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TEKTOHHKA H METAMOPOH3AM TEPEHA H3ME”™y
flIOIbE JLYBHJE H MAJ*"AH HIJIAHHHE

0«

BojncjiaBa MyflpeHOBHha* h Jl,pa*eHKa HeHanaha**

y pany cy npHKa3aHe TeKTOHCKe H MeTaMop((iHe KapaKTepHCTHKe TepeHa H3Mel)y JOrbe Jty6nje h
MajnaH IljiaHHHe (J3 oji lIpHjeaopa). TepeH je H3rpal)en ou 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 Jty 6nja, Majnan IljiaHHHa.
TEKTOHHKA

llpeMa Il eTKOBnhy (1961) HcnHTHBaHH TepeH ce Halia3H y cKJiony 30He nalieo30j-
CKHX IHKpHJbail,a H Me3030jCKHX Kpc'iihaKa.

no AHIl)ejikOBHhy (1982) MeTajioreHeTCKa o0SjiacT JLy6Hje npHnafla JIHMCKoj 30-
hh YHyTpauiH>HX JMHiiapiijia, Tj. caHCKO—yHCKoj HaBJiaHH orpann'ienoj Ha CM caBCKOM
30HOM, a Ha J3 nJIHBCKOM H MOpaTKOM HaBJliaKOM.

Tpy6nh (1980) y CKliony TeKTOHCKe peoHH3annje JI,HHapHjia, HcnHTHBaHH npocTop
cBpcTaBa y jiypMHTopcKy 30Hy h to ibene Kpajite C3 jjejioBe, Kojn cy HaByTieiui npeKo

TeKTOHCKa aHajiioa iipoy*iananor Tepcna

CTpyKTypHa aHajiH3a je H3Bejieiia 06pajioM BHine cTpyKTypojioniKHX ejieMeHaTa, oji
Kojnx je Haj6oJbe pa3BHjeHa cjiojeBHTOCT. Y KliacTH'imiM CTeHaMa opnjeHTanHja clioje-
bhtocth MepeHa je caMo Ha MecTHMa rjie je oHa jacHa, jep ce CMeH>Yjy pa3JiHHHTH jinto-
jioinkh ‘iJianoBH. y Kap6oHaTHHM HacliaraMa cjiojeBHTOCT je MepeHa 6e3 063Hpa jia jih
nocToje H3MeHe pc3JiH'iirnix jintojioiukhx BapnjaTCTa thx cTeHa.

Kao noce6aH thii cjiojeBHTocTH, MepeH je Ha TepeHy JiHTa*. BehHHOM, peli je 0
cliojeBHMa cy6rpayBaKa Y KojHMa HHcy H3pa>Keiie cliojHe noBpiHH, Beh cy CBe
oiicepBannje Bpmeiie Ha MecTHMa nocTeneHor CMaihHBaii>a hjih noBehaita 3pna y
neuriapy.

FeoHHCTHTyYT, Pobhh>ck3 12, Beorpan.
Hhcthtvt 3a perHOHajiHy reojiornjy h najieOHTOJiOrHjy PynapcKo-reojiooiKor ([jaKVirreTa
YHHBep3HTeTay Beorpany, KaMenn’iKa 6, Beorpan.
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MecTa CTpyKTypc)jioLiiKa nojaBa y KapfSoncKHM KjracTHTiiHM HacjiaraMa je KJiHBasc
aKcajajiHe noBpmn, Kojn je noce6HO H3pa>Ken y cTenaMa ({iHHHje rpaHyjiau,Hje h Behe
HJiacTHTirocTH, ofHOCHO, y rjiHHeiiHM irrKpHIhHHMa.

Bope cy TaKO”e 'iecT TeKTOHCKH oGjihk y Kltac'ra'itHM h Kapfrorra-nrHM HacjiaraMa.
nopejr 6opa ca MeTapcKHM h jieKaMerapcKHM pacnoHOM Kprura, KOHCTaTOBaHH cy h o06jihu,h
MHJiHMeTapcKor jio jienriMe'i-apcKor' pejja riejiHTHHa. B-oce hm ce npy>Kajy npaiMjeM C3-JM
h rrajiajv npeMa C3, ojrrrociro JM. OCe Marbtix Ha6opa inicy yHemeHe y KapTy.

