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TEKTOHHKA H METAMOPOH3AM TEPEHA H 3M E ^y  
flOIbE JLYBHJE H MAJ^AH HJIAHHHE

o«

B o jn c j i a B a  M yflpeH O B H ha*  h J l ,p a * e H K a  H e H a n a h a * *

y  pany cy npHKa3aHe TeKTOHCKe H MeTaMop((iHe KapaKTepHCTHKe TepeHa H3Mel)y J],OH>e Jty6nje h 
MajnaH IIjiaHHHe (J3 oji IIpHjeaopa). TepeH je H3rpal)en o,u RBa crpyKTypHa cnpaTa -  jjoii>er (naJieo3ojcKor) h 
ropH>er (TpnjacKor), Kojn cy HcnpecenaHH h ;tec|)opMHcanH fipojiiHM crpyKTypaMa pynTypHor h njiHKaTHBHor 
THna.

Kfl>y«e penn: TeKTOHHKa, meTamopfjjH3aM, /'Jon.a J ty 6nja, Majnan IIjiaHHHa.

TEKTOHHKA

IIpeM a II  eT K O B nhy  (1961) HcnHTHBaHH TepeH ce HaJia3H y cKJiony 30He naJieo3oj- 
CKHX IHKpHJbail,a H Me3030jCKHX Kpc'iihaKa.

n o  A H l)ejiK O B H hy (1982) MeTajioreHeTCKa oSjiacT  JLy6Hje npH nafla JiHMCKoj 30- 
h h  YHyTpauiH>HX J^Hiiapiijia, Tj. caHCKO—yHCKoj HaBJiaHH o rp a n n 'ie n o j Ha CM caBCKOM 
30H0M, a Ha J3  nJIHBCKOM H MOpaTIKOM HaBJiaKOM.

T p y 6 n h  (1980) y CKJiony TeKTOHCKe peoH H 3annje Jl,HHapHjia, HcnHTHBaHH npocT op 
cBpcTaBa y jiypMHTopcKy 30Hy h to  ibene K p a jite  C3 jjejioBe, Kojn cy HaByTieiui npeKo 
30He 6ocaHCKor cjijiiiina.

TeKTOHCKa aH a jiio a  i ip o y * ia n a n o r  T e p c n a

CTpyKTypHa aHajiH3a je  H3Bejieiia o6pajioM  BHine cTpyKTypojioniKHX ejieMeHaTa, oji 
Ko jnx  je  Haj6oJbe pa3BHjeHa cjiojeBHTOCT. Y KJiacTH'imiM CTeHaMa opnjeHTanH ja cJioje- 
bhtocth  MepeHa je  caMo Ha MecTHMa rjie  je  oHa jacH a, je p  ce  CMeH>yjy pa3JiHHHTH jih to - 
jioihkh  ’iJianoBH. y  Kap6oHaTHHM HacJiaraM a cjiojeBHTOCT je  MepeHa 6e3 o63Hpa jia jih 
nocT oje H3MeHe pc3JiH 'iirnix jihtojioiukhx  BapnjaTCTa thx cTeHa.

K a o  noce6aH t h i i  c jio jeB H T ocT H , M epeH  j e  Ha T e p e H y  J iH T a * . BehH H O M , p e li je o 
cJio jeB H M a c y 6 rp a y B a K a  y KojHM a HHcy H 3pa>K eiie c Jio jH e  n o B piH H , Beh c y  CBe 
o iicepB ann je  Bpm eiie Ha MecTHMa nocT eneH or CMaihHBaii>a h j ih  noBehaita 3pna y 
n e u r ia p y .

F eo H H C T H T y T , P o b h h > c k 3  12, B e o r p a ^ .
H h c t h t v t  3 a  p e rH O H a jiH y  r e o j i o r n j y  h  n a j i e 0 HT0 J i0 r H jy  P y n a p c K o - r e o j i o o i K o r  ( [ ja K V Jrre T a  

Y H H B e p 3H T e T a  y  B e o r p a n y ,  K a M e n n ’iK a 6 , B e o r p a n .



108 B. M vapenoB H h h  f l. H e H a g n h

MecTa CTpyKTypc)jioLiiKa nojaBa y KapfSoncKHM KjracTHTiiHM HacjiaraMa je  KJiHBasc 
aKcajajiHe noBpmn, Kojn je  n o ce6HO H3pa>Ken y cTenaMa ({iHHHje rpaHyjiau,Hje h  Behe 
HJiacTHTirocTH, oflHOCHO, y rjiHHeiiHM irrKpHJhHHMa.

