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MMWHEPAJNTHE MAPATEHES3E PhH-2n NEXWLUTA
BABE-KOCMAJ (CPBUNJA)

04
bumaHe 3pHuh*, Jbyb6omupa Lsetrkosnha* u JbybaHa O6pagosuha*

PyaHOMMWKPOCKONCKUM MCMUTUBakeEM y3opaka M3 nexuwTta Babe-Kocmaj (Cpb6uja) ytepheHa je cno-
XeHa cyndpuaHa MuHepanusaumja. Mopepf cynduaa onosa, LuHKa U 6akpa yTBpheHO je NpucycTBo MuHepana
HUKna, Kob6anta, 6U3MyTa, cpebpa 1 ypaHa. Y pajgy je faT AeTa/baH OnuUC MuUHepana, CTPYKTYPHU U TEKCTYPHM
ofHocu. Ha ocHoBy yTBpheeor MMHepanHor cacTaBa U MUKPOCTPYKTYPHUX OAHOCA U3ABOjeHe Cy Tpu cTagujyma:
KOHTAKTHO MeTaMOpP(HU. MHEYMaTONUTCKN U XUAPOTEPManHN. Y OKBUPY XUAPOTEPMANHOr cTagujyma, y Kome
je genoHoBaHa cyndugHa MuHepanusayuja, U3fBojeHe Cy KapakTepucTuyHe napareHese.

KrbyuHe peun: raneHunT, chanepuT, MMHepanHe napareHese, babe-Kocmaj, Cpbuja

YBO/,

NexuwTe onosa u UMHKa babe Hanasm ce oko 35 KT jyxxHo of beorpaga, y nog-
HOXjy nnaHWHe KocMmaj. JlexuliTe je eKCnnoaTucaHo jow y aHTUYKO f06a, a ucTpaxu-
Bayka aKTMBHOCT HacTaB/beHa [0 JaHalWbuX faHa. VIHTEH3MBHA reo/fiolka UCTpaxumnBsa-
Hba, YK/bYUYYjyhn reoxeMmnjcky npocnekunjy, recnowko KapTupamwe, NCTPAXHO OyLuete U
[p., cnpoBejeHa cy ceflaMieceTux rogmHa, a okoHyaHa 1990 r. (KaclloyJc, 1977-1990).

TepeH nexunrra ba6e nsrpaheH je of Me3030jCKUX ceaumeHara, TepumnjapHux mar-
MaTCKUX CTEHa, TOPHOMMOLLEHCKMX CceflMMeHaTa U KBapTapHux Hacnara (cn. 1). Me3030j-
CKW CEeAUMEHTM MMajy Hajsehe pacnpocTparwere U NpeAcTaB/beHU Cy Kpedrbaluma, nano-
pPOBUTUM NECKOBMMa, FMHaMa 1 nanopumumMa. TepuujapHe BY/IKAHCKe CTEHE NpesCcTas/be-
He Cy KBapu/atutTuma, eKCcniao3vBHUM Gpedama, pensutnuma u namnpopupuma.

CefMMEHTU N MarmMaTCKe CTEHE Cy KOHTaKTHO MeTamMOp(HO, MHEeyMaTOAUTCKU U
XNApoTepManHo U3MereHe. HajpacnpocTparmeHuje cy XuapoTepMasHe NPOMEHe Kao cu-
niukaymja, nupUTM3aLnja, cepuumTm3alnja, Xxnopnutnsaunja, IMMoHUTU3aLnja n gpyre
(MWaloY:ic, 1988).

TepeH nexunwTa babe 04nnKyjy CloXeHe CTPYKTYPHO-TEKTOHCKE KapaKTEPUCTHKE
Koje cy npeAcTaB/beHe pasfiOMHUM, MYKOTUHCKUM U HabopHUM obnuuuma. HajsHavajHuja

je npcTeHacTa cTpykTypa "InasumHe" (6ajic, 1987).

*Pypapcko-reonowkn hakyntet YHusepsuteta y beorpagy, bywuHa 7,11 000 Beorpag.
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Cn. 1. MpernegHa reonowka Kapta pygHor nosba Kocmaj, 1:100 000 (KaclmloVic, 1984). ereHpa: 1. any-
BUjyM, 2. fienyBUjyM, 3. Kpeuralim, NanopoBMTKM Mewyapu u necak (foau capmar), 4. necak, rnmHa n na-
nopay, (gowwu capmart), 5. mecak, NeCKOBUTE FIMHE M Mewyapn (NaHOH), 6. NMPOKNacTUTU, 7. TYPOHCKO-
-CEHOHCKMW (anww. 8. reoxheBNTHN Newyapun, NecKOBUTM Nanopumn n kpeuwaun (anb), 9. anjabas-poxHay-
ka (opmauwnja, 10. pacepg, 11. paces, npeTnocTaB/beH, 12. paces, hoToreonowkun, 13. npetTnocTtaB/beHa
rpaHuua, 14. epo3noHa rpaHuua, 15. rpaHuua nHTpy3mBa, 16. pyaHo nombe Kocmaj.

Hjj. 1. 8ke(ch raap ol lhe ore Mek! Ko.uTaj, 1:100j000 (Ka(@mnloVic, 1984). ~e”enc!: 1. Aluyjura, 2. ELL-
KTnT, 3. ute5(:one, tarly kan/b”one anc! »anc! (Eo\yer 3atrallan), 4. 3ancl, clay anc! tarl (1n\yer
3artaHan), 5. 8anJ, »an/ly clay ang 8an/blone (PannoTtan), 6. Pyrock6Wck, 7. TuroTtan-6enowan
Hyxch, 7. Perrous 8ang8lone, 8ar<ly tarl anc! Htesute (AlHan), 8. I)lallase cher! Portalon, 9. Paull,
10. Pauh (prelenecl), 12. Paul (Pholo8eolo§lcal), 13. Bounclary (prelerrecl), 14. Ttan66resmye hown-
Nary, 15. 1nlrv51Ye hounclary, 16. The ore HeM KokTaj.



MeTanoreHeTcku, nexunwiTe npuvaga LLlymaamnjckoj MeTanoreHTCKOj NpoBnHUuju, a
reHeTCKU je Be3aHO 3a TepuujapHW ByNnKaHoreHn marmatusam (Jankoyjc, 1981). Knacu-
(hMKOBaAHO je Kao XuapoTepmanHo nexuwTe, Koje npema Kakjcu (1962a) npesctas/ba
M3pasnTun CyBBYNIKAHCKMN TUM.

MWHEPANHW CACTAB

CynugHa MuHepanusaumja 0/10Ba M LMHKa NMPOCTOPHO M TFEHeTCKM je BesaHa 3a
epynTuBHe cTeHe (KBapujiaTUTW, CTEHE PUOJSIMTCKOIN cacTaBa M eKCnio3nBHe 6Gpeue) u
KOHTAKTHO MeTamMop(He cTeHe (KOPHWUTK U CKAPHOBM). Y OUEHO je BULLE TEKCTYPHUX TU-
rnoBa, a NpemMa eKCTEH3UTETY W3[BOjeHe Cy MMMpPerHaLnoHa, XXunmuyacra, MacuBHa, rHes-
facTa, Tpakacta u 6pevacta TekcTypa. MUKPOCKOMNCKUM UCMUTUBaEM PYAHUX Mpenapa-
Ta nopef HaBefeHWX TEKCTYpa, YOUEHEe CY MUKPOTKCTYpe Lpo6/berba, NOKanHOr Karta-
Knasmpawa, Kao U pefIMKTHe TEKCYTpe HacTase npoLecumMa 3aMemuBamwa. M3mehy Hase-
[eHNX TeKCTypa jaB/bajy ce pasfiuke y MUHEpasHOM eacTaBy W KOJIMUMHCKO] 3acTyrnsbe-
HOCTV MOjefUHUX MUHepana.

MuHepanu cy U3N0XeHW NpeMa BepoBaTHOM pefoc/neny AenoHoBarwa. [1pucycTso BuLLe
reHepauuja nojeiMHUX MUHepana ykKasyje Ha 70 [ja ce enoHOBame 0/BKjano y BuLle ¢hasa.

MuHepanu janoBuHe, Kao LWTO cy engcnaTu, KBapL, NMMPOKCEHN (LUOMNCUA N XeLeH-
6eprut), amuoonn (aKTUHOAUT U TPEMOUT), eNOUAOT, aKCUHWUT, TYPMasinH, NpeacTas-
/bajy OCHOBHY Macy Y K0joj Cy CMeLTeHW pyaHu MuHepanu. Kao akuecopHU MuHepanu
KOHCTATOBaHM Cy CpeH, anaTuT 1 LIMPKOH.

MnmeHnT npepctassba jefaH of NpBoo6pasoBaHNX MUHepana. JaB/ba Ce Yy BUAY peT-
KMX UMMperHaunja y 0CHOBHOj Macu KBapu/iaTuTa, a KOJIMYMHCKA 3acTyN/beHOCT je Bp/o
mMana. 3pHa WIMEHUTa cy HenpaBufHa, BennymMHe oko 50 mmkpomeTapa. Bpno peTtko cy
cBeXa, Yelwhe cy y pa3nnumtoj Mepu 3axsaheHa TpaHchopMaunjoM y CeEKyHAApHU pyTun
N PUHO3PHE NeYKOKCEHCKe MeLLaBUHe.

