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HAXOOWLLA U 3ANEXW HA MOJIMBJEH B OBJIACTTA HA BYNIKAHCKWA MACUB
CYPOYNULA, IOrTOM3TOYHA CbPBEUA

Munocnas Cumuy BpaHucnas PaBoweBuy NoBaH KoBaueBuy
‘TeonHcTutyt” “YCbBbpLUEHCTBAHW cucTEMM’ “TeouHcTuTyT”
PosuHcka 12 Bowcnas Wnuya 18 PoBuHcka 12
11000 benrpag 11000 benrpag 11000 Benrpag
Cbpbus 1 YepHa ropa Cbpbus v YepHa ropa Cbpbus n YepHa ropa
PE3IOME

B obnactTa Ha BynkaHuuHWs Macue Cypaynuua v HEroBWTE rPaHMLM Ca M3BECTHW HSKOMKO Haxoawiia W nposiBeHust Ha monnbaeH. MonnbaeHoOBOTO HaxopuLle
Maukatuua oT To31 Komnnekc, no 6post Ha HeroBUTe pyAHW Terna NpUHAZNEXU KbM ronemute Haxoguwa He camo B Cbpbusi n EBpona, HO v B uenus cesT. B
TEOTEKTOHCKO OTHOLLEHME Taan obracT npuHagnexu kbM CpbOcko-MakegoHCKUs MacuB, a OT MeTanoreHHa rmegHa Touka Toil e YacT oT 3oHaTta becHa Kobuna —
Ocorogo.

MeTareHusTa Ha Taav 30Ha € CBbp3aHa C NPOLecUTe Ha Heo-annuickata TeKTOHOMarMaTuyHa JeifHOCT, B ChLLUHOCT TepLMEPeH (ONMUroLieH-MOLEHCKM) MarMaTi3bM ¢
rPaHOAMOPUTOB CbCTaB, XapakTepeH ¢ HanuumeTo Ha Mo, Cu, W, Zn, Pb MuHepanuaaLmun, Cbe 3HAYUTENHM PYAHU 3anacy, No-cneuuanHo Ha MonnbaeH, ornoBo 1
LVHK.

Mo-MuHepanu3aLmy ca NPOCTPaHCTBEHO YCTAHOBEHM B AALMTM U LUACTM UMM B MECTaTa Ha TeXHWs KOHTaKT, M psfKo B rpaHoguvoputite. KoHueHTpauusta Ha
MonMBAEH KaTo NpaBuio Ce yBenuyaBa B XMAPOTEPMATHO U3MEHEHUTE CKanu, KaTo Ce UMa MPeaBuL, Ye U3MEHEHUTE CKanu ca reOXMMUYECKU Hal-GnaronpustHaTta
cpega 3a otnaraHe Ha monmbaeH. OT cTpaHa Ha reHeTUUYHUTE 0COBEHOCTH U MOPGOCTPYKTYPHUTE TUMOBE HA MUHEPANU3aLMUNTE, NPOSIBNIEHUSITA W HaxoauLuaTa ot
BYnKaHckust Macve Cypaynuua npyHagnexat KbM: XUApoTepMariHy LLOKBEPKOBO-MMNPErHUPaH, XUNeH 1 NOpgUPeH TUN MUHepanu3aLum.

BbBEJEHME OKOMHOCTUTe Ha cenata Hasapuua v [ykat ca nogobun no
Bb3paCT W YaCTMYHO NETPONIOKKM HA rpaHoaMopuTUTE OT
PamkaTa Ha BynkaHckus macue Cypaynuua npefcTaBnsea Cypaynuua (babosuy u ap., 1977; MeTposuy 1 ap., 1973).
e[iHa WHTepecHa obracT OT rmegHa Touka Ha MonmbaeHoBUTE
Haxoauwa. ToiA nokpusa nnow| or okoro 220 km? B OcseH Cypgynuwkute rpaHoguoputn 1 LipHookckuTe
HOronstouna Cbpbus, npocTupaly ce Ha okono 25 km no rpaHuTH, 06nacTTa € CbCTaBeHa CbLyO OT KPUCTANIMHHM LWIKCTY
HeroeaTta no-AbIra 0c, KOSTO € C Nocoka NouTK cesep-tor. Ha OT Komnnekca BnacuHa, rpaHuTHM ckann ot boxuua u
MecTa HeroBaTa lWwupuHa fgoctura 12 km. MacusbT [loraHuua, KakTo M OT TEpuWepHW BYMKAHWTYM, TNaBHO C
HernpekbCcHaTO ce paslmpsBa oT Bpana peka Ha cesep [0 JauuTeH cbeTaB. B uaToyHaTta YacT Ha paioHa, no Gbnrapc-
Hosw Imor Ha tor (¢our.1). FeoTeKTOHCK MacuBbT NPUHAANEXM Kata rpaHuua, MMa epo3voHHI OCTaTbUy OT AEBOHCKW, NEPMC-
kbM Cpbbcko-Make[oHCKMS MacuB, [OKAaTO MeTanoreHe- KW 1 TpUacku CEQMMEHTU, a B JonuHata Ha MuuHa u Mopasa
TUYECKM NpUHaAnexm kbM 3oHaTa becHa Kobuna — Ocoroso. CEHOHCKM Haxopuwa (cpur.1).
Tasu pyoHa 3oHa 3anoua 6rm3o o c. Pynune n pekute
Buctpuya m BracuHa Ha ceBep, M ce paswwupsiBa Hag paHogmoputuTe oT Cypaynuua, Kakto W KpUCTanMHHUTE
MaukaTuua, becHa kobuna u OroroBo kbM Tacoc B 'bpuus, LUKCTW OT KoMNnekca BnacuHa ca BMECTEHM OT XKUIKU W Marnku
KbOeTo u34ye3sa B Ereiicko mope. (AHkoBuy, 1967, 1990; MacuMBM OT JauuT W KBapunaTuTh, psgko OT aHAesuTu M
Menenkosny n ap., 1997; Cepacpumosckyu, 1993; Cummy, naTuTW, KOMTO Ce 3acuneat B CybBOMKaHckuTe W xunoabucan-
2001). XapakTepuaupa C C MHOXECTBO HaxoamLla, 0cobeHo Ha HuTe HuBa. [launTute ce Habnogaeat NpeaMMHO B CeBepHaTa
OJOBO, LMHK 1 MONMBaeH. 4acT, JOKaTO KBapLnaTUTMTE Ca pa3monoXeHW B cpeaHaTa u

