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Y [OK 551.733.1(497.11-11) OpuruHanHu Hay4Hu pag,

FEONTIOIMMJA - CEOLWIOLW

OPAOBULMIYM KYUYAICKUX NNAHVNHA
(MCTOUHA CPBWJA)

o4
bpaHucnasa Kpctuha* n /by6buHke Macnapesuh"

Y pagy cy npukasaHu pesyntaTu npoydyaBarba HEKO/NIMKO pernepHUX npoduna Ha Kojuma cy OTKPUBEHU
cefMMeHTN opAoBuLMjyMa y o6nactm Kyyajckux nnaHuHa u T0: CefUMEHTU Aower ophosuuunjyma (Tpemagoka)
Ha 6pay hepuek NCTOYHO of Pecasulie; cpedwer OpAoOBULMjyMa Y U3BOPULLIHUM [enoBuMa peka Pecase, Peca-
Buue n KnoyaHuue; ropter opgosuunjyma Ha notesy M.ManuHuk-bayua-cactas lMojeHcke n Bejcke pexe, n
ropter opgosuumnjyma (roptu alirna - XupHaHTujaH) y foNnMHu borosnHcke peke. CeJUMEHTU Cy cTBapaHu y
pasnnynMTUM Aeno3nLNOHUM CpefuHaMa - O NPUobanckux NANTKOMOPCKUX (MOTOM/bEHO Xano, NAnTak wend)
[0 nenawkunx cybTajaanHunx cpegunHa.

K/byuHe peun: OpAOBULKjYM, FpaHMLa OpAOBULMjyM-CUAYP, AeN03ULNOHE CPeanHe, naneomarHetnsam, Kyuaj-
CKe nnaHuHe, uctouHa Cpbuja.

YBO/[,

Maneo3ojckn cegumeHTn Kyuyajckux nnaHuHa fo caga cy 6unm npegmer npoydvasa-
ba ABa nyTa. MpBM NyT cy 6UNM nNpoyyaBaHW TOKOM uU3paje OCHOBHe reofiollKe KapTe
1:100 000 Ha nucTtoBuMa bomeBay K34-8 n XXarybuuya J134-140 namehy 1959. n 1963. ro-
AvHe. Tafa cy npemeso30jcke ¢opmaumje Kyyajckux nnaHuHa, Jo Tafja HejatupaHe, Ha
OCHOBY cynepnosuunje n GocuMaHMX ocTaTaka pallunaweHe Ha UPeopfoBUYKE BYNKaHO-
reHo-cegumeHTHe cTeHe (“3eneHun WKpumbUM bebaHnue") n ceguMeHTe OpA0BULNJYMa,
cunypa u feBoHa. Pe3ynTaTu npoyyaBaka naneo3ojckux cefumeHata U3 Tor nepmoja o6-
jaB/beHmn cy y HM3y pagosa: Kpctuh (1960, 1962a, 1962h, 1966a, 1970, 1973,1974, 1984),
MaHnTnh (1960), BecennHoBuh (1964,1972), Yekellnoyjc 1 KrklMc (1970), KrkMc 1
Ye«eltoY1lc (1970) m Muxajnosuh (1966,1974).

Y nepuoay of 1980. go 1983. rognHe ob6aB/beHa Cy UCMUTMBa A CeguMeHaTa cTapu-
jer naneosomnka y o6nactn Kyyajckux nnaHumHa y Be3u ca peanusaymnjom npojekta Temar-
CKe reofiow ke kKapte "lManeo3ojcku ceanMeHTU nctoyHe Cpbuje" n Teme "Ycnosu obpa-
30Bakba Maneon3ojckux komnaekca Cpbuje" npojekta "MeognHamuka" Cpncke akagemuje
Hayka v ymeTHOCTMW. lMocebHa naxHa nocseheHa je fewnppoBakwy reHeTCKMX KapakTe-

*MWHUCTApCTBO pyfapcTBa n eHepreTuke, PoBumwcka 12,11 050 beorpag.
**CTpymunuka 96,11 000 beorpag.



pucTMKa cefuMmeHaTa Kao M LOMYHCKMM OGuocTpaturpa)ckum msyyaBawuma. Heke pe-
3ynTate 0BUX ucnutmBawa o6jaBunm cy Kpctuh u Macnapesuh (1990), Kpctuh u
Cypap (1990), Plancleroya el al (1992), Kpctuh u gp. (1995), Erce§oyac €l al
(1995), Ojajjc (1996), Epuerosay un hajuh (1996), KrkMc eC al. (1996).

Y oBOM pagy npukasahemo feTa/bHuWje pesyntaTe npoyyaBakwa HEKOJIMKO 60/be OT-
KpnMBeHUX npoguna y obnactv Kyyajckux nnaHMHa Ha KOjuma cy OTKPUBEHW [en0BU Op-
[oBMLUMjyMa U TO: fOker opaoBuunjyma (Tpemajoka) Ha 6pay hepyek UCTOYHO Of Ba-
powwn PecaBule; cpeiwer op4oBuLMjyMa y U3BOpuILHUM fenoBuMa PecaBuue, Pecase u
KnouaHuue, n Ha B. ManuHuky (K. 1158 w); ropwer opgosuunjyma (Kapagoka) Ha note-
3y M. MannHuk-bayuya-cacTtaB lojeHCKe 1 Bejcke peke v ropker opgosmumnjyma - awl-
runa (ropwun awrua - XMpHaHTWjaH) y LOAMHW BoroBuMHCKe peke ucnof boroBuHckor
KameHa (cn. 1).

O OPAOBULIYM

Y ceBepo3anagHoM fAeny naneosojckor jesrpa Kyuaja, y cnuBoBuma peke PecaBuue
n KnovaHuue v N3BOpPULLHUM [JeN0BMMa peKke PecaBe OTKPMUBEHA je Cepuja MPETEXHO Me-
TancaMUTCKMX CTeHa OPAO0BUYKE CTApOCTU. Y 0BOj BULLECTPYKO y6paHoj U cTora npuBua-
HO aeb6enoj cepuju cegumeHaTa BepOBaTHO Cy 3acTYMN/beHW pasuyMTU HUBOWU OPLOBULU-
jyma. MehyTum, curypHa LOHOOPAOBMYKA CTApPOCT AOKasaHa je caMO y jejHOM MaKeTy
MeTanewyapa OTKPUBEHUX Ha jy>XHMM naguHama 6paa hepuek (Tab. I, cn. 1), nopeg
WYMCKOT nyTa KOju 13 BapoLmn PecaBuie BogM y UCTOMMEHY peky (Bowucek, 1965).

Ha nomeHyTOM npotuny Hanase ce MeTancamuTu BUA/bUBe Aeb/bUHE 0f BULLle fece-
TUHA MeTapa. Y HajHUXeM [eny OTKpUBEHOr cTyb6a Hanase ce 6enu U CBETN03eNEHN 3pe-
NN KPYMHO3PHU M LW/bYHKOBUTY LO CPeAHO03PHM KBapUHU MeTanewuapu, pefje meTaap-
Ko3e. Y 0BOM feny cTyba 3anaxa ce Hau3MeHW4YHO YCUTHaBake U yKpyntaBawe 3pHa
Hasuwe. Y BUWMWM [ef0BMMa CY CMBM N 3€/IeHKACTU W PYyMeHU NaMWHUpPaHU cpefwe [0
CUTHO3PHK pefje KPYMHO3PHM KBapLHM MeTanewyapm o meTacybapkose.

CTapocT cegumeHaTa ofpeheHa je Ha OCHOBY UHapTUKynaTHUX 6Gpaxuonoga Beoma
pedopMmumcaHux CTPeCOM TaKo Aa MMajy pasnuuuTta usgyXxewa (gujaroHanHo, NOHTUTY-
AWHANHO, KOCO) 360T Yyera Hekaj iMye Ha /byl Type HEKMX WKo/baka. Kog 6paxmonoga je
jow cauyBaHa pochatHa /bywTypa. Mo Boncekn (1965) y nutawy cy Opodux (Hn8mlo-
holw) I'clHlTanlcH (Barr.) mam Oholny hnTuKK'! U3 yewkor Tpemagoka, 3atum OholuH
coTplexu$ (Barr.) unu Orh/fcuJokJcn. OBum ob6anumma BecennHosuh (1972) gogaje jow
n Thy.yano(o3 xuncn.u (E\c Ir'V/.) Koju ce y eBpONCcKMM npocTopuma cpehe y LOweM 0pao-
BULMjyMYy (TPEMafOoK, apeHur).

MeTanewyapu rpage cnojese off HEKOMKO CT A0 npeko 50 ¢ T AebsbuHe. Lieo npo-
(hun ce KapakTepulle Neno pasBMjeHUM pasHUM BpcTaMa KOCe C/I0jeBUTOCTU U XOPU30H-
TaslHOM fNaMuHauMjom (namMuHe J0 Npeko 2 NTT geb/buHe). YecTa je TabynapHa, naaHap-
Ha koca cnojesutocT (Tab. I, cn. 1 un 2) ca Beankum (npeko 40°) n manum yrnom (go 15°)
npeMa NoAuHK, a 3anaxeHa je U aCUMNTOTCKa Koca CNnojeBuTocT. Bulie cetoBa Koce cno-
jesutoctn (aeb6/buHe 4o 50 CT) OpUjeHTUCAHO je Y jeAHOM WMAM Yy CYNPOTHMM MpaBLuMa
YecTo Yy KOMB6MHALMjK ca XOPU3OHTaNIHOM NlaMMHaumjom. Pefa je KawmnkacTa Koca cnoje-
ButocT (Tab. IV, cn. 1), pubr/ba KOCT KOCa CN0jeBUTOCT U NaMuUHaLKja, Tanacacta naMmHa-
UMj< ¥ CUMETPUYHM TparoBu Tanaca. [lowa NOBPLU C/I0jeBa U 1aMMHa je paBHa Un Hepas-
Ha, & OJHOCK CYy HEepO3UOHMN WN epO3UOHU. JIUTONOIMja KOCUX CEeTOBA je MPeTeXHo Xo-
MoreHa.



Cn. 1. Maneo30jcku cegumeHTn ca 060gHUM hopmaumjama y obnactn Kyuajckux nnaHuHa. Jlerenga: 1. Keap-
Tap, 2. HeoreH, 3. flowa kpepa, 4. Cpeawa u ropwa jypa, 5. Ksapynophupwu, 6. OeBoH, 7. Mnarno-

rpaHuTu, 8. Fabposu, 9. Cunyp, 10. Opgosuunjym, 11. Fopwn NpoTepo3ouK + oK Kambpujym, (KreHec,
1984, ctp. 14, cn. 3).

