHLiaMa uepy3HTa 8. pyna, 6oraTHja, KOMnaKTHa, TaMHocHBa,
9. MpKo—>KyTa CliHHa ca Kpemia'iKOM apo6hhom, 10. nojioacaj y3opaKa.

Fig. 4. The detail geological cross section of ore vein No. 2, level 680 m.
1. limestone, 2. limestone, fissured, 3. limestone, fissured, with calcite veins, 4. limestone debbris
cemented with calcite, 5. limestone with stockwork mineralization, 6. carbonate disintegrated mass,
slightly mineralized, 7. ore mass, with thicker cerusite veins, 8. ore, rich, compact, dark gray,

9. brown yellowish clay with pieces of limestone, 10. sample position.

0.58 241 4 pb
Im

Cji. 5. J*eTajtHH reojiouikH npotd)HJi pyjiHe aome No. 14, X0pH30HT 730 m.
1. KpembaK, Hcnynao; 2. KpeMibaK, H3JioMJi>eH, ca kbjiuhtckhm >KHnaMa; 3. hcto, seJioM TpouiaH, cjiaénje
MHHepajiH30BaH; 4. urrokBepKHa pyjja, 5: pyjtHa Maca ca >KHgimaMa cHBor jio TaMHocHBor uepy3HTa, 6. Mp-
KoxyTa rjiHHa ca KOMeflHVa KpegH>aKa h KajiuHTa, 7. nojioscaj y3opaKa.

Fig. 5. The detail geological cross section of ore vein No. 14, level 730 m.
1. limestone, fissured; 2. limestone, fissured, with calcite veins; 3. the same, partly disintegrated,
slightly mineralized; 4. stockwork mineralization; 5. ore: mass with veins of gray to dark gray ceru-
site, 6. brown yellowish clay with pieces of limestone and calcite, 7. sample position.
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MHHEPAJIOIHKO-rEOXEMHJIJCKE KAPAKTEPHCTHKE

I Ipoy-ieHe cy MHHepajioniKe KapaKTepHC'iHKe, xeMHjcKH cacTaB h caflp>Kaj MHKpo-
ejieMeHaTay pyflH h H30TOncKH cacTaB py”e h npaTehnx cTeHa.

Mmiepajiornja

[lo,nau,H 0 MHHepajioniKOM cacTaBy opyijH,eita y no,npy'ijy OjioBa nojaiili,yjy ce y
pa/joBHMa Ramovica (1957), Tadi¢a i dr. (1978) h Veljkovica i dr. (1985). llo Ra-
moviéu (1957) pv/ia OjiOBa je nepvaHTCKor cacTaBa, ca HeniTO CMHTCOHHTa. Ilo Tadi-
¢u i dr. (1978) pyfly H3rpai)yjy KajinH1’h nepvsirr, MecTHVHVHO je 3acTynjfceH h rajie-
hht, HeniTO Majio caMopo/iHHX Ag h Au h jihmohht (no npcjiHHaMa); rajieiiHT ce nojaB-
Jbyje vy ii;eHTpy ii;epy3HTCKHX 3pHa h bcjih'ihhc je /jo HajBHine 50 |im.

Y OKBHpy nauiHX MHHepajiomKHX iicTpa>KHBaiba HSBefleiia cy MHKpocKoncKa npoy-
'laiiaiija, y oji6Hjenoj h nponymTeHoj cbhctjiocth, peH;jreHCKO~,gH(}jpaKHHOHe aHajiH3e h
npoyiiaBaii>a ca ejietKTpoHCKOM MiiKpocoiijiOM. y paj/y ce npHKa3yjy caMO rjiaBHHjii pe-
3yjlTaTH OBHX HCTpa>KHBaita.

MnKpocKoncKHM npov'iaBaiLHMa y3opaKa Kojn penpe3eHTyjy pasjni'iirre THnoBe
pyAe h pa3JiHHHTe py/uie >hi/c HjieHTHc}yiiKOBaiiH cy: u;epy3HT, rajieHHT nh KadiijHT. 1J,epv-
bhchocth oji rana pvjie. FaJieHHT ce nojaBli>yje caMO y ojipeijeiiHM THnoBHMa pyji;e h
3HaTajiiHje caMO y iieKHM pvjniHM >KiinaMa hjih jiejioBHMa >Kiina. yrjiaBHOM ce Hajia3H y
neirrpv uepy3HTCKHX 3pHa Koja irii pal)yjy 0CHOBHy Macy py,r(e. 3na'-iajHHje KOHii;eHTpa-
HHje rajieHHTa ce nojaBJbyjy y t3mhochbhm KOMnaKTHHM jiejioiniMa 6oraTe pvjje y He-
KHM py,HHHM-">KHU;aMa.
pa3JiHHHTHX pyo;HHX >KHi;a. Y mipt)CHO je jja ce y3 u;epy3HT y pvjtii pejioBiio nojaBJbyje h
Kajii*HT h ;ia je MecTHMHHiio, y o/jpelieHOM THny py;ie, 3acTynJi>eH h rajieHHT. y chbo-
6ejiHHacToj Tpomnoj py;iH 0;j MHHepajia onoBa sacrvnji.en je caMo nepvsirr. rajieinrr ce
iiojaiubvje y cHBon;pHoj KOMnaKTHHjoj py;(ii cnopa,rjinno h yrjiaBHOM y TparoBHMa (cji. 6,
peBHpy O'ieKajH (cji. 6, jiojie). Hcipa>i<iiBaii>a ca eneKTpoHCKOM MiiKpoconjiOM cy omo-
ryhHJia noTnyHHije jiectiHiincaibe MHHepaliHor cacTBa ojiuociio KapaK'cepiicTHKa MHHepa-
Jiay pv/iH. llpoyHeHH cy vaopijii pa3JiHHHTHX THnoBa py/ie ii H3 pa3JiHHHTHX py;niHX >Kkii-
Ha h pyAiiiix peBHpa. Ha 0CHOBy o;iroBapajvhnx ejieKTpoHCKHX cjiHKa h KapaKTcpnc-
thhhhx peii;iieiiCKHX 3paneH>a (ojioBa, cyMnopa, Kajm;HjyMa, h;hhk3 h ;ipyrnx MeTajia)
yTBp~eHO je /ja y3opKe py;ie H3rpat)yjy n,epy3HT h KajmHT, a /icjiom h rajieHHT; hh y jej"-
hom y30pKy HHcy ifeTeKTOisane KOHHeiiTpanHje oji;hocho MHHepaliH niiiiKa (nakK hh vy
y30pKy pyfle r/(e je xeMHjcKOM aHajiH30M na”eno HeKOJiHKO nponena'ra ZnO) h cpe6pa.
FajieiiHT ce iiojaB.Ji>yje y HeKHM THnoBHMa py/ie h to Yy ini/ly pejiHKTHHx 3pHa pa3JiHHHTHX
o6jiHKa h //HMeiidiija. Haj'iemhe cy raJieHHTCKa 3pHa HenpaBHJiHor 06jiHKa h Majinx /m-
MeH3Hja, ojj <1 jjo 20 “un. Mei)yTiiM, 3pHa rajieiiHTa Mory *a 6yjjy jjejioM h npaBHJiHHXx
(KpHCTajiHHX) 06jiHKa hjih h 3a06jbeH a. 'i’aKoije, jioKajiHO Mory /ja 6yj(y h Behnx /ihmch-
3Hja, h /io oko 50 [im, a cacBHM peTKo h jjo oko 200 pm. 06hhho ce nojaBJtyjy y Heir.'-pv
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Cji. 6. PeiiilU'CHCKH HHjarpaMH npaxa y3opaKa gepy3HTCKe pyflHe *ni(e NO. 2 h No. 6 (peBHp O ‘ieKajb). Tope:
pvjna »HLia No. 2, xopH30HT 680 m (y3opaK 3y Tafiejin 1). /Jpjie: py,iHa *ma No. 6, xopH3oirr 710 m
(y3opakK 6y Tafiejin 1). 1J= nepy3HT, T= rajieHHT, Hn= KaligHT.

