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YJ1K 551.24.031:553.06(497.11-11) OpnrHHajiHH HayHHH pa«

IHAJIEOTEKTOHCKO-MArMATCKH nPOHECH KAO
nPE~ACJIOBH MHHEPAJIH3AHHJE Y
KAPNATO-BAJIKAHHAHMA HCTOHHE CPBHJE

ofl
Opejipara HnKOJiHha* h CjioGoflana liop”eBHha

M ctjyco6na yc.ioBJbenoc'r h n0Be3aHOCT tcktohckmx h MarMaTCKHX nponeca y KapnaTO-
-SajiKkaHH”"HMa HCTO'iHe Cp6nje jiajia je SpojHe MHHepajiH3aiiHje, Kao h 3HanajHa jiex<HmTa MeTa-
jiothhx opy;;H>en,a. HaKO ey TeKTOHO—MarMaTCKH npouccH y obom ;(ejiy CpSHje 3aiio>iejiH jorn y
npeKaM6pHjyMy h Kpo3 BHme o;icjihthx (}ja3a TpajajiH ;io caBpeMeHor CTaffaa y pa3Bojy jiHroc(()cpe,
HajBehn 3HaHaj HMa ajmcKH TeKTOHO—MarMaTCKH HHKlJiyc. Y obom i(HKJiycy cy Hacrajia 6pojHa Jie-
*HHiTa 6aKpoHocHHX, ojiono HHHKaHHX h upyrHX MHHepajiH3aLiHja o;i eKOHOMCKor 3Ha>iaja.

K.ILVIHC peiH TeKTOHCKH HHKJiyCH, MarM3TH3aM H MHHepajlH3ailHje, THNOBH JIOKHLHTa, XH;jpOTep-
MalJiHH npoi;ecH, MeTajiHHHe MHHepajiH 3aiiH je.

reociiHKJimiaJiHH npocrop KapnaTo-6ajiKaiiHfla HCTonne Cpé6nje, ’ihjh je
pa3Boj 3anoneo y HpeKaM6pHjyMy, ojjBHjao ce Bpjio hhtchshbho: pa3HOBpcna
ce/[HMeiiranHja, 'iccth iipeKHj(n h o6HaBJbaH>a, npoMeHe y najieoreorpacjjcKOM h
6aTHMeTpHjcKOM CMHCliy h jipvra 36nBan>a, npaheHa cy ‘iccthm h iio jaHHiiH
pa3JIHHHTHM TeKTOIICKHM HpOHCCHMa H MarMaTCKHM 3KTHBHOCTHMa y Hlljoj Cy
cJ)yHKHHjn h nojaBe 6pojHe MHHcpajiHsaiiHje h jjanac no3HaTa Jie>KHiiiTa MeTa-
ycjioBHMa crajiHe HSMeiiJbHBOCTH ycjioBa h pe>KHMa cejiHMeiiTanHje, napajiejiHO
hjih yjipy>KeHo ca iKHMa HacrrajajiH cy 6pojHH h jic6cjih BVJiKanoreno-cejiHMeiiTiin
KOMnJieKCH, hjih, nak jacHO jincjicpcnnnpaiin ByjiKaHCKH iipojiyKTH, a ‘'iccto h
M3H>H h Behn HHTpy3HBH, Kao iiaj'ieinhn iiocnonn MerrajiH'iHHX MHiiepajiH3aii;Hja.
MaiMaTCKe HHTpy3Hje h ec})y3nje cy jiobcjic jio nojaBe MarMaTCKHX Tejia CKopo
cbhx THnoBa Mai'MH - 0jj KpajH>e KHcejiHx, jio Kpajn>e 6a3H'iiiHX npejiCTaBiiHKa.

H hcthtjt 3a perHOHajiHy reonorHjy h iiajieoiiroJiorHjy PyaapcKO-reolJiouiKor cjiakViiteTa,
YHHBep3HTeTa y Beorpav, Ka.MeiiH'ika 6, Beorpa;;,

TexHH'iKH cjjakyjrreT Y Bopy, Bop.



hhm cpe"HHaMa, ajiH yBeK Kao yBOfl y TeKTOHCKa 36HBaKba, hjih Kao npaTHJiaii
hcthx, y3 ‘'iecTa 3aKacHejia 36iiBaiba Ha Kpajy TeKTOHCKHX nponeca. Y HCTO'iiioj
C'p6iijii 3Ha'iajna npocTpaHCTBa 3axBaTajy MarMaTCKe rjiopMaiinje pa3HHX THnoBa,
Koje cy H3BpniHJie MeraMopc}iHe npoMeHe ce/"HMcnaTa, na h MarMaTCKHX CTeHa
CTapiijnx KoiicojiHjianHja, TaKo jia cy ecj)eKTH MarMaTCKe aKTHBiiocTH y obom jiejiy
3eMlJi>e 'iem hii nero y ,npyriiM jiejioBHMa eBponcKor KoiiTHHeHTa.

ITOBE3AIIOCT HMETiyCOBHA VC.IOK M'"HOCT TEKTOHHKE,
MAI MATH3IMA H MHHEPAJIH3AHHJE KP03 BPEME HnPOCTOP

Ilpov'ianaiba tcktoiickhx h MarMaTCKHX nponeca, a ¢ thm y Be3H h MHHepa-
JiHsamije Ha TepeHHMa hcto’iiic Cp6nje nejjBocMHCjieno yKa3yjy Ha Meljycobiiy
noBe3anocT h ycjioBJLeiiocT, rjje no npaBHJiy najnpe j(OlJia3H jio tcktohckhx
noKpeTa h H3MeHa craiha y Kopn, a 3aTHM, jjo npojjopa MarMe, Koja iieiiocpejiiio
hjih iiocpejnio BpiiiH MHHepajiH3aii;Hjy y CTeHaMa ¢ KojHMa je y KOHTaKTy hjih Kpo3
Koje ce npo6Hja. flpeMa TOMe, CBa ipn iiOMeHyTa npoijeca y JiHTOc”epn HHHe
jejJHIICTIIO aKTHBIIOCTH KOjll Ce H3 M3HTII3 npeHoce na Kopy Hy H>oj JIOBQJie JO
3HaHajHHX H3MeHa cTatba.

<J>opMHpaite eiijjoi ciiHX JioKHiirra MHHepajiHHX ciipoBHiia raKolje je yclioB-
JbeilO BpCTOM Il HIITeH3HTCTOM TeKTOHCKe H MarMaTCKe akKTHBHOCTH. Mo)Ke ce
CMaTpaTH jia tcktohckh pcKHM nperxoj(H nojaBaMa MarMaTH3Ma h opyij(ii>eH>a,
jep Y npBOM pejiy oMoryhaBa npojjnpan.e MarMaTCKHX pacTona h pyj(onociiHX
pacTBopa Ka 3 eMli>iinoj noBpniHHH jiv>k pa3JioMHHX jjeffopMannja pasjiH'iirror th-
na. Pa3MeuiTaj Jie>Kiiurra MHHepajiHHX cnpoBHiia eimorenor nopeKlia no;jiHH>ana
ce, npe CBera, TeKTOHCKoj h MamaTCKoj kohtpojih, Koja ce MaiiH(jec'iyje Ha
pasjiHHHTe na'imie, a y 3aBHCHOCTH ojj reHe3e JiOKHiirra. To yKa3yje Ha noBe3a-
hoct TeKToiiHKe, MarMaTH3Ma h opyjin>eifca ¥ najuiHpiiM OKBHpHMa, y3HMajyhn y
063Hp h (JjaKTop BpeMeHa.

llIpHMep y3ajaMHHX ojjHoca h noBe3aiiocTH TeKToiiHKe, Mai MaTH3Ma h opyj;-
H>eHa 6aKpa XHjipoTepMajmor iiopekJia nocTojn y THMOHKoj MarMaTCKoj o6acTH
KapnaTO-6alJiKaiiHjja hctohhc Cp6nje. IlocTaHaK XHj*poTepMajiHHX 6aKpoHociiHX
pa Kojn HMajy v/jejia npn npocTopnoj JioKalJiHsannjn opyj(n>en>a. Onjie, npe cBera,
jjojiasii jjo H3pa>Kaja yrnnaj TeKTOiicKiix (cipyKTypiiHx) h MarMaTCKHx (J)aKTopa,
npn ‘ieMy anH oTBapajy nyTeBe 3a npojjop MarMaTCKHX pacTona h H3JiHBan>e
reHeTCKH cy y Be3H ca j[H (j)epennHjannjoM ipaiiHTOHjiHe MarMe n itciiom kohco-
jinjianHjoM y bnjiv NJiyTOHHTa n jjajKoisa 3a BpeMe siapaM Hjcke n niipHiiejcKe (j)ase
ajincKke oporeHe3e. Kpe'raite XHflpoTepMalJiHHX pacTBopa Ka noBpniHHH hoboj*h
jjo noc'raHKa 30He xHj(po'repMajmo H3MeH>eHHX ByjiKkaHHTa h ByjiKaHOKJiacTHTa h
flo jjenonoBaifea pyjjHHX MHHepajia, Tj. (J)opMHpaH>a JieacnuiTa 6aKpa MacHBHO—
-cyji(j)Hjuior h iirroKBepKiio—H M iipemanHOHor THna.

H3pa»ceHa flyroTpajnocT j;ejioBaii>a t6ktohckhx noKpeTa y THMonKoj Mar-
MaTCKoj o6jiacTH ynyhyje na 3aKlJi>y'iaK jja ohh iipej(CTanji>ajy ochobiih y3poK
nojaBe MarMaTH3Ma h MHHcpajiirianHjc. Kojj oj/noca H3Mel)y TeKTOHHKe h Mai Ma-,
TH3Ma ‘'ianaaca ce juipeK'nia n0Be3aHOCT ca pa3JioMHHM nopeMehajHMa, jep ce jiv>k



h>hx Bprne KaKo H3JiHBaH.a, TaKO n yrHCKHBaiF,a MarMaTCKor MaTepnjajia. Cjin'inn
of[HOCH n0Be3aHOCTH nocToje H3Me”y opyfliteiba h MaitHX pace”a njin pacejjHHx
30Ha, Koje OMOryhaBajy KpeTaihe py*oHocHHX XHjipoTepMajniHX pacTBopa n jieno-
HOBaite py"HHx MHHepajia. Be3a opyjpfceu>a n MaraaTH3Ma nocpefl[HO ce MaHH-
ct)ec'iyje npek 0 nocTojaifca xnnpoTcpM ajiii() H3MeiteHHX 30Ha ByjiK3HHTa n ByjiKa-
hokjiacTHTa y KojHMa cy CMeuiTeHa 6aKpoHocna jioK Hiirra h py;ina Tejia.

