reoji. aH. BajiK. noji. 60 1 57.66 Beorpa”®, Aeu;emeap 1996
Ann. Geol. Penins. Balk. Belgrade, Decembre 1996

y*K 551.24.012551.251(497.1 ]_) OpnrHHajiHH nav'iiin paji

OJIHOC TEKTOHHS3AIIHIJE H METAMOPO»H3MA y
ITAJIE0O30JCKHM TEPEHHMA IliyM ABHJE H 3AnAJJHE CPEHIE

H jinje TaOKOBHha*, JIlyKe nenrafra* h MmiyHa MapoBHha

PajtOM je aHanH3HpaH ohhoc hhteH3HTcta teKTohh3ai*Hje h creneHa MeTaMop<J)H3Ma y CTeHaMa Koje
npHna3;ajy 3pHHCKO0-HBaH.mKOM, JaffapcKOM, ByKyjbCKOM h /Jh~ihhckom nane030HKy h HacnaraMa CTyneHimKe
cepHje. YTBpl)eHo je fla cy ce MeTaMop()HH npoijecH ojjBHjajiH tokom TpH eTane 0" Kojnx ce npBa noKlJiana ca
BapHcijHjcKHM Ha6apaH>eM, spyra ca alincKHM, a Tpeha ca <J>a30M yTHCKHBaaa KHceJiHX njiyTOHCKHX Tena
TepHHjapHe cTapocTH. Ha OCHOBy cacraBa CTena jieTeKTOBaH je ceMHMeTaMop4>H3aM h npoMeHe Koje ojiro-
Bapajy (faHHjn 3ejieHHX uiKpHJbaija h ennp:oT-aM(J)H60jiHTCKoj (J)ai(HjH.

K jty™ e pcrH: MeTaMop(J)H3aM, TeKTOHH3aqHja, KJiHBasc, njiyTOH.

JlaJieo30jcKH TepeHH HlyMal/j;Hjc h 3ana,rjHe CpGiije cy npe/icmaBJbeHH ca hckojihko
KpynHHx, HHCKOKpHCTaliacTHx, 6jiokobckhx je3rapa, no3HaTHx y JiHTepaTvpH hoii Ha3H-
BHMa: JarapcKH, EyKyjbCKH, JI,phhcko-HBan,hhkh h /T.h'ihhckh najieosoHK h CTyneHHHKa
cepnja. Y reoTeKTOHCKOM CMHClJiy iiaBejreHe nelJiHiie iipHnajiajv hjih BapjiapcKoj 3ohii
(ByKyjbCKH, JajiapcKH h JJhhhhckh najie030HK), hjih ce jaBJtajy Kao caMocTajine TeKTOH-
CKe jeiiiiHHiie (JJphhcko—HBaitHHKH—ejieMeHT h CTy”eHHHKa HJiaca; D im itrijevic,
1974).

Ilo jiHiocipa’rarpacj)ckhmocosHHaMa h CTpyKTypHHM CBojcTBHMa iiaBelieiie HeJiHHe
HMajy Bpjio cjiHHHy reojioiHKy rpa”y. H3y3eB Ja”apcKor najie030HKa koa Kojer CY jihto-
CTpaTHrpac|DCKH o/iuocH HeuiTO npvraHMijH, ocTajiH HMajy y Mai-i,oj hjiii Behoj Mepn npri-
cyrae rjiopMaHHje Koje npnnanajv Jlpiiiicko~HBan,nhkoj rpvnii (B okovié, 1980).

11 aJiHHenacTHHKHM iicrpa>KHBaibHMa (TookobhK h jip., 1995) je VTBptieiio fla cy
CTene Koje H3ipatryjy rpyny rjitipMaHiija HacTajie Y hctom cejiHMeiiTaH,HOHOM 6aceHy,
Kojnje nocTojao cbb jio Kpajacpejjaer Kap6oHa. y TOKyropn,er Kap6oHa h floiter nep-
Ma obh TepeHH cy npeflCTaBJtajiH kohho, jja 6h oji cpejni,er nepMa nocTajiH nojiJiora
6aceHCKor npocTopa y KOMe cy Tajio>KeHH nepMCKH, a KacHHje h TpHjacKH cejiHMeinii.

