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y ^ K  551.24.01:551.251(497.1 1) O p n rH H a jiH H  n a v ' i i i n  p a j i

O J I H O C  T E K T O H H 3 A I I H J E  H  M E T A M O P O » H 3 M A  y  

I I A J I E 0 3 0 J C K H M  T E P E H H M A  I I i y M A 3 H J E  H  3 A n A J J H E  C P E H J E

H j i n j e  T a O K O B H h a * , J I y K e  n e n r a f r a *  h  M m i y H a  M a p o B H h a

PajtOM je  aHanH3HpaH ohhoc hhteH 3H Tcta teKTohh3ai^Hje h  creneH a MeTaMop<J)H3Ma y CTeHaMa Koje 
npHna3;ajy 3pHHCK0-HBaH.mK0M, JaffapcKOM, ByKyjbCKOM h  /Jh^ihhckom nane030HKy h  HacnaraM a CTyneHimKe 
cepHje. YTBpl)eHo je  fla cy ce MeTaMop(|)HH npoijecH ojjBHjajiH to k o m  TpH e T a n e  o^ Kojnx ce npBa noKJiana ca 
BapHcijHjcKHM Ha6apaH>eM, s p y ra  ca aJincKHM, a Tpeha ca <J>a30M yTHCKHBaaa KHceJiHX njiyTOHCKHX Tena 
TepHHjapHe cTapocTH. H a  0CH0By cacraB a CTena jieTeKTOBaH je  ceMHMeTaMop4>H3aM h  npoMeHe Koje ojiro- 
Bapajy (faHHjn 3ejieHHX uiKpHJbaija h  ennp:oT-aM(J)H6ojiHTCKoj (J)ai(HjH.

K j t y ™ e  p c ^ H :  M e T a M o p (J)H 3 a M , T e K T O H H 3 aq H ja , K JiH B asc , n jiy T O H .

yB O fl

] l a J ie o 3 o jc K H  T e p e H H  H lyM a/j;H jc  h  3 an a ,r jH e  C p G ii je  c y  n p e / i c rraB Jb eH H  c a  h c k o j i h k o  

K p y n H H x , H H C K O K pH C TaJiacTH x, 6 j i o k o b c k h x  j e 3 r a p a ,  n o 3 H a T H x  y  J iH T e p a T v p H  h o i i  H a3H - 

BHM a: J a ^ a p c K H , E yK y jb C K H , J.I , p h h c k o - H B a n ,h h k h  h  /T .h 'ih h c k h  n a j i e o s o H K  h  C T y n eH H H K a 

c e p n j a .  Y  reoTeK TO H C K O M  CMHCJiy iia B e jre H e  n e J iH iie  i i p H n a j ia jv  h j i h  B a p j i a p c K o j  3 o h i i  

(B y K y jb C K H , J a j ia p c K H  h  J J h h h h c k h  n a j i e 0 3 0 H K ) ,  h j i h  c e  j a B J t a j y  K a o  c a M o c T a j in e  TeK TO H - 

CKe je i i i iH H iie  ( J J p h h c k o —H B aitH H K H —e jie M e H T  h  C T y ^ e H H H K a  H J ia c a ;  D i m i t r i j e v i ć ,  

1 9 7 4 ) .
IIo jiHi’ocip a’rarpa cj)ckhm o c o S H H a M a  h CTpyKTypHHM C B ojcTB H M a iiaBe/ieiie H eJiH H e 

HMajy Bpjio cjiHHHy reojioiHKy rpa^y. H3y3eB J a ^ a p c K o r  n a j i e 0 3 0 H K a  k o a K o j e r  cy j i h t o -  

CTpaTHrpac|DCKH o/iuocH HeuiTO npvraHMijH, ocTajiH HMajy y M ai-i,oj hjiii B e h o j  M e p n  n p r i -  

cyrae rjiopMaHHje Koje n p n n a n a j v  JIpiiiicko~HBan,nhK oj r p v n i i  ( Đ o k o v i ć ,  1 9 8 0 ) .