MarHeTuT je Takohe MpuUCyTaH Kao akUeCOpHW MUHepan y epynTUBHUM CTeHama.
JaB/ba ce y BMAy MMMperHauuja y OCHOBHOj Macu WM Kao YKNonak y nojefuHuMm cyf-
thmanma, Hajuewhe NUpUTy. 3pHa MarHeTuTa Cy HermpaBu/aHa A0 XUNULMOMOPHHA U TaKo-
he cy 3axsaheHa npouecuma antepaumje. Kao nocneguua npoueca okcupauuje, Loyx
KpucTtanorpadckor npasya (111) o6pasyje ce XxeMaTUT-MapTUT.

XemaTuT je MUHepan ca MasuM MHTEH3UTETOM U eKCTeH3uTeToM. OcuM xemaTuTa-
-MapTunTa jaB/ba ce U npumapaH xematuT. [NpeAcTaB/beH je TabanMyacTm 3pHUMA U CHO-
nuhacTum arparatuma sennyuHe og 04-0,5 munumeTtapa. XemaTuT ce jaB/ba Y CUIMKAT-
HOj jaNOBUHUN UM KA0 YKIONAaK Y NMUPUTY N XanKomnupuTy.

PyTun je of OKCUMAHMX MUHepana KONIMYMHCKN Haj3acTyn/beHUju, Maja je 1 OH npak-
TUYHO aKLecopaH. JaB/ba Ce Kao npumapaH U cekyHaapaH. MpumapHu pyTun je npegcras-
JbeH CUTHUM NPU3MATUYHUM 3pHMMA KOja Cy pacnplieHa y cunnkaTHoj macu. CekyHpap-
HU pyTUN je HacTao TpaHc(opmauujoM UAMEHUTA U NPeLCTaB/beH je CUTHO3PHUM arpe-
ratuma.

MHPOTUH je HajcTapuju cynpuaHn MuHepan. Of/NKYje ce YMEPHUM eKCTEH3UTETOM
M ManuM WHTEH3UTETOM. BpJio peTKo ce jaBrbajy MMMperHauuje y OCHOBHOj Macu, a yell-
hu je Kao yknonak y mmHepanuma janosuHe unu mnahum cyngpuanma. CamocTanHa 3pHa
NUPOTUHA Cy HenpaBuHa o Tabnnyacta, BenuumHe oko 0,1 munumetap.

CacBMM peTKO Cy 3anaXeHe CTPYKType Kao nocrnefuua pacnaga YspcTor pacTsopa.
Y NUpOTUHY Ce Hanase U3y3eTHO PeTKa u3fBajarma NeHTNaHANTa, a jaB/ba Ce U Kao U3[BO-
jeHa hasa y chaneputy.



MnameHacTa n3gBajarba NEHTIAHAMTA KOHCTATOBaHa Cy Y CKapHy Ha ay6uHu og 250 T.
OBa u3fBajarba NpeacTaB/bajy PUHO3PHACTe arperate yunja je nokasusaumja BesaHa 3a rpa-
HULe 3pHa WU 30HE Y KOjuM ce jaBbajy fedektn (Kelly & Yau8han, 1983). Mpema
eKcnepMMeHTanHUM npoyyaBakbuma cuctema Pe-Ne-8, obpasoBare NeHTAaHAuMTa je pe-
3ynTaT u3gBajatba U3 MoHocynguaHor uspctor pacteopa (Pe, M )j>5, npu yemy je 6UTHU-
ju opHOC meTan/Cymnop Hero cafpXaj HUKNa y MOHOCYN(MAHOM YBPCTOM pacTBOpYy
NaMel & Kwullerncl,1967).

WN3gBajarba NMpoTMHA Y chanepuTy Cy HENpaBuaHa, Manux Cy AUMEH3Mja 1 Yr1aBHOM
Cy loKann3oBaHa y 0604HUM JenoBrMa 3pHa LOK Cy LeHTpasHU 4e0BU XOMoreHn. Mpu-
CYCTBO OBMX M3ABajatba KapaKTEPUCTUYHO je 3a BUCOKOTeMMepaTypHe chanepuTe, a 06-
jawbaBa ce, C jefHe CTpaHe pacnagom YBPCTMX pacTBOpa NPMW CHWKewy Temnepartype, a
ca apyre, CAMYHOWNY HUXOBUX KPUCTATHUX pPeLleTKu.

MupoTUH je NokanHo 3axBaheH MpPoOLECOM TpaHcopMmauumje y arperate nupuTta u
MapKacuTa, na ce 0 NPBOOMTHOj 3aCTYMN/LEHOCTX OBOI MWHepana MOXe camo Harahatu.
OBaj MUHepasn je NOAN0XaH TpaHcopMaunju 360r HENOCTOjaHOT XeMU3Ma 1 NOCTojaky
TpaHcnauuja napanenHo n/bocHu (0001), wWTo ce MaHUeCTyje MojaB/bUBakEM Creuu-
(DUYUHUX CTPYKTYPHUX (POPMM, KAO0 LWITO je CTPYKTypa "nTuunjer oka". TpaHchopmMaumja
NMUPOTUHA Y MapKacuT-NMUPUT je CNOXeH Mpouec Koju je npema Hanuk-y (1980), ycnos-
/bEH OACTpakMBatbeM reoxha u3 NMPOTUHA NPU CHUKEHY TEMUEPATYPe U KOHCTAHTHOM
napuujasiHoM NMPUTUCKY KUCEOHMKA po2 LWITO YCN0oB/baBa nopacT gucouujaLmje KucenmHa
N KOHTUHYMPAHO 3aMerMBake MMPOTMHA MapKacMTOM U NMPUTOM y3 06pa3oBake cuje-
puTa Kao cnopegHor npoaykrta. NMpomeHe pH 'y pacTBopy L0BOAE A0 MPOMEHE  MPW KOH-
CTaHTHOM @21 3aBUCHO of TOr (hakTopa, 3aBMucuhe o6pa3oBake ancynguaa reoxna.

XankonmpuT y UCNUTUBAHWM NpenapaTtvma nokasyje pefiaTUBHO BENNKN eKCTEH3U-
TeT, a Mann UHTEH3NTET. Ha OCHOBY HaumHa MojaB/bUBawa, U34BOjeHe Cy ABe reHepaymje:
cTapuja, 03HayeHa kao xankonuput (1) n mnaha, o3HaveHa kao xankonuput (I1). Mpea
reHepauwuja je 3HaTHO Make 3aCTyMn/beHa y OAHOCY Ha mnahy reHepauyujy.

Xankonuput (1) je NnpeficTaB/beH CUTHUM HenpaBUMHUM U 3a06/beHUM 3pHMMA, KOja
ce jaB/bajy kao yknonum y nuputy (I1), cchanepuTy, apCeHONUPUTY W raneHnty. 3a OBy
reHepauujy je Be3aHO BPJi0 PeTKO MojaB/bMBare cynuia 6akpa: xankonupoTuHa, Kyba-
HWUTa 1 BanepuTa, Ynje je MPUCYCTBO BaXKHO 3a FrEHETCKAa TyMayerba.

MHTMHa npopacTawa XankonupuTa u canepmuta penaTuBHO Cy YecTa y canepuTy-
-mapmatuty (cthaneput I). Hajuewhe cy nokanusoBaHa y 0004HUM [enoBMMa Ccaneput-
CKVX 3pHa, AOK OACYCTBYjY Y LUEHTpPaaHWM AenoBmMma. MacoBHOCT, rycTiHa 1 (popme Xasko-
MUPUTCKMX YK/IOMakKa Cy pasnuuute. YKIOMUUM XankonupTa noHekas 06pasyjy HU30Be Koju
nokasyjy ofpefeHy opujeHTaumjy Wam cy 30HapaHo pacrnopeheHn. dopme xankonupurta cy
pasnuunTe: TaukacTe, KarnsbuyacTte, v BpeTeHacTe, y3 PeTKO NojaB/buBabe CUTHUX KpucTana.

WHTUMHa npopacTawa xankonuputa v chanepuTa cy Bpao Ayro npeameTt npoyda-
Bakba OPOJHMX MCTpaxKmMBaya, anu Ao faHac HUX0Ba NPUPOAA U HAYMH MOjaB/bMBaba HUCY
y NOTNYHOCTW pelleHn. MexaHusam o6pa3oBara OBMX NpopacTaka je BP0 CM0XKEH U1 3a-
BUCW 0f1 BENMKOT 6poja hakTopa (Temnepatype, aC, aH3- v Ap.), a npema Agocafalltbum
npoyyaBawMmMa MOry HacTtaTu Kao pesyntaT konpeuunutauuje (Elcln8e o al.,, 1988;
Kojjta & 8u8alm, 1985) u 3amewuBawem (BorllJkoy el al, 1991; Barlon &
Belhke, 1987; HwchTtBon & 3coll, 1981).

Xankonuput (Il) je npeacTaB/beH HenpaBWAHWM 3pHMMA W arperatuma. [enom je
cpacTao ca gpyrum MuHepanuma, unm je pefje camoctanaH. OBa reHepauuja ce jaB/ba ca
NIMHEUTOM M MUNEPUTOM, Y METaMOP(HUM CTeHama Ha AgybuHama of 165 o 547 7.