OnceacHa HCTpaxHBaita HSBejjeHa tokom nspajie OcnoBHe reolioniKe KapTe, a
KacHHje h peanH3aii;HjoM TeMaTCKHX cTyjiHja, cy yKa3ajia jia cy ncTpaacHBaHH npocTopn

Hhctht*t 3a perHonajiHy reojionijy h nalieoHTo0liorajy PynapcKo-reojioiHKor (J)aKyjiTeTa,
yHHBep3HTeTay Eeorpany, KaMeHHTOa 6, Beorpaft.
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tokom Bapnci);HjcKe h aJincKe oporeHe3e npeTpneliH nojiHcjiasna TeKTOHCKa 06jiHKOBa-
n>a (Dimitrijevi¢, 1974; T30KO0BHii, 1980- 1994). OHa cy 6njia npaheHa h pa3JiHHHTHM
cTeneHOM perHOHaJiHor, a "ejioM h KOHTaKTHor MeTaMop(J)H3Ma, hito je jom y paHoj
(J>a3H HCTpaacHBaita yKa3ajio Ha MOryhHOCT H>nxoBor KopeJiaTHBHor ojTHOca.

CTPYyKTyPHE KAPAKTEPHCTHKE nAJIE030JCKHX CTEHA

llpoyHaBaH>eM cTpyKTypa, y noneTKy caMo y pnhcko- hban,hTikom, a KacHHje h y
ocTajiHM nalieo30jcKHM ne.nHHaMa, KOHCTaTOBaHO je jia je BapHCiinjckom h ajincKkOM
TeKTOHH3ailHjoM HCJIOKyilllH npOCTOp CTeKaO CKJIOn KOjH HMa THnH'IHV TpHKJlpihhmhv
CMMeipnjv. Y H>eMy je BHUieKpbthhm 06jiHKOBaH>HMa cTBOpeHO HeKOJiHKO renepaijH ja
s-noBpuiH Koje cy HMalie KpyiiHjajiHy yjiory y npoiiecHMa perHonajinor h KOHTaKTHor
MeTaMop(])H3Ma. Mef>y H>HMa ce no 3Hanajy HOce6HO hcthhv: BapnciiHjckh MeljycjiojHH
KJiHBa* (SK//sS) h kiJiHBa* akcnjajiHe noBpniH (ISK//AP), a y MaH>0j Mepn h ajinckH
KJiHBa>K aKcnjaJiHe noBpiiiH (I1S"/ap).

rijiHKaTHBHH ckjiohobh 3a Koje cy Be3aHe naBefleiie s-noBpiHH ce ounpo pa3JiHKyjy
KaKO no cBojoj reoMCTpnjH, tbko h ho KHHeMaTHiiH h BpeMeHy HacTaHKa. y npocTOpHOM
noiJiejiv nocTojn eBHiieiiTHo Hecjiaraite cTapnjnx h MJia™nx Ha6opHHX cTpyKTypa; h>h-
xoBe oce cToje noji npaBHM, a pe”e h iioji kochm yrjiOM.

CTpyKTypojioiiiKHM HCTpaacHBaiiHMa je yTBpt)eHO fla cy s-noBpiini KJiHBaacHor rana,
CKopo cByrne HMajie HCTOBeTaH pefiocjie/i HacTaHKa. H>hxobo cTBapaite je sanonejio cJjasoM
BapnciiHjcKor 4)JieKCHOHOr na6HpaiHa (y HHjeM noneTKy je nacTao Mei)ycjiojHH KJiHBaac),
HacTaBHJio ce cTBapaiteM BapncnHjcKor KJiHBasca aKcnjaJine noBpuiH, a 3aBpuiHJio cjjop-
MiipaiteM anncKor aKcnjajiHor KliiiBaaca. EKCTeH3HTeT pa3BHha h HHXOBa neHeTpaTHBHOCT
aKCHjalJiHe noBpniH. EBHjieHTHO je jia je MetjvcjiojiHi KJiHBaac X0MDreHO pa3BHjeH h pacnpoc-
TpaibeH y cbhm 6jiokobckhm naJdieo30jcKHM je3ipHMa, /jok cy KJiHBascn aKcnjajiHe noBpniH
KOHiieinpHcaHH y 30He ca oiiajjajyhHM HHTeH3HTeTOM neHeTpaTHBHocTH (cji. 1A). O'inrJiejj-
ho je jja je BapnciiHjckom h ajincKOM TeKTOHH3aiiHjoM noBehaH npoceTan hhbo TeKTOHCKe
onrreheHOCTH y cbhm najieo30jcKHM iieJiHHaMa, a jja ce jaBJtajy h 30He ca eKCTpeMHO
BHCOKHM H3HOCHVA HIKpHJbaita h pa3JiHCTaBaH>a.