WN&. 1. PaleorolC Be/bnenk ang tar§tal &I1tallol8 T Kucaj Mowun(at refjon. Ee§ewl: 1. O)naletary, 2. Keo-
8ene, 3. Joteer Cre[aceon5, 4. MMclle ancl TJpper Juraxac, 5. Ona/b-poxphyry, 6. BeyoTtan, 7. Pla™oS8ra-

wle, 8. Oahhro, 9. 8unan, 10. OrcloYlclan, 11. 1ale Pl'olero2olc + Early Cathnan (KrkWc, 1984, p. 14,
.- 3).



Y BUIWINM [eN0BUMa CTy6a CeuMenTy cy uHujer 3pHa, 6e3 L/bYHKOBUTUX MeTa-
newyapa ¥ MeTakoHrnomepaTta U 6e3 Koce cNojeBUTOCTU. TO Cy KBapLHM MeTanewyapu
[0 MeTacy6apKose, Cpefkb03pHM A0 CMTHO3PHU (cnojeBu 10-50 cT), ca XOPU3OHTANHOM,
TasacacToM M COYNBACTOM JlaMUHALMjOM M KOHBONYLMjOM M PETKUM CUHTEHETCKUM Ku-
XeweM cnojesa. 3anaxajy ce nofBoAHU KaHanu wnpuHe 0,30-1,50 T ca GenuM cpefo-
3pHUM KBapLHUM MeTanewyvapuma. CnojeBu npaTe AHO KaHana, a HaBulle CYy XOPU3OH-
TaNHO NaMUHUPaHMN.

MeTponoLwKe KapaKTepucTuke

KBapuHu MeTanewuapu cy 4o6po [0 ocpefte copTupaHu. Cagpxe npeko 95% pet-
PUTMYHOT KBapLa Koju je 4o6po 3a06/beH, HeKag chepnyaH, Maja 3pHa YecTo 3anase jef-
Ha y apyra n gpobe ce Ha goampy of nputuCka. ®engcnaTu cy peTku, penaTusHo Ao6po
3a00/beHU, CBEXMN UAN 3aMyheHU FTAMHOBMTOM MaTepujom. OAarosapajy opToknacy, pehe
MUKPOKIMHY, a 3anaxa Ce W LaxoBCKN anbut. PeTKu cy 0410MUMN CEePULNTCKO-KBApLHUX
WKpu/baLa. MeTanewyapun cy ca KnacTHOM MojplikoM. Be3nBo je rpaHynapHu KBapu, y
HOopaMa 3pHa, pefje Ha HMXOBOM LOAMPY, Ca Mano cepuumnTa, Hekag u 6motuta (Tab. 1V,
cn. 2).

Cyb6apko3e Cy CAMYHOT cacTaBa Kao M KBapLHU MeTanewuvapu, ca ydewhem deng-
cnaTa o4 5-20%. Y CUTHO3PHMjUM BpCcTaMa caZpike BULIE MaTpUKCa ca CepuLmnToMm.

TelwKn MnHepanu

Of TeWwKNx MuHepana Hajuewhwu je marHeTuT, pefln UUPKOH, 3aTUM AUCTEH U Yy Ma-
NOM NPOLEHTY Ce Hanase anatuT, POMOMYHN U MOHOKIMHWYHW NMUPOKCEH, 3e/IeHN aMpu-
6on, rpaHat, aHAanys3uT, enuaoT, pyTWUA, TUTAHUT, X10PUT U 6UMOTUT. MarHeTuT je Henpa-
BUNHOT 061MKa, 3a06/beH UK Y BUAY Kpuctana. LLMpKOH je 3a06/beH, oBanaH, chepunyaH,
Y U3LYXXEHUM UK 3fenacTUM NMpu3MaTUyHUM KpUCTanmMa, peTKO He3ao6/beH. AnaTuT je
OKpYrnacT v 3a06/beH.

WHTepnpeTaynja

KBapuHu 1 cy6apKo3HuW 3penun 1 cynep3penn metanewyapu UHTepNpeTupaHn cy Kao
MOPCKW CEAUMEHTU, TanoXeHu 6amxe o6anu, rae cy UHTEH3UBHWM Tanacu M naumaTcka
KpeTata fefoBanun Ha 3aob/baBake M copTupamwe 3pHa 6e3 MHO3PHE TNMHEHE KOMMNO-
HeHTe. OBMM CHaXXHWM CTpyjatbMMa CeAMMEHT je HOLWeH Ha gowe xano (Forekhore) u no-
Ton/beHo Xano (khorelace) n wend. To cy ycTBapu NeckoBuTa Tena M NECKOBUTU Tanacu
ca NAMMaTCKOM [LOMWHAaLMjOM Moja4aHOM ONyjHUM Tanacuma. ®UHO3PHUjU CEAUMEHTU
[LenoHOBaHW Cy fa/be 04 06ane U Ha NAUTKOM Wengy.

Y ceguMeHTUMa Ok er opgosuymjyma (Tpemagoka) nojaB/byje ce HEKOMMKO Kapak-
TepucTuka Koje no Kaa! & Boerkrta (1971) yka3yjy Ha ceguMeHTaunjy nog AejcTBOM
nanmaTcke akTMBHOCTU. CeTOBM TabynapHe nnaHapHe Koce CMOjeBUTOCTU OPUjEHTUCAHM
y CynpoOTHUM CMEPOBMMa YeCcTO Y CMEHN ca XOPU3OHTANHOM NamMmuHaumjom (Tab6. I, cn. 1u
2) yKasyjy Ha Teyerwa y CynpoTHUM cmepoBuMa. CTpyKTypa pub/ba KOCT yKasyje Ha Taj-
fanHa npuaHeHa Tedvera ca OMNONMApHMM CMEpoOM Teyewa. TabynapHa mnaaHapHa uWau
acMMNUTOTCKA KOca C/I0jeBUTOCT OpUjeHTUCAHA Y jeHOM NpaBLy MOXe 03HayaBaTu jegHo-
CMepHa Teyekwa UNKM cUTyauunjy y Kojoj cy peBepcHa Tedera HeJOBOO jaka fa Npowus-
Begy Tanace (Bank6, 1973), 04HOCHO 0O3Ha4aBa WM3pasuTO acMMETPUYHMN TajaanHu pe-



XMM. Tanacacta U coymBacTa C/0jeBUTOCT Cy MpUcCyTue y oBUM ¢auunjama. MoHomume-
panHu KBapLHW cacTaB M 3penocT ceaumeHarta 6e3 rnMHOBUTE KOMMOHEHTEe pe3ynTtaT cy
MPOAYXeHOTr MpeTanoXaBaka Tafacuma m namMmarckum TpaHcnopTom. Kawmkacta koca
CN0jeBUTOCT CpPefHe Be/IMYMHE 03Ha4YaBa Mane NOABOAHe fMHe 06pa3oBaHe NAUTKOMOP-
CKUM TeuyewunMa. Ha NAMMaTcKy aKTUBHOCT yKa3yjy ¥ Manu NoABOAHU KaHaNlu ca YCUTHa-
BatkbeM 3pHa HaBHLWe. XOpM30HTaNHa NaMuHaLMja yKasyje Ha Aeno3nunjy u3 obnaka cyc-
neHsunje kojujeno Keteck & 8T18h (1973) n3a3saH akuMjom Tanaca Kaja ranacu 3ax-
BaTe BENMKY KOMMUYMHY Mecka y CYCMeH3Wjy v TPaHCMOPTYjy ra Ha [LOHe Xano, noton-
JbEHO Xano n wend. Tewkn MmuHepann (MarHeTUT) KOHLEHTPULWY Ce Yy NaMWHe Ha [o-
HbeM XKany [ejcTBOM 0NyjHUX Tanaca. Ha gejcTBO onyjHUX Tanaca yKasyje v KOHBONYTHa
naMuHaLumja U CUHITEHETCKO KIMXKewe cefMMeHara.

Mopekno maTepHjana

Cygehu no gparmMeHTMMa 3pHa y mpenapaTuma, cacTaBy M 06/MKY TELKUX MUHe-
pana MoXxe Ce CyAuTM O M3BOPHOM MaTepujany. To Cy KpuUCTanacTu LIKPWU/bLM KOju ce
Hanase y BMAY OA/0Maka, a Ha kWX yKasyje U NPUCYCTBO AWUCTeHa, aHjanysuta u wur-
AMYacTUX Kpuctana LMpPKOHa, 3aTUM cTape NpekamGpujymcKe rpaHUToOMAHe CTeHe U3 KO-
jux noTuyy 3aenacTu KpucTanu UMpKoHa v 3amyheH (ycned pafnvoakTUBHOI pacnajara)
UMPKOH, MarHeTUT, anaTuT W NPeopPA0BMYKM CeauMeHTU (CHePUYHM LIMPKOH KOjUu yKasyje
Ha NOMMUMKIMYHO NpeTanoXaBate).

Maneoreorpauja H naneoTpaHCHOPT

MpeTnocTaB/ba Ce Aa cy obane OpLOBMYKOr Mopa y 06nacTu nprvMapHe CeanMeH-
Taluje 0BMX TBOpPEBUHA Gune paBHe, CTabUHe M rone ca HUCKMUM pe/bed)oM U npeosna-
AuBatbeM NAUTKOMOPCKMX nnaTopMu. Y 0OBOM MpeBereTaTMBHOM Mepuofy pekama cy
[LOHOLWEHE BENINKE KOIMYUHE HecKa Ha o06any, Koju je MHTEH3UBHO npepaluBaH U CHax-
HUM CTpyjaMa HOLUEH fa/be Ha NMOTOM/bEHO Xano W Wwend. 3aTo OBaKBU Meliyapum Mory
fa 6yny Benuke feb/buHe. NMpeko OBOr BUCOKO eHEpPreTckor cucrtema f0M1asu MupHuja
cefjMMeHTaLMnja Ha MAMTKOM LWendy, Koja ce HacTaB/ba y BULUMM HUBOMMA OPAOBULMjYMA.

ManeoTpaHcnopT ce pacuna npema cesepy, CU, J3 n 3anagy.

