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YHK 55:551.76/.781 (497.16) OparHHajiHH nayMHH paj*
rEOJIOMIKH CACTAB TEPEHA HCKOnNA
BOfIOBOftHOT TyHEJIA "CO3HHA"

o

MnpKa MnpKOBHha*

y pajiy cy h3jkrkchm pe3yjiTaTH 6HocrpaTHrpa(]ljcKHx h TepeHCKHx HciiHTHBaiba ccjiHMeiiaTa npece'ieiiHX
H3pa;ioM BOflOBOjjHor TyHena "Co3HHa". Obhm HCiiHTHBan.HMa je aoKa3ano jja y rpai)H TepeHa jiy* TyHejia
y>iec-rByjy cejiHMeHTH aHH3HjcKor KaTa, ily:iKaHOreHO-ce;iHMeHTna (JjopMaiflija JiajiHHCKor KaTa, cejiHMeiiTH
ropH>er TpHjaca, noiie, cpejiibe h ropite jype, Kpejje h naJieoreHa. IT[)Hnajiajy jtBCMa CTpyKTypHO-(jaijnjajiHHM
jejiHtiHnaMa: Bhcokh Kprn h 30Ha ByjjBe, Koje cy y tcktohckom oj(Hocy Illpo6HjaH.e obot TyHeJdia 3ano>iero je
1987. roji,a 3aBpmeHO anpraa 1993,rojiHiie.

K.i.vibc pc™H: I"pna I'opa, Co3HHa, TyHejiH, ByflBa 30Ha, Bhcokh Kpm, nejiauiKH Me3030HK.
yBo#

On noneTKa H3Bof>eiba paj*oBa Ha npo6Hjaity TyHejia noBpeMeHO caM 0jyia3HO0 y
TyHeji, npBHX roflHHa ca hidk. J- JoKHheM, a nocjigjjH>HX ca hhx. M. HennheM, pa“H
y3HMan>a y3opaKa cejiHMeiiaTa 3a Gnoc'ipaTnrpacficKa HcnHTHBaita. Ha ocnoBy noj™a-
TaKa jlo6njcHHx MHKpocKoncKHM HciiH'iHBaibHMa oko 100 y3opaKa CTeHa, Kao h nojja'ra-
ka flo6njeHHX ocMaTpaibHMa y TyHejiy, yTBpjjHJiH cmo fla y rpal)H TepeHa, KojH npeceija
Tyneji, yiecTByjy cejiHMeirrne h ByjiKancKe CTeHe cpejiiber -ipnjaca h cejiHMeiiTiie cTeHe
ropiier Tpnjaca, flOH>e, cpejjH>e h ropH>e jype, Kpejje h najieoreHa. HaBejjeHe cTeHe
npHnaflajy jjBeMa cTpyKTypHO—¢j)aijHjajiHHM jejjHHHiiaMa: Bhcokh Kprn h 30Ha EyjjBe,
Koje ce Hajia3e y tcktoiickom ojinocy. TeKTOHCKH koht3kt ce Maiincjoec'ivje naiuiaHe-
H>eM JiajiHiicKHX TycJjHTa, poaoiaiia h KpenibaKa 30He BncoKor Kprna npeKO cejjHMenaTa
najieorenor cfuiHiiia 30He ByjiBa (cji. 1). TeKTOHCKH koht3kt ce MaHHcJ)ecTyje y TyHejiy
Ha CTai;HOHa*H 2+767 m (npHJior 6p. 1).

CPEflIbH TPHJAC

OBaj ojiejbaK 'rpnjaca je 3ac'iyiiJben cejjHMeirrHHM h ByjiKaHCKHM CTeHaMa. 3aciyn-
jbeHe cy CTene 06a KaTa, aHH3HjcKor h JiaflHHCKor.

3aBo;i 3a reoJiouiKa ncrpa>KHBaiba PI™ ' rio,iropHiia, llacejbc Kpyiiieiiaii 66.



