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JA JIM UMA TPATI'OBA EKCIIVIO3UBHUX EPYIIIIUJA Y
NCTOYHOM AEJY JEHNKOI' BYJIKAHCKOTI'
KOMIIJVIEKCA?

ARE THERE TRACES OF EXPLOSIVE ERUPTIONS IN THE
EASTERN PART OF THE LECE VOLCANIC COMPLEX?

IIPETXOJHA CAONIITEA, CTPYUHM PAIOBU, ECEJM — REPORTS

Ancrpakr. Jleuku Byikancku komiuiekce (JIBK) mpencraBiba jenHy on Hajehux oOnactu
KEHO030jcKor BynkaHn3ma y Cpouju. Y oBoM pajy, HCIUTHUBAHO je Aa JH Ha IIPOCTOPY HCTOYHOT
nena JIBK mocroje TparoBM eKCIUIO3UBHE BYJIKAHCKE aKTUBHOCTH. TEPEHCKHMM U
MHKPOCKOIICKAM HCIHTHBambuUMa yTBpheHo je ma y uctouHoM neny JIBK mocroje Tpu
ByJIKaHOJOMIKe (anuje: 1) KOXEpPeHTHH XOpHOJICHIAa-MUPOKCEH-OMOTUTCKH aHIE3UTH, 2)
BYJIKAaHOKJIACTHYHE CTCHE, M 3) MMPOKIACTHYHE CTeHe. KOXepeHTHN aHIe3UTH Cy n3rpaljeHu o
eyxenpadHuX (EHOKpHCTalla IUIarHoKiIaca, XOpHOJeHAe W OHOTHTa, KOjU Cy Karkaja
¢ynnaiaHo pacropel)eHu U KOju Cy OKPY>KEHH XOJIO- IO XMIOKPUCTAIaCTOM OCHOBHOM MacOM
TPaxUTCKOT KapakTepa. HaBeneHe kapakTepHCTHKE yKa3yjy Ha TO Jla Cy OBE CTEHE HacTaie
TEYCHEM JIaBe, @ HE SKCIUIO3MBHUM JICjCTBOM. 3aMa)KeH je U HU3 MOKa3aTesba HEPaBHOTEIKHE
KpHCTaJH3alje, OJHOCHO WHIHMKaTOpa IIpoleca Mellakhba MarMH pa3jHdiTOr CacTaBa.
BysikaHOKIACTHYHE  CTEHE  MpPEACTAaBJbEHE Cy  BYJIKAHOKIACTHYHMM  Opedama |
BYJKAHOKJIACTHYHAM Ielr4apuMa (BYJKAHCKUM TICAMHTOJHMTHMA) W CaIpXe OIJIOMKE
KOXCPEHTHHX BYJKAaHHTAa KOjU C¢ Haja3e M3HaA. IIMpOKIAaCTHYHE CTEHE MPEICTAaBJBCHE CY
Hacjarama NaJaBHHCKHX JIANMIATA KOjU Cy IOMUHAHTHO W3rpaljeHH ox A00po COpTHpaHUX
(bparmeHara BHCOKOBe3UKyJIapHOr IuoByhna. IbHX0oBO NMpHCYCTBO KapaKTEpUCTHYHO je 3a
CHa)KHE EKCIUIO3UBHE epyIIHje KHCele N0 HHTepMeIujapHe Marme, Koje CTBapajy BHCOKE
epyNTHBHE CTYyOOBE M BEIHMKE KOJMYMHE BE3MKYJIAPHOT BYJIKAaHCKOr crakia. Ha ocHOBY
MOCTOjaba OBUX MHUPOKIACTHTA, 3aKJbYYEHO je Ja je y HEKOj OJ BYJIKAaHCKUX eIH30ja Ha
UCTIMTHBAHOM IOAPYYjy HY>KHO OHMJIO U €KCIUIO3UBHE BYJIKAHCKE aKTUBHOCTH, ILITO IPECTAaBIba
IJIABHU Hala3 OBOI pajga. Moxe ce MPEeTIIOCTAaBHTH Ja je eKCIUIO3WBHA aKTHBHOCT Owmia
IUTMHH]CKOT THIIA, KA0 U 1A jé MHUIMPaHa MELIalheM MarMy pasInuuTor kapakrepa. OBH Haslasu
Cy y CKJIaay ca JIOCTYIIHUM IIOJalliMa HCTPKHBAKba AHAIOTHUX IOIpydja KEHO30jCKOT
ByJikanusma y Cpouju.

! Vuusepsurer y Beorpany, Pyaapcko-reonomkn (axyirer, Bymmua 7, beorpaz, Cp6uja; e-mail:
emilija.nidzovic@rgf.bg.ac.rs
University of Belgrade, Faculty of Mining and Geology, Pusina 7, Belgrade, Serbia
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Kbe'-lI-le pevn: CKCINIO3WBHA BYJIKAHCKA aKTUBHOCT, Jleuku BYJIKAHCKH KOMIIJIEKC, ITaAaBUHCKU
JIaNUIJINTHU, MUPOKIACTUTH

