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Abstract. Magma mixing is an important process in
the genesis of the Rhodopian Paleogene volcanism
(Marchev et al., 1994; Raicheva et al., 2001; Raiche-
va, Marchev, 2003). This research provides petro-
graphic evidence for mixing and mingling process-
es in the eastern part of the Zvezdel volcano.

Zvezdel paleovolcano is located in the Eastern
Rhodope volcanic area, which represents a part of
the Macedonian-Rhodope-North Aegean volcanic
zone (Harkovska et al., 1989). It is considered as a
typical stratovolcano (Nedialkov, Pe-Piper, 1998;
Yanev et al., 1998) with parasitic and satellite volca-
nic vents and domes. However the presence of many
dikes in the region, some of which were feeder chan-
nels for lava flows (Harkovska et al., 1998a;
MockoBcku u ap., 1990), suggests that Zvezdel could
be classified as a shield volcano, rather than a typi-
cal stratovolcano.

The volcanic structure is composed of lava flows
intercalating with epiclastictic rocks, domes and
dykes. The volcanic rocks fall in the fields of high-K
calc-alkaline series with subordinate calc-alkaline
and shoshonite varieties ranging from basalts to
andesites. Trace element spiderdiagrams rocks show
typical shape for calc-alkaline orogenic rocks. The
central part of the volcano is intruded by a comag-
matic differentiated intrusive body of gabbroic to
granosyenitic composition.

WAr/*Ar dates from two pyroclastic flows, which
underlie and overlie the volcanic sequence, dated at
32.16%0.30 and 31.13%£0.06 Ma respectively, con-
strain the time span of volcanism to approximately 1
Ma (Singer, Marchev, 2000; Moskovski et al., 2004;
Georgiev, Marchev, 2005).

Mixing and mingling phenomena of the volca-
nic rocks from eastern part of Zvezdel involve mag-

matic inclusions, banded lavas and disequilibrium
phenocryst associations.

The magmatic inclusions are hosted by biotite-
amphibole andesite with SiO, ~ 62 wt.%. The en-
claves show many of the textural criteria such as
ellipsoidal shape, quenched margins, vesicles de-
scribed by Bacon (1986) and Bacon and Metz (1984)
for recognizing undercooled blobs of mafic magma.
They have variable contents of SiO, and other major
elements. Nevertheless, their minor element contents
are rather constant and similar to the trace element
composition of the basaltic andesites. We suppose
that the primary composition of the inclusions was
modified by transfer of phenocrysts from one mag-
ma to another; volatile transfer to the inclusions with
chemical exchange; filling of the inclusion vesicles
with chalcedony or agates during /after the forma-
tion of the inclusions.

Banded lavas show light and dark bands with
different composition and quantity of phenocrysts.

Petrographically the magma mixing events are
recognized by the appearance in the same sample
of clear, sieved textured plagioclases with both nor-
mal and reverse zonations; normal and reverse zoned
(with resorbed cores) clinopyroxenes with differing
core compositions; resorbed orthopyroxenes with
high-Mg clinopyroxene mantles; plagioclase and
clinopyroxene microlites with unusually high An and
Mg# content respectively.

The chemical and mineral compositions of the
studied lavas suggest at least two mixing events. The
initial mixing occurs between biotite-amphibole
andesites and mafic magma. After a comparatively
quiet period, with fractionation to dacitic composi-
tion, a new injection of basic magma caused extru-
sion of mixed andesites and basaltic andesites.
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PoJas Ha cMecBaHeTO HAa MarMu B IETPOreHe3dnca Ha BYJIKAHCKUTE
CKa4JI1 OT 3B€3)1€JICKI/IH IAJCOBYJIKAH

Pas Paiiueea, Ilemsp Mapuees

BnBenenue

CmMecBaHETO Ha MarMu € IpoIeC ¢ JOKa3aHO BaX-
Ha pOJIs 32 IETPOreHe3nca Ha MaJicoreHcKkaTa Mar-
MaTU4HAa akTUBHOCT B M3Tounute Pomomu (Mar-
chev et al., 1994; Raicheva et al., 2001; Raicheva,
Marchev, 2003). B nHacrosimmaTa mybiukanus HHe
[IPUBEXIaMe HOBM JaHHHM 32 IETPOrpadCKUsI U IET-
pPOXMMHYEH ChCTaB Ha 3BE3/IEJICKHS MMAJICOBYJIKAH,
KaTO CIEIMATHO aKIIEHTHpaMe Ha pOJIsiTa Ha CMeC-
BaHETO Ha MarMmTe 3a MeTPorpadcKoTo pasHoo0-
pas3We Ha JIaBUTE BbB BYJIKaHA.