METAMOPC&H3AM H TEKTOHH3AHHJA

MeTaMopcfma cBojcTBa naneo3ojcKHX cjjopMaHiija 1llyMajiHjcKor h 3anajiHO-cp6HjaH-
BHine nyTa (JHHMHTpHjeBHh, 1971; Karamata, 1976; Td0 KOBHh, 1980- 1984; M hjio-
BaHOBHh, 1984). KoHCTaTOBaH je yraaBHOM hh>kh MeTaMopcjjnsaM Kojn je y pasjiH'nrrHToj
MepH 3axBanio nadieo3ojcKe CTeHe. IllpH TOMe je c|)opMHpaHa H3pa3Hra 30HapHOCT
MCTaMopchHSMa Koja je jjo6po H3paaceHa y JIpHHCKO-MBaibHHKOM, a 3HaTHO cjiaénje h y
ocTajiHM naJieo3ojcKHM npocTopHMa (Cji. 1B). 3 oHe ojiroBapajy ccMHMeTaMopcjjHOM cTynHEB>y
npoMeHa, 3aiHM cjjaiiHjn 3eJieHHX HiKpHIJHana h enHjjOT-aMcf)H6 oJiIHTCKoj (jiaHHjn.

HacTaHaK MeraMopcjjH3Ma, a iiapoHHTO cTBapaibe pa3jihhhthx Me'iaMopcjDiiHX 30Ha,
npeMa BehHHH HCTpaacHBana je BpeMeHCKH KOHTHHynpaH npoH.ec HiijjvKOBaH KpynHHM
reoTeKTOHCKHM jiora®ajMa. Tokom h>hx je noji jiejcTBOM TepMaliHor (|)JiyKca, Be3aHor 3a
KOHTakT BapjiapcKe 30He h Jlphiicko- hbah>h'ikor najie030HKa, HacTao 30HapHH MeTa-
Mop(J)H3aM 'iHjn cTeneH onajia ca yjtajpeHomhy ojj HaBejieHor KOHTaKTa. 30HapHOCT je
jlOHeKJie HapymeHa KOHTaKTHHM MeTaMOpc})H3MOM, HacTajiHM yTHCKHBaH>eM njiyTOH-
ckhx Tejia Y peoHHMa CTyjieHHiie, r ojinje , Byicyjbe h Bopaibe.
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Cji. 1. (A) - PacnpocTpaH,eH>e BiHBasca (ﬁrpa,\ai |0MCTHE|‘BFR’B_]W a) bhcook; 6) (m:lm_ln) HBKh
r) Bpjio HBK (E) - PacnpocTpaH jeae Me al\/tpj)l i D(3o_na: a) enHAOT-aM (j3H60JiIHTCKa cjjaiflija. 6) cjja-

qaja sejienx HKpHbaIA ca asisHToMm, i) GjaijHja 3ejieniix THKPHI 6e3 ajicnra H 1) GVHVETAMpP)He
creHe. Ocrajie o3HaKe: JlII~ JanapcKH najie030HK. El1- najieo30HK, fljn- Phihhckii najlec-

30HK, CC- cTyreHiMKa cepnja hP,HI1- jHpHHCKo—HBaitHAiKH najie030HK .

