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PESIOME

MaHartopckusT pyaeH paitoH e pasnomnoxeH B LientpanHa CpegHa ropa v ot4actu B CTapa nnaHuHa. Toil NpeAcTaBnsiBa enemMeHT OT ropHoKpeaHus Anyceru-
BaHart-Tumok-CpeaHoropcku MarMaTvyeH 1 MeTanoreHeH nosic. Bb3HMKBaHETO Ha TO3W pyAeH paiioH Ce onpeaens oT PasBUTUETO Ha UHTEH3MBHA rOPHOKpeaHa
BYIKaHCka W MHTPY3MBHa AelHOCT. MarMeHuTe ckanu npuHapnexat KbM [Be NeTPOXUMUYHWM cepuu: kanumeBo-ankanHa W cybankanHa. MarmoreHepupaHeTo e
OCBLUECTBEHO B 0BOraTeHaTa ropHa MaHTUsi C BapupaLlo yyacTe Ha KOPOB KOMMOHEHT. YCTaHOBEHO € pa3BMTWETO Ha [obpe HAMBMAYyanusupanuTe Enatuko-
Yenonewkw, KpaceH-Metenosckn, Bpankamukckn, Acapen-Mepetcku, Cobopa-Oumxbnmckv, Enwmiwku u MecoBeukn ByNKaHO-MHTPY3NBHM KOMMIEKCH.
MarmaTnyHaTa AefHOCT ce peanianpa B MHTepBana KOHUACc-CaHTOH, NpY OTYETNINBA MUTpaLus OT ceBep KbM tor. PasrpaHnyenm ca Enaluko-Yenonetwuko, KpaceH-
Metenoscko, Acapen-Mepaetcko, PagkutHcko n Enwmiwko pyaHn noneta. MeTtanoreHHaTa xapakTepucTika Ha pavioHa ce Onpedens rmaBHO OT pa3BUTWETO Ha
pepmuya Cu, Cu-Mo 1 Cu-Au nopthupHI HaxoanLLa, KOUTO acoLmMpaT ¢ BUCOKO A0 CPeAHOCYNdUAHN, enu- A0 Me3oTepManHi MacueHocyndnarm Cu-Au, Cu-Pyr-
Au v Cu-Pyr Haxogwwa. B nepucpepusita Ha pyaHuTe noneta ca passuti cpegHo Ao Huckocyndughm Cu, Pb-Zn-(+ Au), Cu-Pb-Zn--(+ Au), Au n Ba Haxoguwa,
CBbP3aHN CbC CTPYKTYPU Ha Kpexko pasnomssaHe. OCBEH TOBa Ca YCTaHOBEHM NMPUBBP3aHN KbM BYIKaHOrEHHO-CEAMMEHTHUTE CKanu MaHraHOBM PyAONpOSiBIEHNS

oT Tvna "cunudmumpara ymbpa".
BbBEJEHME

[MaHaropckuaT pyaeH panoH e pasnonoxeH Ha 55-95 km
13TO4HO OT rp. Codns. HeroBata Teputopust 0OxBalla yacTu
ot LentpanHoto CpepHoropue w Crapa nnaHuHa Mexay
rpagoeTe Masapmxuk u ETponone ¢ obua nnowy ot okomno
1500 km?. HeroBoTO reomnoXko MonoXeHWe ce onpeaens ot
apeana Ha pasBMTME Ha MHTEH3WBHA FOPHOKPEAHA MarmeHa
[ENHOCT U Ha CBbp3aHWTe C Hesl MMHEpPaNHW HaxoguLa.
[FeoprveB, 1939; KoHcTaHtMHOB, 1952; Dimitrov, 1960;
borgaHos, 1987; Popov & Popov, 1997].

[MaHaropckusaT pyaeH panoH NpefcTaBnsiBa enemMeHT oT
Anycenu-baHaT-Tumok-CpegHOropckus MarMaTuyeH u meTa-
foreHeH nosc, kakto Gelwe geduHMpaH B NOCREAHO Bpeme
[Popov et al., 2000]. [locera Ton € pasrnexgaH OT pas-
nu4yHUTe aBTopM kaTo BaHaT-CpegHoropcka 3oHa, baHatuToB
nosic unn vact ot Kapnato-bankanugute. Toau nosic ce
chopmmpa B pe3ynTaT Ha eKCTEH3WOHHMW NPOLECH B MPUYMHHO-
CrefdcTBeHa Bpb3ka C MposiBaTa Ha MOCTCYOAYKUMOHEH W
WHTPaKONM3NOHEH MaHTWEH [uWanupusbM B 30HaTa Ha
TpaHcopmauus Ha cybayKumMpaHuTe pparMeHT OT OKeHCka
kopa. [Popov, 1981, 1987, 1996; Berza et al., 1998].

B [MaHariopckus paiioH ca ycrtaHoBeHu Hag 150 pygHu
HaxoauLa, PyOOnpOSBNEHNS M MUHEPaNHU WHAMKaumu. Toi
Ce XapaKkTepuaupa C pasBUTMETO MMABHO HA MEAHOMOPUPHM
1 MacyBHOCYNMAHN MeaHM Haxoauwa. Cpelar ce U Manku
3naTopygHu,  3nato-nonMmeTanHy,  GapuToBW,  OMOBHO-
LMHKOBW WM MaHraHOBM Haxofulia W pynonposereHus. 3a
nepuoga ot 1942 po 1995r. B paitoHa ca [obutu
489 555 400 t pyna 1 cboteeTHO 3 946 092 t mep (B pyparta),

665 185t capa (B nupuTeH koHuUeHTpart), 46 507 kg 3nato (B
pyparta), okono 13000t Mo (B8 pyaara) n okono 195900 t
Gaput. [MoHacTosilyeM MuHeH J0BMB Ce OCblLuecTBsBa B
Haxoguwata Enauute, Acapen v Yenoneu.

FEONOrnA

OcHoBHMTE 0CODEHOCTM B TEONMOXKAS CTPOEX Ha
[NaHarlopckns pyaeH panoH, KOUTO KOHTPONMpaT pa3suTMETO
Ha MeTaroreHH1Te NPOLeCH B MPOCTPAHCTBOTO W BPEMETO, Ce
ONpedensT OT XapakTepa W eBOMUMATa Ha TOPHOKPEAHUTE
MarmeHn komnnekcu. EdysuBHuTe  ckanu, KouTO Ca
obeaguHenn B [aHariopckata  BymKaHOreHHO-CeAMMEHTHa
rpyna (Popov, 2001a), 3ansrat BbpXy TYPOHCKU OTHOXeEHUS, a
B HaW-lXHaTa 4YacT Ha pailoHa — BbpXy Cckanute oT
AOMe3030MckNs pyHAaMeHT. CbLeBPEMEHHO Te ca MOKPUTU
OT NMOCTBYNKAHCKW FOPHOCAHTOHCKO-MACTPUXTCKN KapboHaTHH
1 OINLLIKNA CEONMEHTH.

MMeTpoXMMUYHUTE [daHHW MOKa3BaT, Ye TOPHOKPeOHWTE
MarmeHu ckamv npuHagnexar KbM ABe NETPOXMMYHN CEpUK:
kanuueso-ankanHa u cybankanHa [Popov, 1981; Popov &
Popov, 1997]. KanumeBo-ankanHute ckamu umat npeobna-
JaBallo passuTMe. BynkaHckuTe ckanmn ca NpeauMHo C
aHOEe3NTOB W B MO-Manka CTeneH AauuTOB CbCTas, @ XWMo-
abucanuute n CcybBynKaHCcKo-xunoabucanHuTe pasHo-BUL-
HOCTM ca MpeACTaBeHW [MaBHO OT T[PaHOAMOPUTA WK
rpaHoanopuToBM nopcmpuTi. Kanumesoankanhute ckamu ca
0T Bucokokanues Tun (Ignatovski & Bayraktarov, 1996), kato
B HAKOM KOMMMEKCU CbAbPXAHWETO Ha ankarHW OKucK €
MOBWLLEHO, C KOETO Te MoKa3BaT MPexXos KbM cybankanHuTe.
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CybankanHute ckanu ca npeacTaBeHu raBHO OT NaTUTK W
TpaxuaHoeantobasanTu, no-psako oT Tpaxubasantu, Tpaxu-
PUONUTA U TpaxuTh. PasnuYHUAT NETPOXUMUYEH TWUM Ha
CKanuTe Hanmara W3Boda, Ye MarMOreHepupaHeTo ce
OCbLUECTBSBA B pa3nuyHu AbnbounHu. B nocneaHo Bpeme 3a
HFKOM NPEACTaBUTENM Ha KanuueBoarkanHata cepus e
onpezaeneHo otHowweHneTo ¥Sr/®Sr. 3a edyanHIUTE Ckanm OT
Yenonewkus BynkaH ToBa OTHOwWeHWe € mexay 0.7049 u
0.7054 (Stoykov et al., 2003), 3a UHTPY3UBHUTE CKanu npu
Enauute — mexay 0.70492 1 0.70571 (Von Quadt et al., 2002)
W 33 WHTPy3MBHUTE ckarv npu Enwuuya — mexay 0.70514 n
0.70583 (Peytcheva et al., 2003). Tean gaHHu ykas3eaT, ye
MarmoreHepupaHeTo e OCblUecTBeHO B oboraTeHaTa ropHa
MaHTWs C BapupalLlo y4acTie Ha KOpoB KOMMOHEHT. Moxe aa
ce Npeanonoxu, Ye cybankanHute MarMu ca U3UAno NpoaykT
Ha ropHaTa MaHTus.

CneumanuavnpaHnTe CTPYKTYPHO-BYNKAHOMOXKN W3cres-
BaHua B [laHaropckus pyaeH pailoH nokaseaT, 4Ye Byrka-
HM3MBT e npeobnagaBallo OT LEHTpaneH Tun. YCTaHOBEHM
ca Emumwknsa (Borganos u dp. 1970, 1974), YenoneLwkus
(Monos n MyTadumes, 1980; Monos u dp. 1983), Acapenckus
(Angelkov & Parvanov, 1980; Monos u Metkos, 1994; Popov
et al., 1996), Mecoseukus (BorgaHos u dp. 1974), Osum-
xbnmMckus n CeoboamHckus (Popov & Popov, 1997, 2000),
Bpankamukckus (Ignatovski & Bayraktarov, 1996), kakto u
TaHrypckus, Tetenosckus w Cmuneuknss  (Popov &
Popov,1997, 2000) BynkaHn. Manko no-pasnuyHu WHTEp-
npeTauum 3a HaKOW YacTu OT paiioHa npeanarat Cnasos u dp.
(1978), AnrenkoB wn CrankoB (1980) u Ignatovski &
Bayraktarov (1996), kouTto He ce NoTBbPX/ABAT.

