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OTHOCHO NMANEOreHCKUTE AALUUT-PUOOALINTOBU BYNKAHUTU OT 3ANAOHUTE
W UEHTPANHUTE POAONA U TEOANHAMUYHUTE YCNOBKUA HA TAXHOTO
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PE3IOME

KbCHOEOLIEH-PaHHOONMIOLIEHCKUTE AALNT-PUOAALIMTOBI BYNKAHUTM Ca 0Bpa3yBaHy 1 pa3nonoXeHu B rpaGeHOBY MOHIKEHWS, pa3BIUTI BCTPaHU OT GrOKOBO-CBOLO0BH
nopyBaHus C NposiBa Ha KbCHOKPEAEH METaMOpU3bM M ChAbpXKallM KbCHOKPELAHW W MANeoreHCcKU rpaHUTHW NNyTOHW. BynkaHckuTe ckamn acouumpat c
rpy6oTEpUreHH NOCNeaoBaTENHOCTM OT MONAcoB TUM. T€ UMaT aHarnoriieH neTporpadhckyt U NETPOXMMIUYEH CHCTaB, MPUCHLY Ha HOPManHW JaLMUTX, PUOZALIATA U
TpaxvpuopauuTi. ToBa € eaHa HopManHka o cybankanHa kanueBo-HaTpueBa N BUCOKO-KanneBa, KanumeBo-ankasHa AauuT-puodaLuToBa Cepus C HanuumneTo Ha
UrHAMBPUTI. MO NETPONOXKA M TEONOXKM [aHHW TOBa Ca KONMM3WUOHHM MarMu, CBbP3aHM C TEKTOHO-METaMOphHO-MarMeHa peakTvBauns W pa3kbCBaHe Ha

MeTamopHNsa yHAAMEHT.
BBbBEJEHUE

B paitoHo Ha 3anagnute (3P) u LieHtpantute Pogonu (LIP)
NaneoreHckN CEeAWMEHTHW,  BYIKAHOTEHHO-CEQUMEHTHU 1
BYIKAHCKM CKanmW ca NpefcTaBeHu B rpabeHOBM MOHMKEHWS,
HanoXeH! BbpXy Aokambpuickus metamopdeH (yHOAMEHT
Ha Pogonckus painoH (PP) M 4aCTUYHO 1 BbPXY KbCHOKPEOHO-
naneoLeHCck! rpaHoaNOPUT-TPaHUTHU  NNYTOHU. OCHOBHWTE
narneoreHckn rpabeHoBM MOHWKEHUS WM CEOUMEHTHU U
BYNKaHcku HaceitHun, pasrnexgaHn B HacToswara paborta ca:
MecrteHckn 6aceitn (Meb) wn Jocnatcku GaceiH ([ob) v
Bpauuroso-flocnatcko MOHWKeHWe, pa3nonoxeHn B 3anap-
Hute Poponn, CmonsHckn 6aceiH (CmB) u TopHoapamHcku
BaceitH (Fab), pasnonoxeru B LieHTpanHute Pogonu v Ha tor
[0 ¢ Mbpumsi. BynkaHckuTe ckanu OT pailoHa Ha XBOWHEHCKU
BaceiH (XBb) (Baues, 1988) He ce pasrmaxgaT camocTos-
TEJTHO, 3aLLOTO N0 CbCTaB Ca CXOOHW CbC Te3n 0T CMOMSHCKKA
BaceliH 1 ce npuemart KaTo yacT oT Tax. BynkaHckuTe ckanu ot
paiioHa Ha rp. JTbku ca MpeacTaBeHu OT NaTWTH, Keapu-
Tpaxutn, Tpaxugauutu u Tpaxupuonuti (CtonHos, CToitHOBA,
1969). Mo cbcTaB ca aHanoOrMyHKU C ByNkaHuTMTE OT Bopo-
BULLKWA BYNMKaHCKM paiioH oT WP W He ce pasrmexgar u
WHTEPNPETUPAT TYK.

Hactosiyata paota e npoabikeHUe Ha  Mo-paHHUTe
n3cnemBaHns Ha aBTopa M MMa 3a Lier, Non3Banku HOBY reo-
NOXKA M aHanUTUYHU MaTepuany Aa 0606wy HdopmaumsTa
3a BYMKaHCKWUTE CKanu OT OTAENHUTEe GacelHn W ce U3SICHAT
TEXHUTE OO M OTNMYUTENHUTE YEPTW, PErUOHAmNHUTE reo-
OVHaMWYHU YCroBMSI HA TAXHOTO o6pasyBaHe W nopmobpw
pa3bupaHeTo 3a ByfkaHu3Ma B LSO,

CTPYKTYPHA U CTPATUTPA®CKA PAMKA

CTpyKTypHa pamka
Pa3BuTMeTO Ha ManeoreHckuTe rpabeHu W Ha BynkaHckaTa

[ENHOCT B TAX € CBbp3aHO C KbCHOKPeAHO-naneoreHckaTta

TEKTOHO-MarmeHa aktueusauns Ha PP unu konususata. B PP e
NposiBEH KbCHOKPedeH MeTamapgusbm oT  amdubonuTos
caumec n CBbP3aHO C Hero marmoobasyBaHe (ApHayzos,
Junos, 1998; n Aap.). OcHoBHO paseuTMe ca npuaodunu
amcmbonuTi, pasHoobpas3HM rHaWCK W MUrMaTUTH, YMIATO
MWUHEpPanoro-neTporpackm CbCTaB € MHOrO Brn3bk 4O TO3u
Ha rpaHuToMguTe U ca obpasyBaHn MeTamMOpEHO-MarMeHu
nogysanus. py6onopdupHuTe rpanutn o1 3P, umat Bb3pacT
70 Ma u ce pasrnexgat kato cuHmeTamopdHn (Kamenov et
al, 1999). C «kbCHOKpedHa BB3pacT ca W MMyTOHUTE OT
CesepeH [Mupun (3aropues, n ap., 1987) u KbCHOKpeaHo-
naneoueHcka bapyTun-byiHosckuaT (Enatna B Mbpums)
nnyToH (Soldatos, Christofides, 1986; Christofides, 1998). Hos
eTan oT pasBuTMeTO Ha PP e npTekbn npe3 cpegHoeoLeH-
paHHOMMOLIEHCKMS BpemeBu uHTepBarn. B 3P ca obpasysanu
CpesHO3bpHECTUTE aMnbON-B1OTUTOBM rpaHUTW UMM BTOPY
TMN rpanuTy ¢ Bb3pacT 40 Ma (Kamenov et al., 1999), a cbuio
Taka ¥ rpaHuTi ¢ Bb3pact 37- 32 Ma B paioHa Ha [upwH
nnaHvHa (3aropyes u Ap., 1987). C HapacTBaHeTo Ha
noAyBaHusTa € CBbP3aHO NpepacTBaHETo UM B BrOKOBO-
CBOOOBM W3OWraHWs M pasKbCBaHE Ha ropHata yYacT Ha
3emHaTta kopa. pu pasnomsBaHeTo ca M3NON3BaHW M cTapu
HapyLLEeHMs, U BbTPELUHW rpaHuuy. MNpe3 cpeaHns eoLeH u no-
KbCHO [0 HapacTBalLuTe W pa3LuupsBalLuTe ce u3auraHus, ca
ce obpasyBanu M eTanHo pa3BuBanu rpabeHoBM MOHWKEHMS
(Baues u ap., To3u TOM; U ap.). KbcHoeoueHckuTe rpaberm ca
BuUnn ¢ xapakTep Ha BbLTPELLHOMMAHWHCKA W Ca W3MbIHEHN C
rpyOOTepUreHHn 1 TEPUreHHW Ckanu OT MonacoB Twn. apa-
NEMHO C TOBA OKOMO rpaHMLaTa eoLEH-OMNUIOLEH Ca MPOTEKIH
paslumMpeHus U ObnbOKN CKbCBAHWA Ha 3eMHaTa kopa u e
nposiBeHa aKTMBHA BYNKaHCKa AerHocT B uenus PP. Hanuu-
HWTE NoCrnefoBaTeNHOCTU OT CEAUMEHTHU U BYNKAHCKW CKanu
MapKuparT Npexog OT paHHU B 3penu 1 “ropelun” rpabenqu.

Crtparturpadcka pamka

Bb3pacTta Ha CeauMEHTHWTE W CBbp3aHUTE C  ToX
BYIIKaHCKWUTE ckamu OT MoHwkeHusTa oT 3P (Baues, 1978,
1991; BaueB, Hepnsnkosa, 1984) u Ha cbwmte ot LIP (Baues,
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1981, 1982, 1985, 1988, 1989; Baues, Xpuctos, 1982; Baues,
YonakoB, 1978) no docunHa ¢nopa € KbCHOEOLEH-
ONMroueHcka. 3a BYNKaHCKWTE CKanu TakaBa Bb3pacT e
onpegeneHa W No pagrMoMeTpudHuTe AaHHu (ManblunH W ap.
1974; Pecskay et al., 1991). KbcHoeOoLieH-paHHOONIMIOYeHCKa €
W Bb3pacTTa Ha BynkaHckuTe ckamu oT WP, kouto ca
BumopanHn W npefcTaBeHn OT acoumauns ot BasnyHn u
cpefHokucenn cybankanmHW ckamu M Kanuueso-ankanHa
puonutosa acoumaums (Yanev et al., 1998; n ap.). Obwo B PP
BYNKaHckaTa JEMHOCT € 3ano4yHana B Kpas Ha KbCHWUSI EOLIEH,
aKTMBHO € MpOsIBEHa OKOMO rpaHuLaTa eOLEeH-OMUIOLEH W €
MPUKIOYMNa BEPOSITHO B Kpasi Ha PaHHUS ONUTOLEH.

