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PE3IOME

3naToycToBckaTa BynkaHOTEKTOHCKA Aenpecus ce 3apaxia npe3 naneoleHa okono 3naroycToBckaTa aucnokauus. Ts e ¢ U-3 nocoka u pasgens XapmaHnuiickus
1 HOroustouHopogonckus 6nok B UatouHnte Pogonu. [enpecusita BkioyBa, OT ceBep Ha tor, Jlo3eHCKOTO noHwxeHue, WOpemkekckus xopcT, bpsirockoto
noHwxeHne 1 MamxapoBckoTo cTbnano. pe3 naneoueHa v eoleHa ce OTnaraT TepUreHHU ckamu C KOUTO acoLuupaT MposiBAEHUs Ha BbrmMwa. BynkaHusmsT ce
3apaxga B kpas Ha npuaboHa ¥ MpoAbMKaBa Npes Lenus onuroueH. Toil € C BMCOKOKanMeBO-KanuMeBa W LIOLIOHUTOBA cepuanHocT. Mo 3natoycToBckaTta
AVCIOKaLMs OTHAYano Ce Nokanuaupat HSKOMKO BYNKaHCKW anapata c kucen cbcTaB. C Tax ce dopmupat nposiBneHus Ha 3eonutn. C BynkaHa Cs. MapuHa
acouuupart nonumetanHn nposienenus. C JloseHckus BynkaH, B JIO3EHCKOTO MOHWXEHNE, MPOCTPAHCTBEHO W FTEHETUYHO acoLumpa JI03eHCKOTO 3aTo-nonMMeTanHo
pyaHo none. B MagxapoBckoTo cTbnano ce dopmupa MamkapoBCkusi NaTMTOB BYfKaH LIEHTPUPaH OT MOHLIOHMTOWAHA UHTPY3usi. C HAaYamHMTE NPOSIBU Ha TO3M
BYNKaH acouuupat CTpaTduLMpaHn MaHraHosu npossnenus. C cuHanHuTe My u3sBu ce obpasyBa MamxapoBCKOTO 3naTo-MONMMMETANHO PyAHO mofe.
OpygasiBaHusiTa ca enuTepMarntu, HUCKOCYNduaeH TUn, NPearMHO XuiHU. B toronstouHata nepudepus ce hopmmpat aHTUMOHUTOBW NposiBNeHus:. Mpe3 HeoreH
KBaTepHePHNS eKan, NpeauMHO Okoro VBpemkeKckus XopeT, ce 0Bpa3yBaT MHOKECTBO NPOSBNEHUS Ha PA3CUMHO 3NaTO.

BbBEJEHWE

3naToycToBckaTa BYNKaHOTEKTOHCKA Aenpecusi ce pas-
nonara mexay XapmaHnuickus u KoronstouHopogonckust 6110k
B Mstounute Poponn. Te3au 6nokoBe ca u3rpageHu oT
BMCOKOMETAMOP(HM  CKanu, MpOLENeHn OT TFPaHUTOMOHU
NAYTOHU C JONAneoreHcka Bbapact.

B nepuoga kbcHa kpepa-naneoreH ce 3atBaps TETUCKUAT
okeaH ([abosckn, 1991). Hacraa konuausa mexay EBpasus u
tparmeHT 0T Adpuka. [pn 3aTBapsHETO Ha TeTuca KbM
EBpasus ce npucbeauHaBaT OTAENHU “eK30TUYHK” dparMeHTH
Ha AdpukaHckata nnova kato Popgonckus, Cakapckus,
CrpaHmkaHckus 1 gpyru.

XapmaHnuickusaT 6rok Ce pasrnexga kato enemeHT oT
Cakapcusi pparmeHT (bosiHoB,1992 u gp.) a HOroustouHo-
pogonckus 6nok kato enemeHT oT Poponckus dpar-
MeHT.[paHuLaTa Mexay Tean asa broka ce 6enexw ot 3naro-
ycToBckata aucnokauus (cur.1). Ta e ¢ U-3 HanpasneHue u
camo B Hau-3anagHus cu Kpail u3meHs nocokata cu Ha 3C3.
Okono Tasn gucrokauus ce chopMmupa M KbCHOAnnuickata
3natoycToBckaTa BYyMKaHO-TEKTOHCKa fenpecws. Tasu gden-
pecus He e OmMWCBaHa Jocera kato €AMHHa CTpyKTypa W

BkntoyBa MamxapoBcko cTbnano, bparoBcko MOHWXEHWE,
NBpemxekckm xopcT JlodeHcko 1 CTaMBOMNOBCKOTO NOHWMKEHUE
(BosiHos, 1992a 19926). 3naToycToBckaTa Jenpecus YacTU4YHO
cbBraga ¢ MagxapoBckoTo MoHWkeHue no bosHos (1971).
Mo-kbcHo BosiHoB (19926) orpaHnyaBa MamkapoBCKOTO
MOHWKEHWE [0 NO-BUCOKOPA3psaHa CTPYKTypa, KOSITO MpocT-
PaHCTBEHO CbBMaga ¢ MamkapoBCKOTO CTbMano B HallaTa
cxema. Ha sanag (B paiHa okono rp. Kbpmkanu) 3nato-
ycToBCckaTa fJenpecust ce cbbupa cbc CeBepomaToyHo-
pogonckata u Momunnrpagckara genpecus. Ha nstok goctura
Ao MapuikaTa pasnomHa 3oHa. Ha ceBep v tor ce orpaHnyaBa
OT u3gurHaTuTe PyHOaMEHTU CbOTBETHO Ha Xapmasunckus u
tOromsrouHopoaonckus Grok.