I I aJiHHenacTHHKHM iicrrpa>KHBaibHMa ( T o o k o b h K  h j i p . ,  1 9 9 5 )  j e  V T B p tie iio  f la  c y  « 

CTene Koje H 3 i p a ^ y j y  rpyny rjitipMaHiija H a c T a j ie  y hctom ce jiH M eiiT aH ,H 0H 0M  6 a c e H y ,  

Kojn j e  n o c T o j a o  cbb jio Kpaja c p e j j a e r  K a p 6 o H a . y  TO K y r o p n , e r  K a p 6 o H a  h f l o i t e r  n e p -  

M a obh TepeHH cy npeflCTaBJtajiH kohho, jja 6h oji c p e j n i , e r  nepMa n o c T a j iH  n o j i J i o r a  

6aceHCKor npocTopa y KOMe cy Tajio>KeHH nepMCKH, a K a c H H je  h TpHjacKH cejiHMeinii.
O n c e a c H a  H C T p a x H B a i ta  HSBejjeHa t o k o m  n s p a j i e  O c n o B H e  r e o J i o n i K e  K a p T e , a  

KacHHje h  p e a n H 3 a ii ;H jo M  TeMaTCKHX c T y jiH ja , c y  y K a 3 a j ia  j i a  c y  n c T p a a c H B a H H  n p o c T o p n

H hctht^t  3a perHonajiHy reo jio n ijy  h  n a J ie 0 H T 0 J i 0 r a j y  PynapcK o-reojioiH K or (J)aKyjiTeTa, 
yHHBep3HTeTa y E eo rp an y , KaMeHHTOa 6, Beorpaft.
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to k o m  Bapnci);HjcKe h  aJincKe o p o r e H e 3 e  npeT pneJiH  nojiH cjiasn a  TeKTOHCKa o6jiHKOBa- 

n>a (D im itr ije v ić , 1974; T3 0 K0 BHii, 1980- 1994). OHa cy 6njia npaheHa h pa3JiHHHTHM 
cTeneHOM perHOHaJiHor, a ^ejioM h KOHTaKTHor MeTaMop(J)H3Ma, h ito  je j o m  y  paHoj 
(J>a3H HCTpaacHBaita yK a3ajio  Ha M 0ryhH0CT H>nxoBor KopeJiaTHBHor ojTHOca.

CTPyKTyPHE KAPAKTEPHCTHKE nAJIE030JCKHX CTEHA

I lp o y H a B a H > e M  c T p y K T y p a ,  y  n o n e T K y  c a M o  y  p n h c k o - h b a n , h Ti k o m , a  K acH H je  h  y  

o cT a jiH M  naJieo3ojcKHM n e .n H H aM a, KOHCTaTOBaHO j e  j i a  j e  B a p H C iin j c k o m  h  a jin cK O M  

T eK T 0H H 3aiIH j0M  HCJIOKyiIIIH npO C T O p C TeK aO  CKJIOn KOjH H M a TH nH 'IH V  T pH K JIp ihhm hv  

C M M eip n jv . y  H>eMy j e  B H U ie K p b th h m  0 6 jiH K 0 BaH>HMa c T B 0 p e H 0  HeKOJiHKO r e n e p a i j H j a  

s - n o B p u i H  K o je  c y  H M aJie  K p y iiH ja jiH y  y j i o r y  y  npoiiecHMa p e r H o n a j i n o r  h  K O H T aK T H or 

M e T aM o p (|)H 3 M a. M e f> y  H>HMa c e  n o  3 H a n a jy  H O ce6H O  h c t h h v :  B a p n c i iH jc k h  M e ljy c jio jH H  

K J iH B a *  (Sk//ss) h  K J iH B a *  a K c n ja j iH e  noBpniH (ISk//AP), a  y  M aH>oj M e p n  h  a j in c K H  