CPE[UV OPAOBUNLIYM

CelMMEHTY cpefikber opAoBULMjyMa Cy BEOMa 3aCTYM/bEHWN Y CEBEPHOM Aefly naneo-
30jckor jesrpa Kyuvajckux nnaHuHa. OTKpPUBEHW cy Yy ropwum TokoBuma Pecase (BuHa-
ToBayka, 3n0TcKa peka), KnoyaHuue (KneHuyw) u PecaBuue, 04HOCHO Yy npocTopy
TpecTe, boTe n Omawunila. Y NCTOYHOM feNy Naneo30jCcKor jesrpa Hanase ce Ha B. Ma-
JINHUKY.

Y NuTONOWKOM MOrnedy TO je BP/O XeTeporeHa cepuja cegumeHata Kojy usrpahyjy
MeTancammT U MeTanennTn Koju ce 604YHO M BEPTUKANTHO CMewYjy.

CTapocT cegumeHaTa cpefter op4oBuLnjyma Huje ogpefleHa NaneoHTONOWKAM My-
Tem (aKo ce M3y3me He[OBO/bHO HpeLM3Ha CTapoCT Ha OCHOBY MuUKpodnope) Beh Ha oc-
HOBY cynepnosuuuje cnojesa Koju ce Hanase n3aMehy Makpodocunmuma [oKasaHOr Jomwer
OpAOBULMjyMa - TpeMaLoKa 1 ropwer opLoBULIMjyMa - Kapadoka.

Y ropwum TOKOBMMa PecaBe MeTancamuTu cy rpaheHu of cnojeButux (cnojesu
20-60 cT) 40 MAcUBHWUX Cpefilbe M CUTHO3PHMX KBApLHMX MeTanewyapa Ao MeTtacyb6-



apkosa (Tab. Il, cn. 2). Y buMa HUCY M3paXKkeHe Tako 6oraTe ceguMeHTHe CTPYKType Kao
y LOHEeM OpAOBULNjYMY. 3anaxKeHa je 6pexy/bKacTa Koca C/I0jeBUTOCT BUCUHE OKO 50 €T
M pacrnoHa npeko 3 T, ca KapaKTepUCTUUYHUM Opexy/bKacTUM MoBplIUHama. Mewyvapu
He npejcTaB/bajy NMOCTOjaHU XOPM3OHT Beh ce MOry mMpaTMTU Ha pacTojaky 0f BULLE CTO-
TWHa MeTapa A0K Ce He UCKAWHe Yy MeTarnMHuuma. MeTanewydapu cy 6ene n ceeTiocuse
60je, gocta fobpo copTupaHu. Hajuyewhu cacTtojak je 3a06/beH KBapl (fo npeko 90%
LeTpUTUYHE KOMMOHEHTe) AOK je gengcnaT (KMcenm naarmoknac v Kaamjcku gengenar)
pehu. Mewuyapu cy ca 3pHACTOM NOAPLLIKOM. [leN0OHOBaHMW Cy Ha YHYTpallkeM LWendy.

Y ropweM Toky KnoyaHuue, y noToky KneHuyw 3anagHo og Omakwwuwa usmehy
KBapLUHUX MeTanmewlyapa y MNOAWHW W MeTanenuTa y MOBMaTh Hanase ce C/ojeBM LIamo-
3uTa u cuaeputa febenun Bue MeTapa, y BUAY HenpaBuaHMX coumBa. OBe nojaBe cy 6une
npeameT ucTpaxusawa negecetux (Cxkkarr, 1956; M pBamseBuh, 1956) n wesgecetux
roguHa (® otuh, Henyb6AMKOBaHO).

OCHOBHM cacTojuu OBUX CTEHA Cy CMAEPUT M LIaMO3UT a cagpXe v Mano f0N0OMUTA,
KanuuTa, WepuaaHuTa, peTKo U NeckoBMUTOr KBapua. LLlamo3uT je 3eneHe 60je, Hanasm ce
Yy MUKpPOrpyABacTUM arperatmma u Kao CUTHO/byCNacT y MfaseBuma. PeTKo ce 3anaxajy
HaroMmunakwa Hanuk Ha nceygooounge. CuaepuT ce Hanasnm y KpUNToKpucTanacTum arpe-
raTMMa, Hekag y Bugy cpeponuTa.

LLlamo3nT, cMaepuT 1 WepugaHnT (MarHesnjcKu X10puT) AoKasaHu cy andepeHumn-
janHO-TEPMMUYKOM aHaNU30M M PEHArEeHOCTPYKTYpPHOM aHanusom (bnaxesuh u Map-
kKoBuh, Heny6nukosaHo). LLlamo3uT je ofgpeheH Ha ocHoBy pethnekcuja: 12-14A, 1k,
4,67A, 3,52A n 1,55A. KapakTepucTuuyHe nuHuje cugeputa cy Ha: 3,58A, 2,78-2,80A,
202A, 1,95A, 1,72A, 1,50A n 1,35A.

Y vewkom BapaHAnjymy cy nosHaTe LIaMO3UTCKe pyde Pe Ha rpaHuuu neTewCKUX
cnojeBa (Mewyvapcky pas3BoOj) M YepHUHCKUX cnojeBa (FMMHOBUTW pa3BOj), OAHOCHO Ha
rpaHuum cpegmwer uropwer opgosnymjyma (HayHcek el al.,1958). HajsHauajHuje Pe ne-
Xuwte y bapaHgunjymy je Hyuymuko u ca wumM ce, N0 CTpaTUrpacKkoM HOM0Xajy Mory
KopenucaTu nojase uctux pyaa Pey KneHuywkom notoky Kyuaja.

MeTanewyapu cpegker opAaoBuLMjymMa Hanase ce M Ha UCTOMHMM nagumHama B. Ma-
nnHuka (K. 1158 T) rae nexe y NoAMHM Kapajgoukmx meTtanenuta. M oBae metanewyapu
rpage coumsa y metarnuHuunma, Hajsehe gebbuHe 1 go 60 1. Ogrosapajy KBapuHUM MeLl-
yapuma, pefe cybrpayBakama u rpayBakama. boratu cy Tparosuma 8colliho8-a Koju Bep-
TUKaANHO CEKY CfojeBe. Y tuMa ce Hanasn mukpodnopa: PTo(oaphaencnT kp., 1n}pho-
xphaencnT kp., I.. cknnuT Oo\yw e, cl. papllahun, X. 8p. (twun paTyerarnT), ?Tylo-
(opalla $p., TTachmophosphaeTa 6p., T. cl. aBeTanCa Tkch/br., MycrhyxlUcHuT $p., Koja
yKasyje Ha Cpefitb0 M Fropwk00paoBMYKY cTapocT cegumeHata (Erce§ol'ac e( al, 1995;
Ojaj 15 1996; Epuerosaly u hajuh, 1996). OB newvapu cy HacTannm y nNaMTKOMOP-
CKMM ycnoBuMa. MAnTKOMOpPCKa NecKOBUTA Tena ca TparoBuma 6colllhoB-a yka3syjy Ha
TajAanHy 30HY BULLE eHepruje n 30HYy CTasHOT Tanacawa (40He Xano, NoTON/bEHO Xano,
a Mory ce Hahu 1 Ha yHYTpalltbeM Wwengy.

MHTepnpeTauunja
FeHepanHo nNocMaTpaHo CeAMMEHTU Cpefikber opAoBULIMjyMa NpeacTaB/bajy nanTKo-

MOpPCKe CefMMeHTe TaJloXXeHe 0f TajAanHe 30HEe BULIE eHepruje A0 nogpyyja MUpHE U
3awTuheHe cpeguHe. LLIaMO3UT U CUAEPUT Tpafe LWamMo3UTCKO-CUAEPUTCKN MYySb Y NAUT-



KOMOPCKMM ycnoBuma y obnactm 6e3 nam ca HUCKOM [AeTPUTUYHOM CefUMMeHTaLujoM.
LLlamo3nT ce cTBapa y TPOMCKOj KAummK y Tonnoj sogmn (npeko 20°C) y aybuHu og 10 go
170 meTapa (Kwukal, 1970; Keecln§, 1981). MNojaBa cnpgeputa MOXe Aa YKaXxe Ha ceau-
MeHTauunjy y 3anmeuma. KesapuHu newyapn y n3BopuwHUM genoBuma peke Pecase geno-
HOBaHW Cy Ha YHyTpalltem wengy.

rMoPHN OPAOBNLINIYM UTPAHNLUA OPAOBULINIYM - CUNYP

CefMMEHTU TOpHer OpAoBMLMjyMa 3acTyM/beHU Cy HajBullie y UCTOYHOM feny na-
neo3ojckor jesrpa Kyyajckux nnaHuHa - y 4okbuM ToKoBMMa MojeHcKe 1 Bejcke peke, Ha
Manom ManuHuky, bayun n MactakaHy, y lNMeTtpoBoj, Bennkoj n Manoj peuun 3anagHo u
cesepo3anagHo og Mogropua. OArosapajy Kapafoky v fenom awruny. ¥ BOroBMHCKO]j
peuu Ko BOroBMHCKOT KaMeHa, UCMOA AOHOCUNYPCKUX cnojeBa ca ParakllograpCus acu-
TwaCT OTKPUBEHWU CY M C/OjeBM FOpker awrnna (XMpHaHTujaH).