T'eos1i0:kKka 00CTaHOBKA

3BE3IEJICKUST MAJICOBYJIKAH € pa3MnoIoKeHeH B 13-
TOYHOPOAONCKUS BYJKAHCKU pallOH, KOUTO € 4acT
oT MakenoHO-pOIOTICKaTa-CEBEPOETEMCKA BYJIKAH-
cka 30Ha (Harkovska et al., 1989). Bynkansr ce cun-
Ta OT peAaulla aBTOPH 3a THIIMYHA CTPATOBYJIKAHC-
Ka MOCTPOiika, C MHOXECTBO CATEJIUTHH U NTApa3uT-
HU ByJkaHcku repiia (Hensuikos, 1986; Nedialkov,
Pe-Piper, 1998; Yanev et al., 1998). Hanuumnero Ha
MHOXXECTBO JJalKOBH CHOIIOBE B paiioHa, o0aue, CIry-
JKEIH 32 MOABOIAIIN KaHAIW Ha JTABOBUTE TOTOIH
(Harkovska et al., 1998a; MockoBcku u ap., 1990),
mpeamnosiara, ue 3Be3/e € o-CKOPO IIMTOBUIEH, OT-
KOJIKOTO THUIIMYEH CTPATOBYJIKaH. ByikaHckaTa mo-
CTpOIiKa € u3rpajieHa OT JJaBOBM MTOTOIH, KOUTO Ce
MPOCJIOSABAT OT CMMKJIACTUTHA U BHEAPECHHUTE CPEI
TAX KynoJim u gaiiku. Haili-crapute j1aBu jexart
BBPXY KACEJIUTE MUPOKIACTUTH Ha T.H XOPU30HT HA
BTOpHM kucen Byakanuz3wpM (MBanos, 1960), a Haii-
KbCHHTE JIaBM Ca MOKPUTU OT PaBEeHCKHUTE IMUPO-
KJIacTUTHU. ByjIkaHckuTe ckaiu uMat 0a3ajaToB, aH-
JIE3UTOB 10 JAlMTOB ChCTaB. B eHTpaaHaTa Yact
Ha ByJIKaHa € BHEApEHa KOMarmMaTW4yHa AudepeH-
[HMpaHa HHTPY3Us C TabpOUIeH 1O TPAHOCHEHUTOB
cweraB (Nedialkov, Pe-Piper, 1998).
ChInecTByBaIIMTE TaHHK 32 a0COTIOTHA BB3PacCT
Ha 3BE3MEJICKHSA MMaJIeOBYJIKAH Ca JOCTA MPOTHBO-
peuuBu. Kynos u ap. (2000) oraensaT B paiioHa Ha
OOuYHMK TTO-CTapa ByJIKaHCka aeiHocT — Ilaneo-
3Be3zel, Ha 6a3ara Ha emHa K-Ar Bbp3pact ot 34,48+
1,87 mut. 1. OT Apyra crpana Harkovska et al. (1998b)
OIPENENIAT ChC CBHIIUSI METO/ Bb3pacTTa Ha aHje-
3uTO0A3aJTH OT M3TOYHATA YACT Ha BYJIKaHA Ha
28,410,9 u 27,7£0,9 muiH. 1. Ilo-HOBUTE U TIpeN3-
i “Ar/Ar 1aTHPOBKHM Ha MUPOKIACTUYHUTE I10-
TOIM, KOUTO IOCTUJIAT U MOKPHUBAT 3BE3MEJICKUTE
BYJKaHWTH JaBaT cboTBeTHO 32,161£0,30 u 31,13+
0,06 muta. 1. (Moskovski et al., 2004; Singer, Marchev,
2000; Georgiev, Marchev, 2005), KoeTo CBUTETEJICTBA
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34 3HAYUTCIIHO HO-KpaT"bK XHUBOT Ha ByJ'IKaHa, OKO-
70 1 MJIH. rOgUHH.