KJiHBa>K a K c n ja J iH e  n o B p ii iH  (IIS^/ap).
rijiHKaTHBHH ckjiohobh 3a Koje cy Be3aHe naBefleiie s-noBpiHH ce ou n p o  pa3JiHKyjy 

KaKO no cBojoj reoMCTpnjH, tbko h ho KHHeMaTHiiH h BpeMeHy HacTaHKa. y  npocTOpHOM 
noi Jiejiv 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 rrana, 
CKopo cByrne HMajie HCTOBeTaH pe/iocjie/i HacTaHKa. H>hxobo cTBapaite je sanonejio cJjasoM 
BapnciiHjcKor 4)JieKCH0H0r na6HpaiHa (y HHjeM noneTKy je nacTao Mei)ycjiojHH KJiHBaac), 
HacTaBHJio ce cTBapaiteM BapncnHjcKor KJiHBasca aKcnjaJine noBpuiH, a 3aBpuiHJio cjjop- 
MiipaiteM anncK or aKcnjajiHor KJiiiBaaca. EKCTeH3HTeT pa3BHha h H>HXOBa neHeTpaTHBHOcT 
cy yjejjiiaTieiiH koji Mel)ycjiojHor, a H3pa3HTO flHCTpH6yTHBHH ko/j o6e renepanHje KJiHBaaca 
aKCHjaJiHe noBpniH. EBHjieHTHO je jia je MetjvcjiojiHi KJiHBaac X0M0reH0 pa3BHjeH h pacnpoc- 
T paibeH  y cbhm 6jiokobckhm naJieo3ojcKHM je3 ip H M a, /jok cy KJiHBascn aKcnjajiHe noBpniH 
KOHiieinpHcaHH y 30He ca oiiajjajyhHM HHTeH3HTeT0M neHeTpaTHBHocTH (cji. 1A). O'inrJiejj- 
ho je jja je BapnciiHjckom h ajincKOM TeKTOHH3aiiHjoM noBehaH npoceTian hhbo TeKTOHCKe 
onrreheHOCTH y cbhm najieo3ojcKHM iieJiHHaMa, a jja ce jaBJtajy h 30He ca eKCTpeMHO 
BHCOKHM H3HOCHMa HIKpHJbaita h pa3JiHCTaBaH>a.

METAMOPC&H3AM H TEKTOHH3AHHJA

MeTaMopcfma cBojcTBa naneo3ojcKHX cjjopMaHiija IIIyMajiHjcKor h 3anajiHO-cp6HjaH- 
cKor najie030HKa npejicTaBJbajy nojaBy Koja je y nocjiejjitHX hckojihko jieiieHHja H3yiaBaHa 
BHine nyTa (JHHMHTpHjeBHh, 1971; K aram ata, 1976; Td0 K0 BHh, 1980- 1984; M h jio - 
BaHOBHh, 1984). KoHCTaTOBaH je yraaBHOM hh>kh MeTaMopcjjnsaM Kojn je y pasjiH'nrrHToj 
MepH 3axBanio naJieo3ojcKe CTeHe. IlpH TOMe je c|)opMHpaHa H3pa3Hra 30HapH0CT 
MCTaMopc’pHSMa Koja je jjo6po H3paaceHa y JIpHHCKO-MBaibHHKOM, a 3HaTHO cjia6nje h y 
ocTajiHM naJieo3ojcKHM npocTopHMa (Cji. 1B). 3 oHe ojiroBapajy ccMHMeTaMopcjjHOM cTynHt>y 
npoMeHa, 3aiHM cjjaiiHjn 3eJieHHX HiKpHJHana h enHjjOT-aMcf)H6oJiHTCKoj (jiaHHjn.