JIErEHFIA (LiiGEND):

CipyKTYpHH cnpaT
(Lowecr slruclural Icvcel)

TopitH CTpyKTypn» cnpaT
(Upper structurai Icvcl)

rioKpHDeua epo3Hoiio-TeKToucKa rpailHira
(Covered erosion-tectonic boundary)

Pacefl ocMaTpan
(Observed fault)

_ Pacefl nokpHBeH
~ (Covcred fault)

—--—-—-Pacc”™ ocMaTpaH i})oToreojtouikKH
(I'liotogeological observed fault)

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

Cji. 1. TeKTOHCKa CKHna Hcrpa*HBanor TepeHa.
Fig. 1. Tectonic sketch of investigation area.

Mel)y pymypHHM tcktohckhm o06jiHHHMa Ha HecmrraBaHOM 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)re0Ji0tirKOM aHajiH30M CaMO Mec-
thmhhho, y BehHM ycenHMa h noTonHMa CHHMIbeH je Maii»H 6poj JioKaJiHHX pacejja.

Ycjieji 3HaTHHX pa3JiHKa y tcktohckhm KapaKTepHCTHKaMa Ha HcnHTHBaHOM noli-

pyqjy ce MO*e HjjiBojiiTtr:
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1. J™oibii cTpyKTypHH cnpaT

2. ropitH CTpyKTypHH cnpaT

1. JJoibH crpyKTypHH cnpaT (cji. 2, 3) H3ipaljyjy KliacTHHHe nalieo3ojcKe Hacliare npe;i-
cTaBJbeHe nennapHMa cpeflite flo KpynHO3pHHM h alieBpojiHTHMa, 3aTHM Kap6oHanie cTeHe
ripe/(CTaBJbeHe KpeHitaijHMa h aojiomhthmhhm Kpe'iibanHMa ca nporryKTHBHHM Jie>KHiirrtHMa
raoac”a. KjiacTHHiie Hacjiare Koje cy HajnofljioacHHje TeKTOHCKOM Mojiejincaibv, pacnpocTpa-
H>eHe cy Ha 'iHTaBOM HcnHTHBaHOM TepeHy. ILhxob /(aiiaiini,H H3iJieji pe3yjiTaT je BHmecTpy-
khx TeKToreHeTCKHX aKunja 0" 3aBpiHHiix <t>a3a Bapncii,HjcKe oporeHe3e jio j(anac. HajcTa-
piijn npiiTHCi*H cy jiejioBaliii ca C3, o 'ieMV cbcjio'ih nojioacaj cTpyKTypa, CMepoBH 6opa h
Ham6H aKcnjajiHHX noBpuiHHa.

-84 %
Kjiaca Bp. Ta"aKa npoijeHaT (%)
Class Points Percent (%)
| 1 0-2,8
Tl 2 2.8-5,6
Ml 3 5,6-8.4

Cji. 2. riajieo30jcKH crpyKTypHH cnpaT (cejjHMeHTH cy y6paHH y Koce HaSope ca ocom Koja nana Ka JJ3 non
yraoM 8°. EriKi 123/44. EnK 2290/60, EI1A n 102/80, BepreHHa 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 majinx pacnoHa KpHlia h vjipy>Keiie y nojierae h rpyne H30-
kjihhhx CTpyKTypa. Y jioibeM j(cjiy naJieo3ojcKor KOMnlieKca, j(v>K (fipoirra rj(e cy opo-
reHeTCKH iiothch;h HaHlia3HJiH Ha HajBehe oraope jioiujio je jio iipcHa6)HpaH,a, ihto ce
jiejioM vonaBa Ha Kpajn>eM jyry HcnHTHBaHor TepeHa.

Y ceBcposaiiajnioM Jieny TepeHa (PaBCKa) TaKofje jioMHiinpajy npeBpHyTe h nojier-
Jie 6ope, opHjeiiTannje cynpoTHe oji HHHapcKe, npaBHa CM-J3. Flouito je HHTeH3HTeT
iia6)Hpaii>a 6ho jjocTa 6jiar h caMH Ha6opn cy jjocTa 6jiara.