CefMMEHTM Kapajoka u3rpafeHu Cy MPeTeXxHOo Of Nenawkux MeTaaneBponuMta u
mMeTarnMHaua Koju ce MefyCo6HO CMekYjy Uan ce HenmpaBUIHO Mewajy. boje cy TamHo-
cuBe [0 upHe. JTuCTacTh cy U TaHKOCN0jeBUTU MM Mefyco6HO NaMUHUPaHu, a NaMUHU-
paHu cy u ca rpahMTCKOM MaTepujom. TparoBu yTUCKMBawa cy peTku. CefMMeHTU ca-
ApXe peTKe ocunHe octaTke Tpunobuta OalJTanHwa cl proaeya (ETTr.) Ha oCHOBY
yera je yTBpheHa roph00OpA0OBUYKA - Kapajouka ctapocT cegumeHaTa (Kpctuh, 1960),
6paxmonoga - Chonc(oklea c(. agna (Barr.) n cuTHux nyxesa PleuroloTana 4. (Bece-
nnHosuh, 1964). ¥ ¢aynjanHom nornegy Mory ce nopeauTn ca YePHUHCKUM ClojeBMMa
yewkor bapaHgujyma. MuUKpoaopuCTUYKM ocCTauu Takohe ykKasyjy Ha ropwooppao-
BUYKY CTapocCT cegumeHata. Ha notesy Mann Manuuuk - bayua cagpxe MJcrhyMncluT
yanaT, M. cl. raclaT, l.ek).uphaerkHa «p. A Tun, Pnxcogallea «p., ophoaphaencluT up.,

cl. paryerarnT, Y/uhyuphaera kp., a Ha cacTtaBy lojeHCKe u Bejcke peke kejoxphaencka
Kp. Tun B, [Jn/pora/a 8p., kophosphaerkHuT paryeraruT, k. cl. jaToTw. AcanChocla
crocnT cl. T.Tplex, YeryhachwT cl. hreTpTo3nT, V. recluc(nT, ProloxphaencHuT $p.,
Trachyp3ophosphaera kp., OranoTar§wa(a np., MJcrhyx/ncJwT $p. (Erce”oyac € al.
1995; Bjajjc, 1996; Epuerosal u hajuh, 1996). CeAMeHTM Ha NOBPLUMHaMa cagpxe
n 6pojHe 6uornude n Kanyne 3a cafia HeNO3HATOr Y1AaHKOBUTOT OpraHu3ma.

CefMMeEHTHU ropker awrunia (XMpHaHTujaH) yTBpheHu cy y fobeM TOKY BoroBuHcke
peke, nsmehy 6paa Ctpaxe n BOroBMHCKOr KaMeHa, OKO 6 KT 3anaj-ceBepo3anajHo of
BoroBuHe. OTKPMBEHU CYy Ha K/TACMYHOM N0KanuTeTy fower cunypa Kyuaja (Kpctuh,
1960, 1966h; Ye8eltoY1lc 1 Kr6Wc, 1970; Kr6Wc, 1984). Ha oBom npoduny cy
OTKPWUBEHU CEAMMEHTMN ropker opLoBuumjyma (roprwer awruna) u gower cuaypa (Aorer
naHpoBepuja) BUA/BUBU HA AYXKUHW Of BULLE feceTUHA MeTapa. Y cTpaTurpackoM cmuc-
Ny HajcTapujn Aeo YMHe NncTacTy 40 TaHKOCNO0jeBUTU Me rarfiMHumn cueoseneHe 6oje (eks.
Lepeuenckmx cnojesa byrapcke) suamsuse febbuHe oko 30 MeTapa. Mpeko wUX nexu
nakeT (OKO 8 T) CUTHO3PHMX O CpefHO3pPHUX KBapuHWX MeTanelwyapa cuBe W TaMHO-
cmBe 60je, ycnojeHux y cnojese of 30-50 ¢T, pacnojeHMX TawbuM NPoOCAojuMMa MeTaanes-
ponuTa. ¥ newdvapuma je BUA/bMBA rpajauuja - CpeAr03pHM MeTanewyap - mMeTaanes-
pOAMUT, Ca OWTPMM [OHUM rpaHuMLamMa U ca yTuckmeawem. OBM MeTanewyapu cagpxe
aKpuTapxe ropwer opgosuumjyma: kopho.uphaencHuT cknnuT, K. paryeraruT, cl. pa-
pAlaluT, kopho.uphaencnT 6p., Brochopsophosphaera clI. uraHca, Tracllpxophoxphaera
6p.. TejoxphaencHa 6p. Tun C, keloTaT”Tala xunp/ex, PTco%allea 6p., 7lyloCopala 6p..



MjcreyxdnclwT paHclnT (EpuyeroBay u hajuh, 1996). Y Hajsuwem fgeny naketa meTa-
newyapa Hanase ce hparMeHTM CTeHa M3 Ay6/bUX HUBOA OpPAOBMUNjyMa - MeTanellyapa,
MeTaaneBponMTa U MeTarnuHaua. Mpeko MeTanewyapa nexe rpauTCKM MeTanennTu ca
rpantonmtuma Clyp(o@rap(w kp. (0,5 T), na rpadyMTCKM MeTanennTn u NManuTn 3oHe Pa-
rakJclo8raplm3 acuTwalll (acoumjaymja: CHTaco%rap(w (nMMu, CLl 8calan$ TJucrahLlly,
Me$o8rap(w Toclen(ma, Paraklclo%rap(w acuTwa(w, 1/Torpho«rapiuy, 3aTum Or(ho8rap(w
yedjenlomy utg.) (cn. 2).

Cn. 2. Toptyu OpAOBMLMJYM 1 fokK cunyp, A - y BorosuHckoj peun Ha Kyuajy, B - y KpheBoj peuun jyxHo og
Camamla. JTereHfa: 1. CusoseneHu rAMHumM awruna, 2. CuBO3eNeHN KBapLuHU MeTamewdapu (Xup-
HaHTuWjaH), 3. LipHW rpanTonnTCcKu MeTarannum, 4. Jinantu, 5. Akputapxe.

W]". 2. LJpper O kkTaan aw) boteer 64munan, A - Bof{ro\Vw.uk;| keka nyer, Kucaj M1.; B - T Krceya Keka
11Yer 1o lhe 8on/b o!76aTanjac. ke§encl: 1. Ae8§illlan ~rey - §reen 6hale; 2. Orey - S§reen “nal/lroke
TeCazawJl6lone (LU Tanhan); 3. Black grapCoHWc Telabhale; 4. kyclle; 5. Acnlarch8.

MakeT MewYapCcKHX C/i0jeBa KOju neXxe UCNOA rpanToaMTCKUX WKpumbala 30He P.
acnTwa(w cacBMM CUTFYpHO OAroBapa BpXy Fropker opaoBuuujyma - awrnna (XMpHaHTu-
jaH). KopenatueaH je ca uctum cegumeHtuma Kocoscke opmaynje yewkor bapaHau-
jyma (5(orh, 1986) ogHocHO CupmaHcke popmaumje y Coujckoj Ctapoj nnaHuHu y by-
rapckoj (CavaHckwu, 1993,1994).

WNpeHTMyaH npodun cegumeHata ropker opAoBULUjyMa U LOHEr CUAYpa, HA KOMe
je, Takohe, yTBpheH ropwun A€o ropker OpAOBMLUUjyMa U HajHMKN Ae0 Cuaypa U rpaHumua
n3melly opgosuumjyma u cunypa Hanasu ce 3anagHo of Kyuajckux nnaHuHa y [op-
HbayKo-paBaHNUYKOj CTPYKTYPHO] jeanuuum (HaBnayn), y gonnHn Kphese peke jy>XHO of
Camamwua. Opatne je KrkMc (1966, 1984) onucao 3eneHe neraBe FAMHEHEe LWKPUmbLE
(ekB. uepeuencknx cnojeBa byrapcke), 3eneHkacTe cpefwo3pHe newdape (0ko 6 T)
ropwer opgosuumnjyma - awruna (Ta6. I, cn. 1 n 2) U Npeko HUX rpanToNUTCKe
WKpW/bLE, NMAMTE U Newlyape ca acouujalujoM rpanTonMTa HajHUMXKE CUNYPCKE 30He
ParakMograpll3 acuTuwa(w u to: Clyp(oSrap(w cl. persculp(w, l)jplo<lrapluy Tocle.u(w
TocleM(w, CHTaco$>rap(w Bp. (13 gorber gena acuTwa(w 30He) n CHTaco@rap(w Tec/lw,
Cl 3calaT TJHcrahllx, Cl. $calan$ morTaHs, CL rec(an@wulan3, CL (nlUH3, P. acnTwa(w
acnTwa(wn CHTaco@rap(Ww Kp. U3 BUWMKX AenoBa acuTwa(n.uy 30He.



WHTepnpeTaumja

CegnMMeHTU Kapajoka cy 6e3kap6oHaTUM ca PeTKOM MECKOBMTOM KOMMOHEHTOM.
[enoHoBaHW Cy y MUPHOj CpeAnHK, y cy6TajaanHoj 30HM yaarbeHoj of obane, npu naraHoj
BEPTUKANHO]j CEAMMEHTALMjN U3 CycrneH3nje, 663 HPOMeHe Yy BPCTU 1 CHab/ieBaty Ma repu-
jana. Tako cy HacTafe XOMOreHe Mace rnmHaua. JTaMUHUPaHU ceiMeHTU yKa3syjy Ha cna-
6a fota Teuetba, NMOBPEMEHE MPOMEHEe Yy TanoXeky FMUHOBUTE U OpraHcke maTtepuje u
KpaTKe enun3ofe cHabgeBatba CUTHOMECKOBUTOM KOMMOHEHTOM.

O [enosnuMoHMM cpefvMHaMa cegMMeHaTa alliruia HemMa MHOTo nojartaka. [optu
[le0 awrnna BepoBaTHO OAroBapa rnaLMoMapuHCKUM CefiMMeHTMMA. JacHO je fa je y rop-
HEeM aWruiy AowWo Ao Harne NpoMeHe maTepujana, OJHOCHO [0 Harjor NpuHoca AeTpu-
TUYHOT MaTepujana, a BEPOBATHO U 10 MPOMEHe Kume.

ManeomarHeTn3am

Ha OoCHOBY maneoMarHeTCKMX MCNUTMBawa Koja je 06aBno Munuhesuh (1994,
1996) y o6nactn Kyuyajckux nnaHnHa (y ceguMmeHTuma A0k er opaoBmunjyma Ha bepueky
N cpefter opfoBuUMjyMa Y M3BOPULLHUM fenoBuma Pecase M y BuHatoBaykoj peuwu)
nosnoxaj npumapHe genosmuuje opAoBUUYKNX CefUMeHaTa faHawmbux Kyyajckux nnaHuHa
Hanasno ce Ha naneowmnpuHama og 20° fo 30° jy)kHO 0f MmaneoekBaTopa 3apoTupaH 3a
oko 20° of faHalwer nosoxaja y npaeuy 3anaja (CynpoTHO KpeTawy Kasza/bKe Ha caty).
KapakTepucTuyHu npaBal, MarHeTtumsaumnje je 1)=340'-344c, 1=-30° pgo -35°. CegmumeHTa-
LMOHM NPOCTOP Hanasno ce jyrosanafHo Of CaBPeMEHOr MOJioXKaja Ha yfa/bewy 0f 0KO
11 000 k7. Maneonon Ky4yajcKor opAoBMUMjyMa MMmao je KoopgmHaTe (=29,1° ceBepHe
reorpagcke WunpmnHe n X=212,4° ucTouHe reorpagcke gyxuHe (ca pagmjycom Kpyra nose-
pewa a $= 18,1°). ¥ ogHocy Ha oHABaHYy W JagpaHCKy MA04Yy Kao heH fAeo, CeAUMEHTa-
LLMOHKM npocTop opaoBuumjyma Kydajckmx nnaHuHa 610 je yga/beH Hpeko 5 000 KT, a of
ceBepHUX fenosa Eepone oko 5500 KT.