METPOrPA®CKA XAPAKTEPUCTUKA

BynkaHckuTe M BYNKAHOTEHHO-CEAMMEHTHUTE CKanu 0T
pa3nuyHuTe noHmkeHus ot 3P u LP, u oT TexHuTe pasnuyHu
4acTW, W UMaLLK pa3nuyHa cTpaTurpadicka No3ULMK U reHesuc,
npuTexasar OTHOCUTESTHO e[JHaKbB MWHeparoro-
neTporpadcku u NeTpoxumnyeH cheras (baxHesa, CtedpaHoB,
1973; Baues, Hepsnkoea, 1984; Baues, Kaukos, 1988; BaLes,
1989; Vatsev., 2002; u gp.). PeHoKpUCTannTe ca MaMOMopeHH
W HaTPOLUEHW WM ca MPEACTaBeHM OT Marvoknas, kanueso-
HaTpveB cengwnar, keapy, Owotut, amdubon u aswr.
Konmuecteoto wum  Bapupa ot 10-20 po  40-65%.
lMnarvoknasoBute kpuctamu (3-6mm) umat 30HaneH CTPOEX M
CbCTaBbT UMM Bapupa OT LeHTbpa KbM nepudepusta ot
aHgesnH (An 50-42) go onuroknas (An 30-22). Habniogasa ce
npaBa 1 obpaTHa 30HAMHOCT, KaKTO M KpUCTanu ¢ no-basnynu,
BEPOSTHO PenuKToBW siapa. Kanueso-HaTpueBuaT denawinar
(0,3-5 cm) e npeacTaBeH OT CaHWAMH, @ B UrHUMOpUTUTE OT
optoknas (-2V = 60-64) (Baues, Kaukos, 1988). Ksapuosute
cpeHokpuctanu (0,2-6 mm) ca C HenpaBuMHU OYEPTaHMS,
CbObpXaT 3anMBYeTa W3MBAHEHW C BYMKAHCKO CTBKIIO.
Habniogasat ce M MONMMMWHEPANHWU, KCEHOreHHW KBapLOBM
3bpHa W TakMBa CbAbPXalW ra3oBy M MPaxoBW BKIHOYEHMS.
BMOTUTBLT € OCHOBHMAT M MOCTOSHHO npuckCTBaL (3-6 %)
emmyeH MuHepan. [lpeactaBeH € OT  pPasHOBMAHOCTM
OTHOCUTENIHO 6oraT Ha ensso, YCTaHOBSBAT Ce MHCMN C
TBHKI, MO-TbMHM 3eMeHO-KathsBM BBHLLUHW 30HW. AMPMEObT e
cpaBHUTenHo psagbk (nog 1 %) MuHepan B pasrnexpaHuTte
KanueBO-HaTPUEBM CKanu, NpeacTaBeH € OT OBUKHOBEH 3eneH
amcubon, ycTaHoBsBa Ce NPeAMMHO B JaLMTUTE OT OCHOBATa
Ha BYNMKaHCKMTM nocneposaTenHocT (Baues, Hepnsnkosa,
1984; Baues, Kaukos, 1988; Baues, 1989; Vatsev., 2002; un
ap.). Psnko ce yctaHoBsiBaT apebHu, nonyaBToMOpPhHM 3bpHa
OT aBrMT WM [MONCUAOB aBTAT, KOATO € 3amecTeH OT
amgubon. AKLEeCOpHUTE MUHepamW Ca nNpedCTaBeHu OT:
LIMPKOH, anaTuT, OPTUT, MarHeTUT, TUTAHOMArHeTUT, TUTaHNT 1
Ap. B ckanute ce ycTaHOBSBAT ChLUO KpUCTOBANNT, TPMANMNT,
KanueBo-HaTpueB henaLnat, pyaHu MUHepanu u apyru.

OcHoBHaTa Maca Ha BYNKaHCKATE CKanW e wu3rpageHa
M3LUANO WAW MOYTU M3UAMNO OT BYNMKAHCKO CTBKMO, KOETO €
paskpucTanuaMpano B pasnuyHa CTeneH, a MuWHepanute ca
kakTo ocHoBHWTe. OcHOBHaTa Maca € efHopofHa Wnu
pBycasoBa. 3a BTOpaTa € XapakTepHa MBMYECTOCT, HesicHa
Opek4yeBMOHOCT OT fABa HECMECWMM KOMMOHEHTA, MMaLy
YepeH W YepBeHo-vepeH LBAT. MpeAcTaBeHn ca WU BTOPUYHM
LEBUTPUCMKALMOHHN CTPYKTYPH: X1anonenntosa, enanTtosa,
ctheponuToBa 1 apyru.

Wriumbputy ¢ nebennHa ot mbpsuTe geceTkn 4o 500-600 m
ca passutie B [1ob, Cmb v T'AB (Baues, Kaukos, 1988; Baues,
1989, 2001; baxHeea, CtechaHos, 1973).

MuHepanHuTe acouMauum OT BYFKAHCKUTE ckanu umar
MONUreHeH npouaxad. YCTaHOBABA C& CUMHA MOMOXUTENHA
Kopenauusi Mexgdy CbcTaBa Ha BYNMKaHUTUTE U ChAbpXaLuuTe
Ce B TAX PENUKTOBM BKMKOYEHMS OT MeTaMopdHuTe K
MarmMeHuTe ckanu oT dyHaameHTa. HannyHute acouuauum ot
(heHOKPUCTanM ca MPUCHLUM HA HOpMarHW KanLueBoarkarnHm
OnoTMTOBM, MOHAKOra Bapupaly A0 amdubon-6uoTUToBM
AAUMTY 1 pUofaLuTy.

NETPOXUMUYHA XAPAKTEPUCTIKA

KbHOEOLIeH-paHHOONMMIOLIEHCKNTE BYMKaHCKM ckanv oT 3P
LIP ca kucenu, kato no cbabpxaHneto Ha SiO, (64-74 1. %) u
Ha OpyruTe OCHOBHU METPOrEHHU OKMCU CHLLECTBEHO He ce
pasnuyasat - ®ur 1-4. PasrpaHnyaBaHeTo Ha OCHOBHWTE
TUMNOBE BYNKaHCKW CKanu € HanpaseHo no: 1) Knacudukaumsra
U HOMeHknaTypaTta Ha marmeHute ckanu (CNI) - guarpama
(Na,0+K,0)/SiO, T1.% (bBoratukoB u gp., 1981); 2)
KnacudukaumsTa Ha BynkaHckuTe ckanu (TAS puwarpama) (Le
Bas et al., 1992) ¢ gonbnHeHWe 3a NOMETO HA PUOZALMTUTE MO
Yanev, Andreev (2000); 3) Knacudmkaums no CbabpxaHUeTo
Ha KO/ SiO, 1.% (K/Si gnarpama) no Pecceillo and Taylor
(1976) ¢ ponbnHenns ot Ewart (1982). MpeunsuncnenunsTa Ha
HOPMaTWUBHWA MUHEParEeH CbCTaB Ca HanpaBeHu N0 METoAa Ha
amepukaHckute reonosu C.I.P.W. u ca wnonsysanu: 1) AQP
pguarpama C pasrpaHuuuTenHu nuHum no Le Bas and
Strekeisen (1991); 2) AbAnQ Auwarpamu ¢ pasrpaHUYMTENHN
nuHumn no Irvine and Baragar (1970). 3a xapaktepusnpaHeTo
Ha CKkanHUTe KOMNMeckW ca usnonaysaxu cbllo AFM 1 Na20-
K;0-CaO0 guarpamu 1 BapuaumoHHK uarpamm no napameTbpa
Ha JlapceH - Si0,/3+ K;0 - FeO - Mgo - CaO.