toXHaTa YacT Ha Tasu 30Ha.
Macuebt Cypaynuua ce BMecTBa N0 BPeMe Ha Heo-

annuickns LMKBA, KaTo ca pasMecTeHu CroeBeTe B KNUCTa- Haxoguwata v pyaonposBreHnaTa Ha MOnMGAEH B Tasu
NVHHUTV WKCTWU Ha Komnnekca BnacuHa. Toil e cbCTaseH pyoHa 30HA ca reHeTWYHO CBbp3aHW C AaUMUT-aHae3UTHUTE
MPedUMHO OT CpPefHO- A0 €PO3bPHECTU [PaHOAMOPUTM W ckanu. MonubaeHoBaTa MuMHepanusauus € OToXeHa B
MOHKOHUTHI FPAHUTH, KOWTO W3TpaXaaT OCHOBAaTa Ha MacuBa. XMIPOTEPMaNHO M3MEHEHUTE (CUTMLMTU3MPAHH, CEPULINTU3M-
Ha wmecta Te ca BHeOpeHM OT TPaHOAMOPTOPGUPUTI U paHM W Kanueso-benalnaTMaMpaHu) HauuTM M WUCTU W
KBapLAVOPUTNIOPCMPUTY, KUMKOBW BapuaLun OT rpaHOamo- TEXHWUTE KOHTAKTH, PSAKO B IPaHOAMOPUTHTE,

putHa marma. Cnabo epogupanute rpaHuTi OT LipHook B
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STAJEVAC

Queypa 1. leonoxka kapma Ha epaoHudopumosusi macug Cypdynuua ¢ Mo pydonposeneHus
1. Anysutl, 2. MuoueH-nnuoyeHcku cedumenmu, 3. Keapunamumu u namumu, 4. Jauumu u aH0esumu, 5. CypOynuwku
epaHoduopumu, 6. LipHookcku epaHumu, 7. EouyeHcku cedumenmu, 8. KpedHu cedumenmu, 9. Tpuacku cedumermu, 10. [JozaHcku u
Boxuwku epaHoduopumu, 11. Mabpa, 12.Memamopghumu om komnnekca BnacuHa, 13. AumuknuHopud, 14. CunknuHopud, 15. Mo-
Haxoduwa, 16. Mo-nposieneHus, 17. W-nposigneHus.

MaBHOTO NpoABNeHne Ha MnHepanu3auuaTa B ckanute, TEKTOHMKa, T[NaBHO OT [Ab/bKMHATa W LWKWPUHATA Ha
KOUTO M3rpaxaart To3u paVIOH, € o6ycnoseHa OT npegpyaHa pa3nomaBaHe U Pas3nioMHUTE 30HW. Ha mecrarta, Kbaeto Te
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Cca MIbTHA U KPbCTOCAHM, LLOKBEPKOBWTE Tenma ca
hopMupaHm C pasnpbekaHe MeXay xunute. Ha mectata Kb-
BETO MyKHATUHUTE Ca Ha PAOKO MMM Ha roieMu pa3CTOSHUS
efdHa OT gpyra ca paspaboTeHu Apyrv pyaHU Kuiw, no-
Manks unu no-ronemu no pasmep. (MunosaHoswy, Mnu,
1953/54; Cumny, 1993).

Mo oTHOWeEHWe Ha reHeTU4HUTE 0COBEHOCTM U MOpdo-
CTPYKTYPHWTE TWMOBE Ha MWHEpanusauumte, MonmbaeHo-
BUTE HaxOAMLLA M PYAONPOSIBIEHNS BbB BYNKAHUYHUS MacvB
Cypoynuua moraT fa Gbaar paspeneHn Ha Tpu rpynu:
XWMOpOTepManeH LLOKBEPKOBO-pa3npbCHaT TUM Ha MUHepa-

n13aums, KOWTO Ce XapakTepusnpa C HACKO CbabpkaHue Ha
monnbaeHosa pyaa (obukHoseHo nop 0.1 % Mo). Haxogm-
warta Maykatuua v BopoBuk npuHagnexart KbM TO3U TN
MWUHepanu3auus. BTopusT Tun MuHepanusaums e xugpoTep-
ManHu KBapL-MOMMOOEHUTOBM XUMW C MambK pasmep W
pebenuHa nog .5 m (Crapu rnor, yactuyHo pekute Macy-
puuka u PomaHoBcka). TpeTusaT e nopupeH T MuHepanu-
3auws, otkput B Hosu rmnor 1 Kpusa ®es B eK30KOHTaKTHaTa
4acT Ha rpaHoaMOPUTUTE U KBAPLIMOHKOHTUNOPGUPUTUTE, C
Hucko Mo v Cu cbbpxaHue 1 Masku 3anacy.

==\ B

®Quezypa 2. HanpeyeH paspes — Maykamuya
1. Ceexu, nokasnHo crabo muHepanusuparu Oayumu (<0.04%Mo), 2. Ceexu, JTokanHo 6e0HO MuHepanu3upaHu Mukawucmu
(<0.04%Mo), 3. Pyda ¢ Mo cvdbpxaHue no-manko 0.08%, 4. Pyda ¢ Mo cu0bpxaHue no-masko om 0.14%, 5. Pyda ¢ Mo
cvdbpxaHue noseye om 0.14%.