Ha 6a3aTa Ha M3BbPLUEHWTE W3CNEABaHUS M aHanuaa Ha
CblUECTBYBALLMTE JaHHU CMeABa M3BOAA, Ye B pe3ynTar Ha
TOPHOKPeAHaTa MarMeHa [AEeiHOCT, Ha TepuTopusiTa Ha
lMaHariopckms pygeH paioH Bb3HWKBA €fHA CbBKYMHOCT OT
po0pe MHAMBUOYaANW3MPaHU BYNKAHO-MHTPY3NBHI KOMMIEKCH
(Popov & Popov, 1997, 2000). MoHacTosLLeM Ca YCTaHOBEHH
Enawko-Yenonewkns, Kpacen-MNetenosckus, BpaHkamuk-
ckusi, Acapen-MepeTckusi, Ceoboga-Osunxbnmckus, Enwmiw-
kusi n [NecoBeLKus BYNKaHO-MHTPY3WBHK komnnekew (cur. 1).
Te3an MarMeHn KOMMAEKCUM Ca CbCTaBeHU Kakto  OT
aKyMynaTUBHWUTE BYFKAHCKM MOCTPOWKM, oOpasyBaHu npw
edhy3avMBHUTE Mpouecy, Taka W OT acouumpawute komarma-
TUYHM CYBBYNKAHCKM 4O XMNoabucanmHu UHTPY3WBHM Tena W
paiikn. VHTpy3nBuUTe npecuyaT KakTo edy3vBHUTE CKanu,
Taka U ckanute OT dhyHOameHTa. [JOKONMKOTO B HsIKOM
KOMMIEKCM Ha CbBPEMEHHATa NOBBLPXHOCT MHTPY3WBUTE Ca
NpeLCTaBeHn camo OT CyOBynKaHcku Tena, Te MoraT fda ce
ONpesensT Kato BYNKaHO-CyOBYNKaHCKU. AKyMynaTuBHWUTE
4acTW Ha OMMCBAHMTE KOMMIEKCU OBMKHOBEHO CE XapakTe-
pusupart kato fobpe WHAMBMAYanNM3UpaHu CTpPaToBYMKaHW OT
LeHTpaneH TUm, 4eCTO YObIPKEHM MO MOCOKAa Ha Marmo-
NPOBOAALMTE Pa3noMn. B Hakou cryyan ca passuti Brinsko
Pa3nonoXeHW W MPaKTUYECKM €LHOBPEMEHHO (OpMUPaHM
BYNKaHW, KOUTO 0BpasyBaT CMOXHW aKyMynaTUBHU CTPYKTYpU
OT TMNa Ha BYNKaHOreHHWTe OpaxwaHTuknuHanu. He ce
U3KMIOYBA HANMWMYMETO Ha [PYri Mo-Manks CamoCTOATENHM
WK CaTenuTHU BynkaHW. PasrpaHMyaBaHeTO Ha OTAENHWTE
BYNKaHW Ce OCHOBaBa Ha MPOCTPAHCTBEHOTO pasBUTME Ha
MarMeHuTe ckanu oT pasnuyHu aLnecu, NpOCTPaHCTBEHUTE
B3aWMOOTHOLLEHNS Ha e(DY3MBHUTE CKanu CbC CEANMEHTHUTE

1 BYNKAHOr€HHO-CEAMMEHTHITE Hacnary, NONOXEHUETO UM B
TOPHOKPEAHMS pa3pe3 W He Ha MOCNeAHO MSCTO Ha
ocoBeHocTUTe B NETPOrpadickMs M XMMUYHMSL CbCTaB Ha
narpaxaalumTe i ckanm.

XapaktepHa ocobeHoCT B eBOfOUMATE  KaKTO Ha
OTAEMNHNUTE MarMeHn KOMNMEKCH, Taka W Ha LsnaTa ByrkaHcka
[EHOCT, € VHTEH3MBHOTO BYMKAHO-TEKTOHCKO pa3noMsiBaHe.
Toan npouec ce NposiBABa Npe3 Lienvs nepuog Ha MarmeHa
aKTMBHOCT, HO € Hail-eheKTMBEH Cnef MpUKMoYBaHE Ha
edysvBHaTa [EHOCT B OMpedeneH MarMeH KOMMMeKC
npeau BHeOpPSBAHETO Ha CyOBYMKaHCKUTE MHTPy3uBW. ToBa
pasnomsiBaHe obycnass ONOKOBOTO pa3uneHsBaHe Ha
BYTNKAHOreHHUTE  CTPYKTYpW W [OBEXOAHETO Ha  efHO
XUNCOMETPUYHO HUBO Ha ckamuTe, 0BpasyBaHu B pasnnyHu
AbnbounHHM ycnosus. B pesyntar, edyy3nBHUTE Ckani, KOUTO
Ca NPOAYKTM Ha NO-KbCHO ﬂeVICTByBaLLWI BynKaHu 3andarat
BbpXYy Pa3nWyHM HWBA Ha no-CTapute edy3uBHU 3ampyru.
Te3n MHTPACEHOHCKW Pa3NOMHM ABWXKEHUS Ce JeMOHCTpUpaT
1 OT 0BCTOATENCTBOTO, Y€ FOPHOCEHOHCKUTE MOCTBYNKAHCKM
Hacnaru 3andraT BbpXy €POAMpPaHW B pasninuHa CTeneH
BYTIKAHCKM CTPYKTYpW, 06pa3syBaHn Npes pasnuyH1Te CTaauu.

WHTpyamBHUTE Tena, KaTo MpaBWno, ca MpeLcTaBeHn oT
[Be nocrefoBatenHo opmupaHu rpynu: CyoByMKaHCKM W
cybBynkaHcko-xunoabucanHu 4o xunoabucanHu. Haii-4ecto
T€ Ca BHEAPEHW Cnef BYNKAHO-TEKTOHCKOTO pasnoMmsiBaHe u
OoKOBO pasuneHsBaHe Ha BYNKaHCKATE KOHyCH. M3kntoueHne
npaBu Enwwwkws nnyToH, Kouto € dopmmupaH crneg
edyavBHaTa [EMHOCT, HO Mpeau  BYNKAHO-TEKTOHCKOTO
pasnomsBaHe. OcBeH ToBa B Enaluko-YenoneLwukus komnnexe
Ce pasrpaHuyaBaT paHHUM Mamku  MHTPY3MBHW  Tena,
00pasyBaHu npeay edyauBHaTa JENHOCT.

O6pa3yBaHETO Ha pa3rnexaaHnuTe BYNKAHO-MAYTOHNYHM
KOMMIIEKCH MOXe [a Ce pasgenu Ha vyetupu ctagust (Popov &
Popov, 1997, 2000; Popov, 2001a). INpu ToBa 0T4YETIMBO CE
YCTaHOBsIBa MUrpauMs Ha MarmeHata akTMBHOCT OT CeBep
KbM IOT.

Mpes nbpBus CTaguii, B Halt-CEBEPHUTE YaCTU Ha paitoHa,
ce obpasysa Enawko-Yenonewkusi BynKaHO-MHTPY3WBEH
komnnekc. lMpubnuauTenHO MO CbLOTO BpeME MeXay Ip.
MaHartopuwe n cenata Cmuney n Osyenonum ce obocobsisa
KpaceH-leTenoBckust  BYNKAHO-MHTPY3MBEH  KOMMMEKC,
CbCTaBEH OT HSKOMKO 3aLienBally Ce BymnkaHa - eTenoBcky,
TaHrypcku, Cmuneukun. CeBeposanagHo oT rp. [NaHartopuie
npe3 Cblums cTaguit € obpasyBaH BpaHKamMWKCKUS ByFKaHO-
VHTPY3MBEH KOMMIEKC.

KaTto BTOpM CTaguin Moxe fa ce oTAenu obpasyBaHeTo Ha
Acapern-MegeTtckust  BYMKaHO-MHTPY3MBEH KOMMSIEKC, KOWTO
MOHe YaCTUYHO 3ansra BbPXy Ckanute Ha BpaHkamukckus u
Kpacen-Tetenosckus BynkaHu. CblLo KbM BTOPWUS CTaguii
cnegBa ja ce oTHece GopMUpaHeTo Ha OBYNXBIMCKUS U
CBoBOOAMHCKMS ByNKaHW, KOWTO 3ansraT BbpXy Ckanute Ha
MeTenoBckust 1 CMUNELKUS ByNKaHW.

Tpetvat craguin ce Genexw oT 06pa3yBaHETO Ha
Enwmwkns BynkaHo-MHTPY3MBEH KOMMMEKC, KOWTO BKIHOYBA
Enwmwkna BynkaH, Enwumwkms nnytoH n MHOro6poiHu
cybBynkaHckn Tema. Ha ceep ToW 3andra  Bbpxy
OBuexbrMCKMSt ByMKaH, a Ha or - BbpXy CKanute Ha
yHOameHTa.

FOONLLIHNK Ha MunHo-eeonoxkus yHugepcumem “Cs. MsaH Puncku’, mom 46 (2003), caumbk |, TEOJTOTNSA U TEOOU3UKA
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[11]] BonHOCeHOHCKU ByNKaHOreHHO-CeAUMEHTHHU CKanu

TpHWAcKU U TYPOHCKH CEAMMEHTHHN CKanu

Maneo30McKK NAYTOHK

B MopdupHn HaxoaMwwa

@ BMcoKo- Ao cpefHO CYN(IMAHN enu- Ao Me3o-
TepManHu (MacMBHocyndMAHM) HaXooMLLA

A PyoHM xunuv vnu cunuduumpaHm 6 pekdm
B pa3NoMM Ha KpexKo cpsisBaHe

/‘B'bace.q/,/”HaBnak/Paanom

1 [lokaMB pUIACKN U JONHOMANe030MCKU MeTaMopgHN cKanun

Queypa 1. leonoxka kapma Ha [TaHaztopckusi pydeH palioH (no K. Monos)
PyoHu nonema: I - Enawko-Henoneuwo; Il - Acapen-Medemcko; Il KpaceH-lemenoscko; IV PadkuHcko; V — Enwuwiko

KbM 4eTBbPTMS CTaguil ce OTHacs 0bpa3yBaHETO Ha
lMecoBeukus ByrkaH. B pasnuyHuTe yvacTbuu TOW 3andra
BbPXY pa3nnyHu HiBa Ha KpaceH-MNetenosckus CBoGopmHe-
Kna 1 Enwmwkug koMnnexeu.

[ManeoHTONOXKNTE  JaHHM  [JOCTAaTb4yHO  0BOCHOBAHO
yKa3gat, 4e MarmeHaTta JenHocT ce OoCbLleCTBABa MNOYTU

U3LUSNO Mpe3 koHMaca U caHtoHa (T.e. 88-83 Ma). ToBa ce
noTBbPXgaBa W OT 0TOens3aHoTo 0BCTOATENCTBO, Ye
edhy3MBHUTE CKanm 3ansraT BbPXY TYPOHCKW M Ca NOKPUTK OT
TOPHOCAHTOHCKO-MaCTPUXTCKU CeaMMEHTH (BpbonsHckm u dp.,
1961; Kapartonesa u dp., 1974; MoeB u AHTOHOB, 1978;
Oumutposa u Op., 1984; XKenes u dp. 1999). B nocnegHo
Bpeme Osixa HanpaBeHW HSKOW oOnpegeneHus Ha abco-
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MioTHaTa Bb3pacT Ha Marmenute ckanu. Mo “Ar/Ar meton
Bb3pacTTa Ha Enawkus WHTpysMB e onpegeneHa Ha
91.72+0.70 - 90.78+0.44 Ma, Ha Bo3gonckus Hek (ceBepHo OT
Yenenew) — 89.95+0.45 Ma, Ha Megetcknst WHTpysuB -
85.70+0.35 Ma 1 Ha aHgeauTuTe 0T Bp. CB. Hukona (KoxHO OT
MaHartopuwe) - 80.21+0.45Ma (Hander et al, 2002).
CblueBpeMeHHo No 5Pb/28U uMpkoHOB METOA Bb3pacTTa Ha
WHTPY3MBHUTE ckanu npu Enauute e onpepeneHa Ha
92.140.3 - 91.84+0.31 Ma (Von Quadt, 2002), Ha Enwuwikus
rpanut - 86.62+0.02 Ma u Ha Enwwwkute cyOBynKaHCKM
pauuth - 86.11+0.23 Ma (Peycheva et al., 2003). OueBngHo
[aHHMTE 3a abConTHa BbL3PACT MOKA3BaT MOBULLEHN
CTOMHOCTM B  CpaBHEHWE C  ManeoHTONOXKATE,  HO
NoTBbPXAABaT MUrpaLusiTa Ha MarmMeHaTa aKTWBHOCT OT
CEBEP KbM fOr.

METAJTIOrEHUA

Enalko-YenonewkoTo pygHo none € pasnoriokeHo B
Hal-CeBEpHWUTE YacTM Ha panoHa, B npefenute Ha
€OHOUMEHHUS  BYNKAHO-NMYTOHMYEH KoMniekc. To e
CbCTABEHO OT PaHHU Manku UHTPY3uBM, YenoneLkus BynkaH
(BKn. Bo3sgoncku MOHOBYMKAH) M KbCHW Manku UHTPy3usu. B
Hero ca BKIIOYEHW pyaHuTe Haxoguwa Enauute, Yeroneu,
Herbpwuua, Kawana, JonHa Kamennua, Bosgon, Kapnveso,
a BeposiTHO 1 CauLwy nnas.