Xankonuput (I) ce jaBba no obogy w gyx npcauHa caneputa (I), raneHuTa u
nupuTa. Ha KOHTaKTy canepuTa ca Xxankonuputom, obpasyje ce TeTpaeapuT.

O6e reHepaumje xanKonupuTa NOKanHo cy 3axsaheHe TpaHcghopmaunjom y cyndmae
6akpa u reoxha n cynduae 6akpa: 60pHNT, XaNKO3UH U KOBE/NH.

Cdhaneput ce y UCMUTUBAHUM Y30pUUMa OANNKYje BENUKUM EKCTEH3UTETOM U WH-
TEH3UTETOM, HaPOYUTO Y KOHTAKTHO MeTaMOPMHMUM CTEHAMA, [LOK je Y epynTUBHUM KO-
JNIMYNHCKN Make 3acTyn/beH. Ha OCHOBY HauMHa nojaB/bMBama U ONTUYKMX KapakTepuc-
TUKa, U3BOjeHe Cy ABe reHepaymje.

Cdaneput (I) no onTuykMm ocobmHama OfroBapa BapujeTeTy ca Behum cagpXkajem
reoxnha (MapmMaTuty) 1 MMa MpKY, MPKO LpHY A0 LpHY 60jy. MpeAcTas/beH je xunuauomop-
(hHMM 3pHMMA W arperaTuma yuja BeiMuMHa Bapupa Of fenoBa Munumetpa go 2 Tnr Mapa-
reHeTCKM, 0BOj reHepaumju npunagajy n n3y3eTHO peTKe rnojaBe KpUCTanmM3aunmoHUX cKeneta
cthaneputa, T3B “caseputcke 3Besfe” y xankonuputy. Ob6pasoBarbe KpUCTaIM3aLMOHUX
CKefeTta, NpemMa ekcnepumeHTasHUM nofauuMma npoyyasawa Cu-Pe-2n-6 cucrema je
nocnefuua usfBajawa U3 WHTEPMeAMjapHOr YBPCTOr pacTBopa (188) G/MCKOr MOMXYKUTY
(Cn2APe2,2n12547) (KoJita & 8u8ak1,1985) unu KybaHuty (CuPe%3d (5cou, 1983).

Cdaneput (Il) oaroeapa cthanepuTy ca HXKUM cagpxajuma reoxna. Makpockoncku je
MPKO XYTe [0 MefHa XyTe 60je, a Y MUKPOCKOMNY MoKasyje CBET/IO XYyTe [0 HapaHiacTe
YHyTpalwe pednekce. Mnaha reHepauuja je npefcraB/beHa CaMOCTa/IHUM 3pHUMa Henpa-
BUNHMX (hOPMW KOja Cy pacnpLueHa y KBapLuHOj vy kapboHaTHOj mMacu, Win ce jaBrbajy Mo
0604y, [OK Cy LleHTpanHu fenosm nsrpahexun og chaneputa-mapmMarTumTa.

O604HM fenoBm chanepuTCKUX 3pHa U arperata Cy pejoBHO KOPOAOBaHN KBapLOM WUin
Kapb6oHaTOM. 3pHa canepuTa cy JIOKasHO UCMyuana, a NPCc/nuHE U MyKOTUHE CY WUCHYHEHE
MUHepanuma janosuHe u Mnahum cynduauma: xankonumputom (I1) v raneHUToMm.

JINHEeNT 1 MUNEPUT Cy KOHCTATOBAHWU Y KOHTaKTHO MeTaMOP(HUM CTeHama y y3op-
uuma ca aybuHe op 165 no 547 1. JIMHeWT je npeAcTaB/beH HeNpaBWUIHUM [0 XWUMUAMO-
MOP(HUM 3pHUMA, BeIMYMHE [0 HEKO/IMKO CTOTMMA MUKpOMeTapa. Bpno peTko ce moxe
3anasuTy 30HapPHOCT Kao nocnieanua (MHUX pasfinka y XeMujckom cactasy. o obogy 3p-
Ha NMUHenTa jaB/bajy Ce 3pHACTW arperatv MuUaepuTa, a U3y3eTHO PETKO Ce jaB/bajy name-
ne MUNIEPUTA Y NIMHENTY, CIMYHO CTPYKTYPU U3ABajarba UIMEHUTa Y MarHeTuTy.

MupuT je jesaH of MuHepana Koju ce y UCNMTUBAHMM y30pLMMa Pa3HOBPCHO MNOjas-
/byje. Hanasm cy y oba Tuna cTeHa, a'y CUNnN(mMUKoBaHUM epynTUBHUM NpeAcTaBHULMMA je
LOMWHaHTaH MUHepan. [lenoHoBawe NUpuTa ce 0fBuWjano y BuLle ¢asa, a Ha OCHOBY Ha-
YMHa nojas/buBakba, U3aBojeHe cy Tpu reHepauuje: nuput (1), nuput (1) v nuput (111).

Muput (1) npeacTaB/ba HajcTapujy reHepaumjy vy OCHOBY je TO MelLaBUHA Mapka-
cuTa U NUPNUTa, Koja je HacTana Kao MPOAYKT TpaHcopMauuje nupoTuHa. OBa reHepa-
Luja je KONMYMHCKM Mano 3acTyn/beHa, a jaB/ba Ce Y BWAY YKAONaka y Hemnrro mMaahem
nuputy (1) unn gpyrum mnahum cynguanma.

Mupnt (I) je KONMYUHCKN Haj3acTyn/beHuju. MpeacTaB/beH je MnojefuHauYHUM Xun-
NAMOMOP(HMM [0 MANOMOP(MHUM 3pHUMA, BEIMYUHE A0 2 TT, WAM KPYNHWjUM arpera-
TMMa KOju rpaje Mawe uau Behe noBpLUMHe Y OCHOBHOj Macu. 3a OBY reHepauujy je Ka-
paKTepUCTUYHO MPUCYCTBO OPOjHUX YKOMNakKa CUMKATHE jaloBUHE, KOja je Ha nojeaum-
HUM MecTVhMa 30HapHO pacnopefeHa, UCTO Kao U YK/IONUW MarHeTuTa, xemaTuTta, cgane-
puta (1), xankonuputa (1) npeTKo apceHonupuTa.

MupuT (1) npeacTaeba Hajmnahy a3y Koja Ucnyrasa BP/io TaHKe MPC/YHe Y OCHOBHO]
Macu. MeCTUMMYHO Cy TO reficKe MeLlaB/He NMpUTa U MapkacuTa Koje ce noHerfe obpasyjy Ha
3pHMMa MMPOTUHA U NOTUCKY]Y ChanepuT 1 XankonmpuT no 0604y 3pHa UM AyX NpcavHa.



CacBuM peTKOo Cy 3anaxeHe CTPYKType T3B. "opyAweHux 6akTepuja", 0fHOCHO
Kyrnacte hopme nupuTa, Koje ce cacToje U3 rycto KOHLEHTPUCaHUX U30METPUUHUX 3pHa
y rpaMTmM3npaHoj OCHOBHOj Macu.

Camo y jefHOM npenapary, y CTeHW Koja je feTepMUHIMCaHa Kao CKapH, nopes nupu-
Ta je KOHCTATOBAHO MPUCYCTBO [Ba 3a Ccaja HeuaeHTU(MKOBaHa MUHepana: MuHepan X,
KOju Mo OMNTUYKMM KapakTepucTukama ofroeapa Bj-cynioconnma v muHepan ¥, Koju
Mo ONTUYKMM OCOBMHama ofrosapa MUHepany cpebpa.

MapKacuT je y 0fIHOCY Ha NUPUT 3HATHO Make 3aCTYM/bEH, a CIMYHO HeMy, 06pa3o-
BaH je y Buwe ha3a. M34BojeHe Cy TpW reHepalmje npema HauymHy rnojas/bMBakba: MapKa-
cut (1), mapkacuTt (I1) n mapkacut (1),

Mapkacut (I) ogroeapa MewOBMTUM arperatuMa nNupuTa U Mapkacuta Koju cy o6-
pa3oBaHu TpaHCc(OpMaLMjoM NUPOTUHA .

Mapkacut (1) je npefcTaB/beH UAMOMOP(HHMUM 3pHUMA BENIMUUHE HEKONNKO [ece-
TMHa MUKpoMeTapa. OBa BpcTa ce Hajuelwhe cpehe y MUPUTCKUM 3pHUMA. KOIMUMHCKY je
BP/I0 Mano 3acTyrn/beHa.

Mapkacut (I1l) je Hajmnaha reHepauuja n npeacrTaB/ba MapKacUTCKO-NMUPUTCKE Me-
LaBUHE Y FeJICKUM (hopmMama Ynju je UHTEH3UTET BP0 Manu.

KBapL, ce, ocMM Kao NpuvMapHu cacTojak NojefJMHUX CTeHa, jaB/ba U Kao CUInPUKa-
LMoHKN. HajsepoBaTHMje je AenoHOBaH Yy BULLE PEKYPEHLN, jep Ce MOTY U3ABOjUTK cTapuja
cunumkalumoHa hasa Koja NpeTxoamn LenoHoBawy cynduiHe mmHepanunsauuje, a Takohe
ce nojassbyje 1 Mnaha pasa KeapLa, enoHOBaHa nocne kKapboHaTHe.