B o p e  c y  T aK O ^ e 'ie c T  TeKTOHCKH o G jih k  y  KJtac'ra'irtH M  h  Kapfrorra-nrHM  H ac jia raM a . 
n o p e j r  6 o p a  c a  M eTapcK H M  h  jieK aM errapcK H M  p a c n o H O M  K prura, KOHCTaTOBaHH c y  h  o 6 j ih u ,h  

M H JiH M eT apcK or j io  jienriM e'i-apcK or' p e jja  riejiH TH H a. B - o c e  h m  c e  npy>Kajy npaiM jeM  C3-JM 
h  rrajiajv  n p eM a  C3, ojrrrociro  JM. Oce M arbtix H a 6 o p a  in ic y  yH em eH e y  K ap T y .

JIErEHflA (LiiGEND):

C ipyK T Y pH H  cnpaT 
(Lowcr slruclural lcvcl)

T o p i tH  C T p y K T y p n »  c n p a T  
(Upper structurai lcvcl)

rioKpHDeua epo3Hoiio-TeKToucKa rpailH ira 
(Covered erosion-tectonic boundary)

_____  Pacefl ocMaTpan
(Observed fault)

_  Pacefl noK pH B eH  
~  (Covcrcd fault)

—  ------ Pacc^ o c M aT p aH  i} )o T o re o jto u iK H
(l’liotogeological observcd fault) 

ffr- Oca aHTHKJiHHajie, npeBpHyTe 
(Axis of overturned anticline)

C ji . 1. TeKTOHCKa CKHna H c rp a * H B a n o r TepeH a.

Fig. 1. Tectonic sketch of investigation area.

Mel)y pymypHHM tck tohckhm  o6jiHHHMa Ha HcmrraBaHOM TepeHy, BaacHH cy pacejin. 
Ycjieji BejiHKe noKpHBeHocTH u,ejioKynHor HcnHTHBaHor TepeHa, BehHHa hx ce He mo>kc 
KOHCTaTOBaTH, Beh cy peKOHC'ipvHcarrri viJiaBHOM f{icrix)re0Ji0 tirK0M aHajiH30M. CaMO Mec- 
thmhhho, y BehHM ycenHMa h noTonHMa CHHMJbeH je Maii»H 6poj JioKaJiHHX pacejja.

Ycjieji 3HaTHHX p a 3JiHKa y t c k to h c khm KapaKTepHCTHKaMa Ha HcnHTHBaHOM no/i- 
pyqjy ce MO*e H jjiBojiiTtr:
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1. J^oibii cTpyKTypHH cnpaT
2. ro p itH  CTpyKTypHH cnpaT
1. JJoibH crpyKTypHH cnpaT (cji. 2, 3) H3ipaljyjy KJiacTHHHe naJieo3ojcKe HacJiare npe;i- 

cTaBJbeHe nennapH M a cpeflite  flo KpynH03pHHM h  aJieBpojiHTHMa, 3aTHM K ap6oH anie cTeHe 
ripe/(CTaBJbeHe KpeHitaijHMa h  aojiomhthm hhm Kpe'iibanHMa ca nporryKTHBHHM Jie>KHiirrHMa 
raoac^a. KjiacTHHiie Hacjiare Koje cy HajnofljioacHHje TeKTOHCKOM Mojiejincaibv, pacnpocTpa- 
H>eHe cy Ha 'iHTaBOM HcnHTHBaHOM TepeHy. ILhxob /(aiiaiini,H H3i Jieji pe3yjiTaT je  BHmecTpy- 
khx TeKToreHeTCKHX aKunja o^ 3aBpiHHiix <t>a3a Bapncii,HjcKe oporeHe3e jio j(anac. HajcTa- 
piijn npiiTHCi^H cy jiejioBaJiii ca C3, o 'ieMV cbcjio 'ih  nojioacaj cTpyKTypa, CMepoBH 6opa h 
Ham6H aKcnjajiHHX n o B p u iH H a .

- 8,4 %

Kjiaca Bp. Ta^aKa npoijeHaT (%)
Class Points Percent (%)

I 1 0-2,8
II 2 2.8-5,6
III 3 5,6-8.4

C ji. 2. ria jieo3o jcK H  crpyKTypHH cn p aT  (cejjHMeHTH cy y6paHH y K oce H aS ope  ca  ocom  Koja n a n a  Ka JJ3 non  
y raoM  8°. E riK i 123/44. E n K 2 290/60, E IIA n  102/80, B epreH H a a=10° HJH)

Fig. 2. Paleozoic Structural level (deposits are folded into diagonal folds with the axis dip to SSW at 8°, 
DDK, 123/44, DDK2 290/60, DDAP 102/80, vergence a=10° ESE)

Bope cy naj'ieuihe M a jin x  pacnoHa KpHJia h vjipy>Keiie y no jierae h rpyne H30- 
k j i h h h x  cTpyKTypa. y jioibeM j(cjiy naJieo3ojcKor KOMnJieKca, j(v>K (fipoirra rj(e cy opo- 
reHeTCKH i i o t h c h ; h  HaHJia3HJiH H a HajBehe o raope j i o i u j i o  je jio iipcHa6)HpaH,a, i h t o  ce 
jiejioM vonaBa Ha Kpajn>eM jyry HcnHTHBaHor TepeHa.y ceBcposaiiajnioM Jieny TepeHa (PaBCKa) TaKofje jioMHiinpajy npeBpHyTe h nojier- 
Jie 6ope, opHjeiiTannje cynpoTHe o ji HHHapcKe, npaBHa CM -J3. FIouito je HHTeH3HTeT 
iia6)Hpaii>a 6ho jjocTa 6jiar h caMH Ha6opn cy jjocTa 6jiara.