Fig. 6. X-ray powder diffraction pattem of cerusite ore samples, ore veins No. 2 and No. 6 (Ocekalj).
Upper: Ore vein No. 2, the level 680 m (sample 3, in the Table 1). Lower: Ore vein No. 6, the
level 710 m (sample 6, in the Table 1). C= cerusite; G= galena; Cc= calcite.
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ijepy3HTCKHX 3pHa ajiH h Kao ucMCHTOBaHH ijepy3HTCKOM MacOM. K ajinH T C€ nojaBJbyje y
nyKOTHHaMa, npcjiHHaMa h uiynjbHiiaMa o06pa3yjyhH HaroM HJiaita HenpaBHJiHor 06jiHKa.
Ha O0CHOBy mhkpockoiickhx Hc[iHTHBaH,a, pcii/(rencKHX aHajiH3a, npoy'iaBan>a ca
eJieKTpOHCKOM MHKpOCOHfIOM H XeMHjCKHX aHaJlH3a npOpa'liyHaT je KBaHTHTaTHBHH MH-
Hepajionik H cacTaB y3opaKa pyae. Y Ta6ejiH 1 npHKa3aH je cacTaB y3opaKa KojH penpe-
3eHTyjy pasjiiniHTe Tiinose pyne h pa3JiHTHre py/(iie >KHJe H3 cBa TpH pyjjna peBHpa.
Tabejia 1. MHHepalioniKH catrraB y3opaica pyfle (y %).
Table. 1. Mineralogical composition of ore samples (in %).

1 2 3 4 5 6 7
li;epy3HT (Cerusite) 94.28 94.81 54.56 90.32 88.31 27.72 6.34
FajieHHT (Galena) 3.52 0.97 0.82 7.61 0.60 71.47 0.90
ZnCo03* 0.10 0.46 0.42 0.13 6.31 0.10 0.21
KajiirHT (Calcite) 1.94 3.49 43.54 184 3.38 0.68 92.19
Ocralio (Others) 0.16 0.27 0.66 0.10 1.40 0.03 0.35
YKynHO (Total) 10000 100.00 100.00 100.00 100.00 100.00  100.00

1- PyAHa jKHiia No. 1 (nprouieBo), xopH30HT:777 m.
Ore vein No. 1 (Prgo3evo), level: 777 m.
2-4 - PynHa »»ma No. 2 (OHeKajt), xopH30HTH 710 m (2), 680 m (3), 580 m (4).
Ore vein No. 2-(Ocekalj), levels: 710 m (2), 680 m (3), 580 m (4).
5-6 - PyflHa >KHia No. 6 (0>ieKajb), XOPH30HT 710 m.
Ore vein No. 6 (Ocekalj), level: 710 m.
7- Pyjma >KHijaNo. 14 (CnaBaib), xopH30HT.
Ore vein No. 14 (Slavanj), level: 730 m.
*- U;gjiOKynaH Zn H3 xeMHjcKe aHajiH3e H3pa*eH Kao ZnC03.
All of Zn from the chemical analysis expressed as ZnC03.

XeMHjcs.ii cacran

Y sna‘iajHiijHM pvjjiuiM >KHijaMa Koje cy jieTajBiio ncTpaaceHe pyjjapcKHM pajjOBHMa
cajjpacaj ojioBa y pyjjH je CHCTeMaTCKH ojjpetjHBan 3a noTpe6e ripopaTyHa pyjjHHX pe-
3epBH (Veljkovic i dr., 1985). llocToje 3HaHajHHje pa3JiHKe y cajjpacajy 0Ji0Ba He caMO
H3Mei)y py/jimx x<iina Beh h'y oKBHpy HCTe pyjnie >Kime. TaKO, y pyj(iioj >khi;h No. 2,y
peBHpy O'ieKajB, npoceHan cajip>Kaj onoBa y pyjjn je Ha X0pH30HTy 710 m 8,9% (npo-
ceHHa jje6jBHiia acnije 5,8 m), Ha X0pH30HTy 680 m 7,4% (ripoce’ina jjc6ji,niia 2,8 m) h Ha
xopH30HTy 580 m 5,1% (irpoce'ina jrc6jBHiia 6,0 m). y pyjjHoj >khh;h No. 6, Koja je 3Ha-
‘iajimje pa3BHjeiia y bhhihm HHBOHMa Jie>KHurra, npoce'ian ca/jp~caj 0jioBay 30HH nsjra-
jie6jbHiia 2,3 m). Y pyjrHoj >Krrim No. 1, y peBHpy llpromeBO, Ha xoph3ohthm3 810 m,
777 m h 765 m npocenHH cajjpacajn ojioBa y pyjin cy y oncery 2,9-3,8 % (npoce'ine jie6-
jbHHe acHije cy y oncery 3,1-4,4 m). y pyjo[Hoj acirirn No. 14, y peBiipy CnaBaib, na xopn-
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30HTy 730 m npocc'iaH caj®maj ojioBa y py/in je oko 2% (npoceHiia jiefuijnna pv/ine
acni™e je oko 3 m).