MONMUBAEHOBW PYOOMNPOABNEHNA N HAXOOULLA

BbB BynkaHckata obnact Cypaoynuua v HelHus kpai, B
MeTaroreHHaTa 30Ha becHa kobuna uma HsKorKo Haxoguiia
W PYBOMPOSIBNEHNS, KOUTO Ca MHTEPECHW OT MKOHOMMYecKa
megHa  Touka.  MonmbpgeHoBM — MuHepanmusauumM  ce
HabrlogaBar kato ce 3anouHe oT bpog, Ha ceep oT YpHa
TpaBa 1 ce mpoctupat Ha tor no Maukatuua, Cypaynumua,
Kpvea ®est o Crapm I'mor 1 Hoswm rmor (cpur.1.).

lMposBneHusta Ha monubaeH B paioHa Bpop ca
YCTaHOBEHW BbB BENUMHCKM NOTOK B 30HaTa Ha MHTEH3WUBHO
CUIULMTM3MPAHIA W KAONUTWU3MpaHKM LaumTy nog opmaTa Ha
peaku keapLosu xunku ¢ gebenuHa go 5-10 cm. Keapuo-
BMTE WIKM Ca CbCTaBEeHU OT €fpW KBApLOBW KpucTamm,
MUPKT, NtocnecT MonmBaeHUT M xankonuputn. Cbabpxa-
HWETO Ha MOnMOMEH B KBApLIOBMTE UKW, Bapupa LIMPOKO
ot 0.02-0.8 %, AoKaTO CbObPXAHWMETO HA Med B ChLUUTE
xunv Bapupa 0.01-0.1 % (Cumny, 1994, 2001).

Monu6deHosomo pyoHo none Mauykamuya e pasnono-
XEHO Ha 0kono 7 km toromstouHo ot Cypaynuua B nnaHuHc-
ks komnnekc YemepHuk. HaxogmweTo cbC CbLOTO UME €
YCTAHOBEHO Cped PyAHOTO norne B paioHa Ha [lonosa
LONVHa, KakTo W Haxopuweto Boposuk B Boposuk. OceeH
Mauykatuua n BopoBWK ca W3BECTHW U ApYyrM MONMBLEHOBM
MWHEpanM3aLum B Jpyr MECTHOCTM Ha TOBa PYyAHO none —
Kyunwhsk, lMonosa ponuHa, Meva ponuHa, [posHaTosa
ponuHa, Tpockaykn noTok, [okaHoB noTok, ManukuHa
pornvHa, MapBanmka u gp. (Cumuy, 1993, 1994, 1994a, 1995,
1996, 2001; MunosaHoBuY, Mnny 1953/54).

ToBa pyaHO nore e W3rpageHo OT KPUCTaIMHHK LWNCTW OT
komnnekca BnacwHa B CpbOCKo-MakeJoOHCKMS Macue W
TEpPUMEPHN MarMaTWTHW CKamu, Cped KOUTO Jauutute ca
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JoMuHupaly. MyckoBUTBT U anbuT-MyCKOBUTOBUTE LUUCTM
oT Pudpeitcko Pucpen-Kambpuiicka Bb3pacT ca Hali- yecTute
meTamopdHu ckanu (MeTposud u ap., 1973).

MonubaeHoBaTa MUHEpanu3aLms e OTIOXeHa B NUTOMOX-
KM pasnuyHa cpepa W MuHepaneH CbCTaB. T8 MpUHALMexu
KbM LLIOKBEPKOBO-PA3NpbCHATUS TUM U € TACHO CBbp3aHa
CbC CUNMLMTU3ALMATA, Kanui-chenplinaTusaumusta u cepu-
yuTM3aumsTa. XnapoTepmasnHo M3MEHEHUTE 30HU, BCBLLHOCT
MWHEPanu3npaHnTe 30HW, CE XapakTepuanpat C HUCKO
cbabpxanue Ha N,O u ¢ yBennyeHo cbabpxanue Ha KO ¢
BMCOK CboTHOWeEHMe K,O/N,O.

Monu6aeHoBaTa MUHepanu3aLMs B PyAHOTO nomne
Maukatviia ce nposBsiBA BbB BCUYKM pyoHM Tera W
MUHEPAnH 30HM MO-Mamnko UMW MoBeye MO euH W Chlly
HauuH. MTbTHATa MPEXa OT UMM M KUMKKM OT KBapL| ¢ MApUT
1 MOMMBIEH Ca OTNOXEHM B TEKTOHCKM ONPeaeneHn 30H1 B
rnocoka W3Tok-3anag. oBeyeTo OT NPeapyOHUTE TEKTOHCKM
MyKHATMHU B paiioHa ca MHOTO BnaronpuUsTHI 3a oTNaraHeTo
Ha pyaata. [paHuuMTe Ha pyaHWTe Tena U OKOMHUTE CKamnu
He ca OCTpW, a Ca NPEeXOAHM, HadyepTaHW Ha Gasata Ha
TEOXUMUYHI aHaMN3N.

MonubaeHoBUTe pyaHU Tena 0BUKHOBEHO Ha YABbIKEHH, C
newosugHa ¢opma ¢ nocoka U-3 pgo 3C3-UOW, psagko
HEenpaBWUMHW UK U3OMETPUYHM, C YMEpEeHa TEHAEHLMS KbM
HamansBaHe Ha C u CCW. [bnxuHaTa Ha HAKoM pyaHu Tena
e po 100-350 m, c pebermHa go 250 m (dur. 2).

MuHeparnHWAT CbCTaB Ha MONMGAEHOBATA PyAa B PyaHOTO
none MaukaTuua e npocta. Keapu, MpuUT U MOnMGAEHUT ca
OCHOBHWTE MMHEparHM KOMMOHEHTM, KOUTO CE MposiBsBaT
WM B CBBP3aHW KOMMIEKCH, U obpasyBaT MOHOMUHepan-
HW Xunn. BeaHuTe MOBUOEHUTOBI UMK Ca PEMKW, AOKATO
KBapLoBuTe ca no-yecTn. CromeHaTMTe MuHepanu ca
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MPUAPYKEHN OT HE3HAYUTENIHM KOMMYECTBA XaNKOMMPWT,
XeMaTuT, WeenuT, chanepuT, raneHuT 1 psako BondpamuT.
WeennTbT e fgocTta pasnpocTpaHeH B MonnbaeHoBaTta
MUHEepanu3aLms B pyaHoTo none Mauykatiua, Ho € C HIUCKO
ChabpXaHue.