KjiacTH'ine H a c J ia re  y3 Kpe'iibaKe cBojHM  n o jio a c a je M  He noKJianajy c e  c  r e n e p a j i -  
h o m  o p n je i r r a n H jo M  ocTaJiHX KJiacTH'iiiHX H a c j ia r a .  IlpH t b k t o h c k o m  M o jie jiH p a n ,y
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h>hxobh cjiojeBH cy ce npHJiaroflHJiii oTnopy Kap6oHaTHHX CTeHa Ha npHTHCKe, 36or 'ie ra  
hm a3HMyTH nafla h npy*aH>a HeMajy ycTajbeny opHjeHTan,Hjy.

BapHcnnjcKH cKJion je  3HaTHo cjiaGnje oHyB3H ojj ajinnjcKor, tbko fla iberoB H3rjiefl 
HHje Morao fla 6y^e y n0TnyH0CTH peKoiicTpvHcan. MecTHMiriHO cy ca'iyBane Majie 
HJiHKaTHBHe CTpyKType Ha ocnoBy Kojnx ce MO*e 3aKJi>y'iHTH fla cy B -o c e  BapHcnnjcKHX 
Ha6opa HMajie HajBepoBaTHHje npyxaH>e C C H -JJ3 h Beprenny HJH. PeJiaTHBHO MaJiH 
6poj nojiaTaKa o obhm CTapnjiiM cTpyKTypaMa HHje HaM oM oryhno peKoncripyKHiijy 
aHBejione Ha6opa BHiuer pe/ja Bapnci;HjcKe cTapocTH.

Oji pynTypHHX o6jiHKa Ha HcnHTHBaHOM TepeHy y k jiacTHHHHM najieo3ojcKHM Hac- 
jiaraM a 3acTynJbeHe cy 6pojHe nyKOTHHe, pacejin h pacejnie 30He.

Kjiaca Bp. TaHaKa l lp o n e n a T  ( % )

Class Points Percent (%)
I 1 0-3

II 2 3-6

III 3 6-9

Cji. 3. IlaJieo3ojcKH CTpyKTypHH cnpaT  (BHne ce jB a  noBJiamheHa npanija nyKOTHHa CMHnan>a, Ell=174/40, 
EEl=312/54, B 17° J3 , E l lA n  92/82, y r a o  Bepreime a=8° JJH)

Fig. 3. Paleozoic structural level (shovvs two perferred directions of shear fractures, DD=174/40, 
DD=312/54, B 17° SW, DDAP 92/82, vergence angle a=8° SSE)

KaKO j e  TepeH jjocTa noK pH B eH , n e n o c p e j jn o  KOHCTaTOBaHH p a c e j jn  c y  j io c rr a  peTK H. 
B eh H H a  p a c e j j a  V T B p ^en a  j e  rj)0T0 r e 0Ji0 iiiK 0 M aH ajiH 30M . Ha 0CH0By H>HXOBe c rra T n c -  
THHKe o 6 p a j ie  h a n a jiH 3 e  B ojioTGK a K 0 H craT 0 B aH 0  j e  j ja  c e  ohh r e H e p a jm o  M o ry  c B p cT a- 
t h  y  jjbc r p y n e :  p a c e jm  npaBna C 3-JH , KOHCTaTOBaHH y  i;enTpajnioM j je j iy  T e p e H a  
(H p H e  J lH n e - r a p e B H ii ,a ) ,  h pynType n p a B i;a  C H -J3 , K o je  c y  jja jieK O  6 p o jH H je  h 3acTyn- 
JbeHe Ha 'iHTaBOM TepeHy.