H a cT aH aK  M erraM opcjjH 3M a, a  iiapoHH TO c T B a p a ib e  p a 3 j i h h h t h x  Me'iaMopcjDiiHX 3 0 H a, 
n p e M a  BehHHH H C TpaacH B ana j e  BpeMeHCKH KOHTHHynpaH n p o H .ec  HiijjVKOBaH KpynHHM  
reoTeKTOHCKHM j io ra ^ a jM a .  T o k o m  h>hx j e  n o j i  jiejcTBOM T ep M aJiH o r (|)JiyK ca, B e 3 a H o r  3 a  
KOHTaKT BapjiapcKe 3 0 H e h  JIph i ic k o - h b a h > h 'ik o r  n a jie 0 3 0 H K a , H acT ao  30H apH H  M eT a- 
M op(J)H3aM 'iH jn  c T e n eH  o n a j ia  c a  y j ta jb e H o m h y  o jj  H a B e jieH o r KOHTaKTa. 3 0 H ap H 0 C T  j e  
jIOHeKJie H a p y m e H a  KOHTaKTHHM MeTaM0pc})H3M0M, H acTajiH M  yTHCKHBaH>eM njiyTO H - 
c k h x  T e j ia  y p e o H H M a  C T yjieH H iie , r o j in je  , Byicyjbe h  Bopaibe.
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Cji. 1 . (A )  -  P a c n p o c T p a H ,e H > e  B iH B a s c a  ca rpâ aipijoM CTeneHa pa3BHjeHOCTH: a )  bhcok, 6 ) cpeflKbH, n )  HH3aK h 
r )  B p j io  HH3aK. (E )  -  P a c n p o c T p a H j e a e  MeTaMopt|)HHX 3 o n a :  a )  enHA0 T-aM (j3H6 0 JiHTCKa cjjaiflija. 6 ) cjja- 
q a ja  3e jieH H X  HiKpHJbaiia c a  aJiSH T O M , ii) ( J ja ijH ja  3 e j ie H i ix  iHKpH.ibaqa 6 e 3 a j i G n r a  H  f l)  ceMHMeTaMopc|)He 
c r e H e .  O crajie o 3 H a K e : JII~  J a n a p c K H  n a j ie 030HK. E II -  ByKyjbCKH n a j i e o 3 0 H K ,  f ljn -  P.h'ihhckii najieo- 
30HK, C C - C T y ^ e H iM K a  c e p n j a  h P,HI1- jHpHHCKo—H B aitH ^ iK H  n a j ie 0 3 0 H K .

Fig. 1. (A) Distribution of cleavages and gradation of development degrees: a. Mgh, b. m edium , c. lovv, 
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, B P - Bukulja Paleozoic, D P - Dičina Paleozoic, S S - Studenica 
series, and D IP - D rina-Ivanjica Paleozoic.
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O s a K B O  ’iv M a 'J e t t je  j e  y  M H o ro M e  6 h j i o  y  H e c K Jia fly  c a  t c k t o h c k h m  o c o 6 e H o c T H M a  

n a jie o 3 o jc K H X  n p o c T o p a .  I l o K a 3 a j i o  c e  j j a  n o c T o jn  H 3 p a 3 H T a  K o p e jia T H B H O C T  TeK TO H H - 

3 a n ,H je  h  p a 3 B H h a  B a p n c n 0 ]C K n x  h  a jin c K H x  s - n o B p n i H  c a  je r jH e  c T p a H e , h  c|)a3a h  3 0 H a p -  

h o c t h  M eT aM o p cJ)H 3M a c a  f lp y r e ,  T a K B a  n o / iy jja p H o c T  n o ja B a  ja c H o  j e  y K a 3 a ji a  j j a  c e  

M eT aM o p 4> H 3aM  H eK O H T yn paH O  o j jB i i ja o  (c| )a3H o) y  B p e M e n c K H  j? y r o M  n ep H o p (y  o f l  c p e j j -  

H ,e r  K a p 6 o H a  n a  j jo  n o n e T K a  H e o r e n a .  F l p n  t o m b  c e  Mory 113 in so j h t h  ' ip i i  r j i a B H e  ( J )a 3 e  

K o je  c e  re H e p a jiH O  noKJianajy c a  c|)a3aM a p e r H O H a Jin iix  TeKTO H CKH x 0 6 jiH K 0 B a H ,a .