3AK/bYYAK

CegmmeHTH opgosuumnjyma Kyyajckux niaHuHa fexe TPaHCrPeCcUBHO MPEKO FOpHO0-
NpPOTEPO30jCKO-A0HOKAMOPUjYMCKUX MeTamMoppucaHUX BYNKaHOTeHO-CEAUMEHTHUX W
CEeAUMEHTHUX CTeHa W NpeLCTaB/bEHN CY NIMTKOMOPCKUM CUMLMKIACTUTUMA. Y o6nactu
KyyajcKMX HnaHuHa BepOBATHO je pa3BMjeH MOTNYHM CTy6 cefumeHata OpAoBMUMjyMa
mMaga je pocmnHom ayHom (6paxuonogmn, TpUaobuTn) U MUKPOpAOpPOM LOKAa3aHO noc-
Tojate fenoBa goter (TpemMagok), Cpeawer N ropkwer opgosuumnjyma (Kapagok, awrunn).

CefMMEHTU [OHEr U CpeAter OpAOBULMjyMa TaNOXEHN CY Y Pa3MUNTUM MAMTKO-
MOPCKMM [eno3nNLMOHUM cpefuHama - Of TajAasHe 30He Bulle eHepruje (MOTOM/bEHO
Xano, NAMTaK Wweng) Ao nogpydyja MupHe n 3awtTuheHe cpefuHe (3aNUBU, YHYTpalltK
wend). CeauMeHTM ropter opgosuumjyma (Kapagok, 4eo awrunia) AenoHOBaHU cy y cy6-
TajanHoj 30HM yfla/beHoj o4 06ane, y ycroBuma naraHe BepTukanHe cegumeHTaunje. Mo-
jaBe Wamo3uTa M CMAepuTa OKO FpaHuULLe Cpeaun - ropwU 0pLOBULMJYM Uy TOpPHEM Op-
[LOBULMjYMY YKa3yjy Ha TPOMcKy Knaumy v Tonny sogy (npeko 20°C) u gybuHy og 10-170 T.
Kpajem ropwer awruna, BepoBaTHO ycef KpaTKoTpajHe NpoMeHe KuMe fonasun Ao Harnor
npuHoca AeTPUTUYHOT MECKOBUTOr mMatepujana ca parMeHTMMa OpPLOBMUYKMX CTEHa U3
NoAnore Koju MOry ykasaTu Ha TanoXeke rnaumomapuHcKux cegumeHarta. Npeko meta-



newiyapa ropwer awruna nexe rpa@uUTcku metanennuTn UpHe 6oje ca rpanToinTMmMa fo-
tber fena acuTjnall 30He fgower cunypa - Clyplo§Taplll cl. pcrHeulp(ud, 1Nplodrap(n.u
TockHLUH Toclemllly, ClTacoSraplu.y Tec/iny, CJ. xcalanx Tryerahlll.y, CJ. xcaJanx norta/lu.
CJ. rec(anymlanH, Cl. /My, ParaklcloSrap(w acuT Tall acuTjna/m.u utg,.

Ha ocHOBY maneomarHeTCKMX Mepetba nosioxaj npuMapHe Aenosunuunje opaoBUYKUX Ce-
AvmeHaTa KyuajckMx mnaHWHa Hanasmo ce Ha maneonwpuHama of 20° go 30° jy)KHO of na-
NneoekBaTopa 3apoTupaH 3a O0Ko 20° of faHalusber rnonoxaja y npasuy 3anaga (CynpoTHO
KpeTaky Kasa/bke Ha caTy). KapakTepucTuyHuW npaBal, marHetmsaumje je 0=340°-344°,
1=-30° go -35°. Maneonon Ky4ajcKor opaoBuunjyma mMao je koopanHate ¢p=29/[1° ceBepHe
reorpacke wupuHe n K=212,4° uctoyHe reorpadcke gy>xuHe. Y ogHocy Ha oHfBaHy ce-
AVMEHTaLNOoHN NpocTop opaoBuumjyMa Kyyajckux nnaHmHa 6vo je ygabeH npeko 5 000 KT,
a ofi ceBepHux genosa EBpone oko 5500 KT.
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ORDOVICIAN ROCKS OF KUCAJ MOUNTAINS,
EASTERN SERBIA

by
Branislav Krstic’ and Ljubinka Maslarevic”

Several index sections which expose Ordovician rocks: Lower Ordovician (Tremadoc) on Djercek hill
east of Resavica; Middle Ordovician in headwater areas of the Resavica, Resava and Klocanica rivers;
Upper Ordovician in the stretch Mali Malinik - Bauca - confluence of the Pojenska Reka and Vejska Reka
rivers and Upper Ordovician (Upper Ashgill, Himantian) in the Bogovinska river valley, have been studied,
'fhese are sedimentary rocks formed in different, from coastal shalow - sea (shoreface, shallow shelf) to
pelagic subtidal, environments.

Key words: Ordovician, Ordovician/Silurian boundary, depositional environments, paleomagnetism, Kucaj
Mts., Eastern Serbia.

INTRODUCTION

Paleozoic sedimentary rocks of Kucaj Mts. were studied in two periods. In the for-
mer, from 1959 to 1963, the purpose of the study was a Base Geologic Map at
1:100.000, sheets Boljevac K34-8 and /'agubica L34-140. Then the undated sequence of
pre-Mesozoic rock strata of Kucaj Mts was partitioned, on the basis of superimposed
stratal continuity and fossil remains, into pre-Ordovician volcanic-sedimentary rocks
("Beljanica green schists™) and Ordovician. Silurian, and Devonian rocks. The study re-
sults were published in many papers by Krstic (1960. 1962a. 1962b, 1966a. 1970. 1973,
1974, 1984), Pantic (1960), Veselinovic (1964, 1972), Veselinovic & Krstic
(1970). Krstic and Veselinovic (1970), and Mihajlovic (1966, 1974).

In the latter period, from 1980 to 1983, Lower Paleozoic rocks of Kucaj Mts. were
investigated for the Thematic Geologic Map Paleozoic Sedimentary Rocks of Eastern
Serbia and the Theme Formational Conditions of Paleozoic Rock Complexes of Serbia of
the Geodynamics Project, Serbian Academy of Sciences and Arts. Particular consideration

* Ministry of Mining and Energy, Rovinjska 12, 11050 Belgrade.
Strumicka 96, 11000 Belgrade.



was given to genetic characteristics of rocks and additional biostratigraphical studies.
Some of the study results were published by Krstic & Maslarevic (1990), Krstic &
Sudar (1990), Planderova et al. (1992),Krstic et al. (1995), Ercegovac et al.
(1995). Djajic (1996). Ercegovac & Djajic (1996). and Krstic etal. (1996).

This work describes more in detail several sections in Kucaj Mts. where some of
Ordovician rocks are better exposed: Lower Ordovician (Tremadoc) on Djercek hill east
of Resavica town; Middle Ordovician in source area of the Resavica, Resava and Kloca-
nica rivers, and on Veliki Malinik (el. 1158 m); Upper Ordovician (Caradoc) along the
line Mali Malinik-Bauca-confluence of the Pojenska and Vejska rivers; and Upper Ordo-
vician. Ashgill (Upper Ashgill, Himantian) in the Bogovinska river valley below Bogo-
vinski kamen (Fig. 1).

LOWER ORDOVICIAN

A sequence of dominantly metapsammitic rocks is exposed in the Resavica and
Klocanica river basins and in Ihe Resava headwater area, northwestern part of the Kucaj
Paleozoic core. This multifolded, therefore apparently thick, sequence of rocks probably
includes varied Ordovician levels, ffowever, Lover Ordovician ageis reliably assigned
only to a set of metasandstone beds exposed in the southern slopes of Djercek hill (PI.
Il, Fig. 1) by the forest road leading from Resavica town to the Resavica river
(Boucek. 1965).

The visible thickness of metapsammites is tens of metres. Lowestlying in the uncov-
ered column are while and light grey mature coarse-grained and gravelly to medium-
-grained quartz metasandstones, infrequent finegrained quartz metaconglomerates and me-
tasubarkoses, and rarely metaarkoses. This part of the column shows upwards alternating
finening and coarsening. Grey and greenish and purple laminated, medium- to fine-grained,
rarely corse, quartz metasandstones to subarkoses lie in the upper part of the column.

The sedimentary rocks are dated using inarticulate brachiopods, much stress-defor-
med into various (diagonal, longitudinal, cross) shapes, sometimes resembling lamelli-
branch shells. These brachiopods, with preserved phosphatic shells, are taken by Boucek
(1965) for Obolus (Lingulobolus) feistmanteli (Barr.) or Obolus bamindei from Czechish
Tremadoc, then Obolus complexus Barr, or Orbiculoidea. Veselinovic (1972) adds to
these forms Thysanotos siluricus (Eichw.) which was found in the Lower Ordovician
(Tremadic. Arenig) of Europe.

Metasandstone build up beds of a few to over 50 c¢cm in thickness. The entire sec-
tion is characterized by nicely developed cross-beddings and horizontal lamination (lami-
nae of 2 mm or more). Tabular, planar cross-bedding (PI. I, Figs. 1 and 2) at high (to
over 40°) or low (to 15°) angles to the floor is also common, and some asymptotic
cross-bedding. A number of cross-bed sets (to 50 cm) are arranged in one or in oppo-
site directions, often combined with horizontal lamination. Trough cross-bedding (PI. 1V,
Fig. 1), heringbone cross-bedding and lamination, wavy lamination and symetrical ripple
marks are less common. Lower boundary surfaces of beds and laminae are either plane
or irreguler, and erosional or nonerosional. The lithology of cross-bed sets is prevailingly
homogenous.