TeKTOHCKH iiponecii cy cBoje aKTHBHOCTH HcnojtaBaliH y o”peijeiiHM Bpe-
MeHCKHM HHTepBajiHMa, Kojn cy ce cMeibHBajiH ca HHTepBajiHMa cjiabHX noKpeTa
hjih (J)asaMa pejiaTHBHor Miiponaiha. Y pa3Bojy JiHTOccl)epe iisjiBajajv ce ‘ieTiipii
KpynHe oporeHe3e (TeKTOHCKa nnKlivca), 'inja je aKkTHBHOCT HMajia pai'H OiiajiHO -
-njiaHeTapHH KapaKTep. MHTCIiriHTCT iiponeca, uiHpHHa 3axBaTa h CTeneH jiecjiop-
MaijHja paiinjHX crpyKTypa y liirroccfiepn imcy HCTOBeTim kojj cbhx niiKJivca.
HnaK, CMaTpa ce j(a je najMiialjH tcktohckh HHKIJiyc, no3HaT Kao ajincKa opore-
ne3a, HajHHTeH3HBHHjH, HiHpoKO paciipoctipaifceii h ca HajBehHM CTeneHOM jje-
cJ)opMannja y paHHje HacTajiHM CTpyKTypaMa, imje jiejioBaite jjobojjh jio KpymiHX
npoMeHa y pacnopejiv Konna h Mopa, Kao h Yy npcKpajaii,y CrapnX h cTBapaifcy
iiobhx cTpyKiypa y 3eMJfcHiioj KopH. OBe KoncTaTaHHje cy jjoopiiM jjcjiom pelie-
BaHTHe, H3Mery ocTajior h 360r HHifcciinne jia cy ec})eKrri CTapnx tcktohckhx
oporene3a jiectiopMHcaiin h iipecTpvK-ivpiipaini, ajni h 36or MHibeiiiiHe jja cy
HOCligjiHiie TaKBHX jiejioBaH,a iiaj'ieinhe MacKiipane MJia®HM iioKpiina‘ieM h
Mlia"HM CTpyKTypaMa. C Te crpaHe iiajHeH3BecHHja je TeKTOHCKa aKTHBHOCT
iiajcTapnje TeKTOiicKe oporeHe3e, no3iiaTe Kao 6ajKajicKa oporene3a. Kako OBa
oporene3a najia y npenajie030jcK0 BpeMe, 'iHjii ce npojiyKTii cejuiMeirrannje hjih
ne imjje, hjih cy caMO jiejiHMH'iiio npncyTHH na noBpmHHH 3eMJbe, a iipn TOMe
naj'ieuihe ’‘ipaiic(tjopMHcaiin y MeraMopcJ)He CTeHe (niKpHJlbHe) y KojuMa je MaTe-
pnja Kpajite H3Meii,eiia, a diochjihh cbct (aKO ra je h 6hjio) n0TnyHO yHHUITeH, ro
je cxBarjpHBO Jia cy iipoyHaBaiba najcTapHjHX ~ejioBa JIHTOCc))epe (cac'TaB h
CTpyKType) Jiocra iieiiovsjiana. ()iyjia h miioio npo6jieMa h pa3HHX o6jamibeiba
o;(pet)eniix elieMeHaTa pa3Boja jiHToc4)epe y npenalie030jcKOM flo6y, na h
noHeTKOM caMor najie030HKa.

llpBa h iiajcTapnja oporeHe3a sano'iejia je, npeMa MHiujbeiby BehHHe HCTpa-
»<HBa'ia, Her*e noneTKOM hjih cpejjHHOM npoTeposoHKa, a Tpajajia je jjo Kpaja
iipckaM6pHjyMa ca MoryhHM HacTaBKOM y cTapnjeM najie030HKYy, ojuiocho KaM-
6pnjyMy. lhoj ce npHiiHcyje yjioia CTBapaiba npBHX KoniieiiHX Maca y cacTaBy
jiIHTOccJ)epe, Kao h nojic'i'Hiiaj 3a CHa>Kiia MaraaTCKa KpeTaiba na iimpeM npo-
cTpaHCTBYy HOBOHacTajiHX reocHHKHHHajia. THMe cy TeKTOHCKa KpeTaiba jjoBejia
jio cTBapaiba npBHX cTpyKiypa y JiHroc(J)epH, npoMeHa craiba h ojuioca y iboj,
Kao h CTBapaiby pa3JioMimx nyTeBa 3a MaraaTCKy 3kthbhoct Ha iunpeM npo-
cropy y thm cTpyKrypaMa. KaKO cy (Jiasv cejiHMeirrannje nparajia h ojiroiiapa-
jyha TeKTOHCKa KpeTaiba h nojaBa iiojibojhihx pa3JioMa, to je pa3yMJbHBO jia cy ce
y ;iy>KCM TOKy BpeMeHa sajejuio ca cejjHMeirrHMa jjeiioiioiiajie 3iia'iajne Mace
MarMaTCKHX iipoj(yKa+a, y HOHeTKy iipcroKiio e(J)y3HBHor KapaKTepa. Kao nocjie-
juma t3kbhx es6)HisaH>a jaBJbajy ce iiairiMCHH'iiia Tajioaceita cejuiMenTiior h Byji-
KancKor MaTepnjajia, ojjiliocho 6pojne cepnje h (*opMannjc BVJiKanoreno-ccjiH-
MeHTiior cacraBa. MiiTpy3HBHii iipojiopn Marae, KojH cy Morjm jia ce jaBe y tom



jiloBHMa, hjih cy, aKO hx je 6hjio 6jiH*e noBpniHHH 3eMJbe, BpeMeHOM epoj~oBaim.
TeKTOHCKH npOH,eCH KojH cy H jjajbc 6HJIH aKTHBHH, Kao H caM MarM3TH3aM, y3
ycjioBe jjejioBaita j*Ba HajsHanajHHja cjjaKTopa MeTaMopcl)H3Ma (pernoHalJiHH h
AHHaMH'iKH) 3axBaTHJiH cy ByjiKaHOreHO—eej*HMeHTHe cJjopMai*nje h ciia>KHO hx
TpaHcc})opMHcajiH y uiHpy Jiene3y uiKpHJbacTHx cTeHa, npe CBera y raajceBe h
aM4)H60jiHTe. KpeTaibe Marae, jjncj*epeHijHjauHja ejieMeHaTa y iboj, Kao h iben
KOHTaKT ca HajcTapnjHM CTeHaMa H3 np0Tep030HKa, y3 nojaBy npo”opa XHflpo-
TepMajiHHX pacTBopa H3 njiyTOHHTCKHX h cy6ByjiKaHCKHX acapHiiiTa, “cjiobhjih cy
MHfiepajiHsanHjv y CTeHOBHTQj cpe/iHHH, 'ihmc je 0CTBapeHO je/imicTBO jiejiOBaiba
eHnoreHHX npoi~eca.

rioMeHyTH iiejiocTann n HeMoryhiiocT npoy'iaBan,a cbhx nocjiejjHija TaKBor
jej(HHCTBa npoijeca y JiiiToccjiepn, pasjior CYy uito je TeniKO ca BHiue npeniriiioc'rn
paiUHJiaHHTH cBe napaMCTpe TaKBor jejimiCTBa h HSjiBojiiTH ccjjeKTe t6ktohckhx,
MarMaTCKHX h MHHepaliH3aTopcKHX jjejioBaira, Kao h u>HXOBe HHTeH3HTeTe,
BpeMe aKTHBHOCTH, uiHpHHy npoijeca n Mei)yco6Hy YycJiOBJbeHOCT n pejjocjiejj
jjora“aja.

JejJHHCTBO noMenyTH X npoijeca Acjiobhjio je m jiBajan.e 3ajejiiin'iK H X
HHJiKyca: a) HajcTapiijn-SajKajicKH, 6) CTaponajieo30jcKH-KaM6pHjcKH, n) MJiajjo-
liajie«30jCKH-XCpilHIICKII H JJ) HajM Jia"H alinCKH TeTKOHO—MarMmaTckH HHKJiyc kojH
no'iH ibe KpajeM jype (no HeKHMa h npe Tora) h Tpaje CBe j;o Kpaja Tepijnjapa

HecnrypHocT y peKOHCTpyKunjn 36nBaiba 3a BpeMe jjpyror, CTaponajieo-
3ojcKor ijHKlJivca, Be3aHa je yrJiaBHOM 3a no'ieTaK najie030H Ka, tbko jja ce noHe-
Kafl roBopn o KOHTHiiyHTeTy npoijeca npeHeTHX H3 np0Tep030HKa y KaM6pnjyM.
Mel)yTHM, y peKOHCTpyKi;HjH npoi;eca ca yflajpaBaibeM 0jj CTapnjer najie030HKa
oj*hoch CY CBe jacmijH, a peKOHCTpyKHHja nocjiejiHija cBa TpH npoijeca Koje
o6yxBaTajy xepnimcKH, a noce6Ho ajincKH niiKJiyc, cBe cnrypiiHja n iioy3j(aiiHja.

MinepBajiH pejiaTHBHor MHpoBaiba TeKTOHO—MarMaTCKHX nponeca Kojn ce
jaBJbajy H3Mef>y noMeHyTHX ijHKJivca, TpajajiH cy pejiaTHBHO jiyro h 6e3 jacHHX
TparoBa CBa Tpn jpiHaMH'iKa npon;eca.

M3y'iaBaii.eM nNOMeHyTHX npoijeca ¥ Kopn hcto'ihc Cp6nje 6aBHIJiH cy ce
6pojlIH HCTpa>KHBa'lH H JaJlH CBoje J*0lipHHOCe peKOHCTpyKI*HjH Jiy6HHCKHX npo-
ijeca Ha obom npocTopy. J],06pHM jjcjiom TaKBa rjiejimiiTa h fiyMa'ien>a yrpa“eiia
cy Y obom npHKa3y. Objjc ce noce6HO mhcjih Ha pajioBe rpyne ayTopa, o6jaBJbeHe
y okBHpy ej*HijHje "TeojiorHja Cp6nje" (AH”"ejiKOBHh, 1975; AnJjejiKOBHh h
CTeBaHOBHh, 1975; neTKOBHh, 1976; CTeBaHOBHh, 1977; AjieKcnh, 1977;
AjieKCHh n KajieHHh, 1981), kao h MOHOrpa4)CKOr jjejia C. JaHKOBHha
nocBeheHor pyjHHM Jie~cniuTHMa Cpé6nje (1990) h n. HHKOJinha y Be3H ca
reoJiorajoM h MHHepajiiiHM CHpoBHiiaMa thmomkc 30He HCTO'ine Cp6nje (1993).

Y jjajpeM TeKCTy H3HeTH cy ochobhh nojjaijH 3a peKOHCipyKHHjy jejinncTBa
TeKTOHCKHX, MarMaTCKHX h npoi;eca MHiicpajiHannje h opyjuben>a Ha npocTopy
HCTOQO'iHe Cp6nje, ca noce6HHM aKneiiTOM Ha ajinck H tb k to h o —MarMaTCKH ii,HKJiyc
h MHHepajiH3aunje y Be3H ¢ h>hm.



OCIIOBHE OflJIHKE TEKTOHO-MArMATCKHX HHKJIYCA
y KAPnATO-BAJIKAHHHHMA HCTOHHE CPBHJE

I IpojiyKTH MarMaTCKe aKTHBHOCTH rpynHcaHH cy y MarMaTCKC c|)opMau;Hje h
Be3aHH cy 3a ojjpeljene BpeMeHCKe nepnojje y pa3Bojy Kope Kapna'ro- 6ajiKahnjja,
oj;hocho 3a reoTeK'roHCKe jejuiiinnc y obom jjejiy hctotihc ("pGnje. Y tom noi'liej(y
Ha TepeHHMa Cpé6nje H3jjBajajy ce HCTiipii rpyne cfjopManiija:

<DopMaiuijc oajKa.icKoi TeKTono-MarMaTCKor i(HK.iyca

lInKJiyc je Tpajao oj( cpej(H,er pncjieja jjo rpannne ca najie030HKOM. Y okbh-
py oBor niiKlivca sna'iajHnje mccto iipimajja: a) BVJiKanoreHO-cejuiMeiiTHoj cf>op-
Mai*njH, Koja o6yxBaTa pa3He niKpnji>ne v/(py>KeHe ca j(nja6a3HMa, Keparocj)H-
piiMa, cnHJIHTHMa h KBapijKepaTocjmpHMa, pa3BHjene Ha npocTopy J]lyHaBa (Oca-
inma, TeKHja, Chii) - aMcJ)H6ojiHrcKO-niajcHH KOMnjieKCH, Kao h rpaniiTOHjui
Kaojii cy tipancc[)opMHcaHii y rnajceBe.

noce6no ce hcth’'ic npHcycTBO ByjiKanoreiio-cejiHMenmie c|)opMannje
niKpnjbana h MeTajjHja6a3a ca KepaTocliHpHMa y npejjejiy CTape njiaHHHe, Kao hy
cacraBy nope'iKO-6ejiopc'iKC cTpyKrype y oKBHpy BajiKannj*a h Beji>annne y xo-
MOJbCKO—Ky*iajcKOM npocTopy, y KojnMa ce Hajia3e nojaBe rBO>KI)eBHTHX MHHe-
pajiiriannja (MarHeTHT, xeMaTHT). Obom n,HKlJiycy, TaKoije iipniiajjajv h ByjiKa-
HoreHO—ejjHMeHTHe cfopMannjc ca CHjjepirrcKOM MHHepajiH3an;HjoM Ha npocTopy
ceBepiior Ky>raja, 3arHM, HHTpy3Hje raépo-njiarHorpaHHTa, TaKofje Ha Kyiiajy h
na npocTopy BejbaHime, ojpocno ra6po-nepHfIOTHTCKH komhjickc y ropibeM
TOKy peKe lipirnne J3 ojj ,Il,06pe, Kao h rpaHHTH (rHajc-rpaHHra) BliarojeBor
KaMeHa, BojbeTHHCKC peKe h Orape iiliaiiHHe.