CamMopofHO 31aTo Yy UCNUTUBAHUM Y30pLMMa je M3Y3eTHO peTKo. KoHcTaTtoBaHo je
HEKONIMKO CUTHWUX 3pHa BeIMYMHE nap MUKPOMeETapa y CUAUGUKALMOHOM KBapLy, waun
pehe, y BuLy cpacTtara ca NMPOTUHOM.

ApPCEHONUPUT je MUHepan Kora OAJ/IKYjy mMaiu eKCTeH3UTeT U UHTeH3uTeT. Ha oc-
HOBY HauMHa MNojas/buBama U3JBOjeHe Cy ABe reHepauuje.

ApceHonuput (I) je npeacTaB/beH UAMOMOPHHMM 3pHMMA U arperaTtmma Xunuamo-
MOP(HO pa3BUjeHUX 3pHA. BennumHa 3pHa je npoMeH/bMBa U Kpehe ce o nap geceTuHa
MUKpOMeTapa 40 1 MuanmeTtap. Y apCeHONUPUTY Cy NPUCYTHWU YKNONUW NUPOTUHA, Xan-
konuputa (I) n cunmukata (BepoBaTHO KBapua). ¥ cunngukaumoHOM KBapLy jaBrbajy ce
KPYMHW arperaTu Koju noHerge o6pasyjy npofopHe 6/mn3aHLe TPy UK BULLE UHAUBUAYA.

ApceHonuput (Il) je KONMMYMHCKM Mawe 3aCTYMN/beH Y O4HOCY Ha CTapujy reHepa-
umMjy, a HeroBo NojaB/bMBake je Be3aHO 3a KapboHaTt. ArperaTu apceHonupuTa cy Henpa-
BUNHW, UHTE3MBHO KOPOLOBAHW, TaKO Aa cy 0604HU [eN0BMU Yel/bacTo Hasybs/beHn. OBa
reHepaunja cpacrta ca raneHUTom u cpaneputom (I1).

dnyopuT H NexbneHpa-ypaHUHUT Cy 3ajeJHO KOHCTAaTOBaHW camo Yy jefiHOj BywioTu-
HM (BK-20), y CTeHU Koja je feTepMUHMCaHA Ko NUPOKIacTUYHA 6peya KBapLuiaTUTCKOr
cacTaBa. PyopuT je KOHCTATOBaH Uy Apyrum GyLLOTUHAMA.

®nyopuT je NpefcTaB/beH 3pHACTUM arperaTma v MAUMOMOP(HHUM 3pHMMA. 3a napTuje
JbybuuacTor hiyopuTa Be3aHo je nojas/bMBare nexdneHme Ha youHu og 221 meTpa.

MexbneHpa je npefcTaB/beHa arperatMMa nNpekpucTanmucannx reackux Gopmm 3o-
napHe rpahe. ¥ nupuTy ce peTKo 3anaxajy YKIonuu 3pHa ca npecekom 06/MKa Xekaca-
efpa, Koju MOry fga ofroapajy ypaHuWHUTY, a Koju je yTBpheH MeTOLOM efleKTPOHCKe
MukpoaHanuse (61lruther§er & 8lojanoY1C, 1986).

[aneHnT ce y UCNUTMBAHMM Y30pLUMa Of/IMKYje BENIMKAM eKCTeH3UTEeTOM W pena-
TUBHO BE/IMKUM WHTEH3UTETOM. Ha OCHOBY HauMHa MojaB/bMBara U 0f4HOCA ca ApYrum
MWHepannma, U3gBojeHe Cy Tpu reHepauuje.



Fanennt (1) je HajcTapuja has3a, Koja je KOMIMUMHCKU BP/I0 Mano 3acTyrn/beHa, a
npefcTaB/beHa je CUTHUM HerpasUIHUM 3pHMMa KOja UMMpPEerHuwy keapuHy macy.' Osa
reHepaumnja cagpXxu nojaBsy peTKUX uU3faBajatba 6U3MYTUHUTA KOjU Ce MNojaB/byje Yy 3pHMMa
enunncacTor o6amnka v camopogHor 6usMyTa y Buy QUHUX Urnmua.

FaneHuTt (1) je KONMMUYMHCKKU Haj3acTyn/beHUju. MpefcTaB/beH je KPYMHUM anoTpumo-
MOP(QHUM [0 XMMUANOMOPHHUM 3pHMMA U arperatuma Koju LOCTUXY BEMUMHY OKO 3
MunuMeTpa. PefoBHO ce 3anaxajy KapakTepucTuyHe TpoyraoHe (hopMe Kao nocneguua
CaBplUeHe Len/buMBOCTU. 3pHa raneHuTa Cy y pasnmuntoj Mepu fedopmucaHa u ucny-
uana, y3 peTke rnojaBe Kataknasupawa. [yX 0604HMX [enoBa 3pHa raseHuT je notuc-
KMBAH KBapLHO-Kap6b0OHATHOM jaslOBUHOM, a MPC/IMHE Y HeMY CY UCNYHeHe Mnahum xan-
KONMUPUTOM. Y TaneHuUTy ce 3anaxajy yKnonuu nupoTtuHa, nuputa, cpaneputa (1), apce-
HonupuTa, xankonuputa (I1). 3a oBy reHepaumjy je KapakTepuUCcTUYHO NPUCYCTBO cyndo-
conu, Mehy KojuMa cy Hajuellhe TeTpaepuTu.

pyna TeTpaegpuTa je npeAcTaB/beHa TeTpaeApuUTOM, TEHAHTUTOM W BEPOBATHO
Bl-TeTpaegputom (MuHepan 2) Koju ce jaB/bajy y 06nuKy arperata. TeTpaegputu ce
jaB/bajy ca canepuTom, raneHUTOM U XaSIKOMUPUTOM.

BypHOHUT 06pasyje peakunoHM py6 Ha KOHTAKTY raseHunta u chanepuTa.

Bpno peTko, y raneHuTy ce 3anaxajy Urnuyactu arparatv 6ynaHxepura.

FaneHnT (I11) je Mare 3aCTyn/beH y OAHOCY Ha NPETXOAHY reHepaunjy. MNMpeacTaBibeH je
CUTHO3PHMM arparaTvma, Koju ucnymasajy TaHKe NpcavHe y KapboHaTHOj OCHOBHOj Macu.

Kap6oHaTtu nopep kBapua Hajuyewhe wusrpahyjy OCHOBHY Macy. HajsacTyn/beHuju
KapboHarT je Ka/iuMT, 3HaTHO Marbe je 3aCTyrn/beH CUAEepUT, a camo NOHErge cy 3anaxeHa
3pHa Koja onTUYKK oArosapajy 4ONOMUTY. KanuuT ce jaB/ba Y CUTHO A0 KPYMHO3PHaCTUM
arparatMma u UgUMOpPMHUM Kpuctanmma.

CeKyHAapHU MUHepa/n. Y UCMUTUBAHUM Y30pLUMa KOHCTaTOBaHW Cy MUHepanun Koju
Cy HacTanu TpaHcgopmauujom NPUMapHUX MUHepana: SIMMOHUT-XUAPoXemaTut, Mn-xui-
POKCWAMW, ManaxmuT 1 asypuT. JIMMOHUT Ce jaB/ba Y BUAY (UHOAMCNEPIHMX YeCcTULA KOje nur-
MEHTUMLLY OCHOBHY Macy, WK je NPeAcTaB/beH KONOMOP(HUM 1 UFIMYACTUM arparaTma, Ko-
jn oproeapajy retuty. Xugpokcuanm Mn, yrnagHom ncunomenaH, obpasyjy rescke opme u
MUIMEHTULLY OCHOBHY Macy. ManaxuT u a3ypuT Kao Kpajiby NpoAyKTW TpaHchopmaunje
MUHepana 6akpa, jaB/bajy ce y npcanHaMa u LWyn/buHama.

MAPATEHETCKN N CYKLECUOHW OQHOCU

Ha ocHOBY MWHepanHor cactaBa U MUKPOCTPYKTYPHUX OAHOCA U3[BOjeHa Cy TpW CTaau-
jyma o6pasoBarba NPUMapHUX MUHEpPana: KOHTaKTHW, MHeyMaTOfMTCKU U XUAPOTEPMaSTHM.
Moce6HO MeCTO 3ay3uMajy CynepreHu NpoLecy Kojuma cy 06pasoBaHu CEKyHAAPHU MUHEpPaH.

Y KOHTakTHOM cTagujymy o6pa3oBaHu Cy TUMUYHW KOHTAKTHO MeTaMOp(HU MUHe-
panu (rpaHaTt, enuaoT, CKanoauT, NMPOKceHN n amgubonun, ykosuh, 1958), a 6e3 npu-
CyCTBa MeTa/IMYHUX MUHepana.

MHeymMaTONUTCKN CTagnjyM Crneam nocne KOHTAaKTHOr. Y O0BOM CTagujymy 06paso-
BaHW Cy aKCMHUT, TYPMa/iMH, anaTtuT U OKCMaW reoxha n TutaHa.