[laHHWTe 3a BynKaHCKUTE ckamu oT noHumkeHust ot 3P n LIP
Mo CLOTHOLIEHWATA Ha cymata OT ankajHWTe OKUCU KbM
cbabpxaHneTo Ha SiO,, HaHeceHn Ha TAS guarpamute, umat
CXO[HO Pa3nosioXeHMe OKOMO TouKaTa, pasgenswa nonerara
Ha JauuTw, TpaxugauuTi u puonutu (dur. 1) n ce onpegenst
kaTo  JauuT-TpaxuauuT-puonuToBa  (TpaxupuogauuToBa)
cepus. Ha pguarpamata K;O/SiO,, cbrnacHo pasrpaHnyu-
TENHUTE NMWHAW MO MOCOYEHUTE NO-TOpPe aBTOpM, HO 6e3 aa e
pasrpaHN4eHo MoMe Ha puofauuTh, BYMKAHCKM CKamu OT
noHwxeHusiTa ot 3P u LIP uHanemumyanHo n oo, ca xapakTe-
pW3MpaHM KaTo BUCOKOKanueBa gauumT-puonutoBa cepus. OT
anarpamata CNI - (Na,0+K;0)/SiO, nponuyaea, 4e naneo-
reHckuTe BynkaHcku ckanm ot 3P v LIP ca ¢ egHopopeH aauuT-
PWUOLALMTOB M TpaxmaauuT-TpaxmupnogaunToB cberas. Egun-
ctBeHo B CMB ca yCTaHOBEHM puonuTH, T.e., CKanu CbC
cbabpxaHue Ha SiO; Hag 73 1.% (B cnyas ot 73 go 74 1.%).
Bynkanutute ot Job u Cmb ca ¢ puofauntoB CbCTas, a Te3un
ot Meb u lNab ca gauut-progauntosu, Ho 6e3 4a € NposiBEHO
pasnuyne no crpaturpadcka nosvumMs U NOWTHO pasBuTHE.
Mo cymata OT ankanHWUTe OKWUCK, TOBA Ca HOpPMarHW Karnuueso-
ankanHu w cybankanHu ckanu. [laHHUTE Ha CTBbKMOBMAHWUTE
ckanu 1 amertaTta OT MrHMMBpUTUTE Monagat B MoNeTo Ha
aHpesuto-gauutute  (Baues, Hepsankosa, 1984; Baues,
Kaukos, 1988; Baues, 1989; Vatsev, 2002).
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BynkaHckute ckanm ot 3P 1 LIP no HopmaTuBeH MMHEpaneH
cbcTaB oT guarpamata AQP ca onpegeneHn kato puonuTu, a
pauuTt-puonuti ca ckanute ot Meb. Ha guarpamata Hama
OYepTaHo rmone 3a puodauuTX, HO PasnoNOXEeHUETO Ha
TOYKMTE B AfiCHATa A0MNHa YacT Ha MoneTo nokasea, Ye ToBa ca
PUOAALIMTOBM MO CbCTAB CKaMM C OTHOCUTENHO NOBWLLEHA
ankanHoct. B noneto Ha kBapunaTtuTue nonagat eauHUYHM
aHanuan. [lo CboTHOLWeHMATa Ha HopmatueeH Ab-An-Or
ckanute ot Meb v [lob ca kanuesu puogauuty, a Tesn ot F'Ab
n Cwb ca kanueBM W KanveBO-HaTpPUEBM PpUOZALUTU U
pronuTy.

0606LLaBaliki MOCOYEHUTE AaHHW 3a BYJIKAHCKUTE CKani OT
BaceinHnte ot 3P u LIP ¢ OTCBbCTBMETO Ha pasnuuns mexay
TAX, NO3BOMSABA Aa Ce Aa Ce NocoYM, Ye TOBa ca CKanu OT eaHa
HOpMarnHa KanuueBo-ankanHa [0 cybankanHa — gauut-
puogaunToBa u Tpaxugaumt-tpaxvupuogauurosa cepust (CNI 1
TAS guarpama). OTHocuTenHo no-6asuyHu ckanu, npegcra-
BEHM OT Jauutu, ca passut B Meb, a no-kucenu ckanm -
PUONMUTK C OTHOCUTENHO HUCKO Cbabpkavue Ha SiO, - ca
yctaHoBeHn B Cmb. [lo OTHOWeHMe Ha ankanHacTTa Ha
ckanute TpsibBa ga ce mocouu, Ye cymata oT Na,O n K,0
Bapupa oT 4,5 1o 9,6 1.% u TOBa ca HOpPManHO Kamnuueso-
ankanHu u cybankanHm ckamu. OB6LLo 3a TSX € XapaKTEpHO, Ye
cvabpxaHneto Ha K,O npeobnagasa Hag ToBa Ha Na,O (dur.
1). CbOTHOLIEHNETO MeXay Te3n Okucu e obpaTHo 3a
Xwnanopauutute, 6eHN Ha heHOKPUCTANM, KOUTO Ca eaUHNYHH
WNW He3HauuTeneH 6poi OT M3NON3BAHMTE aHaMM3W; TO3M TUN
CKanu MmaT OTHOCUTENHO Manko passutie. OTHOLIEHWETO
Na,O/K;0 He cnusa nog 0,4 1 B UANO pasrnexgaHuTe ckanu
npuHagnexat KbM Kanueso-HaTpuesaTa cepus (BoraTukos u
ap., 1981, c. 19). Kaneesa cneuuanusaums Ha W3XOAHUTE
TOMUMKN HE € MPOsiBEHA, a CamMO OTHOCUTENHO MOBULIEHO
CbObpXaHWe Ha Kanuit. AnKanHuWsT TpeHa npu npexoga oT
HOpMarnHu B cybarnkanHu ckanu e CroXHO NPOSIBEH U HA MecTa
€ C aHTWAPOMEH XapaKTep.

3a pasrnexpaHute BYNKaHUTY OOLIO € XapaKTepHO: HWUCKO
cbabpxaHne Ha TiO, — 0,2-1,3 1.%, a npu yBeneyasaHe
cbabpxaHneto Ha SiO, Hamanssa ToBa Ha TiO, n FeO B
pesynTaT Ha OTAENSHETO Ha MarHeTuTa M obepHsBaHe Ha
Tonunkata, Ho ckanute ca 6egHu Ha FeO; Hama sCHO
nposiBeHo obefHsBaHe Ha ckanute unu Tonunkata ¢ Al203 ¢
HapacTBaHe Ha SiO,, kaTo TOBa Ca Ckann C YMEPEHO HUCKO M
YMEpEHO BMCOKO CbabpxaHue Ha Al,Os;, HopMaTUBEH KOPYHA
Ce YCTaHOBSBa MHOTO psaKko; CbabpxaHneto Ha Cal
HapacTBa C HamansBaHe ToBa Ha SiOy; ckanute ca GegHa Ha
Ca0 n MgO kaTo CbAbpKaHWETO Ha HOPMATUBEH BOMACTOHUT
W EHCTAaTUT € B paMKUTE MbPBUTE HAKONKO MPOLEHTa;
cbabpxaHneTo Ha P,Os e Hucko — 0,05-0,4 1.%.

ManeoreHckute Bynkatutn ot 3P u LIP wmat cxopeH
MWHepaneH M MEeTPOXMMMYEH CbCTaB, W Ca XapakTepHa,
KbCHOEOLIEH-PaHHOOMNUIOLIEHCKA, EAHOTUMNHA KanueBo-HaTpue-
Ba, kanuueso-ankanHa [0 cybankanHa, fauuT-puopauuTosa
cepusi. CbCTaBbT M CXOACTBOTO Ha BYNKaHCKuTE ckanu oT 3P u
LIP, nokaseaT, ye HaMa SICHO NposiBeHa AUEPEHLMPaHOCT 1
cnaboto pasBuTME Ha PUONUTM MOXE [a Ce CBbPXE C
OTHOCMTENHO BBP30TO M3aUraHe Ha TomunkuTe. dbnboynHaTa
Ha MarmeHuTe kamepu e Buna Ha okono 15 km (BaxHesa u gp.,
1978), a Ha MexauHHuTE Kamepu — 2-7 km (Katskov, 1987).

OBCBHXIOAHE M 3AKIIOYEHUE

B KbCHOKpEAHO-NMMOLEHCKUS BPEMEBW MHTEpBan OT pas-
BUTMETO Ha PP ca pasrpaHuyeHn Tpu OcHOBHM etamn: 1)
PaHHOKOMM3NOHEH, KbCHOKPEAHO-NaNeoLEeHckM ¢ yaebenssaHe
Ha 3eMHaTa kopa; 2) CPeSHOKONU3NOHEH EOLEH-PaHHO paHHO-
MWOLIEHCKN Ha rpabeHoobpasyBaHe W ByNkaHU3bM; 3) KbCHO-
KOMM3WNOHEH PaHHOMUOLIEHCKU-NMEACTOLEHCKA Ha rpabeHo-
0bpasyBaHe 6€e3 BynKkaHCKa JENHOCT.

C KbCHOKpeQHaTa KoNnaust e CBbp3aHa peakTMBM3aLMs Ha
PP, metamopcuabM amubonuToB aumec, MurMatmsaums,
pasBUTME Ha MEeTaMOp(HO-MarMeHN Kynmonmu U PaHUTHM
MANYTOHW, OaHHM 3a KOWUTO Ca MOCOYEHM B HA4anoTo Ha
paboTata. [apanenHo ¢ ToBa ca Cb3gageHu 30HanHU MarMeHm
noneta, HanmoXeHu BbpXy (DYHAAMEHT C PasnUYHKA CTPOEX,
pebenuHa M TeKTOHCKa akTMBM3auus. ToBa € MoneTo Ha
HOpManHuTe rpaHoAMopuUT-rpanuT ot PP 1 Ha cyBankanHuTe
rabpo-rpaHoaMOPUTHM, MOHLOHUTU W cueHuTn oT CpepHo-
ropueto. Te3n reonoxku (peHOMeHW W nocrnefsanurte ru
ManeoreHckn rPaHUTU W BYMKAHUTW, W PAHHOMUOLIEHCKM
rPaHUTW, MapKupaT BMCOK TEPMMYEH IPafMeHTEH B koparta,
umaLa cera gebenuHa Hag 50 km.