MniiepajiirianHje y cTenaMa npoTeposoHKa hjih ce peF>e jaBJbajy, hjih cy
MJial)er j(aryMa. CaMHM thm nojaBe Merajin'innx MHiicpajiirianiija y obom jjejiy
Cp6nje iieMajy noce6ny ckoiiomckv BpcjuiocT - iiaj'iemhe iipej(CTaBJi,ajy cnopa-
jin'ine nojaBe Koje ce yrjiaBHOM Be3yjy 3a Beha MarMaTCKa Tejia.

Y CTapiiM crpyKTypaMa, ojihociio y/y3 CTape MarmaTCKe ({)opMannje jaBJbajy
Mo*e ca cHrypHomhy pehn jja cy H3 cacTaBa npBor UHKJiyca - HeKe cy Be3aHe 3a
np0Tep030HK, Jipyre 3a npO0TepO030HK-cTapnjH najie030HK, a HeKe MO>Kjja h 3a
MJiare ak THBHOCTH, TakO j(a ce ycjioBHO0 Be3yjy 3a oBaj nnKJiyc. Mel)y oBHMa cy:

- MarMaTCKa lJie>KHiiiTa h MHHepajnriannje jjHctiepeHnnjajiHor rana, ycjiOB-
jbeHa 6a3HHHOM MarMOM;

- ByjiKaHO—€ej*HMdiTHe MHHepaliH3ai;Hje Be3aHe 3a 6a3HHHe H3JiHBe ByjiKa-
HHTa h 3ejieHe uiKpHJhne Ha npocTopy BejbaHHue (MarHeTHTO—xaMaTHTCKa MHHe-
pajiiriannja), ojjhocho na npocropy Kv'iaja, rjje ce jaBJbajy CHjjepHTCKO-xeMaTHir-
CKe MHHepajnrianHje.

OcTaje uHibeHHna j"a ce y cacTany cTapux Tepena ¢ Kpaja np0Tep030HKa h
noneTKOM iialieosoHKa cpehy pa3iioBpcne MCraliH'ine MHiiepaliirianHje 6ajKaji-
CKor h KajiejjoncKor UHKjivca, ajni 6e3 MOryhHOCTH jacnor pa'iipaiiH'ieiba y cbhm
JiOKajiHTeTHMa nojaBJbHBau>a. Mel)yraM, necnopno je jia ce y CTapHM TepeHHMa
HCTQO'ine Cp6nje cpehy h MimepajiH3anHje BpeMencKH Be3ane 3a Mlia”e hhkjivcc,



kojh ce jaiiJhajy Kao nocjie/luma naKiiajmor jjejioBaiba y cTapnM h jjefjjopMiicaiiHM
cTpyKTypaMa. Obo ce iioccGho ojjhoch ha xepnimcKy, a jom BHiue na Mimepajm-
3ai;Hjy H3 ajincKor HHKliyca.

BpeMe aKTHBiiocTH ijHKlJiyca naj*a H3Mel>y cpejjmer KaM6pnjyMa h Kpaja
CHliypa, ojjiiociio jion>er jicisona. llpcTOKiio CY iriipaljeiic 0jj BVJiKaiioreno-ccjiH-
MeHTHHX cpopMaimja j[iija6a3 cj)iuiHTOHjuior cacTaBa, Koje cy rpaiiccjiopMHocaiie y
ct)aniijy 3ejieHH X niKpnji>ana. Obom HHKliycy HeKH iipiiKJi>y'iyjy h cjiejjehe cjoopMa-
HHje: a) j*Hja6a3-Kepa'rocl)HpcKy cl)opMaijHjy MnoBa (C'rapa iuiaiiHHa) h PyflHe
raaBe, 6) ra6po-iicpiijioTHTCKYy ct)opManiiijy Jl,cjih JoBaHa h 3arjiaBKa (CTapa
njtaHHHa), n) rpaiiojiHopiiT-rpaiiHTCKy cl)opMaimjy y npejjejiy CTape njiaHHHe
(PaBiio Bynje) h ropmana, ojjiiocho Ha npocTopy X OMOJba (Hepecimija, Bpii>H-
na). MarMaTH3aM 0BOr u;HKlJiyca, Kojll ce oj(BHjao y MopcKoj cpejniiiH, jjo6piiM
jicjlom ca ejieMeHTHMa npeTxojnior MarM3TH3Ma, saBpiuno ce y cpejpteM jjcboiiv,
Kajia cjiejjH cj)a3a H3flH3aH>a npocTopa hctohhb Cp6nje, Kao h npecTanak hiitch-
3HTeTa MarMaTCKe aKTHBHOCTIi, CBe jjo cTHmMaBaiba nponeca, ’inje ce BpeMe npo-
Teace jio ropiber jieiiona. y TaKBHM ycnoBHMa aKO je h 6hjio MarMaTCKHX KpeTa-
iba, OHa cy Morna ga ce jaBe y je3epcKoj cpejiHHH hjih Ha KonHy, ann 6e3 bhjihot
Viemha y rpat)H Kope, a jom Man,c hy nojaBH MiiiiepajnrsanHja.

<l)opManiijc \cpuHHCKor TCKTono-MarMaTCKor niiK.ivca

06 yxBaTa nepnoji pa3Boja Kope oji ropiber jieBOHa jio Kpaja MJial>er najie-
030HKa. IIpeTe>Kiio o6yxBaTa KHcejie h 6a3Hhie njiyTOHHTe, Mel)y KojHMa cy no-
cebno 3ana>KciiH cTapnjii KOMiuieKCH ra6po-nepnjioTHTCKor cacTaBa Ha npocTO-
py J"ejiH JoBaHa h CTape njiaimne (SarjiaBaK), a 3hthm h HHrpy3Hje rpaHHTa H3
MJial)e c})a3e xepu,HHCKor ijHKJiyca h to Ha npocTopy BpibHi*e, Hepecmme, Top-
maiia, njiaBiie, CTape njiaHHHe, ojjhocho Jame, PajmneBiia, PaBiior Bynja h
CyBor /Jojia. Objjc cy h MiiiiepajiHsannje MaraeTHTa Pyjme raaBe, HpHajKe, Kao h
(?) ypaHa kojj KalJiHe.

Oji noMeHyTHX TBopeBHiia noce6Hy na*iby npHBJiane raéponjum MacHBH
/1cjih JoBaHa h 3arjiaBKa, Kojn iipcjjcTaBJIbajy NJiyTOHHTe iiiuinH jalinor 6a3HInior
MarMaTH3Ma, H3rpal)eHe y ochobh oji ra6poBa h 6jihckhx 6a3H[iiHX MarMaTHTa.
HjHXOBa noBpmHiia 3axBaTa 255 km . OBa njiyTOHHTCKa Tejia Jie>Kc y pa3HOBpc-
hhm KpncTajiacTHM iiiKpHJbniiMa n ‘iccto cy npahena Mau>HM TejiHMa yjiTpa-
6a3HIHHX cTeHa (vJrrpamac{)irrnma), Y 'iiijcM cacTaBy iipeoBlial>yjy jjyinrrii h cpo/i-
He TBopeBHiie, Koje cy HHTeH3HBHO npco6pa>Keiie y cepneHTHHHTe. Y obhm ctc-
naMa Halia3e ce h nojaBe XpoMHTa.

y xepimHCKOM nnKliycy Kojn ce BpeMeiicKH Be3yje 3a MJiai)H najie030HK
ByjiKaHH3aM je cjia6o HciiojpeH. Ako h HMa ecl)y3Hja OHe cy JiOKalJiH30Bane na
Man>e npocTope h yrjiaBHOM 3a je3epcKe 6aceHe, tbko jja ce npojiyKTii ByjiKaH-
ckhx 36HBaiba yrJiaimoM MaHHcl)ecTyjy npeKo Tyc})03HOr Marepnjajia Kojn ce

MarMaTH3aM je nJiyTOHHTCKOr KapaKTepa, 3acTynjbeH Ha iimpeM npocTopy



HCTo”He Cpfjnje h y BHUie reoTeKTOHCKHX cTpyKTypa.

noce6Hy 0C06eHOCT y hctohho] Cp6njn npejjcTaBlbajy iiporvKTH ByjiKa-
HH3Ma Ha Kpajy najie030HKa (nepMCKH nOCTTeKTOHCKH ByjiKaiiH3aM). To cy h3jih-
bh pnojiHTa, jjanHTa, anj(C3HTa, 6a3aliTa h rpaxHTa M3HjHX jjHMaii3Hoja h npo-
ctopho H30Ji0BaHH vy jiojihiih BojbeTHHCKe h IlopeHKe peKe, Ha jyro3anajuioM
060jjy /lcjih JoBana h vy jjejioiiHMa CTape njiaHHHe (BpniKa liyKa, Ilpirieiian;,
TonjiH j(oji, JlojKima'iKa peKa). HaBejieHH Byjik3HCKH npojiyKTH iipHriajjajy T3B.
cy 6ceKBeHTHOM ByjiKaHH3My xepnmicKe oporeHe3e.

3a xepu;HHCKH iiHKliyc Be3ana je cjia6a MHnepaJiHsanHja, npn hcmv cy HeuiTo
inaMajiinje nojaBe MHHepajiH3an;Hja y cTpyKTypaMa 0BOr pa3jjo6)lba, Koje cy Bpe-
MeHCKH Be3aHe 3a ajincKH tcktoho—MarMaTCKH n,HKliyc, iiito je yocTajioM necTa
nojaBa. OBjie ce, npe CBera, mhcjih Ha MimepajiH3aiiHjy rBO>Kt)a, Kao h 6aKpa,
ojihocho ypaHa y nepMCKHM iipBemiM neiiinapHMa. OBoj rpynn MeTajiHHHHX no-
jaBa y CTapHM xepiuiHCKHM crpyKTypaMa npmiajlaly h nojaBe MOQIJiH6jjena, 3JiaTa,
cpe6pa h BOlicf)paMa, 'injn cy XHjjporepMajniH npoiiecn Be3aHH 3a ajincKH n;HKJiyc.

I1pojjVKTH 0BOr HHKliyca CTBapaira cy yrjiaBHOM oj( ropibe Kpejjc jjo Kpaja
Tepnnjapa. nocjie 3aKacHejior nepMCKor ByjiKkaHH3Ma iinpoKliacTH'iHor THna,
cjiejiH uepiiojj pejiaTHBiior Miipoiiaiba, KaKO t 6ktohckhx, TaKO h MarMaTCKHX
aKTHBHOCTH. Mau>e TeKTOHO—MarMaTCKe aKTHBHOCTH y Tpnjacy h jypn (jioKajiHa
Kperaiba y HCTO'inoj Cpfinjh) KpajeM jype ce aKTHBHpajy Ha npocTopy KapnaTO-
-fiajikamijia, Koje iipara ByjikaHH3aM 6a iH'mor cacTaBa orpamiHciior npoc'ipan-
CTBa. Te aKTHBiiocTH na npejia3y H3 jype y Kpejjy cy KpaTKOTpajHe h orpaiiHMCHe
lla MaibH npocTop, j;a 6h ce TeK y ropiboj KpejiH, Kajia naciyiiajy cHa*Ha tcktoh -
CKa KpeTaiba, nojaBiio h cHa>KaH MarMaTH3aM, Hajnpe ncnojbeH npeKO ByjiKaH-
ckhx epymiHja y mopckhm cpejinnaMa, a 3aTHM, h npeKO njiyTOHH3Ma h to Maibe
iipn Kpajy MacTpnxTa, a 3iiaTiio Biime y nejioreny 3a BpeMe impHHejcKe cj)a3e.