KjiacTH'ine Hacliare y3 Kpe"iibaKe cBojHM nojioacajeM He noKJianajy ce c renepaji-
hom opnjeirranHjoM ocTaliHX KJiacTH'iiiHX Hacjiara. llpH tbktohckom MojiejiHpan,y
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h>hxobh cjiojeBH cy ce npHJiaroflHJiii oTnopy Kap6oHaTHHX CTeHa Ha npHTHCKe, 360r ‘iera
hm a3HMyTH nafla h npy*aH>a HeMajy ycTajbeny opHjeHTan,Hjy.

BapHcnnjcKH cKlion je 3HaTHo cjiaGnje oHyB3H ojj ajinnjcKor, tbko fla iberoB H3rjiefl
HHje Morao fla 6y”~e y n0TnyHOCTH peKoiicTpvHcan. MecTHMIiriHO cy ca'iyBane Majie
HJiHKaTHBHe CTpyKType Ha ocnoBy Kojnx ce MO*e 3aKJi>y"iHIH fla cy B-oce BapHcnnjcKHX
Ha6opa HMajie HajBepoBaTHHje npyxaH>e CCH-JJ3 h Beprenny HJH. PeliaTHBHO MaliH
6poj nojiaTaKa 0 obhm CTapnjiiM cTpyKTypaMa HHje HaM oMoryhno peKonclipyKHiijy
aHBejione Ha6opa BHiuer pe/ja Bapnci;HjcKe cTapocTH.

Oji pynTypHHX o6jiHKa Ha HcnHTHBaHOM TepeHy y kjiacTHHHHM najieo30jcKHM Hac-
jiaraMa 3acTynJbeHe cy 6pojHe nyKOTHHe, pacejin h pacejnie 30He.

Kjiaca Bp. TaHaKa llponenaT (%)
Class Points Percent (%)

I 1 0-3

1 2 3-6

m 3 6-9

Cji. 3. llaJieo30jcKH CTpyKTypHH cnpaT (BHne ce jBa noBliamheHa npanija nyKOTHHa CMHnan>a, EIlI=174/40,
EEI=312/54, B 17°J3, EIIA n 92/82, yrao 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 je TepeH jjocTa noKpHBeH, nenocpejjno KOHCTaTOBaHH pacejjn cy jiocma peTKH.
BehHHa pacejja VTBp”~ena je rj))0TOre0JiOiiikOM aHajiH30M. Ha 0CHOBy H>HXOBe craTnc-
THHKe o6pajie h anajiH3e BojioTGKa KOHcraTOBaHO je jja ce ohh reHepajmo Mory cBpcTa-
th y jjbc rpyne: pacejm npaBna C3-JH, KOHCTaTOBaHH y i;enTpajnioM jjejiy TepeHa
(HpHe JIHne-rapeBHii,a), h pynType npaBi;a CH-J3, Koje cy jjajieKO 6pojHHje h 3acTyn-
JbeHe Ha 'iHTaBOM TepeHy.

Kap6oHaTHe Hacjiare npejic'raBJbene cy Kpe'iibamiMa h jiojiomhthhhhm Kpe'iibaniiMa ca
cHjiepHTOM. y H>HMa ce caMO peTKO 3anaacajy Ha6opH, jep ce TeKTOHCKa aKTHBHOCT BehHHOM
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Fe je jiofipo oTKpHBeH h jiocTvnan jierajbHiijoj aHajiH3H, na cy TaMO h Heiiocpejino KOHCTa-
TOBaHH pacejiH, pacejina orjier(ajia h pacejine 30He. PynTypHH o06jihii,h y Kap6oHaraMa Ha
noBpuiHHCKHM KonoBHMa npaheHH cy h BHiue jieceTHiia MeTapa h y BehHHH cjiy'iajeiia ohh
ojjBajajy Kap6oHaTHe ofl Kliacni’iHHX Hacjiara. Ochm pacejia, yo'ieii je h bcjihkh 6poj
nyKOTHHa ny>K Kojirx cy Kap6oHaTH naj'ieinhe paciiajinym.