Abstract. The Lece Volcanic Complex (LVC) represents one of the largest areas of Cenozoic
volcanism in Serbia. This study investigated whether there are traces of explosive volcanic
activity in the eastern part of the LVC. The results of field and microscopic investigations
indicate that there are three volcanological facies in the eastern part of the LVC: 1) coherent
hornblende-pyroxene-biotite andesites, 2) volcaniclastic rocks, and 3) pyroclastic rocks. The
coherent andesites are characterized by phenocrysts of plagioclase, hornblende and biotite, all
set in a holo- to hypocrystalline groundmass; the rocks commonly show fluidal fabric. The
aforementioned characteristics indicate that these rocks originated from effusive, and not from
explosive volcanic activity. The samples also exhibit a number of indicators of non-equilibrium
crystallization, most likely due to magma-mixing. The volcaniclastic rocks are represented by
volcaniclastic breccias and volcaniclastic sandstones (volcanic psammitolites) and contain
fragments of coherent volcanic rocks located in the area above. The pyroclastic rocks are
represented by lapilli fall deposits mainly composed of highly vesicular pumice lapilli. Their
presence is characteristic of strong explosive eruptions of acidic-to-intermediate magma, which
create high eruptive columns and produce large amounts of vesicular and glass material. Based
on the existence of these pyroclastic rocks, it has been concluded that one of the volcanic
episodes which occurred within the studied area necessarily included explosive volcanic activity,
which represents the main finding of this paper. It can be assumed that the explosive activity
was Plinian in character, as well as that it was probably triggered by a magma mixing event.
These results are in line with the existing data on analogous areas of Cenozoic volcanism in
Serbia.

Key words: explosive volcanic activity, Lece Volcanic Complex, fall deposits, pyroclastic rocks

YBO/JI

Jlenku Bynkancku komiuieke (JIBK) jemna je on obmactu koja cBeaoud O
KEHO30jCKOM ByjiKaHusMmy y CpOuju. 3ay3uMa HoBpimHy oj npeko 700 km?, mro ra
YUHYU APYTUM HajBehnM BYITKaHCKUM KOMIUIEKCOM Yy HaIloj 3eMJbH (HaKOH THMOYKOT
MarMaTckor komiuiekca). Hanmasu ce Ha koHTakTy CpIricko-MaKeIOHCKE Mace Ha UCTOKY
u Bapnapcke 30oHe Ha 3amamy. Kommiekc je HacTao MOCT-KOJIM3HOHOM MarmMaTcKOM
akTUBHOIINY Koja je Tpajama ox ommroreHa mo muoreHa (Cvetkovic et al. 2016a).
3HayajaH Hampeaak y pasyMmeBamy mnopekia u pa3poja JIBK octBapeH je mpuimkom
uzpage OcHoBHe reonomke kapre (Aumutpujeuh u ap. 1965; Paxuh u ap. 1965;
Marnemesuh u np. 1974; Bykanosuh u np. 1975). Bpemenom cy, mehytum, youeHn u
MPOITYCTH y TyMadelhHMa JI0 KOjHX je TOKOM OBOT' KapTHpama JOILI0, YTIIABHOM yCIIe
Hepa3yMeBama TICHE3€¢ BYIKAHOKIACTUYHHMX, OJHOCHO IHMPOKJIACTUYHHUX CTCHA.
Henmasro, Koctuh (2016) je obaBmo meTporpacKo-ByJIKaHOJOIMIKA HCIUTHBAKA
3anmagaor aena JIBK m ykazao Ha 3Hauaj BYJKaHOJOUIKOT MPHUCTYIA Y TEOJOIIKHM
HCTpaKuBambKUMa OBe o0iacTu. Pe3yntatu HEeroBor MCTpaXHBama HUCY yKa3ald Ha
MOCTOjakhbe TPAaroBa SKCIUIO3WBHUX epymiuja y 3anamHom jaeny JIBK. Hcrounu meo
KOMILIeKca Takohe je y ckopuje Bpeme OHo mpenmer uctpaxkubama (L[BetkoBuh u ap.
2020). [pumukom oBe cryamje, Gokyc je Ono Ha yTBphUBamy MOpEKiIa CTeHa O]l KOjUX
je m3rpalleH paHOBHM3aHTHjCKU apxeosomku JokanmuteT Llapwunn ['pan (Justiniana
Prima), mpu ueMy cy CTEHE ca OBOT JIOKaIuTeTa yropeluBane ca cteHamMa HCTOYHOT Jienia
JIBK. Hako cy crene ucrousor aena JIBK uctpaxuBane u y oBoM u 'y paay LiBeTrkoBuh
u ap. (2020), BaXKHO je HarJacUTH Jia Cy 1IMJbEBU OBUX UCTPAKUBaba OUIM PA3TUYUTH.
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[Ipemaa je y oba pama BpiicHa meTporpad)cka aHaluw3a, BEHH PE3YNITaTH Cy Y pary
I{seTkoBUh U 1p. (2020) UHTEPIPETUPAHH Y KOHTEKCTY T€0apPXEOJIOTH]E, IOK CY Y OBOM
pay HHTEPIIPETHPAHH KaKo OU Ce OTOBOPHUIIO HA BYJIKAHOJIOIIKO MUTAFHE TIOCTABJHEHO
y HAaCJIOBY pajia, a TO je yTBphUBame MOCTOjamha TParoBa HEKANaIlkbe SKCIUIO3UBHE
BYJIKAHCKE aKTUBHOCTH Yy UCTOYHOM JIeITy JIeKoT By TKaHCKOT KOMILIEKCA.

METO/IE

VY 1muiby HCIIUTHBama IMETPOrpad)CKUX M BYJIKAHOJOIIKAX KapaKTepPHCTHKA
creHa uctoyHor jgena JIBK mpumemeHe cy TepeHCKe W J1abOpaToOpHjCcKe METOje.
TepeHckr pajn yKJby4MBao je OICEpBHpame Ha TEPeHy U IPUKYIUbAHE y30paKa.
HcnutuBanm TepeH 00yxBaTao je HCTOYHe IaanHe mianuee Panan, ox [lerpoBor Bpxa
10 oboxa Jlenkor BynkaHckor koMiiekca (Cnuka 1). IIpuxymbeHo je mect y3opaka
CTeHa O] KOjuX Cy KacHH]je u3paljenu nerporpadcku npemaparu. Poromukporpaduje
cy m3paljeHe Ha MMoJapH3aIlMOHOM MHUKPOCKOITY 32 IPOIYIITEHY CBETIOCT THIa Leica
DMLSP ca yrpaheHom nurutaanom kamepoM Leica DC 300.