Y naimiM iicTpa>KHBaiLHMa npoylien je xeMHjcKH cacTaB y3opaKa Kojn penpe3eH-
Xyjy pasjiHHHTe THnoBe py;je h pasjiiriHTe pyjme »rnne. 3a pa3JiHKy ojj npeTXojuiHX
pedyjiTaTa Kojn npejicTaBJi.iajy ca;jp»caj ojioBa y Gpasflii Kpo3 n;eo npoc|)HJi pvjine >KHije, y
HaniHM HCTpajKHBaH>HMa cy aHajiH3HpaHH yrjiaBHOM jiedioiiH pyijiiHX >Kima ca H3pa3H-
rajoM KOHu;eHrpaniijOM kophchhx KOMnoneiiTH (6oraTa py/ia). Y TBpl)eiio je jiay cacTaB
pvjje nopeji oJioBa yjia3e h iipoMeiiJLHBe KOJiiraHiie Kajm,HjyMa, Kap6oHaTa (C02) nh cyM-
nopa a nojaBJbyjy ce y TparoBHMa h ijhiik, ajiyMHHHjym h rBoadje (Ta6ejia 2).

Ta6ejia 2. XeMnjcKH cacraB y3opaKa pyfle (y %)1.

Table. 2. Chemical composition of ore samples (in %)1.

1 2 3 4 5 6 7
2i%3 0.15 0.18 060 012 080 003 0.20
Fe20 3 0.02 0.09 006 016 060 000 006
MgO 0.03 0.05 014 000 015 000 098
Cao 1.05 190 2425 130 171 038  50.39
Zno 0.06 0.30 027 021 407 0.06 0.14
PbO 7856 7934 4561 7685 7335  23.06 5.29
Pb, sulfid. 3.04 0.84 071 452 052 6164 078
S 0.47 0.13 011 070 008 9.54 012
co2 1637 1736 2832 1605 1816 489 4174
h % 0.05 0.04 016 004 028 000 021

99.80 100.23 100.23 99.95 99.72 99.60 99.91

1-Onac y3opaKa Kaoy TaéenH 1 (Sample description as in the Table 1.)
Caflflmaj MHKpoelJieMeHaTa

C'a;ip>Kaj MHKpoejieMeHaTa je aHajiH3HpaH y BeheM 6pojy y3opaKa Kojn penpe3eH-
Tyjy pa3JiHHHTe THnoBe pvjie h pasjin‘ra're py/ine JKHije.

y Ta6ejiH 3 npHK33aHH cy pe3yjiTaTH 3a y3opKe 6oraTHje pyjje 3a Koje cy aHajiH3H-
paHH h MHHepajioniKH h xeMnjcKH cacTaB. y cbhm y3opu;HMa iiopejj ojioBa, Kao rjiaBHor
ejieMeHTa, jjeTeKTOBaira cy h 6apnjyM, XpoM, 6aKap, CTpoHii;HjyM h hhhk a caMO y iickh-
Ma oji y3opaKa h cpe6po, KaMHjyM, Ko6aJiT, MaHraH, HHKaji, h BaiiajinjyM. CeM obhx ejie-
MeHaTa aHajiH3HpaHH cy h As, B, Be, Bi , Ga, La, Nb, Mo, Sc, Sn, Ti, Y, W, Zr ajiH cy
6hjih y cbhm vBopijiiMa Hcnofl rpaiume jjeTeKijnje MCTojie.

Cpebpo je jjeTeKTOBaiio y 3 y3opKa, Y oncery caljpascaja 2-14 g/kg(ppm). Y y3op-
HHMa ca H3pa3HTO bhcokhm cajjp>KajeM radieiiHTa cpe6po HHje jiereKTO0Baiio.
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U,hhk je aac'rv'njLen y cal/jpacajiiMa ojj 560->3200 ppm. IIpHTOM, ue iioctojii Kope-
Jiaipija H3Me”y caiip>Kaja nniiKa h cajjpjKaja cyMnopa oiniociio rajieHHTa y pyjjH. KajjMH-
JjyM je ~ereKTOBaH y 3 y3opKa, y cajjp)«ajy 100-400 ppm, h to yraaBHOM y vsopniiMa ca
BHUIHM Ca”pjKajeM 1JHHKa.

TaSejia 3. Casp>Kaj MHKpoejieMeHaTa y y3opi(HMa pyne (y ppm=g/kg)l.
Table. 3. Trace element content in ore samples (in ppm=g/kg)l.

1 2 3 4 5 6 7
Ag 3 14 2 2 ) : :
Ba 170 300 64 100 110 11 28
cd - 100 440 - 110 - :
Co - 6 - - 8 - _
Cr 20 60 53 27 44 6 22
Cu 32 210 65 30 66 37 30
Mn 3 76 1600 33 860 - 2150
Ni - 37 42 - 7 - 31
Pb >1000 >1000 >1000 >1000 >1000 >1000 >1000
Sr >1500 >1500 370 440 215 52 580
Vv - - 30 - 86 - 35
Zn 560 >3200 >3200 >3200 >3200 1600 1580

1- Onnc y3opaxa Kaoy Ta6ejm 1 (Sample description as in the Table 1.)
2- Hcnoji rpaHHge HeTeKijHje; y cbhm y3opiiHMa Hcnofl rpaHHiie neTeKLiHje (Bellow detection limit;
bellow detection limits in all samples: As, B, Be, Bi , Ga, La, Nb, Mo, Sc, Sn, Ti, Y, W, Zr.)