Kap6oHaTHe H a c jia re  n p e jic 'ra B Jb e n e  cy Kpe'iibamiMa h  j io j io m h th h h h m  K p e 'iib a n iiM a  ca 
cHjiepHTOM. y H>HMa c e  caMO peTKO 3 a n a a c a jy  H a6opH , j e p  c e  TeKTOHCKa aKTHBHOCT BehHHOM 
o jiB iija jia  nyTeM  pynrypH H X  jiec^o p M an n ja . JJeo T ep eH a  H a KOMe c e  H a jia3 e  6 p o jH a  Jie>Kiiiirra
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Fe je  jiofipo oTKpHBeH h  jiocTvnan jie’rajbHiijoj aHajiH3H, n a  cy  TaMO h  H eiiocpejino  KOHCTa- 
TOBaHH pacejiH, pacejina orjier(ajia h  pacejine 30He. PynTypHH o6jihii,h y Kap6oHaraM a Ha 
noBpuiHHCKHM KonoBHMa npaheHH cy h  BHiue jieceTHiia MeTapa h  y BehHHH cjiy 'iajeiia ohh  
ojjBajajy Kap6oHaTHe ofl KJiacni’iHHX Hacjiara. Ochm  p ace jia , yo 'ieii je  h bcjihkh 6poj 
nyKOTHHa ny>K Kojirx cy Kap6oHaTH naj'ie inhe p ac iia jiny rm .

2. Y ropH>H cTpyKTypHH cnpaT (cji. 4) HcnHTHBaHor TepeHa yjia3e h KJiacTH'ine Hac- 
jiare nepMOTpnjaca npejicTaBJhene jihck^hobhthm  ajieBpojiHTHMa h nem'iapiiM a. JJ,oilh 
h cpejjitH  ip iija c  ce jjnpeKTHO naj(OBe3yjy Ha nepMO’ipiijac h npej^cTaBJbeHH cy JiHCKy- 
hobhthm  ajieBpojiHTHMa, nemqapHMa, MacHBHHM KpeHibaiiHMa h j^ojioMHTHMa. OBaj 
cTpyKTypHH cnpaT je  ojjBojen oj; jjoiber cTpyKTypHor cnpaTa jiHCKopjiaiinHjoM. BpojHHM 
paceflHMa pa3JiHHHTor npaBH,a (C 3-JH , CM -J3) y ceBepHOM flejiy TepeHa, OBaj cTpyK- 
TypHH cnpaT je  HCKHj^an Ha ojiBojene 6ji0K0Be. CjiojeBHTOCT y H>eMy je  flo6po H3pa>Kena 
h  to to b o  M O H OKJiHHaJiHa, jep  cbh c jio je B H  najiajy npeMa J3.

Kjiaca Bp. TaiaKa IIpoijenaT (%)
Class Points Percent (%)

1 1 0-4

11 2 4-8

III 3 8-12

Cji. 4. TpnjacK H  C T p y K T y p H H  cnpaT (2C KO H TypH H  jinjarpaM  npH K a3yje npeBpHyT c t h c iiv t  iiaGop ca  o c o m  B=12° 
C 3 E IIK l 224/36, EIJK2 243/20, E IIA n  232/27, y r a o  nepreH ne a=63° CH)

Fig. 4. Triasic structural level (contour diagram shovvs overtumed compressed folds vvith axis B 12° NW, 
DDK, 224/36, DDK2 243/20, DDAP 232/27, angle of vergence a=63° NE)

O b 3 k o  c j io a c e H  c K J io n  c|)opMHpaH je  t o k o m  j^Be raaBHe c})a3e o 6jiHKOBaiba: x e p -  

HHHCKe h  a j i n n j c K e .  E jie M e H T H  x e p iiH H C K o r  c K J io n a  H H cy j je T a jb H H je  n p o y q e H H , B e h  j e  

H CK JbyiiH B a n a> K ib a  n o c B e h e H a  CTpyKTypaMa H acT aJiH M  ajniHjcKiiM o 6 jiH K O B aibH M a.

Kao iipoii3Boji aKTHBHocTH iicnojbeHHX t o k o m  iieKojiHKC TeKToreHHX cjiasa ajmnj- 
c k h x  06jiHK0Baiba, no'ieB oji MJiajiOKHMepnjcKe na j io  jianac, c jio p M iip a ii je BeJiHKH 6poj 
cTpyKTypa pynTypHor h  iuiHKaTHBHor THiia, npn 'ieM y  je H3BpmeHo npeo6jiHKOBaibe 
xepi;HHCKHX cJ)opMH h  h > h x o b o  yKJianaH>e y ajinnjcKH cKJion.
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METAMOPOHE IIPOMEHE nAJIE030JCKHX CTEHA 
CAHCKO-yHCKE OB.HACTH

P e rH O H ajiH H  M eT aM opcJ)H 3 aM , KOM e c y  6 h j i h  h s j io /K c i i i i  c e j iH M e in 'H  n a j i e o 3 o j c K o r  

K O M nJieK ca y  caH C K O —yHCKOM p e i  H o iiy  y c j i 0 BH0  j e  n p o M e H e  C T pyK T ypH H X  h  T e K C T y p n x  

K a p a K T e p n c T H K a  C T eH a. H e c T a 6 HJiHOCT M H H e p a J ia  h  H H TeH 3 H T eT  n p o M e H a  m o jk c m o  
0 3 HaHHTH o b h m  peflO M :

-  K B a p f l  -  p e jjO B H o  je  K o p o j jo B a n  ca  jacHHM nojaBaM a 6jiacTe3e.
-  O e j i f lc n a T H  c y  y rjia B H O M  jejjHHM j jc jio m  M e T a M o p c |) i ic a n n  y  c e p n i i , i r r  h  K B apn ,.