Fig. 1. (A) Distribution of cleavages and gradation of development degrees: a. Mgh, b. medium, c. lowy,
and d. very low. (B) Distribution of metamorphic zones: a. epidote-amphibolite facies, b. facies of
green schists and aibite, c. facies of green schists without albite, and d. semimetamorphic rocks.
Other symbols: JP- Jadar Paleozoic, BP- Bukulja Paleozoic, DP- Di¢ina Paleozoic, SS- Studenica

series, and DIP- Drina-lvanjica Paleozoic.
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OsaKBO ’ivM a'lettje je y MHoroMe 6hjio y HecKliafly ca tcktohckhm oco6eHocTHMa
najieo30jcKHX npocTopa. lloKa3ajio ce jja nocTojn H3pa3HTa KopejiaTHBHOCT TeKTOHH-
3an,Hje h pa3BHha Bapncn0]JCKnx h ajincKHXx s-noBpniH ca jerjHe cTpaHe, h c])a3a h 30Hap-
hocth MeTaMopcl))H3Ma ca flpyre, TaKBa no/iyjjapHocT nojaBa jacHo je yKa3ajia jja ce
MeTaMop4>H3aM HeKOHTynpaHO ojjBiijao (c])a3Ho) y BpeMencKH j?yroM nepHop(y ofl cpejj-
H,er Kap6oHa na jjo noneTKa Heorena. Flpn tomb ce MOI’y 113insojhth ‘ipii rjiaBHe (J)a3e
Koje ce reHepajiHO noKlJianajy ca c|)a3aMa perHOHaliniix TeKTOHCKHx 06jiHKOBaH ,a.

HajcTapnjH MeTaMopcl)H3aM ce oiiHipao tokom ropiter Kap6oHa h floiter nepMa h
ojjroBapa eranii cTBapaita BapHcnjijcKHX Ha6opa. MMao je peraoHajiHH KapaKTep 113axBaTHo
je H,ejiyoKynHH najieo30jcKH npocTop iilvMajlHje h 3anafl[He Cp6nje. Tokom aera cy cepn-
MeHTHe h MarMaTCKe TBopeBHHe npeTpnelie ceMHMexaMop(])He npoMene Koje cy p;o6po
H3paaceHe y hcthm pejoHHMa y KojHMa je pasBnieH BapHcujijcKH Me”ycjiojiiH KliHBass (cji.
1A). CeMHMeTaMopcl)H3aM ce OHHrjiejiHO ojim pao npe (Jiase Tajioaceita nepMCKiix h Tpnjac-
khx Hacjiara 11 paciiaZiaira jeffHHCTBenor nalieo3ojcKor Konna.

M jiara (J)a3a MeTaMopcJ)H3Ma ce ojjBHjajia tokom jype h noite Kpejje (M hjiob3ho-
BHh, 1984) Kajia ce ojrnrpajio h BHineKpaTHO jjOKOBan.e nalieo3o0jcKiix 6jiokob3 vy
BapiiapcKoj 30HH h y3 h>ch jyro3anafl[HH py6, T.ajja je ycpejj npeHa6npaH>a ceMHMeTa-
Mop(J)HTa jjoiiijio ho peaKTHBHpaita BapncipgcKar h CTBapaH-.a ajincKor KHHBaaca
aKcnjajiHe noBpniH. npou;ec je 6ho HapoHHTO po6po H3paaceH y 3onaMa rj?e cy 6jiokobh
noTaitajiH jejjHH noj? j?pyre, hjih HajaxHBajiH jejjHH npeKO jjpyrHX. TaKBH MexaHH3MH cy
CTBapajiH H3pa3HT 30HapaH pacnopeji; HHTeH3HTeTa yniKpHJtenocTH, hito je TepMalJiHOM
(J)jiyKecy Tpacnpajio nyT Ka cTBapan>y MeTaMopcljne 30HapHOCTH. Y TaKBOM CKliony 30He
ca HajHHTeH3HBHiije pa3BHjeHHM KjniBajkOM cy rcpeTpnejie pernonajiHH MeTaMopcl)H3aM
j(o cjianH je 3ejieHHX uiKpHJbaHa. M hkpockohckhm npoyfJaBaH>HMa MeTaMopcJniTa (Brko -
vié i dr., 1968; Dokovi¢, 1980) je HejjBOCMHCJieHO yTBpi)eHO jja je na cTBapaite
MeTaMopcpHTa osor CTvniba ojjjiy'iyjyhy yjiory HMao HHTeH3HTer pasBiiha KHHBaaca,
OJSHOCHO HHTeH3HT6T UIKpHJfcaifca, Y BHCOKO TeKTOHH30BaHHM H paSJIIICTaHHM napTH-
jaMa crena y hctohhom ffejiy HBaitH'iKor h 6yKyji>cKor h y aKcnjaliHoj sohh jjpHHCKor h
ca HHTeH3HBHOM aji6 HTH3aii,HjoM. Y nojjpy'ijHMa Kao uiTo cy aKcnjajiHH neo HBaifcHHKor,
jiaTepajiHH j*ejioBH jjpiracKor h jvrosanajjiiH pejoH jajjapcKor najieo3ojcKor npocTopa,
ri*e je neHeTpaTHBIiiocT aKcnjaJiHHX KJiHBaaca HeniTO Hisca, 3e.Tie.HH iiikphjbijh cy HernTo
M aiter KpHCTajiHHHTeTa h CKopo j?a neMajy aji6HTCKy KOMHOHeHTV. OHiirliejiHO je jia je
miHBaac mpao kji*h”" yjiorvypa3Bojy Haj3HaTiajHHje (J>ase perHOHajmr MeTaMopdjirsM a.