AHH3HjcKH Kax H3rpat>yjy ce/inMeiiTn cfuiimia h 6aHKOBHTH jjo MacHBHH Kpcqif>aiin. ¢

lCHlliapH, TaMHOCHBH neCKOBHTH H JianOpOBHTH KperlH,aHH, 11J10'iaCTH alieBpOJIHTH H
JiIHCTacTH chbh, CHBO3ejieHH h Jby6nqgacTH TJiHHiiiH h JianopnH y iraHSMeiiH’nioj cMeHH.
llope” HaBejjemra jihtojioiukhx 'uianoiia y c}uiHiiiy TyHejia KOHCTaTOBaHO je h oko 9 m
HpBeHHX KpynHO03pHHX KOiiuioMepaTa. M'iipaFiCHH cy oj( HHTpaKliacTa rpayBaKa, Kpen-
H>aKa, iieni'iapa h po>Knana. ('ejiHMeiiTH cjuiHina ce HcnoJbaBajy o/i CTanHOiia>Ke 0+010 m
A0 04690 m. Y cjiojeBHTHM Kpc'iii.anHMa (6HOMHKpHTHMa) Ha CTannoiia>KaMa 0+400 m,
0+620 m h 0+670 m KOHCTaTOBaHH cy ocTaii;H 6chtockhx c[iopaMHHHc{5cpa: Meandrospira
dinarica Kochansky-Devide & Panti¢, Glomospira densa (Panti¢), Trochammina jau-
nensis Bron & Page, Trochammina almtalensis Koehn-Zaninetti, Ammobaculites sp.,
ajire Physoporella praealpina Pia, ocTpaKoj(H, cnHKyjie cnoHrHja h 6HOKJiacTH 60jiji,h h
CKejieTa exmiHj(a, KojHMa ce j(OKa3yje aHH3HjcKa CTapocT.

Cji. 1. TeKTOHCKa ckiiuh npHo6aliHor Rena I1*pHe Fope.
Fig. 1. Tectonic skeletch of the Montenegrin litoral.

BaHKOBHTH h MacHBHH Kpc'iitaijH (6HocnapHTH, 6HonejicnapHTH H 6HOMHKPHTH)
MecTHMHHHo jjojioMHTHcaHH HcnojbaBajy ce oji cTaitHOHaace 0+690 M jjo 1+111 m h ojj
1+240 m j(o 1+370 m. O bh Kpe'iibaijH cy CBeTJliocHBe h 6ejm'iacTe 60je. Hccto cajtpace
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co'iniia cBeTJio jjo 3aracHTo npBeiiHX Kpe'in,aKa (Ghomhkphth h mhkphth) h u,pBeHKac-
tot CHIJiTa (necKOBHTO—tjihhobhth MaTepnjali). Cbctjiochbh SnonejicnapHTH h Gnoneji-
MHKpocnapHTH Ha CTannoiia>KaMa 0+755 m, 0+980 m, 1+100 m h 1+350 m ca”“pace 'icctc
oc'raTKe 6chtockhx ({jopaMHiincfiepa: Meandrospira dinarica Kochansky-Devide &
Panti¢, Meandrospira pusilla (Ho), Endothyranella wirzi (K oehn-zaninetti), Trocha-
mmina alpina K ristan-Tollm ann, Earlandinita elongata salaj, Glomospira gorduilis (Jo-
nes & Parker), Trochammina jaunensis Broniman & Page, Duostonuna sp., lidnothyra-
nella sp. n peTke Lagenidae n peije 6)HOKJiacre cKejieTa exnii{ija h TaHKHX Ji>ynnypa
6HBaliBiia.