-  M a T p H K c  -  M eT aM opcJ)H 3 aM  j e  n c n o j b e H  O K ynjbaH > eM  c h t h h x  KBapii,HHX 3p n a  y  

T p a K a c T e  h  O K i^acT e H aK y n H H e, 3 3 t h m  O K y n Jb a ifceM  TJiH H eH e K O M n o H eH T e h  H>eHHM 110- 

T H C K H B aiteM  3 a je flH O  c a  J in c T H h a c T H M  M H H ep a jiH M a y J ia M H H ap H e  h  T p a K a c T e  H a K y n iiH e .

H a  OBaj i i a ’iH ii n p H  p e r H o i ia jm o M  M erraM opc{)H 3My j e  H a c T a jia  CTa6 iu iH a  M H H ep ajiH a  a c o -  
H H ja i^ ija  c j ie / ( e h n x  M H H ep ajia : K B a p n + c e p n n H T  ( m ^ c k o b h t )  +  x jio p H T  +  c } )e ji/(c n a 'n i +  K a p 6 o -  

HaTH. M e T a M o p c |)H e  n p o M e H e  c y  B H in e  H3p a> K eiie  y  ce/iH M eiiT H M a K o jn  c y  ca //p> K aB ajiH  B e h n  

n p o n e n a T  rjiHHOBHTe K O M noH eH Te (H n p . y  t j i h h o b h t h m  HiKpHJbii,H M a). Y  n e n r i a p H M a  c y  

n p o M e H e  B H iue H3p a> K en c  yKOJiHKO H M ajy B ehH  cajjp> K aj M aTpH K ca.

n p e M a  T O M e, rjiH H H H  h  t j i h h o b h t h  n iK pH JbH H , 3 a  p a 3JiH K y o / /  n e i i i ' i a p a  M J ia t je r  

n a J i e 0 3 0 H K a, c y  n p a B H  M eTaM opc})H TH  h  n p H n a / i a jy  c|)au,H jH  3 ejieH H X  u iK p H Jb a ii ,a .

nAJIEOrEOrPAOCKA PEKOHCTPYKHHJA

r e o c iiH K J iH H a jiH a  c})a3a ce /jH M eH T a H H je  n o f lp y > ija  H3 M eJ)y  JJoibe JLy6nje h  Maj/iaH 
n J ia H H H e  n o H H ib e  c a  j^oh> hm  K a p 6 0 H0 M. K a p 6 oH C K e H a c j i a r e  y o 6 jia c T H  c a H C K o r  n a j i e o -  
3 0 H K a T ajio > K eH e cy H ajB eh H M  / ic j io m  y H epHTCKOM  n o j a c y .  '- I e c 'r e  n v J ic a i /H je  T aJio > K H o r 

n p o c T o p a  n p 0 y 3p 0 K0 B a jie  cy n p o M e H e  H3p a * e H e  K p o 3 c T B a p a ib e  c e / iH M e n a T a  p a 3JiH - 

H HTe r p a H y n a i p i j e ,  i j .  C M eibH B aJiH  c y  c e  n e p H O ^ H  o n j i n h a B a i b a  h  n p o f l y 6 jb a B a ib a ,  y c j io B -  
J b a B a jy h n  C T B a p a ib e  h  H e c T a ja ib e  K a p 6 o H C K o r o p r a H C K o r  c B e T a , o / i h o c i i o ,  n o r o / u i e  y c j i o -  

B e 3 a  T a J io * e H > e  rB 0 >KljeBHT0 r  K a p 6 o H a T a .
O B e  n p o M e H e  e y  n o c J ie / iH H a  e n n p o r e H H X  H e M H p a , a  fleJiH M H qH O  h  o p o re H H X  n o K p e -  

T a  y  acrypHjcKoj o p o r e H o j  c})a3 H. npncycTBO c})Jiope y  K a p 6 oHCKHM K JiacTH 'iH H M  c e /jH M e -  

HTHM a r o B o p n  o  p e n a T H B H o j 6 j i h 3 h h h  K o n H a , K o je  c y  B e p o B a T H o  'iH H H Jia  o c r p B a  o 6 p a c j i a  

B e re T a H H jo M . Y  n p n j i o r  TO M e r o B o p n  o 6 n j b e  M apH H C K e c})Jiope h  c})ayH e, a  c n p o M a n iT B O  