BaKap ce nojai5Ji,yje y oncery ca;ip>Kaja 30-210 ppm. XpoM je 3acTynjbeH y oncery
0;i 6-60 PpM, a iniKaji je ;;ereKTOBaii y 4 y30pKa ca ca;;p>KajHMa 7-42 ppm.

Ca;ip>Kaj MaHraHa je y je;inoM y3opKy ncrio;; rpairnne ;rcTeKrurjc, y ocTajiHMa je y
oncery 3-2150 ppm. Baua”iijvM je rieTeK'roBaii caMO y 3 y3opKa, y ca;rp>KajiiMa 30-86 ppm,
h to Y vsopniiMa ca HajBHHiIHM ca;;p>KajHMa Maiirarra.

CTpoHn;HjyM ce KapaKTeprtme onceroM ca;rp>Kaja 52->1500 ppm a ca;;p>Kaj 6apnjy-
Ma je y oncery 11-300 ppm. 3acTynjLeHa je H3BecHa KopeliaijHja cajjp>Kaja Sr h Ba.

MinepecaiiTHoO je ;ia ce y je;iiiOM y3opKy (y3opaK 2, Ta6ejra 3) nojaBJbyjy HajBHuiH
ca;rp>KajH cpe6pa, 6aKpa, xpoMa n 6apnjvMa h bhcokh ca;;p>Kajrr Ka/iMnjvMa, Ko6ajiTa,
HHKJia H CTpOHHIljvMa.

H30TOHCKH cacsai! KIICeOHHKa H VIJI.CHHKa

AHajiH3HpaH je nsoToncKH cacTaB yrji.eHHKa h KHceoHHKa y vsopmrMa nepvaiiTCKe
pvie, KpncTajracTor Kajimrra (y3 pyjiv), okojihhx KpeTH,aKa h CTajiakTHTa y KaBepHaMa
y KpelinaiibHMa. AHajtH3HpaHO je 9 y3opaKa rrepvairrcKe py;ie, 2 y3opKa KpncTadiacTor
KaJiijHTa, 1 CTajiak THT h 6 y3opaKa Kpcirn,aKa.

Kop( n,epy3HTa, HsoToncKH cacTaB KHceoHHKa ce KapaKTepnme onceroM Bpefl[HOCTH
8 Opdb ojj (-17,38) "o (-12,42) %o, a h30TOhckh cacTas yrjbeHHKa lipeririocTHMa 5 CPDB
y oncery (-10,75)-(+1,00) %o. Ko;i scHHHor Kajnprra, iipe;;HOCTH 5180 PDB ce najiase y
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cpcjjHHH oncera )ipej(HOCTH ii;epy3HTa, a 813CPDB o/jroBapajv rpaHH"Hoj HajBHmoj (no3H-
THBIioj) BpeHOCTH Kon iiepy3HTa.

Kofl KpenaaKa, Bpej(HocTH 8 0 PDBcy neraTHBHe h nojaBJlbyjy ce y mnpoKOM once-
ry, oji (-10,29) jlio (-1,01) %o, ajin cy H3BaH oncera u;epy3HTCKHX Bpefl[HOCTH - M aite cy
neraTHBHe. BpejmocTH 8 CPDB ce npeKlJianajy ca u,epy3HTCKHM, ajin cy y y>KeM oncery,
oH (-6,23)-(+0,91) %o.

K ojj CTajiakTHTa—Kajm,HTa BpejjnocT 818 PDB je (-12,73) %0 h najia3H ce H3MeMy
Bpej"HOCTH flo6HjeiiHx 3a i~epy3HTe h Kpemi>aKe. CTajiaKTHTCKo 8 CPDB (-5,14 %o0) je y
once3HMa ispeiinocTH h 3a uepv'iirje h 3a KpegibaKe.

3HCKYCHJA H 3AKII>yMAK

JleacnmTe ojiobhc pvjje Ojiobo ce nalia3H y sanajinoM jjejiv 30He ca jioKiinrmMa h
nojaBaMa Kap6onaTiiHX pvjia ojioBa y TpiijjacKHM Kpe'iiiamiMa Koja ce npoTOKe Kpos
('14 Bocny h 3ana/piy Cpénjy.

Jic>i<Hiirre Ojiobo je JiOKajiH30Baii0 y jjejiv BeJiHKe Kapcne noBpmH, a y iieroBoj

jiiiKa ca MOHOMEeTajiHOM h cKopo MOHOMHHepajiHOM pvjioM. Pvjnie >Kime cy rpynHcane y
30HH jivMdiiie oko 6 km h iiiHpimc jio oko 2,5 km, pa3Jiiimmix cy jiHMensnja h ceKy
cTpyKType ropn,eTpiijacKHX h cpejin>eTpHjacKiix Kpe'iii.aKa. 3acTyiiJi>eiin cy pasjin'iHTH
THnoBH CTpyKTypa pyjjMHX ncnna h pvjte, oji HMnpemaii;Hja jio KOMnaKTHe h 6oraTe pvijjc.

MHHepajiomKH cacTaB pvjie je jejinocTaBaH: jjOMHiiaHTHH MHiiepajiH cy ijepy3HT h
Kajmirr, a ciiopajin‘iiio je aacTviiJijeii h rajieiiHT. HemTO Behe KOiineiiTpamije rajieHHTa
iiojaiidi>yjy ce y jjejioBHMa iiojejjniiiix pyjiHHX >Kima, h to y KOMnaKTHHjhm jiejioiiiiMa
py3e. 1JojaBJiTinan.e rajieHHTa y neirrpv n;epy3HTCKHX 3pHa Kao h y 3ao6ji>eHHM 3pHHMa
Koja Jieace y ii;epy3HTCKoj ociiobh yKa3yjy Ha ceKyHflapiio nopeKJio ijepy3HTa, ojjhociio
06pa30Baite u,epy3HTa Ha paiiyn raJieHHTa h Ha cjiOKeimje cyneprene nponece.