CeBeposanagHo ot rp. [laHariopuwe, B apeana Ha
Acapen-MefeTckus  BYNKaHO-WHTPY3WBEH  KOMMNEKC e
opmupaHo  Acapen-Megetckoto pygHo none. To e
usrpageHo ot Acapenckusi BynkaH, Megetckus, Acapenckus,
INuca Morunckus v peguua no-marnku WHTpysueu. B Hero ca
pa3BuTK pyoHuTe Haxopuwa Meget, Acapen, OproBo rHe3ao
W peguua pyaonposBREHNs.

KpaceH-l1eTenoBckoto pyaHO nofie €  PasrnofioxeHo
tOrou3TOMHO OT rp. [NaHariopuile, B LieHTpanHUTe 4acti Ha
€HOMMEHHUS  BYNKAHO-MMYTOHWYEH komnnekc. To e
cbcTaBeHo OT [leTenoBckus M TaHrypckusi ByMKaHU K
lMeTenoBckus MHTPY3anB. B Hero ca BKIWYEHW pygHUTE
Haxoamwwa KpaceH, Metenoo 1 KommuHcko Yykapye.

B Hal-toxHaTa 4acT Ha panoHa, B CeBEpHUTE YacTW Ha
Enwmwwikng  BYnKkaHo-MHTPY3MBEH Kkomnnekc ce o6ocobsisa
PagkuHCKOTO, @ B MO HOXHUTE - ENWMWKOTO pygHo none.
TAXHOTO MPOCTPAHCTBEHO pa3BUTWE Ce KOHTponupa OT ABa
CHOMa OT NWHENHM CyBBYNMKaHCKU Tena, pascuyaliy CboT-
BETHO IOXHUS W CEeBEPHUS CKMOH Ha Enwwwkus crparo-
BYynkaH. B PagkuHckoTo pyaHo none ca opmmupaHi pygHuTe
Haxoguwa Pagka, Llap AceH u YepBeHa moruna, a B
EnwwuwkoTo - Enwuua, Bnaikos Bpbx 1 [onoso aepe.

MegaHonopdvpHu pyan ca yCTaHOBEHW B Haxopuiiata
Mepet, Acapen, Enauute, BnaikoB BpbX, Llap AceH, B
n3BbHOanaHcoBuTe Haxopmwa Opnoeo rHesgo, Kapnueso,
Monoeo aepe, KomuHcko dykapue, Metenoso u B peguua
pygonposisreHus. [poCTpaHCTBEHOTO NONMOXEHNE HA MeaHO-
nopMpHUTE Haxoaua Ce KOHTPOnMpa OT KbCHOKpeaHWTe
xunoabucanHu o cybBynkaHCKo-xunoabucanHn nopgupH
WHTPY3MBM wruM JankoBu cHonose. OBMKHOBEHO Te ca
YneHoBe Ha OTAENHWTE BYNKAHONMYTOHUYHU KOMMnekcu. B

€OHW Cryyau Te ca BHEOPEHM B LEHTpanHUTe YacTu Ha
BY/IKaHCKWTE anapaTi, a B ApYry - B CKanuTe oT (yHaameHTa.
PyoHute Tenma ca MpeAcTaBeHW OT CTbAOOBMAHA WIH
KOHYCOODpasHO M3KMMHBALLM, PAAKO TMHEHHO YObIKEHM
LIOKBEPKW, M3rpafieHn OT  XKUMKOBO-BMPbCHATa  pyaHa
MUHepanusaLms.

Mo ceonte 0CcOBEHOCTM MeaHONOPMUPHUTE HaxoauLla B
palioHa MoraT ga Ce OTAensaT B Ae rpynu. [pu mbpeata
rpyna pygHata  MWHEpanusauuMs W XuapoTepMmarHuTe
MPOMEHM, CbTLTCTBALLYW OTNAraHeTo ca pasBUTW NPEAUMHO B
anuKamHUTE YacTU Ha WHTPY3MBHUTE Tena, kaTo 3acaraT B
pasnuuyHa cTeneH u ckanute oT pamkata (MegeT, Enauure).
Mpw BTOpaTa rpyna OCBEH B anuKarHWTe YacTu Ha MasnkuTe
nopcVpHN  VHTPY3MBKM OpYASBaHETO € IoKanuaupaHo B
ronsiMa CTeneH W BbB BMeCTBaluTE eqy3uBHW CKamm M
BynkaHcku Hekoe (Acapen, Llap AceH u gp ). Passutneto Ha
XMOpOTEPMANHUTE  CUCTEMM B MbpBMS  Chyyail  ce
Xapaktepuaupa C OTHOCMTENHO MO-OrpaHUYEHO y4yacTie Ha
METEOPHM BOOM M MO-BUCOKOTEMMEPATYPHW YCNOBUS Ha
MuHepanoobpasyBaHe. PaHHUTe eTanu OT eBOMKLUMATA Ha
CUCTEMUTE Ce Mpefonpefens OT LUMPOKO passuTie Ha K-
cUnMKaTHa TMN NpOMsiHa Ha BMECTBALLWTE CKamnu, NpeayMHO B
LieHTpanH1Te YacTu Ha Haxoguwarta, KosSTo B nepudepHuTe
4acTu MOCTENEHHO Ce CMeHst C mponunuTuaauns. dnymante
OTHEeNeH B Ha4yanmoTo Ha XuApOTepMarnHus Mpouec ce
XapakTepuaupaT C BUCOKa COMeBa KOHLIEHTpaLms (gocTuraiya
po 50T1ern.% NaCleks., Haxoguwe Enauute) u
Temnepatypu Hag 450° C (Strashimirov et al., 2002), koeto
onpegens TEXHWs MPeaMMHO MarmatuyeH npousxog. B
nocnefganTe etanM 0T  pasBMTME Ha  CUCTEMUTE
TeMnepatypaTta M CONEHOCTTa Ha pa3TBOpUTE MOCTENEHHO
CMajart, kaKTo 3a CMeTKa Ha OTAarneyaBaHe Ha reHepupaLuns
M3TOYHWK B ObnOO4YMHA, Taka W 3a CMeTKa Ha MO-LLUMpOKO
yyacTe Ha MeTeopHn Bogu B obwms obem Ha
MuHepanoobpasyBalymte pastBopu. CbMbTCTBALLMTE XMOPO-
TEpMarHu U3MEHEHS Ca NPEAYMHO OT CEpULMTOB TUM.

CneundmryHuTe ycnosus, B KOUTO MpOTUYA MUHepano-
obpasyBaHeTO B MegHOMOPMPHUTE Haxogulia OT panoHa
Hamupa OTpaxeHWe B CbCTaBa Ha OTNOXEHUTE PYOHM
acoupaumn. [pu nwbpeata rpyna Haxoguwa (Meger,
Enauute) e Hanuue no-wmpoko pas3sutue Ha Fe-Ti okucHa
MWUHEpanu3aumMs B Hayanoto Ha pygoobpasoBaTenHus
npoLec, OTYETAMBO NPUCHLCTBME HA KBapL-MonuboeHUTOBa
acoumaums, Hanuume Ha Co-Ni MuHepanHu cbobllecTsa W
OTHOCWTESTHO MO-BUCOKO MPUCHCTBIE Ha 3M1aTo, KaTo NOMbTEH
KOMNoHeHT B pyauTe (Strashimirov et al. 2002). OcobeH
WHTEpPEC NpeacTaBnsaBaT yCTaHOBEHUTE B HaxopuLe Enaunte
MWUHepanu OT nnatuHoBata rpyna enemeHtu (Petrunov and
Dragov, 1993), konTOo HacouyBaT KbM AbMNOOYMHEH W3TOYHMK
Ha pa3TBopuTe C No-6a3nyHa xapakTepucTuka.

[laHHMTE 0T M3cnedBaHe Ha BKIIOYEHWUS B KBapl
ONpefens eBOMOLMS Ha XWAPOTEPMANHUTE CUCTEMW OT TWN
H,O-NaCl £FeCl, kbm H,0-NaCl-KCl u H,O-NaCl npu
MOCTENEHHO HamansBaHe Ha coneHoctta o okono 10
Tern. % NaCl eks. OTnaraHeTo Ha OCHOBHaTa MpOMMLLEHA
NUPUT-XankonupuToea acounauma B NOHMTN BCUYKKM HaxoduLla
OT paiioHa NpoTUya B TemnepaTypHus auanasoH 350 — 250°
C, nocrnegBaHa OT LUMPOKO pasBUTME HAa KBapL-NMpUTHA
acoumauus noa dopmata Ha aobpe o6ocobeHu xunu B
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CPEOHUTE W TOPHW 4YacTW Ha Haxoguwara. B no-kbcHute
cTagun OT pasBWTMETO Ha XUOPOTEPMArHUTE CUCTEMM B
MOYTW BCUYKA Haxogulla OT paiioHa ce obpasyBaT KBapu-
cthanepuT-raneHMToBa  acoupMauus, NpeacTaBeHa  noA
copmata Ha KUMW, pasBUTU B HaW-BBHLUHMTE YacTU Ha
HaxoguLiara.

OuHanbT Ha xmapoTepManHata genHocT ce oTbenssea ¢
oTnaraHe Ha kapOoHaTV 1 3e0NUTU, MPECUYALLUM OTIIOKEHNTE
[0 MOMEHTa MUHepanHu acouuauum nog opmata Ha Xunu
WM Hanenw no NyKHaTUHU.

Pasnuumsata mexamy MUHepanHus CbCTaB Ha Haxoguwarta
pasBUTM B anvKanHUTe YacTW Ha WHTPY3MBHUTE Tena u Tesn
NoKanu3npaHu NpeauMHO BbB BYMKAHWTUTE OT ManeoByn-
KaHCKUTe MOCTPOVKM Ce mogdyepTaBat OT MnosBaTta Ha
NOMNMeNeMEHTHN acoumaLuy, BKTKOYBALLM MUHEpanu KkaTo
eHaprut, (Acapen, [leTenoBo), ronaunauTt, KomycuT,
aiikuHuT, xecutT W Ap. (Acapen), xapakTepHW 3a MuHepa-
nm3auum ot BucokocyndmaeH Tun (Petrunov et. al. 1993).
Kbm Tesn pasnuums moxe ga ce AobaBu pasBuTMETO Ha
pobpe n3paseHa LMMEHTALMOHHA 30Ha OT BTOPUYHW MEOHM
cyndmam (Acapen, Opnoso rHe3go, KOMMHCKO uykapue),
KOSITO € pes3ynTaT OT MHTEH3MBHOTO Pa3BUTME Ha EK30reHHM
npouecy, YMeTo npoTU4aHe Ce YnecHsBa OT Mo-BUCOKaTa
CTemneH Ha TeKToHcka 0bpaboTka Ha BMeCTBaLLWTE CKanmu Mo
BpEMe Ha BYNKaHO-TEKTOHCKOTO pas3nomsiBaHe.

MacuBHocynduaHnTe pyau ca pasBuTM B Haxoguwara
Yenoney, KpaceH, Enwwuuya, Papgka, YepBeHa moruna u
pepuua pygonposienenns kato, Ctunuata, BapHuwka vykapa,
M3ropenns Bpbx, Kaneto u 1. H. ToBa ca enureHeTUYHu
OpyAsBaHUS, YMETO  MPOCTPAHCTBEHO  MOJSIOKEHME  C€
onpegenss 0T  CyOBYMKAHCKUTE  WHTPY3WBM, pascuyaLLm
LEeHTpanHuTe 4acT WUnM  CKMOHOBETE Ha  BYNKAHCKUTE
CTPYKTYPW, KaKTO W OT BYIIKAHO-TEKTOHCKUTE pa3rioMu.
MacusHoCYynuaHUTE pyau ca nokanuaupaHu Hail-4ecto B
TEKTOHCKUTE OpeKYM W 30HUTE C MHTEH3WBHO HanykeaHe. Te
Ca Pa3BMTU NPEaNUMHO B EK30KOHTAKTHUTE 30HU Ha NIMHENHNTE
WM ObroBWAHM CyOBYNMKaHCKM Tena, KakTo W OKOMo
BYNKQHCKWTE HEKOBE, a PSAKO BbB B3PUBHWU CTPYKTYPU.
Pyghute Tena ca cbC CTbnboBuAHa, LOKOBMAOHA, TpbOO-
BMOHA, NewoBugHa wnmw rHesgoBupHa opma. C pepku
W3KIMIOYEHNS] TE Ca HECbITIaCHU C HacrosBaHeTo B edyans-
HWTE 3agpyru. XapaKTepHu ca MacuBHWUTE pyau, obpasyBaHu
NPEAMMHO 4pe3 MEeTacoMaTMYHO 3aMeCTBaHE Ha XMApo-
TEpPManHo U3MEHEHUTE, HanykaHu 1 GpekumpaHi ByrKaHCKH
ckanu. Kato opeorn OKOMO TSX WUNM CaMOCTOSTENHO ca
pa3BuTU No-6eaH XUNKOBO-BNPbCHATK pyaun. Habnioaaea ce
TEHOEHUMs 3a OTnaraHe Ha no-mrnagute W NOo-HUCKO-
TEMNEPaTYPHU MUHEpanM3aLum kbM nepudepusTa u B no-
FOPHUTE YaCTuW HA PyaHUTE Tena.