FEONOXKN CTPOEX

3apakdaHemo Ha 3mamoycmoeckama denpecusi
BEPOATHO 3aroyBa Mpe3 ManeoueHa, Korato ce oTnarar
Bucepckata 6OpekyoBa W JlewHWKOBCKaTa MSCHYHMKOBO-
koHrnmomepaTtHa csuta (lopaHos, BosHoB, 1996). [pe3
npuaboHa TpaHcrpecusitTa B Aenpecusita  Mpoabikasa U
CYNepnosuLMOHHO ce hopmmpaT Bpekyo-KoHrNoMepaTHara,
BbINEHOCHO-NACbYHNKOBATa W MeprenHo-BapoBMKOBaTa
3appyra (FfopaHoB u gp., 1992).
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®uaypa 1. 0630pHa cxema Ha M3moyrume Podonu (no Mosyes u dp., 1971 ¢ donbaHeHus). 1-LienmpanHopodoncku 6ok
(CRB); 2- Xapmarnuticku 6ok (HB); 3-K0zousmoyropodoncku 6ok (SERB); 4-Cakapcku 6510k; 1a, 2a, 3a, 4a - paskpumue Ha
¢yHOameHma Ha cbomgemHusi 610K Ha NOBbPXHOCMMa 5-naneozeHcku ceduMeHMU U 8yfIKaHUMU, 6-Heo2eH-keamepHepHU
OMINOXeHUs, 7-epaHuuU Ha pa3anexdaHus patioH. 8-Mapuuika pasnomHa 30Ha; 9-luenaposcku pasnomeH cHon; 10-ApOuHcka
Oucniokayus; 11-3mamoycmoscka Ounokayusi; LF- JloseHcko noHuxeHue; SF- Cmambonogcku 6s10k; IH- Mepedxekcku xopem;
BF-Bpszoscko noHuxeHue; MS-Madxaposcko cmanano; B-bpseoscku KiuH.

Havanomo Ha eynkaHcKume u3sieu ce NocTassl B kpas Ha puonuT-profauuTo, Mesekckus puonuToB M JloseHckus
npuaboHa. Hail-paHo, B nepuofa npuaboH-AONEH OMMIOLEH, PUONMTOB KoMnnekc (I Kucen BynkaHUabMm).

ce obpasyBat benunnactkus puogaunToB, 3MMOBMHCKM



Ot benunnactkus pUONMWTOB KOMMIEKC, [NABHO OKOJO
3anagHWTe vacTM Ha 3natoycroBckata [Aucriokauus, ca
OTMOXEHW Tyu 1 TYhO3HKU BapOBULW.

B Hai-3anagHaTta yact Ha 3naToycToBcKkaTa gucrokauns ce
chopmupa JlsickoBeLkus BYnKaH, M3rpafeHn OT maTepuanure
Ha 31MOBWHCKIS KOMITEKC.

MesekcknaT kOMNnekc € MnpeAcTaBeH B HAW-M3TOYHUTE
yactu Ha Wbpemxekckus xopeT. Tyk cped kucenute My Tycu
ca obpasyBaHu HAKOMKO eKCTpy3uBa.

Matepuanute Ha Jlo3eHcknst komnnekc umarpaxpar Cee-
TamapuHckus BynkaH B Mbpemxkekckust xopcT U JloseHckus
BynkaH (fAxeB w pgp., 1975) B Jl03€HCKOTO MOHWMXEHWE.
lMpodykTMTE Ha TO3M KOMMNIEKC ca [MaBHO B edy3nBeH

hauuec.

lMpe3 onuzoyeHa B 3anafHata 4acT Ha 3naToycToBcKaTa
[vcnokaums ce dopmupa CUNEHCKWAT BynkaH M3rpajeH ot
puonuTute Ha MepnepeLukus komnnekc (Il kucen BynkaHU3bM).

B npenenuTe Ha Jlo3eHckus BYfKaH ca BHELPEHW U HAKOIKO
Mo-KbCHU hasu - YepHOMOrUNCkM TpaxmpuogauuTos v MNnaxu-
Heuku TpaxupuonutoB komnnekc (Il u Il kucen BynkaHn3bMm).
KbM YepHoMOrunckns KOMANeKC ce OTHAacAT U WHTpy3uuTe OT
AMOPUTOBYW NOPUPUTY.

Madxapoeckusim eynkaH ce (popmupa B KoXHaTa YacT Ha
penpecuata. Toid e u3rpageH OT npoayktute Ha Magxa-
POBCKMS NaTMTOB komnnekc (Il cpemHokucen BynKaHW3bM).
OtHavano ce otnarat cpegHobasndHu  Tydu, Typutu u
Tychobpekun ¢ NPOCHONKMA OT OpraHOreHHW BapoBuUM. Hapg Tsx
nocnefoBaTeNHo Ce  M3NuBaT  Tpaxu-aHausuTobasanTy,
pasHoobpasHu NaTuTi, Tpaxugauut u KBapu-Tpaxuti. Tesu
MaTtepuanu uarpaxgaTt enunTuyeH BYNKaHCKA KOHYC, U3TermneH
B 3C3 nocoka (cpur. 2). Ton e ¢ pasmepu npubnuantento 17
Ha 11 km. To3u 3HaUMTENEH BYNKaH Ce CbNPOBOXAa OT peauua
no-mMasnku napasuTHU W CaTenuTHU BYIKAHCKWM MOCTPOikW. B
palioHa Ha rp. MamxapoBo ce paskpuBaT M HAKOMKO Heronemu
WHTPY3MBHU MOHLOHUTOWAHM Tena (Maepyaumes, 1959, 1971).
Te BeposTHO ca anogm3 Ha NO-ronsM WHTPY3uB B AbNOOYMHA,
BHEZpeH B OCHOBHUS KpaTep Ha BynkaHa. B cHarata Ha
MamkapoBckus — BYMKaH — Cca  BHEOPEHW  MHOXECTBO
TpaxvaHaeantobasanTosy, NaTMAHAE3WTOBM UM NATUTOBY
paiku. MoBeyeTo OT TAX Ca pagumarHu, Ho YacT OT JailkuTe ca
OpPUEHTUPaHN HE3aKOHOMEPHO.