TeKTOHCKH noKpeTH ¢ Kpaja ropibe Kpejie HacTaBHIJiH cy ce h Kpo3 Tepnnjap,
ycjiOBJbaBajyhH nojaBy 6pojiuix paccjja h pa3lioMa KpynHHX pa3Mepa, Kao h noja-
By x0pH30HTajiHHx KpcTan.a cBe jjo iiaBlia‘ieiba. Y TaKBHM ycjioBHMa jaBJba ce Ha
rpaimiiH OBa flBa pa3jio6jba cna»:aH MarMaTH3aM, KojH je npaheH bhjjhhm MHiie-
pajiH3annjaMa. Y tom norliejiy oBaj u,HKliyc ce ojiliHKyje HajmnpHM cneKTpoM
MHHepajnriannja, CBe j*o cTBapaiba mhoi hx JioKmina MeTajia, He caMO y rpaHH-
HaMa thmo'ikc MarMaTCKe o6jiacTH Koja 3axBaTa npocTop jjbc TeKTOHCKe jejjmiH-
He (THMOHKa h jio6pojiojicKO-rpjiHfflIKa), Beh h iunpe y KapnaTO-6ajikaHHjiHMa,
lla h vy jipyi HM reoreKTOHCKHM jejiHHHiiaMa.

y ajmcKOM TeKTOHO—MarMaTCKOM miKlJiycy 3na'iajno MecTO HMajy nojaBe
yrjiaBHOM neyTpajiHHX MarMaTHTa H3Mel)y JllyHaBa h MajjjaHiieKa, 3aTHM y th-
MOHKoj epynTHBiioj o6jiacTH (ii3Mel)y MajjjanncKa h Kn>a>KeBna), Kao h H3Me"y
By'ija (kojj Kn>a>KCBna) h jyrocjiOBeHCKO-6yrapcKe rpaiiHiie (o6jiacT /l,hmhtpob-
rpajia).

IlInpoKo pacnpocTpaiheibe obiix TBopeBima ycTaHOBJbeHO je y thmo'iko]
epyiiTHBHoj o6jiacTH, rjje MaKCHMaHa jie6jbHHa ByjiKaHoreiio-ccjjHMeiiTHHXx
TBopeBHiia H3HOCH npeKO 1500 m, y HHjeM cacTaBy npeoBlial)yje ByjiKaHoiaia-



CTHHHH MaTCpnjajl Ha/l JiaBH'IIIHM lipOJIVKTHMa.

IlpeM a BpeMeHy cf)opMnpan,a H'ijpiaja ce:

1) i“cnoMaiicKH ByjiKaHH3aM - ByjiKaHCKH arjioMepara h TycJ)OBH, Kao h
h3jihbh Xxc)pn6jieHjia-anjje3HTa, xopn6jieHjia-jianHTa, iiHpc)Kceii-6HOTHT-anjie-
Bopa, 3anajjHa najjHHa Tynn»CHHii;e);

2) TVpOHCKO—CCIIOIICKH ByjlK3HH3aM HIH T3B. THMOWNHTCKa aCOHHjaiJHja
(xopii6jieiijia-aH jje3HTH, X0pii6jieH jja-6 HOTHT-anjje3HTH, thmoijhth h nnpoKlia-
cthhhh npojiyKTH) y iiajBeheM jjejiy 06jiaCTH,;

3) rOpii>0OMacTpHXTCKO-nalicOrcii>i Bv.iKaiuoaM - yrjiaBHOM y 3anajiHOM
jjejiy o6jiacTH pacnpocrpaibeHa je tsb. anjje3HT-6a3ajiTCKa h JiaTHTCKa aconn-
jaijnja - y 'injeM cacTaBy cy npeTOKiio iinpoKJiacTH'ine TBopeBHHe, Man>H h3jihbh
jje6li>HHe 5-10 m iiHpoKceii-aiijjesH Ta, nHpoKceii-xopHG6jieima anjiesiiTa h aji6HT-
ckhx TpaxHTa. JJaTHTCKa aconnjannja ByjiKaiiHTa yTBp}jeiia je yrJiaBHOM vy jy»ciiHM
j*ejioBHMa THMOHKe epynTHBHe o6jiacTH (npocTop 3jioT-EojbeBaH-EyHje), y
okojihhh Kn>a>KCBna h JliiMinpoBi pajja (Jlon>e HeBli>e).

llocJie noMeHYTHX BVJiKancKHX cflasa H3 ropH>e Kpe/ie (nocTojn MoryhHocT
H>HXOBe aKTHBHOCTH h 'y KonHeHHM ycjiOBHMa nOMeTKOM najieoreHa) cjiejjH c})a3a
jlapaMHjcKo-HHpiinejcKor iuiyTOHH3Ma KojH ce MaHH()ecTyje H3Mei)y 3jiOTa H
JacHKOBa, H3Me”~y B. KpHBejba h Bjiaojia, y uiHpoj okojihiih MajflaHneKa, jy*HO
0jj EojbeBija, Kao h koji JInMHTpoBrpajja. llojaBJbyje ce y BHj*y anocJ)H3a h
anHKajiHHX jjejiOBa njiyTOHHTa KHcejior cacTaBa. Y 'iHMO'iKoj epynTHBHo0j o6jia-
cth najBehn njiyTOHHTH cy Bajba cmp>K, Cycyjia h Jlo6po llojbe. R>hxob cacTaB
HHHe KBapHJ(HOpHTH, JJHOpPHTH, ipail0OJIHOPHTH, MOHHOHHTH H CHjeHHTH, Kao H
ojjroBapajyhe >kh'iiic cTeHe.

y pnjjaHCKo—KpenojpHHCKoj 3ohh HCTOMHe C'p6nje no3HaTH cy ropibOKpejj-
HO-najieoreHH h HeoreHH MarMaTHTH iipejiCTaBJbeiin jjanHTCKO-aiijje'iHTCKHM h
6a3ajiTOHjjiiHM cTeHaMa y npejjejiy Fojiy6a'iKHX h XoMojbCKHX njiaHHHa, Bejba-
HHHe, Kv'iaja, 03 peHa h CBpjbHIiHKHX nJiaHHHa, a jaBJbajy ce y BHjjy H3JiHBa, aanja
h cy6ByjikaHCKHX Tejia HeiipaBHJine c})opMe.

Kao noce6Hy ocob6choct Tpeba HarnacHTH nojaBy nnpoKJiacTHTa h ByjiKaHH-
Ta y ropiboj Kpejp (neHOMaH, TypOH-ceHOH h ropibH MacTpnxT) h HeoreHy
HCTOHHe Cpé6nje (liycjjOBH h Tyc)HTH y paKOBO6apcKOM, 3anjiaH>cKOM, coko-
6aH>cKOM, thmohkom h jeliaiHHHHKOM 6aceHy), 6e3 bhjjhhx MHiiepajiH'iannja.

Munepajiu3aifuje ajiucKoi ifUKJiyca

A jitckh TeKTOHO—MarMaTCKH n,HKlJiyc HMa iipccvjjan ‘iiia‘'iaj 3a MHHepajiH-
sannje h opyjjii>en>a y pa3HHM CTpyKTypaMa KapnaTO-6ajiKaiiHjia HCTOHiie Cp6n-
je. TjiaBHa c})a3a 06pa30Baiba pa3HHX THnoBa MHHepajiH3aiiHje najja y BpeMe o0j;
Kpaja Kpejje, CBe jio Kpaja najieoreHa. C'pejiHiirre MHHepajiH3au;Hje oj( ckohom -
cKor 3Hanaja Be3aHO je 3a THMOHKy MarMaTCKy o6jiacT y cpejpmibeM lJiejiy
KapiiaTC)-6ajiKaiiHjja, Tj. y jjBCMa cycejuuiM 30HaMa: THMOHKoj Ha 3anajiy h
j(06p0j(0JicKO-rpjiHiuKOj Ha HCTOKYy, HHje je npOCTpaHCTBO ojj JJyiiaiia h PyMyiiHje
Ha ceBepy, jjo jyroncTOHHHX rpaiuma Cp6nje ca ByrapcKOM.

Ha npocTopy hctohhc Cpé6nje C. JaHKOBHh (1990) H3jjBaja (oj; 3anajja na



hctok) 'icrnpH 30He Miiiicpajin‘iannje: 1) pn;iaHCKO-Kpeii0Ji,HHCKy MeTajioreHeT-
cKy 30Hy, y Kojoj je nocTaHaK CHj(oreHiix JioKHiirra KoflTpojiHcaH ropihOKpejjHO-
-jiapaMHjcKHM MarMaTCKHM HHrpy3HjaMa, 3aTHM, 2) xoMOJhCKO-6ejhann>iKy
MeTajioreHeTCKy 30Hy ca no3H3THM ByjiKanoreno-cej(HMeirrHHM JioKHiiiTHMa
Koja cy noBe3aHa ca 6a3H>niiiM KOMnjieKCHMa h >KHHiio-XHjjpoTepMajiiiHM MHHe-
pajiiriannjaMa, reHeTckH Be3aHe ca rpaiiH'roiijinnM KOMnjieKCHMa, 3) 6opcKy Me-
TalioreHeTCKy 'ionv ca 6aKp0H)CHHM MHHepaliH3aiiiHjaMa npenacxojiHO xiijjpoTep-
MaliHor nopeKlia h 4) nopeHKO—ETaponjiaHHHCKy MeTajioreneTCKy 30Hy ca cjiabn-
jnM MHHepajiH3ai*HjaMa p a3HHX THnoBa.

Ilopej( noMeHyTHX MHHepajiH30BaHHX 30Ha, cpehy ce h MHHcpaliH'iannje y
Poj(oncKoj MacH, y rpaiiHHiioM jjejiy ca KapnaT 0-63jiKaHHj(HMa.

OcHOBHe MeTajioreHeTCKe KapaK'repHCTHKe noMeHyTHX 30Ha cy:

1. I'paiiiiMiin jjeo KapnaTO-oa.TKaiiiijta n Pojroiickc Mace - Nna BHrue MecTa
jaBlbajy ce Maite MHiiepajiH3aHHje, Kao, iia npHMep, koji KaoHe, MaHacTHpHii,e,
Kao h koj; BocHJbrpaj*a, rjie cy nojaBe Be3aHe 3a c{iannjy ByjiKaHOreHO0-
—cej*HMeHTHor 6a3H»iHor KOMnjieKca CTapor je3rpa BajiKaHCKor nojiyocTpBa. Y
obhm rpaiiHHHHM jjcjioBHMa j(Bejy KpymiHX reocTpyKTypa, TaKotje y jiejiy kojh
npnnaj(a CTapoM je3rpy, necTe cy BVJiKanoreHO-ccjjHMeHTHe cTeHe y KojHMa ce
-KaoHa), Kao h Maiba MacHBHa Jie>KHmMTa impHTa ca BehHM MacaMa KBapHHTa ¢
KojHMa cy MniiepajiH’iannje noBe3aHe. Y cpejm.eM J(ejiy j(oj(Hpiior npocTopa j(Bejy
noMeHyTHX CTpyKTypa Ha npocTopy ByKOBHKa h Pa>Kii.a, raKo”e cy 3ana>Keiie
Marne nojaBe Cu-MHHepajiH3ai(Hje y ByjiKanoreHo—ej(HMeHTHHM CTeHaMa.

2. PH"aiicKO-KpciiojbHiicKa 30iia - Ojj BHiue enj(oreiiHX nojaBa Heiirro Behii
fiia'iaj HMajy cKapHOBCKe MHHepaliH3ai(Hje MarHeTHTa (Pnjian), 3aTHM, nojiHMe-
rajiH'ina jioKHiirra h nojaBe (PemKOBHi(a), MeTacoMaTCKa (ByjiKaHoreno-
-XHj(poTepMajiHa) JioKiiiirra, npe CBera Pb-Zn, Koje npaTe MHiiepajiH'iamije
3liaTa h cpebpa (Ky'iajna), Man.a jioKHiirra h nojaBe aHTHMOHHTa (Ocamma) Koje
cy y reHeTCKoj Be3H ca j(ai(HTO-anj(e3HrHMa, Kao h 6aKpoHocHe MHiiepajiH3ar(Hje
y PeiiikOBimir Pnj(ii>y h na BHrme MecTa y nepMCKHM hpbchhm iieiii‘iapiiMa. Y
nepMCKHM iiipBeHHM iicm'iapiiMa iipiicyTHe cy h ypaHoHOCHe MimcpajiHiannje.