MacvsHocyndugHuTe  pygHM  Haxoguia - cnopepg
XapakTepa Ha pyaHaTa MuHepanusauus U XuapoTepmanHuTe
W3MEHEHWs Ha BMECTBALWTE CKanW Ce OTHAcAT KbM [Be
rpynu. [TbpBaTa rpyna € npeactaBeHa OT BUCOKOCYNUMAHN
(MacvBHOCYN(MOHM) enUTepManHu  MeOHO-3NaTHW - Haxo-
pvia. Kem TaX ce OTHaca Haxoguwe Yernoneu, xapakte-
pU3MPALLO Ce C LUIMPOKO PasBUTUE Ha CYNdOCONM U UHTEH-
31BHa aprunuaaums Ha ckanute. XugpoTepManHuaT MuHepa-
noobpasyBaTeneH NpoLEeC Tyk Ce MPEALIECTBA OT OrPaHUYEHO
no obem xuopoTepmanHo-CEAMMEHTHO OTnaraHe Ha nupuT-

MapkasutoBa acouvaups. Mo Bpeme Ha OCHOBHUS XUAPO-
TepmaneH etan ce ofpas3yBaT TUMWYHUTE 33 BUCOKO-
CynuaHUTe HaxoAulia pyAHU MUHEparHW  acoumaumu,
BKIMIOYBALLM €HAPTUT, NY30HUT, rongunauT, KonycuT, camo-
POAHO 3naTo, Tenyp U BUCMYT, KaKTO U peauua MUHepanu B
cuctemute Cu-Pb-Bi-S-Se, Pb-Bi-Hg-Te-Se u Cu-Au-Ag-Te.
OtnaraHeTo Ha efpoKpuCTamneH eHaprut Mapkupa Temne-
patypHu ycrnosus (280 — 300° C) Ha oTnaraHe B rpaHULMTE Ha
TUNWYHUTE 3a BUCOKOCYNdMaHMTE Haxopuwa (Bonev et. al.,
2000). OxonopyaHWTe NPOMEHK BKIOYBAT Pa3BUTHE HA 30HM
OT NPOMUIANTOB, CEPULMTUOB, CEPULIMT-MHTEH3UBHO aprunun-
3UTOB, WHTEH3UBHO-apPrunM3UTOB, MPOMUIKUT-CEPULMTOB THM,
KaKTo 1 NpeAcTaBuTENM Ha (hopmaLns BTOPUYHM KBApLWTK —
KBapL-AMKATOB W KBapL-anyHUTOB (haLmecy.

Broparta rpyna e npeacraBeHa oT cpefHo CyndmaHu enu-
[0 Me30TepManHu MeAHO-MMPUTHN U MEQHO-NMMPUTHO-3NaTHN
Haxoguwa. Kbm mbpBaTa pasHOBMOHOCT Ce  OTHACAT
Haxoguwata Enwwnya n Pagka, a KbM BTOpaTta — Haxoguwara
KpaceH u YepeeHa moruna. Pa3sutueto Ha pymoobpasy-
BaTeMHMTE MpoLecs BbB BTOpaTa rpyna npotnya B 06LM
NIMHAM JOCTA CXOOHO — OT Xenes3o-CynduaHn KbM MegHo-
CYNMAHM N NONUMETANHN MUHEPANHM acounaumuy, a Kkpast
Ha XxuapoTepmanHata JeilHOCT ce Genexu OT oTnaraHe Ha
3abenexumn KkonuyectBa mnc W aHxuaput. Kato wusno
TEMNEPATYPHUST AMANasoH Ha OTnaraHe € TBbpAE LUMPOK.
XugpoTepMarnHuTe MpOMEHM 3anoyBaT Mpu Temnepatypy
okono 400°C, a dwmHanmbT Ha MuHepanoobpasyBaHETO
3aBbpLuBa npu Temnepatypn okono 160° C (Ctpalummnpos v
KoBaues, 1992). Kouzmanov et al., (2002) onpepenar no
AaHHW OT MH(payepBeHa MUKPOTEPMOMETPUS Ha MUPUT OT
Haxoguwe Pagka, 4ye TemnepaTypHUAT [OuanasoH Ha
oTnaraHeTo My e B uHTepsana 360 — 320° C. ConeHocTTa Ha
pasTBopuTe € OTHocuTenHo Hucka (3.5 — 4.6 tern. % NaCl
eKkB. 3a Haxoguwe Pagka, Kouzmanov et al, 2000).
HesaBwcrmMo, Ye B Te31 HaxoaguLLa ce YCTaHoBABAT PasfinyHy
CyNOCONHN MUHEPanu, XapaKTepHu 3a BUCOKO-CYNuaHUTe
enUTepManHu Haxoguwa, KaTo Uso TSXHOTO KOMMYECTBO M
pasHoobpa3ve e pfaney no-Manko OT Teau, OnucaHn B
Haxoguwarta OT mbpaus Tun. OnpedeneHn pasnuuns ca
HanWue W B Xapaktepa Ha NPOSIBEHUTE  OKOMOPYAHM
U3MEHEHUS Ha BMECTBALLMTE CKanu. XapakTepHu NpoOMeHM 3a
BTOpaTa rpyna ca nponunmuTOBUST, NPOMUAMT-CEPULMTOBMST U

CepuUNTOBNAT  TUN  U3MEHEHUA, [OOKAaTO  WUHTEH3NBHO
APrunU3NTOBMAT  TUN  NPUCBHCTBA  KaTO  HE3HAYUTENTHU
NpoABNEHNA B  Haxodulle l-‘|€‘pBEH€\ moruna. ToBa

OOMbHUTENHO [aBa OCHOBaHWs 3a pasrpaHuyaBaHe Ha
crioMeHaTuTe ABE Tpynu MacvBHU CyNMAHN HaXxoauLLa.

PygHute Haxoguiia OT XWMeH TUn ca passBuTi B opeorna
Ha nopuUpHUTE MMM MacMBHOCYNGMAHUTE Haxoguwa u
MoraT [fa Ce pasrnexgaT kato Hegenuma 4act OT CbOT-
BETHUTE pyaHO-MarMaTyHu cuctemu. Mo cBoTue Mopdo-
NOXKM OCODEHOCTM Te NPeACTaBNABaT PYOHU Xuu W
cunucuumparu Bpekun, BMECTEHM B Pa3nioMM Ha KPEXKO
cpa3BaHe. Bb3 OcHOBa Ha XxapakTepa Ha pygHata MuHepa-
n13aums 1 Ha XmapoTepManH1Te M3MEHEHUS CBbP3aHM C THX,
Te moraT Aa ce kKnacuduuupaT Kato CPegHo O HMCKO
cynduaHu enn- o MesoTepMmaniu MuHepanusauun. Opyas-
BaHETO € MPEACTABEHO OT XUMW UMW MUHEPANU3NPaHn cuni-
buumpann Gpekun. TexHUAT CbCTaB € 4OocTa pasHoobpaseH:
MeQHOPYaHM, ONOBHO-LMHKOBM (+ Au) ([. Kamenuua), megHo-
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ONOBHO-LMHKOBK (+ Au) (Bosgon), 3natopyaHu (Herbpuymua)
unw 6aputoeu (KawwaHa).

HOpyr xapaktepeH 6ener 3a MeTarnoreHusTa Ha
[MaHartopcknus pyaeH paoH € pa3BUTUETO Ha MaHraHoBU
MWHEpanu3auum oT TR ‘cunuundmumpara ymbpa” BMeCTeHu
BbB BYNKAHO-CEAMMEHTHM ckanu. KbMm Tax ce OTHacsT
pyoonposineHusta MomuH ckok, Tonnuka, MunkoBa yeLlma,
Ovnrm pug (Obopuwe) wn T.H. Te ca npeacTaBeHn oOT
nnactoobpasHi unu NeLOBUAHN PYLHW Tena nokanuanpanu
CbIflAaCHO Ha HaCMosBaHETO OKOMO KOHTaKTa  Mexmy
aHOEe3NTOBUTE CKanu M MOKPUBALLMTE M FIMHECTU BapOBULM.
CbCTaBeHM ca OT MWPOMy3WT, MCWIOMENaH, MaHraHUT W
OpayHuT, KOMTO acoumupaT C XanuedoH, keapy, OapwT,
kanuut v 3eonuti (Qumntpos n Koctos, 1954).

CbBMECTHOTO  MPOCTPAHCTBEHO — PasnonioXeHne  Ha
OMMUCaHMTE MO-fope MABa TuNa MedHW Haxoguuia u
acoLMMpalLMTE C TAX XUMHA HaXoOulla B paMKuTe Ha
OTYETNMBO 3aceBeHn pyaHM nomeTa € efHa XapakTepHa
ocobeHocT Ha [MaHariopckus pymeH paiioH, nofckassalla
EOVHEH W3TOYHMK UM oOnpefereHa MocnefoBaTenHocT B
Pa3BUTUETO Ha Py[00BpasyBaTeNHUTE CUCTEMM, OTMOXMNM

NNTEPATYPA

Awos, b., Bunikoa B. 1994. O606LwieHn gaHHu 3a M30TOMHKS
CbCTaB Ha OfIOBOTO B PyAHM HAXOAMLLA Ha TepuTopusTa
Ha bBobnrapus. B:  “lpobnemu Ha Hal-paHHaTa
metanyprus”, Tp. MI'Y, No 4, 122-138.

Axrenkos, K., Ctaitkos, M. 1980. BynkaHckaTa kangepa
NepecnexkT1BM 3a HOBM pyaHW Tena B HaxoauLle Papka.
Pydodobus, 8, 15-17.

ApHaygosa, P., Monos, M., Metkos, W., Metpos, M. 1991.

XugpoTepManHu  MeTacomatuTM 0T MeAHOMOPGUPHOTO

Haxoguwe Acapen M TsixHaTa CTPYKTYpHA NPUBBP3aHOCT.

[od. Mry, 37,1, 121-135.

borgaHos, B., Monos, M., O6peteHos, H. 1970. CTpykTypHa
xapaKkTepucTuka Ha Enwuwkoto pyoHo none. Cn. Br,
31, 3, 303-313.

borgaHoB B., H. O6peteHos, [1. MMonos. 1974. Etanbl
pasBuTUS CTPYKTYpbl [laHartopckoro pygHoro paiioHa.
Procc. X Congress CBGA, Bratislava, 39-46.

borgaHos, b. 1987. MegHute Haxoguwa B Bbnrapus.
TexHuxa, C., 388 c.

BpvbnsHcku, b., Byaypos, K., Liatkos, L. 1961. MpuHoc kbm
cTpaturpadusiTa Ha ropHata kpega mexay CodmickoTo
none u rp. MNanartopuwe. 0d. I'n. ynp. no eeon., 11, 117-
132.

l'eoprues K. 1939. PyaoHuTe 0TnoXeHWs B lorosanagHata 4Yact
Ha [MaHariopckata pygoHocHa obnact. Tp. nodsem. 6oa. u
MuH. uHdycmp. bvreapus. 10, 291-307.

Oumutpos, L., Koctos, WM. 1954. Bwbpxy reHesata Ha
MaHraHopygHute Mectopoxaehuss B CpegHoropueTo.
[0d. Cop. yHus., buon.-eeon.-2eoep. ¢hak. 48, 2, T'eon.,
24-60.