2. Y ropH>H cTpyKTypHH cnpaT (cji. 4) HcnHTHBaHor TepeHa yjia3e h KliacTH'ine
jiare nepMOTpnjaca npejicTaBJhene jihck~hobhthm ajieBpojiHTHMa h nem'iapiiMa. JJ,oilh
h cpejjitH ipiijac ce jjnpeKTHO naj(OBe3yjy Ha nepMO’ipiijac h npej*cTaBJbeHH cy JiHCKy-
hobhthm ajieBpojiHTHMa, nemgapHMa, MacHBHHM KpeHibaiiHMa h j*ojioMHTHMa. OBaj
cTpyKTypHH cnpaT je ojjBojen 0j; jjoiber cTpyKTypHor cnpaTa jiHCKopjiaiinHjoM. BpojHHM
paceflHMa pa3JiHHHTor npaBH,a (C3-JH, CM-J3) y ceBepHOM flejiy TepeHa, OBaj cTpyK-
TypHH cnpaT je HCKHj"an Ha ojiBojene 6ji0KOBe. CjiojeBHTOCT y H>My je flo6po H3pa>Kena
h totobo MOHOKJiHHaliHa, jep cbh cjiojeBH najiajy npeMa J3.

Kjiaca Bp. TaiaKa lIpoijenaT (%)
Class Points Percent (%)
1 1 0-4
1 2 4-8
1 3 8-12

Cji. 4. TpnjacKH cTpyKTypHH cnpaT (2C KOHTypHH jinjarpaM npHKa3yje npeBpHYT cthciivt iiaGop ca ocom B=12°
C3 EIIKI 224/36, EIJK2 243/20, EI1An 232/27, yrao nepreHne a=63° CH)

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

Ob3ko cjioaceH cKlion c|)JopMHpaH je tokom j*Be raaBHe c})a3e 06jiHKOBaiba: xep-
HHHCKe h ajinnjcKe. EjieMeHTH xepiiHHCKor cKJiona HHcy jjeTajpHHje npoygeHH, Beh je
HCKJbyiiHBa na>Kiba nocBeheHa CTpyKTypaMa HacTaliHM ajniHjcKiiM o 6 jiHKOBaibHMa.

Kao iipoii3Boji aKTHBHocTH iicnojoeHHX tokom iieKojiHKC TeKToreHHX cjiasa ajmnj-
ckhx 06jiHKOBaiba, no'ieB oji MlJiajiOKHMepnjcKe na jio jianac, cjiopMiipaii je BeliHKH 6poj
cTpyKTypa pynTypHor h iuiHKaTHBHor THiia, npn ‘iemy je H3BpmeHo npeo6jiHKOBaibe
xepi;HHCKHX cJ)opMH h h>hxobo yKlianaH>e y ajinnjcKH cKJion.

Hac-
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METAMOPOHE IIPOMEHE nAJIEO30JCKHX CTEHA
CAHCKO-yHCKE OB.HACTH

PerHOHajiHH MeTaMopcJ)H3aM, KOMe cy 6hjih hsjio/Kciiii cejiHMein'H najieo3ojcKor
KOMnlJieKca y caHCKO—yHCKOM pei Hoiiy ycji0BHO je npoMeHe CTpyKTypHHX h TeKCTypnx
KapaKTepncTHKa CTeHa. HecTa6HJHOCT MHHepalia h HHTeH3HTeT npoMeHa mojkcmo
03HaHHTH obhm peflOM:

- KBapfl - pejjOBHo je KopojjoBan ca jacHHM nojaBaMa 6jiacTe3e.

- OejiflcnaTH cy yrjiaBHOM jejjHHM jjcjiom MeTaMopc|)iicann y cepnii,irr h KBapn,.

- MaTpHKc - MeTaMopcJ)H3aM je ncnojbeH OKynjbaH>eM chthhx KBapii,HHX 3pna vy
TpaKacTe h OKifacTe HaKynHHe, 33thm OKynJbaifceM TJiHHeHe KOMnoHeHTe h H>eHHM 110-
THCKHBaiteM 3ajeflHO ca JincTHhacTHM MHHepajiHMa Yy JiaMHHapHe h TpaKacTe HaKyniiHe.