CBe noMeHyTe MHiiepajiH3aii,Hje ajmcKor ii,HKJiyca y 0B0j 30HH yrJiaBHOM ce
jaBJbajy Kao cnpoMamHa jieacHmra y KojHMa ce y nponuiocTH noBpeMeHo oj(BH-
jajia eKciuioa'rannja Me'rajin‘iiiiix MHHepajiH3at(Hja, npe CBera, 0Ji0OBa h umiKa.

3. XOMO0JbcKO-6ejbaiiHHKa 301la - Y ceBepHOM flejiy 30He, Ha npocTopy oj(
JJ,yHaBa j(o Bejbaimije, y cTaponajieo30jcKHM ByjiKaHOreHO—cej(HMeHTHHM kom-
KojHMa je Hajno3HaTHjH pyj(oiiociin npocTop BjiarojeBor KaMeHa y KOMe cy y
nocjiej(ibe BpeMe o6iioBJbeiia HCTpa>KHBaiba 3JiaTa h cpe6pa y JieacnmTHMa CBeTa
Bap6apa h Tpa6oBCKa peKa. Oopej( 3JiaTa h cpe6pa OBj(e ce cpehe h mejiHTCKa
MHHepajiH3ai(Hja. HMa MHmjbeiba j(a cy HeKe MHiiepaJdiH3aHHje Ha obom npocTopy
h npeajmcKe

4. TnMOHKa MeTajioreHeTCKa 30Ha. OcHOBHe KapaKTepHCTHKe yKynHe MHHe-

PjiaBHa cjjasa MHiiepajiH3ai(nje Be3aHa je 3a no'ieraK nalieoreHa. Xnj(po'rep-
MajiHH pacTBopn KpeTajiH cy ce jly>K 6pojHHX pace/(iiHX cTpyKTypa h y Beh kohco-



jiHflOBaHHM ByjiKaiic)KJiacTHTHMa H3BpmHJiH HH3 npoMeHa, ¢ KojHMa ce noBe3yjy h
6aKpOHOCHe MnnepajiHsanHje y npeKO 50 H3Men>eHHX 30Ha, noce6HO pa3MeniTe-
hhx H3Mei)y MajjjaniieKa, Bopa h Jlo6por Hoji,a.

I lajsiia’iajiiHje M nncpajiH'iannje y THMO'iKoj MeTalioreHeTCKoj 30HH cpehy ce
y THMOHKOj 30HH (y HCTO'IHOM) H JIO6p0J(0JICKO-rpjIHIHKOj 30HH - y 3aiiajlllOM jje-
Jiy THMOHKe MarMaTCKe 06jiacTH. KoHireH Tpai*nje MHiiepajiHHX napareHe3a y th-
MOHKoj 30HH yrjiaBHOM ce jaBlbajy y npejicjiy Bopa, 3aTHM, y iimpeM jjejiy
MajjjaimeKa, Ha npocTopy H3Melpy Bopa h MajjjainieKa, Kao hy uinpeM npocTopy
Hpnoi’ Bpxa. Y j(06p0ji0JicKkO-rpjimiiK0j 3ohh opyjiiLeii)a cy yrjiaBHOM Be3aHa 3a
njiyTOHHTCKO—HHTpy3HBHa Tejia 'FojiopoBor noTOKa, rjie ce Hajia3H jiokhiiitc
BejiHKH KpHBejb.

Y noMeHyTHM 3onaMa opyjiiLen,a cpehy ce pa3HH thhobh MHiiepajiH3anHje,

a) 6opcKa 30iia Henocpefliio ycjiOBJbeHa h noBe3aHa ca 6opckom jjHCJiOKaim-
joM y Kojoj npeoBliai)yje

- MaciiitHo-cyji(|)Hjuin thii MHiiepajnriannje KOMe npmiajia bhiiic JioKinirra h
pyjunix Tejia, Mel)y KojHMa cy "HoKa jtyjiKan", pvjina Tejia "TnjiBa MHKa" (A, B,
U, 1), saniM, pyj;na Tejia M, J, X, JI, B (Hobo okho), Kao h pyfliia Tejia "Ulhc-
TeK" h "Kpne". FjiaBHH MHHepajiH cy kobcjihh, xajikO3HH, eHaprHT, 60pHHT h
XajikKoimpHT;

- UuiTOKBepKii0-iiMnpcniailHOHH thh KOMe npnnajjajy pyj*Ha Tejia THJiBa
poin, KaMeibap, Bpe3aHHK, Tejio <> h Tejio U,, ca rjiaBHHM MHHepajiHMa - KOBe-
jihh, eHaprHT, xaliK03HH, pel)e h xajiKonHpHT, Jiy30HHT h TeTpaejjpHTH; h

- ii«tp(])npcKii thii - Be3aH 3a jjy6jbe jjejioBe BopcKe peKe h BopcKor noTOKa
ca nojaBaMa ImpHTa, xajiKoiiHpiiTa, 6opHHTa, MOjiH6jieiiirra h MarHeTHTa.

6) Miij iamic'iKa 301lla Koja ce Be3yje 3a Majj*amieHK0-M ali0 KpHBejbCKy jihc-
jic)KaHiijy, 06yxBaTa BHme THnoBa MHHepajiH3an;Hje:

- diop())HpcKii thh MiuicpajiH3auHjc - Kao rliaBHH thii opyflibeiba Ha
npocTopy MajjjainicKa, yrjiaBHOM ce MaiiHcjiccTyje Kao mTOKBepKHO—HMnperHa-
ijhoiih bhjj, npn ticmv je y cpejiimiTV 30He iipiicyTaii mTOKBepK, a no c)6ojiHMa
30He HMnpeniau,Hje. y caMoj 30hh MHHepajiH3aimje H3jjBajajy ce jjBa pyjjonoeiia
HHBoa: y ropibeM (oKCHjjanHonoM) HHBoy jic)MHiiiipajy jihmoiiht h MajiaxHT, a y
jioii.cm (neMciiTaniioiioM) HHBoy - xajiKOBHH h KOBejiHH. napareHe3a Majjjan-
nc'iKor jioKHinra o6yxBaTa xajikonHpHT, mipHT, MOjni6jjeiiHT h MarHeTHT Kao
raaBHe MHiiepajie, ca cjiabnjHM v'iemheM nHpxoTHHa, 6opHHTa h, nopejj ocTajmx,
3JiaTa;

Te xajiKonHpiiT, napxoTHH, 60opHHT, MarHeTHT, xeMaTHT, ccl>ajiepHT h, nopej; flpy-
rnx, caMopojjno 3JiaTO. IIHpHTiia Tejia cajjp>Ke Mimepalie 6aKpa, 3JiaTO h cpe6épo;

- cKapiioBCKii thii - npiicyTaH y o6ojuihm jjejioniiMa pyflonocne 30He na koh-
raKTy MarMaTa h Me3030jcKkHX Kap6onaTa, rjie ce MarneTHT jaBJba Kao ilJiaBHH
MHHepan, y3 nojaBy iipaTehiix 6aKpOHOCHHX h jjpyrnx MiiiiepajiHsanH ja,

- ojioBiio-iiHHKaiiH THn - iiajHeuihe npaTH nopcJ)HpcKH thh Cu-Mo Mimepa-
Jiirianiije ca nojaBOM ralieiiHTa h ccjjajiepirra Kao rjiaBimx MHHepalia.

HoMenyTH THnoBH MHHepajiH3aii;Hje cpehy ce KaKO y caMOM MajjjamieKy, Ta-
ko h ceBepHO Kao h jy»CHO, CBe jjo IJoKa MapHHa h U,epoBe Hajyry.



H) Ma.ioKpiiBejbheKo-iiepoBaHKa 30Ha - y npocTopy ceBepHO ofl Bopa, a jy*-
ho o” KpajH)HX jjelJiOBa MajjjaHneHKe 30He, Hajia3H ce BHine MHiiepajiH30BaHHX 30-
Ha ('loKa gqypyjin, KnpnjijnjcKH noTOK, KpaKy 6yrapecKy, MajiH KpHBejb) y Kojn-
Ma cy perncTpoBaHH jkiimiiii thii MHHepajiH3ai(Hje ca nnpHTOM h xajiK03HHOM Kao

pajiH3annje (oKCHjiannja h neMeirranHja), y3 mbilc npncycTBO CKapiioiteKe h

ji) llpnoitpuiK C Miiiiepa.iii3ai(iije - najépojHHje MHiiepajiHsaunje y THMO'iKoj
30HH, yrjiaBHOM cy y Be3H ca aKTHBiiocTHMa BeliHKor njiyTOHHTCKOr Tejia BaJba
cTp*. Y obom j(ejiy 30He MHHepajiH3aHHje cy YrjiaBHOM nopcl)HpcKor THna, ca
MaH>HM nojaBaMa CKapHOBCKe MHHepaliH3ai(Hje y3 o60j( thmohkc 30He npeMa
Kap6onaTHMa xOMOJLCKOr Me3030HKa. CBe ce one Mory rpynncaTH y Tpn noBe-
3aHe MHiiepajiH30BaHe 3one-i(ejiHiic:

- Miiiiepa.Tinannje j;y* 3jiotckoi' pacej(a (rpaHHi;a thmomkc 30He ca 3anaj(-
hhm o6ojcom) rjje npeoBliaf>yje cKapHOBCKH THN. TjiaBHH MHiiepaliH cy, nopej(
6aKpa, MaraeTHT, rajieHHT h ccl)aJiepHT. y OBoj 30HH Hajia3H ce 7 JieacnniTa
Pb-Zn-Cu MHiiepajiH 3ai(Hje.

- Miniepa iMjauiije y/y3 njiyToiiiiT Ba.i.a CTp* - nojiHMeTalJiHMHe MHHepajiH-
saniije xHj(poTepMajiHor Tnna rj(e /(OMHimpajv Pb-Zn-Cu MHHepajiH ca nojaBOM
3JiaTa h cpebpa Hcnocpej(iio cy noBe3aHe ca obhm nliyTOHHTHMa.

- Miiiicpa.Tii3ai(iijc y ity.iKaHoreiio-cejiiiMeimioj cpejinim jly>K ijpnoBpniKO-
—eaBHHanKe j(HCJioKai(Hje - 30Ha ca HajBehHM 6pojeM MCTajiH'iHnx Jie>KHiirra (15),
Koja ce jaBJhajy oj( JacHKOBa h J(yMirrpy noTOKa Ha ceBepy, jjo THJiBa n,arpe h
3jiora 1la jyry. Y oBoj 30HH jjoMHHHpajy 6aKpoHocHH MHiiepajiH, 33thm, xeMaTHT,
MarHeTHT, mojih6jjchht, ecjiajiepn, rajieHHT h jjpyrn MCTajiH'iHH MHHepajiH, TaKo
jja ce y hcjihiih Moxe H3j(BojirrH Kao nojiHMCTajiH'iiiH 'ran Cu, Pb-Zn MHiiepajiH-
3aijnje.

e) MiuicpajiH3aijHjc jy*HO o0jj Upnor TiiMOKa - M aite 3HanajHe nojaBe y
CaBHiiijy, MapKOBOM KaMeHy h oko /_(o6por llojha h BaHeBHije, HacTajie cy y
Be3H ca XHjjpoTepMajiHHM npoijecHMa, rjje ce 6aKpOHOCHH MHHepaliH jaBJbajy y
He3iiaTHHM cajjp>KajHMa.

¢j>) Be.niKOKpiiBC.bCKa MHiicpa.m taiuija - oBa 301la MHiiepaliH3aijHje najia3H
ce hctohho o0jj noMeHyTHX 30Ha, a CBojHM nolJio>KajeM je Be3aHa 3a jjo6po-
jjOJicKO-rpjiHNniKy cTpyK'rypHO-c|)arjHjajmy 30Hy. PjiaBHH bhjj MHHepajiH3aijHje je
nopcjmpcKii THn, 'mje cy xnjjpoTepMe Be3aHe 3a njiyTOHHTCKO—HHTpy3HBiia Tejia,
Koja cy y nepii(flepHHM jjejioBHMa ycjioBHJia h nojaBy CKapHOBCKor THna MHHepa-
jiH3aijHje. llpHcyTHe cy h 30He OKCHijjaijHje (y bhiuhm) h 30He ijeMeHTaijHje y
hh*hm jjejioBHMa Jie*HiUTa. FjiaBiia je Cu-MHHepalJiH3aijHja Kojy npara Pb-Zn
MHHepaliH3aijnja, a oj( MHiiepalia Haj'iemhc ce cpehy ManieTHT, pyTHJi, nHpxoTHH,
xajiKonnpHT, impiiT, xeMaTHT, mojih6jjchht, 60opiiHT, kobcjihh, xajiK0O3HH, a3ypHT,
eHaprHT h j(p., Kojh cy HaeraliH y rpn ojjejiHTe cjiase napareHe3a.