Legenda

VATt | f—
g -
g Harublends beotinds andessn

Cn. 1 —T'eonomka rpalja HCIMTHBAHOT TepeHa (03HAYCHOT UCTIPEKUIAHUM JINHHjaMa) U ITUper
HOoJpy4ja UCTOUHOT jAena Jlenkor BysnkaHckor kominiekca. I[Ipunaroheno npema OI'K 1:100
000, nuct JleckoBan K34-44 (JJumurpujesuh u mp. 1965).

Fg. 1 — Geological map of the investigated area (marked by dashed lines) and the surrounding
area of the eastern part of the Lece Volcanic Complex. Adapted from the Basic Geological
Map of Yugoslavia 1:100 000, sheet Leskovac K34-55 (Dimitrijevi¢ et al. 1965).

PE3YJIITATU U JUCKYCHJA

TepeHcknM 1 1a00PaTOPHjCKUM MCIIMTHBAKBUMAa CTeHa HCTOYHOT Jera Jlerkor
BYJIKAHCKOT KOMIUIEKca YTBpleHo je fa ce y rpahu oBor moapydja MOTY U3JIBOJUTH TPH
BYJIKAHOJIOIIKH pa3nuuuTe (aruje: 1) KoxepeHTHH XOpHOJICH/1a-TUPOKCEH-OMOTUTCKH
aHJIE3UTH, 2) BYyJIKAHOKJIACTUYHE CTEHE U 3) MUPOKIACTHIHE CTCHE.
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KoxepeHTHM XOpHOJI€eHAA-TTUPOKCEH-OMOTUTCKH aHAEe3UTH

Ha mpoctopy IleTpoBe rope Hanasm ce HEKONMKO W3IaHaKa M3TpaheHHX Of
KOXEPEHTHUX aHne3uTa. Ha caMoM BpxXy 3amaka ce IIoYacTo A0 cTy0acTo Jyderse.
CTtpykTypa OBHX CTeHa je mop¢HpcKka, a TekcTypa MacuBHa. OCHOBHa Maca je
TaMHOCHBE JIO IIpHE 00je, 300T Yera je TEIKO YOUUTH 00jeHe cacTojke cTeHe. Mory ce
YOUHTH jeIWHO MIICYHOOETH (EHOKPUCTAIH IUIaTHOKIAca, KOJjU Cy IIOHET[e
¢nynnanHo pacropehenn. [lajbe HU3 TIIaBHU T, HAKOH M3JIacKa U3 IIyMe, Hajuase ce
W3JIAHIM TTOPO3HOT BapHjeTeTa HMcTe CTeHe. Hbuxoma cTpykrypa je mopdupcka, a
TeKcTypa ¢uynganHa W myibukaBa. OcHOBHa Maca je Oene 0oje. YOWBHBH Cy
(dbeHoKpUCTanu XOpHONEHAE uuja AyKuHa moHernme mpenasu 1 cm. KoxepeHTHH
XOpHOJICHIA-TMPOKCEH-OMOTUTCKU ~ aHJe3uTH wu3rpaleHH Ccy O IuIarhokiaca,
XOpHOJICH/Ie, TUpOKCceHa, OuoTurta (Quoronura?), KBapla, OJWBHUHA, CAHWIWUHA W
MeTAIMYHUX MHHepaia. [Ipema creneHy KpucTaIMHATETa OCHOBHE Mace, OBE CTEHE CY
XHUIOKPUCTAIACTO-TIOPPHUPCKE [0 XHUJjaJONMMINTCKE CTPYKType, HOK Cy mpema
KOJIMYMHE (PEHOKpHUCTANa ONUroupcke CTPYKType (pelaTuBHA 3acTyIJBEHOCT
¢denokpuctana ~ 40%). Texcrypa je MacuBHa 110 payunnanHa. Mehy geHokpucranuma
Cy Haj3aCTYIJbEHUjU €yXEAPATHU TUIATHOKIACH KOJ KOjUX C€ youaBajy JiaMenapHO
OnMKIBewe u 30HapHOoCT. OHH ¢y yecTo GuryuaainHo pacnopehenn (Cruka 2a). 3anaxa
CE U TPaxXUTCKa CTPYKTYpa Y BUIY MHKPOJIHTA IUTATHOKIIACa KOJH MECTHMUYHO OITady
KpynHHje ¢eHokpuctane y ocHoBHOj Macu (Cmmka 26). OBe KapaKTEpPHCTHKE
(pmymmanHa TeKCTypa, TpaxWTCKa CTPYKTypa, €yXeOpamHOCT (EHOKpUCTAIa
IUTaTHOKJIaca, OJCYCTBO MOJOMJBEHUX 3pHA) jecy JOKa3 Oa Cy OBE CTEHE HacTaje
Te4YemeM JIaBe, a He eKCITo3UBHUM JiejcTBoM (Bard 1986; Vernon 2018).