[Mpes BTOPUS - €0LEH-PAHHO PaHHOMMOLIEHCKH €Tar, KaKTo 1
npe3 npegHusi, MbpBOHAYanHO € MPOTEKNO HaTpynBaHe Ha
TOMMMHHA E€HEpPrst W BELLECTBEHM MPOMEHW B MaHTUSTa W
[onHaTa 3eMHa kopa M mo-cnabo B ropHata. ToraBa Ha
rpaHuMuaTa ¢ ropHata kopa TOMMMHHUAT NOTOK M BELLECTBOTO
ca Ce npemecTBanu BeposTHO 1 B 0bpaTHa nocoka. C Tosa ca
Ounu cBbp3aHn ONOKOBO-CBOAOBM W3AMraHUs, paslimpeHue
WNK pasTuyaHe Ha NNaHUHCKOTO CbOPBHXEHME U Pa3KbCBaHE Ha
3eMHaTa Kkopa. B ropHata kopa e MNpoTekbn MpMHOC Ha
TOMMMHHA €eHeprusi, 00pa3yBaHM Ca [PaHUTHW MIYTOHM,
OrI0KOBO-CBOLIOBM M3AMTAHWA WU PUGTOrEHHW MOHWXEHNS -
rpabeHn. ToBa ca BbTPELUHOMNAHWHCKM MOHWKEHWUS B KOUTO €
NPOSIBEH KbCHOEOLIEH-PaHHOOMMIOLIEHCKN AaLMT-pUOLaLMTOB
BYNKaHU3BbM M CEANMEHTaLMs OT MONacoB Tun. Pa3BuTneTo Ha
MOHEXEHWsITa € MpOTMYano B YCroBMATA Ha pedyBaly ce
KOMMPECUM W W3AMraHWsi, eKCTEH3UN U MOHKeHUs (Baues v
ap., To31 ToM; 1 ap.). PaswmpennsTta obwo ca Gunm cnabw,
CBbP3aHN C OMOKOBO-CBOOOBUTE M3OWraHWs W He ca
00pasyBaHW TUNUYHI PUCHTOBM JOMNUHN C PUCDTOB BYNKAHUIBM.
MocnepoBatenHoto ofpa3yBaHe Ha CPaBHUTENHO —€[4HO-
00pa3Hu Mo CbCTaB KbCHOKPEAHO-NANEOLIEHCKW, NaneoreHCKu
W PaHHOMWOLIEHCKW TPAHUTHW TMAYTOHM W KbCHOEOLEH-
PaHHOOMNMIOLEHCKN  AaLMT-PUOLALMTOBM  BYFKAHCKM  CKamu,
[aBa OCHOBaHWE fAa Ce [OMyCHe €eTamHO M3TUCKBaHe M
W3TNackeBaHe Ha egHOOOpasHM TOMWMKM OT MeTaMOPGHMS,
OTHOCWTENHO ~ edHOODpa3eH W YaCTUYHO pasToneH B
AbnbounHa pyHaaMEHT. XapaKkTepbT Ha [onHaTa 3eMHa Kopa
u ropHata MmaHTus B PP e usyyeH cnabo (Benes, 1996;
Shanov., 1998). Waxoxgaiikn o1 amubonuT-rHanc-rpaHNTHUS
CbCTaB Ha (DyHOAMeHTa, wW3rpageH OT  MPOTEPO3ONCKA
Komnnekc, a B [gbnbouYMHa BEpOSITHO UM OT HEepaskpuUTH
apXanlCkM KOMMMEKCH, M HA CBbP3aHUTE C HET0 TPaHUTHM
MIYTOHM WM MUIMATUTW, MOXE [Ja Ce NpUEME TOHaNWT-
amnbonuToB CbCTaB Ha No-bNOOKUTE YacTK Ha KoparTa.

CpedHO M KbCHOAMMUIACKUTE TEKTOHCKU, METaMOpHU W
MarMeHu siBneHns u npouecn B PP, ca bunu cBbp3aHn C
konmanaTa mexay AdpukaHo-Apabckata u EBpoasnatckata
nnoya, pasrnexgaHa B peguua nybnukauun. PP e npuemaH
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kaTo yacT oT EBponeiickata nnoya (Dabovski et al., 1991; u
Op.), @ B HacTosile Bpeme Ce pasrmexga kato 4acT oT
AdpukaHckata nnova (Axes, 1999; u ap.). Mo-KOHKpeTHO B
painoHa Ha BankaHckus nonyoctpos (Boccolety and al., 1974; n
Ap.) e npoTekna cybaykums Ha Bapaapckus KnoH Ha TeTtuckus
okeaH nog EBponeiickata nnoya v B kpast Ha KpeaHUs nepuoa
ToM € 6un 3aTBOpeH. CpeaHoropckaTa 30Ha e HTepnpeTHpaHa
KaTo OCTPOBHa Abra, @ BYNHAHUTUTE KaTo eHcuMaTuyHu. Mpe3s
eoleHa ce e 3aTBOpUIn W NOCNedHWs pbkaB Ha TeTuca —
Muuackus (Ricou,1994) 1 eoLeH-0NuUroLeHCkUTe  BYNKAHCKM
ckanu ot PP ce pasrnexaar kato eHcuanuynm (Dabovski et al.,
1991).

BynkaHuambT B PP ce pasrnexga OT Hac, kaTo creactaue
He CaMmO OT ObnOOYMHHUTE pervoHanHu npolecu nog Byn-
KaHCKWTE paiioHW, CBbP3aHU CbC CWUMHO HarpsTa ‘aHomarnHa’
MaHTWsl U JONHa KOpa W HEIHOTO U3auraHe, Ho W ¢ rnobanHuTe
npouecy, CBbP3aHM C KOMM3WsSTa W OMpedensiyy nnaHa Ha
KOHTWHEHTanHUTe AedopMauum B cbcepHuTe Griokose (Tepe-
HW) B TOBA YMCINO W CTPECOBUTE NOJSieTa Ha pasluMpeHue M
otcsapaHe. HapactBaHeto pebernvHata Ha 3emHaTa kopa,
MeTamopgM3MbT U HapyLUEHUATA HA CKanHUTE Macu ca Cb3-
[aBanu HeobxogumuTe MPEANOCTaBKM 3a TPAHUTHW TOMUITKW.
PaHHOMMOLIEH-MNMENCTOLEHCKMAT €Tan Ce XapakTepusupa C
pasBWTMETO Ha HOBa CuUCTeMa OT rpabeHOBM CEAMUMEHTHU
BaceitHu, Be3 BynkaHcKka AEMHOCT B TSX M LMKIMYEH CTPOEX Ha
TexHus mbiHex (Baues, 1998; n op.). O6wo 3a PP oT kpas Ha
kpegaTa [0 KBaTepHepa € XapaKTepHO Pa3BUTUETO Ha TUMNYHM
KOHTWHEHTaNHM CTPYKTYpU - OIIOKOBO-CBOLOBM M3AMraHus,
rpabeHOBM NOHKEHWS 1 3a3paBsABaHE Ha 3eMHaTa kopa.

Pa3BuTETO Ha rpabeHOBUTE NOHWMKEHWUS U CEAUMEHTALMS B
Tax B 3P v LP ca nposiBeHu npe3 cpenHus eoueH (Baues
ap., To3n ToM), a B UP B Kkpas Ha naneoueHa (Goranov,
Atanasov., 1992; n pgp.). B passuteTo Ha rpabenute ce
YCTaHOBSABAT €Tanu OT MO-HUCbK Ped M TpaHCTpecwBo-
PErpecuBHM CeaMMEHTHW nocrnegoBaTenHocTy (Baues v gp., B
TO31 TOM; 1 [p.). BynkaHckaTa [e/fHOCT B NOHWxKeHusiTa oT PP
obwo e npoTekna npe3 KbCHOEOLEH-PaHHOONMIOLEHCKaTa
enoxa. [1posiBeHO € OTMECTBAHE Ha NaneoreHCkNs BYKaHU3bM
BbB Bpemeto oT CC3 Ha KOKOW B WP (Yanev et al., 1998; u
Ap.). Hanuunute pagnoMeTpuyHW AaHHW 3a Bb3pacTTa Ha
[PaHUTHUTE NNYTOHW OT [MMPUH NAaHUHA W OXHO OT Hesl B
Mpuns 1 Ha Tean or 3P u UP ot Bwvarapus u Mbpuus,
MapkupaT Murpauus Ha marmeHata aktusHocT ot CCU Ha