H a OBaj iia’iHiinpH perHoiiajmoM MeraMopc{)H3My je HacTajia CTa6iuiHa MHHepajiHa aco-
HHjainija cjie/(ehnx MHHepajia: KBapn+cepnnHT (m~ckobht) + xjiopHT + c})eji/(cna'ni + Kap6o-
HaTH. MeTaMopc|)He npoMeHe cy BHine H3pa>Keiie y ce/iHMeiiTHMa Kojn cy ca//p>KaBajiH Behn
nponenaT rjiHHOBHTe KOMnoHeHTe (Hnp. y tjihhobhthm HiKpHJbii,HMa). Y nenriapHMa cy
npoMeHe BHiue H3pa>Kenc yKOJIHKO HMajy BehH cajjp>Kaj MaTpHKca.

npeMa TOMe, rjiHHHH h tjihhobhth niKpHJbHH, 3a pa3JiHKy o// neiii'iapa M lJiatjer
nalie030HKa, cy npaBH MeTaMopc})HTH h npHnaliajy c|)au,HjH 3ejieHHX uiKpHJbaii,a.

NAJIEOrEOrPAOCKA PEKOHCTPYKHHJA

reociiHKJiHHajiHa C}a3a ce/fHMeHTaHHje noflpy>ija H3MeJ)y JJoibe JLy6nje h MajliaH
nJiaHHHe noHHibe ca j*oh>hm Kap60HOM. Kap60oHCKe Hacjiare Y o6jiacTH caHCKor najieo-
30HKa Tajio>KeHe CY HajBehHM J/icjiom Y HepHTCKOM nojacy. '-lec're nvlicai/Hje Talio>KHor
npocTopa npOy3p0OKOBajie CY npoMeHe H3pa*eHe Kpo3 cTBapaibe ce/iHMenaTa pa3JiH-
HHTe rpaHynaipije, ij. CMeibHBaJiH cy ce nepHO”H onjinhaBaiba h npofly6jbaBaiba, ycjioB-
JbaBajyhn CTBapaibe h HecTajaibe Kap6oHCKor opraHCKor cBeTa, o/ihociio, noro/uie ycjio-
Be 3a Talio*eH>e rB0>KIjeBHTOr Kap6oHaTa.

OBe npoMeHe ey noclie/iHHa ennporeHHX HeMHpa, a flelJIHMHqHO h oporeHHX noKpe-
Tay acrypHjcKoj oporeH oj cha3H. npncycTBO c})Jiope y Kap6oHCKHM KJiacTH'IHHM ce/jHMe-
HTHMa roBopn o penaTHBHoj 6jih3hhh KonHa, Koje cy BepoBaTHo 'iIHHHJiaocrpBa o6pacjia
BereTaHHjoM. Y npnjior TOMe roBopn o6njbe MapHHCKe c})Jiope h c})ayHe, a cnpoManiTBO
HajiacKa KonHeHHX 6iiJhaKa Ha iimpeM npocTpaHCTBy. CMaTpa ce /ia cy ce noMeHyTa
ocTpBa HajiasHJia Ha j*aHamibeM nojjp~ij” Jhy6nje H3Mehy B. HoBor h Bjiaraja, kojj
C. MocTa,y Orapoj pnjenn, koji BvjHiMJinh Janpe h /ip.

npHHoc TepnreHor MaTepnjajia y Talio*HH npocTop je BepoBaTHO Hiuao ca ceBepa
h ca noMeHyTHX ocTpBa, HHMe ce npeTnocTaBJba fla ce reocHHKJiHHajiHa o6jiacT y jejiy
Kojn je 3axBaTao Harne KpajeBe, rpanii'iHJia ca KonHOM npeMa ceBepy h HCTOKYy.