B Bpsizosckomo noHuxeHue ce oTnarat CeaMMeHTUTe Ha
Bwbnuenonckata 3agpyra (onurougH-mMuoLeH), a B Jlo3eHckoTo
MOHWXKEHMe Ha AXMaTOBCKaTa CBUTA (MUOLIEH-MINNOLEH).

METAJIOTEHWA

C mygume Ha benunnacmkusi puodayumoe, Me-
3ekckus puonumos u [lepnepeujkusi puonuUMos KoMniaeKc
acoyuupam eysKaHo2eHHO-ceQUMEeHMO2eHHU Haxoduwa
Ha 3eonumu. 3eonuToBMTE Tena ca nnactoobpasHu umm
newoobpashn. Tean Haxogulla, KakTo M BMECTBaLLUTE W
Tychw, ca NoKanuaMpaHn okono 3naToycToBckaTa AMCTOKaLMS.

B 3anagHata yact Ha genpecusita ¢ Tydute Ha benunnactkus
(Haxoguwata Moct u Paboso) u [Mepnepelukusi KOMAEKC
(Haxoguwe [Mepnepek) ce opmmpaT Haxoauwa Ha KIWHO-
NTUINONUTOBK  3€0MUTM C  XJIOPWUT, CENafoHUT M MOHTMO-
punouuT. B paitoHa Ha c Jlackosel, cpeg Tygute Ha Benu-
MNacTk1s KOMMIEKC, ce popMmUpaT MOPLEPHUTOBK 3€0MNTH C
aHanuum u knuHonTunonut (Dxyposa, Anekcues, 1988). C
TyguTe Ha Me3eKkckus KOMMMEKC, B W3TOYHATa 4acT Ha
NBpemKeKckus XopeT, acoumumpaT NposBEHUS Ha MOPLAEPHUT-
KMMHOMPWIONUTOBM 3€0NUTA C EPUOHUT, aHamnuUUM 1 CTunouT
(Ivanova, 2001).

Cnoc CeemamapuHCKus eyNKaH acoyuupa OJI08HO-
yuHkosomo Haxoduuje Ceema MapuHa. MuHepanusauuvTe
narpaxgat newoobpasHu Tema cpen  CeOMMEHTUTE  Ha
npuaboHa. OTOensaT ce Tpu CTagus Ha MWHEpanu3auus
(Bpeckoscka, leprenyes, 1988), kouTO Cnopen Hal-BaxHUTE
MWHEpanu B TAX OT Hac ca 0bo3HayeHn Kakto cregsa: 1)
KBapu-raneHnT-chaneputos (MPOSYKTUBEH) C BTOPO-CTENEHHM
MWHEpanu NUPUT W XankonupuT; 2) keapu-6apuT-cyndoconeH
(orpaHuyeHo nposiBeH) - cyndoconuTe ca  0BUKHOBEHHO
TETPaeapuT U TeHaHTUT; 3) kapboHaTeH (CbLIO OrpaHM4eHo
nposiBeH) -kanuut, gonomut. MocoyennTte asTopu obocobssar
M CTagun Ha KbCHUTE cyndocomm. CTaBa gyma obaye 3a
€[MHUYHM KpUCTanyeTa oT NUPUT, TaneHnT 1 caneput Bbpxy
kapboHaTUTe 1 ABHO NpPeHaANexaT KbM CbLns CTagui.

C JloseHckusi puonumoe eynkaH NPoOCcMpPaHCMEEHO U
2eHemuyHo e cebp3aHo J103eHCKOMO 0/108HO-YUHKOBO
pydHo none. PyaHuTe Tena cnopes Bpeckoscka u 'eprenyes
(1988) ca gBa TMma: moneratM C XUMKOBO-BMPBLCHATO OpY-
AsiBaHe 3ansraliy nocroiHO BbB BMECTBALLMUTE TV CEAUMEHTY
W BYNMKAHWTW; CTPBMHW XWnoobpasHu Tema C KUIKOBO-
BPBCHATO 1 XMITHO OpyAsiBaHe N0 Pa3fnoMu BbB BYNKAHUTUTE.
BmecTBawumTe ckanu ca NOANOXEHU HA WHTEH3UBHA XUOpO-
TepMasnHa npoMsiHa NPOTEKMa NOYTU U3LANO HENoCPEACTBEHO
npeau pyoHata MuHepanusauws. B ropHute HuBa Ha
HaxooWleTo TS Ce u3passBa B aprunusaums  (rmaBHO
MOHTMOPWIIOHMT), @ B [OMHUTE B NPOMEHN KBapL-CepuLMTOB
™n.

CobcTBeHo pyaHaTa MuHepanuaaums cnopen bpeckoscka,
leprenueB (1988) npeHapnexu kbm Tpu ctagus: 1) keapu-
raneHuT-cchaneputos  (kBapu-cynduaeH no  MOCOYEHWTE
aBTOPW), NPOLYKTWUBEH, C MUPUT W XanKOMWPWUT KaTo BTOPO-
CTEMEHHW MuHepanu; 2) kBapu-bapuToB CbC  3Mato
(orpaHuyeHo mposiBeH); kapboHaTeH  (KanuuTt, LONOMMT,
aHkeput). BorgaHo (1983) npuema GaputoBaTta MuHepa-
nu3aumMs 3a no-kbCHa OT kapboHaTtHata. OuepraBa ce
KOHLIEHTPUYHA XOpW3OHTanHa 3oHanHocT (borgaHos 1983). B
Ham-BbTpellHaTa yvact ce otnarat Cu-Pb-Zn-eu muHepa-
nu3aumuu, B MexauHHaTa -Pb-Zn v B Hai-BbHLHATA -Au-Ag.

C Maoxapoeckussi eynkaH acoyuupa u Au-nonume-
manHomo Madxapoecko pyoHo none. OpyasiBaHusiTa ca
enuTEPMarHu, HUCKOCYNMUAEH TUN.