HajM Jia”a cj)a3a npoMena najieosojcKHK CTena je Be3ana sa 0JinrOMHO iJ;eHCKH M ar-
M3TH33M Kafla je nOJ] TepMHHKHM JjejcTBOM HJiyTOHCKHX TBJia HporpeCHBHO MCTaMOp-
(J)HcaHa CTyj*eHHHKa cepnja HHBoa ennj?0T aM(J)H60jiHTCKe cjiannje. CjiHHaH c/reneH
MeTaMopcJ)H3Ma je 3anaaceH h y v>khm opeolJiHHM sonaMa Hapo'iiri'oc oko 5vKyjLCKor
rpaHHTOHjia, a nonerjie h oko 6opaH>cKor h rojinjcKor njiyTOHa.

nepnoj? yTHCKHBaii>a iuiyTOHCKHX Tejia je npaheH KynojiaCTHM caBH jaiteM nperxojr-
ho iiacTaliHX s-noBpmii h hhtcshbhhm pa3lJiHCTaBan>eM m hkpojihtohckhx Tejia. llpon;ec
je iiapoHHTO 6ho 3HaHajan y nojjpyHjy Oiyj(eHM'IKC njiace, 36or ~era je 11 flonilio jjo
eKCTensHBHor pa3BHha MeTaMop(J>H3Ma. EjieMeiiTH KOHTaKTHor MeTaMopcl)H3Ma ce MOI’y
HacjiyTHTH h y hbkhm naneo3o0jcKHM cpejpmaMa y KojiiMa hhcv otkphbchh khcbjih njiy-
tohh. Kao npHMep ce mojkb HasecTH JejioBa Fopa rj*e je eBiijjeHTaii HemTO jann
MeraMop(J)H3aM (M njioBaHOBHN, 1984), a Kojn 6h ce Morao BesaTii 3a TepMaliHH
yraHaj HeoTKpHBeHor njiyTOHCKOr Tejia.
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*

MeTaMopcpHH npon;ecH kojh cy ce ofl[Hrpann y CBaKoj o™ HaBe”eHHX (J)a3a cy
iTonpiinejiH cTBapaH.y nporpecHBHor MCTaMopcJjiioi’ TpeHria y naneo3ojcKHM cTeHaMa
cpeFininiter h 3anafliior ~ejTa CpSnje. lipH tomb cy pernoHaJiHH, a h KOHTaKTHH MeTa-
Mop4)H3aM npaTHJiH TeKTOHH3an;Hjy npocTopa, ihto je h pe3yjiroBaJio biicokom Kopejia-
THBHOInhy HHTeHSHTeTa paSBHha S-HOBpiHH H HHBOa MCTaMOp<|)H3Ma. OBakKBH OHHOCH ce
Mory 0'ieKHBaTH He caMO y npocTopHMa Kojn cy npiikasaHH obhm pa/ioM, Beh h v

pejoiiHMa Kojn iipHiia/iajy JIhmckom h *ipa'iaHCKOM naJie030HKYy.
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RELATIONSTffIP BETWEEN TECTONISATION
AND METAMORPTffISM IN THE PALEOZOIC
OF SUMADIJA AND WESTERN SERBIA

by
Ilija Bokovi¢ , Luka PeSi¢ and Milun Marovic

This paper analyses the relationship between intensities of tectonisation and metamorphism degrees
in rocks of the Drina-lvanjica, the Jadar, Bukulja, and the Dicina Paleozoic terrains and in the Studenica
series. Metamorphic processes were recognized which operated through three stages: first coetaneous with
the Variscian folding, second with Alpine, and third with intrusion of acid plutonic bodies of Tertiary age.
Semimetamorphism and transformations equivalent to the green schist and the epidote-amphibolite facies
were detected on the basis of rock compositions.