OkcupHa napareHesa npeAcTaB/beHa je UIMEHUTOM, MarHeTUTOM, XeMaTUTOM W py-
TunoMm. OBU MUHEpPanu Cy KOHCTaTOBaHW y epynTUBHUM CTeHama U NpeAcTaB/bajy akle-
copHe MuHepane. MpoCTOPHO Cy 04BOjeHUN OA CyNhMaHe MUHepanm3ayuje.

XwngpoTepmanHu CTagujyMm je rnaBHO nogpyyje obpasoBamwa cynguga. MNpouec geno-
HOBaka 0fBMja0 Ce MpW MOCTENEHOM, ann CTafHOM onafaky TemnepaType. MouyeTak
OBOT MpoLeca ofroBapa KatatepManHoj (asu, 3aTum cnegu me3oTepManHa y OKBMpy Ko-



je je oAnoxeHa AOMWHATHA KONMMYMHA canepuTa U AeNOM raseHnTa, AoK je y enuTep-
MasiHoj (ha3m AenoHoBaHa Maka KOMM4YMHa OBUX cynduia.

Y OKBMpY XUAPOTEPMANHOT CTaAujyma MOry fa ce u3gsoje cnegehe MuHepanHe na-
pareHese:

BucokoTemnepatypHa cynduiHa napareHesa, Koja je npeficTaB/beHa MUPOTUHOM,
cthaneputom (I), xankonuputom (1) u NeHTNAHAUTOM.

[JenoHoBawe cynduiHe MuHepanusalmje NoYnkwe LeNOHOBakbEM MUPOTUHA, a Mpu-
CYCTBO PeTKMX n3[Bajarma NeHTNaH4MTa HaBOAW Ha 3aK/byyvak, Aa MUPOTUH Ae/IoM O4roBa-
pa HUKIOHOCHOM NUPOTUHY. [OPEKN0 HUKIA MOXE Ce JOBECTU Y Be3y ca CePreHTUHUTOM
KOjW je KOHCTATOBaH Ha LUMpPeM NpPOCTOPY JIeXXULITa U KOjU je BEPOBATHO NPUCYTaH U Y
Ly6/bUM leI0BUMA NEXULLTA.

Ha 6nuckum TemnepaTypama ofBujano ce fenoHoBawe cganeputa (I) n xankonu-
puta (I). MojaBa KpUcTanM3aLMOHMUX CKeNeTa chanepura ykasyje, fa je nexuwre npow-
N0 KPO3 BMCOKOTEMMNepaTypHy a3y jep Cy CAMYHE MOjaBe YOUEHe Y CUHTETUYKUM Mpo-
OyKTuMa Ha Temnepatypu oko 500°C (Kojita & 8wu8ak1,1985), a npu canyHum ycno-
BMMa BepoBaTHO cy o6pa3oBaHa v peTKa u3jsajawa NMPoOTUHA Y chanepuTy.

CyndugHa Cu-Pe napareHesa, je npefcTaB/beHa XanKONUPOTUHOM, Ky6aHUTOM ©
BafepUMTOM.

OBa napareHesa je o6pasoBaHa Ha HelTO HWKUM TemrnepaTtypama, a obpasoBare Mo-
MEHYTUX MWHepana ykasyje Ha NOKa/IHO MOBULLEHe KOHLEHTpauuje 6akpa, ¢ 063MpoM Ha
BP0 Masly KOJIMYMHCKY 3aCTYN/bEHOCT OBMX MUHepana. XanKonmpoTuH 1 Ky6aHuT obpaso-
BaHW Cy Kao MPOJYKT pasnararwa MelwoBuTUX Kpuctana Cu-Pe-8 cactasa, a npeMa ekcrnepu-
MeHTaNHUM NpoyyaBawMMa, [0 HWXO0BOI pasfarawa [J0nasn Ha TemnepaTypama MCnog
450°C. HaBefeHu MyHepanu erauctupajy kao ctabunHe gase go 200°C (Cahn, 1973).

MojaBa KapakTepucTUYHUX npopacTama ctpaneputa (1) n xankonupuTta (I) napareHet-
CKW Npunaja oBoj reHepaLujy, anuv cy BEpPOBaTHO HacTana y Be3u ca NpoLecoM 3amMernBakba.

M-Co cyngumaHa napareHesa, npefcTaB/beHa MMHENTOM U MUNEPUTOM, KOHCTaTOBa-
Ha je y KOHTAKTHO MeTaMOp(hHWUM CTeHama Tuna ckapHa, a Major je UHTeH3uTeTa. Y
CYKecroHOM HU3Yy OBa MapareHesa OArosapa 3aBpLUeTKy KaTaTepMasHe gase.

Ksapu, nuput (1), apceHonupuT. N3mely kata u me3otepmanHe gase, cunupuka-
unoHa (asa je npema Kakjcu (1962h), nmana LeCTPYKTUBAH KapakTep Ha MUPOTUH,
yrjom cy TpaHcopmaumjom obpaszosaHu arperatu nuputa () n mapkcuta (I). 3a kBapy
je Be3aHO peTKo MnojaB/bMBakbe camopogHor 3nata, apceHonuputa (1) u nuputa (I1).

Ph-Bj-A§ napareHesa je npefacTtaB/beHa raneHutom (1), GUIMYyTUHUTOM, camopos-
HUM GU3MYTOM, HEMAEHTU(UKOBAHOM BU3MYTCKOM cyngoconm (MuHepan X) U HeugeH-
TU(UKOBAHUM MUHepanom cpebpa (MuHepan ¥Y). MNMpocTopHO, OBa MapareHesa je Be3aHa
38 KOHTaKTHO MeTaMop(He CTeHe. pUCYCTBO OBMX MUHepana TEOpPMjCKM yKa3dyje Ha
BUCOKE TemnepaType, Maja je BepoBaTHMje Ja Cy 06pa3oBaHuN y NoYeTHUM (hazama Me3o-
TepMasnHor cragujyma.

Ph-Xn-Cu me3oTepmanHa napareHesa je npefcTas/beHa cpanepmutom (Il) n raneHuTom
(I1) Kao fOMUHATHUM MUHepanuma, a nogpehero xankonuputom (I1). Caneput (1) ogrosa-
pa MefHO XXYTOM BapujeTeTy ca HUXUM cagpxajem reoxha n koju ce npema 8coll-y (1983)
obpasyje Mpv BUCOKNM BPeAHOCTMMA aKTMBHOCTU cymnopa (a%). Y OKBMpY OBe mapareLese
[leroHoBaHe cy Cynjoconu Kao WTo Cy TeTpaeApuT, eHaprutT, 6YPHOHUT 1 BynaHXepuT, Koje
ce npemMa eKCnpuMMeHTanHWM nofjauvMma o06pa3yjy Ha Temrepatypama Koje 0frosapajy
Me3oTepManHoMm ctagnjymy (Makke & 8kwner, 1971; Tal8uka & MonTtolo, 1977).



MWHEPAJT (MOTBUAL) '||||||| Tp Hk

AHgpaauT (ATtJraclle)

Ckanonut (3capollle) Cc3
Avoncug (Pjopsjje) U
EnungoT (Epj(lol:e) L=l
AkTuHONMT (AcHnolle)
Llonsut/Xnoput (20J8J1e/Chlonle)
Anatut (Apallle)

TypmanuH (TowTaHne)
AkcnHUT (AxJnMe)

Nnmeunt (UTewje)

MarHetnt (Magnellle)

XemaTtut (Hewallle)

PyTtun (Ku[jle)

MupoTtuH (Pyrrholje)
Mentnangnt (PendawlVie)
XankonupoTuH (Chalcopyrholjle)
Ky6aHuTt (Cuhanlie)

Baneput (Yalerllle)
Xankonuput (Chalcopynle)
Cunpgeput (5jclenle)

Cdaneput (5phalenl:e)

NuHent (Ewnaeke)

Mwuneput (MLWerke)

Ksapy (Ouar{2)

Muput (Pyrie)

Mapkacut (Marcaalle)
CamopogHo 3nato (OoM)
ApceHonupuTt (Araenopyriie)
BuamytuHut (BlawwulinnWe)
CamopogHu 6usmyT (BJ8nww[h)
MuHepan X (Mjnera! X)
MuHepan ¥ (Mjnera! Y)
®nyoput (Huonle)

Mex6nenga (PchHenge)
FaneHuT (Oalena)

Kanuut (Calcle)

MwuHepan 2 (MTeral 2)

EHapruT (Enarglle)

TeTpaegpuT (Teh-ahecllle)
BypHOHUT (BournowcCe)
bynaHxepuT (Bonlangenle)
BopHut (BotJCe)

XankosnH (Chalcolller

KosenuH (CoyelllCe)
Manaxnt/A3yput (Malachj{e/Arnnle)
Numonnt (EJTOnHe)

Mn xugpokecugn (Mn hy®oxJlea)

Nerenpa (EeSencl):

K - KoHTakTHO MeTamopdHu cTagunjym (Conlac{ welaworpllic 51aa8e)
Tp - MHeymaTonuTcka TpaHcdopmanmja (PnenraaloHc {ransJorwallon)
P - MHeymaTonutckn ctagnjym (PnenwaloHc 61a8e)

Hk - KataTepmanHa asa (Kalalherwal 81h81a8e)

Huw-e - Me30 go enutepmanHa asa (Me5ollertal-eplllertal 5uh8(a8e)
O - OkcupaumoHu npoayktn (OxMalone 6Ca’e)

Cn. 2. CyKuecnoHa wema y nexuwuty babe.
Pr~. 2. 3uccession 3chewe ol Lle Bahe BeposW.