Pvjia ce, renepajiHO y3eB, 0j(JiiiKyje H3pa3HTo iihckhm cajip>KajeM n;HHKa, iipaKTH'i-
ho ojicvctbom rBO»cl)a ii hhckhm cajip>KajnMa HH3a MHKpoejieMenaTa. HnaK, y neKHM jje-
JiOBHMa je*He pyj~ne >KHiie (p. >k. No. 6) ca”p>Kaj i"HHKaje >1 % .Y HeKHM o~ y3opaKa ca
bhcokhm ca;ip>KajeM n;nHKa nojaBJi>yje ce h HemTO KajiMHjyMa. TeoxeMHjy KajiMiijvMa y
npHMapHHM reoxeMHjcKHM cpejimiaMa KapaK'repnme acomipan.e ca ijhiikom h iiojaBJF.n-
cycTBO KajjMnjvMa y hckhm oji y3opaKa ca bhcokhm cajjp>KajeM niiHKa yKa3yje hjih Ha
siia'iajiiHje napHjaiJ,Hje cajip>Kaja KariMiijvMa y npHMapiiHM MHiiepajiHMa H,HiiKa hjih Ha
BapHjaii,Hje reoxeMHjcKHX ycjioBa y cynepreHHM npon;ecHMa. Ha hcth na'iHii Moace jia ce
TyMaHH h ojicvctbo H3pa3HTHje Kopejiannje H3Mel)y cajip>Kaja Ag h hckhx jipyrnx
MHKpoejieMeHaTa h cajjpacaja oJioBa ojniociio rajieHHTay pyj'H.

Ol/jcvctbo rBoaclja Y pvjni yKa3yje j(@ cy npHMapHH p vjjiin chctbmh BepoBaTHO 6iijih
CHpoMamHH TBoac”™eM. llpoijecH OKCnjjannje cyJiclJH/ja ojjunjadin cy ce y jjocra cnen;H-
cJjHHHHM reOXeMHjcKHM yCJIOBHMa, paSJIH'IHTHM 0J) OHHX KQJI pyjia ca 3lia‘iajlIHM v'icm-
heM Fe-cyjic|)Hj(a (Jl,aHrHh, 1984; Dangi¢ & Dangié, 1983; 1989). Obh npoii,ecH cy
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30BaH>a h TpaHccJjopMaijHja 60KCHTa Y TpnjacKHM KpeiiH>aii,HMa y ccjnioj o6jiacira Bjiace-
iihhc (Dangi¢, 1985; 1988). MpKoxyTe rjinne Koje ce nojaBJbyjy Yy iiobpihhhckhm jjejio-
BaH>eM n,epy3HTCKe pyjje Beh npejic'i'aiiJi>ajy MaTepnjajie H3 KapcHHX jienpccnja.

H30TOncKH cacTaBH KHceoHHKa h yrjteHHKa yKa3yjy jja Cy aepvsirr, >khtihh Kajinirr
h crajiak THTH y nojj3eMHOM KapcTy Kpe'iiraKa 06pa30BaHH y cjihhhhm reoxeMHjcKHM
CHCTeMHMa. H30TOncKO0-reOxeMHjcKH CHCTeMH y Kpe'iitaiiiiMa y KojiiMa jjojia3H jjo pa3-
jihhhthx c}ja3Hiix TpaiiccbopManHja Mory jja 6yjiy jjocra KOMiuieKcira (Pinckney &

Y cjiejj ciicnHcjjH’iiioc'rii reoxeMHjcKHX CHCTeMa Yy KojHMa je 06pa30BaHO h cajja er-
3HCTHpa Jie>KHiirre Ojiobo, reoxeMHjcKa jjHciiep3Hja 0JioBa H3 pvjje Yy okojihc xiijipo-
reojiouiKe CHCTeMe je BeoMa HHCKa (J~aHrnh h jjp., 1992).
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THE CERUSSITE DEPOSIT OLOVO, BOSNIA: GEOLOGICAL AND
MINEROLOGICAL-GEOCHEMICAL CHARACTERISTICS

by
Adam Dangic¢

Olovo deposit in NE Bosnia is in the westem part of the zone of carbonate lead ore deposits in
Triassic limestones, extending through westem Serbia and eastem Bosnia. The deposit is situated 3 km
south of Olovo town, in a karst plateau traversed by the BioStica River canyon. There are more than thirty
typical vein ore bodies localized in Upper and Middle Triassic limestones and concentrated in the zone
about 6 km long and about 2.5 km wide. Ore veins much vary in size (lengths from nxD m to about 2km,
thicknesses from nxI0 ¢cm to n x m) and are complex in structure. The ore is composed of cerussite and
calcite but locally, in parts of some veins, appears also galena. Results of X-ray, microscopic, chemical,
and spectrochemical analyses, electron microprobe studies of various ore types, as well as isotope studies
of ores and surrounding rocks are presented and discussed in the paper.

Key words: cemssite deposit, Triassic, geology, mineralogy, geochemistry, electron microprobe, Olovo,
Dinarides, Bosnia.

INTRODUCTION

In the broader area of the town Olovo, in the north-eastem Bosnia, in the upper
Krivaja River watershed, appear a few occurrences of lead ores of cerusite type and the
most important among then is the deposit Olovo. The area was a significant mining
centre in the Middle Age, where "soft" lead was mined and mostly exported to Venice.

Olovo deposit was explored (Ramovié, 1957) on a small scale in the fifties of this
century. More detailed investigations were made both in the old works and deeper parts
of the deposit since the seventies (Tadi¢ et al., 1978; Veljkovi¢ et al., 1985).
Significant reserve of grade ore was proved and preparations were undertaken for mining.
However, during the preparation of the deposit for mining, the Krivaja watersched was

University of Belgrade, Faculty of Minig and Geology, Geochemical Laboratory, Djusina 7, 11000 Bel-
grade, Yugoslavia.
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declared to a water supply resource for the region of the northeastem Bosnia, and it was
feared that mining could cause unpermissible lead contamination of waters in the water-
shed. Due to that, the preparations for mining activities were stopped until an assessment
has been made of the possibble mining impact to the water quality.