CBOjjehn H3HeTe nojjaTKe Ha yonuiTene KOHCTaTaijHje o MHiiepajiH3aijHjaMa
y THM()'iKoj o6jiacTH, MO>Ke ce 3aKJi>y'mTH jja cy:

- noptjimpcKa jioKimiTa: M ajjjanneK, 1JepoB0O, Bcjihkh KpiiBedb, M ajm Kpn-



Bejb, BopcKa peKan Bajba CTp* na D,phom Bpxy;

- MaciiBiio cy.i(j)Hiuia .ioKinina ca Pb-Zn MHHepalJiH3ai"HjaMa: Bop h HoKa
MapHH;

- CKapiioBCKa JioKiiiina - Bajba caKa; h

- i>yjiKaiiCKa Jic>KHUixa Cu ca 3JsiaTom: Bop, Maj*anneK h BejiHKH KpHBejb.

5. llopc'iKo-SejiopcMKa 30Ha BajiKaHHKyMa o6yxBaTa BHine nojiHMeTa-
jihhhhx MHHepajiH3ai;Hja oji MnpoMa, npeKO J3,eJiH JoBaHa, CBe 30 CTape njiaiiHHe
na jyry. Maibe Fe MHHepajiH3au;Hje yrjiaBHOM cy Be3ane 3a CTapnje hhkjivcc, Kao
npoflyKTH "HC”epennHjanHje y njiyTOHHTCKHM TejiHMa, hjih, naK, Kao CKapnoBCKH
npojjyKTH. HernTo BHine MHHepajiH30BaHHXx nojaBa je H3 cacTaBa ajincKor (MO»cj(a
h npeajincKor) ijHKlJiyca, ajiH hh OHe nncy oji Beher 3Ha'iaja. OBe nojaBe cy
yrjiaBiioM XHjipoTepMajuior nopeKlJia, a Behn jjeo h.hx je y Be3H ca nojaBaMa
3JiaTOHOcimx KBapniiHX >KHna oko JJcjih JoBana (lJpnajKa, PjioroBHna) 11 CTape
njiaHHHe. Objjc ce cpehy h ypaHOHOCHe MHHepalinsannje y KajiHH, Koje ce jaBJba-
jy y3 rpaHHT Jaibe.

ymccto taK.i.viiKa - MeTHpH H3j(Bojena TeKTOHO—MamaTCKa ijHKliyca Ha
TepeHHMa HCTO'rne Cp6nje ncnojbHlia cy ce Kao BpeMeHCKH noBe3aHH nponecii,
Koje cy HCTOBpeMeiio npaTHJie ojirouapajvhe MHiiepaliHiaiiHje. TeKToiiCKe aKTHB-
hocth CTapnjnx niiKliyca cy (iuto 36or Mliai)nx CTpyKTypa Koje hx npeKpHBajy,
iuto 36or npeKpajaiba o0jj CTpaHe ajincKor UHKliyca, y3 3HaHajHa epo3Hona
pa3apaiba) HeflOBOJbHO HcnojbeHe h jjecliHHHcaHe. HnaK, M o*e ce pehn jja je cBe
jjo jieBona npeoBliai)HBao 6a3n'iHH thii MarMai’H3Ma ecjivsiiBHor KapaKTepa, Kojn
je 3ajeflHO ca MeTaMopcl)iiTHMa «ao HH3 jtnja6a3-M ejiad)HpcKHX (JiopMannja, TaKO
Jia cy h MHiiepajiHsaniije H3 Tor 306a yraaBHOM cnopaj(H'iiior sna'iaja. y MliaijeM
najie030HKyY xepnniicka oporeHe3a iio6yjiiuia je CHaxHa MarMaTCKa KpeTaiba Koja
Cy y jibc BpeMeHCKe cjiase ycjioBHJie HOCTaHaK ra6po-rpaiiHTOHjiiiHX iuiyTOHHTa,
y3 nojaBy MHHepajiH3ai"Hje jpicliepeiinHjaimjajiHor, cKapHOBCKor h xnj;poTepM aji-
Hor rana. CBe OBe MHHepajinsannje, TaKo”e HeMajy Behy eKOHOMCKYy BpejjHOCT.
naiba TeKTOHCKHX h MarMaTCKHX aKTHBHOCTH (nepM -K pej(a), cna>KHO je 3axBarao
npocTop TeTHca h y ibeMy, noceéno y j<ejiy Kapnamo-6ajikallthjia, jjobco jjo
KpyiiHHX HecjiopMamija y Kopn, craapajyhH cjiokciic njiHKaraBHe CTpyKiype,
ina‘'iajne jincjioKannje h pacejjHe 30He, 'Thmc cy CTBopeiiH ycjiOBH 3a noja'iana
MarMaTCKa KpeTaiba. noMeHyra iiponecn cy ce uapo'tHTo HcnolbHJIH KpajeM
Kpej*e h iio‘ictkom Tepn,Hjapa. MarmaTH3aM je iipeTOKHO Hcnolben npeKO anjje-
ne XHjipo'rcpMajiHHM pacrBopHMa H3 njiyTOHHTa npejia3iie MarMe, 3axBarajie CYy
niHpH npocTop CTapnx h hobhx rcocTpvKivpa. liajBehH ‘iiia‘'iaj obhx 36HBaiba
Ky) Koje cy o6jejinibeHe Kao THMOiKa MarMaTCKa, ojihociio THMOHKa Cu-MeTa-
JioreHeTCKa 3011la.
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PALEOTECTONIC-MAGMATIC PROCESSES
AIDING MINERALISATION IN THE CARPATHO-BALKANIDES
OF EASTERN SERBIA

by
* **
Predrag Nikoli¢ and Slobodan DBordevi¢

The interrelation and association of tectonic and magmatic processes in the Carpatho-Balkanides
of eastem Serbia are responsible for numerous mineralisations, and significant metallic ore deposits.
Tectono-magmatic processes in this part of Serbia began as early as in the Precambrian and continued
through several divisions to the present state of the lithospheric evolution. The most important was the
Alpine tectono-magmatic cycle, lead-zinc and other minerals were foimed.

Kcy words: Tectonic cycles, magmatism and mineralisation, type of deposits, hydrothermal processes,
metallic mineralisations.

The geosynclinal domain of the eastem Serbian Carpatho-Balkanides had its be-
ginning in the Precambrian and an eventful evolution: diverse sedimentation, frequent
breaks and resurrections, changes in paleogeographic and bathimetric terms, and other
events, associated wit frequent and different in intensity tectonic processes and mag-
matic activities that resulted in numerous mineralisations and presently known metallic
ore deposits. The formation of diverse lithofacial products under the continuously
varying conditions of sedimentation was paralleled or associated with the formation of
numerous and thick volcanic products, and often smaller or larger intrusions as the
commonest bearers of metallic mineralisations. Magma, intrusions and effusions led to
the development of magmatic bodies of almost any magmatic type, from extremely
acidic to extremely basic. Magmatism evolved in submarine, sublacustrine, or conti-
nental environments, always preceding, or accompanying, or often as a delayed event
et the end of a tectonic process. Magmatic formations of different types, which af-
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fected the metamorphic change of sediments and even igneous rocks of older consoli-
dations, have a large distribution in eastem Serbia. The resulting magmatic activity ef-
fects in this part of the Earth are commoner than elsewhere on the European conti-
nent.

ASSOCIATION AND INTERRELATION OF TECTONICS, MAGMATISM
AND MINERALISATION THROUGH TIME AND SPACE

The studied tectonic and magmatic processes, and the related mineralisations, in
eastem Serbia, indubitably indicate their association and interrelation. First in the tec-
tonic movements and change in the crust, and then magma intrusion, which directly
or indirectly mineralised the adjacent or intruding rocks. llence, the three mentioned
processes in the lithosphere are unified and progress from the mantle into the crust
resulting in significant changes.

The formation of endogenic deposits of mineral ores is also affected by the type
and intensity of tectonic and magmatic processes. The tectonic situation can be con-
sidered precedent to the magmatism and mineralisation, because it primarily provides
ways to the ascending molten magma and ore-bearing solutions towards the Earth
surface along fracture deformations of various types. The distribution of mineral de-
posits of endogenic origin is primarily subject to tectonic and magmatic control,
which has various manifestations relative to the origin of the deposit. This also indi-
cates the association of tectonics, magmatism and mineralisation on a large scale, in-
cluding the time factor.

An example of the interrelation and association of tectonics, magmatism and
copper mineralisation of hydrothermal derivation is found in Timok magmatic domain
of the eastem Serbian Carpatho-Balkanides. Formation of hydrothermal copper-
-bearing dcposits in this region was provided by a favourable combination of many
factors involved in spatial mineral localisation. This primarily refers to structural and
magmatic factors, the former opening ways for intrusion of melts and effusion of lava
and pyroclastic material. Ore-bearing hydrothermal solutions are genetically associated
with granitoid magma differentiation and solidification into plutonite and dikes during
the Laramian and Pyreneean phases of the Alpine orogeny. llydrothermal solutions
ascending to the surface affect volcanic rocks and volcanoclastics, alter them and lead
to deposition of ore minerals, that is the formation of copper deposits of
massive-sulphide or stockwork-impregnation type.

The long duration of tectonic processes, and their effects, lead to the conclusions
that they were principal cause of magmatism and mineralisation in the Timok mag-
matic domain. In the relationship of tectonic pattem and magmatism, a direct associa-
tion is noted with the fault deformations, because extrusions and inclusions of mag-
matic material occur along the faults. Similar associations are present between miner-
alisation and minor faults or fault zones, which allow flow of ore-bearing hydrother-
mal solutions and deposition of minerals. The association of mineralisation and mag-
matism is indirectly manifested in the presence of hydrothermally altered volcanic
rocks and clastics emplacing copper deposits and ore bodies.



Tectonic processes were active in some intervals of time, which altemated with
the intervals of weak movements or relative quiescence. Four large-scale regional or
planetary orogenies (tectonic cycles) are distinguished in the evolution of the Litho-
sphere. Intensity of processes, extent of events, and deformation degree of the older
lithospheric structures were not uniform for each cycle. The newest tectonic cycle,
known as Alpine orogeny, is considered the strongest, extensive and of the highest
degree of deformation in the earlier formed structures which led to significant changes
in land and sea configuration and remodelling old into new structures of the Earth’s
crust. These statements are relevant, among others for the fact that the effects of old
orogenies were deformed and reconstructed, and also because the results of such
events are generally masked by a newer cover and younger structures. The most un-
certain in this aspect is the tectonic activity of the oldest orogeny, known as Baikalian
orogeny. As this orogeny falls into the pre-Palaeozoic time, with the sedimentation
products either invisible or only partly at the surface, and even then mainly trans-
formed into metamorphic rocks (schists) of extremely altered material, and fossil life
(if any) completely destroyed, the studies of the oldest parts of the lithosphere
(composition and structure) are quite unreliable. Hence the many problems and vari-
ous explanations of some of the lithosphere evolution elements during the
pre-Palaeozoic and the early Palaeozoic.