H a jc T a p n jH  M eT aM opcJ)H 3aM  c e  o i iH ip a o  t o k o m  r o p i t e r  K a p 6 o H a  h  f l o i t e r  n e p M a  h  

o j j r o B a p a  e rr a n i i  c T B a p a i t a  B ap H cn jijcK H X  H a 6 o p a . M M a o  j e  p e r a o H a jiH H  K a p a K T e p  1 1 3 a x B a T H o  

j e  H ,ejiyoKynH H  n a jie o 3 o jc K H  n p o c T o p  i i lv M a jJH je  h  3 a n a flH e  C p 6 n je .  T o k o m  a e r a  c y  c e p n -  

M eHTHe h  M arM aT C K e T B op eB H H e n p e T p n e J ie  ceM H M exaM op(|)H e n p o M e n e  K o je  c y  p ;o 6 p o  

H 3p aaceH e y  h c t h m  p e jo H H M a y  K ojH M a j e  p a s B n ie H  B a p H cu jijcK H  M e ^ y c jio jiiH  K JiH B ass ( c ji .  

1 A ) .  C eM H M eTaM opcJ)H 3aM  c e  O H H rjiejiH O o j i m p a o  n p e  ( J ia s e  T a j i o a c e i t a  n ep M C K iix  h  T p n ja c -  

k h x  H a c jia r a  11 p a c i ia / ia ir a  je jfH H C T B e n o r n a J ie o 3 o jc K o r  K o n n a .

M j i a ^ a  (J )a 3 a  M eT aM o p cJ)H 3 M a  c e  o j jB H ja j ia  t o k o m  j y p e  h  n o i t e  K p e j je  ( M h j i o b 3 h o -  

B H h ,  1 9 8 4 )  K a j ia  c e  o j r n r p a j i o  h  B H in e K p a T H O  j jO K O B a n .e  n a J i e o 3 o j c K i i x  6 j i o k o b 3  y  

B a p i i a p c K o j  3 0 HH  h  y 3  h > ch  j y r o 3 a n a f lH H  p y 6 ,  T .a j ja  j e  y c p e j j  n p e H a 6 n p a H > a  c e M H M e T a -  

M o p (J)H T a  j j o i i i j i o  h o  p e a K T H B H p a i t a  B a p n c i p g c K a r  h  C T B a p aH -.a  a j i n c K o r  K H H B a a c a  

a K c n ja j iH e  n o B p n iH .  n p o u ; e c  j e  6 h o  H a p o H H T O  p o 6 p o  H 3 p a a c e H  y  3 o n a M a  r j ? e  c y  6 j i o k o b h  

n o T a i t a j i H  je j jH H  n o j?  j ? p y r e ,  h j i h  H a ja x H B a j iH  je jjH H  n p e K O  j jp y r H X . T a K B H  M e x a H H 3 M H c y  

C T B a p a j iH  H 3p a3H T  3 0 H a p a H  p a c n o p e j i ;  H H T eH 3H T eT a y n iK p H J t e n o c T H ,  h i t o  j e  T e p M a J iH O M  

(J ) jiy K c y  T p a c n p a j i o  n y T  K a  c T B a p a n > y  M e T a M o p c J jn e  30H ap H 0C T H . Y  TaK B O M  C K Jio n y  3 0 H e  

ca HajH H TeH 3H BH iij e  p a3B H jeH H M  K jn iB a jK O M  c y  r c p e T p n e j i e  p e r n o n a jiH H  M e T a M o p c J )H 3 a M  

j( o  c j ia n H je  3 e jie H H X  u iK p H J b a H a .  M h k p o c k o h c k h m  n p o y TjaB aH >H M a M e T a M o p c J n iT a  ( B r k o -  

v i ć  i  d r . ,  1 9 6 8 ;  Đ o k o v i ć ,  1 9 8 0 )  j e  H ejjB O C M H C JieH O  y T B p i)e H O  j j a  j e  n a  c T B a p a i t e  