Key words: metamorphism, tectonisation, cleavage, pluton.
INTRODUCTION

Paleozoic terrains of Sumadija and westem Serbia are represented by several large,
low-crystalline, block cores, referred to in the geologic literature as: the Jadar, Bukulja, the
Diina-lvanjica, and the DiCioa Paleozoics, and the Studenica series. Geotectonically, these
units belong either to the Vardar zone (Bukulja, the Jadar, the Dicina) or are independent tec-
tonic units (the Drina-lvanjica element and the Studenica unit; Dimitrijevié¢, 1974)

The mentioned units are very similar in lithostratigraphy and structure. With the ex-
ception of the Jadar Paleozoic, which is slightly different in lithostratigraphic relations.
others include in a smaller or greater measure the formations which belong to the
Drina-Ivanjica group (Pokovi¢, 1980).

A palinspastic study (Pokovi¢ et al., 1995) ascertained that rocks building up this
group of formations were formed in the same sedimentation basin which existed to the
end of the Middle Carboniferous. During the Upper Carboniferous and Lower Permian,
the terrains were continental, and from the Middle Permian were the bedrock of a basin
in which Peimian and later Triassic sediments were deposited.

University of Belgrade, Faculty of Mining and Geology, Institute of Regional Geology and
Paleontology, Kamenitka 6, Belgrade.
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Numerous investigations for the Base Geologic Map, and later thematic studies, indicated
a polyphase tectonic modeling of the given terrains during the Variscian and Alpine orogenies
(Dimitrijevi¢, 1974; Bokovi¢, 1980-1984), followed by varied regional, and partly con-
tact metamorphism, which, even in the early stage of the study, suggested their correlation.

STRUCTURAL FEATURES OF PALEOZOIC ROCKS

It was established through the study of structures, first only in the Drina-lvanjica unit
and later in other Paleozoic entites, that Variscian and Alpine orogenies resulted in a structural
pattem of typical triclinic symmetry. Repeated transfoims produced several generations of
s-planes which had a crucial part in the processes of regional and contact metamorphism.
Those of paiticular significance are Variscian interstratal cleavage (skirss) axial plane cleavage
(1skiAP), and somewhat less Alpine cleavage along axial plane (11sk/AP).

The fold fabric, to which the mentioned s-planes are related, is quite different in geometry and
in kinematics and time of formation. There is an evident spatial discrepancy between the old and
younger fold structures; their axes are at a right, rarely at an oblique. angje.

As indicated by structurological study, s-planes of the cleavage type almost everywhere
had the identical order of formation: from the Variscian flexural folding (which initiated divi-
sional cleavage), to the Variscian axial plane cleavage, to the Alpine axial cleavage. The extent
and penetiation aie uniform in the divisional plane cleavage, and notably distributive in both
generations of the axial plane cleavage. The bedding plane cleavage is evidently homogene-
ously developed and extensive in all Paleozoic block cores, whereas the axial plane cleavages
are concentrated in zones of the decreasing penetration intensity (Fig. 1A). Obviously, Varis-
cian and Alpine tectonisations raised the average level of the tectonic deformations in all Pale-
ozoic entities, and even formed zones of extremely high schistosity and sheeting.

METAMORPHISM AND TECTONISATION

Metamorphism of Paleozoic formations of Sumadija and West-Serbia Paleozoic has
been studied in the last few decades (Dimitrijevi¢, 1971, Karamata, 1976; Bokovi¢,
1980-1984; Milovanovi¢, 1984). The identified metamorphic grade of Palozoic rocks is
low and nonuniform, and zonal in distribution: notable in the Drina-lvanjica, and much
lower in other Paleozoic terrains (Fig. 1B). Zones designate the semimetamoiphic grade
of transformation, and the facies of green schists and the epidote-amphibolite facies.