B MOHLoHUTOMAHWTE Tena ce Habniogasa XMIKOBO-BMPbLC-
Hat Tun Cu-Mo wmwuHepanusaums. T8 HAMa CbLUECTBEHO
MKOHOMMYECKO 3HaYeHue.



lMonuMeTtanHuTe U 3naTo-NONUMETamNHUTE opyasBaHUs ca
NoKanu3npaHn NPeguMMHO BbB  BBLTPELUHNTE  (LEHTpamnHm)
yacTu Ba BynkaHa. ToBa ca Haxopuwara opHo none, Apaa,
MomuHa ckana, [MatpoHkas, abepoBo, PagoHoBcko, Xap-
MaHkas, Yatankas n bpycesuu. PygHute Tena ca rmaBHO OT
xuneH Tun. Te ca cTpbMHm (70-90°) 1 noBeyeTo ca pagmarntm
cnpsamo MapxapoBckust BynkaH. BmecTeHu ca rnaBHO BbB
BYNKaHMUTUTE W YaCTUYHO B NOACTMNALUUTE M CEAUMEHTU U
meTamopcuTth. BbB BapoBuuMTe ce 00pasyBaT Heronemu
MeTacoMaTU4HW pyaHu Tena.

Ckanute Ha pygHOTO rnone ca 3acerHat OT TpW Temno-
panHu TUNa XWAPOTEPMAnHW W3MEHEHWUS: PaHHOMPeapyaHy,
HenocpedCcTBEHO MPeapyaHu W CuHpyaHW. [TbpsuTe  Ce
“3passBaT B MOBCEMECTHA NPONMUAMTU3ALMS Ha BYMKAHUTUTE.
KbM paHHMTE MeTacomMaTWTM Ce OTHAcAT W BTOPUYHUTE
KBApUMTA (MHTEH3MBHU aprumuauTy). Te u3rpaxpar  Koh-
LEHTPUYHA 30HA OKOMO MOHLIOHUTOMAHWUTE WHTPY3uu. BbB
BbTpelHNTe yacTu ce HabniopasaT aprunusnti, a no
nepucepHUTe 30HN - MPOMUINTOBM M3MeHeHUs. Haii-uHTeH-
3BHO W3MEHEHMTe Yy4acTbUM Ca M3rpageHu OT Auacrop-
CbAbPKALLM  amnyHUTOBM KBapUUTW W 3YHUNT-CbAbPXKALLM
[MacriopoBu  kBapuuTW.  HenocpeacTBeHO  npeapyadHuTe
MeTacoMaTUT/ Ca OKOMopasnomHW obpasyBaHust M MpuHaj-
nexar koM agynap-cepuuutosust Tun (Velinov, Nokov, 1991).
CWHpyAHUTE M3MEHEHNS Ca OrpaHnyYeHm 1 no-cnabo 13yyenu u
Ce 13pa3sBaT NPeAMMHO B CNopaanyHa KaonnHu3auus.

PapoHoBa (1960), AtaHacoe (1962), KonbkoBcku (1971),
Bpeckoscka, Meprenyes (1988) o6ocobsBat pasnnyHm no 6poit
W CbCTaB CTaguM Ha MUHepanusauun. Hawure wuscnegBaHus
(B. KonbkoBcky) nokaseat, ye CTaguute ca kakto cneasa: 1)
cnekynaput-ksapuoB ¢ Au (npogykTuBeH 3a Au); 2) keapu-
XankonuputoB (npogyktueeH 3a Cu); 3) K3apu-raneHut-
canepuToB C MUPUT U XarnkonupuT Kato BTOPOCTENEHHU
MuHepanu (npogykTueeH 3a Pb, Zn vactuuHo 3a Cu, Ag, Au);
4) KBapu-xanuuaoH-baputoB CbC cpebbpHM Cyndoconn W
enekTpym (npopykTuBeH 3a Au); kapboHaTHO-kBapLoOB (orpa-
HUYEHO MposiBEH). B MpUNOBBPXHOCTHUTE YacTU Ha PYOHOTO
nore oT XMAPOTEPMUTE CE OTiaraT U MUHEepanu XapakTepHu
3a CyneprHH1 YCnoBUS (XankoaHuT, BaBENUT, aHrnesut u
gp.). lpuumHata e CMECBAHETO Ha XMAPOTEpPManHW W
MeTEeopHM Boam 6oraTi Ha KNCMOpoa.

OnucBa ce KynonmHa 30HANHOCT B pasnpeferneHueTo Ha
opyasiBanusita (Mnves, 1980) cnpsiMo OCHOBHaTa Marmo- M
PYLOKOHTpONMpalLa CTPYKTypa - kpatepa Ha MamkapoBckust
BYNKaH. BbB BbTpEWHUTE W MO-HUCKATE YacTW Ha PYyOHOTO
none AomuHupat Pb-Zn pygHM Tena, a no BWUCOKUTE U
nepucepHn y4acTbLy - 3NaTOHOCHU PyAHW Tena.

MakxapoBCKOTO PYAHO MoMe MPOCTPAHCTBEHO W FTEHETUYHO
€ CBbp3aHo ¢ MamkapoBCKkUst BynkaH. Te umat obLy KOpeH B
AbnbounHa W ca pesynTaT OT eBOMKOLUMSTA Ha edHa U Cblua
MarmeHa kamepa.

Mexgy naBoBuTe MOTOLM MO CKNOHa Ha MamxapoBckus
BYNKaH BbL3HUKBAT MaHraHoBM (MMPOMY3UTOBM) PyAONpPOsB-
nexns bopucnasuy n Kovaw.

AHmumoHosomo nposieneHue MapelwHula ce pasnonara
Ha 1orou3ToK 0T MagxapoBckus ByrkaH. TO € BMECTEHO cpef
Bpekyo-koHrnomepatute Ha KpymoBrpaackarta rpyna. MuHepa-
Nn3aumaTa e oT Keapl n CTUOHUT 1 B NoAYNHEHO KoJin4ecTBO
kanuut, peanrap, nuput, nupotuH (Mladenova, V., V. Luders.
2000). Tean opyasBaHus, kakTo € 06UKHOBEHHO B M3TOuHUTE
Pogonu, ce pasnonaraT no nepudepusta Ha fenpecusTa.
Bpb3skata UM C BynkaHM3Ma He € Taka fICHO M3pa3eHa W B
M3BECTHA CTeneH e xunoteTwyHa. KaTto mo-HuckoTem-
nepaTypHa MWHEpanu3auus BEPOSTHO € MOTMYHO OTHaraHeTo
nB no-otaanevyeHnTe OT BYNKaHCKUTE anapaTt 4acTu.