Oumuntposa E., Haues W., Cnasos W. 1984. Ctpaturpadums Ha
ropHata kpega B [laHariopcko. [laneoHm., cmpamuep. u
numon. 19, 65-83.

XKenes, B., AutoHoB, M., CunboBcku, [. 1999. [Hoknag 3a
M3BbPLUIEHATa PEBM3MOHHA reonoxka kapTupoBka B M

PasnUYHUTE MUHEpanu3auuu B OTAENHWTE PyOHW MoneTa.
M3oTonHuTe M3cregBaHMs Ha  priyMaHUTE  CUCTEMW B
Haxopuwa Papgka, Enwuya v Bnaikos BpbX, NpoBedeH B
nocnegHo Bpeme (Kouzmanov et al, 2001), pasar
ybenuTenHu fokasaTencTBa 3a €AMHHU PyAHO-MarMaTiyHu
CUCTEMW B rPaHULMTE Ha OTAENHUTE PyAHW noneTa (BYnKkaHo-
WHTPY3MBHM KOMMNAekcH). B pamkute Ha Te3n cuctemMn ce
OCbLLECTBSBA CbBMECTHO (hOpMUPaHE Ha MeSHONOPUPHN 1
enuTepManHu HaxoauLLa kato NpOoAYKTW Ha NOCNeA0BaTENHO
pasBMBalM ce BbB BpemeTo npouecu. Kato usno npu
MUrpauMsITa Ha MarMeHaTa akTMBHOCT OT CEBep Ha Hr B
OTLENHUTE PYAOHOCHW BYNKAHO-WHTPY3WBHU KOMMEKCH Ce
Habens3Ba BCe MO-rofsMO y4yacTMe Ha KOpOB Matepuan B
mMarmara, KOeTO  Mapkupa  MO-MAUTKM  HMBA  Ha
MarmoobpasyBaHe. BeposTHO ¢ no-gbnbounHHO reHepupaHe
Ha MarmMuTe B CEBEPHWTE YacTu Ha paiioHa (Enawko-
UenoneLwuko pyaHO Nosie) e CBbP3aHo 3HAYUTENTHOTO y4yacTue
Ha 3naTo B pyaHUTE MUHepanu3auuu, Kakto U NnpucLCTBUETO
Ha MUHepanu OT nnaTuHoBaTa rpyna. B Haxoguwarta ot
PyOHWTE MOMeTa B lOXHATa 4acT y4acTMETO Ha 3nato B
CUCTEMUTE  OYEBMOHO HamansBa, a MuHepanu  OT
nnaTuHoBaTa rpyna He ce ycTaHoBsBaT.

1:25000 n nUTOreoXMMUYHO ONpoBBaHEe Ha NMMLEH3MOHHA
nnowy Yenoney. MeoghoHd

Kapartonesa, 0., KoctaguHos, B., Llankos, Ll., Moues, I.
1974. Ctpoex Hs [aHariopckata mBMLA W3TOYHO OT p.
Tononnuua. M3e. T BAH, cep. 2eomexkm. 23, 231-301.

KoHctantnHoB K. 1952, Mukpockoncku u3crnedBaHust Ha
opyasBaHusTa B NaHariopckus pyaeH paioH. [od. YIMI,
A, 5, 87-130.

Nvnos, ., YunuakoBa, C. 1999. K-Ar paTvpaHe Ha
TOPHOKPEAHH MarmaTuTy " XMAPOTEPMAITHM
MeTacomatuTM B [laHariopckus  BYNKAHO-MHTPY3WBEH
paioH Ha LleHtpanHoto CpegHoropue. e€ox. muHep. u
nemporn., 36, 77-91.

Moes, M., AHToHoB, M. 1978. Crpaturpacdmsi Ha ropHaTta
Kpega B u3TouyHaTa yacT Ha Crbprencko-Yenonelkarta
uBuua. lod. BMI'n, 28, 2, 7-30.

Mytacpumes, W. 1967. Bbpxy cTpykTypata Ha MefHo-
3MaTHOTO Haxoauile “Yenonev”, Mupgoncko. 00. Kom.
leon., 17, 131-147.

Monos, 1., Mytadures, . 1980. CtpykTypa Ha YenoneLukoTo
MeaHopyaHo none. CTPYKTYpHM YCOBMS 3a NoKanu3aLus
Ha opyasBaHeTo. [00. BMIU, 25, 2, 25-41.

Monoe, M., Bnagumupos, B., bBakbipmxues, C. 1983.
CTpykTypHas Mogenb nomudopmauoHHoro Yenoneuc-
Koro MefiHopyzaHoro nons. eon. pyd. mecmop. 5, 3-10.

Monos, M., MetkoB, W. 1994. Ctpoex Ha Acapenckata
PYOOHOCHA BYIKAHO-NIMYTOHUYHA cTpykTypa. [0d. MY,
40, 1; 93-99.

Cnasos, Y., Lisetkos, K., Kumos, 1., JamsHos, [., MeHyes,
M., UseTkos, LI. 1978. Bbpxy npucbCTBMETO Ha maneo-
BYNkaHcka CTpykTypa npu c. Liap AceH, Manariopcko. Cn.
BrA, 39,1,91-98.

Crpawmmupos, Ctp., Kosaye, B. 1992. Temnepatypn Ha
o0pasyBaHe B MeOHWTE Haxofula OT CpeaHoropckata
30Ha M0 AaHHM OT W3CNeABaHe Ha (ITyMaHN BKIOYEHWS B
muHepanute. Cn. 6/, 53,2, 1-12

FOONLLIHNK Ha MunHo-eeonoxkus yHugepcumem “Cs. MsaH Puncku’, mom 46 (2003), caumbk |, TEOJTOTNSA U TEOOU3UKA

16



Angelkov, K., Parvanov, B. 1980. The Assarel Porphyry
Copper Deposit, Bulgaria. In: Jankovic, S. and Silitoe R.
(Ed.), European Copper Deposits, Belgrade, 59-62.

Berza, T., Constantinescu, E., Vlad, S.-N. 1998. Upper
Cretaceous  Magmatic ~ Series and  Associated
Mineralisation in the Carpathian-Balkan  Orogen.
Resourse Geology, 48, 4, p. 291-306.

Boneyv, I., Luders, V., Piperov, N., Andrew, C. 2000. Fluid
inclusions and growth conditions of enargite crystals from
the major Chelopech Au-Cu deposit, Bulgaria. ABCD-
GEODE 2000 Workshop, Borovetz, Abstracts, 14.

Dimitrov, C. 1960. Magmatismus und Erzbildung im Erzgebiet
von Panagjuriste. Freiberger Forschungsh., R. C, 79, 67-
81.

Hander, R., Velichkova, S., Neubauer, F., Ivanov, Z. 2002.
Late Cretaceous magmatic and tectonic processes in the
Srednogorie zone, Bulgaria: constraints from “Ar/*°Ar age
dating results. GEODE Workshop on Srednogorie,
Abstracts, Sofia, 2002, 7.

Ignatovski, P., Bayraktarov, I|. Metallogeny of the
Panagyurishte ore region. In: P. Popov (ed), Plate
Tectonic Aspects of the Alpine Metallogeny in the
Carpato-Balkan Region, UNESKO - IGCP Project No 356,
Proceedings of the annual meeting, Sofia, 1996, v. 1; 155
- 158.

Kouzmanov, K., Bailly, L. Ramboz, C., Rouer, O., Beny, J-M.
2002. Morphology, origin and infrared microthermometry
of fluid inclusions in pyrite from the Radka epithermal
copper deposit, Srednogorie zone, Bulgaria. Mineralium
deposita,37, 599 - 613.

Kouzmanov, K., Moritz, R., Chiaradia, M., Fontignie,
D.,Ramboz, C. 2001. Sr and Pb isotope study of Au-Cu
epithermal and porhyry-Cu deposits from the southern
part of the Panagyurishte district, Sredna gora zone,
Bulgaria. In: Piestrzynski et al. (eds.) Mineral deposits at
the beginning of the 21% century. Proceedings of joint 6"
biennial SGA-SEG meeting. Krakow, Poland, 26 — 29
August, 539 - 542.

Peycheva, I., Von Quadt, A., Kouzmanov, K., Bogdanov, K.
2003. Timing of magmatism and mineralization in Elshitsa
and Vlaykov Vruh Cu (Au) deposits of Central
Srednogorie, Bulgaria: constraints from U-Pb zircon and
rutile geochronology and Hf-zircon and Sr whole-rock
tracing. Final GEODE-ABCD  (2003) Workshop,
Seggauberg, Austria, 22-24 March, 2003, 46.

Mpenopvyana 3a nybnukysaHe om
kamedpa “Teonoaus u npoy4eaHe Ha none3Hu uskonaemu ”, [TI®

Popov, K. 2001a. Geology of the southern part of
Ranagyurishte ore region. Ann. Univ. Min. Geol., Sofia,
43-44, 51-63.

Popov, K. 2001b. Porphyry copper — massive sulphide system
in the Radka ore district (Bulgaria). Ann. Univ. Min. Geol.,
Sofia, 43-44, 65-71.

Popov, P. 1981. Magmotectonic Features of the Banat-
Srednogorie Belt. - Geologica Balcanica, 11, 2; 43 - 72.
Popov, P. 1987. Tectonics of the Banat-Srednogorie Rift.

Tectonophysics, 143; 209 - 216.

Popov, P. 1996. Characteristic Features of the Banat-
Srednogorie Metallogenic Zone. In: P. Popov (ed),Plate
Tectonic Aspects of the Alpine Metallogeny in the
Carpato-Balkan Region, UNESKO-IGCP Project No 356,
Proceedings of the annual meeting, Sofia, 1996, v. 1; 137-
154,

Popov, P., Popov, K. 1997. Metallogeny of Panagyurishte Ore
Region. 1997. In: Ore Deposits exploration, Belgrade, 2 -
4 April 1997; 327 - 338.

Popov, P., Berza, T., Grubic, A. 2000. Upper Cretaceous
Apuseni-Banat-Timok-Srednogorie (ABTS) Magmatic and
Metallogenic Belt in the Carpathian-Balkan Orogen.
ABCD-GEODE 2000 Workshop, Borovets, Bulgaria,
Abstracts, 69-70.

Popov, P., Popov, K. 2000. General geologic and
metallogenic features of the Panagyurishte ore region. In:
(Strashimirov, Popov ed.) Geology and metallogeny
features of the Panagyurishte ore region (Srednogorie
zone, Bulgaria), ABCD-Geode 2000 Workshop, Borovets,
Bulgaria, 1-7.

Stoykov, S., Yanev, Y., Moritz, R., Fontignie, D. 2003.
Petrology, Sr and Nd Isotope Signature of the Late
Cretaceous Magmatism in the South-Eastern Part of
Etropole Stara Planina, Srednogorie Magmatic Zone. Ann.
Univ. Min. Geol., Sofia, 46 (this volume)

Strashimirov Str., Petrunov R., Kanazirski M. 2002. Porphyry-
copper mineralisation in the central Srednogorie zone,
Bulgaria. Mineralium deposita,37, 587 - 598

Von Quadt, A., Peytcheva, |, Kamenov, B., Fanger, L.,
Heinrich, C., Frank, M. 2002. The Elatsite porphyry copper
deposit in the Panagyurishte ore district, Srednogorie
zone, Bulgaria: U-Pb zircon geochronology and isotope-
geochemical investigation of magmatism and ore genesis.
In: Blundell et al. (eds), The Timing and Location of Major
Ore Deposits in an Evolving Orogen. Geol. Soc., London,
Special Publ., 204, 119-135.



[Monos [1. u op. [TTABHW OCOBEHOCTW B 'EOINIOMMATA U METAJTIOTEHUWATA ...