C11. 2 — MUKPOCKOIICKH U3TJIe]] KOXePEeHTHUX XOPHOJICHJa-MUPOKCEH-OMOTUTCKHUX aHIE3UTA.
(a) ®dynpanHu pacnopes MEKPO(GEHOKpPHCTAIA INIArHOKIaca y OCHOBHO] MacH CTEHE
(ctpenuua ykasyje Ha npasai npeosialyjyhe opujenranuje), (0) MUKpOJIMTH IIaruoKiaca
Koju y ‘MitazeBHMa’ onTady (eHokpucraie, rpagehn TpaxuTcKy CTpyKTypy; a — MapaesIHu
Hukonu (ppl), 6 — ykpiuTenu HuKonu (xpl)

Fg. 2 — Microscopic images of coherent hornblende-pyroxene-biotite andesites. (a) Fluidal
arrangement of plagioclase microphenocrysts in the rock groundmass (the arrow points in the
dominant orientation), (b) plagioclase microlites which encircle phenocrysts, thus forming the

trachytic texture; a — plane polarized light (ppl), b - crossed polarized light (xpl)
Y HCIUTHBaHMM Yy30pIMMa KOXEPEHTHHX aHJEe3UTa 3alaXeH je W HH3
ToKasaresba HEPABHOTEKHE KpUcTanu3ayje. Mory ce NpUMETUTH HHKTY3Hj€ OCHOBHE
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Mace y (peHOKpHCTaMMa IUIarMOKJaca, Koje TpeICTaBlbajy TparoBe pecoplliuje,
OJIHOCHO T3B. cUTacTy cTpykTypy (Civka 3a). Kox mopo3HOT BapHjeTeTa aHAe3uTa, Ha
HEKUM (DeHOKpHCTATIMAa TIArHoKiIaca, 3amnaxa ce Jia je CuTacTa CTpyKTypa pa3BUjeHa
MIPETEeKHO y BULy TAMHHX pyOoBa. Yo4aBajy ce U MOJTMMHUHEPAIIHH arperaty (aHKIaBe)
ni3rpaljeHn o7 MUpokceHa W anrepucaHor onmBuHa (Crmuka 36). Kox moposHor
BapHjeTeTa aHAE3UTa, OJIMBHH ce cpehie W y BUIY CaMOCTAIHHUX arperara M Jako ce
Ipeno3Haje mo (GopMHU, YIPKOC 3HAYAJHOM CTEIECHY CEKYHAApHHUX IPOMEHa Koje je
nperpreo. UnmeHNIAa Oa OBe CTEHE campKe M KBapll M OJHMBHH MPEACTaBIba
CBOjeBpCTAaH TEPMOJMHAMUYKU I1apaJIoKC KOjU ce oljalImaBa MellameM MarMu
(Sakuyama 1979). ®deHokpucranum xopHOIeHAE cy ¢uyunanHo pacrnopehenn u
M3pasuTo MoJMuXpoudHu (ox cBeriocMehe mo tamHOocMmehe Ooje). Jlucke OmoTHTa
(¢moronmra?) cy U3pasUTO MOJIMXPOWYHE H IO EHMXOBUM 0001MMa Cy pa3BHjeHU
onauuTcku pyooBu. OCHM IIIarMoKiaca, CHTacTy CTPYKTYpYy WM TparoBe HEKOTr
JIPYTOT THUTIAa HEPABHOTESKHUX PEaKIiyja IMOKa3yjy U HEKH (EHOKPHCTAIN MTUPOKCEHA U
XOpHONeH e, Tiucke Ouotuta (¢uoronuTa?), Kao W 3pHA METATUYHUX MuHepana. OBe
KapaKTepUCTHKe Takohe cBemoue o mpouecuMa Memama Marmu (Varol et al. 2008).
HaBenenu Hanasu y ckiagy Cy ca HpPETIIOCTABKOM O MELIakby MarMu H3pasuTo
pasaMYuTOr cacTapa kKojy je nao Kocruh (2019).

C11. 3 — MUKpPOCKOIICKH U3TJIe]] KOXePEeHTHUX XOPHOJICHJa-MTUPOKCEH-OMOTUTCKUX aHIE3UTA.
(a) MHKITy3Hje OCHOBHE Mace y ()eHOKPHCTATY IIarHoKiIaca, Koje MPeICTaBbajy CHTAaCTy
CTPYKTYDY, (0) HONuMHHEpalHN arperatu u3rpalleHu o MUpoKceHa U aNnTeprcaHor ONUBHHA Y
KOXEPEHTHUM XOpHOJIeH ]a-TUPOKCEH-ONOTUTCKUM aHIIE3UTHMA; a - xpl, 6 — ppl

Fg. 3 - Microscopic images of coherent hornblende-pyroxene-biotite andesites. (a)
Groundmass inclusions in the plagioclase phenocrysts that form sieve texture, (b) polymineral
aggregates of pyroxene and altered olivine in coherent hornblende-pyroxene-biotite andesites;

a—xpl, b - ppl

ByJikaHOKJIaCTHYHE CTEHE

BynkaHOKIacTHYHE CTEHE OBOI MOJpPYydYja MPEICTaB/bEHE Cy BYJIKaHO—
KJIACTHYHUM Opedyama U BYJIKAaHOKJIACTUYHHM Melrdapuma. BynkaHokmactiuune Opeue
cy usrpaljeHe ox yriaactux ¢pparMeHara mopo3HOr aHje3nura (BeIHYHHE MPEeKo 2 mm)
KOjU Cy BE3aHHM CHUTHO3PHUjUM MATPHUKCOM OJI MCTHX CTeHA. BynKaHOKIACTHYHU
nemdapu (>50% ¢pakmuje y omcery 0.05-2 mm), KOju ce mpeMa HETeHETCKOj,
NECKPUNTUBHO] KIACH(PUKANUJU MOTY OJPEAUTH M K0 BYJIKAHCKHA IICAMUTOIUTH
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(LlBetkoBuh 1998), marpahenn cy on (parmMeHaTa KOXEPEHTHUX aHJC3HMTa BE3aHHX
CHUTHO3PHHM MATpPHKCOM. MaTpukc je moapeheH W HMCTOBETHOT cacTaBa Kao
¢dparmenTr. COpTHPAHOCT BYJIKaHOKIACTHYHHX Iemrdapa je mobpa, a yodaBa ce U
JaMHUHAIIFMja, IITO yKadyje Ha TO Jia je peclOoHOBamke HajBepOBaTHHjE W3BPIICHO
OyjuuHAM TokoBHMA. [IpuMehyjy ce W eJIeMEHTH PUTMHYHE CJIOjeBHTOCTH, KOJU
yKa3yjy JAa Cy Hacjiare HacTaje BHIICKPAaTHUM CIUpPambeM. ByIKaHOKIACTHYHH
JICTPUTYC je MpPEeACTaB/bEH OMJIOMIIMA BYJIKAHUTA W WHAWBUAYaIHUM 3pHHUMA
MuHepana. OjuioMIM ByJKaHUTa Ccy BenuwumHe 1-3 mm. Omimkyjy ce
XHjaJIONMIUTCKOM U TOP(GHUPCKOM CTPYKTYpOM, IITO YKa3yje Ha TO Ja Cy Yy IUTamby
¢parmMeHTH Beh onmcaHNX KOXEPEHTHHX aHe3HUTa. Y0uaBajy ce yriacra, cyOyrmacra
u cy03a00JpeHa 3pHA IUIAardoKiIaca, KBapla, CaHHUINHA, MOHOKIHHIUYHOT ITHPOKCEHa,
OMOTHTA, METATMIHUX MHUHEpaJIa U XUAPOKCHAA TBOKDa.