tOKO3, CbLUO KbM KOMM3MOHHWS (DPOHT 1 0BpaTHO Ha Tasu OT
OCTPOBHUTE Obr. PasrnexaaHuTe panoHuM ca pasnonioxeHn Ha
250-400 km ot Bappapckata 3oHa. B PP e patupad
kbCHOKpedeH, a B WP wn no-kbceH npuaboncku (35 Ma)
MeTamopu3bM C TUMMYHO KOPOBO HAYanHO CTPOHLMEBO
oTHoweHrue (MeitveBa u ap., 1996). Tean caktn mapkupar
eTanHoCT B MpOsIBUTE Ha CcybaykuMMTe W KOnM3usTa.
CybayKUMOHHMTE MPOLIECU Hal-BEPOSHTO He ca Ce OTpasvnm
npsko npu obpasyBaHeto B PP Ha KbCHOKpegHuTe,
NaneoreHcKUTE 1 PaHHOMMOLIEHCKATE TPaHUTHU MIYTOHW K
€O0LIEH-ONMUIOLEHCKNTE BYIKAHUTH, HO Ca Cb3gaBani CTPECOBH
ycrnosus, GnaronpusTHM 32 MeTamopgmn3bM, Marmoobpa-
3yBaHe W MOCTBLMBAHETO HA MarMata KbM MOBBLPXHOCTTA.
Pa3BWTMETO Ha Pa3HOBBL3PACTHUTE TPAHUTHW MIYTOHW W Ha
€OLIEH-ONUIOLEHCKUTE  BYNIKAHWTM, MOKa3Ba HEKOMKOKPATHO
NposiBABaHe Ha €AHOTUMHW MO CbCTaB MarMu U U3MoN3BaHeTo
Ha edHM W CblUM 30HM 33 MPOHMKBAHE Ha TOMUIKWTE B
KOHConuanpaHus Bnok 1 Ha noebpxHocTTa. O6pasyBaHeTo Ha
TPaHUTHWUTE MNYTOHU U Ha pasrnexpaHuTe BynkaHuTW 6e3
CbMHEHWe crnoped Hac, e 6uno CBbp3aHo C TOMEHETO Ha
AbNBOKMS N30CTATUYEH “KOPEH” M MarMeHn kamepu B ropHaTta
kopa Ha PP. Yanev et al. (1998) oTHOCHO BynkaHu3ma cmsTar,
Ye B Kpas Ha eoueHa € MpOTEKNo CKbCBaHe Ha Cya-
OykumpallaTta ce KOHTMHEHTanHa, eKnoruTUanpaHa nnova,
MOoTbBaHe B MaHTUSITA W HapyllaBaHE Ha HEWHUS TEPMUYeEH
rpagmeHT. HanmuneTo Ha KbCHOONUIOLEHCKM 6a3anToBu Aaiiku
B UP 1 TexHUTe NeTponoxk/ N reOXMMWUYHW XapakTepucTukm,
MapkupaT nposiBuTE M Ha AbNOOKM CKbCBAHMA Ha 3eMHaTa
kopa (Marchev et al., 1998). ToBa pgaBa ocHoBaHvWe da ce
[OMyCHE NO-ONpeAereHo, Ye NpeHoChT Ha TOMMWHHA eHeprus
OT aKTMBM3MpaHaTa ropHa MaHTWS B 3eMHaTa kopa, e
OCbLLECTBABAH BEPOSTHO W OT 6as3anToBu Tonurku. Tosa OT
CBOSI CTpaHa € [JoMpuHacano # 3a HepaBHOMEPHOTO
MOBWLLABaHE Ha TEPMUHUSA TPAAMEHT Ha 3eMHaTa Kopa.

EngHa oT BaxHuTe 0COGEHOCTM BbB (HOPMUPaHETO U
Pa3BUTMETO Ha rpabeHOBIUTE MOHWKEHWS 1 HA MPEACTABEHNTE
B TAX BYJIKAHCKM MOCNEAOBATENHOCTM, € TsCHaTa B3auMHa
BPb3Ka M Jaxke B3auMHa 0BYCIIOBEHOCT Ha TEKTOHO-MarmMeHnTe
npouecu. Tsi e MapkupaHa OT efjHa CTpaHa OT MPUBbP3aHOCTTa
Ha BYNKaHCKWTE Ckaru W eiHoCT B rpabenuTe W OT fpyra OT
Pa3BUTMETO Ha BYNKAHO-TEKTOHCKM MOHWKEHUS (kargepw) B
TaX. Te Ca M3MbIHEHM C BYMKAHCKW W  ByIKaHOreHHo-
CEMVMMEHTHU CKamnK, CbbPXaLW KMHOBUAHN N HEMU3AbPXaHU
nayky 1 3aapyrv OT TEPUTEHHN CKanu.

S I | s
of 1 ! of . q
3l — 3 t =p< N i
44 z [ Vit =
Ll a‘\ﬂ““\,‘_/—- -l )\\k\ | + Qo + o
Q [e*, e Q 3t . QF
X 4 ~" | lob \\k g ! . <
I ul.( \ o . 4 . ;L 0
! ) 4+
8 8 \ .
: 7 .
. ; . g F
- 55 { Cmb = H
6 T E | E 6 \ 27§ Hopmanwm | F 2+
E = 5 E =
g E—+—8§ 5 L —
- 3 g | 8 nauuTH o Hucko-K
2| 2 a I & \
S WA e T Sior% 68 Si001% Ty a0
o4 68 Si02 1% 64 68 Si02 1% 64 68 Si02 1% 3 Na2 o

Queypa 1. Memponoxku Ouagpamu Ha naneo2eHcKume 8ynkaHcKu ckanu om 3anadHume u LenmpanHume Podonu: a) Juaepama
K20 + Na2/Si02 m%; b) [uaepama K20 + Na2/Si02 (TAS) m%; c) Quaepama K20/Si02 m%; d) [Juaepama K20/Na20 m%;
OaHHU 3a Quagpamume 8UX 8 mekcma.

BapuauunoHH1Te uarpamu no napameTbpa Ha JlapceH (dur.
3) mapkupart HapacTBaHe cbabpxanueTo Ha SiO, u K0, cnaba
npoMeHNMBOCT Ha ToBa Ha Na)O, u HamansBaHe

CbAbPKAHMETO HA OCTAHANMTe OCHOBHW METPOTEHHW OKWUCH.
N3KpMBEHUST TPEHA HA BapUaLMOHHUTLA NIMHUM Ha uarpamuTe
[aBa OCHOBaHWe f1a Ce npueme, Ye B TOMUMKATE NopLMKUTE OT
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pobaBeH Matepuan ca ce u3MeHsnn. HenocpencrBenuTe
BYINKaHCKM MOCNEAO0BATENIHOCTM OT BCUYKUTE MOHWKEHUS Ce
Xapaktepusupar ¢ XOMOAPOMEH TpeHd. Toi e MapkupaH oT
pas3BMTMETO Ha OTHOCUTENTHO no-6a3v|q|-m, CTbKNOBUAHU ¢
OegHn Ha (beHoKpuUCTanM Ckanmum B [JonHaTa 4acT Ha
KOHKPETHUTE BYIKAHCKM NocneaoBaTenHoCcTu. 3a Tean ot
ropHaTa - € XapakTepHo, Ye Te CbAabpXaT (heHoKpucTanu B
3HauuteneH obem (40-65%) W MMaT OTHOCMTENHO MO-KUCEN
CbCTaB U MO-BUCOKA ankasHoCT - cybankanHocT. Cekylum Tena
OT XWNM M HEKOBE, ChbbpXally MOBMLIEHO KOMMYECTBO OT
(DEHOKPUCTANM Ha CaHWAMH U UMALLM OTHOCUTENHO MOBMLLEHO
cbabpxaHne Ha K,O, mapkupar nposBu Ha aTHWAPOMEH
TPEHA, CBbP3aH BEPOSTHO C TOMWMKM OT JOMHUTE 4acTh Ha

MarmeHuTe kamepn. Obadye, Te3n cekywy Terma umaT MarTbk
obem. Kanuueso-ankanHus TpeHg Ha BynkaHuTute, 6eaHn Ha
MgO nponnyasa Ha AFM guarpamute. Ot guarpamute Na,O-
K,0-Ca0 nponnyaBa Makap 4 crnabo KkanveB TpeHg npu
OTHOCUTENTHO HamansBaHe cbabpkanueTo Ha Na,O u CaO.
O6Lo 3a pasrnexaaHuTe BYNKAHCKM CKanK € XapakTepHo, Ye
oTHoeHneTo K,O/Na,O He 3aBucK OT cbabpkaHueTo Ha SiO,.
Mo TO3M napameTbp Te Ce OTHAcAT KbM BTOpaTa Cepus
MarMeHu CKanu, NpUCbLiAa Ha TEKTOHCKW aKTWUBM3WPaHW
ctabunnm 6nokose 0T 3emMHaTa kopa (MapakyLes, fAkoBnesa,
1975). MsnoxeHuTe no-rope reornoxku AaHHW NOKa3gaT, 4e
TOBA € KOMM3WMOHHa aKTMBN3aLKs.

Queypa 2. [Juaepamu Ha MUHEPANOXKUS U NeMPOITOXKUS CbCMag Ha naneo2eHcKume 8yrnkaHcKu ckanu om 3anadHume u
LenmpanHume Podonu: a) [Juaepama AQP, A — ankaneH pendwnam, Q — keapy, P - nnasuoknas; b) Juaepama Ab-An-Or no
HopMmamueeH MuHepaneH cecmas; ¢) Juaepama AFM, A = Na20 + K20, F = Feo + 0.9Fe203, M = MgO m%; d) Juacpama
Na20-K20-Ca0 m%;, 0aHHU 3a Quazpamume 8UX 8 meKcma.
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Queypa 3. BapuauyuoHHu duaepamu no napamemnbpa Ha JlapceH Ha 8ynkaHckume ckanu om 3anadHume u LlermpanHume

Podonu.
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.~ DoB

MOR

Queypa 4. [Juazpamu no ckomHoweHusima Ha Si, Mg, Ti u K Ha synkaHckume ckanu om 3anadHume u LleHmpanHume Podonu;
obcmarogku: MOR — cpeduHHo-okeaHcku xpebem, CR — koHmuHeHmaneH pugpm, SSZ — cybdykyuoHHa 3oHa, CZ —
KOHMUHeHmarsHa konu3us; daHHU 3a Quaspamume 8UX 8 MeKcma.