UzeempumenHa kopa ce ¢hopMupaHa no CeBepHaTa
nepucepus Ha Mapxaposckus BynkaH. C Hes acouumpat
XanyasuT-kaonMHUTOBOTO Haxoguwe [onHu [naBaHak w
nposiBnexusiTa Tononoso, Tononoso- u bopucnasuu (Togo-
posa, 1988). B ussetputenHata kopa Hag Tycute ot [lep-
nepeLUKns KOMMNeKkc ca 0bpasyBaHW KAaONMHUTOBK U MCUMO-
MenaH-nN1pony3nToBM nposiBNeHus. Bcuukn Te ca KoHcep-
BMpaHM OT CeaMMeHTUTE Ha Bbnuenonckara 3agpyra.

3namoHocHu pascunu. ®opmupaT ce rMaBHO OT ABeTe
CTpaHM Ha WbpemkeKkckus XOpPCT, B paiioHa Ha cenata
TwHkoBO, 3natoyctoeo, Ecpem u gp., n B npegenute Ha
NoseHckoTo MoHWxeHue. Te BeposTHO ce obpasyBaT npw
pasrpaXgaHeTo Ha  KOHrmomepaTute OT  ManeoreHckuTe
ceaumenTu. Mo Bpsrosckata peka, B panoHa Ha Bpsrosckus
KNWH, CBLLO Ce YCTAHOBSIBAT 3MaTOHOCHM pascunu. BbamoxHO
e Te pa ca obpa3yBaHu 3a CrieTka AMCMEeprupaHo B - MeTa-
mMopuTMTe 3nato. Tean NpOSIBIIEHUS HAMAT WKOHOMWUYECKO
3HAYEHME, HO EHTYCMasupaHW TbpCauyM MOHSKOr0 NPOMMBAT
PBYHO 311aTO

3AKITIOYEHNE

OnucBaHOTO  LUMKNMYHO pasBUTWE HA  ByMkaHW3Ma B
Wstounute Poponn € 4YeTMpUKpaTHO  pedyBaHe Ha
CpeaHoKuUcenu W kucenu asu e ngeanusvpaHa, abcTpaktHa
cxema (VBaHoB, 1960, 1963; Harkovska et al., 1989 u gp.).. Ha
npakTuka B OTAENMHWUTE BYNKAHCKM MOCTPOMKM MarmMaTusmbT
OOWKHOBEHHO ~€BoOMioMpa OT  CPEJHOKACEN KbM  KMUCEN.
BeposiTHO  CblUECTBYBAT HAKOMKO MarMeHW Kamepu CbC
CXOQHa, HO HE eJHOBPEMEHHa eBOMUMS. TexHUTE W3sBu
obaye ce 3acTbnBaT BLB BPEMETO ¥ NPOCTPAHCTBOTO. Iopaau
TOBa Ha [JOBBPXHOCTTA TEXHUTE NPOAYKTM YECTO Ce 3acTbnBar
W 3auenBaT naTepanHo, KOeTO Cb3gaBa MpefcTaBa 3a
UmMKnnyHo passutue. Manonssanute Tyk I, Il v Il cpegHokucen
M KMCEeN BYMKAHM3bM Ca W3MOM3BAHM 3a YNECHEHWE Ha
yuTaTens.

Okono 3natoycToBckaTa [AuCroKauMst U B CeBepHaTa 4act
Ha 3natoycToBckaTa [EMpPecus € pasBUT Camo  KUCEN
BYNKaHW3bM OT pasnuuHn hasu. Tyk ce obpasyBaT rnaeHO
Haxoguwa Ha 3eonuTu. onumeTtanHute opyasBaHus umart
MOLYMHEHO 3HAYEHWE M aCOLMMPAHETO UM C KUCENW BYMKAHUTM
€ psgbK cryyan B npupodata. B toxHaTa yacT Ha aenpecusTa
€ pasBuT NpeauMHO cpeaHokucen BynkahusbM. C Mamxa-
pOBCKMS BynkaH acoumpa MagxapoBckoTo Au-nonnmeTanHo



PYAHO MOfe W MaHraHoBM NpOsBIEHUs. B To3n naHr Ha
[EnpecusiTa ce YCTaHOBSBAT U aHTUMOHUTOBY MPOSIBNEHNS.
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Queypa 2. MemarnozerHa kapma Ha 3mamoycmosckama 8yfikaHomeKkmoHcka denpecus. KeamepHep: 1- anysutl; 2- denysutl;
Muouen-Tinuoyer: 3- Axmamogcka ceuma; OnueoueH-MuoueH: 4- Beyenoncka 3adpyea; OnuzoyeH: 5-MnaHuHeyku
mpaxupuonumos komniexc, 6-YepHomoauncku mpaxupuodayumos KoMniekc; 7- [lepnepewku puosnumos KOMNIexc: 7a-puoaumu,
76- puonumosu mycghu; 8-Madxaposcku namumoe komnsekc; Eouen-Onueouer; 9- JlozeHcku puonumos omnnexc: 9a- puonumu,
96-puonumosu mygpu; 10- Mesekcku puonumos komnnekc: 10a- puonumu, 106- puonumosu mygu; 11-benunnacmku puodayumos
Komnriexc - mygu; 12- SumosuHcku puonum-puodayumos komniekc; lNaneoyeH-EoueH: 13- [NaneozeHcKU mepuzeHeH KOMNIEKC;
14- OonaneozeHcku pyHOameHm; Haxoduwa u nposieneHus: 15-3eonumu; 16- nonumemannu (Pb-Zn); 17- Au-nonumemarntu; 18-
maHeaaHoeu; 19-aHmumoHosu; 20- uzgempumesiHu Haxoduwa (xanya3um-KaonuHUMOoBU, KaoIuHUMOosU U NcusioMernaH-
nupomny3umosu); 21- 3namoHoCHU pascunu. CmpyKmMypHU efleMeHmu; 22-8yrKaHCKU KOHYC; 23- ekcmpyauu; 24- pasnom; 25-
3namoycmoscka ducnokayusi. MV -Madxaposcku eynkaH, LV -flackoseuxu synkaH; SV -CuneHcku synkaH; SMV - Ceema MapuHa
gynkaH, MZV - Mesekcku eyrnikaH; LZV - J103eHCKU 8YriKaH.
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METALLOGENY OF THE ZLATOUSTOVO VOLCANO-TECTONIC DEPRESSION
(EASTERN RHODOPES)
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ABSTRACT