IMupokaacTuyHe cTeHe

[upoxknacTu4He CTEHE Cy MPEACTaBJbCHE PETKUM Hacllarama IaJaBUHCKHUX
JManuiIuTa, Koje Cy cadyBaHEe CcaMO y BHJY peJMKara CcoYuBacTUX (OpMH, 4YHja
MaKkcHMaJlHa Jie0JbuHa HE Mpelia3h jefaH Metap. HajBakHuja KapaKTepHCTHKA OBHX
Haclara jecte go0pa COPTUPaHOCT, OJHOCHO M30CTaHAK CUTHO3PHOT MAaTPHKCA, TAKO
Jla je CTeHa TOTOBO ITOTITYHO CacTaBJbeHa o1 hparMeHaTa ioyhia AuMeH3uja Jarmia.
OcuMm mrnoByhama, caapke W BeoMa peTKe (parMeHTe KOXCPEHTHOI aHAE3UTa
TaMHOCHBE JIO LIpHE OCHOBHE Mace. 300r mtoMuHanuje 6enux mioByhara, oBe cTeHe cy
ynanieuBo Oene 0Ooje. [lagaBuHCKe NManuiauTe, JaKie, caudmbaBajy mpexo 95 3amp.%
ommomMnu MioByhma, MoK u3y3eTHO moxapeheHH CHUTHO3pHH MaTpukc m3rpalyjy
KpXOTHHE CaMHX IJIOByharia, Kao v oJuIoMIH (peHOKpucTana u creHa. Camu mioByhnu
ce O[UIMKY]y BeOMa U3PaKEHOM Be3uKyaanujoM. dparMeHTH mioByhia cy NpucyTHH y
nse popme. IIpBa popma ce ouKyje mpeTexHo chepruuHUM Be3UKYIaMa pa3TuIuTHX
BennunHa (Cnmka 4a). [lomycnernybeHe MYyIJbUHE W BYJIKAHCKO CTAKIIO CAYHHaBajy
cahacty texcrypy (eHr. honeycomb texture). [Ipyra dopma dparmenara mmoByhna
O[UIMKYje C€ HM3Ay)KeHHUM, couMBacTUM (opMama, ca €yTaKCUTHOM TEKCTYpOM H
SJIUTICONATHUM Be3uKyama (Crvka 40).

Mely ¢enoxpucrannma yHyTap mioByhana Haj3acTyIUbEHHjH CY TUIarHOKIIACH,
a TIPHUCYTHE Cy jOIIl U JIUCKE OMOTHTA, XJIOPUTA, 3pHa aM(prOO0IIa, MMPOKCEHa, KBapIia,
OKCHJIH U XUAPOKCUIU TBOKha 1 MeTanndHu MuHepanu. OeHOKPUCTAIH TUIarnoKIaca
cy BapujabuiHMX auMeH3dja (ox wmcrmonx 1 mm nmo mpexko 10 mm) m yrmactux 1o
cyOyrimactux ¢opmu. YodaBajy ce 30HAPHOCT W JlaMelapHO OJKmberme. MHore
OJUIMKYje CHTacTa CTPYKTypa, OJHOCHO, ,,HArPMKEHOCT O] CTpaHe OCHOBHE Mace.
Jlucke OuoTuTa Cy MOMMXPOUYHE U IEIUMUYHO Mpeliaze y XJIopuT. 3pHa am¢pubdona cy
eyxeIpalHa W M3pa3uTo MOJNMXpOWYHA. MHOTa O] BUX MMajy CHTACTy CTPYKTYpPY,
OHOCHO cajpxe OpojHe KamsbHuyacTe WHKIYy3Wje KOje OAroBapajy MaTpHUKcy. 3pHa
KBaplia Ccy Mame 3acTyllJb€Ha W 30HApHO NoMpauyjy. OmioMIu cTeHa uMajy
MOpUPCKY 1 XHjaJONIINTCKY OCHOBY, IIITO yKa3yje Ha TO [ia Cy Y MUTamy GpparMeHTH
KOXEPEHTHHUX aH/E3UTa.
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Cn. 4 — MUKpOCKOIICKH M3IJIe]] OJIoMaKa ruioByhaia y majjaBHHCKUM JIANMITUTHMA. (a)
Opnomak moByhiia Koju ce o/uiuKyje chepruuHUM Be3UKyJIaMa pa3InuuTHX BeJUunHa, (0)
o/yIoMaK IyIoByha Koju KapakTepuiy u3ayxeHe Gopme BYJIKaHCKOT CTAKJIa U SITUIICOUTHE
Be3uKyIie; a, 6 — ppl.