CoabpkanueTo Ha Mo B pyaHoTo none MaukaTuua Bapupa
OT edHO KbM [pyro Haxouile Wnu pygonposiereHve. B
Haxoauweto MaukaTtuua cbabpxaHueto Ha Mo e 0.091% B
25,000,000 t pyna, fokato B Haxoauile BopoBuK Chabpxa-
Hueto my e 0.05% B 70,000,000 t pypa. B gpyrute mect-
HOCTM CbabpkaHueTo Ha Mo Bapupa ot 0.03-0.1%, psgko
Hag 0.4%. B pyoHus koHueHTpaT OT Haxoguwe MaukaTuya
nMa cbLo okono 150 g/t penmin. B Mo pyaa B Maukatuua u
BopoBuk MedTa OTCbCTBA UMM € MpEACTaBeHa B Masku
konuuyectea (40-70 ppm). CbobpkaHueTo Ha Bondpam e
cbLyo Hucko Ao 0.026% WO, (ByaHosuy, 1959; Cumuy 1993,
2001a).

B paitoHa Ha Cypdynuua-Macypu4ka peka ca peructpu-
paHu HSKOMKO MONMBAEHOBM M BONPaMOBHK NPOSIBNEHNS B
okomnHocTuTe Ha YypkoBuya-CTygeHndku notok, Macypuika
peka u PomaHoBcka peka. Mo- MUHepanusauusi Han-4ecto
Ce NposiBsiBa B XWAPOTEPMAIIHO U3MEHEHUTE TPaHOAVOPUTH,
obrnactute ¢ Manku gauutHu WHTpy3un. Mo, kakto n W
MVHepanuaauum ca CBbP3aHn C TEKTOHCKUTE 30HM, MOHAroKa
cpasHutenHo ronemm (100-200 m), ¢ nocoka MCK-3K03. Te
OBWKBOHEHO Ca JKUMKOB TWM  KBApL-MOMMBAEHUT  Unu
KUNKOBO-pa3npbCHaT TN MMHEpanMuaumm ¢ Marku
pasmepu W MUHepanHo CbabpxaHue Ha Mo u W (Cumuy,
1994a, 1996a, 2001a).

B patioHa Yypkosuya-CmydeHu4ku nomok B TEKTOHCKA
30Ha, wwupoka 100-200 m nocoka noutn U-3 e ycTaBoHeHa
EKCTEH3MBHA MWHEpanM3aLns OT KUIKOBO-pa3npbCHaT Tun,
KbaeTo ce ugeHtudmumpanmn 10 uHtepsana, wupoku 0.5-1.7
m cbC Cbabpkanue Ha Mo ot 0.02-0.13%. MposiBneHusTa Ha
Bondpam B CTydeHWYKM MOTOK, KOWTO Ca OTKPUTW MOA
chopmaTa Ha OTAENHU LIEENUTOBM XM WK 30HM C LUMPUHA
£0 7 m nmart cbabpxarme Ha WO; ot 0.05-0.15%.

W ce cpelya MHoro no-yecto ot Mo B gonuHaTa Ha peka
PomaHoBcka. [Mo-ronemu muHepanusaumm Ha W u Mo ca
yCTaHOBEHW B paitoHa Ha [JoHun PomaHoBuM, JlokBaHCKM
notok, lpnyen n cpegHata 4acT Ha PomaHoBcka peka.
MuHepanusauuuTe ce NosBAT N0 30HUTE Ha pasnoMsBaHe C
nocoka 3C3-MOWN o C3-HOW B xmapoTepmanHo U3MeHeH!,
TIMMOHUTU3NPAHKN, CUNMUMTU3NPAHA U MUPUTU3NPAHA 30HU B
rpaHoamoputu ¢ aebenmuHa oo 10 m. CohabpxanueTo Ha Mo
e 00 0.1%, nokato ToBa Ha W e 10 0.07% B WO;.

B Onanennykm pug u KowTuHsk, B obnactta Ha peka
Macypuuka, Mo muHepanusaummn umat nogo6Ho nposiBneHue
KaKTo B MpeaulHuTe MecHocTU. MonmbaeHuTsT e OTKpUT
noA dhopmata Ha KWk 1 pa3cuni 6130 4O Manku AaLuTHY
WHTPY3UW B rPAHOLMOPUTH, KOUTO Ca CUNULMATM3NPAHK, Yac-
TUYHO nupuTU3MpaHu. CoabpxaHueto Ha Mo Bapupa 0.03-
0.1%, a cvabpxanneto Ha Cu - 0.02-0.1% (Cumuny, 1994a).

Mo-Cu muHepanu3ayuu e Kpuea ®es, ycTaHOBEHM B 00-
nactTa Ha LipHoBpLUka peka, MpuHaanexart kbM nopgupHus
TUM, CBBP3aH C XMAPOTEPMAITHO U3MEHEHUTE NOPHUPONIHN
W3MEHEHUs Ha rpaHuTHaTa marma (rpaHoguopuTnopdmupy,

KBapL-MOHKOHTUTROPGMPY 1 gp.). Mo-Cu mMuHepanusaumum
OT XWnkoBo-pascuneH Tun B Kpusa ®es ca cbCTaBeHu OT
MUPUT, MarHeTUT, XankonupuT, MOMMBAEHNT, KBapL, M PsOKO
Kanuur.