The first and oldest orogeny began, in the opinion of many investigators, some
time in the early or middle Proterozoic, and lasted to the late Precambrian or possibly
into the early Palaeozoic, the Cambrian. It is ascribed the role of creating first land
masses in the lithosphere and triggering strong magmatic movements in the general
area of the newly formed geosynclines. Thus, tectonic movements led to the forma-
tion of first structures in the lithosphere, a change in the state and relationships in it,
and formation of fault paths for magmatic activity in a large areas of these structures.
Since a sedimentation has was followed by respective tectonic movements and subma-
rine faulting, significant amounts of magmatic products, at first dominantly effusive,
were altemating deposits of sedimentary and volcanic materials, or numerous series
and formations of volcanogenic-sedimentary compositions. Intrusions of magma,
which could occur at that stage of the lithospheric evolution, penetrated and solidified
at depth or, if near the surface, got eroded with the time. Tectonic processes that con-
tinued to operate, and the magmatism itself, aided by two major metamorphic factors
(regional and dynamic), affected volcanogenic-sedimentary formations and signifi-
cantly transformed them into a broad variety of schistose rocks, primarily gneisses
and amphibolites. Magma ascent, differentiation of its elements, its contact with the
oldest Proterozoic rocks, and flood of hydrothermal solution from plutonic and sub-
volcanic sources, all are responsible for mineralisation in rocks, in a unified action of
endogenic processes.

The mentioned drawbacks and the impossibility to study all consequences of this
unity of processes in the lithosphere are the reasons why it is difficult to identify
more accurately all parameters of this unity ant to individualise effects of tectonic,
magmatic and mineralisation factors, their intensities, time of operation, scale of proc-
esses, and relationships ad sequence of events.



Common cycles are distinguished on the basis of the unity of the mentioned
processes, viz.: (a) the earliest Baikalian, (b) Early Palaeozoic, Cambrian, (c) Late Pa-
laeozoic, Hercynian, and (d) the latest Alpine tectono-magmatic cycle which began in
the late Jurassic (some think earlier) and ended in the late Tertiary.

The uncertainty in reconstructing the second, early Palaeozoic cycle refers to the
enginning of the Palaeozoic; the continuity of the processes from the Proterozoic into
the Cambrian is sometimes mentioned. However, the relationships become clearer, and
reconstruction of three processes’ effects, which includeHercynianand particularly
Alpine cycles, are more certain and reliable.

Intervals of relative quiescence of tectono-magmatic processes between the men-
tioned cycles had relatively long durations without visible traces of the three dynamic
processes.

The mentioned processes in the crust of eastem Serbia have been studied by
many geologists who gave their contribution to the reconstruction of deep processes
in this region. Most of their views and interpretations are observed in this review.
This particularly refers to the papers written in coautorship and published in The Ge-
ology of Serbia (Andjelkovié¢, 1975; Andjelkovi¢ and Stevanovi¢, 1975;
Petkovié, 1976; Stevanovié¢, 1977; Aleksi¢, 1977; Aleksi¢ and Kaleni¢,
1981), a monograph by Jankovi¢ (1990) onthe ore deposits of Serbia, and
Nikoli¢ (1993) on the geology and mineral ores of Timok Zone, eastem Serbia.

A general information will be given in this paper for the reconstruction of the
united tectonic, magn}atic and mineralisation processes in eastem Serbia, with the par-
ticular reference to the Alpine tectono-magmatic cycle and the associated mineralisa-
tions.

GENERAL CHARACTER OF TECTONO-MAGMATIC CYCLES
IN THE CARI’ATHO-BALKANIDES OF EASTERN SERBIA

Products of magmatic activities are divided into magmatic formations relative to
historic periods of the Carpatho-Balkanides evolution, i.e. geotectonic units in this
part of eastem Serbia. There are four groups of these formations in Serbia.

Formations of Baikalian Tcctono-Magmatic Cycle

The Baikalian tectono-magmatic cycle lasted from the Middle Riphean to the
Palaeozoic. Significant formations of the cycle are: (a) Volcanogenic-sedimentary
formation, which includes varied schists associated with diabases, keratophyres,
spilites, and quartz-keratophyres, developed in the Danubian area (Osanica, Tekija,
Sip); (b) Amphibolite-gneiss complex, and (c) Granitoids transformed into gneisses.

Particularly notable is the presence of a volcanogenic-sedimentary formation of
schists and metadiabases with keratophyres in Stara Planina region, and in the
Porecka-Bela Reka structure of the Balkanides and Beljanica in Homolje-Kucaj area,
which contain iron mineralisations (magnetite, hematite). Products of this cycle are
also volcanogenic-sedimentary formations with siderite mineralisation in northem



Kuc€aj, gabbro-plagiogranite intrusions in Kucaj and Beljaniea areas, gabbro-peridotite
complex in the upper reaches of the Bmjica SW of Dobro, and granites
(gneiss-granites of Blagojev Kamen, Boljetinska Reka and Stara Planina.

Mineralisations in Proterozoic rocks are less common, or are more recent and as
such have not an economic value; there are mostly sporadic occurrences mainly asso-
ciated with magmatic bodies.

Varied metallic mineralisations of different genetic types are developed in old
structures, in/at old magmatic formations, which certainly seem to be products of first
cycle, some associated with Proterozoic and others with Proterozoic-early Palaeozoic,
and some even with younger events provisionally associated with this cycle. These in-
clude:

- Magmatic deposits and mineralisations of differential type, derived from basic
magma;

- Volcanogenic-sedimentary mineralisations associated with basic volcanic ex-
trusions and green schists in Beljanica area (magnetite-hematite mineralisation), and
siderite-hematite mineralisations in Kucaj area.

There remains the fact that old formations of the late Proterozoic and early Pa-
laeozoic include diverse metallic mineralisations of the Baikalian and Caledonian cy-
cles, but their origin is not identifiable in all localities. It is indisputable, however, that
mineralisation of younger cycles, the results of subsequent activities in old and de-
formed structures, are present in eastem Serbia. This particularly refers to the mine-
ralisaions of the Hercynian and, even more, the Alpine orogenies.

Formations of Caledonian Tectono-Magmaic Cycle

The events of this cycle are placed between the Middle Cambrian and late Silu-
rian, Lower Devonian. Formations produced by this orogeny are dominantly volcano-
genic-sedimentary, composed of diabase-phyllitoids, transformed into the green schist
facies. The formations ascribed to this cycle are: (a) diabase-keratophyre Inovo (Stara
Planina and Rudna Glava Formations, (b) gabbro-peridotite Deli Jovan and Zaglavak
(Stara Planina) Formations, (c) granodiorite-granite formation in Stara Planina (Ravno
Bucje) and Gomjani region, i.e. Mt. Homolje area (Neresnica, Bmjica). Magmatism of
this cycle, which evolved in marine environment with elements of the preceding
magmatism, ended in the Middle Devonian, before the rising of eastem Serbian land
and slackening of magmatic activity until the abatement of the process which pro-
traced into the Upper Devonian. Under the prevailing conditions, magmatic move-
ments, if any, could occur in the lacustrine environment or on land, but without a
visible part in the crustal stmcture, or even less in mineralisation.

Formations of Hercynian Tectono-Magmatic Cycle
The period of crustal evolution from the Upper Devonian to the end of the Late

Palaeozoic includes dominantiy acid and basic plutonites, among which are notable
old complexes of gabbro-peridotites in Deli Jovan and Stara Planina (Zaglavak)



mountains, then also granite intrusions from a a late phase of the Hercynian cycle in
the areas of Bmjica, Neresnica, Gomjani, Plavna, Stara Planina, and Janja, Radicevac
and Suvi Do. There are magnetite mineralisations of Rudna Glava, Cmajka, and
?uranium at Kalna.

Of the mentioned formations, particularly conspicuous are gabbroid massif of
Deli Jovan and Zaglavak, which are plutonic rocks of the initial basic magmatism,
formed basicall® of gabbros and related basic magmatites, extending over a surface
area of 255 km . These plutonic rocks are emplaced in varied crystalline schists, often
with satellite smaller bodies of ultrabasic rocks (ultramafites), dominantiy composed of
dunite and related rocks, highly converted into serpentinites. These rocks include
chromite occurrences.

The manifestations of volcanism are few in the Hercynian cycle, which is plaeed
in the Late Palaeozoic. The extrusions, if any, are localised in small areas mostly of
lake basins, so that products of volcanic events are mainly manifested in tuffaceous
materials sporadically found in lacustrine environments. This indicates the plutonic
character of Hercynian magmatism, widespread in eastem Serbia within several
geotectonic structures.

Particularly characteristic is eastem Serbia are products of the late Palaeozoic
volcanism (Permian post-tectonic volcanism). These are minor and isolated extrusions
of rhyolite, dacite, andesite, basalt, and trachyte in the Boljetinske and Porecka River
valleys, on the southwestem margin of Deli Jovan and parts of Stara Planina (Vrska
Cuka, Pricevac, Topli Dol, Dojkinatka Reka) mountains. The mentioned volcanic
products originate from the so-called subsequent volcanism of the Hercynian
orogeny.

Mineralisations associated with the Hercynian cycle are weak, of some signifi-
cance being only those in structures of this interval, which are associated with Alpine
tectono-magmatic cycle, as usually is the case. It is meant here primarily the iron
mineralisation, and that of copper, or uranium in Permian red sandstones. The group
of metallic minerals in old Hercynian structures includes molybdenum, gold, silver
and wolfram occurrences, originating from hydrothermal processes of the Alpine cy-
cle.

Formations of Alpine Tectono-Magmatic Cycle

Products of this cycle range from the Upper Cretaceous to the end of the Terti-
ary. The delayed Permian volcanism of pyroclastic type was succeeded by a relatively
calm period of tectonic and magmatic events. Minor tectono-magmatic activities in
the Triassic and the Jurassic (local movements in eastem Serbia) revived in the late
Jurassic in the Carpatho-Balkanides, and were associated with basic volcanism over a
limited area. At the turn from the Jurassic into the Cretaceous, these activities were
short and limited, preceding strong tectonic events in the Upper Cretaceous, and
magmatism, first expressed in volcanic cruptions in marine environments and then
plutonism in late Maastrichtian and more energetic in the Paleogene during the Py-
reneean orogeny.



Tectonic movements of the late Upper Cretaceous continued through the Tertiary
and resulted in numerous large-scale faults and fractures, and horizontal displacement
up to nappes. At the boundary of the two periods, strong magmatism developed and
the associated visible mineralisations. In this respect, this cycle is characterised by the
widest variety mineralisation, formation of many mineral deposits in the Timok mag-
matic area proper which includes two tectonic units (Timok and Dobri Dol-Grliste),
and even a larger region of the Carpatho-Balkanides including other geotectonic
units.

A significant place in the Alpine teetono-magmatic eycle is taken by occur-
rences of natural magmatic rocks between the Danube and Majdanpek, in Timok
eruptive area (between Majdanpek and KnjaZzevac), and between Bucje (near
Knajzevac) and Yugoslav-Bulgarian border (Dimotrovgrad area).

A large extent of these products is recognised in Timok eruptive area, where
volcanogenic-sedimentary formations have the greatest thickness of more than 1500
metres and are composed of volcanoclastic materials prevailing over lava products.

Divided by the time of formations, there are:

1. Cenomanian volcanism, volcanic agglomerates and tuffs, and flows of hom-
blende-andesite, homblende-dacite, pyroxene-biotite-andesite, chiefly in the east of
the volcanic terrain (Majdanpek, Bucje near Bor, Mt. TupiZnica westem slope);

2. luronian-Senonian volcanism, or timozite association (homblende-andesite,
homblende-biotite, andesite, timozite, and pyroclastic products) in the most of the re-
gion;

3. Upper Maastrichtian-Paleogene volcanism. mainly in the west of the region,
the andesite-basalt and latite association, composed dominantly of pyroclastic rocks
and some small flows (5-10 m) of pyroxene-homblende-andesite, and albite
trachyte. A latite association of volcanic rocks is identified in the southem part of
Timok eruptive region (Zlot-Boljevac-Bucje area), near KnjaZevac and Dimitrovgrad
(Donje Nevlje).

After the mentioned volcanic phases of the Lower Cretaceous (their presence
under continental conditions is likely in the early Paleogene), there followed the phase
of Laramian-Pyreneean plutonism, manifested between Zlot and Jasikovo, between
Veliki Krivelj and Vlaole, in the general Majdanpek area, south of Boljevac, and near
Dimitrovgrad. The manifestations have the form of tongues or apical parts of acid
plutons. The biggest plutonic bodies in Timok region are those of Valja StrZ, Susula
and Dobro Polje. They consist of quartz diorites, diorites, granodiorites, monzonites,
syenites, and accessory vein rocks.