KpajeM cpejiiber Kap6oHa, iioji jiejctbom acriypnjcKe oporeHe cjiase, j(OlJia3H jio H3-
jpmiba HcnHTHBaHor TepeHa h Taj npoijec je Tpajao CBe j*o nepM O -ipnjaca. Ha Taj Ha-
hhh, H3Mel)y jjoiber h cpejjiber Kap6oHa, h nepMOTpnjaca nocTojn /(HCKopjjaHTaH ojjhoc
h eBHjjeHTaH nejjocTaTaK ropH>eKap6oHCKHX h /joibe- h epejiibenepMCKHX Hacjiara. Ha
0CHOBy jianamiber pacnopel/ia iiepMOTpirjacKHX TBopeBHHa MO*e ce 3aKJbyHHTH /ja cy
cTBapaHe y Me”yco6HO H30Ji0BaHHM h oiuinhajiHM npoc+opiiMa H3Mef>y H3/inrHymrHX
Kap6oHCKiix TBopeBHHa Y nepiio/iy pelJiaTHBHor MHpoBaiba h JiaraHor npejia3a 3aBpuiHHX
noKpeTa xepninicKe oporeHe3e Yy ajinHjcKy. Ce/IHMCHTH CY CTBapaHH Y ycjioBHMa apn/ine
KJiHMe y3 BelJiHKH ynrnaj KonHa, o 'ieMy roBopn HOBHUieH ca/jp>Kaj rBO *ha- KapaKTepnc-
THKe cpejjHHe y Kojoj cy ce t3Jio>khjih nepMCKH cejjHMeirrn HHcy nOTnyHO jacHe, Te
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nocTojH MoryhHocT Ha cy cTBapaHH y (J)JiyBHjgjiHHM, na h y MapHHCKHM ycjioBHMa.
njiHTKOBoj*Hor 3acojteH or 6aceHa.

KoHKopjjaHTHO npeKO nepMCKHX Hacliara Tajio*eHH CY TpnjacKH cej*HMeHTH. rio-
neTKOM Tpnjaca j;ojia3H j;o npoj;y6jbaBaH>a h nocTeneHe cTa6HJiH3aHHje j*Ha 6aceHa, jjok
ce npoj;y6jbaBaii>e HacTaBHJio tokom cpefliter Tpnjaca, Kajja ce h Talio>Ke aHH3HjcKH
Kap6oHaTHH cejiHMeHTH, 1lejiocTaTaK cejiHMenaTa JiajiniicKor KaTa OBor nojipvTja Morao
6h CE€ o6jacHHTH JioKaJiHOM eM ep3HjoM.
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TECTONICS AND METAMORPHISM OF THIi TERRAIN BETWEEN
DONJA LJUBIJA AND MAJDAN PLANINA

by
Vojislav Mudrenovi¢ and Drazenko Nenadi¢

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 Petkovi¢ (1961), in a zone of Paleozoic
schists and Mesozoic limestones.

The metallogenic province of Ljubija is ascribed by Andjelkovi¢ (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 MoraCa nappes in SW.

In his tectonic model of the Dinarides, Grubi¢ (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 bedding planes, which wvvere 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, Kamenicka 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,
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.

rep-
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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
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 Carboniferous. 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 Budimié¢
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.

JIHTEPATYPA - REFERENCES

Andelkovié¢ M., 1982: Geologija Jugoslavije - tektonika.- Univerzitet u Beogradu, 364-365, Beograd.

Grubi¢ A., 1980: An outline of geology of Yugoslavia, Exkursion 201 A —202 C.—26th. intemational
geological congress, 4, Guide Book 15, Paris.

Juri¢ M., 1960: Zavrdni izveStaj o geoloSkora kartiranju Sansko—tinskog paleozoika.- Fond Rudnika
Ljubije.

Juri¢ M., 1967: Godisnji izveStaj o regionalnim istraZivanjima paleozoika Sane iz 1966. godine.- Fond
Rudnika Ljubije.

Juri¢ M., 1970: GeoloSka studija leziSta Zeljeznih ruda u Sansko-unskom paleozoiku.- Geoloski zavod
Sarajevo.

MyApeHOBHh B. n HeHaanh JJ. (=Mudrenovi¢ and Nenadi¢), 1995: CTpaTHrpa(J)CKe ojuiHKe
TepeHa H3Mel>y fto&e Jlivonje h Majaan fljiaHHHe.- Feoji. aHaji. Baji. noji., 59/2,69-86, Beorpa;i

IleTKOBHh K. (=Petkovi¢),1961: TeKTOHCKa KapTa $HP JyrocJiaBHje.- Ijiac. CAHY CCXLIX, Oaejb.
npnp. MaT. HayK,, 22, Eeorpaji,