Rocks higher in the column are finer-grained, without pebbly metasandstones and
metaconglomerates, and without cross-bedding. These are quartz metasanstones to meta-
subarkoses. medium to line-grained (beds 10-50 cm thick) in horizontal, wavy or lenti-
cular lamination and convolution and sporadic syngenetic slidings. Drowned channels, 0.3
to 150 m wide, are noticable with white medium-grained quartz metasandstone. The
rock strata follow the channel-bed and are horizontally laminated upwards.

Petrologic Characteristics

Quartz metasandstones are medium to well sorted; contain more than 95% detrital
quartz grains which are rounded, sometimes spherical, though often intergrown and fri-
able at touch-pressure. Feldspars are rare, grains subrounded, fresh or tinted by clay
material, coresponding to orthoclase. rarely microcline; chequered albite is also noted.
There are few fragments of sericite-quartz schist. Metasandstones are clast-supported,
cemented with granular quartz in grain pores, rarely at contacts, with low sericite and
sometimes biotite (PI. 1V, Fig. 2).

Subarkoses are similar with quartz metasandstones in composition, only contain 5%
to 20% feldspar. The finer-grained varieties contain more matrix with sericite.

Heavy Minerals

Heavy mineral constituents are the highest magnetite, lower zircon, disthene. and
very low apatite, rhombic monoclinic pyroxene, green amphibole, garnet, andalusite, epi-
dote, rutile, titanite. chlorite, and biotite. Magnetite grains are irregular, rounded or crys-
tal-tke. Zirkon is rounded, oval, spherical, in long or stocky prismatic crystals, rarely
unrounded. Apatite is hexagonal and rounded.

Interpretation

Quartz and subarkose mature and supermature metasandstones are interpretated as
marine sediments deposited near coast, where strong waves and tidal movements rounded
and sorted grains without any clay component. Strong currents carried sediments onto
foreshore and shoreface and shelf. These are sand bodies and sand waves formed by
tides strengthened by storm waves. Finegrained sediments were deposited on offshore and
shalow shelf.

Lower Ordovician (Tremadoc) sediments exhibit a few characteristics which indicate,
according to Raaf & Boersma (1971), tide-controlled sedimentation. Sets of ta-bular
planar cross-beds in opposite directions, often alternating with horizontal laminae (PI. I.
Figs. 1 and 2) suggest currents in opposite directions. The herringbone structure indicates
tidal current bed load transport with bipolar offlow direction. Tabular planar or
assymptotic cross-bedding in one direction could be resulting from straight current or a
situation in which reverse flows were not strong enough to form waves (Banks, 1973),
or may be expressing notably assimetrical tidal regime. Wavy and lenticular beddings are
also developed in the facies. Monomineral composition of quartz and maturity of sedi-



ments without the clay component are products of prolonged redeposition by wave and
tidal transport. The medium-sized trough cross-bedding marks sub aqueous dunes formed
by shallow sea currents. Tidal action is also indicated by small drawned channels with
upwards fmening deposits. Horizontal lamination indicates deposition from suspension clouds,
caused, according to Reineck & Singh (1973), by wave action, when waves raise a large
quantity of suspended sand and transport it on foreshore, shoreface, and shelf, ffeavy minerals
(magnetite) are accumulated in laminae on foreshore by strom wave action. The storm wave
action is also indicated by convolute lamination and singenetic sediment slides.

Source of materials

Grain fragments in thin sections and composition and shape of heavy minerals sug-
gest schist as the source material which is present in fragments, and disthene and andalu-
site and acicular zircon crystals, then old pre-Cambrian granitoid rocks from which deri-
ve stocky zircon crystals and opaque (from radioactive decay) zircon, magnetite, apatite,
and pre-Ordovician sediments (spherical zircon which suggests polycyclic redeposition).

Paleogeography and Paleotransport

The coast of the Ordovician sea in the region of primary sedimentation was presum-
ably flat, stable and naked, with low relief and prevailing shallow sea platforms. In this
pre-vegetation period, rivers deposited large quantities of sand on the beach, which was
reworked by strong currents and carried away on beach face and shelf, which explains
the great thickness of sandstones. The high-energy system is covered by quiet sedimen-
tation products on a shallow shelf which continues in higher Ordovician levels.

The paleotransport dissipates to north, NE, SW. and west.

MIDDLE ORDOVICIAN

Middle Ordovician sediments form a large part of the northern Paleozoic core of
Kucaj Mts. They are uncovered in the upper reaches of the Resava (Vinatovaca, Zlot
river), Klocanica (Klencus), and Resavica rivers, the areas of Tresta, Bota and Omanijis.
In the eastern part of the Paleozoic core, these rocks are located on Veliki Malinik.

Lithologically, it is a highly heterogenous sequence of rocks composed of metapsa-
mmite and metapelite which alternate laterally and vertically.

The Middle Ordovician age of rocks was not determinated paleontologically (excluding
the inaccurate dating on microflora), but from the superposition of beds between Lower Or-
dovician. Tremadoc, identified by macrofossils, and Upper Ordovician, Caradoc.

In the Resava headwater area, metapsammites are composed of bedded (20-60 cm) to
massive medium- and fine-grained quartz sandstones to metasubarkoses (PI. Il, Fig. 2). Sedi-
mentary structures in these rocks are not abundant as in Lower Ordovician ones. There is
hummocky cross-bedding, about 50 cm high and over 3 m in span, and characteristic hum-
mocky surface. Sandstones do not form a continuous horizon, but can be traced for hundreds
of metres before wedging out into metashales. Metasandstones are white or light grey in co-



lour, quite well sorted. The highest constituent is rounded quartz (more than 90% detrital
component), followed by feldspars (acid plagioclase and potassium feldspar). Sandstones are
grain-supported rocks, deposited on the inner shelf.

Chamosite and siderite beds of several metres, in the form of irregular lenses, lie
between underlying quartz sandstones and overlying metapelite in the Klencus streambed
west of Omanjis, upper part of the Klocanica river. These occurrences were investigated
in the fifties (Cissarz, 1956; Mrvaljevic, 1956) and sixties (Fotic, unpublished).

Chamosite and siderite. the principal constituents of these rocks, are associated with
dolomite, calcite. sheridanite, and sometimes sandy quartz. Chamosite is green, in micro-
nodular aggregates or fine-flaked in streaks. Accumulations resembling pseudoooides are
rare. Siderite forms cryptocrystalline aggregates, sometimes in the form of spherolites.

Chamosite, siderite and sheridanite (magnesium chlorite) were identified in the difer-
ential thermal and X-ray structural analyses (Blazevic & Markovic, unpublished).
Reflections 12-14A, 7TA. 4.67A, 3.52A. and 1.55A determined chamosite. Characteristic
lines for siderite were at: 3.58A, 2.78-2.80A, 2.12A. 1.95A, 1.72A, 1.50A and 1.35A.

Chamosite in iron ore of Czechish Barrandium, at the boundary of Letenian (sand-
stone development) and Cherninian (clay development) beds. i.e. at Middle/Upper Ordo-
vician boundary, is well known (Havlicek et al., 1958). The most significant iron depo-
sit in Barrandium is Nuchician. to which iron ore occurrences in the Klencus brook of
Kucaj Mts. are correlative.

Middle Ordovician metasandstones are located at eastern slopes of Veliki Malinik (el.
1158 m) underlying Caradoc metapelit.es, forming lenses in metashale to 60 m thick. They
corespond to quartz sandstones, subordinately to subgrauwacke and grauwacke. Metasand-
stones abound in vertical tubes of Scolithos through beds. Their microfloral content: Proto-
sphaeridium sp.. Lophosphacridium sp., L.citrinum Downie, L. cf. papillatum, L. sp.
(parverarum typej, ?Tylotopalla sp., Tmchysophosphaem sp., T. cf. asemanta Tschibr..
Mycrhystridium sp. suggests Middle and Upper Ordovician age of the rocks (Ercegovac
et al., 1995; Djajic, 1996; Ercegovac & Djajic, 1996). These sandstones were formed
in shallow sea environment. Shallow marine sand bodies with Scolithos indicate a high-
-energy tidal area and a wave-wash zone (foreshore, shoreface and inner shelf).

Interpretation

Generally, Middle Ordovician sedimentary rocks are products of sedimentation in a
shallow sea environment, from high-energy tidal zone to the calm protected area.
Chamosite and siderite form the chamosite-siderite mud in the shallow sea area of low
detrital sedimentation. Chamosite is formed 10-170 metres deep in tropical warm seas
(Kukal, 1970; Reeding, 1981). Siderite occurrence may suggest sedimentation in an
inlet. Quartz sandstones in the Resava source area were deposited on the inner shelf.

UPPER ORDOVICIAN AND ORDOVICIAN/SILURIAN BOUNDARY

Upper Ordovician rocks are most abundant in the eastern part of Kucaj Mts. Paleozoic
core: in lower parts of the Pojenska and Vejska rivers, on Mali Malinik, Bauca and Masta-
kan, in Petrova. Velika and Mala rivers and northwest of Podgorac, correspond in age to the



Caradoc and partly Ashgill. Upper Ashgill (Himantian) beds lie exposed under Lower Silurian
layers with Parakidograptus acuminatus in the Bogovinska river at Bogovinski Kamen.

Caradocrocks are composed prevailingly of pelagic metasiltstones and metashales,
which are alternating or irregularly mixed, dark grey to black in colour. The rocks are
foliated and thin-bedded or interlaminated, or laminated with graphitic material, with
sporadic load casts. The sequence contains few fossil remains of trilobite Dalmanitina cf.
proaeva (Enimr.), used in giving Upper Ordovician, Caradoc, age (Krstic, 1960).
brachiopod Chonetoidea cf. aquila (Barr.), and small gastropod Pleurotomaria sp.
(Yeselinovie. 1964). In the terms of facies, it can be compared with Cherninian beds
of Czechish Barrandium. Floral remains also indicate the Upper Ordovician age. Between
Mali Malinik and Bauca, rocks contain Micrhystridium varians, M. cf. radians, Leio-
sphaeridia sp. type A, Priscogallca sp., Lophosphaeridium sp.. L. cf. parverarum, Visby-
sphaera sp.. and at the confluence of the Pojenska and Vejska rivers Leiosphaeridia sp.
type B, Uniporata sp., Lophosphaeridium parverarum, L. cf. jansonius, Acanthodia cro-
dium cf. simplex, Veryhachium cf. brevispinosum, V. reductum, Protosphaeridium sp..
Trachypsophosphaera sp., Granomarginata sp., Micrhystridium sp. (Ercegovac et al,
1995: Djajic, 1996; Ercegovac & Djajic, 1996). Bed surfaces bear numerous bio-
glyphs and moulds of an unidentified articulate organism.