Fg. 4 — Microscopic images of fragments of pumice in lapilli fall deposits. (a) A pumice
fragment characterized by spherical vesicles of different sizes, (b) a pumice fragment
characterized by elongated forms of volcanic glass and ellipsoidal vesicles; a, b — ppl.

[pucycTBo BUCOKOBe3UKyIapHUX IioByharia y Buay (parMeHaTa Jammia Koju
n3rpalyjy magaBHHCKE Hacliare Mo)ke OUTH KapaKTepPUCTUYHO 33 CHAKHE eKCIUIO3WBHE
epyIIyje Kucelle JI0 MHTepMeTujapHe MarMe Koje CTBapajy BHCOKE epyNTHBHE cTyOOBe
U BEIMKE KOIMYMHE BE3WKYJIAPHOT U CTAKJIACTOI MaTepujajia y BUIY MaJaBHHCKHX
tBOpeBuHA (Cas & Wright 1987; Fisher & Schmincke 1984). [Topes ByIKaHOJIOMIKHUX H
MeTporpacKux J0Ka3a 0 eKCITIO3UBHO] BYJIKAHCKO] aKTHBHOCTH, Ka0 ¥ OHUX O MEIIAmhy
MarmH, KOjH Cy MPpUKa3aHu J0 CaJia, O CBONYIHjU JICIKOT ByJIKAHCKOT KOMILIEKCA MOKE
Cce 3aKJby4YHMBaTH U [IOCPEIHO, HA OCHOBY y3UMatha y 0031p pe3yJiTara HCTpaKHBamba Koja
cy pahena y napyrum oOrnactiMa KeHO30jckor BynkaHm3ma y CpOuju (PymHuk,
Konaonwuk, I'onuja, ABana, Bemuku Majnan). MctpakuBama BpiieHa Ha Poro3nm
(Sostari¢ et al. 2012) u Pyaauky (Cvetkovié et al. 2016b) ykasyjy Ha To 1a je Ha OBHM
NOApPYYjUMa 10 WHUIMPamka EKCIUIO3UBHHAX BYIKAHCKUX epYIIHja JOUUIO YyCIIexd
MeIlaka MarMd JIAMIIPOMTCKOT M KHCENOT KaJIKO-aJIKAJTHOT (AUTCKOT) KapakTepa.
[Ipemaa Tpeba HarmacuTu 1a TOKOM OBOT UcTpaxuBama JIBK Hucy nponahene crene
JIAMIIPOUTCKOT KapakTepa, ¢ 003MpOM Ha aHaJOTHOCT HaBeIeHUX mojpydja u Jlenkor
BYJIKAHCKOT KOMILJIEKCa, MOJKE Ce IIPETIIOCTABUTH J1a CY CE CIMIHH MPOLIECH O/IBUjajH 1
Ha OBOM MPOCTOpY. Y TNpPUIIOI OBOM TyMauemy CBEIOYE M MEeTporpadcKu JOKa3h O
Mellaby MarMu (IPUCYCTBO aHKJIaBa OJIMBHHA Y CTEHAMa KOje CafipyKe M KBapll, CHTacTa
CTPYKTypa KOja ce 3amaka KOJ pa3iHYuTHX MHHepalia), Ka0 M MOCTOjae OIOMaKa
KOXCPCHTHUX aHJC3UTa y MUPOKIACTHYHUM CTeHAMa, KOje yKa3yje Ha TO Ja je U3JIMBHA
AKTHBHOCT MPETXO/I1JIa eKCIUI03UBHOj. MelyTiM, kako 61 ce 0BO ca curypHouiiy MOrIio
TBPIUTH, HEOIIXOJTHO j& U3BPIIUTH I0JIJaTHA UCTPAXKKMBAKA KOja O y CBOM (hOKyCY UMaiia
Te0XEMU]jCKE KapaKTEPUCTHKE OBHUX CTCHA.

3AK/bYYAK

VY oBOM pajiy, IPHUKa3aHU Cy pe3ysITaTd MeTporpad)cko-ByIKaHOJOIIKE aHAIN3E
CTeHA MCTOYHOT neiia JIemKOr BYJIKAHCKOT KOMILICKCA. ['JIaBHH IMJb MCTPAKHBAHa
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OWJIO je WCIUTHBAKE IMOCTOjamha TparoBa €KCIUIO3WBHE BYJKAHCKE aKTHBHOCTH Ha
oBOM mozpy4jy. Ha ocHOBY ormcepBamnuja Ha TepeHy U J1a00paToOpHjCKUX NCIUTUBAKA,
U3[IBOjeHe Cy TpH BYyJKaHOJoUKe ¢anuje: Qaurja KOXEpeHTHUX XOpHOIeHaa-
MUPOKCEH-OMOTUTCKUX aH/IC3UTa, BYJIKAHOKIACTHYHE CTCHE U MUPOKIACTUYHE CTEHE.
JehUHUTHBHO TIOCTOjalb€  TparoBa  CKCIUIO3WBHE  BYJIKAHCKE  aKTUBHOCTH
JOKYMEHTOBAHO j€ MPHCYCTBOM MAaJaBUHCKHUX JAMUIUTa u3rpaleHuX TOTOBO Y
NOTIIYHOCTH O]l OJyloMaka IutoByhana, IITO MpEeACTaB/ba TJIABHM Hajla3 OBOT
UCTpaKMBama. MoOXKe ce MPETHOCTaBUTH [1a je OBa EKCIUIO3WBHA aKTHBHOCT Owia
IUIMHHU]CKOT THUIMA, KAa0 M TO Ja je JO e JOIUIO 300r Mellamha MarMd pPa3jinduTOr
KapakTepa. HaBeneHa Tymauema MPOUCTUYY W3 pe3yJiTaTa OBE CTyIHje, Kao M U3
BUXO0BE HHTETPAIlHje ca pe3yJiTaTHMa PAaHUjUX UCTPaKHBambA.