H a jia c K a  K onH eH H X  6 i iJ h a K a  H a  i im p e M  n p o c T p a H C T B y . C M a T p a  c e  / i a  c y  c e  n o M e H y T a  

o c T p B a  H a j ia s H J ia  H a j^ a H a m ib e M  n o j j p ^ i j ^  J h y 6 n j e  H3 M e h y  B . H o B o r  h  B j i a r a j a ,  k o j j  

C. M o c T a ,  y  O r a p o j  p n j e n n ,  k o j i  B v jH iM Jin h  J a n p e  h  / ip .
n p H H o c  T e p n r e H o r  M a T e p n ja j i a  y  T a J io * H H  npocTop j e  BepoBaTHo H iu a o  c a  c e B e p a  

h  c a  noM eH yT H X  o c T p B a ,  HHM e c e  n p e T n o c T a B J b a  f la  c e  re o c H H K JiH H a jiH a  o 6 j i a c T  y  j^ e jiy  

K o jn  j e  3axBaTao H a r n e  KpajeBe, r p a n i i ' i H J i a  c a  K onH O M  n p e M a  c e B e p y  h  HCTOKy.
K p a je M  c p e j i i b e r  K a p 6 o H a , i io j i  j i e j c t b o m  a c ri y p n j c K e  o p o r e H e  c j i a s e ,  j(O Jia3 H j io  H3 - 

j p m i b a  H cn H T H B a H o r T e p e H a  h  T a j n p o i j e c  j e  T p a j a o  CBe j^o n e p M O - i p n j a c a .  H a  T a j  H a- 

h h h ,  H3 M e l)y  j j o i b e r  h  c p e j j i b e r  K a p 6 o H a , h  n e p M O T p n ja c a  n o c T o j n  /(H C K o p jjaH T aH  o j j h o c  

h  eB H jjeH T aH  n e j jo c T a T a K  ro p H > e K a p 6 oHCKHX h  / j o i b e -  h  e p e jiib e n e p M C K H X  H a c j i a r a .  H a  

0 CH0 By j i a n a m i b e r  p a c n o p e / i a  iiep M O T p irja cK H X  T B o p eB H H a M O * e  c e  3 aK JbyH H TH  / j a  c y  

c T B a p a H e  y  M e ^ y c o 6 HO H3 0 J i0 BaHHM  h  o iu in h a j iH M  n p o c + o p i iM a  H3 M ef>y H3/ in r H y rrHX 

K a p 6 oH C K iix T B o p eB H H a y n e p i i o / i y  p e J ia T H B H o r  M H p o B a ib a  h  J i a r a H o r  n p e j i a 3 a  3 aB p u iH H X  

n o K p e T a  x e p n in i c K e  o p o r e H e 3 e  y ajinHjcKy. Ce/IH M C H TH  cy C T B apaH H  y y c jio B H M a  a p n / i n e  

KJiHMe y3  BeJiHKH y n r n a j  K o n H a , o  'ie M y  r o B o p n  HOBHUieH ca /jp > K a j r B O * h a - K a p a K T e p n c -  
THKe c p e jjH H e  y  K o jo j  c y  c e  t 3J io > k h j ih  nepM C K H  c e j jH M e ir r n  HHcy n 0 T n y H 0  j a c H e ,  T e
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nocTojH MoryhHocT H a cy cTBapaHH y (J)JiyBHjajiHHM, na h  y MapHHCKHM y c jio B H M a . 

OflcycyTBO cfiocHJiiior cajip>Kaja mojkc jra 'ina'iii jja cy Ty iiocpejin JiaTepajiHH. cejiiiMeiiTii 
n jiH T K O B o j^H o r 3 a c o j t e H o r  6 a c e H a .

K o H K o p jja H T H O  n p e K O  nepM C K H X  H a c J i a r a  T a j io * e H H  cy T p n ja c K H  cej^H M eH TH . rio- 
neT K O M  T p n j a c a  j ; o j i a 3 H j ;o  n p o j;y 6 jb aB aH > a  h  n o c T e n e H e  c T a 6 HJiH3 a H H je  j^Ha 6 a c e H a ,  j jo k  
c e  n p o j;y 6 jb a B a ii> e  H acT aB H Jio  t o k o m  c p e f l i t e r  T p n j a c a ,  K ajja  c e  h  TaJio>Ke aH H 3 HjcKH 

K ap6oH aT H H  cejiHMeHTH, 1 le j io c T a T a K  c e j iH M e n a T a  J ia jin i ic K o r  K aT a O B o r  n o j i p v T j a  M o r a o  

6 h  ce o 6 jacH H T H  JioK aJiH O M  e M e p 3 H joM .
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TECTONICS AND METAMORPHISM OF THIi TERRAIN BETWEEN 
DONJA LJUBIJA AND MAJDAN PLANINA

by

V ojislav  M udrenović and D raženko N enadić

This work presents tectonic and raetamorphic features of the terrain between Donja Ljubija and Maj- 
dan Planina (SW of Prijedor). The terrain is built up of two structural levels: lower (Paleozoic) and upper 
(Triassic), intersected and deformed by numerous faults and folds.