OcHoBHoTO cbabpxaHue Ha Cu Bapupa ot 0.04-0.08%,
cbC chabpxaHue Ha Mo 20-80 ppm. CbabpxaHusTa Ha Au
Ag, ernemeHTW, xapakTepHu 3a TO3M TWUM MUHepanu3auus,
Bapupar ot 0.02-1.31 g/t 3a Au 10.6-6 g/t 3a Ag (Cummy,
1992).

B LpHu epx, 6nu3zo do Cmapu oz u peoHek nva
HAKONMKO ~ MonubaeHoBK nposiBneHus.  MonmbpgeHbT ce
nposiBsiBa B KBApLOBW Xunu, unsTto aebenvHa Bapupa oT 5
g0 10 cm, makcumym 40 cm. Kpailliata Ha KBapLIOBITE XKW
ca 00BUTU C TbHBK CMON MONMOAEHUT. Tean xunu ca pegku
11 3aTOBa BBMPEKM BUCOKOTO ChabpKaHue Ha Mo, Te He ca oT
MKOHOMMYECKM MHTepec. Mo MWHepanusauusi e reHeTU4HO
CBbp3aHa C AaLMTUTE, KOUTO CE BKIOYBAT B KPUCTANMHHUTE
LUMCTW M YaCTUYHO C rpaHoanopuTuTe. Marnku Xopu3oHTanHm
pa3paboTku ca HanpaBeHu B TE3W PyAHWU NPOSIBIEHUS Npeau
Brtopata cBeTOBHa BOWMHA. [laHHUTE OT TE3W MpOY4BaHMS
nokaseaT, 4Ye CbabpkaHueTo Ha Mo Bapupa ot 1-4%, psako
0.65%. OceeH Mo B Te3an mectHoctu (TaHka PtuHa) e
YCTAHOBEHO BUCOKO Cbabpxkanue 3 g/t Ha Au m 11.9 g/t Ha
Ag (Cumny, 2001).

Marko no Ha tor ot Ctapm rnor B paiioHa Ha Hoeu anoz B
nesnst Mputok Ha Mama peka M B HaW-ropHata 4acT Ha
MMeTporopckn NOTOK MMa HsKOMKO nposieneHust Ha Mo u Cu.
Mo-Cu nposiBneHne e B eK30KOHTAKTHATa YacT Ha rpaHoamo-
puTUTE, B JALMTUTE W LUMCTUTE, KOWTO Ca UHTEH3UBHO XMA-
POTEPMANHO M3MEHEHN, HanykaHu 1 6pekymnpanu. Mo-Cu mu-
Hepanusauus e NpuapyXeHa CbC CUNUUMKALWS, NUpUTA3a-
uns, kanvesa-tengwnatisauus UM psgko GuoTMTM3aLms.
MonmbaeHNTBT M XankonupuTLT, 3ae4H0 C KBapua U nupuTa
Ce yCTaHoBsABaT NpeaUMHO Nnof dopmaTta Ha Xuim 1 Croese
Mo MyKHAaTVHW WM LEMHaTUHW, W PSBKO Ca MHAMBUOYaNHM
3bpHa 1 arperatu.

Hait-gobpu pesyntatu 3a Mo v Cu ca nonyyexu 3a Mana
peka, KbOETO Ca YCTAHOBEHM HWUCKOKAYECTBEHW KUK,
pascunu, u nopdupHa MUHEpanu3aLms CbC CbabpkaHue Ha
Mo B pamkute Ha 0.025-0.07% u cvabpkaHne Ha Cu 0.047-
0.15%. Mopobhn ca Mo-Cu MuHepanu3aumm B Halt-ropHaTa
yact Ha Metoropckum notok (Cumuy, 1991).

B paiioHa Ha LjpHook Crnook ca yCTaHOBEHM HSIKOMKO
LEENUTHN MposiBReHus, kbaeto Mo oTcbetBa.  Hait-
VHTEPECHM Ca CKAPHMBWS TUM LUEENTUTHA MUHEepanu3aLuv B
brneHcku fgen, B rHailcoBUTE NOPEAMLM, BKMKOYEHU B
nerMaTuUTHU Xunn. ToBa Ca PygHW Tena ¢ Marnku pasmepu,
HO C BUCOKO CbabpxaHue Ha WO;. B BpecHuua cpegHoTo
cbobpxadne Ha W e 3% (sapupa ot 2-19%), pokato B
BneHckn gen cpepHoto cuabpkaHue e 4.7% (Mapwy u gp.,
1959: Cumuny, 2001, 2001a). Mposenennsta Ha W ot
XuapoTepManeH TWM, KOUTO Ca YCTAHOBEHW CHLLO B pYOHO
none YpHook ca c no-mManko 3HadveHwe ([ykatcka peka,
UpHowwua). Kato usno, pyaHoTto none e cnabo npoyyeHo,
Taka Ye € TPyQHO [Ja Ce MpWUeMe HEeroBuUsT MoTeHUMan no
OTHOLLIEHME Ha MUHEPATHUTE CYPOBHUHM.
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BbB BynkaHckus Macvs Cypaynuua v Herosute pamki uma
MHOXXECTBO HaxOAuLLa W pyOonposBreHus Ha MonmbaeH. Ha
MbPBO MSCTO Ca XMAPOTEPMANHUTE HaxOAuLLa NpeacTaBeHn
OT XXUNW, LLOKBEPKOBM pascunit 1 nopupm, KakTo 1 unu ot
pasnpbCcHaT TUM Ha MWHepanu3auus. [EeOTEKTOHCKM Te
npvHagnexar KbM M3TouHaTa yact Ha Cpbbcko-MakenoHe-
Kt MacuB, a METaNoreHeTUYHO Te ca YacT OT 3oHaTa becHa
kobuna-Ocoroso.

MeTanoreHusTa Ha Ta3u 30Ha € CBbp3aHa C npoLecuTe Ha
Heo-annuiickata TEKTOHOMarMaThiHa AEiHOCT, B CbLUHOCT
TepumuepeH (OnUroueH-MOLIEHCKM) MarMaT3bM C rpaHO4Mo-
PUTOB CbCTaB, XapakTepeH ¢ HanuumeTo Ha Mo, Cu, W, Zn,
Pb muHepanusauuu, CbC 3HauMTENHU pyaHW 3anacu, no-
cnewumarnHo Ha MonubaeH, ONoBO 1 LMHK.