M eT a M o p cp H T a  o s o r  C T v n ib a  o j j j i y ' i y j y h y  y j i o r y  H M a o  H H T eH 3H T e r p a s B i i h a  K H H B a a c a , 

OJ5HOCHO H H T eH 3H T6T  U IK p H Jfca ifca , Y  BHCOKO T eK T 0H H 30B aH H M  H p a S J IIIC T a H H M  n a p T H - 

j a M a  c r e n a  y  h c t o h h o m  f f e j i y  H B a i t H ' i K o r  h  6 y K y j i> c K o r  h  y  a K c n ja J iH o j  s o h h  j jp H H C K o r  h  

j i i i ’iH H C K o r n o j t p y H j a ,K a o  h  y  p e j o a y  C i y j ( e H H i ( e ,  (J )a n ;H ja  3 e jie H H X  m K p H J t a u ; a  j e  n p a h e n a  

c a  H H T eH 3 HBHOM  a j i 6 H T H 3 a ii,H jo M . Y  n o j j p y ' i j H M a  K a o  u i T o  c y  a K c n j  a jiH H  n e o  H B a ifc H H K o r, 

j i a T e p a j iH H  j^ e jio B H  j j p i r a c K o r  h  j v r o s a n a j j i i H  p e j o H  j a j j a p c K o r  n a j i e o 3 o j c K o r  n p o c T o p a ,  

r j^ e  j e  n e H e T p a T H B i io c T  a K c n ja J iH H X  K J iH B a a c a  H e n iT O  H i s c a ,  3 e.Tie.HH i i i k p h j b i j h  c y  H e r n T o  

M a i t e r  K p H C T ajiH H H T eT a  h  C K o p o  j?a  n e M a jy  a j i 6 HTCK y KOM HOHeHTV. O H iir J ie j iH O  j e  j i a  j e  

m iH B a a c  m p a o  k j i ^ h ^  y j i o r v  y  p a 3B o jy  H a j3 H a Tia jH H je  (J> ase  p e r H O H a j m r  M e T a M o p đ jir s M a .

H a j M J i a ^ a  c j)a 3 a  n p o M e n a  n a j i e o s o j c K H K  C T e n a  j e  B e 3 a n a  s a  0 J i n r 0 M H 0 i];eH CK H  M a r -  

M 3 T H 3 3 M K a f la  j e  nO JJ T ep M H H K H M  J je jcT B O M  H JiyTO H CK H X  T B J ia  H p o rp e C H B H O  M C T aM O p - 

(J )H c a H a  C T y j^ e H H H K a  c e p n j a  H H B o a  e n n j? O T  aM (J)H 6 o jiH T C K e  c j i a n n j e .  C j iH H a H  c / r e n e H  

M eT a M o p c J)H 3 M a  j e  3 a n a a c e H  h  y  v > k h m  o p e o J iH H M  s o n a M a  H a p o ' i i r i ’o  o k o  5 v K y jL C K o r  

rp a H H T O H jia ,  a  n o n e r j i e  h  o k o  6 o p a H > c K o r  h  r o j i n j c K o r  n j iy T O H a .

n e p n o j?  yTH CK H Baii>a iuiyTO H CKH X T e j i a  j e  n p a h e H  KynojiacTHM c a B H ja i t e M  n p e r x o j r -  

h o  iia c T a JiH X  s - n o B p m i i  h  h h t c s h b h h m  p a 3 JiH C T a B a n > eM  m h k p o j i h t o h c k h x  T e ji a .  I I p o n ;e c  

j e  iiap oH H T O  6 h o  3H a H a j a n  y  n o jjp y H jy  O iy j(e H M 'iK C  n j i a c e ,  3 6 o r  ^ e r a  j e  11 f lo n i J io  j jo  

e K C T e n s H B H o r p a 3 B H h a  M eT aM op (J>H 3M a. E jie M e i iT H  K O H T aK T H or M eT aM o p cJ)H 3M a c e  Mory 
H acjiy T H T H  h  y  h b k h m  n a n e o 3 o jc K H M  c p e jp m a M a  y  K o ji iM a  h h c v  o t k p h b c h h  k h c b j i h  n j i y -  

t o h h .  K a o  n p H M e p  c e  m o jk b  H a s e c T H  J e j i o B a  F o p a  r j^ e  j e  e B i i j je H T a i i  H em T O  j a n n  