The Zlatoustovo volcano-tectonic depression originated during the Paleocene in the area around Zlatoustovo fault zone. This fault zone trends E-W and separates
Harmanli and Southeastern Rhodopes blocks in the Eastern Rhodopes. The following structures, from north to south, are divided within the Zlatoustovo depression:
Lozen depression, Ibredjeck horst, Bryagovo depression and Madjarovo step. Coal occurrences are related to Paleocene and Eocene terrigenous sediments. The
volcanic activity started towards the end of the Priabonian and continued during the Oligocene. The volcanics belong to the high-K Ca-alkaline and shoshonitic
petrochemical series. Initially, several acid volcanoes developed along the Zlatoustovo fault zone. Zeolite deposits are related to pyroclastic varieties in these
volcanoes. Polymetallic ore mineralizations associate with Sveta Marina volcano. The Lozen Au-polymetallic ore field is connected, both spatially and genetically, to
Lozen volcano. The Madjarovo latite volcano, centred by a monzonitoide intrusion, developed in the area of Madjarovo step. Stratified Mn ore occurrences associate
with the initial stages of the evolution of this volcano. The Madjarovo Au-polymetallic ore field is related to the final stages. The ore deposits are epithermal, of low-
sulfidation type, and mainly vein-like. Sb mineralizations are located in the SE periphery of the Zlatoustovo depression. Placer gold is found in the Neogene-

Quaternary sediments in the Ibredjeck horst.

INTRODUCTION

Zlatoustovo volcano-tectonic depression is situated in the
Eastern Rhodopes, in the border area between two blocks —
Harmanli and Southeastern Rhodopes. These blocks are built
up of high-grade metamorphic rocks intruded by pre-
Paleogene granitoid plutons.

The closure of the Tethys ocean in Late Cretaceous-
Paleogene times (Dabovski, 1991) was followed by collision
between Eurasia and African plate fragments resulting in
accretion of separate “exotic” fragments of the African plate (as
for example Rhodopes, Sakar, Strandja, etc.) to the southern
margin of Eurasia.

The Harmanli block is considered to be a part of the Sakar
fragment (Boyanov, 1992, etc.), and the Southeastern
Rhodopes block - an element of the Rhodopes fragment. The
boundary between these two blocks is marked by the
Zlatoustovo fault zone (Fig.1) Its general trend is E-W, turning
to WNW only in the westernmost parts of the structure. The
Late Alpine Zlatoustovo volcano-tectonic depression developed
upon and around this fault zone. This depression has not been
described as a uniform structure until now. In our scheme it
includes the following second-order structures: Madjarovo
step, Bryagovo depression, Ibregjeck horst, Stambolovo and
Lozen depression (Boyanov, 1992, 1995). The Zlatoustovo
depression partly coincides with the Madjarovo depression of
Boyanov (1971). Later Boyanov (1995, etc.) limited the
Madjarovo depression to a high-rank structure that spatially

corresponds to the Madjarovo step in our scheme. To the west
(in the area of the town of Kardjali), the Zlatoustovo depression
integrates with the Northeastern Rhodopes and Momchilgrad
depressions. To the east it extends to the Maritsa fault zone.
To the north and south the Zlatoustovo depression is bordered
by the uplifted basement of the Harmanli and Southeastern
Rhodopes blocks, respectively.

GEOLOGICAL EVOLUTION

The formation of Zlatoustovo depression commenced
probably during the Paleocene. The earliest sediments in the
confines of the depressions are Biser breccia and Leshnikovo
sandstone-conglomerate  formation. The  transgression
continued during the Priabonian with deposition of breccia-
conglomerate, coal-sandstone and marl-limestone units
(Goranov, et al., 1992).

The volcanic activity started in the end of the
Priabonian. Beli Plast rhyodacite, Zimovina rhyolite-
rhyodacite, Mezek and Lozen rhyolite complexes (I acid
volcanism) were the earliest volcanic sequences formed in
Priabonian-Rupelian times.

Tuffs and tuffaceous limestones, referred to Beli Plast
complex, were deposited to the west, around Zlatoustovo fault
zone.
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Figure 1. Generalised geological map of the Eastern Rhodopes (after lovichev et al., 1971, modified). 1 - Central Rhodopes block;

2 - Harmanli block; 3 - Southeastern Rhodopes block; 4 - Sakar block; 1a, 2a, 3a, 4a - surface exposures of the basement of the
respective blocks; 5 - Paleogene sediments and volcanics; 6 - Neogene-Quaternary deposits; 7 - boundaries of the studied area1;

8 - Maritsa fault zone; 9 - Pchelarovo fault set; 10 - Ardino fault; 11 - Zlatoustovo fault zone.

Lyaskovets volcano, comprising the rocks of Zimovina
complex, was formed in the westernmost parts of the
Zlatoustovo depression.

Mezek complex is located in the easternmost parts of the
Ibredjeck horst where together with acid tuffs some extrusive
bodies were also formed.

The effusive rocks of Lozen complex build up Sveta Marina
volcano in the Ibredjeck horst as well as Lozen volcano
(Yanev, et al., 1975) situated within the Lozen depression.