OOpa3suuTe 3a HACTOSIIOTO U3CJICABAHE Ca B3e-
TH IPEIUMHO OT M3TOYHATA MepuUpHUs HA BYJIKA-
Ha, KbACTO CE€ pa3KpI/IBaT BCUYKU ByJ'IKaHCKI/I pa3—
HOBUIHOCTH (OT 0a3aJITH 1O aHIE3UTH) U C€ HAOITIO-
JlaBa [sj1aTa raMa OT CKajid, GOpMHUpPaHH IIPH IPO-
meca Ha cMecBaHe. B crpaturpadusTa Ha ByikaH-
cKaTa MOCTpOiKa 6a3ajaTHTe 3aeMaT Hal-BHCOKH-
Te cTpaTurpadCKku HUBA, @ AHAE3UTHUTE CE PA3KPH-
BaT Ha 2—3 HHUBA.

XuMHYEeH ChCTaB

[IpeobmamaBarara 9acT OT aHATM3NPAHUTE BYJIKAH-
CKM CKaJIM MMAaT BUCOKOKAJWEB KAJIIMEBOATKAJICH
XMMHU3BbM, HO OTHEIHN 00pa3iy moka3Bat Kajue-
BOQJIKAJICH ¥ MIOMITOHUTOB XapakTep, KATO MOBUIIIA-
BaHeTo Ha K € xapakTepHO 3a MO-KbCHUTE HOTOIIH.
MynTreaeMeHTHUTE TUarpaMu Ha eJIEMEHTHUTE CJie-
I TIOKAa3BaT XapakTepHU NPO(IIK HA CKAJIH, T€HE-
pupanu B cyOgykumoHHa obcTtanoBka — ¢ Nb-Ta
MUHUMYM U OBUIIEHO chAbpxanue Ha LILE. Xon-
IPUT-HOPMUPAHUTE PEOKO3EMHUTE EJIEMEHTHU Ce
xapaktepusupar ¢ oborarsasane Ha LREE crpsmo
HREE, otHomenue (La/Yb)y = 6—11 u oTueTmBa
Eu* anomainus (0,66—0,86). HauaiauTe OTHOIICHHS
Ha Sr u Nd u3oTonu B U3CjeABAHUTE CKaJU Bapu-
pat mexay 0,70713—0,70736 u 0,51235—0,51244 u
[ONajaT B IOJIETO HA CTOWHOCTUTE HA OPOT'CHHUTE
TepUUEepHU CKaJIH OT Objrapckara 4yact Ha M3Tou-
gute Pomonu.

Ilerporpadus Ha cMeceHHUTe CKAIU

JlaBuTe OT ropHuTe cTrpaTurpadcku HIBa Ha 3BE3-
JIEeJICKHSI BYJIKAH IIOKa3BaT XapaKTEePHU OCOOCHOCTH
Ha MUHIJIMHT U CMECBaHe, KOUTO BKJIIOYBAT: 1) 3a-
KaJIeHd Ma(UUHN MarMeHd BKJIIOUEHHS; 2) UBUYEC-
TH MUHIJIMHT CTPYKTYPH U 3) HEpaBHOBECHHU (EHOK-
PUCTAJIHU aCOIUAIUY.

MarMeHuTe BKJIFOUYEHUS] Ca BMECTCHU B aMu-
6071-OMOTHTOB aHIE3UT ChC ChAbpKXaHue Ha SiO, ~
62 wt.%. Te umat exuncounnna uia chepuyna pop-
Ma ¢ pasmepu g0 10x15 cm. Usrpagenu ca ot nop-
(GUpH OT IIArMOKJIa3, KIIMHOMUPOKCEH, IIPOMEHEH
OJIUBMH M TUTAHOMAarHETUT W KCEHOKPUCTAJIU OT
opTonmupokceH U 6uoTut. OCHOBHATA Maca ce
ChCTOM OT MUKPOJIUTH OT IIArHOKJIa3, MUPOKCEH U
pyner muHepai. YecTo MUPOKCEHOBUTE MUKPOJIH-
TH Ca CWJIHO YIBJDKEHH, a INTArHOKIA30BUTE MTOKA3-
BaT CTPYKTypa THII ,,JIICTOBHYA OMAIITKA“ KOETO CBU-
neTecTBa 3a 0bp3 pacTex. ToBa ce HOTBBPXKIaBa