YpaHcKa napareHesa npejcras/beHa je nex61eHioM M ypaHUHUTOM Kao Hocuouuma
ypaHa, a jaB/ba ce ca hnyoputom, cuaeputom, nuputom (1) n xematutom. OBa napare-
He3a je MPOCTOPHO 0fBOjeHa of HasegeHUX Ne-Co n Ph-BJ~AS8 napareHesa, a KOHCTaTo-
BaHa je y epynTUBHOj CTEHMN.

MpocTopHa NoBe3aHOCT NexbneHge 1 GayopuTa yKasyje v Ha HUXOBY FeHETCKY Mo-
BE3aHOCT. JeflHa Of XMMOTeTUYKUX MOryhHoCTM o6pa3oBara OBa fBa MuUHepana je, ga je
ypaH y XuapoTepManHOM pacTBopy 61O npucyTaH y 06/1uKy yopujaa, y3 npucycTso
cnobogHe (hNyopoBOAOHWUYHE U yribeHe kucenuHe (Ko(rljar, u3 Jankoyjc, 1981). ¥
CBaKOM Clly4yajy, OrpaHM4YeHO MojaB/bMBake MUHEPAsa ypaHa yKasyje Ha N0KafHO MoBU-
LeHe KOHLEHTpaLmje 0BOr enemMeHTa y XnapoTepMaiHOM pacTBopy.

HuckoremnepaTypHa napareHesa npeacrtasibeHa je raneHutom (1), nuputom (I1),
mapkacutom (I11) n apceHonuputom (I1). Bpno manor je MHTEH3UTeTa U OAroeapa 3aBp-
WeTKY XMApoTepManHe akTMBHOCTU. HaBefeHU MuUHepanu jaB/bajy ce y acoumjaunju ca
KanuuToM Koju obpasyje xunuue.

OkKcugaumoHa napareHesa npefcTaB/beHa je MYHepanymMa Koju cy obpa3oBaHu TpaHc-
thopmaLMjom NpUMapHUX MUHepana nog yTuuajem cynepreHnx aktopa. OBoj napareHesun
npunagajy: TMMOHUT, XUPOXEMaTUT, MaNaxuT, asypuT U XUAPOKCUAN MaHraHa.

JIMMOHUT 1 xnppoxematut obpasyjy ce TpaHchopmayujom muHepana reoxha, yr-
NaBHOM NupuTa. Tparosy NTMMOHUTK3ALN]e 3anaxajy ce [0 Ay6uHe oko 230 meTapa.

ManaxuT 1 asypuT cy BpJ0 Masio KOSIMYMHCKM 3aCTYMN/beHK, a 06pasyjy ce Kao Kpaj-
HU MPOAYKTU TpaHchopmauuje MuHepana 6akpa.

3AK/BYYAK

Ha npoctopy nexuwTa babe Ha Kocmajy jaB/ba ce MuHepanusauuja penaTvBHO
KOMM/IEKCHOT MUWHepasHor cactaBa, Ha OCHOBY Kora ce Hamehe 3akK/byyak O C/NOXEHO]j
noNMMeTannyHoj pyau. Ha OCHOBY eKCTeH3MTeTa M WHTEH3WTeTa MWHepana, MOXe ce
pehn ga cy AOMUHATHWU MUHEpaNW NUpUT, chanepuT, raNeHnUT Of PYLHUX W KBapL U Kan-
LUWUT o4 MUHepana janosuHe. OcTanu MUHepanu npefbTas/bajy MUHEPaNOLWKe nojase (nn-
HeUT, MUNEPUT, HEUAEHTUPUKOBAHU MUHepanu Bj n A8), unu muHepane y Tparosuma
(NeHTNAHAUT, XanKoONWPOTUH, Ky6aHUT). MuHepanHe napareHese o6pasoBaHe cy npwu
pasnMYMTUM TEPMOSUHAMUYKUM YCNOBMMA, NPU YeMy je BehnMHa METaIMYHMX MUHepana
06pa3oBaHa y XxmapoTepManHoM CTagujymy. Y TBpheHOo NpucycTBo MUHepana H1KNa HaBo-
OV Ha 3aK/by4ak [a ce, HajsepoBaTHMje, o6pa3oBamwe pyaHUX MUHepana oABujano Ha BU-
MM TemnepaTtypama, Kao fiMksaumja (nojaBbueawe Mj-NnUPoOTUHA, NeHTNAHAUTA U Xan-
KOMMPOTMHA), a fa Ce HacTaBM/I0 NpW MOCTEMEHOM Najy TemnepaTtype, LWTO je YCNOBWUIO
NMPOMeHy KapakTepa pyfHuX pacTBopa. OCHOBY pyAHOr KOMMJeKca npeacrassba ynrpa-
6a3nyHa CTeHa Kao LUTO je MOMEHYTO Y TEKCTY, a KaCHUjU XULPOTePMaIHN MPOLECH YKa-
3yjy Ha TO, [ja je peasiHO OYEKMBATU U NPUCYCTBO MUHepana NiaaTuHCKe rpyne.
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MINERAL PARAGENESES OF THE ORE DEPOSIT
BABE-KOSMAJ (SERBIA)

by
Biljana Zrnic’, Ljubomir Cvetkovic* and Ljuban Obradovic*

The complex polymetallic sulphide mineralization of Pb, Zn and Cu as major and Ni, Co, Bi and U
as minor constituents in the Babe ore deposit was investigated. By using the ore microscopy method a rela-
tively complex mineral composition, including textural and fabric relationships was determinated. Four min-
eral stages are outlined: contact metamorphic, pneumatolytic, hydrothermal and supergene. The sulphide
mineralization has been formed during the hidrothermal stage and in domain of that the several mineral par-
agenses were estabished. The possible crystallization sequences of minerals and paragenses are presented on
the sheme of succession.

Key words: galena, sphalerite, mineral parageneses, Babe-Kosmaj, Serbia.
INTRODUCTION

The Pb-Zn ore deposit Babe is located at the foot of the Kosmaj Mt. (Sumadija
province, Serbia), about 35 km southern from Belgrade. The ore deposit was explored in
the ancient age by Romans. An intensive geological research involving geochemical and
geophysical prospecting, geological mapping, drilling and etc., have been commendeced
here in seventies of this century and terminated in 1990 (Radulovic, 1977-1990).

Terrain of the Babe ore-deposit is composed of Mesozoic sediments, Tertiary vol-
canic rocks, Miocene sediments and Quaternary beds (Fig. 1). The Mesozoic sediments
are the most widespread and represented by limestones, sandstones, clays and marls. The
Tertiary volcanic rocks are quartzlatites, explosive brecciae, felsites and lamprophires.
The sediments and rocks are infuenced by contact metamorphism, pneumatolytic and hy-
drothermal metasomatism. The most extensive are the products of hydrothermal alteration
such as silicification, pyritization, chloritization, serictization and limonitization.

The area of the Babe ore-deposit is characterised by the folded-rupturred deforma-
tion of rock masses and expressed by numerous faults, fractures, clevages etc. The most
prominent fault structure is the ring structure of Glavcine (Sajic, 1987).

*Univeristy of Belgrade, Faculty of Mining and Geology, Djusina 7, 11000 Belgrade.



From the viewpoint of metallogeny, the Babe ore-deposit belongs to the Serbo-Ma-
cedonian Metallogenic province, i.e. to the northern part of the Sumadija polymetallic
zone. It is of the hidrothermal origin which can be connected with Tertiary volcanic ac-
tivites (Jankovic, 1981). The Babe ore-deposit was claimed to be a represent of a typi-
cal subvolcano type (Rakic, 1962a).

MINERAL COMPOSITION

The ore microscope investigations were carried out on the conventional polished sec-
tions which were prepared of the fragments of the drilling-core. The sulphide minerali-
zations is hosted in the effusive rocks (quartzlatites and explosive brecciae) and in the
contact metamorphic rocks (homfels and skarns). The multitude textural variations of sul-
phide ore were observed. The prevailling texture are: disseminations, veinlets, massive,
nested (spotty) and very rare brecciated types. The deformating microtextures, such as
breaking, cataclastic and replacment structures are also observed. The difference among
the mentioned textures is in the mineral composition without regards to the type of the
host rock.

Further in the text, the minerals are exposed in a possible order of their crystalliza-
tion.

The ore minerals are hosted in the matrix composed of feldspar, quartz, pyroxene
(diopside and hedenbergite), amphiboles (actinolite and tremolite), garnet, epidote, axinite
and tourmaline. Sphene, apatite and zircon are the accessory constituents.

limenite is one of the first forming minerals. It is scattered in the quartzlatite matrix
and occurs in a very small amount. llmenite appears in irregular grains and aggregates,
which size is about 50 micrometers. Occasionally, ilmenite is fresh, frequently it is repla-
ced by rutile or by fine-grained leucoxene.