Silen volcano, composed of the rhyolites of Perperek
complex (Il acid volcanism), is located in the western parts of
Zlatoustovo depression. Some later phases of this volcano are
established in the area of Lozen volcano. These are Cherna
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Mogila trachyrhyodacite and Planinets  trachyrhyolite
complexes (Il and IIl acid volcanism) as well as some diorite-
porphyrite bodies of Cherna Mogila complex that intrude the
rocks of Lozen volcano.

Madjarovo volcano is located in the southern parts of the
depression. It is formed of the rocks of Madjarovo latite
complex (Il intermediate volcanism). Intermediate tuffs, tuffites,
and tuff-breccias interbedded with reef limestones were
deposited during the earliest stages. Later followed eruptions
of trachybasaltic andesites, various latites, trachydacites and
quartz-trachytes. They form an elliptic volcanic edifice (17x11
km) elongated in WNW direction (Fig. 2). This large volcano
associates with numerous smaller satellite and parasitic
volcanic cones. In the vicinity of the town of Madjarovo, few
relatively small intrusive bodies are also found (Mavrudchiev,
1959). They are probably parts of a larger intrusion, emplaced
in the main magma conduit that fed the Madjarovo volcano.
The volcanic cone is cut by numerous dykes of trachybasaltic-
andesite, latiteandesite and latite compositions. Most of them
are radial, but some are randomly oriented.

Valche Pole unit (of Oligocene-Miocene age) was deposited
within the Bryagovo depression, and Ahmatovo Formation
(Miocene-Pliocene) - in the Lozen depression.

METALLOGENY

Volcano-sedimentary zeolite deposits are related to the
tuffs of the Beli Plast rhyodacite and, to a lesser extent, to the
tuffs of the Mezek and Perperek rhyolite complexes. The
zeolite-bearing bodies are stratum- or lens-like. These
deposits, as well as the hosting tuffs, are located around the
Zlatoustovo fault zone. In the western part of the depression,
there are deposits of clinoptilolite (associated with chlorite,
celadonite and montmorillonite) related to the pyroclastics of
Beli Plast (Most and Rabovo deposits) and Perperek (Perperek
deposit) complexes. In the area of Lyaskovets village, the tuffs
of the Beli Plast complex are mordenitized and contain
analcime and clinoptilolite (Djourova and Aleksiev, 1988).
Mordenite-clinoptilolite  zeolites, accompanied by erionite,
analcime and stilbite, occur in acid tuffs of the Mezek complex
in the eastern parts of the Ibredjeck horst (lvanova, et al.,
2001).

Sveta Marina lead-zinc deposit is closely associated with
the volcano of the same name. The ore mineralizations form
stratum- or lens-like bodies within the Priabonian sediments.
The following stages of mineralization are recognised on the
basis of the most important minerals (Breskovska and
Gergelchev, 1988): 1) quartz-galena-sphalerite with minor
pyrite and chalcopyrite; 2) quartz-barite-sulfosalts (with
restricted distribution) — the sulfosalts are tetrahedrite and
tennantite; 3) carbonate (also locally present) - calcite,
dolomite. The authors, cited above, described also a stage of
later sulfosalts, but they are represented by separate pyrite,
galena and sphalerite crystals over carbonates and probably
belong to the carbonate stage.

The Lozen lead-zinc ore field is related, spatially and
genetically, to the Lozen rhyolite volcano. According to
Breskovska and Gergelchev (1988), the ore bodies are of two
types:  shallowly  dipping  veinlet-disseminated  ore
mineralizations interbedded with sediments and volcanics; and
fault-hosted steeply dipping vein-like bodies of veinlet-
disseminated and vein type ore mineralizations. The ore-
hosting rocks were affected by intensive hydrothermal
alteration prior to the ore mineralization. The alteration in the
upper parts of deposits is argillization (mainly montmorillonite),
and in the lower levels it is of quartz-sericite type.

According to Breskovska and Gergelchev (1988), the ore
mineralization was formed in three stages: 1) quartz-galena-
sphalerite (or quartz-sulphide) — the productive stage, with
pyrite and chalcopyrite as subordinate minerals; 2) quartz-
barite with gold (of restricted distribution); and 3) carbonate
(calcite, dolomite, ankerite) stage. According to Bogdanov
(1983) the barite mineralization is later than the carbonate one.
Concentric horizontal zonality in the spatial distribution of ore
mineralization was described (Bogdanov, 1983): Cu-Pb-Zn
mineralizations concentrate in the outermost parts, Pb-Zn —in
the middle and Au-Ag mineralizations - in the outermost parts
of the deposit.

Madjarovo polymetallic and gold-polymetallic ore field.
Veinlet-disseminated type copper-molybdenum mineralization
of non-economic significance occurs within the monzonitoid
bodies in Madjarovo volcano.

Polymetallic and gold-polymetallic ores are localized mainly
in the inner (central) parts of the volcano (Gorno Pole, Arda,
Momina Skala, Patronkaya, Gaberovo, Radonovsko,
Harmankaya, Chatalkaya and Brusevtsi deposits). The ore
bodies are of vein type, steeply dipping (70-90°) and most of
them are radial with respect to the Madjarovo volcano. They
are located mainly within the volcanics and locally - in the
sedimentary and metamorphic rocks from the basement of the
volcano. Small metasomatic bodies are hosted in limestones.

The host rocks of the ore field rocks are affected by three
temporal types of hydrothermal alterations: early pre-ore, pre-
ore, and syn-ore. The first type is a regional propylitization of
the volcanic rocks. Secondary quarzites (advanced argillizites)
are also related to the first type. They form concentric zones
around monzonitoid intrusions: the alterations in the inner parts
are of argilizite type, propylites are established in the
peripheries and the most intensively altered parts are
converted to diaspor-bearing alunite-quartzites and zunyit-
bearing diaspor-quartzites. Pre-ore metasomatics are
restricted along faults and belong to the adularia-sericite type
(Velinov and Nokov, 1991). The syn-ore alteration is
represented by sporadic kaolinization and is poorly studied.