Sediments of the Upper Ashgill (Hirnantian) are recognized in the lower course in
the Bogovinska river, between Straza hill and Bogovinski Kamen, some s km WNW of
Bogovina. They crop in the classical Lower Silurian locality of Kucaj Mts. (Krstic,
1960, 1966: Veselinovic & Krstic, 1970; Krstic. 1984). In addition to Upper Or-
dovician (Upper Ashgill). the same section exposes Lower Silurian (Lower Llandovery’)
sediments in a length of tens of metres. The oldest stratigraphic unit is made up of
grey-green foliate to thin-bedded metashale (equivalent to Cerecel beds of Bulgaria) in a
visible thickness of about 30 metres. It is overlain by a set (about s m) of grey or dark
grey fine- to medium-grained quartzose metasandstone beds of 30-50 cm, interstratified
by thin metasiltstone. Sandstone exhibit gradation: medium-grained metasandstone-meta-
siltstone, and load casts with the distinct lower surfaces. The metasandstones contain
Upper Ordovician acritarchs: Lophosphaeridium citrinum, L. parverarum, L. cf. papil-
laturn, Lophosphaeridium sp., Brochopsophosphaera cf. uralica, Trachipsophosphaera sp..
Leiosphaeridia sp. type C. Leiomarginata simplex, Priscogallea sp., TTylotopalla sp..
Michrystridium palidum (Ercegovac & Djajic, 1966). Uppermost in the metasandstone
set of beds are rock fragments from deeper Ordovician levels: metasandstone, metasiltstone
and metashale. The metasandstone is overlain by graphitic metapelite (0.5 m) bearing grapto-
lite Glyptograptus sp. and graphitic metapelite and lydite of Parakidograptus acuminatus Zone
(association: Climacograptus trifilis, Cl. scalaris miserabilis, Mesograptus modestus, Parakido-
graptus acuminatus, Dimorphograptus, then Orthograptus vesiculosus, etc. (Fig. 2).

The set of sandstone beds underlying graptolitic schist P. acuminatus Zone is defi-
nitely at the top of Upper Ordovician, Ashgill (Llimantian). correlative with similar depo-
sits of Kosovo Formation of Czechish Barrandium (Storh, 1986) or Sirman Formation of
Bulgarian Sofia Stara Planina Mts. (Sacanski. 1993, 1994).

An identical Upper Ordovician and Lower Silurian section, which includes upper-
most Ordovician and lowermost Silurian and the Ordovician/Silurian boundary, is recog-



nized west of Kucaj Mts. in Gornjak-Ravanica structural unit (nappe), in the Krceva
river valley south of Samanjac. It is from this section (PI. Il, Fig. 1) that Krstic (1966.
1984) described green mottled argillaceous schist (equ. Cerecel beds of Bulgaria), Upper
Ordovician. Ashgill greenish medium-grained sandstone (about s m) (Pl Ill. Figs. 1 and
2), and the overlying graptolitic schist, lydite and sandstone bearing an association of the
lowest Silurian Parakidograptus acuminatus Zone, vz.: Glyptograptus cf. persculptus, Di-
plograptus modestus modes!us, Climacogiaptus sp. (from lower acuminatus Zone), and
Climacograptus medius, Cl. scalaris miserabilis, Cl. scalaiis normalis, Cl. rectangularis, Cl.
triiilis, P. acuminatus acuminatus. and Climacograptus sp. from upper acuminatus Zone.

Interpretation

Caradoc sediments are carbonateless with a low sand component, deposited in a quiet
environment of subtidal zone far from coast. The sedimentation was slow, vertical, from
suspended load, unvaried in species or supply of materials, which resulted in production of
homogenous shale mass. Laminated sediments indicate weak under-currents, intermittent
change in deposition of clay and organic material, and short episodes of fine sand input.

Few information is available about depositional environments of Ashgill sediments.
Upper Ashgill is likely equivalent to glacial marine deposits. Evidently a sudden change
in material, i.e. rapid input of detrital materials, and probably climate change, occurred in
the Upper Ashgill.

Paleomagnetism

Paleomagnetic data, collected and interpreted by Milicevic (1994, 1996). lor Kucaj
Mts. (Lower Ordovician rocks of Djercek and Middle Ordovician in the Resava source
area and the Vinatovacka river), locate the primary deposition area at paleolatitude from
20° to 30° south of paleoequator rotated by 20° westward (counterclockwise) from the
present. The characteristic magnetic elements are D=340°-344°, 1=-30° to -35°. The
sedimentation area was some 11.000 km southwest of the actual position. Paleopole of
the Kucaj Ordovician had coordinates: latitude (p=29.1° north and longitude )i=2124°
east (confidence circle radius o”s=18.1°). It relation to Gondwana and the Adriatic plate
of which it is a part, the sedimentation area of Kucaj Mts. Ordovician was removed over
5000 km. and about 5500 from northern Europe.

CONCLUSION

Ordovician sediments of Kucaj Mts. lie transgressively over Upper Proterozoic - Lower
Cambrian metamorphosed volcanic-sedimentary and sedimentary rocks. They are represented
by shallow sea siliciclastics. The Ordovician column is probably fully developed in Kucaj
Mts. region, though fossil fauna (brachiopods, trilobites) and microflora provide evidence for
parts of the Lower (Tremadoc), Middle and Upper Ordovician (Caradoc, Ashgill).

Sediments of the Lower and Middle Ordovician are deposited in different shalow sea
environments: from high-energy tidal zone (shoreface, shalow shell) to calm and
protected environment (inlets, inner shelf). Upper Ordovician (Caradoc, part of Ashgill)



sedimentation was slow, vertical, in an offshore subtidal zone. Occurences of chamosite
and siderite about the Middle/Upper Ordovician boundary and in the Upper Ordovician
indicate tropical climate and warm water (over 20°C) and depth (10-170 m). A likely
short change in climate led late in the Upper Ashgill to an inrush of detrital sandy
material with fragments of Ordovician rocks from the floor which could indicate
deposition of glacial-marine sediments. Upper Ashgill metasandstones are overlain by
black graphitic metapelites with graptolites (Glyptograptus cf. persculptus, Diplograptus
modestus modestus, Climacograptus medius. Cl. scalaris miserabilis. Cl. scalaris normalis,
Cl. rectangularis, Cl. trifilis, Parakidograptus acuminatus acuminatus, etc) from lower
acuminatus Zone of the Lower Silurian.

Paleomagnetic measurments locate the primary depositional area of Ordovician
sediments in Kucaj Mts. at paleolatitudes 20°-30° south of paleoequator, rotated about
20° westward (counterclockwise) from the present position. Characteristic magnetic ele-
ments are: D=340° - 344°, 1=-30° to -35°. The paleopole of Kucaj Ordovician had co-
ordinates: latitude cp=29.1° north and longitude X=212.4° east. The sedimentacion area of
Kucaj Ordovician rocks was over 5000 km far from Gondwana. and about 5500 km from
northern Europe.

Translated by D. Mijovic-Pilic

JIHTEPATYPA - REFERENCES

Banks N., 1973: Tide-dominated offshore sedimentation, Lower Cambrian, North Norway.- Sedimentol-
ogy, 20, 213-228.

Boucek B., 1965: lzvestaj o studijskom boravku i konsultacijama Prof. Dr. B. Bouceka iz Praga u Zavo-
du za geoloska i geofizicka istrazivawa za vreme boravka od 4-31.08.1965 god.- Fond strucnih
dokunienata Geozavoda, Beograd (nepublikovano-unpublished).

Cissarz A., 1956: Postanak rudnih lezista u Jugoslaviji i njihove veze sa vulkanizmom i geotektonikom.-
Rasprave Zavoda za geol. i geof. istrazivanja N. R. Srbije, VI, 1-140, Beograd.

Djajic S., 1996: Palinomorfe morskog paleozoika kucajske zone istocne Srbije.- Magistarska teza, Ru-
darsko-geoloski fakultet Univerziteta u Beogradu, 1-106.Beograd (nepublikovano-unpublished).

EpueroBan M. h 'Bajnh C. (=Ercegovac & Djajic), 1996: AxpHTapxe CTapnjer najie030HKa Kyqaj-
cxe 30He (HCTo>iHa Cp6nja).- Teoji. aH. BaliK. nojiyoc., 60,2,185-202, Eeorpa/i.

Ercegovac M., Djajic S. & Krstic B., 1995: Palynomorphs in Marine Palaeozoic of the Karpatho-

Balkanides, Eastern Serbia.- Geol. Soc. Greece, Sp. Publ., 4, 181-185, Athens.

Havlicek V., Horny R., Chlupac 1 & Snajdr, M., 1958: Geologiceskie ekskurziji po Barrandi-
enu (Barrandovoj mulde) - Marsrutnyj putevoditel.- Nakl. ceskosl. Akad. ved., pp. 37, Praha.

Krstic B., 1960: Staropaleozojske tvorevine centralnog Kucaja.- Vesnik Zavoda za geol. i geof. istraz.,
XVI11, 53-64, Beograd.

KpcTHh B. (=Krstic), 1962a: O CTapHjeM nasieo3oHky Ha Kynajy (nct. Cpénja).- sariHcHHLiH CpncKor
reon. flpj'iiiTBa 3a 1958 h 1959 rofl., 243-247, Eeorpafl.

KpcTHh B. (=K rstic), 1962b: BejieuiKa o npncycTBy npe-KapaBOHKe cep«je MeTaMop(})HHX CTeHa Ha Ky-
qajy HBejbaHMiH.- Feon. aH. Ba”K. nojiyoc., 29,51-52, Beorpafl.

KpcTHh B. (=Krstic), 1966a: llpHJior no3HaBaH>y noH.er roTJiaHjiHjyMa y HCTOVHY Cp6HjH.- 3anncHHUM
CpncKor reojt. ApyuiTBa 3a 1963 rofl., 133-136, Beorpafl.

Krstic B., 1966b: Stariji paleozoik Kucaja - Magistarska teza, Rudarsko-geoloski fakultet Univerziteta u
Beogradu, 1-40, Beograd (nepublikovano-unpublished).

Krstic, B., 1970: Stariji paleozoik, u: Tumac za list Boljevac K34-8 - Savezni geoloski zavod, 13-21,
Beograd.