MAIN FEATURES IN GEOLOGY AND METALLOGENY
OF THE PANAGYURISHTE ORE REGION

Petko Popov (", Strashimir Strashimirov (), Kamen Popov ),
Rumen Petrunov @, Milko Kanazirski ?, Dimitar Tzonev ©

(1) University of Mining and Geology “St. Ivan Rilski”, Sofia, 1700
(2) Institute of Geology, Bulgarian Academy of Science, Sofia, 1113
(3) Sofia university “St. KI. Ochridski” Sofia, 1000

ABSTRACT

The Panagyurishte ore district is located in the Central Sredna Gora and partly in the Stara Planina mountains. It is an element of the Upper Cretaceous Apyseni-
Banat-Timok-Srednogorie Magmatic and Metallogenic Belt. Forming of this ore region is determined by the development of intensive Upper Cretaceous volcanic
and magmatic activity. Magmatic rocks belong to two petrochemical series: calc-alkaline and subalkaline ones. Magma generation took place in enriched upper
mantle with variegating participation of crustal component. It is established following well expressed volcano-intrusive complexes: Elatsite-Chelopech, Krassen-
Petelovo, Vrankamik, Assarel-Medet, Svoboda-Ovchihulm, Elshitsa and Pesovetz. Magmatic activity is realised during Conniasian-Santonnian and the distinct
migration from north to south is established. Ore fields include Elatsite-Chelopech, Krassen-Petelovo, Assarel-Medet, Radka and Elshitsa. Metallogenic
specialisation of the region is determined by numerous Cu, Cu-Mo and Cu-Au porphyry deposits associating with high to intermediate sulphidation epi- to
mesothermal massive sulphgide Cu-Au, Cu-Pyr-Au and Cu-Pyr deposits. Intermediate to low sulphidation Cu, Pb-Zn-(+ Au), Cu-Pb-Zn--(+ Au), Au 1 Ba deposits
related to brittle faulting are developed in the marginal parts of the ore fields. Mn ore occurrences type “silicified umbra” are found in volcano-sediment rocks in the

region.

INTRODUCTION

The Panagyurishte ore region is located 55 — 95 km east
from Sofia. Its territory involves parts from the Central
Srednogorie and the Stara Planina Mountain between towns
of Pazardzhik and Etropole with total area of 1500 km? Its
geological position is determined by the area of development
of an intensive Upper Cretaceous magmatic activity and
related to it mineral deposits (Georgiev, 1939; Konstantinov,
1952; Dimitrov, 1960; Bogdanov, 1987; Popov & Popov,
1997).

The Panagyurishte ore region is an element of the
Apuseni-Banat-Timok-Srednogorie Magmatic and
Metallogenic Belt as it was determined the last years (Popov
et al., 2000). The belt is commented by different authors as
“‘Banat-Srednogorie zone”, “Banatite belt” or a part of
Carpathian-Balcanides. This belt is formed as a result of
extentional processes in relation to the manifestation of the
post-subductional and intra-collision mantle diapirism in the
zone of transformation of subducted fragments from the
oceanic crust. (Popov, 1981, 1987, 1996; Berza et al., 1998)

Over 150 ore deposits, ore occurrences and mineral
indications are found in the Panagyurishte ore region. It is
characterized mainly by presence of porphyry copper and
massive sulphide copper deposits. Small gold, gold-
polymetallic, baryte lead-zinc and manganese deposits are
established as well. 489 555 400 t ore and respectively 3 946
092 t copper (in ore), 665 185 t sulphur (in pyrite concentrate),
46 507 kg gold (in ore), about 13 000 t Mo (in ore)and about
195 900 t baryte re extracted from the district within 1942 and
1995 years. Current mining activity is on going in Elatsite,
Assarel and Chelopech deposits.

GEOLOGY

The main features in the geology of the Panagyurishte ore
region that control development of the metallogenic processes
in the space and time are determined by the characteristics
and evolution of the Upper Cretaceous magmatic complexes.
The effusive rocks united in the Panagyurishte volcano-

sedimentary group (K. Popov, 2001a) overlay on Turonian
sediments and in the most southern part on the rocks from
Pre-Mesozoic basement. They are overlapped by post-
volcanic Upper Santonian-Maastrichtian carbonate and flish
sediments.

Petrochemical data show that Upper Cretaceous
magmatic rocks belong to two petrochemical series: calc-
alkaline and subalkaline (Popov, 1981; Popov & Popov,
1997). Calc-alkaline rocks have dominant distribution. The
volcanic rocks are mainly with andesitic and less dacitic
composition, while hypabyssal and subvolcanic hypabyssal
varieties are mainly granodiorite and granodiorite porphyrites.
Calc-alkaline rocks are of high potassic type (Ignatovski &
Bayraktarov, 1996) and in some complexes the content of
alkaline oxides is increased which suggest transition to
subalkaline ones. Subalkaline rocks are presented mainly by
latite and trachyandesitebasalt rarely trachybasalt, trachyriolite
and trachite. The different petrochemical type of the rocks
lead to conclusion that magma generating take place in
different depths. The last studies or ratio ¥Sr/*S for some
representatives of the calc-alkaline serie was determined as
following: for the effusive rocks from the Chelopech volcano
the ratio is between 0.7049 n 0.7054 (Stoykov et al., 2003).,
for the intrusive rocks from Elatsite - between 0.70492 n
0.70571 (Von Quadt et al., 2002) and for the intrusive rocks at
Elshitsa — between 0.70514 u 0.70583 (Peytcheva et al,
2003). These data show for enriched mantle source, mixed in
varying proportions with crustal material. It could be presumed
that subalkaline magma are entirely a product of the upper
mantle.

Detail structural-volcanic studies in the district establish
that the volcanic activity is dominantly central type. Following
volcanoes are determined in the region: Elshitsa (Bogdanov et
al., 1970, 1974), Chelopech (Popov & Moutafchiev, 1980;
Popov et al., 1983), Assarel (Angelkov & Parvanov, 1980;
Popov & Petkov, 1994; Popov et al., 1996), Pesovetz
(Bogdanov et al., 1974), Ovchihulm and Svoboda (Popov &
Popov, 1997, 2000), Vrankamik (Ignatovski & Bayraktarov,
1996), as well as Tangur, Petelovo and Smilets (Popov &
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Popov,1997, 2000). Slavov et al. (1978), Angelkov & Staikov
[1980] and Ignatovski & Bayraktarov (1996) suggest a little bit
different interpretations for some parts of the district which are
not confirmed.

On the base of the studies provided and analysis of data
obtain in could be concluded that as a result of the Upper
Cretaceous magmatic activity an unit of well individualised
volcano-intrusive complexes is formed on the territory of the
Panagyurishte ore region (Popov & Popov, 1997, 2000).
Recent studies established following volcano-intrusive
complexes: Ealtsite-Chelopech, Krassen-Petelovo,
Vrankamik, Assarel-Medet, Svoboda-Ovchihalm, Elshitsa and
Pesovetz (Fig. 1). These magmatic complexes are set up by
accumulative volcanic structures formed during the effusive
processes and also by the associating comagmatic
subvolcanic to hypabissal intrusive bodies and dykes. The
intrusives cut effusive rocks and the rocks from the basement.
In some of the complexes on the daylight surface intrusives
are presented only by subvolcanic bodies they could be
determined as volcanic-subvalcanic. Accumulative parts of the
described complexes usually are characterised as well
individualised stratovolcanoes of central type often elongated
along the magma channel faults. In some cases volcanoes
are located closely to each other in space and time and they
formed complicated accumulative structures from the
volcanogenic "brachianticlines" type. Presence of some
smaller separated or satellite volcanoes is not excluded.
Differentiation of the volcanoes is based on the spatial
development of magmatic rocks from different facieses, lateral
relations of the effusive rocks with sediments and volcano-
sediment depositions, their position in the Upper Cretaceous
column and the specific features in petrological and chemical
composition of their rocks.

Characteristic feature in the evolution in the different
magmatic complexes and the whole volcanic activity is the
intensive volcano-tectonic faulting. This process takes place
during the entire period of magmatic activity and it is most
effective after the end of effusive activity in separate magmatic
complex and before introduction of subvolcanic intrusives.
This faulting determines block separation of the volcanic
structures and movement of rocks formed at different depths
to one and the same level. As a result effusive rocks that are
products of later formed volcanoes lay over different levels of
the older effusive units. These Intra-Santonian fault movement
are demonstrated as well as by the fact that Upper Santonian-
Maastrichtian postvolcanic depositions overlay on eroded in
different grade volcanic structures formed during different
stages.

Intrusive bodies as a rule are present by two sequentially
formed groups: subvolcanic and subvolcanic-hypabissal to
hypabissal. They are intruded the most often after volcano-
tectonic faulting and block separation of the volcanic cones.
The Elshitsa pluton is an exception that is formed after
effusive activity but before volcano-tectonic faulting. Small
intrusive bodies formed before the effusive activity are known
as well in the Elatsite-Chelopech complex.

The forming of volcano-magmatic complexes could be
divided into four stages (Popov & Popov, 1997, 2000; K.
Popov, 2001a). Distinct migration of the magmatic activity
from north to south is established.

Elatsite-Chelopech volcano-intrusive complex is formed
during the first stage in the most northern part of the regiont.
Krassen—Petelovo volcano-intrusive complex formed by
several interfingering volcanoes (Petelovo, Tangur, Smiletz) is
formed during almost the same time between Panagyurishte
and the villages of Smiletz and Ovchepolzi. The Vrankamic
volcano-intrusive  complex is formed northwest from
Panagyurishte during the same stage..

Assarel-Medet volcano-intrusive complex which partly
overlays on Vrankamic and Krassen-Petelovo volcanoes
could be divided as second stage. Forming of Ovchihalm and
Svobodinski volcanoes that overlay on the rocks of Petelovo
and Smiletz volcanoes also could be nominated as a part of
the second stage.

Third stage is marked by forming of the Elshitsa volcano-
intrusive complex which includes Elshitsa volcano, Elshitsa
intrusive and numerous subvolcanic bodies. It overlays on the
Ovchehalmski volcano to the north and on the rocks from the
basement to the south.

The forming of Pesovetz volcano marks the fourth stage. It
overlays on different levels of the Krassen-Petelovo,
Svobodino and Slshitsa complexes.

Paleonthological data conclusively prove that magmatic
activity took place almost entirely during the Coniacian and
Santonian (88 -83 Ma). It is confirmed also by the fact that
effusive rocks overlay on Turonian and they are overlapped by
Upper Santonian-Maastrichtean sediments (Vrublyanski et al.,
1961; Karagjuleva et al., 1974; Moev & Antonov, 1978;
Dimitrova et al., 1984; Jelev et al., 1999). The last few years
were realised determinations of the absolute age of the
magmatic rocks. The age of the Elatsite intrusive is
determined as 91.72+0.70 - 90.78+0.44 -90.78+0.44 Ma
based on “Ar/°Ar method, Vosdol neck (north from
Chelopech) — 89.95+0.45 Ma, Medet intrusive is aged as
85.70+0.35 Ma and andesites from St. Nikola Hill (south from
Panagyurishte) 80.21+0.45 Ma (Hander et al., 2002). Based
on %®Pb/28 zircone method the age of the intrusive rocks in
Elatsite is determined as 92.1+0.3 - 91.84+0.31 Ma (Von
Quadt 2002), The Elshitsa granite is aged 86.62+0.02 Ma
and Elshitsa subvolcanic dacites- 86.11+0.23 Ma (Peycheva
et al., 2003). Data from the absolute age determinations show
increasing of the results compared to the paleothological data
but they confirm the known fact that the migration of the
magmatic activity is developing from north to south.



[Monos [1. u op. [TTABHW OCOBEHOCTW B 'EOINIOMMATA U METAJTIOTEHUWATA ...

yo
MRV
[PV,
S g

Panag urk:
: 'Koom‘fs.': et b L

e

fy vy § FOEVEVEVEVIVEND:
ARV VeV VRV VA V)

i

R R RN
PRIV
DR

s

0 25 5 Kilometers . Vo Levski

e =]

Paleogene, Neogene and Quaternary Sediments

Upper Senonian Postvolcanic Sedimentary Group

Subvolcanic and Hypabyssal Intrusions
— SEE B Porphyry Deposit

B Eishitsa Plutan High- to Intermediate Sulphidation Epi- to
¥l Late Cretaceous Volcano-Intrusive Complexes Mesothermal (Massive Sulphide) Deposit

Brittle-Fault related Vein or

[1l]| Lower Senonian Volcano-Sedimentary Rocks A Silicified Breccia Deposit

. Triassic and Turonian Sedimentary Rocks

Paleozoic Plutons " Thrust __~"Nappe -~ Fault

i/ Pre-Cambrian and Early Paleozoic Metamorphic Rocks
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METALLOGENY

Metallogenic characteristics of the Panagyurishte ore
region is determined mainly by development of numerous
porphyry copper and massive sulphide copper deposits.
Smaller copper, gold, gold-lead-zinc and gold-copper-lead-
zinc deposits and ore occurrences of vein type associate very
often with them. Several manganese ore occurrences are also
established in the region. Forming and spatial distribution of
these mineral deposits is controlled by the position, evolution
and structural features of the Upper Cretaceous volcano-
intrusive complexes. The ore fields are localised within the
frames or parts of these complexes (Fig. 1). The boundaries
of the ore fields are determined by the area of development of
the late subvolcanic and subvolcano-hypabyssal intrusions
and large dykes. Five ore fields (districts) are established in
the region: Elatsite-Chelopech, Assarel-Medet, Krassen-
Petelovo, Radka and Elshitsa ore fields, involving unified ore-
magmatic systems. Porphyry copper, massive sulphide and
vein deposits and ore occurrences which are a result of the
evolution of one and the same ore magmatic system within
the frames of each ore fields are developed.