In Ridanj-Krepoljin region of eastem Serbia, the known Upper Cretace-
ous-Paleogene and Neogene magmatic rocks are represented by dacite-andesite and
basaltoid rocks in the Golubatke and Homoljske Mountains, Beljanica, Kucaj, Ozren,
and SvrljiSke Mountains, in the form of flows, veins and irregular subvolcanic rock
bodies.

Characteristically, pyroclastic and volcanic rocks occur in Upper Cretaceous
(Cenomanian, Turonian-Senonian, and Upper Maastrichtian) and Neogene formations



of eastera Serbia (tuffs and tuffites in Rakove Bare, Zaplanje, Sokobanja, Timok, and
JeleSnica basins),'without visible mineralisations.

Mineralisations oi'Aipine Cycle

The Alpine tectono-magmatic cycle has the main significance for mineralisations
and ore deposits in various structures of the eastem-Serbian Carpatho-Balkandes. The
principal phase of various types of mineralisation was from the end of the Cretaceous
through the Paleogene. The centre of mineralisation of economic value is in Timok
magmatic domain in the central Carpatho-Balkanides, that is in two adjoining zones:
Timok in the west and Dobri Dol-GrliSte in the east, which extend from the Danube
and Romania in the north to the southeastem Serbian-Bulgarian border.

In eastem Scrbia, Jankovi¢ (1990) separates (from west to east) four zones of
mineralisation: (1) Ridanj-Krepoljin metallogenetic zone, where the formation of en-
dogenic deposits is controlled by Upper Cretaceous Laramian magmatic intrusions; (2)
Homolje-Beljanica metallogenetic zone with known volcanogenic-sedimentary depo-
sits associated with basic complexes and vein-hydrothermal mineralisations genetically
related with granitoid complexes; (3) Bor metallogenetic zone with copper mineralisa-
tions primarily of hydrothermal derivation; and (4) Porecka-Stara Planina metalloge-
netic zone with varied mineralisations.

Additionally to the mentioned zones, mineralisations are present in the Rhodope
Mass, at its border with the Carpatho-Balkanides.

Principal metallogenetic characteristics of the mentioned zones are:

1. Border area betwcen the Carpatho-Balkanides and the Khodope Mass.
Small mineralisations in places, such as those at Kaona, Manastirica, and near Bosile-
grad, where the occurrenees are associated with the volcanogenic-sedimentary facies
of the basic complex in the old core of Balkan peninsula. This border area of two
large structures, also the part of the old core, includes volcanogenic-sedimentary
rocks which bear Cu-mineralisation and some gold scheelite (Ranovac-Kaona), and
aecessory small massive pyrite deposits with quartzite masses. In the middle of the
contact area, at Bukovik and RaZanj, minor Cu-mineralisations in volcano-
genic-sedimentary rocks have also been noted.

2. Ridanj-Krepoljin zone. The endogenic occurrences of some significance are
skam mineralisation of magnetite (Ridanj), then multiphase ore deposits and occur-
rences (ReSkovica), metasomatic (volcangenie-hydrothermal) deposits primarily of
Pb-Zn accessory to gold and silver mineralisations (Kucajna), minor deposits and oc-
currences of antimonite (Osanica) m genetic association with dacite-andesites, and
cupriferous mineralisations at Re3kovica, Ridanj and several places in Permian red
sandstones also bear some uraniferous mineralisations.

All the mentioned mineralisations of Alpine cycle are poor deposits, some of
which, primarily lead and zinc, were worked in the past.

3. Homolje-Beljanica zone. North in the zone, from the Danube to Mt. Be-
ljanica, old Palaeozoic volcanogenic-sedimentary complexes of basic rocks bear many



metallic mineralisations. The best knovvn is the area of Blagojev Kamen, where explo-
rations have been resumed for gold and silver in the deposits of Sveta Barbara and
Grabovska Reka, where also scheelite mineralisations are present. Some of mineralisa-
tions in the zone are believed pre-Alpine.

4. Timok metallogenetic zone. General characteristics of mineralisation in the
zone, those of copper in particular, are the following:

The main phase of mineralisation is placed in the early Paleogene. Hydrothermal
solutions moved along the numerous faults and altered the solidified volcanoclastics.
Cupriferous mineralisation in more than fifty altered zones, between Majdanpek, Bor
and Dobro Polje, are associated with this hydrothermal process.

Most significant mineralisations in the Timok metallogenetic zone are located in
the Timok zone (east) and the Dobri Dol-GrliSte zone (west). Concentrations of mi-
neral parageneses in the Timok zone are mainly in Bor and the general Majdanpek
areas, between Bor and Majdanpek, and in general Cmi Vrh area. In the Dobri
Dol-GrliSte zone, mineralisations are associated with plutonic-intrusive bodies of To-
dorov Potok, where Veliki Krivelj deposit is located.

Mineralisation types in the mentioned mineralisation zones are various, to men-
tion the most significant ones:

(a) Bor zone, directly controlled and connected with the Bor dislocation, where
the prevailing types are:

- massive-sulphide - deposits and ore bodies including Coka Dulan, ore bodies
of Tilva Mika (A, B, C, D, 1), ore bodies I, J, H, L, B (new gallery), and ore bodies
of Sistek and Krpe. Essential minerals are covellite, chalcosine, enargite, bomite, an
chalcopyrite;

- stockwork-impregnation - ore bodies of Tilva Ro§, Kamenjar, Brezanik, body
F and body C, with the essential minerals: covellite, enargite, chalcosine, rarer chal-
copyrite, luzonite, and tetrahedrite; and

- porphyric - deep parts of Borska Reka and Borski Potok with occurrences of
pyrite, chalcopyrite, bomite, molybdenite, and magnetite.

(b) Majdanpek zone, connected with Majdanpek-Mali Krivelj dislocation, where
several types of mineralisation are developed.

- porphyric type, as the prevailing mineralisation in Mjadanpek area, is found
in stockwork-impregnations; a stockwork is centrally situated in the zone with satel-
lite impregnations on its margin. In the mineralisation zone itself, two ore levels are
present: upper (oxidation) level of dominantly limonite and malachite, and lower
(cementation) level of chalcosine and covellite. The paragenesis of Majdanpek deposit
includes chalcopyrite, pyrite, molybdenite and magnetite as essential minerals, and
lower amounts of pyrrhotite, bomite, and gold;

- massive-sulphidc type, with pyrite as the essential mineral and accessory chal-
copyrite, pyrrhotite, bomite, magnetite, hematite, sphalerite and, among other, native
gold. Pyrite bodies contain copper minerals, gold and silver;

- skarn type is present on the margin of mineralisation zone, at contact of
magmatic and Mesozoic carbonate rocks, where magnetite is essential mineral and ac-



cessories are cupriferous and other mineralisations;

- lead-zinc type is a common accessory to the porphyric type of Cu-Mo miner-
alisation with galena and sphalerite as the essential minerals.

Mineralisations of the above types are found in Majdanpek, and north and south
of it to Coka Marina and Cerova.

(c) Mali Krivelj-Cerova zone. North of Bor and south of the Majdanpek zone,
there are several mineralisation zones (Coka Curuli, KiridZijski Potok, Kraku Buga-
rescu, Mali Krivelj) where vein type mineralisation is registered with pyrite and chal-
cosine as essential minerals, massive-pyrite type with pyrite and enargite as essential
minerals, and ccmcntation typc as secondary mineralisation (oxidation and cementa-
tion), and some skarn and stockwork-imprcgnation mineralisations.

(d) Crni Vrh mincralisations are the commonest in Timok zone, largely affected
by the Valja Strz plutonic body. Mineralisations are mainly of the porphyric type,
with minor occurrences of skam marginally on the Timok zone to the adjacent Meso-
zoic carbonate rocks of Homolje. All these can be divided into three mineralisation
zones/units:

- Mincralisations along Zlot fault (Timok zone boundary with westem margin)
where skam is prevailing. Apart from copper, essential minerals are magnetite, galena,
ad sphalerite. There are seven Pb-Zn-Cu deposits.

- Mineralisation in/at Valja StrZ plutonic body are multiphase mineralisations
of hydrothermal type, with dominant Pb-Zn-Cu minerals and gold and copper occur-
rences in direct contact with plutonic rocks.

- Mincralisations in volcanogenic-sedimentary rocks along Cmi Vrh-Savinac
dislocation form fifteen metallic mineral deposits from Jasikovo and Damitru stream
in the north to Tilva Njagra and Zlot in the south. Cupriferous minerals are prevail-
ing, followed by hematite, magnetite, molybdenite, sphalerite, galena, and other metal-
lic minerals, thus accounting for multiphase Cu, Pb-Zn minerals.

(e) Mincralisations south of Crni Timok River. Less significant occurrences at
Savinac, Markov Kamen and near Dobro Polje and Bacevica, resulted from hydro-
thermal processes, with copper-bearing minerals in uneconomical eoncentrations.

(f) Veliki Krivelj mineralisation is a zone eastemmost of the mentioned zones,
connected with Dobri Dol-Grliste structural-facial zone. The prevailing type of mi-
neralisation is porphyric, hydrothermally associated with plutonic-intrusive bodies
which peripherally introduced skam mineralisation. The presence is registered also of
oxidation zones (in higher) and cementation in lower parts of deposits. The essential
mineral is Cu, and Pb-Zn, with accessory magnetite, rutile, pyrrhotite, chalcopyrite,
pyrite, hematite, molybdenite, bomite, covellite, chalcosine, azurite, enargite, etc.,
formed in three separate paragenetic stages.

Summarising the given information into a general statement of mineralisations in
imok region, the following can be inferred:

- Porphyry deposits are: Majdanpek, Cerovo, Veliki Krivelj, Mali Krivelj, Bor-
ska reka, and Valja Strz on Mt. Cmi Vrh;

- Massive sulphide dcposits with Pb-Zn mineralisations are Bor and Coka



Marin;

- Skarn deposits is Valja Ska; and

- Volcanic deposits of Cu with gold are Bor, Majdanpek, and Veliki Krivelj.

5. PoreCka-Bela Reka zone of the Balkanicum includes several multiphase mi-
neralisations from MiroC to Deli Jovan to Stara Planina in the south. Minor Fe miner-
alisations are generally associated with the old cycles, as differentiation products in
plutonic bodies, or as skam products. There are more occurrences from Alpine
(possibly also pre-Alpine) cycle, but without significance. These occurrences are
mostly of hydrothermal origin, and many of them are associated with the auriferous
quartz veins near Deli Jovan (Cmajka, Glogovica) and Stara Planina. There are few
uraniferous mineralisations at Kalna, adjacent to Janja Granites.

Instead of Conclusion. The four tectono-magmatic cycles identified in eastem
Serbia are manifested as continuous processes, accompanied by respective mineralisa-
tions. Tectonic events of the older cycles are inadequately expressed and defined (due
to coverage by younger stmctures or reshaping in Alpine orogeny, aided by signifi-
cant erosion). It may be stated, however, that extmsive basic magmatism prevailed un-
til the Devonian, and produced metamorphic rocks and many diabase-melanic forma-
tions; hence the sporadic significance of mineralisations of that time. In the late Pa-
leozoic, Hercynian orogeny initiated massive magmatic movements which, in two in-
tervals, resulted in the formation of gabbro-granitoid plutonic rocks and differential,
skam and hydrothermal, mineralisations. Neither of these mineralisations has the eco-
nomic value.

The last cycle, after a long period of relative quiescence in tectonic and mag-
matic events (Permian-Cretaceous), strongly affected the Tethyan realm and led, in
the Carpatho-Balkanides in particular, to large-scale deformations in the crust, forma-
tion of cpmplex folding stmctures, significant dislocations, and fault zones, providing
thus conditions for magmatic movements. These processes were particularly operative
in the late Cretaceous and early Tertiary. Magmatism was expressed in the Paleogene
by hydrothermal solutions from plutonite of transitional magma, affected a large area
of both old and new geostructures. The greatest importance of these events is associ-
ated with two stmctural-facial zones (Timok and Dobri Dol-Grliste), united into the
Timok magmatic, or Timok Cu-metallogenetic zone.
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