Krstic B., 1973: About some Assotiation of Graptolites from the Lower Silurian of Eastern Serbia.- Bull.
Sci., Sect. A, Tome 18, Zagreb.

KpcTiih B. (=Krstic), 1974: Herat rpanTOHHTH H3 CHlJiypa HcroHHe CpGwje.- Lnac CAHY. CCLXXXIX.
Ofle.it. Ifpup. MaT. Hayxa, 36,157-185,5 Ta6., Beorpafl.

Krstic B., 1984: Stratigrafija starijeg paleozoika (ordovicijum-devon) izmedju Resave i Nisave (istocna
Srbija).- Rasprave Zavoda za geol. i geof. istraz., 22, 1-64, Beograd.

KpcTHh B. h MacnapeBHh JB. (=Krstic & M aslarevic), 1990: flen03HitHOHe cpeflHHe Mopcror riane-
030HKa KygajcKe 30He xepuHHHfla HCTOTCe CpGnhje.- Teo.n. aH. Ba.HK. nojiyoc., 53/1.183-191. Beorpafl.

Krstic B., Maslarevic Lj. & Milicevic, V., 1996: Ordovician in the Kucaj Terrane of the East-
-Serbian Carpatho-Balkanides. In: Knezevic V. & Krstic B. (Eds.) Terranes of Serbia.-
Stratigraphy, Depositional Environtments, Palinspastic Reconstructions. 91-95, Belgrade.

KpcTHh B. H Cyflap M. (=Krstic & Sudar), 1990: nalieo3ojcrai KOHOIOHTH HCTOHHe CpflHje. Jyrocna-
BHja, II. Kohoaohth ropn.er CHliypa - jiafliocKor KaTa Ky'rajcrarx njiaHHna.- Teoji. aH. BaHK nojiyoc.. 54.
273-258, Beorpajj.

KpcTHh B., Cyflap M. h MacnapeBHh JB. (=Krstic et al.), 1995: flaJieo30jcKH kohohohth hc-
TogHe CpGnje, JyrocrtaBHja, VIII. A jioxtohh CHJiypcKH, fleBOHcrai o floH>0OKap6oHCKH Kpe'HbanH y na-
Jieo3ojcKoM (JiJtHmy hctohhc Cp6nje.- Ibid., 59/1,149-163, Beorpafl.

Krstic B. i Veselinovic M., 1970: Stariji paleozoik, u: Tumae za list Zagubica L34-140.- Savezni
geol. zavod, 19-20, Beograd.

Kukal Z., 1971: Geology of Recent Sediments.- Czechosl. Akad. of Sci., 422-427, Prague.

Mnxaj-noBHh M. (=M ihajlovic), 1966: IpanTOJiHTH floiter cnjiypa Kywaja.- SarincHHUH CpricKor reo.n.
flpymTBa 3a 1962 rofl., 107-109, Beorpafl.

M HxajjioBuh M. (=M ihajlovic), 1974: CHJiypcrai rpanTOJiHTH hctohhc Cp6nje (hnxob crpaTHrpatJjcKH
nojio>Kaj).- FjiacHHK IlpHp. My3eja, A, 29,123-247, Beorpafl.

M ilicevic V., 1994: Preliminami paleomagnetski podaci za ordovicijum Zvonacke banje, Djerceka i Cme
reke (istocna Srbija).- Radovi Geoinstituta, 29, 13-22, Beograd.

Milicevic V., 1996: Palinspasticki elementi za ordovicijum Kucajskog terana u istocnoj Srbiji.- Ibid., 32,
77-86, Beograd.

MpBalbeBHh H. (=M rvaljevic), 1956: Pe3y.7iTa™ reoJtouiKHX HCTpa>KHBaiba y oSnacTH 6pna K.notiaHH-
He, OMaitnma, JaBopHmxa U KjieHnymKor noTOKa - hctohho ofl PaBHe peKe.- SariHciiHUH CpricKor
reo.il. flpoymTBa 3a 1954,75-77, Beorpafl.

laHTHh H. (=Pantic), 1960: JJeBOHCKa cjwiopa HCTogHe CpSnje.- Teoji. aH. Ba.nk. nojiyoc., 27. 295-315. 5
Ta6.. Beorpafl.

Planderova E., Krstic B. & Maslarevic Lj., 1992: Paleozoic palynomoiph assemblages from
eastern Serbia.- Geol. prace, Spravy 94, 19-22, Bratislava.

Raaf J.F.M. & de Boersma J.R., 1971: Tidal deposits and their sedimentary structures (Seven
examples from Western Europe).- Geol. Mijnbouw, 50, 479-504.

Reineck H.E. & Singh 1.B., 1973: Depositional sedimentary environments with reference to terige-
nous clastics.- Springer, 1-439, reprint 1980, 1-549.

Reeding H.G., 1981: Sedimentary Environments and Fades- Blackwell Sci. Publ., Oxford, 143-258, London.

Sacanski V.V., 1993: Boundaries of the Silurian System in Bulgaria defined by graptolites.- Geol.
Balcanica, 23, 1, 25-33, Sofia.

Ca'taHCKH B. (=Sacanski), 1994: B.3pacT Ha CnpMaHCKaTa h Il,epeitejicKa CBHTa b CocjjujcKa Cxapa ana-
HHHa, (OpflOBHK, amrHJi).- CnncaHHe Ha BurapcKOTO reoji. flpyx., kh. 2, 83-90. Co(J>na.

Storch P., 1986: Ordovician Silurian boundary in the Prague Basin (Banandian area, Bohemia). Sbhor.
geol. ved., 41, 69-103.

BecejiHHOBHh M. (Veselinovic), 1964: CTapHjH nalie030HK Hcronne CpSnje - cjiaitHje h napajiejte.-
Teoji. aH. BaliK. nojiyoc., 31,109-116, Beorpafl.

BecejiHHOBHh M. (Veselinovic), 1972: llpnJio3H no3HaBaH>y cTapnjer najieo3oHka Hcro®He Cp6Hje-
3ariHCHHt(H CpncKor reoji. flpyutTBa 3a 1968,1969 n 1970 rofl., 253-255, Beorpafl.

Veselinovic M. i Krstic B., 1970: O zonama Rastrites liimaei i Spiiograftus tuniculatus u silum Ku-
caja.- Vesnik Zavoda za geol. i geof. istraz., 28, 347-352, Beograd.



Cji. 1.
Fig. 1

Ciji. 2.

Fig. 2.

Gji. 1.
Fig. 1
Cji. 2.

Fig. 2.

Cji. L
Fig. 1.
Cji.2.

Fig. 2.

Ciji. 1.
Fig.l.
Ciji. 2.
Fig. 2.

Cji. 3.

Fig. 3.

TAB.HA | PLATE

KpynHO3pHH KBapnHH neirnap. fiBa ceTa TaSynapHe KoOCe cjiojeBHTOCTH opHjeHTH-
caHa Y cynpoTHHM npaBHHMa. XOpH30HTajma JiaM HHagnja. TpeMaflOK, BepMeK.
Coarse-grained sandstone. Two sets of tabular cross-beds in opposite directions.
Horizontal lamination. Tremadoc, Djercek.

Kpyrmo3pHH KBapitHH MeTanennap. XopH30HTa.nHa cjiojeBHTOcr h jiaMHiianHja.
CeTOBH TaGyjiapHe Koce cjiojcbhtocth opnjeHTHcaHH y cynpoTHHM CMepoBHMa.
TpeManoK, BepMeK.

Coarse-grained quartzose metasandstone. Horizontal bedding and lamination.
Sets of tabular cross-beds in opposite directions. Tremadoc, Djercek.

TAEJIA 1l PLATE

X0pH30HTa.TIHO CllojeBHTH CHTHO3pHH H CpejlH>e3pHH MeTanelll'lapH ca HHapTHKy-
.naxHHM SpaxHonojiHMa TpeManoKa. Bep~eK.

Horizontally bedded fine- and medium-grained metasandstones with Tremadoc
inarticulate brachiopods. Djercek.

CnojeBHTH H MacHBHH KBapgHH M eTanenwapn cpeniter opjioBHL(HjyMa y H3BopHin-
hom jiejiy peKe PecaBe.

Middle Ordovician bedded and massive quartzose metasandstones in the Resava
sourse area.

TAEJIA 1Il PLATE

3ejieHM neraBH MexaniHHitH ropiter amricia (eKB. Il,epeiielicKe tfjopMaunje Y Ey-
rapcKoj). KpheBa peKa, Jy>KHO or CaMaHdta.
Upper Ashgill green mottled metashale (equ. Cerecel Formation of Bulgaxia).
The Krceva reka river, south of Samanjac.

3e.neHKacTH cpeflH>03pmiMeTaneni®apH ropiter amrnjia (xHpnaHTHjaH), era. Ciip-
MaHeKe cfiopM auiije y EyrapcKoj. KpheBa pexa, jyscuo oh CaM aitqa.

Upper Ashgill (Himantian) greenish medium-grained metasandstone, equivalent
to Bulgarian Simian Formation. The Krceva reka river, south of Samanjac.

TAEJIA IV PLATE

KpyiiH03pmi m cpejm>03pHH KBapitHH MeTanenmapn. KpynHa TaGyjiapHa Koca cjio-
jeBHTOCT, Tope KauiHKacra Koca cjiojeBHTOcr. TpeMaflOK, Bep”ieK.

Coarse- and medium-grained quartzose metasandstones. Coarse tabular cross-
-bedding. Upward trough cross-bedding. Tremadoc, Djercek.

CpejiFb03pHn KBapijHH M eTaneim ap, KBapu 3ao6jheH h no oGojiy KOpOfloOBaH, rpa-
HyjiapHH KBapn H3Met)y neTpHTH>IHHX 3pHa. TpeMa™oK, Bep”ex,+N X 12.
Medium-grained quartzose metasandstone, quartz rounded and eroded on edges,
granular quartz between detrital grains. Tremadoc, Djercek, +N X 12.

CpejiH,03pHH KBapitHH MeTaneuiMap. BNME ceTOBa Ta6y.napHe Koce CjiojeBHTOCTH
opHjeHTHcaHHX y hctom hiih cynpoTHHM CMepoBHMa. XopH30HTaliHa h Tajiacacra
JiaMHHagHja. TpeMaflOK, Bep~eK.

Medium-grained quartzose metasandstone. Sets of tabular- cross-beds arranged
in the same or opposite directions. Horizontal and wavy laminations. Tremadoc,
Djercek.