BaHKOBHTH JIO MaCHBHH JIOJIOMHTHCailH Kpe'lPbaHH (6HonejiMHKpocnapHTH) H JIOJIO-
m hth CBeTJiocHBe h cHBe 60je aim3HjcKor KaTa cy Hcnojtenn h Ha H3JiaB3HOM jtejiy miviiejia
ojl CTanHona>Ke 3+645 m jio 3+787 m. Y y3opnHMa Kpe'in,aKa ca CTaniiona>Ka 3+710 m h
3+716 m cy KOHCTaTOBaHH ocranH peTKHX 6chtockhx (flopaMHiiH(}}epa: Meandrospira di-
narica K ochansky-Devide & Panti¢, Trochammina sp. h Duostommina sp., peTKH oc-
TpaKOJIH H CHTHH "HOKJiaCTH TJiaHKHX JtyiH Typa 6HBaJIBHa H nJ1O'lima JipillKH KpilllOHJia.

ByjiKaHCKe CTeHe - H3rpa”“yjy TepeH Ha H3Jia3BHOM jiejiy TyHelia oji; CTaniiona>Ke
3+787 m jto 4+220 m. To cy TaMHO03ejieHH h CHBO3ejieiiH anj(e3HTH. McnpecenaiiH cy
CHCTeMOM nyKOTHHa h pacejia pasjiH'iHTe opHjeiiTaiiH je.

Jlaj*HHCKH Kar je y TyHejiy 3acTyiiJben ByjiKaiioreiio-ccjiHMenTHM TBopeBHiiaMa, a
to ey Tyc}HHTH, Tycf>OBH h ByliKaHCKe 6pe'ie 3ejieHe h CHBO3ejieHe 60je, nJionacTH pa3HO-
60jHH pTOKIiaitH, 11J10'iaCTH H CJIOjeBHTH CHBH, CMeljH H HpBeHH KpC'IH.aHH H TaibH (flo 2
dm) npocjiojnH Jiaiiopaija. HcnojbaBajy ce Ha CTai;Hoiia>KaMa oj* 1+111 m jjo 1+240 m, ojt
1+370 m flo 1+800 m h ofl 2+730 m jto 2+767 m y 30hh Bhcokot Kprna h ojj 3+377 m j*
3+645 m y 30hh EyjjBe.

O jj CTai"HOHa>Ke 1+111 m #o0 1+240 m cy 3acTynJbeHH npeTe>Kiio Tyc}3HTH h ByjiKan-
CKe 6pene ca pefjHM co'iiiBHMa h npocjiojn;HMa po”Kiiana h Kpe'iibaKa. Ojt CTannoiia>Ke
1+370 m jjo 1+800 m HcnojbaBajy ce TaHKOcjiojeBHTH h cjiojeBHTH (0,10 m jio 0,30 m)
n>aKa, 6pc'ia, thhkhx (jjo 2 cm) npocjiojaKa CHBO3ejieHHX Jianopana h MyrjiaMa h npo-
cjiojuiiMa chbhx, 3ejieiiHX h n;pBeHKacTHX po>Kiiana. Kpe'iibann (6homhkphth) cajip>Ke
ocTaTKe 6HBajiBHa Posidonia wengensis w iss. n Daonella sp., 'iecTe pajjHOJiapnje, ciin-
Kyjie ciioiH Hja h peTKe J>0pmamhhhcepe -

Y H3JI33HOM j(ejiy TyHejia CTeHe JiajjHiicKor KaTa cy KOHCTaTOBaHe ojj cTaijHOHaace
paBHe noBpuiHHe jiojioMHTHcaiiHX Kpe'iibaKa aHH3HjcKor KaTa. Y flouseM Jtejiy Jiajuui-
CKor upocjjHlJia cy 3acTynJbeHH npBeHH iuio'iac'ni po>KiianH y cmchh ca Tyc})HTHMa, Ty-
4>03hhm Jianop"HMa h 3ejieiiHM 6eHTOHHTCKHM TJiHHaMa jte6jbHiie oko 2 m, a y ropibeM
njio‘'iacTH n cjiojeBHTH (0,02 j;o 0,50 m) cmclih, 3aTBOpeHOCHBH nh n;pBeHH Kpe'Ubann
(6homhkphth, 6HonejiMHKpocnapHTH h necKOBHTH 6homhkphth) ca npocjiojnHMa h
MyraaMa pomiana h pajtHOJiapHTa nh TaHKHX nh pelJ)HX npocjiojaKa JiHCTacnK 3ejieHHX
rjiiHiiana.