Magnetite is an accessory constituent in the effusive rocks. It is disseminated in the
matrix or enclosed in some sulphides. Magnetite occurs in isolated aggregates or in idio-
morphic grains. It is commonly replaced by haematite along the (111) plane.

Haematite is presented in a very small amount. Two generations of it were obser-
ved. The older generation appears in a tabular grains forming fine to coarse-grained ag-
gregates. The grain size is in the range of 0.1 to 0.5 milimeters. The later haematite gen-
eration is a product of the oxidation of magnetite.

Rutile is the most abundant oxide mineral, occurring also as an accessory constitu-
ent. The columnar and prismatic grains disseminated in the silicate matrix represent the
older rutile generation while the later rutile generation occurs as a product of the replac-
ing of ilmenite.

Pyrrhotite is the oldest sulphide mineral and its individual grains are disseminated
in the silicate matrix. The inclusions of pyrrhotite in the younger sulphides were com-
monly observed. Individal grains of pyrrhotite appear in irregular or tabular grains, up to
0.1 mm in lenght.

The exolution textures are extremely rare. They are exibited in pyrrhotite as well as
in pyrrhotite which was observed as an exolution in sphalerite. The flame-like exolutions
of pentlandite are observed in only one sample of skam from the depth of 250 m. Pen-



tlandite occurs in subparallel, elongate plates which are developped on the grain bounda-
ries or along the fractures. The phase relations in the Fe-Ni-S system report that pen-
tlandite forms as a result of the exolution from the monosulphide solid soluton
(Fe,Ni)j_xS (Kelly & Vaughan, 1983) and much more depends of the metal/sulphur
ratio than of the nickel conent in the monosulphide solid solution (Naldert & Kulle-
rud, 1967).

Pyrrhotite exolutions in sphalerite occur in irregular or rounded forms, of a very
small dimensions which are mostly located in the peripheral parts of the sphalerite grains
while the central parts are homogeneous. This is the characteristic of the high temperatu-
re sphalerite and it is explained as a result of desintegration of initaly solid solution on
the decreasing of temperature.

Pyrrhotite is frequently transformed to marcasite-pyrite aggregates and its originally
presence is questionable. This mineral is liable to transformation due to its unstable
chemical composition and translation property parallel to (0001) plane which cause the
forming of the peculiar texture, known as the "bird eyes structure". According to Hanus
(1980), the pyrrhotite transformation is a very complex reaction caused by the decreasing
of temperature, generating an increasing dissociatiation of acids and countinuous replac-
ment pyrrhotite by FeS2. Changes in pH of solution provide the mechanism of changing
fs. at constant fo2 and the process of forming the iron sulphides is controlled by these
factors.

Chaleopyrite is characterized by the relatively high extensity, but low intensity in
the investigated polished sections. Three generations of it are presented.

Chaleopyrite (I), the oldest generation forms fine-grained aggregates or partially
rounded single grains. This generation contains a very small amounts of copper sulphides
as chalcopyrrhotite, cubanite and valleriite and their presence is indicative for the gene-
tic explanation.

The intimate intergrowths of chalcopyrite and sphalerite are relatively abundant.
Chaleopyrite bodies occur in the marginal parts of Fe-rich sphalerite (sphalerite 1) while
the central parts are free of chalcopyrite. The distribution and shape of the chalcopyrite
inclusions are different from grain to grain.

Sometimes chalcopyrite exhibits a linear orientation or a zonal arrangement. The
shape of chalcopyrite bodies are varrious: spots, dots, blebs, lens-like forms and sporadi-
cally very small crystals.

The intimate intergrowth of chalcopyrite and sphalerite had been investigated for a
long time, but until the present time, their nature, origin and conditions of their forming
have not been yet completely discussed. The mechanism of their forming is complex and
it is controlled by the various factors: temperature, acl, aHS‘, Fe-content in the solution,
solubility of Cu in ZnS etc. According to the recent investigations, these intergrowths
have been interpreted as the products of exolution, mechanical mixing, replacment, inclu-
ding "chalcopyrite disease" or coprecipitation (Hutchinson & Scott, 1981; Barton &
Bethke, 1987; Kojima & Sugaki, 1985; Bortnikov et al.,, 1991 and Eldrige et al..
1988).

Sporadically, chalcopyrite is replaced by bornite, chalcocite and/or covellite along
the grain boundaries or along the cracks. The fine-grained chalcopyrite (I11), the latest



generation, forms fine veinlents in the carbonate matrix and it is often accompaning by
sphalerite (111), galena (IIl) or collodial pyrite-marcasite.

Sphalerite is one of the most abundant minerals, beside galena and pyrite, predomi-
nantly in the contact metamorphic rocks. Three generations of it were defined.

Sphalerite (I) corresponds to the Fe-rich variety and exhibits brown, brownish-black
or black colour. It forms medium to coarse grains and aggregates, upto 2 mm in di-
ameter. Sphalerite (I) asocciates with pyrrhotite, galena, pyriteand chalcopyrite (). I'he
very rare crystal skeletons of sphalerite, so called "sphalerite stars" in chalcopyrite (I)
belong to this generation. According to the experimental investigations of the Cu-Fe-
-Zn-S system, "sphalerite stars" could be exolved from the primary deposited chalcopy-
rite or intermediate solid solution as moihookite (Cu243Fe27,Zn12547) (Kojima & Su-
gaki, 1985) or cubanite (CuFe2S3 (Scott, 1983).

Sphalerite (1) corresponds to Fe-poor variety and it is yellow-brown and honey-
-like yellow coloured. This generation occurs in the marginal parts of aggregates while
the sphalerite (1) builts the central parts of the aggregates. The irregulary shaped grains
are disseminated in the matrix.

The peripheral parts of the sphalerite grains and aggregates are corroded by quartz
and carbonate. The cataclastic microfabric, in which the crushed sphalerite grains are ce-
mented by chalcopyrite (I1), galena or gang minerals, also occur.

Sphalerite (Ill) is presented in a very small amounts and it appears in veinlets in the
carbonate matrix.

Linnaeite and millerite are abundant in skam, in the samples from 165 m to 547 m in
the depth. Linnaeite forms irregular and hipidiomorphic grains, from 0.1 to 0.4 mm. Oc-
casionally. it displays concentric zoning as the result of variable chemical compositon. Mil-
lerite aggregates encompass linnaeite grains together with chalcopyrite or replaced linnae-
ite. The extremly rare exoluted lamellae of millerite in linnaeite, similar to lamellar ilme-
nite exoluted in magnetite, were observed.

Pyrite is the ubiquitous mineral in all types of the host rocks and due to the mode
of its occurrences three generations were distinquished.

Pyrite (1), the oldest generation, is consisted of the fine- grained marcasite-pyrite
aggregates which were originated from pyrrhotite. It is almost enclosed in the pyrite (Il)
or in the other younger sulphides.

Pyrite (Il) is the most abundant one. It exhibits a strong affinity to form the idio-
morphic grains, attining up to 2 mm in diameter, and generating mono or polymineral
aggregates. The inclusions of silicate minerals, magnetite, haematite, sphalerite (1), chal-
copyrite (Il) and arsenopyrite were frequently observed. Occasionally, inclusions of sili-
cate minerals expose a zonal distribution. Pyrite (11) is associated with two unidentifited
minerals, denotes as mineral X and mineral Y, which are hosted in skam (drill-holes
BK-17 on the depth 392 m and BK-19 on the depth 202 m). Their optical properties
have suggested that they belong to Bi-sulphosalts.

Pyrite crystals and aggregates are cataclazed and cracks are filled up with the
younger sulphides. Occasionally, the pyrite crystals from the samples near the surface are
partially or totally replaced by limonite, exhibiting the pseudomorphosis of limonite over

pyrite.



Pyrite (Ill), the youngest generation, forms the colloform aggregates in the matrix.
Sometimes it is encrusted on the pyrrhotite grains or it is formed along the fractures in
sphalerite and chalcopyrite.

The spheroidal forms of pyrite, so called "mineralized bacteria”, were observed. The
spheroides are consisted of the close concentrated globulae pyrite and hosted in the
organic matter rich matrix, partially transformed to graphite.

Marcasite is remarkably less abundant than pyrite but in the mode of occurrences it
is similar to pyrite.

Marcasite (I) corresponds to the marcasite-pyrite mixture which was generated from
pyrrhotite.

Marcasite (1) occurs in idiomorphic grains which dimensions are in the microscopic
scale. It is also enclosed in pyrite (I1).

Marcasite (IlI) is an younger generation and appears together with colloidal pyrite
().

Quartz is a common constituent of the effusive rocks. Besides that, its textural and
morphological features suggest that the type of formation has passed through several re-
currences in the whole mineral forming process. The older quartz is the previous one to
the sulphide mineralization and later quartz is the last one which was deposited after car-
bonates.

Native gold occurs in traces in examinated polished sections. Only a few small
grains, which grain size is several micrometers, were obsereved in quartz or coalesced in
pyrrhotite.

Arsenopyrite is characterized by the low extensity and intensity. Two generations
were determinated.