MeTpoXMMUYHUTE AaHHM 3a BynkaHckute ckanv ot 3P u LIP
oT auarpamute ot our. 4: a) Si0y/15-K,0- TiO,, b) Si0,/15-
MgO-TiOxx2, ¢)Si0x/15-K,0-Mg0 u d) MgO/3-K,0-TiO,,
noKa3BaT eAHOTUMHO rpynupaHe Ha TOYKUTE NO OTHOLLEHWE Ha
pasrpaHuuuTenHuTe nuHun no JdemuHa u Cumeoros (1999). B
LANO pasriiexaaHnTe BYNKAHCKA CKami WM TOMWIKA MOXe Aa
Ce pasrmaxpar KaTo KOMM3WOHHW W pudpToreHHn. Pasnono-
KEHWETO HA TOYKUTUTE TPYMOBO A0 pasrpaHnyMTENHaTa MHUS
C Te3n OT KOHTUHeHTanHuTu pudptose (dur. 4) moxe pa ce
00SICHM C pa3BMTMETO UM B PUGITOTEHHM MO Xapakpep ‘ropeLuyn”
rpabeHoBM MOHVKEHNS 1 BIIOKOBW OTMECTBaHWS B 3eMHa Kopa
¢ pebenuHa Hapg 50 km. PasnonoxeHweTo Ha TOuKWUTE [0
pasrpaHuyMTeEnHaTa SIMHWS Ha  CyOAYKUMOHHUTE 30HM 1
KOHTWHeHTanHuTe pudtose (dur. 4 - b, d) Moxe Aa ce CBbpKE
CbC CMHXPOHHOTO MPOSIBSBaHE Ha Te3n CbOUTUS M npoLecu
abnboko B PP npe3 naneoLeH-eoLeH-0nnUroLeHCKO Bpeme U
HanMuueTo B MarMWTe Ha MaHTUAHU W [OMHOKOPOBU KOM-
MOHEHTU W BEPOSTHO Ha TakMBa OT [PEBHW CYyOAYKLMOHHW
30HM. [ponnyaBa CbLLO, Ye Pa3nofIOKEHNETO HA TOYKUTE €
CBbP3aHO 1 C HUCKOTO ChabpxaHue B ckanute Ha MgO u TiO,.
Pa3nonoxeHneTo Ha TOUKATE Ha guarpamuTe B ronsMa cTeneH
€ CXOHO C TOBa Ha BYINIKAHCKMTE Ckamu OT AdppuKaHckuTe
pudToBe, NocoyeHn B pabotata Ha [lemuHa u CrmoHoB (1999,
our. 2). CymmpaHeTo Ha Te3W AaHHMTE M Ha [LaHHWTW 3a
FEeOnOXKOTO pa3BuTMe Ha Poponckus n CbcepHeTe parioH,
MnoKasBa CMOXHWUS, KOMMIEKCEH TEKTOHO-METaMophHO-MarMeH
XapaKkTep Ha KbCHOKpEAHO-naneoreHckaTa akTuBM3aLus Wi
peakTuBusaums Ha PP npu konususta u nposBUTE Ha
paskbCBaHe W pucpToreHesa. [lpuBedeHUTE  reonoXKu,
neTporpacpckm 1 NETPOXUMUYHM AAHHM TYK 3@ KbCHOEOLIEH-
ONUroLEHCKNTE BYNKaHCKW ckanu ot 3P u LIP, 1 B no-npegHu
pabotu Ha aBTopa (Baues, Hegankosa, 1984; Baues, Kaukos,
1988; Baues, 1989; Vatsev, 2002; n gp.) noseonsear ga ce
Mocoyn, Ye Te Ca Hail-BEpOATHO pesynTaT OT EBTEKTUYHO
TOMEHE Ha KOHTMHEHTaNeH TWM 3eMHa Kopa Mpu BEpOSITHO
y4yacTMen Ha [OSTHOKOPOBM WM MaHTUMHWM marmu. lMocneposa-
TenHoTo obpasyBaHe Ha 3HauuTeneH obem OT €AHOPOAHW MO
CbCTaB kiucenu Tonunku B PP, e 6uno cbp3aHo CbC COXHN 1

NPOMEHNNBU BbB BPEMETO re0anHaMNn4HK yCroBna 1 npoLecu,
CBbpP3aHM C Konmsumata, y,qeﬁenﬂBaHeTo Ha 3eMHaTta kopa K
aKTMBM3NPAHETO Ha 3EMHOKOPOBU Bnokose c pasnnyHa
pebenuta un NCTOPUKO-re0NnOoXKOo pas3BuTue.
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On the Paleogene dacite-rhyodacite volcanics in the Western and Central Rhodopes and their

geodynamic setting

Milorad Vatsev

University of Mining and Geology “St. Ivan Rilski”, 1700 Sofia, Bulgaria

ABSTRACT

The Late Eocene-Early Oligocene dacite-rhyodacite volcanics are related to graben depressions located around block-dome structures that were metamorphosed
during the Late Cretaceous and intruded by Late Cretaceous and Paleogene granite plutons. The volcanic rocks associate with coarse terrigenous successions of
molasse type. Their petrographic and petrochemical composition is similar and typical of dacites, rhyodacites and trachyrhyodacites. The rocks form a normal to
subalkaline potassium-sodium or hige-K calc-alkaline dacite-rhyodacite series and occurrence of ignimbrites. According to petrologic and geological data they are
products of collision-related magmas related to tectono-magmatic activation of the metamorphic basement.

INTRODUCTION

The Paleogene sedimentary, volcano-sedimentary and
volcanic rocks in the area of Western (WR) and Central
Rhodopes (CR) are related to graben depressions
superimposed upon Precambrian metamorphic basement of
the Rhodope region (RR) and in parts upon Late Cretaceous-
Paleocene granodiorite-granite plutons. The main Paleogene
graben depressions or sedimentary and volcanic basins
discussed in the present paper are: Mesta basin (MeB); Dospat
basin (DoB) or Bratsigovo-Dospat depression from WR;
Smolyan (SmB) and Upper Arda UaB) basin from CR, situated
to the north of boundary Bulgaria- Greece. The volcanic rocks
in Hvoina basin (HvB) are not discussed as an independent
unit since they are similar to those in Smolyan basin and form
part of the latter. The volcanic rocks in the area of Luky
comprise latites, quartz-trachytes and trachy-rhyolites (Stoinov,
Stoinova, 1969). They are analogous in composition to the
volcanics of Borovitsa volcanic region in the Eastern Rhodopes
(IR) and are also not discussed and interpreted in this paper.

The present work is a continuation of earlier studies of the
author. The aim is, based on new geological and analytical
data, to summarize the available information on the volcanic
rocks from individual basins, to reveal their common and
specific features, their regional geodynamic setting and to
contribute to the understanding of the volcanism as a whole.

STRUCTURAL AND STRATIGRAPHIC FRAMEWORK

Structural framework

The development of Paleogene grabens and associated
volcanic activity was related to Late Cretaceous-Paleogene
tectono-magmatic activization of RR or to collisional events,
respectively. The RR experienced Late Cretaceous
amphibolite facies metamorphism and related magmatic
activity (Arnaudov, Lilov, 1998; etc.). Main rock types are
amphibolites, diverse gneisses and migmatites. Their
mineralogical and petrographic composition is very close to
that of the granitoids from the metamorphic-magmatic domes.
The age of the coarse porphyric granites in WR, interpreted as
synmetamorphic (Kamenov et al., 1999), is 70 Ma. The plutons
in Northern Pirin are dated as Late Cretaceous (Zagorchev et
al., 1987), the Barutin-Buinovo pluton (Elatia in Greece) — Late
Cretaceous-Paleocene  (Soldatos,  Christofides,  1986;
Cristophides, 1996). The interval Middle Eocene-Early

Miocene marks a new stage in the development of RR. In WR,
medium-grained hornblende-biotite granites (or granites of
second type) were intruded 40 Ma ago (Kamenov et al., 1999)
and in the area of Pirin — granites dated 37-32 Ma (Zagorchev
et al., 1987). The growth of the domes was related to block-
dome uplift and fracturing of the upper parts of the crust.
Faulting was controlled by older faults and internal boundaries.
During the Middle Eocene and later, graben depressions
developed around the growing domes (Vatsev et al., this
volume). The intramontane-type Late Eocene grabens
accumulated coarse-terrigenous and terrigenous molasse.
Around the boundary Eocene-Oligocene, extension and deep
fracturing affected the crust and initiated calc-alkaline volcanic
activity in the whole RR. The successions of sedimentary and
volcanic rocks indicate a transition from early to mature and
“hot” grabens.

The age of the sedimentary and related volcanic rocks from
the depressions in WR (Vatsev, 1978a,b; 1991; Vatsev,
Nedyalkova, 1984) and those from CR (Vatsev, 1981, 1982,
1985, 1988, 1989; Vatsev, Hristov, 1982; Vatsev, Cholakov,
1978), is Late Eocene-Oligocene as indicated by fossil flora.
The same radiometric age is reported for some volcanic rocks
(Palshin et al., 1974; Pecskay et al., 1991). The volcanic rocks
in IR form a bimodal association of basic and intermediate
subalkaline rocks and calc-alkaline rhyolites (Yanev et al.,
1998, etc.) of Late Eocene-Early Oligocene age. In general,
the volcanic activity in RR commenced toward the end of the
Late Eocene, culminated around the boundary Eocene-
Oligocene and terminated probably in the end of the Early
Oligocene.