Various in number and composition stages of ore
mineralization have been distinguished by different authors
(Radonova, 1960; Atanasov, 1962; Kolkovski, 1971;
Breskovska and Gergelchev, 1988). Our studies suggest five
mineralization stages: 1) specularite-guartz  with gold
(productive for Au); 2) quartz-chalcopyrite (also productive for
Au); 3) quartz-galena-sphalerite with pyrite and chalcopyrite as
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Figure 2.. Metallogenic map of the Zlatustovo volcano-tectonic depression. Quaternary: 1- alluvium; 2- proluvium,; Miocene-
Pliocene: 3-Ahmatovo Formation; Oligocene-Miocene: 4-Valche Pole Formation; Oligocene: 5- Planinets trachyrhyolite complex; 6-
Cherna Mogila trachyrhyodacite complex; 7-Perperek rhyolite complex: 7a- rhyolite; 7b- tuffs; 8-Madjarovo latite complex; Eocene-

Oligocene: 9-Lozen rhyolite complex: 9a- rhyolite; 9b- tuffs; 10-Mezek rhyolite complex: 10a- rhyolite; 10b- tuffs; 11-Beli Plast
rhyodacite complex - tuffs; 12- Zimovina rhyolite complex; Paleocen- Eocene: 13-Paleogene sedimentary complexes; 14-pre-
Paleogene basement; Ore deposits: 15- Zeolite; 16- Polymetallic (Pb-Zn); 17- Gold-polymetallic; 18- Manganese (pyrolusite); 19-
Antimony; 20-Weathering deposits (halloysite-kaolinite, kaolinite, psilomelane-pyrolusite); 21-Placer gold; 22-Volcanic cone of the
Madjarovo volcano; 23-extrusive bodies; 24- fault; 25- Zlatoustovo fault zone; MV -Madjarovo volcano; LV -Liaskovo volcano;, SV
-Silen volcano; SMV - Sveta Marina volcano; MZV - Mezek volcano; LZV - Lozen volcano Placer gold is found both to the north and
south of the Ibredjeck horst, in the areas of the villages of Tankovo, Zlatoustovo, Efrem, etc., and within the Lozen depression. They
might have resulted from the destruction of the coarse-grained sediments that build up a large part of the horst. Au-bearing placers
are identified along Bryagovska River and they could have formed at the expense of the gold dispersed in the metamorphic rocks
exposed near by. Non of these occurrences is of economic significance.
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subordinate minerals (productive for Pb, Zn, and to some
extent for Cu, Ag, and Au); 4) quartz-chalcedony-barite with
Ag-sulfosalts and electrum (productive for Au); and 5)
carbonate-quartz (locally present). In the surface parts of the
ore field, the hydrothermal solutions produced minerals, typical
of supergenic conditions (chalcophanite, wavellite and
anglesite). This was probably caused by mixing of
hydrothermal and rich in oxygen meteoric solutions.

A dome-like zonality in the distribution of ore mineralizations
has been described around the main magmatic and ore-
controlling structure - the vent of the Madjarovo volcano (lliev,
1980). The predominating ore mineralizations in the inner and
lower parts of the ore field are Pb-Zn, while Au-bearing
dominate in the upper and peripheral parts of the deposit

Madjarovo ore field is related both spatially and genetically
to the Madjarovo volcano. They have a common source in
depth and both result from the evolution of one magma
chamber.

Manganese (pyrolusite) ore occurrences (Borislavtsi and
Kochash) form beds or networks of tiny veinlets in lava flows
on the slopes of Madjarovo volcano. The gold-polymetallic
Madjarovo ore field is also associated with this large volcano.
The ore mineralizations are epithermal, of low-sulfidation type.

The Mareshnitsa antimony occurrence is situated to the
southeast of the Madjarovo volcano. It is hosted in breccia-
conglomerates of the Krumovgrad Group. The ore
mineralization consists of quartz and stibnite as well as minor
calcite, realgar, pyrite and pyrrhotite (Mladenova and LY ders,
2000). This mineralization, as usual in the Eastern Rhodopes,
is located in the periphery of the depression. Its connection
with the volcanism in not so clear and is, to a certain extent,
hypothetical. As a more low-temperature mineralization, it
seems to be formed at a greater distance from the volcanic
edifices.

The halloysite-kaolinite deposit of Dolni-Glavanak, as well
as some occurrences of this type (Topolovo, Topolovo-E and
Borislavtsi) are related to weathering crusts formed upon the
northern periphery of the Madjarovo volcano (Todorova, 1988).
In the weathering zone of the tuffs of Perperek complex,
kaolinite and psilomelane-pyrolusite mineralizations were
formed. All of them are covered by sediments of the Valche
Pole unit which contains coal occurrences.

CONCLUDING REMARKS

The cyclic evolution of the volcanism in the Eastern
Rhodopes, that is believed to be a four-fold alternation of
intermediate and acid phases (lvanov, 1960, 1963; Harkovska,
et al., 1989, etc.), is an idealised and abstract scheme. In fact,
the magmatic activity usually evolved from intermediate to acid
in the individual volcanic edifices. Several magmatic chambers
with similar, but not contemporaneous development might
have existed. Their activities overlapped in space and time and
that is why their products at the surface overprint and
interfinger laterally, creating the impression of a cyclic

evolution. Thus, the idea of the existence of several alternating
phases (I, Il, etc.) of intermediate and acid volcanism is used
here for the readers’ convenience.

Only acid volcanism belonging to different phases occurred
around the Zlatoustovo fault zone and in the northern parts of
the Zlatoustovo depression where mainly zeolite deposits are
localized. There, polymetallic ore mineralizations are of
subordinate  significance and their association with acid
volcanics is a quite unusual case in nature. Mainly intermediate
volcanism developed in the southern parts of the depression
where Madjarovo Au-polymetallic ore field and some Mn
mineralizations associate with the Madjarovo volcano. Sb
mineralizations are also identified.
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