To be solved the problem if possibble to mine the Olovo deposit and at the same
time use waters from the Krivaja vvatershed for water supply, a complex geochemical-
-environmental study of the Olovo ore region and the Krivaja basin was made (Dangi¢
et al., 1988). In the freame of that study, new geologgical, mineralogical and geoche-
mical investigations of the deposit Olovo were carried out.

METHODS OF INVESTIGATION

Detailed field geological, mine-geological and laboratory asseys were carried out.

Laboratory examinations included certain mineralogical, chemical and geochemical
studies.

The mineralogical studies included X-ray powder diffraction analysis, microscopic
examinations and electron microprobe analyses. The method used for the X-ray study
was X-ray powder diffraction pattems in diffractometer Philips PW 1710 APD under the
following conditions: X-ray emission of CuKa=0.154051 and CuKp=0.15433 nm, with
curved graphite monochromator, anodic load of 40 kV and 32 mA, field 20=5° to 70°,
and step width/measurement time 0.02/0.81 sec.

For electron microprobe studies, instrument JEOL SUPERPROB 373 was used in
the Geochemical Laboratory of the Hungarian Academy of Sciences, Budapest.

Chemical and geochemical studies included chemical analyses, of trace elements ana-
lyses and isotope analyses. In chemical analyses, clasical and atomic absorption spectro-
photometry (AAS) methods of analyses were applied. In AAS, a PERKIN ELMER 373
instrument was used. Trace element concentrations, were determined by the emission
spectrography method. A spectrograph with cross dispersion STE-1, buming in one-
-direction plasma arc and controlled atmosphere (Ar+O), and Ge and Pd as intemal
standards were used. The mean precision and accuracy (controlled by referent geoche-
mical standards) were +12%. The isotope analyses included determination of carbon and
oxygen isotope compositions in minerals and rocks by 'the method of mass spectrometry,
performed in the Institute "JoZef Stefan" Ljubljana.

GEOLOGICAL AND METALLOGENETIC POSITION OF THE DEPOSIT

The lead ore deposit of Olovo is located near the town of Olovo, NE Bosnia, in a
large karst plateau (altitude 800-850 m) extending from Mount Romanija towards Sara-
jevo. The deposit lies some 3 km south of the town, in the upper watershed of the Kri-
vaja River and its two confluents, BioStica and StupCanica. It is cut through by the Bios-
tica canyon which joins the StupCanica downstream atthe town of Olovo forming the Kri-
vaja River.
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The broader area of the Olovo deposit has a specific geotectonic position: it is in the
boundary zone between the Inner and the Outer Dinarides. Upper watershed of the Kiri-
vaja, upstream of Olovo, i.e. catchment areas of the BioStica and the StupcCanica, where
cerussite ore deposit is located, include parts of the Praca and the Drina Paleozoic and its
marginal structures, and a part of the central ophiolite zone of the Dinarides; middle and
lower parts of the Krivaja watershed are parts of the ophiolite zone (Fig. 1).

The Paleozoic and its marginal structures include margins dominantly of Triassic and
Jurassic carbonate sediments and in a small area (StupCanica upper catchment) of Drina
Paleozoic Carboniferous rocks. The Carboniferous time-stratigraphic unit is represented
by a series of sandstone, shale, and limestone.

Triassic unit is represented by a series of prevailingly carbonate sediments which
form a part of an ample zone of Dinaric trend, from ViSegrad, in SE, to Vare§, in NW.
The Triassic unit includes Lower (TXY and Middle (T2 Triassie formations and an undi-
vided Middle/Upper Triassic (T23) series. The Lower Triassic is represented by a series
of sandstone and limestone. Middle Triassic and Vliddle/Lpper Triassic deposits are repre-
sented by a series of limestone interbedded with dolomite. Limestones of the Middle and
Upper Triassic are karstified and bear localized cerussite mineral emplacements.

The Lower and undivided Lower/Middle Jurassic units are represented by a lime-
stone and dolomite formation.

The ophiolite complex is represented by ultramafite masses and a Jurassic diabase-
-chert formation (shale, sandstone, and chert).

Triassic sediments and the ophiolite complex are overlain with Middle/Upper Juras-
sic and Cretaceous deposits. The Upper/Middle unit consists of a series of limestone, do-
lomite, and clastics, Jurassic/Cretaceous of clastics and limestone, and Upper Cretaceous
of limestone and dolomite.

Miocene sediments (clastics, limestone, and coal series) and Quatemary have a small
distribution.

The metallogenic region of Olovo with the Olovo cerussite deposit is a part of the
Dinaric metallogenic province of lead and zinc and forms a part of the cerussite deposits
zone which is extending across westem Serbia and eastem Bosnia. Deposits in this zone
(in Serbia: Tisovik, Postanje, Zavlaka) are localized in Triassic limestones, are mainly
monometal; cerussite is either only or dominant mineral, and the ore is associated with
fractures and faults in limestones. A common characteristic of all deposits is the absence
of distinctly genetic types. The metallogeny and the genesis of the deposits have not been
explained, only their likely relation with the Alpine (Triassic) deposits of Pb-Zn ore is
hypotethized (Jankovié, 1967).

GEOLOGIC CHARACTERISTICS OF THE DEPOSIT

The cerussite ore deposit of Olovo is located in a part of the ample karst plateau, at
altitudes from 800 m to 850 m, incised by canyons of the BioStica and Krivaja Rivers.
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Geological-Structural Characteristics of the Deposit

Olovo deposit is composed of typical vein ore bodies in a zone extending W-E,
about 6 km long and up to 2.5 km wide (Fig. 2). Ore bodies are emplaced in Middle and
Upper Triassic limestones. Some thirty ore veins, varying in size: lengths from n x100 m
to over 2 km and thicknesses from nxdm to nxm, have been explored and/or registered.
Ore veins reach a maximum depth of about 200 m. All the veins dip at high angles and
prevailingly strike NE-SW, or NW-SE (Dinaric trend) or W-E (Fig. 3). Forking or con-
fluence in deep levels of several ore veins with the main vein of the deposit (vein No. 2)
are also present.