Cnopeg 6posi Ha pygonposiBNEHUsTa U HaxoauLLaTa BbB
ByNkaHckus macus Cypaynuua Hail-BaXHO € pyaHOTO none
Maukatuua. ToBa pydoHO none npUHAANIexuM KbM  Hai-
ronemute cnopef 6posi Ha pyaHWUTe Tena 1 TEXHWUTE pasmMe-
pu. Cropen MHOXECTBOTO YCTAHOBEHW PYAOMPOSIBREHNS B
pyaHoTo none MaykaTtuua, KakTo W Apyrute 4acTu Ha Tasu
pyOHa 30Ha € fACHO, Ye 3anacute Ha MormmbgeH ca
3HAYNUTENHO MO-TONEMM OT U3YMCTIEHNTE.

Wmaikv npeasna HapacTBalLmMTe Hyxau OT MONN6AeH kaTo
MeTarn, KOWTO MMa LUMPOKO MPUMOXKEHWE B CbBPEMEHHaTa
NPOMULLIIEHOCT, € Cam0 BBMPOC Ha BpeMe Aa 3anoyHat Aa
CE W3Mon3BaT MUHEparHWTe CYpOBMHM OT TO3M palioH B
Gbaelue.
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In the area of Surdulica eruptive massive and its margin several deposits and occurrences of molybdenum are known. Mackatica molybdenum deposit, within this
complex, according to the number of its ore bodies, belongs to significant deposits, not only in Serbia and Europe, but in the world also. In the geotectonic sense this
area belongs to Serbian-Macedonian mass, and in metallogenetic view it is a part of Besna Kobila-Osogove zone.

Metallogeny of this zone is connected with the processes on Neo-Alpine tectonomagmatic activity, actually Tertiary (Oligocene-Miocene) magmatism of granodioritic
composition, featured by the presence of Mo, Cu, W, Zn, Pb mineralizations, with significant ore reserves, especially molybdenum, lead and zinc.

Mo-mineralizations are spatially found in dacites and schists or in their contact, and rarely in granodiorites. Concentrations of molybdenum as a rule increase in
hydrothermaly altered rocks, meaning that the altered rocks are geochemicaly most favorable environment for the deposition of molybdenum. From the aspect of
genetic features and morphostructural types of mineralizations, the occurrences and deposits in Surdulica eruptive massive area belong to: hydrothermal stockwork-

impregnation, vein and porphyry type of mineralizations.

INTRODUCTION

The rim of Surdulica eruptive massive represents an
interesting area in view of molybdenum deposits. It covers a
surface of approximately 220 km? in southeast Serbia,
stretched about 25 km along its longer axis that strikes almost
north-south. In places its width is up to 12 km. The massive
continuously extends from Vrla river in the north to Novi Glog
in the south (Fig. 1). Geotectonically the massive belongs to
Serbian-Macedonian mass, while metallogenetically it belongs
to BesnaKobila-Osogovo zone. This ore zone begins near
Ruplje village and Bistrica and Vlasina river in the north, and
extends over Mackatica, Besna Kobila and Osogovo to Thasos
in Greece where it disappears in Aegean sea. (Jankovi¢, 1967,
1990; Jelenkovi¢, et al, 1997; Serafimovski, 1993; Simic,
2001). It is featured by numerous metal deposits, especially
lead, zinc and molybdenum.

Surdulica massive was intruded during Neoalpine cycle,
unconformably into crystalline schists of Vlasina complex. It is
mostly composed of medium to coarse grained granodiorites
and monconite granites that make up the basis of the massive.
In places they are intruded by granodioriteporpyrites and
quartzdioriteporphyrites, the vein varieties of granodioritic
magma. Weakly eroded granites of Crnook in the vicinity of Na
area is also composed of crystalline schists of Vlasina
complex, granitic rocks of BoZica and Doganica, as well as
Tertiary volcanics, mainly of dacitic composition. In the east
part remnants of Devonian, Permian and Triassic sediments,
and in the valley of P¢inja and Morava, deposits of Senonian

(Fig. 1). of the area, towards Bulgarian border, there are
erosional remnants of Devonian, Permian and Triassic
sediments, and in the valley of P¢inja and Morava, deposits of
Senonian (Fig. 1).

Erosional remnants of Devonian, Permian and Triassic zarica
and Dukat villages are similar in age and partly petrologically to
granodiorites of Surdulica (Babovi¢, et al., 1977; Petrovi¢, et
al., 1973).

Besides the Surdulica granodiorites and Crnook granites, the
Granodiorites of Surdulica, as well as crystalline schists of
Vlasina complex are intruded by numerous veins and smaller
masses of dacites and quartzlatites, rarely by andezite and
latite, that hardened in subvolcanic to hypoabyssal levels.
Dacites mostly occur in the northern part, while quartzlatite is
situated in the middle and southern part of this ore zone.