PETROGRAPHIC CHARACTERISTICS

The volcanic and volcano-sedimentary rocks from the
individual depressions in WR and CR and their parts are of
different stratigraphic position and origin but show a relatively
similar  mineralogical, petrographic and petrochemical
composition (Bahneva, Stefanov, 1973; Vatsev, Nedyalkova,
1984; Vatsev, Katskov, 1988; Vatsev, 1989; Vatsev, 2002;
etc.). The phenocrysts are idiomorphic, fractured and consist of
plagioclase, K-Na feldspar, quartz, biotite, amphibole and
augite. Their quantity varies from 10-20 to 40-65%. The
plagioclase crystals (3-6 mm in size) are zonal, varying from
the central parts toward the periphery from andesine (An 50-
42) to oligoclase (An 30-22). Normal and inverse zoning is
observed. There are also crystals of more basic composition,
probably relictic nuclei. The K-Na feldspar (0,3 — 5 c¢m) is



sanidine and in the ingnimbrites — orthoclase (2V = 60-64)
(Vatsev, Katskov, 1988). Quartz crystals (0,2-6 mm) are
irregular in shape with embayments of volcanic glass. There
are also polymineral, xenogenic quartz grains and such
containing gas and dust inclusions. Biotite is the basic and
constantly present (3-6%) femic mineral. Varieties of relatively
iron-rich biotite are typical. There are also crystals with thin and
darker brown-green peripheral zones. Amphibole is a relatively
rare (below 1%) mineral in the discussed K-Na rocks. It is
represented usually by green hornblende, occurring mainly in
dacites at the base of the volcanic successions. Small semi-
automorphic grains of augite or diopside-augite are also
present. They are replaced by amphibole. Accessory minerals
are zircon, apatite, orthite, magnetite, titano-magnetite, titanite,
etc. The rocks contain also crystobalite, tridimite, K-Na
feldspar, ore minerals, etc.

The groundmass of the volcanic rocks consists entirely of
volcanic glass, re-crystallized to different extent, but the
minerals are analogous to the phenocrysts. The groundmass is
uniform or two-phase. The latter variety is characterized by
banding, indistinct brecciation of two immiscible components
showing black and black-reddish color. There are also
secondary devitrification structures - hyalopilitic, felsitic,
spherulitic, etc.

Ignimbrites, ranging in thickness from the first tens of meters
to 500-600 m occur in DoB, SmB and UaB (Vatsev, Katskov,
1988; Vatsev, 1989; 2002; Bahneva, Stefanov, 1973).

The mineral associations in the volcanic rocks are of
polygenic origin. There is a strong positive correlation between
the composition of the volcanics and their relictic inclusions of
metamorphic and magmatic rocks from the basement.

The phenocrystal associations are typical of normal calc-
alkaline biotite to amphibole-biotite dacites and rhyodacites.

PETROCHEMICAL CHARACTERISTICS

The Late Eocene — Early Eocene volcanic rocks in WR and
CR are acidic rocks that do not differ essentially in the content
of SiO, (64-74 wt%) and the other major petrogenic oxides.
The subdivision of the main types of volcanic rocks is based
on: 1) the classification and nomenclature of magmatic rocks
(CN) - (Na,0+K,0)/SiO, (Bogatikov et al., 1981); 2) the
classification of volcanic rocks (TAS diagram, Le Bas et al.,
1992) complemented by Yanev, Andreev (2000); 3) the
classification according to K,O/SiO, content of Peccerillo,
Taylor (1976) complemented by Ewart (1982). The normative
mineral composition is calculated by the C.I.P.W. method
using: 1) AQP diagram with field lines by Le-Bas Streckeisen
(1991); 2) AbAnQ diagrams with field lines by Irvine and
Barragar (1970). The rock complexes are characterized also
by AFM and Na,0-K,0-CaO diagrams and the variation
diagrams SiO,3+K,0-Fe0-MgO-CaO of Larsen - Fig. 1-4.

The TAS plots of volcanic rocks from the depressions in WR
and CR concentrate around the point that divides the fields of
dacites, trachydacites and rhyolites (Fig. 1) and are defined as
a ftrachydacite-rhyolite or trachyrhyodacite series. On the
K;0O/SiO, diagram, according to the dividing lines of the cited
authors but without a rhyodacite field, the volcanics from WR
and CR may be characterized individually and as a whole as a
high-K dacite-rhyolite series. The CNI - (Na,0+K;0)/SiO;,
diagram shows that the Paleogene volcanic rocks in WR and
CR are of uniform dacite-rhyodacite composition. Rhyolites
occur in SmB only, i. e. rocks with SiO, content over 73 wt% (in
this case 73 to 74 wt %). The rocks from DoB, SmB and UaB
are entirely of rhyodacite composition while in MeB there are
dacites and rhyodacites but without any differences in the
stratigraphic position and spatial distribution. According to the
sum of alkaline oxides, the volcanics are normal calc-alkaline
and subalkaline dacites and rhyodacites or trachydacites and
trachyrhyodacites.
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Figure 1. Petrologic diagrams of the Paleogene volcanic rocks from Western and Central Rhodopes: a) Diagram Na,O + K,0/SiO, wt
%; b) Diagram Na,0 + K;O/SiO, wt% (TAS); c) Diagram K,0/SiO, wt%; d) Diagram K;O/Na,O wt%; data of diagrams see in paper.



Figure 2. Mineralogical and petrologic diagrams of the Paleogene volcanic rocks from Western and Central Rhodopes: a)
Diagram AQP, A - alkcaly feldspar, Q — quartz, P — plagioclase; b) Diagram Ab-An-Or normative minerals; c) Diagram AFM,
A= Na,0 + K0, F = FeO + 0,9Fe,05, M= MgO; d) Diagram Na,O0-K,0-CaO wt%; data of diagrams see in paper.
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Figure 3. Variation diagrams of the parameter of Larsen of the Paleogene volcanic rocks from Western and Central
Rhodopes.

According to the AQP diagram, the volcanic rocks in WR
and CR may be defined as rhyolites and those from MeB - as
dacite-rhyolites. There is no rhyodacite field in the diagram but
the concentration of plots in the lower right part of the diagram
shows that these are rocks of rhyodacite composition of
relatively higher alkalinity. Single samples plot in the field of
quartzlatites. ~ According to the relationships between
normative Ab-An-Or the rocks from MeB and DoB are K
rhyodacites and those from UaB and SmB are K and K-Na
rhyodacites.

Summarizing the above data on the volcanic rocks from the
basins in WR and CR it is evident that they belong to a uniform
in composition normal calc-alkaline to subalkaline dacite-
rhyodacite series (CNI diagram) or trachydacite-rhyodacite
(TAS diagram) series. Relatively more basic rocks (dacites)
occur in MeB and UaB and more acidic (rhyolites with
relatively lower SiO, content) — in SmB. In respect of the
alkalinity it must be pointed out that the sum Na,0+K;O varies
between 4,5 and 9,6 wt%, i. e. the rocks are calc-alkaline and

subalkaline varieties. In general, K;O dominates over Na,O
(Fig. 2). The relation between these oxides is inverse in
hyalodacites poor in phenocrysts but they are represented by
single or insignificant number of samples and the rocks are of
limited occurrence. The ratio Na,O/K;0 is not lower than 0,4
and as a whole the discussed rocks belong to the K-Na series
(Bogatikov et al., 1981, p. 19). The alkaline K trend of the initial
melts is not expressed but there is a higher-K content only.

In general, characteristic features of the volcanics are: low
TiO, content (0,2-1,3 wt%), TiO, and FeO decreasing with
increasing SiO, as a result of magnetite separation and
depletion of the melts, FeO remaining low; a depletion of rocks
and melts with respect to Al,O; with decreasing SiO, is not
well expressed — the rocks show moderately low and
moderately high AlL,O; content, normative corundum is very
rare; CaO increases with decreasing SiO,; the rocks are poor
in CaO and MgO, the content of normative wolastonite and
enstatite varying in the range of the first several per cents; the
content of P,Os is low (0,05-0,4 wt%).



The Paleogene volcanics in WR and CR show similar
mineral and petrochemical composition and form a typical Late
Eocene-Early Oligocene K-Na calc-alkaline to subalkaline
dacite-rhyodacite series. The composition and the similarity of
the volcanic rocks from WR and CR show that a distinct
differentiation is not expressed. The low amounts of rhyolites
may be explained by a relatively rapid uplift of the melts. The
depth of the magma chambers was probably about 15 km
(Bahneva et al., 1978) and that of the intermediate chambers -
2-7 km (Katskov, 1987).

DISCUSSION AND CONCLUSIONS

Three stages can be distinguished in the Late Cretaceous-
Pliocene evolution of RR: 1) early collisional, Late Cretaceous-
Paleocene - formation of granite plutons and domes; 2) mid-
collisional, Eocene-early Early Miocene — formation of grabens
and volcanism; 3) late collisional Early Miocene — Pleistocene
— graben formation without volcanism.

The Late Cretaceous collision resulted in reactivation of RR,
amphibolite facies metamorphism, migmatization, growth of
metamorphic-magmatic domes and intrusion of granite plutons
as suggested by the discussed data. These processes were
accompanied by development of zonal magmatic fields
superimposed on a basement of diverse structure, thickness
and tectonic activation. This is the field of normal granodiorite-
granites in RR and of subalkaline gabbro-granodiorites,
monzonites and syenites in the Srednogorie. These geological
phenomena, the later Paleogene granites and volcanics, and
the Early Miocene granites indicate high thermal gradients in
the crust — now in an over 50 km thick.