U OT 3aKaJICHUTE, MOHSIKOra CUTHO Ha3bOCHU KOH-
TaKTU U MUHJAJHU TPA3HUHU, TUITUYHYU 32 TPEOX-
JIaIeHW TEYHU Kamku OT maduyHa marma (Bacon,
1986; Bacon, Metz 1984). Bxinrouenusita mMar
TBBP/IC BapuUpally KOHIICHTPAIMU HA HAKOH IJIaB-
HE ejeMmeHTH kato Si0, (55,5 — 67 1.%), Al,0, (13,7—
17,2 1.%), FeO, (4,8—7,5), MgO (1,6—4,2), CaO (5,6—
7,3), HO mOCTa NOCTOSTHHU Chabpxkanus Ha Ti, Na,
K u P, xakTO M Ha penmma ejeMeHTH-ciaenau (Sc, V,
Cr, Zr, Th, U, Sr), 6iu3ku 10 Te31 Ha aHIe3uTo0a3a-
THUTE OT 3Be3/1e/1. BepOSTHO IbPBUYHUSAT UM ChCTAB
€ 0w Momu(UIUpaH B pe3yaTaT HA PA3JIMIHA IPO-
mecu: Tpanchep Ha HEHOKPUCTAIH U JIETIIMBU KOM-
MOHEHTH MEX/y JBETE MarMu IO BpeMe Ha cMec-
BAaHETO M 3aIIbJIBAHETO HA MUHIAJTHUTE HMPA3HUHU
C XaJIIIe/IOH MO BpEeMe WJIM CJie]] M3CTUBAHETO Ha
TOMMJIKUTE.

MBuuecTuTe MUHIJIMHT CTPYKTYPHU Ca MpeacTa-
BEHU Hall-moOpe B eMH aHAe3uT00a3aITOB MOTOK
OT paiioHa Ha Bp. Y3yHOypyH. MUKpPOCOHOOBHTE
aHAJM3M Ha PA3IMYHUTE MBUIM MOKA3BaT ChIIE-
CTBEHU pa3jinuvs B TEXHUS XUMU3bM: ThMHU UBU-
1 ¢ okoJo 58 1.% SiO, u cBemm — ¢ 68 1.% SiO,
Hapen ¢ ToBa CBET/IMTE M THMHHM UBHUIIH CE XapaKTe-
pU3UpaT C Pa3IMYHO KOJIMYECTBO MOpPUpPHU (ha3u.

CmecenuTe (XUOpHMITHN) CKAJIM Ca ChC ChCTaB OT
0a3anTu 10 aHAC3UTU. BCHYKM BYJIKAHCKM pPa3HO-
BUIHOCTHU ChABPKAT NOPOUPH OT IJIATUOKIIA3, KITH-
HOTMPOKCEH, OPTONMMPOKCEH U THTAHOMArHeTUT. B
0a3zajTUTe U HIKOU aHIE3UTO0A3aITHU MOHIKOra
MPUCHCTBA OJIUBUH (UECTO HAI'BJIHO MPOMEHEH), a
32 paHHUTE aHMIE3UTH CA XaPaKTCPHU OMOTUTHT U
aM(puOOJTBT. AKIIECOPHA MUHEPAJIM Ca allaTUT, TH-
TaHOMAarHeTUT M IUPKOH, KOWTO Ce MOsBSABA B aH-
JIe3uTUTe. B HIKOM aHAE3UTH M aHIE3UTOOA3aITH
ce HaOJIFOIaBAT MarMaTUYHY CYJIQUIN.

HepaBHOBecHUTE TOPGUPHU ACOIUALIMN CE U3-
pas3sBaT B MPUCHCTBKE B €IMH U ChIIKM 00pasel Ha
HOPMAaJTHO30HAIHUA U 00PaTHO30HAHA TOPPUPH OT
IJIATMOKJIa3 ¥ KJIMHOMUPOKCEH C Pa3jd4yeH XUMHU-
4YeH CbCTaB; pe3opbupanu Fe opronupokcenu, 00-
BUTH C MBHIIA OT O6oratr Ha Mg KJIHHOMUPOKCEH;
pasHooOpa3sue B ChCTaBa IUIArMOKJIa30BU M KJIMHO-
MUPOKCEHOBM MUKPOJIUTH M HaJIMYKE HA pe30pou-
paHd W OHAIMTU3MPAHU CAUHUYHU KPUCTAIH OT
am(dub0JI B aHAe3UTOOA3AITHUTE.