The Elatsite-Chelopech ore field is located in the most
northern part of the region within the frames of the volcano-
plutonic complex with the same name. It is set up by Early
small intrusives, the Chelopech volcano (including the Vosdol
monovolcano) and Later small intrusives. Ore deposits
Elatsite, Chelopech, Negarshtitsa, Kashana, Dolna
Kamenitsa, Vosdol, Karlievo and probably Svishti plaz are
developed in this ore field.

The Assarel-Medet ore field is located northwest from the
town of Panagyurishte within the area of the Assarel-Medet
volcano-intrusive complex. It includes Assarel volcano, Medet,
Assarel, Lisa Mogila and numerous smaller intrusives.
Porphyry copper deposits Medet, Assarel, Orlovo Gnesdo as
well as numerous ore occurrences are found in this ore field.

The Krassen-Petelovo ore field is located south-east from
the town of Panagyurishte in the central part of the volcano-
plutonic complex with the same name. It is set up by Petelovo
and Tangur volcanoes and Petelovo intrusive. Ore deposits in
it are Krassen, Petelovo and Kominsko Chukarche.

In the most southern part of the ore region is located the
Elshitsa volcano-intrusive complex which includes Radka ore
field in its northern part and Elshitsa ore field in its southern
part. Their spatial development is controlled by two sheaves of
linear subvolcanic bodies cutting respectively southern and
northern slopes of the Elshitsa stratovolcano. Ore deposits
Radka, Tzar Assen and Chervena Mogila belong to the Radka
ore field and Elshitsa, Vliaykov Vruh and Popovo Dere are
within the frame of Elshitsa ore field.

Porphyry copper ores are found in Medet, Assarel,
Elatsite, Vlaykov Vruh, Tzar Assen deposits as well as in
subeconomical deposits Orlovo Gnesdo, Karlievo, Popovo
Dere, Kominsko Chukarche, Petelovo and numerous ore
occurrences The lateral distribution of porphyry copper
deposits is controled by Upper Cretaceous hipabyssal to
subvolcanic-hipabyssal  porphyritic intrusives and  dyke
sheaves. They are usually members of the different volcano-

intrusive complexes described above. The porphyry copper
deposits are located in some cases in the central parts of the
volcanoes and in the rocks from the basement in other cases.
The ore bodies are present by column-like ore cone-like
inclining, rarely linear elongated stockwerks formed by
disseminated ore mineralisation.

Porphyry copper deposits in the region could be divided
into two groups on the base of their specific features. The first
group includes ore mineralisations and hydrothermal
alterations developed mainly in the apical parts of intrusive
bodies and partly in the rocks from the frame (Medet, Elatsite).
The second group includes deposits in which ore
mineralisation and hydrothermal alterations affect not only the
upper part of the small porphyritic intrusives but the largest
part of it is developed in the effusive rocks and volcanic neck
of the complexes (Assarel, Tzar Assen). The development of
the hydrothermal systems in the first group is characterised by
relatively limited participation of meteoric waters and higher
temperatures of the ore-forming processes. The early stages
of the evolution of the systems is determined by the large
forming of K-silicate alterations of the host rocks mainly in the
central parts of the deposits gradually changed to
propilitisation in the marginal parts. Fluids separated in the
initial stage of the hydrothermal process are characterized by
high salinity (up to 50 wt. % NaCl equiv.) and temperatures
above 450° C (Strashimirov et al. 2002) which suggest their
mostly magmatic origin The next stages of the evolution of the
systems are characterised by gradually dicreasing of the
temperature and salinity of brunes due to the removement of
the generating source in depth and large participation of
meteoric waters in the systems. Hydrothermal alterations of
the host rocks that accompanied ore precipitation are mainly
of sericitic type.

The second group of porphyry cooper deposits are
characterised by hydrothermal processes developed relatively
closer to the daylight surface and the ore-bearing small
porphyritic bodies are intruded in volcanic accumulative
cones. K-silicate alterations are developed in significantly
limited scale compared to the first group deposits. Dominating
hydrothermal alterations are present by sericitic to propylitic
types. These alterations are developed much intensively in the
upper parts of the deposits in lower temperature conditions.
Such alterations in the Assarel deposit are overlapped on
earlier acid-silphate alterations formed during the effusive
activity (Arnaudova et al., 1991).

Specific conditions of mineralisation in different porphyry
systems in the region reflect to the composition of precipitated
ore associations. The first group of porphyry copper deposits
mentioned above is characterised by larger presence of Fe-Ti
oxide association formed in the initial stage of the ore forming,
distinct presence of quartz-molybdenite association, presence
of Co-Ni mineral assemblages and relatively higher content of
gold as trace element in ores (Strashimirov et al., 2002).
Particular interest represents minerals from PGE established
in the Elatsite deposit (Petrunov & Dragov,1993) that suggest
for deeper source of the brines probably with many basic
geochemical characteristics.

Data from fluid inclusions studies in quartz determine the
evolution of hydrothermal systems from type H,O-NaCl
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+FeCl, to types H,0-NaCI-KCl and H,0-NaCl and gradually
decreasing of salinity about 10 wt% NaCl equiv. The
precipitation of the main economic association quartz-pyrite-
chalcopyrite in all deposits practically takes place within
temperature range 350 — 250° C. Later well-shaped veins of
quartz-pyrite are formed in the intermediate and upper part of
the deposits. Quartz-sphalerite-galena associations developed
as short veins in the most upper and marginal parts of
deposits are typical for the later stages of the hydrothermal
systems evolution.

Final of the hydrothermal activity is marked by
precipitation of carbonates and zeolites as vein and veinlets
that cut all formed before mineral associations.

Differences in mineral composition of deposits located in
the apical parts of intrusive bodies and those located mainly in
effusive rocks from paleovolcanic structures is underlined by
appearance of polyelement associations including enargite
(Assarel, Petelovo), goldfildite, colusite, aikinite, hessite and
other sulphosalt minerals typical for high sulphidation style of
mineralisation (Assarel, Petrunov et. al. 1993). Forming of well
expressed cementation zone of secondary copper sulphide
enrichment (Assarel, Orlovo gnesdo, Kominsko Chukarche) a
result of intensive development of exogenic processes, which
realisation is stimulated by the high grade of tectonic rework of
the host rocks during the processes of volcano-tectonic
faulting is another significant difference between both groups
of porphyry copper deposits in the region.

Massive sulphide ores are found in Chelopech, Krassen,
Elshitsa, Radka, Chervena Mogila deposits as well as in
numerous ore occurrences such as Stiptsata, Varnichka
Chukara, Isgorelia Vruh, Kaleto and others. These are
epigenetic mineralisations which spatial distribution s
controlled by the position of subvolcanic intrusives cutting the
central parts or scopes of volcanic structures, as well as by
the volcano-tectonic faults. Massive sulphide ores are located
the most often in tectonic breccia or zones with intensive
fracturing. They are developed mainly along the exocontact
zones of linear or arc-like subvolcanic bodies, also in and
around volcanic necks rarely in the explosion pipe. Ore bodies
are with column-like, stock-like, lense-like or nest-like shape.
Almost all of them are discordant to the layering in the effusive
units. Typical are massive texture ores formed generally by
metasomatic replacement of hydrothermal altered fractured
and brecciated volcanic rocks. Low grade disseminated ores
present as hallo around the massive ores. Tendency of
precipitation of later formed and low temperature
mineralisations in marginal and upper part of the ore bodies is
established.

Massive sulphide ore deposits in the district could be
divided into two groups according the type of ore
mineralisation and hydrothermal alterations of the host rocks.
The first group is represented by typical high sulphidation
epithermal copper-gold deposits. Chelopech deposit is one
remarkable example for this group with its mineral
composition including large scale of sulphosalt minerals and
advanced argillic alteration of the host rocks. Hydrothermal
mineral forming process is preceding by limited in volume
hydrothermal-sedimentary precipitation of pyrite-marcasite

association. Typical for the high sulphidation deposits ore
associations including enargite, lusonite, famatinite, goldfildite,
colusite, native gold, tellurium, bismuth and numerous
minerals in Cu-Pb-Bi-S-Se, Pb-Bi-Hg-Te-Se and Cu-Au-Ag-Te
systems are formed during the main ore forming process.
Precipitation of large crystals of enargite marks the
temperature conditions (280 — 300° C) within the range typical
for the high sulphidation systems (Bonev et. al., 2000).
Hydrothermal alterations include forming of zones of propylitic,
sericitic, ~ sericitic-advanced  argillic, advanced argillic,
propylitic-sericitic as well as representatives of the secondary
quartzite formation - quartz-dickiic and quartz-alunite
facieses.

The second group is represented by intermediate
sulphidation epi- to mesothermal copper-pyrite and copper-
pyrite-gold deposits. The first variety includes Elshitsa and
Radka deposits and the second one includes Krassen and
Chervena Mogila deposits. The evolution of ore forming
processes is similar in both subtypes — initial stages are
marked by precipitation of iron-sulphide associations followed
by copper sulphide and polymetallic associations. The final of
hydrothermal activity includes forming of significant quantity of
gypsum and anhydrite. Temperature range of mineralisation is
a broad one. Hydrothermal alterations start at about 400° C
and the end of hydrothermal activity is probably about 160° C
(Strashimirov & Kovachev, 1992). Kouzmanov et al. (2002)
determined through infrared microthermometry of pyrite from
Radka deposit temperature of its precipitation 360 — 320° C
and low bulk salinity 3.5 — 4.6 wt. % NaCl equiv. Sulphosalt
minerals found in these deposits are not so various like those
established in the first group, the quantity of enargite is
significantly low. Distinct differences are also found in the
hydrothermal alterations of the host rocks. Typical for the
group discussed are propylitic, propylitic-sericitic and sericitic
alterations while the advanced argillic type is not developed
except as minor occurrence in Chervena Mogila deposit. All
these differences give a reason for differentiation of both
groups in epithermal deposits from the district.

Vein type ore deposits are developed in the marginal parts
of porphyry and massive sulphide deposits and they could be
accepted as integral part of ore magmatic systems. They
could be determined as brittle-fault related veins and silicified
breccia ore deposits. Based on the type of are mineral
associations and hydrothermal alterations presented in them
they could be classified as intermediate to low sulphidation
epi- to mesothermal mineralisations. Their composition is
different - copper, lead-zinc (+ Au) (Dolna Kamenitza
deposit), copper-lead-zinc (+ Au) (Vosdol deposit), gold
(Negarshtitsa) or baryte (Kashana).