During the second, Eocene-Early Miocene stage, like the
previous one, there was initial accumulation of heat energy and
compositional changes in the mantle and the lower crust that
were less intensive in the upper crust. At that time, at the
boundary with the upper crust, the heat and substance flow
were directed also in the opposite direction. These processes
initiated block-dome uplift, extension of the growing mountain
structure and fracturing of the crust. In the upper crust there
was inflow of heat energy — granite plutons, block-dome uplifts
and rift depressions (grabens) formed. The latter were of
intramontane type and accumulated Late Eocene - Early
Oligocene dacite-rhyodacite volcanics and sediments. The
depressions developed in the conditions of alternating
compression and uplift, extension and subsidence (Vatsev et
al., this volume). The extension was in general weak and
related to block-dome uplift but typical rift valleys with rift
volcanism were not initiated. The successive formation of
uniform in composition Late Cretaceous-Paleocene, Paleogene
and Early Miocene granite plutons and Late Eocene — Early
Oligocene dacite-rhyodacite volcanic rocks suggests a
repeated ascent of uniform in composition melts from the
metamorphic, relatively uniform and partially melted in depth
basement. The character of the lower crust and upper mantle
in RR is not well known (Velev, 1996; Shanov, 1998). Taking
into account the amphibolite-gneiss-granite composition of the
basement composed of Proterozoic and probably unexposed
Archean complexes and related granite plutons and migmatites
in depth, we can assume a tonalite-amphibolite composition of
the lower parts of the crust.

The Mid- and Late Alpine tectonic, metamorphic and
magmatic phenomena and processes in RR were related to the
collision between the Afro-Arabian and Eurasian plates as
discussed in a number of publications. RR has been
interpreted as part of the Eurasian plate (Dabovski et al., 1991,
etc.) or at present — as part of the African plate (Yanev, 1999;
etc.). In particular, in the area of the Balkan Peninsula
(Boccaletti et al., 1974; etc.), the Vardar branch of Tethys
subducted below the Eurasian plate and closed in the end of
the Cretaceous. The Srednogorie zone has been interpreted as
an island arc and the related volcanics - as ensimatic. During
the Eocene, the last branch of Tethys — Pindos closed (Ricou,
1994). On these grounds the Eocene-Oligocene volcanic rocks
in RR are assumed to be of ensialic origin (Dabovski et al.,
1991).

We assume that the volcanism in RR was a result not only of
deep regional processes below the volcanic regions, related to
a strongly heated “anomalous” mantle and lower crust and its
uplift, but also to global collisional processes that controlled the
pattern of continental deformations in the neighboring blocks
(terranes) including also the stress fields of extensional and
wrench faulting. The thickening of the crust, the metamorphic
processes and the fracturing of rock masses created favorable
conditions for the origin of granite melts. The Early Miocene-
Pleistocene stage is characterized by development of a new
system of graben sedimentary basins without volcanic activity
and cyclic structure of their fill (Vatsev, 1998 and others). From
the end of the Cretaceous to the end of the Quaternary, typical
continental structures developed in RR — dome-block uplifts,
graben depressions and consolidation of the crust.

The development of graben depressions and sediment
deposition in them in WR and CR covered the interval Middle
Eocene (Vatsev et al., this volume) while in IR this occurred
toward the end of the Paleocene (Atanasov et al., 1990; etc.).
Cycles of lower order and transgressive-regressive
depositional successions have been established in the
development of the grabens (Vatsev et al., this volume and
others). In general, the volcanic activity in the depressions in
RR took place during the Late Eocene — Early Oligocene time
span. A temporal shift of the Paleogene volcanic activity from
NNW to SSE is reported in IR (Yanev et al., 1995; etc.). The
available radiometric data on the age of the granite plutons in
Pirin Mts. and south of it, in Greece and those from WR and
CR in Bulgaria and Greece, mark a migration of the magmatic
activity from NNE to SSW, i. e toward the collisional front and
opposite to that in island arcs. The discussed regions are
located at a distance of 250-400 km away from the Vardar
zone. Late Cretaceous in RR and Priabonian (35 Ma) in IR
metamorphism with typical crustal strontium ratio has been
dated (Peitcheva et al., 1995). These facts indicate a stage
character of subduction and collision. The subduction
processes most probably did not affect directly the Late
Cretaceous, Paleogene and Early Miocene granite plutons and
Eocene-Oligocene volcanics in RR but created stress
conditions that were favorable for metamorphism, origin of
magmas and their ascent to the surface. The development of
diverse in age granite plutons and Eocene-Oligocene volcanics
is an evidence for repeated generation of magma of the same
composition and ascent of melts within the same zone into the
consolidated block and on the surface. In our opinion, the
origin of granite plutons and volcanics was related to melting



within the deep isostatic “root” and growth of magma chambers
in the upper crust of RR. Yanev et al. (1998) suggested that,
toward the end of the Eocene, the subducting and eclogitized
plate broke off, penetrated into the mantle and disturbed its
thermal gradient. The occurrence of Late Oligocene basalt
dikes in IR and their petrologic and geochemical characteristics
indicate deep fracturing of the crust (Marchev et al., 1998).
This leads to the assumption that the transfer of heat energy
from the activated upper mantle was accomplished probably
through basalt melts. This induced an irregular increase of the
thermal gradient in the crust.

SSz

-— /". 7
- s A
MOR /(JJ DoB

~

One of the important features of the origin and development
of graben depressions and their volcanic successions is the
close mutual relation and even mutual control of the tectono-
magmatic processes. This is marked on one hand by the
concentration of volcanic rocks and activity within the grabens
and, on the other, by the development of volcano-tectonic
depressions (caldrons) in them. The latter are filled with
volcanic and volcano-sedimentary rocks comprising wedge-like
and inpersistent packets of terrigenous rocks.

Figure 4 The Paleogene volcanic rocks from Western and Central Rhodopes on the diagrams of correlations of SI Mg, Ti and K; environments: MOR —
middle oceanic ridge, CR - continental rift, SSZ - subduction zone, CZ - continental collision; data of diagrams see in paper.

The variation diagrams based on Larsen’s parameter (Fig. 4)
mark an increase of SiO, and K,O — a potassic trend, weak
variations of Na,O and decrease in the content of the other
main petrogenic oxides. The curved trend of the variation lines
on the diagrams suggests that the portions of enclosed
material in the melts did change. The volcanic successions in
all depressions show a homodromous trend. It is marked by
the development of relatively more basic, glass containing and
poor in phenocrysts rocks in the lower parts of the
successions. The upper parts contain larger amounts of
phenocrystals (40-65%) and are relatively more acid in
composition with higher alkalinity — subalkaline rocks. The
crosscutting veins and necks, containing higher amounts of
sanidine phenocrystals and relatively higher K,O, mark an
antidromous trend most probably related to melts from the
lower parts of the magma chambers. However, these
crosscutting bodies are rare. A calc-alkaline trend of poor in
MgO volcanics is indicated on the AFM diagrams. The Na,O-
K;0-CaO diagrams show an indistinct potassic trend and
relatively higher content of K;O. In general, the discussed
volcanic rocks are characterized by a K;O/Na,O ratio that does
not depend on the SiO, content . According to this parameter,
they may be referred to the second series of magmatic rocks
typical of tectonically activated stable crustal blocks
(Marakushev, Yakovleva, 1975). The above geological data
suggest that this is a collisional activation.

The petrochemical data on the volcanic rocks from WR and
CR on the diagrams (Fig. 4) a) SiO,/15-K,0-TiO,, b) SiO,/15-

K,0-MgO, c) Si0,/15-MgO-TiOx2 and d) MgO/3-K,0-TiO,
show a uniform grouping of the plots with respect to the
dividing lines of Demina, Simeonov (1999). As a whole, the
discussed volcanic rocks or melts may be defined as
collisional. The concentration of plots close to the line of
continental rifts (Fig. 4, a, c) may be explained by their origin in
rifted “hot” graben depressions and block displacements in an
over 50 km thick crust. The clustering of plots near the line that
divides subduction zones and continental rifts (Fig. 4, b, d) may
be related to synchronous occurrence of these events and
processes in RR during the Late Eocene-Oligocene and an
available in magma of components of the mantle, down crust
and ancients subduction zone. The distribution of the plots
depends also on the lower MgO and TiO, content in the rocks
of. The disposition of the points of diagrams is analogical in big
part with these of the volcanics of Africa rifts; the last are
presented in paper of Demina and Simov (1999, Fig. 2).
These data and the evidence from the geological development
of the Rhodope and neighbouring regions suggest a complex
tectono-metamorphic-magmatic character of the activation of
RR during the collision.

The geological, petrographic and petrochemical data on the
Late Eocene-Oligocene volcanic rocks in WR and CR,
discussed in the present and previous papers of the author
(Vatsev, Nedyalkova, 1984; Vatsev, Katskov, 1988; Vatsev,
1989b; Vatsev, 2002; etc.), allows to infer that most probably
these rocks are products of eutectic melting of continental type
crust, but in this process it is possible a participate of the down



crust and mantle fluids or magmas. The successive formation
of considerable in volume and uniform in composition acid
melts in RR was related to complex and changing in time
geodynamic settings and processes, related to the collision
and activation of crustal blocks of different thickness and
geological history.
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