M e rra M o p (J)H 3 a M  ( M n j i o B a H O B H n ,  1 9 8 4 ) ,  a  K o jn  6 h  c e  M o r a o  B e s a T i i  3 a  T ep M aJiH H  

y r a H a j H e o T K p H B e H o r n jiy T 0 H C K 0 r  T e ji a .



OffHoc TeKTOHH3aipije h  MeTaMop j)H3Ma y naJieo3ojcKHM TepeHHMa IIIyMapije h  3anaffHe Cp6 Hje 5 1

*
* *

M eTaM opcpHH npon;ecH  kojh c y  c e  o flH rp an n  y  CBaKoj o^  HaBe^eHHX (J)a3a cy  
iTonpiinejiH cTBapaH.y nporpecHBHor MCTaMopcJjiioi’ TpeHria y  naneo3ojcK H M  cTeHaMa 
cpeFininiter h 3anafliior ^ejTa C p S n je . l lp H  tomb c y  pernoH aJiH H , a h  KOHTaKTHH MeTa- 
Mop4)H3aM npaTHJiH TeKTOHH3an;Hjy n p o c T o p a , ih to  j e  h p e 3 y jiro B a J io  biicokom K op ejia -  

THBHOinhy HHTeHSHTeTa paSBHha S-HOBpiHH H HHBOa MCTaMOp<|)H3Ma. OBaKBH OHHOCH ce  
M ory o'ieKHBaTH He caMO y  npocT opH M a K ojn c y  npiiK asaH H  obhm pa/ioM, B eh  h v  
pejoiiH M a Kojn iipHiia/iajy JIhmckom h ' ipa'iaHCKOM naJie030HKy.



Teoji. aH. BajiK. noji. 
Ann. Geol. Penins. Balk.

60 57-66
E e o r p a A ,  f l e n e M 6 a p  1996 
Belgrade, Decembre 1996

UDC 551.24.01:551.251(497.11) Original scientilic paper

RELATIONSfflP BETWEEN TECTONISATION 
AND METAMORPfflSM IN THE PALEOZOIC 

OF ŠUMADIJA AND WESTERN SERBIA

by

Ilija  Đoković , Luka Pešić and Milun Marović

This paper analyses the relationship between intensities of tectonisation and metamorphism degrees 
in rocks o f the D rina-Ivanjica, the Jađar, Bukulja, and the Dičina Paleozoic terrains and in the Studenica 
series. M etamorphic 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 o f Tertiary age. 
Semimetamorphism and transformations equivalent to the green schist and the epidote-amphibolite facies 
were detected on the basis o f rock compositions.

Key words: m etamorphism , 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-Ivanjica, and the Dičioa Paleozoics, and the Studenica series. Geotectonically, these 
units belong either to the Vardar zone (Bukulja, the Jadar, the Dičina) or are independent tec- 
tonic units (the Drina-Ivanjica element and the Studenica unit; Dimitr i jević ,  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 (Đoković, 1980).

A palinspastic study (Đoković 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 M ining and Geology, Institute of Regional Geology and 
Paleontology, Kamenička 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 
(Dimitrijević,  1974; Đoković,  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-Ivanjica 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 (Ski/ss) axial plane cleavage 
(ISk//AP), and somewhat less Alpine cleavage along axial plane (IISk//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 Šumadija and West-Serbia Paleozoic has 
been studied in the last few decades (Dimitr ijević , 1971; Karamata,  1976; Đoković,  
1980-1984; Milovanović , 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-Ivanjica 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 (Milovanović,  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 (Brković et al., 1968; Đoković,  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 Dičina 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 (Milovanović,  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 Prača Paleozoic domains.
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