Key words: tectonics, metamorphism, Donja Ljubija, Majdan Planina.

TECTONICS

The study area is situated, according to P etkov ić  (1961), in a zone of Paleozoic 
schists and Mesozoic limestones.

The metallogenic province of Ljubija is ascribed by A nd je lkov ić  (1982) to the 
Lim zone of the Inner Dinarides, i.e. to the Sana-Una nappe bounded by the Sava zone 
in NE, and the Pliva and the Morača nappes in SW.

In his tectonic model of the Dinarides, G rubić (1980) includes this terrain in the 
Durmitor zone, more precisely its NW parts, which are thrust over the Bosnian flysch.

Tectonic Analysis of the Study Terrain

A number of structural elements, the best developed of which is bedding, were 
studied for the structural analysis. Bed orientation in clastic rocks was measured only in 
places where the suceession of different lithologic members obscured it. Bedding elements 
were measured in carbonate rocks, irrespective of their lithologic varieties.

Thin beds were measured in field as a specific type of stratification. These beds 
were prevailingly subgreywackes of indistinct bedđing planes, which vvere observed in 
places of gradual grain fining or coarsing in the sandstone.

Geoinstitute, Rovinjska 12, Belgrade.
University of Belgrade, Faculty of Mining and Geology, Institute of Regionalg Geology and 

Paleontology, Kamenička 6, Belgrade.
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A common structural feature in clastic carbonate rock deposits is the cleavage along 
axial planes, particularly conspicuous in rocks of fme granulation and high plasticity -  ar- 
gillaceous schist.

Folds are also a common tectonic form in clastic and carbonate rock deposits. Be- 
sides folds of metric and decametric limb spans, there are millimetric to decimetric folds. 
Their B-axes extend in NW-SE direction and dip to NW, or SE. Axes of minor folds 
are not plotted on the map.

The major structural features in the study area are faults. Most of them cannot be 
located under the cover, but have been reconstructed through a photogeological analysis. 
Only locally, in large cuttings and stream banks, a number of local faults c®uld be reco- 
gnized.

Significant differences in tectonie features allow the division into:
-  lower structural level. and
-  upper structural level.
1. The lower structural level (Figs 2, 3) consists of Paleozoic clastic deposits, rep- 

resented by medium- to coarse-grained sandstones and siltstones, carbonate rocks, repre- 
sented by limestones and dolomites including workable iron deposits. Clastic deposits, 
which are most susceptible to tectonic modelling, are extensive in the studied terrain. 
Their present view is resultant from a long sequence of tectogenetic events, from the la- 
test phases of the Variscian orogeny to the present time. The earliest pressures acted from 
the NW, as witnessed by the position of structures, fold trends, and slopes of axial 
planes.

The folds are commonly of small limb spans and are associated - in recumbent or 
groups of isoclinal structures. The lower part of the Paleozoic complex, along the front of 
the highest resistance to the orogenic pressures, has been refolded repeatedly, as observed 
in the extreme south of the terrain.

Overtumed and recumbent folds of NE-SW trend, in contrast to the Dinaric folds, 
are dominant also in the northwestem part of the terrain (Ravska). The folds are gentle as 
a result of the low folding intensity.

Clastic deposits beside limestones deviate from the general orientation of other clas- 
tic deposits. Beds of these limestones adjusted to the resistance of carbonate rocks to 
pressures during tectonic modellings, and have consequently varied dip and strike angles.

The Variscian pattem is not so well preserved as the Alpine one, and could not be 
completely reconstructed. Only locally, small. folds have been preserved, which suggest 
the likely NNE-SW trend and ESE vergenee of Variscian fold B-axes. Relatively few 
information is available about these old structures, insufficient to reconstruct the Variscian 
fold envelope of a higher order.

The commonest ruptural features in Paleozoic clastic deposits of the given terrain are 
numerous fractures, faults, and fault zones.

The general surface coverage precluded recognition of faults in the field, with the 
exception of only few faults. Most of the faults were identified through the photogeologi- 
cal analysis. On the basis of statistical processing and analysis of water streams, the 
faults could be generally elassified into two groups: faults of NW-SE trend, recognized 
in the central area (Cme Lipe-Garevica), and NE-SW extending fractures, which are far 
more numerous all over the terrain.
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The carbonate rock deposits are represented by limestones and limestones with 
siderite. They show only a paucity of folds. because faulting deformations were the pre- 
vailing tectonic activity. The part of the terrain embedding numerous Fe deposits is well 
uncovered and accessible for closer observation; it is there that faults, fault polishes and 
fault zones were directly observed. Ruptural features in carbonate rocks of open pits, 
traced tens of metres, commonly separated carbonate rocks from clastic deposits. Other 
features, in addition to faults, were a numerosity of fractures along which carbonate rocks 
are weathering.