An other specific feature of the Panagyurishte ore region
is a development of manganese mineralisations type “silicified
umbra”. This type is presented by ore occurrences Momin
Skok, Toplika, Milkova Chesma, Dulgi Rid (Oborishte) and
other.They are banded-like or lense-like ore bodies localized
concordant to layering along the contact between andesite
and argillic rocks that cover it. Their composition includes
pyrolusite, psilomelane, manganite and braunite with which
associate chalcedony, quartz, baryte, calcite and zeolites
(Dimitrov & Kostov, 1954).
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CONCLUSIONS

Combined lateral distribution of described above two types
copper deposits and associating with them vein deposits
within the frames of distinct expressed ore fields is one
remarkable feature of the Panagyurishte ore region
suggesting unified source and well established sequence in
evolution of ore bearing systems from which mineralisations
are precipitated in the different ore fields. Isotopic studies of
fluid systems in Radka, Elshitsa and Vlaykov Vruh deposits
provides strong evidences for existing of unified ore-magmatic
systems within the frames of single ore fields (respectively
volcano-intrusive complexes) (Kouzmanov et al., 2001). Within
the frame of these systems forming of porphyry copper and
epithermal deposits is established as a result of consecutively
developed processes. The migration of magmatic activity in
general from north to south in different ore-bearing volcano-
intrusive complexes it is established larger participation of
crustal material in magma which mark much shallow levels of
magma generation. Significant content of gold and presence
of PGE minerals in the most northern part of the district
(Elatsite-Chelopech ore field) is probably connected to the
deeper generating of the magma chambers that are related to
the ore mineralisations. The gold content decreases and PGE
minerals are not found in the ore fields from the southern part
of the region.

REFERENCES

Amov, B., Vulkova, V. 1994. Generalized Data of the Lead
Isotope Composition in the Ore Deposits in the territory of
Bulgaria (in Bulg.). In: Todorova & Popov (eds) “Problems
of the Earliest Metallurgy”, Proc. Univ. Min. Geol. Sofia,
No 4, 122-138.

Angelkov, K., Parvanov, B. 1980. The Assarel Porphyry
Copper Deposit, Bulgaria. In: Jankovic, S. and Silitoe R.
(Ed.), European Copper Deposits, Belgrade, 59-62.

Angelkov, K., Staikov, M. 1980. The Volcanic Caldera and
Prospects for New Ore Body in the Radka Ore Deposit (in
Bulg.). Rudodobiv, 8, 15-17.

Amaudova, R., Popov, P., Petkov, ., Petrov, P. 1991.
Hidrothermal Metasomatites from Porphyry Copper
Deposit Assarel and their Structural Correlation (in Bulg.).
Ann. Univ. Min. Geol., Sofia, 37, 1, 121-134

Berza, T., Constantinescu, E., Vlad, S.-N. 1998. Upper
Cretaceous  Magmatic  Series and  Associated
Mineralisation in the Carpathian-Balkan  Orogen.
Resourse Geology, 48, 4, p. 291-306.

Bogdanov, B., Popov, P., Obretenov, N. 1970. Structural
Features of the Elshitsa Ore Feld (in Bulg.). Rev. Bulg.
geol. soc., 31, 3, 303-313.

Bogdanov, B., Obretenov, N., Popov, P. 1974. Structural
Evolution Stages of the Panagyurishte Ore Region (in
Russ.). Procc. X Congress CBGA, Bratislava, 39-46.

Bogdanov, B. 1987. The Copper Ore Deposits in Bulgaria (in
Bulg.). Tehnika, 388 p.

Bonev, |., Luders, V., Piperov, N., Andrew, C. 2000. Fluid
inclusions and growth conditions of enargite crystals from
the major Chelopech Au-Cu deposit, Bulgaria. ABCD-
GEODE 2000 Workshop, Borovetz, Abstracts, 14.

Dimitrov, Tz., Kostov, Iv. 1954. On the origine of the
Manganese Ore Deposits in the Srednogorie Zone (in Bulg.).
An. L’Univ. Sofia, Fac. biol.-geol.-geogr., 48, 2, 24-60.
Dimitrov, C. 1960. Magmatismus und Erzbildung im Erzgebiet

von Panagjuriste. Freiberger Forschungsh., R. C, 79, 67-
81.

Dimitrova, E., Nachev, I., Slavov, |. 1983. Upper Cretaceous
Stratigraphy in Panagjuriste Region (in Bulg.). Pal., strat.,
and lithol., 19, 65-83.

Georgiev, K. 1939. The Ore Deposits in the South-Western
Part of the Panagyurishte Ore District (in Bulg.). Proc.
Min, Res. and Min. Ind. Bulg. 10, 291-307.

Hander, R., Velichkova, S., Neubauer, F., Ivanov, Z. 2002.
Late Cretaceous magmatic and tectonic processes in the
Srednogorie zone, Bulgaria: constraints from “Ar/*°Ar age
dating results. GEODE Workshop on Srednogorie,
Abstracts, Sofia, 2002, 7.

Ignatovski, P., Bayraktarov, |. Metallogeny of the
Panagyurishte ore region. In: P. Popov (ed), Plate
Tectonic Aspects of the Alpine Metallogeny in the
Carpato-Balkan Region, UNESKO - IGCP Project No 356,
Proceedings of the annual meeting, Sofia, 1996, v. 1; 155
- 158.

Jelev, V., Antonov, M., Sinnyovski, D. 1999. Rapport of the
renovate geological mapping in Scale 1:25000 and
geocemiclal prospecting in the licence area of Chelopech
(in Bulg). Geofond.

Karagjuleva, J., Kostadinov, V., Tzankov, Tz., Gocev, P. 1974.
Structure of the Panagjuriste Strip east of the Topolnica
river (in Bulg.). Bull. Geol. ist. — ser. geotect., 23, 231-301.

Konstantinov, K. 1952. Mikroskopische untersuchungen uber
die vererzung im Panaguriste-Erzdistrikt (in Bulg.). An. Dir.
Gen. rech. geol. min., ser. A, v. 5, 87-130.

Kouzmanov, K., Bailly, L. Ramboz, C., Rouer, O., Beny J-M.
2002. Morphology, origin and infrared microthermometry
of fluid inclusions in pyrite from the Radka epithermal
copper deposit, Srednogorie zone, Bulgaria. Mineralium
deposita,37, 599 - 613.

Kouzmanov, K., Moritz, R., Chiaradia, M., Fontignie,
D.,Ramboz, C. 2001. Sr and Pb isotope study of Au-Cu
epithermal and porhyry-Cu deposits from the southern
part of the Panagyurishte district, Sredna gora zone,
Bulgaria. In: Piestrzynski et al. (eds.) Mineral deposits at
the beginning of the 21 century. Proceedings of joint 6"
biennial SGA-SEG meeting. Krakow, Poland, 26 — 29
August, 539 — 542.

Lilov, P., Chipchakova, S. 1999. K-Ar Dating of the Upper
Cretaceous Magmatic Rocks and  Hydrothermal
metasomatic Rocks from the Central Srednogorie (in
Bulg.). Geochem., Mineral. And Petrol., Sofia, 36, 77-91.

Moev, M., Antonov, M. 1978. Srtatigraphy of the Upper
Cretaceous in the eastern part of Sturguel-Tchelopech
Strip (in Bulg.). Ann. Ec. Sup. Min. Geol., 23, 2, 7-30.

Mutafchiev, I. 1967. On the Structure of the Copper-Gold
Deposit “Chelopech” - Pirdopsko (in Bulg.). Ann. Com.
Geol., 17, 131-147.

Peycheva, ., Von Quadt, A., Kouzmanov, K., Bogdanov, K.
2003. Timing of magmatism and mineralization in Elshitsa
and Vlaykov Vruh Cu (Au) deposits of Central
Srednogorie, Bulgaria: constraints from U-Pb zircon and
rutile geochronology and Hf-zircon and Sr whole-rock
tracing. Final GEODE-ABCD (2003) Workshop,
Seggauberg, Austria, 22-24 March, 2003, 46.



[Monos [1. u op. [TTABHW OCOBEHOCTW B 'EOINIOMMATA U METAJTIOTEHUWATA ...

Popov, K. 2001a. Geology of the southern part of
Ranagyurishte ore region. Ann. Univ. Min. Geol., Sofia,
43-44, 51-63.

Popov, K. 2001b. Porphyry copper — massive sulphide system
in the Radka ore district (Bulgaria). Ann. Univ. Min. Geol.,
Sofia, 43-44, 65-71.

Popov, P., Mutafchiev, I. 1980. Structure of the Chelopech
Copper Ore Deposit. Structural Condition for Localisation
of mineralization (in Bulg.). Ann. L’Ec. Sup. Min. Geol.,
Sofia, 25, 2, 25-41.

Popov, P., Vladimirov, V., Bakurdzhiev, S. 1983. Structural
Model of the Polyformation Chelopech Ore Field (in
Russ.). Geology of Ore Deposits, Moskow. 5, 3-10.

Popov, P., Petkov, . 1994. Composition of the Assarel
Orebearing Volcano-Plutonic Structure (in Bulg.). Ann.
Univ. Min. Geol. Sofia, 40, 1; 93-99.

Popov, P. 1981. Magmotectonic Features of the Banat-
Srednogorie Belt. - Geologica Balcanica, 11, 2; 43 - 72.
Popov, P. 1987. Tectonics of the Banat-Srednogorie Rift.

Tectonophysics, 143; 209 - 216.

Popov, P. 1996. Characteristic Features of the Banat-
Srednogorie Metallogenic Zone. In: P. Popov (ed),Plate
Tectonic Aspects of the Alpine Metallogeny in the
Carpato-Balkan Region, UNESKO-IGCP Project No 356,
Proceedings of the annual meeting, Sofia, 1996, v. 1; 137-
154.

Popov, P., Popov, K. 1997. Metallogeny of Panagyurishte Ore
Region. 1997. In: Ore Deposits exploration, Belgrade, 2 -
4 April 1997; 327 - 338.

Popov, P., Berza, T., Grubic, A. 2000. Upper Cretaceous
Apuseni-Banat-Timok-Srednogorie (ABTS) Magmatic and
Metallogenic Belt in the Carpathian-Balkan Orogen.
ABCD-GEODE 2000 Workshop, Borovets, Bulgaria,
Abstracts, 69-70.

Popov, P., Popov, K. 2000. General geologic and
metallogenic features of the Panagyurishte ore region. In:
(Strashimirov, Popov ed.) Geology and metallogeny
features of the Panagyurishte ore region (Srednogorie
zone, Bulgaria), ABCD-Geode 2000 Workshop, Borovets,
Bulgaria, 1-7.

Slavov, 1., Cvetkov, K., Kimov, L., Damjanov, D., Pencev, P.,
Cvetkov, C. 1978. On the presence of a paleovolcanic
structure near the village of Zar Asen, District of
Panagjuriste (in Bulg.). Rev. Bulg. Geol. Soc., 39, 1, 91-
98.

Stoykov, S., Yanev, Y., Moritz, R., Fontignie, D. 2003.
Petrology, Sr and Nd Isotope Signature of the Late
Cretaceous Magmatism in the South-Eastern Part of
Etropole Stara Planina, Srednogorie Magmatic Zone. Ann.
Univ. Min. Geol., Sofia, 46 (this volume).

Strashimirov, Str., Kovachev V., 1992. Jemperatures of
forming in copper deposits from the Srednogorie zone
based on fluid inclusion studies of minerals.Rev. (in Bulg.)
Bulg. Geol. Soc. 53,2,1-12

Strashimirov Str., Petrunov R., Kanazirski M. 2002. Porphyry-
copper mineralisation in the central Srednogorie zone,
Bulgaria. Mineralium deposita,37, 587 - 598

Von Quadt, A., Peytcheva, I, Kamenov, B., Fanger, L.,
Heinrich, C., Frank, M. 2002. The Elatsite porphyry copper
deposit in the Panagyurishte ore district, Srednogorie
zone, Bulgaria: U-Pb zircon geochronology and isotope-
geochemical investigation of magmatism and ore genesis.
In: Blundell et al. (eds), The Timing and Location of Major
Ore Deposits in an Evolving Orogen. Geol. Soc., London,
Special Publ., 204, 119-135.

Vrublyanski, B., Bodourov, K., Tzankov, Tz. 1961.
Contribution to the Upper Cretaceous Stratigraphy
between Sofia Field and Panagjurishte (in Bulg.). An. Dir.
gen. rech. geol., 11, 117-132.

FOONLLIHNK Ha MunHo-eeonoxkus yHugepcumem “Cs. MsaH Puncku’, mom 46 (2003), caumbk |, TEOJTOTNSA U TEOOU3UKA

16



Recommended for publication by Department
of Economic Geology, Faculty of Geology and Prospecting



	Фигура 1. Геоложка карта на Панагюрския руден район (по К. Попов)
	Металогения
	METALLOGENY
	Recommended for publication by Department