BHOc'ipaTiirpac|jcKHM HcnTHBaibHMa upoBHjjiiHX npenapaTa cejiHMeiiaTa JiajjHiicKor
KaTa Ha BHiue cTannona>Ka (3+379 m, 3+443 m, 3+478 m, 3+483 m h 3+598 m) koh-



CTaTOBajiH cmo j\a KpeHibaijH cajrpace 'iecTe joyuiType GiiBalJiBna (Posidonia h Daonella),
necTe paflHOJiapnje, pence cfjopaMHimcjDepe: Ammodiscus aff. parapriscus Ho h Lagenidae
(Nodosaria sp.), peTKe ocTpaKone h chthc 6HOKJiacre cKejieTa exHHHfla.

TopibH rpnjac - CeHMeHTH ropiber Tpnjaca cy pasBHjemi Yy 30HH BncoKor Kpuia
03 CTaijHOHajKe 1+800 m jjo 2+730 m h 3ohh Ey”~Be ojt cTau;HOHa>Ke 3+272 m ro 3+377 m.

Y 30HH BncoKor Kpma ropibH Tpnjac je 3acTynJbeH 6aHKOBHTHM chbhm, CHBO3ejie-
HHM H CBeTJIOCHBHM fIOJIOMHTHCaHHM Kpe'llbailHMa (6HOMHKPHTH H 6HOHHTpaCnapHTH),
KpeMH.agKHM 6pegaM a h cHTHOKpHCTajiacTHM jjojioMHTHMa. Mel>y obhm 6aimHMa pa3Ho-
jianopaqga. Obh cejiHMeiiTH jiesce y je3rpy chhkjiH Hajie.

Ojj cTagHOHa>Ke 1+800 m jio 2+010 M cy 3acTynjbeHH chbh h CHBO3ejieHH jjojiomh-
THcaHH Kpenibai"H, KpeHibaiike 6pene h cthhokphct3Jihh ~ojiomhth. Ha c'ranHonascH
2+010 m ocMaTpaHe cy KpenibaHKe 6pene (KajiKpyj*HTH) y KojHMa ce 3anaxajy HHTpa-
KJiacTH KpeMH>aKa BejiH HHe 1 jjo 20 cm. OcHOBa 6pene je MHKpHTCKa h CBeTlJiocMe”e je
60je. Obo cy HajBepoBaTHHje JiocfiepcKe 6pene Jloctep-cjiaHHje. Y npoBHjjHOM npena-
paTy obhx 6pena ce yo*iaBa jja cy nsrpa“ene o0jj hhtpaKlJiacTa 6HOHHTpacnhapHTa,
6HOMHKpHTa, JJOJIOMHKpHTa H CHTHOKpHCTaJlaCTOr flOJIOMHTa BelJIHMHHe 2 jjo 6 mm. Oc-
HOBa CTeHe je MHKpHTCKa h jjejioM jjojioMHTHcana. y HHTpaKJiacTHMa KpeMH>aKa cy koh-
CTaTOBaHH peTKH ocraijH 6eHTOCKHX 4>opaMHHHcJ)epa: Agathammina austroalpina Kris-
tan-Tollmann h Ophtalmidium sp., cjipaiMeiiTH aJirn Dasycladacea, 6noKJiacTH cKelieTa
h 60fllbH exHHHjja h t3hkhx JbyuiTypa 6HBaJiBHa, peTKe ocTpaKOfle h o6jihhh rpyne
"incertae sedis” Didemnoides moreti (Durand Delga) Kojn yKa3yjy Ha npnnajiHOCT
KapHHjCKOM KaTy.