The deposits and occurrences of molybdenum in this ore
zone are genetically connected to dacitic-andezitic rocks. The
Mo-mineralization is deposited in hydrothermally altered
(silicified, sericitised, K-feldspar) dacites and schysts and their
contact, rarely in granodiorites. The general occurrence of
mineralization in rocks, that compose this area, is conditioned
by pre ore tectonics, mainly by length and width of faults and
fault zones. In places where they are dense and intersected,
stockwork bodies are formed with dissemination between the
veins. In places where fractures are scarce or wide apart from
each other ore veins are developed, smaller or larger in size
(Milovanovi¢, lli¢, 1953/54; Simic, 1993).
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Figure 1. Geological sketch map of the Surdulica granodioritic massif with Mo — occurrences
1. Alluvium, 2. Miocene-Pliocene sediments, 3. Quartzlatites and latites, 4. Dacites and andezites, 5. Surdulica granodiorites, 6.
Crnook granites, 7. Eocene sediments, 8. Cretaceous sediments, 9.Triassic sediments, 10. Doganica and BoZica granitoides, 11.
Gabbros, 12.Metamorphites of Vlasina complex, 13. Anticlinorium, 14. Synclinorium, 15. Mo-deposits, 16. Mo-occurrences, 17. W-
occurrences
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From the aspect of genetic features and morphostructural
types of mineralizations, the deposits and occurrences of
molybdenum in the Surdulica eruptive masive can be divided
into three groups: hydrothermal stockwork-disseminated type
of mineralization that is characterized by extensive

mineralization and low grade of molybdenum ore (usually
under 0.1 % of Mo). Mackatica and Borovik deposits belong
to this type of mineralization. The second type of

mineralization are hydrothermal quartz-molybdenite veins of
small size and thickness under 0.5 m (Stari Glog, partly
Masuricka and Romanovska rivers). The third is porphyry
type of mineralization discovered in Novi Glog and Kriva Feja
in exocontact part of granodiorites and
quartzmonconiteporphyrite, with low Mo and Cu content and
small reserves.

Figure 2. Cross section — Mackatica
1. Fresh, locally slightly mineralized dacite (<0.04%Mo), 2. Fresh, locally poorly mineralized micaschists (<0.04%Mo), 3. Ore with
Mo contents less than 0.08%, 4. Ore with Mo contents less than 0.14%, 5. Ore with Mo contents more than 0.14%.

MOLYBDENUM OCCURRENCES AND DEPOSITS

In Surdulica eruptive area and its rim, in Besna Kobila
metallogenetic zone, there are several economically
interesting  deposits and  occurrences. The  Mo-
mineralizations occur beginning from Brod, north of Crna
Trava, and extend towards the south over Mackatica,
Surdulica, Kriva Feja up to Stari Glog and NoviGlog (Fig. 1).

The occurrences of molybdenum in Brod area are found in
BelCinski potok, in the zone of intensively silicified and
kaolinised dacites in form of rare quartz veins up to 5-10 cm
thick. The quartz veins are composed of coarse quartz
crystals, pyrite, flaky molybdenite and chalcopyrite. The
molybdenum content in quartz veins, widely ranges from
0.02-0.8 %, while copper content in the same veins ranges
from 0.01-0.1 % (Simi¢, 1994, 2001).

Mackatica molybdenum ore field is situated about 7 km
southeast of Surdulica in Cememik mountain complex. The
deposit of the same name is found within this ore field in the
region of Popova dolina as well as Borovik deposit on
Borovik. Besides Mackatica and Borovik deposits,
molybdenum mineralizations are known in other localities of
this ore field: KuéiSnjak, Pavlova dolina, Meéa dolina,
Groznatova dolina, Troskacki potok, Dokanov potok, Malikina
dolina, Garvanica and other (Simi¢, 1993, 1994, 1994a,
1995, 1996, 2001; Milovanovic, lli¢ 1953/54).

This ore field is composed of crystalline schists of Vlasina
complex in Serbian-Macedonian mass and Tertiary magmatic
rocks, among which dacites are predominant. Muscovite and
albite-muscovite schists of Riphean-Cambrian age are most
frequent metamorphic rocks (Petrovi¢, et al., 1973).

The molybdenum mineralization is deposited in lithologicaly
various environments, and mineral assemblages. It belongs
to stockwork-disseminated type and is closely connected with
silicification, K-feldspar and sericitization. Hydrothermally

altered zones, actually the mineralized zones, are featured
by low content of N,O and an increased content of K,O with a
high ratio of K,O/N,0.

The Mo-mineralization in Mackatica ore field occurrs in all
ore bodies and mineral zones in more or less the same way.
Dense network of veins and veinlets of quartz with pyrite and
molybdenum are deposited in tectonically determined zones
of east-west strike. The more the pre-ore tectonics fractured
the area the more it was favorable for ore deposition. The
boundaries of ore bodies towards the surrounding rocks is
not sharp but transitional, drawn on the basis of geochemical
analyses.

The molybdenite ore bodies are usually elongated,
lenticular shape with a strike E-W to WNW-ESE, rarely
irregular and isometric, with mild tendency of dipping towards
the N and NNE. The length of some ore bodies amounts to
100-350 m, with a thickness up to 250 m (Fig. 2).

The mineral composition of Mo-ore in Mackatica ore field is
simple. Quartz, pyrite and molybdenite are basic mineral
components which occur either as joined or complex, or they
form monomineral veins. Pure molybdenite veins are rare,
while quartz ones are the most frequent. The mentioned
minerals are accompanied by insignificant quantities of
chalcopyrite, haematite, scheelite, sphalerite, galena and
rarely wolframite. Scheelite is fairly extensive in Mo-
mineralizations in Mackatica ore field but with a low content.

The content of Mo in Mackatica ore field varies from on to
another deposit and occurrence. In Mackatica deposit the Mo
content is 0.091% in 25,000,000 t of ore, while in Borovik
deposit its content is 0.05% in 70,000,000 t of ore. In other
localities the MO content varies from 0.03-0.1%, rarely over
0.4%. In the ore concentrate of Mackatica deposit there is
also about 150 g/t of rhenium. In Mo-ore in Mackatica and
Borovik copper is either absent or is present in small
quantities (40-70 ppm). The content of tungsten is also low,
up t0 0.026% WO, (Vujanovi¢, 1959; Simi¢ 1993, 2001a).
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In the area of Surdulica-Masuri¢ka reka several
molybdenum and tungsten occurrences have been registered
in the vicinity of Curkovica-Studenicki potok, Masuricka reka
and Romanovska reka. The Mo-mineralization mostly occurrs
in hydrothermaly altered granodiorites in the vicinity of small
dacite intrusions. The Mo as well as W-mineralizations are
related to tectonic zones, sometimes fairly large (100-200 m),
with ENE-WSW strike. They are usually vein type quartz-
molybdenite and vein-disseminated type of mineralizations of
small dimensions and mineral content of Mo and W (Simi¢,
1994a, 1996a, 2001a).