3AXBAJIHOCT

HcrpaxuBame je ypalleHO y OKBHPY YTOBOpa O pealn3anyju U GUHAHCHPABY
Hay4JHOUCTpaxkuBadkor paga HMO y 2022. rogunu, 6p. 451-03-68/2022-14/200126.

ARE THERE TRACES OF EXPLOSIVE ERUPTIONS IN THE
EASTERN PART OF THE LECE VOLCANIC COMPLEX?

INTRODUCTION

The Lece volcanic complex (LVC) is one of the areas that documents Cenozoic
volcanism in Serbia. It spans more than 700 km?, which makes it the second-largest
volcanic complex in this country (after the Timok Magmatic Complex). It is located on
the contact between the Serbo-Macedonian Massif in the east and the Vardar Zone in
the west. The complex originated through a post-collisional magmatic activity which
lasted from the Oligocene to the Miocene (Cvetkovi¢ et al. 2016a). Considerable
progress in understanding the origin and the evolution of LVC was made during the
creation of the Basic Geological Map of Yugoslavia_ (Dimitrijevi¢ et al. 1965; Rakié et
al. 1965; Malesevi¢ et al. 1974; Vukanovic et al. 1975). Over time, however, certain
volcanological oversights made during this mapping became evident; they were mainly
due to misunderstanding the differences between volcaniclastic and pyroclastic rocks.
Recently, Kosti¢ (2016) conducted a petrographic-volcanological investigation of the
western part of LVC and pointed out the importance of utilizing a volcanological
approach in geological investigations of this area. The results of his study did not reveal
the existence of traces of explosive eruptions in the western part of LVC. The eastern
part of the complex has also been a subject of research lately (Cvetkovi¢ et al. 2020).
This study focused on determining the origin of rocks which were used to build the
early Byzantian archaeological site “Cari¢in Grad” (Justiniana Prima); during this
research, the rocks from the site were compared to the rocks from the eastern part of
LVC. Although rocks from the eastern part of LVC were researched both by the present
paper and by the work of Cvetkovi¢ et al. (2020), it is important to emphasize that the
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goals of these studies were different. In the work of Cvetkovi¢ et al. (2020) the results
were interpreted in the context of geoarchacology, whereas the present study
interpreted them in a way that made it possible to answer the volcanological question
asked in the title of the article, and that is determining the existence of traces of past
explosive volcanic activity in the eastern part of the Lece Volcanic Complex.

METHODS

In order to determine the petrographic and volcanological characteristics of
rocks from the eastern part of LVC, field and laboratory methods were utilized. The
fieldwork included making observations in the field and collecting samples. The
examined area encompassed the eastern slopes of the Radan mountain, starting at the
Petrov vrh and ending at the edge of the Lece Volcanic Complex (Figure 1). Six rock
samples were collected, and petrographic thin sections were created from the samples
later on. Photomicrographs were created using a polarizing microscope with
transmitted light (Leica DMLSP) with a built-in digital camera (Leica DC 300).

RESULTS AND DISCUSSION

Synthesizing the observations derived from the field and laboratory
investigations of the samples collected from the eastern part of the Lece Volcanic
Complex, it has been determined that three volcanologically different facies may be
determined: 1) coherent hornblende-pyroxene-biotite andesites, 2) volcaniclastic rocks,
and 3) pyroclastic rocks.

Coherent hornblende-pyroxene-biotite andesites

In the area of Petrova gora, there are several outcrops of coherent andesites, on
which platy and columnar jointing can be observed. These rocks manifest porphyritic
and massive textures. Their groundmass is dark grey to black, which makes the
determination of the minerals difficult. The only easily observable minerals are the
milky white plagioclase phenocrysts, which are occasionally fluidly arranged. Further
down the main road, after leaving the forest, there are outcrops of a porous variety of
the same rock. These rocks display porphyritic, fluidal and vesicular textures and their
groundmass is white in color. There are noticeable phenocrysts of hornblende
occasionally above 1 cm in length. Coherent hornblende-pyroxene-biotite andesites
consist of plagioclase, hornblende, pyroxene, biotite (phlogopite?), quartz, olivine,
sanidine, and metallic minerals. In terms of the crystallinity of their groundmass, these
rocks are hypocrystalline-porphyritic to hyalopilitic, whereas, in terms of the
abundance of phenocrysts, they are oligophyric (relative abundance of phenocrysts ~
40%). The texture is massive to fluidal. Amongst phenocrysts, the most abundant are
euhedral plagioclase phenocrysts which exhibit lamellar twinning and zoning. They
are often fluidly arranged (Figure 2a). The trachytic texture may also be observed, in
the form of microlites of plagioclase that encircle the larger phenocrysts in the
groundmass (Figure 2b). These characteristics (fluidal fabric, trachytic texture,
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euhedral plagioclase phenocrysts, absence of broken phenocrysts) prove that these
rocks originate from the lava flow, and not from explosive activity (Bard 1986; Vernon
2018).