2. The upper structural level (Fig. 4) includes Permo-Triassic clastic deposits rep- 
resented by micaceous siltstones and sandstones. Lower and Middle Triassic directly con- 
tinue over the Permo-Triassic, and are represented by micaceous siltstones, sandstones, 
massive limestones and dolomites. This structural level is separated from the lower level 
by an unconformity. A multitude of faults of different trends (NW-SE, NE-SW) tn the 
north of the terrain are dissecting this level into blocks. Bedding of rocks in the level is 
notable and almost monoclinal, as all beds dip to SW.

The described pattem was formed through two main phases of Hercynian and Alpine 
orogenies. The elements of Hercynian pattem have not been studied in detail; full consi- 
deration is given to the structures formed in Alpine events.

Tectonic activities through several subphases of Alpine orogeny, from the late Kim- 
merian to the present time, formed a large number of faults and folds, remodelled Her- 
cynian structures and adjusted them to the Alpine pattem.

METAMORPHISM OF PALEOZOIC ROCKS 
IN THE SANA-UNA PROVINCE

The regional metamorphism, to which sedimentary rocks of the Paleozoic complex 
were exposed in the Sana-Una province, resulted in structural and textural changes of 
rocks. The instability of minerals and the grade of transformation were the following:

-  Quartz, always erroded and with distinct blastation occurrences;
-  Feldspars mainly partly metamorphosed into sericite and quartz;
-  Matrix, its metamorphism is manifested in aggregation of small quartz grains in 

banded or eye-like assemblages, and in aggregation of clay material and its and mineral 
flakes suppression into laminar or banded assemblages.

Regional metamorphism thus produced a stable mineral association of: quartz + sericite 
(muscovite) + chlorite + feldspars + carbonates. The metamorphism is more expressive in 
sedimentary rocks which contain the clay component in higher percents (e.g. in argillaceous 
schists). The metamorphism in sandstones is higher where matrix rate was high.

Hence, shales and argillaceous schists, unlike sandstones of the Upper Paleozoic, are 
real metamorphic rocks and belong to the green schist facies.

PALEOGEOGRAPHICAL RECONSTRUCTION

The geosynaclinal phase of sedimentation between Donja Ljubija and Majdan Planina 
began with the Lower Čarboniferous. Most of Carboniferous rocks in the Sana Paleozoic 
domain were deposited in a neritic belt. Frequent pulsation, i.e. shallowing and deepening
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of the depositional area, caused variation in the granulation of deposits; it controlled the 
appearance or disappearance of the Carboniferous organic life, or the suitable conditions 
for deposition of ferruginous carbonates.

These changes resulted from epeirogenic, and partly from orogenic movements of the 
Asturian orogeny. Floral remains in Carboniferous clastic deposits are an evidence of the 
relative proximity of land, probably islands covered with vegetation. This assumption is 
supported by the abundance of marine flora and fauna, and the paucity of continental 
plants over a large extent. The islands were probably located in the present Donja Ljubija 
area, between Bosanski Novi and Blagaj, at Sanski Most, in the Stara Rijeka. at Budimić 
Japra, etc.

Terrigenous material was transported into the depositional area probably from the 
north and from the mentioned islands, which would suggest that the geosynclinal region, 
or its part, was bounded by land in the north and the east.

The region affected by Asturian orogeny was elevated from the late Middle Carboni- 
ferous to the Permo-Triassic. Thus, the relationship between the Lower and Middle Car- 
boniferous and the Permo-Triassic is unconformable, for the obviously missing Upper 
Carboniferous and Lower and Middle Permian deposits. The present configuration of Per- 
mo-Triassic rocks suggests their formation in isolated and shallowing areas between the 
elevated Carboniferous deposits, during a period of relative quiescence and slow transition 
of Hercynian into Alpine orogeny. The sediments were deposited under the conditions of 
an arid climate and high continental influence, as indicated by the increased iron concen- 
tration. The environmental conditions of the Permian sedimentation are not quite clear; 
these deposits could have been formed in fluvial, and even marine, environments. The 
lack of fossils can be associated with the deposition of lateral sediments in a shallow 
saline basin.

Triassic sediments were conformably deposited over the Pemiian. Thc depositional 
basin deepened and gradually stabilized in the early Triassic, and -contmues deepening 
through the Middle Triassic, when Anisian carbonate sediments were deposited. The lack 
of Ladinian sediments in the region could be explained by the local emersion.
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