The origin of the metamoiphism, and particulaily the formation of various metamoi-
phic zones, is commonly interpieted as a piocess continuous in time, induced by large
geOtectonic events. These events and the thermal flux associated with the contact of the
Vardar zone and the Drina-lvanjica Paleozoic resulted in the metamorphism decreasing in
grade with the distance from this contanct. The zonation is partly disturbed by contact
metamorphism provoked by the intrusion of plutonic bodies in Studenica, Golija, Bukulja,
and Boranja regions.

This interpietation was inconsistent with the tectonic features of the Paleozoic doma-
in. A notable correlation was observed between the tectonisation and development of
Variscian and Alpine s-planes, on one hand, and the phases and zonation of metamoi-
phism, on the othei. This coincidence of the phenomena clearly indicated a discontinuous
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(staged) progress of metamorphism through a long period from the Middle Carboniferous
to the Neogene. There were three principal stages generally concurrent with the phases of
the regional tectonic transforms.

The oldest metamorphism evolved through the Upper Carboniferous and the Lower Per-
mian, equivalent to the formation of Variscian folds. It had a regional extent covering the enti-
re Paleozoic domain of Sumadija and westem Serbia. Sedimentary and magmatic rocks af-
fected by this metamorphism were semimetamorphosed as noted in the same regions where
Variscian bedding plane cleavage is developed (Fig. 1A). The semimetamorphism must had
preceded the sedimentation of Petmian and Triassic deposits and the breaking up of the Paleo-
zoic land.

A later stage of metamorphism continued through the Jurassic and the Lower Creta-
ceous (Milovanovi¢, 1984), when Paleozoic blocks repeatedly docked into the Vardar
zone and to its southwestem border. Then the refolding of semimetamorphites reactivated
the Variscian and formed Alpine axial plane cleavages. This process was particularly no-
table in zones where blocks sunk one under another or one over the other. The acting
mechanism formed a distinctly zonal pattem of schistosity intensities, which traced the
path for a thermal flux and eventual development of metamorphic zonality. The zones of
the most advanced cleavage underwent the regional metamorphism to the green schist fa-
cies. A microscopic study of metamorphites (Brkovi¢ et al., 1968; Bokovi¢, 1980)
asceitained that the formation of metamorphites of the given grade was defmitely controlled by
the cleavage intensity, i.e. by the degree of schistosity. The green schist facies is associated
with high albitisation in the highly tectonized and exfoliated rocks of the eastem Ivanjica and
Bukalja regions and in the axial zone of the Drina and the DiCina areas. Green schist are of a
lower crystallinity and almost without the albite component in the areas such as the axial zone
of Ivanjica, lateral parts of the Drina, and southwestem region of the Jadar Paleozoic terrains,
where axial cleavage is less penetrative. Cleavage obviously had the key role in the most im-
portant stage of the regional metamorphism.

The latest stage of the Paleozoic rock transformation is related to the Oligo-Miocene
magmatism, when the thermal effect of plutonic bodies progressively metamorphosed the Stu-
denica series to the epidote-amphibolite facies level. A similar level of metamorphism was
noted in proper orographic zones especially arouna Bukulja granitoid, and sporadically around
Boranja and Golija plutons.

The period of plutonic body intrusions was succeeded by dome-like flexing of the
previously formed s-planes and intensive exfoliation of the microlithon bodies. The pro-
cess was particularly significant in the domain of the Studenica unit, which provided for
extensive metamorphism. Elements of the contact metamorphism can be surmised in some
Paleozoic environments where acid plutons were not formed. An example is Jelova Gora,
which shows a higher grade of metamorphism (Milovanovi¢, 1984), that can be asso-
ciated with the thermal effect of a covered plutonic body.

*

* *

Metamorphic processes which operated in each of the mentioned phases, contributed
to the progressive metamorphic trend in Paleozoic rocks of central and westem Serbia.
Regional, and contact, metamorphism accompanied the regional tectonisation which re-
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sulted in a highly correlative intensity of s-plane development and level of metamor-
phism. Similar relations can be expected not only in the regions described in this work,
but also in the regions of the Lim and the Praca Paleozoic domains.
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