The investigated samples of coherent andesite also exhibit a series of indicators
of disequilibrium crystallization. Droplet inclusions of the groundmass in the
plagioclase phenocrysts can be observed, forming the sieve texture (Figure 3a). In the
porous variety of andesites, sieve texture can be observed on some of the plagioclase
phenocrysts in the form of dark rims. There are also polymineral aggregates (enclaves)
consisting of pyroxene and altered olivine (Figure 3b). In the porous variety of andesite,
olivine forms monomineral aggregates and can easily be recognized by its characteristic
form, despite the significant degree of alteration. The fact that these rocks contain both
quartz and olivine represents a thermodynamic paradox that is commonly explained by
magma mixing (Sakuyama 1979). Hornblende phenocrysts are fluidly arranged and
display strong pleochroism (ranging from light brown to dark brown). Biotite
(phlogopite?) plates also exhibit strong pleochroism as well as opacitic rims. Aside
from plagioclase phenocrysts, sieve texture or traces of other types of disequilibrium
reactions, can also be observed on phenocrysts of other minerals, such as: pyroxene,
hornblende, biotite (phlogopite?) and metallic minerals. These characteristics also
imply processes of magma mixing (Varol et al. 2008). The stated findings are in line
with the previously proposed hypothesis (Kosti¢ 2019) of mixing between two magmas
of distinctly different compositions.

Volcaniclastic rocks

Volcaniclastic rocks are represented by volcaniclastic breccias and
volcaniclastic sandstones. Volcaniclastic breccias consist of angular fragments of
porous andesites (over 2 mm in size) embedded in a fine-grained matrix consisting of
the same rocks. Volcaniclastic sandstones (>50% of fraction between 0.05 and 2 mm),
that may be determined as volcanic psammitolites according to a non-genetic,
descriptive classification (Cvetkovi¢ 1998), consist of fragments of coherent andesites
embedded in a fine-grained matrix. The matrix is scarce and has the same composition
as the fragments. The volcaniclastic sandstones are well-sorted and laminated, which
indicates that the redeposition most likely occurred through intermittent flows. There
are also elements of rhythmic layering, which indicate that the deposits most likely
formed through repeated short episodes of erosion. The volcaniclastic detritus consists
of fragments of volcanic rocks and individual mineral grains. The size of volcanic
fragments is between 1 and 3 mm. They exhibit hyalopilitic and porphyritic textures,
implying that they are fragments of previously described coherent andesites. There are
also angular, subangular and subrounded grains of plagioclase, quartz, sanidine,
clinopyroxene, biotite, metallic minerals and hydroxides of iron.

Pyroclastic rocks

Pyroclastic rocks are represented by lapilli fall deposits, preserved only in the
form of up to one meter wide lens-shaped relicts. These deposits are well-sorted, i.e.,
they lack a fine-grained matrix and consist almost exclusively of lapilli-sizes pumice
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fragments. Aside from pumice clasts, they contain very rare fragments of coherent
andesites with dark grey to black groundmass. Due to the domination of white pumice
(over 95% wt.%), the rocks are distinctively white. The scarce fine-grained matrix is
built out of glass shards (tiny fragments of vesicle walls), as well as fragments of
phenocrysts and groundmass. Fragments of pumice are present in two forms. The first
is characterized by mainly spherical vesicles of different sizes (Figure 4a) and the
second is characterized by elongated, lenticular forms, with eutaxitic texture and
ellipsoidal vesicles (Figure 4b).

The most abundant phenocryst in pumice is plagioclase, but it also contains
flakes of biotite and chlorite, grains of amphibole, pyroxene, quartz, oxides and
hydroxides of iron, and metallic minerals. Plagioclase phenocrysts are variable in size
(from <1 mm to > 10 mm) and their forms are angular to subangular. They display
zoning and lamellar twinning. Many of them are characterized by a sieve texture, that
is, they are absorbed by the groundmass. Biotite flakes exhibit pleochroism and a partial
transition into chlorites. Amphibole grains are euhedral and display strong pleochroism.
Many of them also exhibit a sieve texture, meaning that they contain numerous droplets
of the matrix. Quartz grains are less abundant and show zoning. Rock fragments exhibit
porphyritic and hyalopilitic textures, indicating that they are fragments of coherent
andesites.

The presence of highly vesicular pumice in the form of lapilli fragments that
make up the fall deposits indicates strong explosive eruptions of acidic-to-intermediate
magma, which create high eruptive columns and produce large amounts of vesicular
and glass material (Cas & Wright 1987; Fisher & Schmincke 1984). Aside from the
volcanological and petrographic evidence of explosive volcanic activity, as well as of
magma mixing, which have been presented thus far, the evolution of the Lece Volcanic
Complex may also be constrained by the analogy with other areas of Cenozoic
volcanism in Serbia (e.g., Rudnik, Kopaonik, Golija, Avala, Veliki Majdan). Previous
studies on Rogozna (Sostari¢ et al. 2012) and Rudnik (Cvetkovi¢ et al. 2016b) argue
that explosive volcanic eruptions in these areas were initiated by mixing between
magmas of lamproitic and acidic calc-alkaline (dacitic) character. Taking into account
that these areas are petrogenetically similar to the Lece Volcanic Complex, it may be
assumed that a similar process took place in this area. However, it should also be noted
that lamproites (or lamprophyres) were not found during this study of the LVC. Yet,
this interpretation is in line with the petrographic indicators of magma mixing (the
presence of enclaves of olivine in rocks that also contain quartz, sieve texture displayed
by multiple minerals), as well as the existence of fragments of coherent andesites in
pyroclastic rocks, which indicates that the effusive activity preceded the explosive
activity.

CONCLUSION

In this paper, the results of a petrographic-volcanological analysis of rocks from
the eastern part of the Lece Volcanic Complex were presented. The main goal of the
study was to investigate the existence of traces of explosive volcanic activity in this
area. Based on the field observations and laboratory investigations, three
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volcanological facies were determined: coherent hornblende-pyroxene-biotite
andesites, volcaniclastic rocks, and pyroclastic rocks. The definitive existence of traces
of explosive volcanic activity is documented by the presence of relicts of lapilli fall
deposits, consisting nearly exclusively of pumice, which is the main finding of this
study. It may be assumed that the explosive activity was Plinian in type, as well as that
it was triggered by mixing of magmas of different composition.
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