Arsenopyrite (1) appears in crystals or in aggregates of grains, up to 2 mm in size.
Sometimes, the complex multiple twins of arsenopyrite were observed. Inclusions of py-
rite, chalcopyrite and silicates were frequently observed. It is also fractured and along the
fractures chalcopyrite was penetrated.

Arsenopyrite (Il) is hosted in the carbonate matrix. The aggregates show irregular
forms with very sharp, teethed boundaries caused by the corrosion.

Fluorite and pitchblende association was determinated in the samples from one
drill-hole (BK-20 on 221 m in the depth) in volcano breccia. Fluorite was also found in
samples from the other drill-cores.

Fluorite occurs in a coarse grains and idiomorphic cube sections and it is violet col-
oured. Pitchblende exibits all textural characteristics of the gellous-like precipitation.
Very rare small crystals which could correspond to uraninite, determined by the electron
microprobe analyses (Strumberger & Stojanovic, 1986) were observed.

Galena is characterized by the high extensity and intensity in the polished sections.
Three generations were distinguished.

Galena (), the oldest generation, appears in irregular forms scatered in the quartz
matrix. Sporadically, galena contains needle-shaped aggregates of native bismuth and el-
liptical inclusions of bismuthite.

Galena (I1) forms single irregular or aggregates of hipidiomorphic grains, up to 3 mm
in size. The characteristic triangular clevage-pits are usually observed. The galena aggregates



are sometimes defomied, fractured and very rare the cataclastic structures are exhibited.
The marginal parts of the galena aggregates are corroded by quartz or carbonate and the
fractures are cemented by chalcopyrite (I1). Inclusions of pyrrhotite, pyrite, sphalerite (I)
and arsenopyrite are frequently observed.

Galena (Il) is associated with sulphosalts among which the mineral of tetrahedrite
groupe are the most freguently.

Tetrahedrite mineral group is represented by tetrahedrite, tenantite and possible by
the Bi-rich tetrahedrite (mineral Z). Tetrahedrite is intimately associated with sphalerite,
galena and chalcopyrite.

The reaction rims of boumonite are developed along the contacts of galena with
chalcopyrite. Galena contains sporadically needle-like inclusions of boulangerite.

Galena (Il) is less abundant than previous generation and fine-grained aggregates
of it fill the cracks and fractures in the carbonate matrix.

Carbonates. Beside quartz, the carbonates are the common constituent of the matrix.
The most ferquent is calcite, while the siderite and dolomite are less abundant. Calcite
forms line to coarse aggregates and crystals.

Secondary minerals which were formed by the supergene processes were also determi-
nated: limonite, hydrohaematite, Mn-hydroxides, malachite and azurite. The dominant mine-
rals are earthy-like, reniform limonite and colloform aggregates of goethite. Mn-hydroxides,
predominatly psilomelane, form reniform aggregates and coatings over limonite.

Malachite and azurite occur in a fine-grained aggregates and as a fillings of the
fractures or cavites.

PARAGENETIC AND SUCCESSION RELATIONSHIPS

Based on the mineral compositon and microtextural relations among the investigated
minerals three stages of the ore originating were outlined: contact metamorphic, pneu-
matolytic and hydrothermal which were followed by the supergene processes which vyiel-
ded the secondary minerals. The succession sheme is showed on Fig. 2

The contact metamorphic and pneumatolytic stage with characteristic assemblages
have been studied by Lukovic (1958) and Rakic (1962b). The contact metamorphic
stage is represented by garnet (andradite), pyroxene (diopside and hedenbergite), amphi-
bole (tremolite and actinolite), epidote and scapolite.

This has been followed by the pneumatolytic stage and it is represented by: tourma-
line, axinite, apatite and oxides of Fe and Ti. The previously formed silicates have been
influenced by the pneumatolycal activites and caused the forming of coisite and chlorite.

Oxides of Fe and Ti as ilmenite, magnetite, haematite and rutile have been formed
during this stage. Oxides are accessor}7 constituents in the eruptive rocks and occur spa-
tialy apart from the sulphides.

Hydrothermal stage is the main one in which the sulphides were formed. The proc-
ess of this has been developping under the permanently decreasing temperature. The be-
gining of the process responses to the katathermal stage. The mesothermal stage was
taking places with a dominant amounts of sphalerite and partly galena. These sulphides
were deposited in the epithermal stage also, but in much less quantities.



In the hydrothermal stage the following mineral parageneses can be outlined:

High-temperature sulphide paragenesis, represented by pyrrhotite, sphalerite (1),
chalcopyrite (I) and pentlandite. Deposition of the sulphide mineralizition started by the
settling of pyrrhotite, in which the exoluted rare grains of pentlandite occur.

The origin of nickel could be connected with the altered serpentinites which lie un-
der the productive part of the ore-deposit.

Sphalerite (I) and chalcopyrite (I) were deposited under similar conditions. A pres-
ence of the crystal skeletons of sphalerite in chalcopyrite points out that the ore-deposit
had passed through the high-temperature stage, according to the analogous occurrences in
the synthetic products at about 500°C (Kojima & Sugaki, 1985) what is probably
relevant for the exolutions of pyrrhotite in sphalerite.

Sulphide Cu-Fe paragenesis which is represented by chalcopyrite, cubanite and valle-
riite. These minerals were formed at some lower temperatures and locally, a higer concen-
trations of Cu, according to a very small amounts of them. Chalcopyrrhotite and cubanite were
formed as a product of decomposition of the intermediate solid solution (iss) occurring in the
central part of the Fe-Cu-S system, which breaks down bellow 450°C. The mentioned mi-
nerals occur as a stable phases down the temperature region between 200°C (Cabri, 1973).
Characteristic intergrowths of sphalerite (I) and chalcopyrite probably belong to this stage.

Sulphide Ni-Co paragenesis is represented by linnaeite and millerite, which occur
in contact metamorphites of a skam type. They are of a small intensity and in the suc-
cessive ordering belong to the termination of the katathermal stage.

Quartz, pyrite (Il), arsenopyrite paragenesis appears between the katathermal and
the mesothermal stages. It is represented by the silicification which showed a destructive
character against pyrrhotite, by which transformation the aggregates of marcasite (I) and
pyrite (1) were formed (Rakic, 1962b). In this stage occur native gold, arsenopyrite (I)
and pyrite (Il) in the minor amounts.

Sulphide Pb-Bi-Ag paragenesis is represented by galena (l), bismuthite, native Bi,
unidentified Bi-sulphosalt and unidentified Ag-mineral. These minerals occur in contact-
-metamorphic rocks and probably were formed at the beginnig of the mesothermal stage.

Sulphide Pb-Zn-Cu paragenesis is represented by sphalerite (II) and galena (Il) as
a dominant minerals and less by chalcopyrite (I1). Sphalerite (1I) exhibits a honey-like
colour, due to the low content of iron. According to Scott (1983) such sphalerites are
formed under the high sulphur activity (asj) conditions. In this stage, the sulphosalts were
formed also, at the temperatures corresponding to those in the mesothermal stage, as ap-
proved by the experiments (Maske & Skinner, 1971; Tatsuka & Morimoto, 1977).

Uraninite-pitchblende paragenesis. Beside the mentioned minerals, fluorite, siderite,
pyrite (II) and haematite also occur. This paragensis is localized in the eruptive rocks and
displaced from the other types of mineralization. Pitchblende and fluorite are genetically
releted, due to the hypothetical possibility that uranium in the solution exits as fluoride
together with a free hydrofluoric and carbonic acids (Kotrljar, cit. Jankovic, 1981).

Such occurrences were caused by the locally increasing concentration of this metal
in the hydrothermal solution.

Low-temperature paragenesis is represeted by galena (l11), pyrite (Ill), marcasite
(1) and arenopyrite (I1). It is of a very small intensity and responses to the termination



age of the hydrothermal activity. The mentioned minerals are associated with calcite
which forms the systems of veinlets in the basement rocks.

Oxidational paragenesis (products of oxidation). To this association belong the
minerals occurring as a product of the supergene transformation of the primary minerals.
This group form limonite, hydrohaematite, malachite, azurite and Mn-hydroxides.

Trace of this process reach a depth of 230 m.

CONCLUSION

In the locality Babe on the Kosmaj Mt. (Sumadija province, Serbia) the mineraliza-
tion of a relative complex mineral composition occurs. Based on this, it could be consid-
ered as a polymetallic ore. Pyrite. sphalerite, and galena are dominant in the group of
metallic minerals, while quartz and calcite are the main gangue minerals. The rest of
found minerals represent the mineralogical occurrences as linnaeite, millerite, unidentified
minerals of Bi and Ag, or the traces, as pentlandite, chalcopyrite and cubanite. Mineral
paragenses were formed under variable (p, T) conditions, mainly under those correspon-
ding to the hydrothermal stage. The appearance of Ni-minerals points out the fact, that
the processes of the ore-minerals forming had started on a significantly higher tempera-
tures. obiviously as a liquation (according to the appearance of pentlandite and chalcopyr-
rhotite) and successively have been developping according to the decreasing of the tem-
perature and the changing of the character of the ore-bearing solutions. That means, that
the base of the ore-bearing complex is composed of a hydrothermally altered ultrabasic
rocks as mentioned in the text and consecutively due to the later hydrothermal processes,
PGM realy could be expected.

Translated by the authors
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