B xubpuaHuTe CKajad OTYETIMBO CE€ OTKPOSBAT
JIBe TeHepanuu miarnokias. [InpBaTa € ¢hc ChCTaB
Ha [EHTPAJHUTE YaCTU AN, o, U HOPMAIHO30HAJ-
Ha MaHTHsg. ChCTaBUTE HA siApaTa B TSX Ca B paB-
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KimmaOonmp OKCEHOBUTE KPUCTAIH CHIO OGOPMSIT
IIBE pa3JINYHU 110 ChCTaB renepanuu. [IspBara, xa-
paKkTepHa 3a MHOXXECTBO IMOTOIH, € HOPMAJTHO-30-
HasiHa ¢ 6oratu Ha Mg sinpa — Mg# 77—84 (Wo,, 4,
En,, ,,) 1 Bapupain cbCTaB Ha BHHIIHATA WBHIA B
pazmyHATE MOTOIM. BrOopaTa renepamus ce ChbCTOU
OT 00paTHO30HATHY MOP(UPH C IEHTPATHA YACTH
¢ mo-kemne3uct cberaB (Mg# 63—74; Wo, ;Eny, o)
Y BBHHIITHYU MBUIIW, KOUTO HOHSKOTA IOCTUTAT ChCTa-
Ba Ha sIpaTa OT IbpBaTa reaepanus. Yecrto sapa-
Ta Ha BTOpATa TeHepanus ca KOPOIUPAHU U C He-
paBHU ouepTanus. Haii-)xene3nucTure ChbCTaBU Ha
kmHONMpokcenn (Mg# 63—66) ca xapakTepHH 3a
MOCJIEJHUTE MOTOLX U HE Ca B PABHOBECHE C HUTO
€oHa OT U3CJIEJBAHNUTE JIABH.

Juckycusi u 3aKjII0UeHus

TexkcTypHUTE XapaKTePUCTUKY, XAMUYHUSAT ChCTAB
U [eTallJIHUTe MUHEPAJIOKKU M3CJIC/BAHUS HA Jia-
BHUTE U BKJIIOYCHHUSATA B 3BE3/EJICKUS BYJKAH mpe-
JIOCTaBAT UH(POpMaIIKs 3a MEXaHU3Ma U XapakKTe-
pa Ha CMeCBaHe Ha MarMUTe B HEIbJIOOKA MarmMe-
Ha kamepa. [Ipenmonarame, 4e cMecBaHeTO 1 Ppax-
[UOHUPAHETO B MarMEHUTE KaMepu € MPOTUYAIIO
€ITHOBPEMEHHO KaTO PENyBAaHETO HAa aHIe3UTO0a3aII-
TH C aHJE3UTH CBUJIETEJICTBA, Y€ MPUTOK HA Oa3uy-
Ha Marma ce € OChIIeCTBsABAJ HEKOJIKOKpaTHO. I1o-
siBaTa Ha Hall-KEeJIE€3UCTUTE KIIMHOMMPOKCEHU B HAll-
KbCHUTE JIABOBU MOTOIH MO CKa3Ba 32 CMECBaHE C
OIIle MO-EBOJIIONPAJIU (IaIUTOBU) ChCTaBH, KOUTO
HE Ce Pa3KpUBAT B M3TOYHATA YaCT Ha BYJIKAHA.

IIpoueckr Ha cCMECBaHE 3aM04Ba MEXIY TOJIIM
06eM ppakinOHUpaHud OUOTUT-aMPUOOIOBY aH Ie-
3UTHU C ITO-MaJTBbK 060eM 6a3aiTu 1o aHae3suTodasai-
TH, KOETO BOAM A0 GOPMUPAHETO HA MArMaTUYHU
BKJIFOUEHMs B aHAe3uTuTe. HapacTBalisiT mpuToK
Ha 0a3WYHMS KpaeH 4WieH B KaMepaTa JOBexAa 110
MeXaHWYHA XHOpuaM3aus Ha MarMata u Gopmu-
paHe Ha XOMOTEHHAa aHAe3UTO0a3ajITOBa Marma,
KOSITO Ce M3JIMBa Ha MOBbpxHOCTTA. Cien nepuos
HA CHOKOWHA KPUCTAIM3AIlMsI Ce CTHUTa JIO OIIIe MO-
KHCEJI ChCTaB HA KaMepaTa, IOCJIeABaH OT HOB IpU-
TOK Ha 0a3WyHAa MarmMa W epynius Ha XUOPUIHU
AHJE3UTHU U aHAe3UT00a3aITH.
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