In the Curkovica-Studenicki potok area, in one tectonic
zone 100-200 m wide and almost E-W strike, extensive vein-
disseminated type of mineralization was found, where 10
intervals were identified, 0.5-1.7 m wide with Mo content of
0.02-0.13%. The tungsten occurrences in Studenicki potok
that are found in form of individual scheelite veins or zones
up to 7 m wide have WO; content of 0.05-0.15%.

W is much more frequent than Mo in the valley of
Romanovska reka. Larger mineralizations of W and Mo are
found in the area of Donji Romanovci, Lokvanjski potok,
Pri¢el and mid part of Romanovska reka. The mineralizations
occur along fault zones with a strike WNW-ESE to NW-SE in
hydrothermaly altered, limonitized, silicified and pyritic zones
in granodiorites with a thickness of up to 10 m. The Mo-
content is up to 0.1%, while W-content is up to 0.07% of
WOs.

In Opalenicki rid and Kostinjak, in the vicinity of Masuricka
reka, the Mo-mineralizations have similar occurrences as in
previous localities. Molybdenite is found in form of veinlets
and disseminations near small dacite intrusions in
granodiorite that is silicified, partly pyritized. The Mo-content
ranges from 0.03-0.1%, with Cu-content that ranges from
0.02-0.1% (Simi¢, 199%4a).

The Mo-Cu mineralizations on Kriva Feja, found in the
vicinity of CrnovrS8ka reka and Gornja reka, belong to
porphyry type related to hydrothermaly altered porphyroid
varieties of granitic magma  (granodioriteporphyrite,
quartzmonconiteporphyrite  and  other). The Mo-Cu
mineralizations of vein-disseminated type on Kriva Feja are
composed of pyrite, magnetite, chalcopyrite, molybdenite,
quartz and rarely calcite.

The mean content of Cu ranges from 0.04-0.08%, with Mo
content of 20-80 ppm. The contents of Au and Ag, elements
characteristic for this type of mineralization, range from 0.02-
1.31 g/t of Au and 0.6-6 g/t of Ag (Simi¢, 1992).

In Crni vrh, near Stari Glog and Prvonek, there are
several occurrences of molybdenum. Molybdenite occurs in
quartz veins whose thickness varies from 5 to 10 cm,
maximally 40 cm. The edges of quartz veins are coated with
thin films of molybdenite. These veins are rare and therefore
although with high Mo-content, they are of little economic
interest. Mo-mineralization is genetically connected with the
dacites that intrude crystalline schists, and partly
granodiorites. Small adits were excavated within these ore
occurrences before World War Il. The data from these
investigations reveal that the content of Mo ranges from 1-
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4%, rarely from 0.65%. Besides Mo in some localities (Tanka
Rtina) high content of 3 g/t of Au was found with 11.9 g/t of
Ag (Simi¢, 2001).

Little more south of Stari Glog in the area of Novi Glog, in
the left tributary of Mala reka, and uppermost part of
Petrogorski potok there are several occurrences of Mo and
Cu. The Mo-Cu occur in exocontact part of granodiorites, in
dacites and schysts that are intensely hydrothermaly altered,
fractured and brecciated. The Mo-Cu mineralization is
accompanyed by silification, pyritization, K-feldspar and
rarely biotitization and sericitization. Molybdenite and
chalcopyrite, together with quartz and pyrite, are mostly
found in form of veins and films along fractures and fissures
of diverse strike and dip, and rarely as individual grains and
aggregates.

The best results of Mo and Cu were obtained from Mala
reka where low grade, vein, dissemination, and porphyry
mineralization was found with contents of Mo that ranges
from 0.025-0.07% and Cu content that ranges from 0.047-
0.15%. The similar are Mo-Cu mineralizations in the
uppermost part of Petrogorski potok (Simi¢, 1991).

In Crnook area several scheelite occurrences are found,
while Mo is absent. The most interesting are scarn type of
scheelite mineralizations in Bresnica and Blenski del, in the
gneiss serie intruded by pegmatitic veins. These are ore
bodies of small dimensions, but with high content of WOs. In
Bresnica the average content of W is 3% (ranging from 2-
19%), while in Blenski del the average content is 4.7%
(Mari¢, et al., 1959: Simi¢, 2001, 2001a). The occurrences of
W of hydrothermal type that are also found in Crook ore field
are of lesser importance (Dukatska reka, Crnostica). In whole
this ore field is poorly investigated, so that it is hard to asses
its potential in relation to mineral raw materials.

CONCLUSION

In Surdulica eruptive massive and its rim there are
numerous occurrences and deposits of molybdenum. In the
first place these are hydrothermal deposits represented by
vein, stockwork-disseminated and porphyry, as well as vein-
disseminated types of mineralizations. Geotectonically they
belong to eastern part of Serbian-Macedonian mass and
metallogenetically they are a part of Besna Kobila-Osogovo
zone.

The metallogeny of this zone is related to the processes of

neo-Alpine tectonomagmatic activity, actually Tertiary
(Oligocene-Miocene) ~ magmatism  of  granodiorite
composition, featured by Mo, Cu, W, Zn, Pb, Sb
mineralizations with significant ore reserves, especially
molybdenum, lead and zinc.

According to the number of occurrences and deposits in
Surdulica eruptive massive outstanding is Mackatica ore
field. This ore field belongs to the largest ones according to
the number of ore bodies and their dimensions. Regarding
the numerous occurrences found, in Mackatica ore field as
well as in other parts of this ore zone, it is certain that the
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reserves of molybdenum are much larger than the calculated
ones.

Taking into account the rising demand for molybdenum as
a metal that has wide application in modern industry, it is only
a question of time when will this mineral raw material be
utilized from this area in future.
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