Essentially the deposit is structurally wholesome. Nevertheless, three fields are dis-
tinguished, each double-named, on the toponymy and the position in the deposit:

(a) Ocekalj or Eastern Field;
(b) PrgoSevo or Central Field; and
(c) Slavanj or Western Field.

Ocekalj or Eastern Field covers the smallest portion of the deposit, but it has the
highest ore reserve concentration. It is separated from the Central Field (PrgoSevo) by
the BioStica river canyon. The main and the largest ore vein in the deposit, vein No. 2, is
extending through both fields and is cut by the BioStica canyon.

PrgoSevo Field includes westem half of vein No. 2 and many other ore veins. Some
of the veins reach the BioStica canyon.

Western Field (Slavanj) is least explored and includes a smaller number of ore
veins and a small part of the ore reserve. The Western and Central Fields are separated
by the Olovo-Sarajevo road.

Ore veins in Ocekalj and eastem part of PrgoSevo Fields are located in Upper Trias-
sic thick-bedded or massive gray detrital limestones (containing megalodons and involu-
tinae). Ore veins in westem part of PrgoSevo and Slavanj Fields are emplaced in mega-
crystalline detrital limestones (bearing dasyclads and other faunal remains) of undivided
Middle and Upper Triassic time-stratigraphic unit. An ore vein in Slavanj Field seems to
be partly in Middle Triassic flaggy limestones with chert nodules.

Structure of Ore Bodies

Ore bodies of the Olovo deposit are typical veins characterized not only by signi-
ficant variation in size but also in shape and structure and in relation to the surrounding
rocks.

Generally, structural types of ore veins or parts thereof are the following:

(a) compact veins, high in metal (lead) coneentration;

(b) broken up veins, low in total metal concentration but containing significant
metal-high ore concentrations in certain parts of the profile,

(c) impregnated portions of veins, low in total metal concentration and notable metal
concentrations in some part of the profile.
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Ore veins are often complex in structure and in their profiles sectors can be divided
of different ore types: very rich, compact, ore; very rich less compact ore; rich ore; poor
ore; impregnated ore; then, vein calcite, clay, and detritus in clay cement. Brown-yellow
clay, in addition to saltband, occur in parts of some subsurface veins.

Figures 4 and 5 show some structural types of ore bodies in case examples of ore
vein profiles 2 (in OcCekalj Field) and 14 (Slavanj Field).

MINERALOGICAL-GEOCHEMICAL CHARACTERISTICS

Mineralogical characteristics, chemical compositions, and concentrations of microele-
ments in ore, and isotope compositions of ore and associated rocks were studied.

Mineralogy

Information about mineral composition of mineralization in Olovo area is published
in contributions by Ramovié¢ (1957), Tadi¢ et al. (1978), and Veljkovi¢ et al.
(1985). Ramovic¢ (1957) reports Olovo ore as cerussite, with some smithsonite. This ore
is described by Tadi¢ et al. (1978) as composed of calcite and cerussite, locally also
galena, and some native Ag and Au and limonite (on cracks); galena is occurring
centrally in cerussite grains and reaches size of 50 |am at the most.

Our mineralogical study includes microscopy, in reflected and transmitted lights,
X-ray diffraction analysis, and electron microprobe examinations. Only major study re-
sults are presented in this paper.

Microscopic study of samples representing various ore types and ore veins identified:
cerussite, galena, and calcite. Cerussite and calcite occur in various proportions in all
types of the ore depending on the ore type. Galena occurs only in certain ore types and is
significant only in some ore veins or their parts, mainly in centres of cerussite grains
which form the groundmass of the ore. Significant galena concentrations occur in dark
gray compact portions of rich ore in some of the veins.

Samples of various types of ore, from each field and different ore veins, were X-ray
examined. Cerussite and calcite were identified in all ore samples, and galena locally in a
certain ore type. Gray-whitish friable ore of lead mineral contains only cerussite. Galena
occurs in gray-black more compact ore sporadically, mainly in traces (Fig. 6, upon); it is
significantly higher in compact parts of an ore vein (No. 6) in Ocekalj Field (Fig. 6,
down).

Examinations with electron microprobe allowed a better defmition of the mineral
composition or mineral properties in the ore. Samples were studied of a variety of ore
types from different ore veins and mine fields. Respective electron images and charac-
teristic X-ray emissions (lead, sulphur, calcium, zinc, and other metals) showed that ore
samples consisted of cerussite and calcite and partly galena; no concentration of zinc
minerals (even the ore sample in which few percents of ZnO were found by chemical
analysis) or silver were detected in any sample. Galena occurs in some ore types in the
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form of relict grains varying in shape and size. The commonest galena grains are irregu-
lar in shape and small in size, from <1 to 20 fim. However, some galena grains may be
of regular (crystal) form or rounded as well. Also, they may be locally larger, up to about
50 |_im, or rarely to 200 |im. These grains usually occur in centre of cerussite grains, or
cemented in cerussite mass. Calcite occurs in fissures, cracks, and cavities in assemblages
of irregular shape.

Microscopic examinations, X-ray analyses, electron microprobe studies, and chemi-
cal analyses were used to calculate the quantitative mineral compositions of ore samples.
The compositions of samples representing various ore types and different ore veins from
all three fields are summarized in Table 1

Chemical Comnosition

In significant ore veins explored in detail from mine workings, lead concentrations in
ore were consistently determined for an estimate of the ore reserve (Veljkovi¢ et al.,
1985). Lead concentrations varied both between ore veins and within the same vein.
Thus, in ore vein No. 2, OcCekalj Field, average lead concentration in ore at level 710 m
was 8.9% (average vein thickness 5.8 m), at level 680 m 7.4% (average thickness 2.8 m),
and at level 580 m 5.1% (average thickness 6.0 m). In ore vein No. 6, which is well
developed in upper deposit levels, the average lead content in the zone of outcrops was
6% (average vein thickness 5 m), and at level 710 m 8.7% (average thickness 2.3 m).
Ore vein No. 1 PrgoSevo Field, contained lead between 2.9% and 3.8% on average at
levels 810 m, 777 m, and 765 m (average vein thicknesses within range 3.1-4.4 m).
Average lead content in ore vein No. 14, Slavanj Field, at level 730 m was about 2%
(average vein thickness about 3 m).

In the reported investigation, chemical composition was studied on samples which
represented different ore types and ore veins. In contrast with earlier results, which gave
lead concentrations in a furrow through the ore vein profile, we analysed principally parts
of ore veins with higher valuable component concentrations (rich ore). It has been found
that ore composition includes, besides lead, variable amounts of calcium, carbonate (C02),
and sulphur, and zinc, aluminium, and iron in traces (Tab. 2).

Microelements

A large number of samples representing various ore types and different ore veins
were analysed on microelement concentrations.

Table 3 gives the analytical results for rich ores analysed for mineralogical and
chemical compositions. Besides lead as the essential element, also baryum, chromium,
copper, strontium, and zinc were detected in all samples, and silver, eobalt, manganese,
nickel, and vanadium in some of them. In addition to these elements, As, B, Be, Bi, Ga,
La, Nb, Mo, Sc, Sn, Ti, Y, W, Zr also were analysed, but they were below the method's
detection limit in all samples.
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Silver was detected in three samples within the concentration range 2-14 ppm. It
was not detected in samples with notably high galena.

Zinc was contained between 560 ppm and 3200 ppm or more. Zinc and sulphur or
galena concentrations in ore were not correlative. Cadmium was detectedin three
samples, between 100 ppm and 400 ppm, mainly in samples with increased zinc.

Copper occurred within the range 30-210 ppm. Chromium was contained within
6-60 ppm, and nickel was detected in four samples by 7-42 ppm.

Manganese content in a sample was below the detection limit, and in others within
the range 3-2150 ppm. Vanadium was detected only in three samples, contained within
30-86 ppm, in samples with the highest manganese.

Strontium varied between 52 ppm and 1500 ppm or more, and baryum between 11 ppm
and 300 ppm. Concentrations of Sr and Ba were correlative to some extent.

It is interesting to note that a sample (No. 2, Table 3) had the highest amounts of
silver, copper, chromium, and baryum and high cadmium, cobalt, nickel, and strontium.

Isotope Compositions of Oxygen and Carbon

The isotope compositions of oxygen and carbon were analysed in samples of cerus-
site ore, crystalline calcite (associated with ore), surrounding limestones and stalactite in
limestone cavem. The analysed number of samples were: 9 of cerussite ore, 2 of crystal-
line calcite, 1 stalactite, and 6 of limestone.

In cerussite, the isotopes of oxygen and carbon were contained within the ranges
§180pdb from (-17.38) %o, and SAC~ from -10.75 to (+1.00) %o, respectively. In vein
calcite, 5'aObib values were in the middle of cerussite range, and those of 51C[b equi-
valent to the highest (positive) value in cerussite.

In limestones, 513 Kb values were negative and varied within a wide range, from
(-10.29) to (-1.01) wo, but were beyond the range of cerussite values - they were less
negative. Values of SAC”" overlapped with those of cerussite, but varied within a narrow
range, from (-6.23) to (+0.91) %o.

The S*Opj,, value for stalactite-calcite was (-12.73) %o, between the values obtained
for cerussite and limestone. Stalactite SA*C”" (-5.14 %o0) was within the ranges for both
cerussite and limestone.

DISCUSSION AND CONCLUSION

The lead ore deposit of Olovo is located in the westem part of a zone of carbonate
lead ore deposits and occurrences in Triassic limestones which is extending through NE
Bosnia and westem Serbia.

Olovo deposit lies in a part of a large karst plateau, surrounded by various geo-
logical formations of Paleozoic, Jurassic, Cretaceous, or Tertiary age. The deposit consists
of some thirty ore bodies, typical veins, with monometal and almost monomineral ore.
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The veins are grouped in a zone of about 6 km in length and about 2.5 km in width,
vary in size and traverse Upper Triassic and Middle Triassic limestone structures. The ore
veins and ore vary in structural type from impregnations to compact rich ore.

The mineralogical composition of ore is simple: cerussite and calcite are dominant
minerals, and galena is sporadic. Slightly higher galena concentrations occur in compact
parts of individual veins. Galena occurrence in centres of cerussite grains and in rounded
grains which lie in cerussite mass indicate the secondary derivation of cerussite, or its
formation at the account of galena, and the more complex supergene processes.

Generally, the ore is characterized by very low zinc, virtual absence of iron, and low
contents of many microelements. Still, in some parts of a vein (o.v. No. 6) zinc is
contained by >1%. Some samples with high zinc contain low cadmium. Cadmium
geochemistry in primary geochemical media is characterized by its association with zinc
and occurrence in zinc minerals (replacing it in the crystal lattice) (Dangi¢, 1983). The
absence of cadmium in some of samples with high zinc indicates either a significant
cadmium variation in primary zinc minerals or variation in geochemical conditions of
supergene processes. Similar explanation will apply to the absence of good correlation
between the concentrations of Ag and some other microelements and lead or galena in
the ore.

The absence of iron in the ore indicates the likely poverty in iron of the primary ore
systems. Sulphide oxidation processes operated under quite specific geochemical con-
ditions, different from those in ores with the appreciable portion of Fe-sulphides (Dan-
gi¢, 1984; Dangi¢ & Dangic¢, 1983; 1989). These processes also operated under dif-
ferent geochemical conditions in relation to the processes of bauxite formation and trans-
formation in Triassic limestones of the neighbouring Vlasenica region (Dangi¢, 1985;
1988). Brown-yellow clays that occur in surficial parts of some ore veins, in saltbands,
are not genetically related with cerussite ore formation, but are a material from karst
depressions.

The isotope compositions of oxygen and carbon indicate similar geochemical systems
of derivation for cerussite, vein calcite, and stalactite in subsurface limestone karst. The
isotope-geochemical systems in limestones which involve various phase transformations
can be quite complex (Pinckney & Ray, 1972), and for more reliable conclusions
further investigations will be required.

Because geochemical systems are specific in which Olovo deposit was formed and
has existed, geochemical dispersion of lead from the ore into the neighbouring hydro-
geological systems is very low (Dangi¢ et al., 1992).
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