nocjie pacejja ojj cTai*HOHasce 2+010 m jjo 2+100 m cy 3acTynJbeHH cbctjiochbh
fIOJIOMHTHCaHH KpeHH>aiJH (HOMHKpHTH H 6HOHHTpacnapHTH) H JJOJIOMHTH. Ha CTaiJHO-
HaacaMa 2+011 m, 2+050 m h 2+090 m jjojioMHTHcaHH KpeMibaijH cajjp”ce ocTance 6eH-
tockhx cfiopaMHHHcliepa: Involutina sinuosa W eynaschenk, Involutina eomezozoica
(Oberchauser), Agathammina austroalpina K ristan-Tollmann, Glomospira kuthani (Sa-
laj), Glomospirella friedli Kristan-Tollmann, Galeanella ? bronimanniAltineret Zani-
netti, ajire Baccanella floriformis Panti¢, cnoHrnja-Reticulocoelia arborescens Cuif,
06jiHKa rpyne "incertae sedis™ Tubiphytes obscurus M aslov, Murinella sphearica Borza,
Hydrania dulloi Senowbari-Daryan, CHTHe racTponojie, cHTHe 6noKlJiacTe cKejieTa
exHHHjta h t3hkhx jbynnypa 6HBajiBHa h pence ocTpaKojje. HaBejjena <bocHJina aco-
ijHjannja yKa3yje jja cejjHMeirra oBor HHTepBalia hpnnajtajy KapHHjcKOM KaTy.

Ojj cTai"HOHajKe 2+100 m jio 2+730 m ropibeM Tpnjacy npHiiajiajy 6aHKOBHTH "o
MaCHBHH H petje CllojeBHTH (0,15 1O 0,20 m) CHTHOKpHCTaliaCTH JIOJIOMHTH H JIOJIO-
MHTHcaHH KpeHH>aBfH. H3Mel>y obhx cjiojeBa h 6aHaKa ce Hajia3e TaHKH npooiojijH
3ejieHHX h CHBO3ejieHHX rjiHiiana h Jianopana.

y 30HH EyjjBe cejiHMeiiTH ropiber ‘ipnjaca cy 3acTynjbeHH oji cTan,HOHaxe 3+272 m
flo 3+377 m. O]\ jihtojiouikhx 'iJiaiiOBa cy 3acTynjbeHH cjiojeBHTH (0,10 m jjo 0,40 m)
chbh h pyMeHKacTH KpenibanH (6homhkphth) ca MyrJiaMa h npocjiojnHMa cHBO03ejieHHX,
CMel)HX H HpBCIIHX pOiKliaiia H TaHKHM lipocjiojHHMa CHB03eJieHHX, CMet)HX H HpBCHHX
po*iiana h TaHKHX npocjiojaKa JiHCTacnix Jianopaija h petjH 6aHii;H (0,60 jjo 1 m) cbhctjio-



chbhx Kpequ,aKa (6noMHKpocnapHTH) n jiojioMHTHcaiiHX Kpelin,aKa. Me”y obhm Cjioje-
BHWVa 3aiia>KeHH cy n pe”H cjiojeBH KpeHH,aHKHX 6pena (KajiKpyjjHTH). H'irpatjeiie cy ofi
HHTpaKlJiacTa chbhx n npneiiHx Kpc'in.aKa (6HOMiiKpHra) n co'iHBa 3gjieiiKacTHX Jiano-
paija.

Ce™MeHTH ropiber rpHjaca obot HHrepBajia cy onpo6oBaHH Ha BHine CTannoiia>Ka
(3+314 m, 34344 m, 3+356 m, 3+358 m, 3+360 m, 3+366 m, 3+373 M). h y npoBHfIHHM
npenapaTHMa cy jterepMHHHcaiiH 6om hkphth jio 6HOMHKpocnapHTH ca hccthm ocTanHMa
KalJiu;HHHcaHHx pajjHOlJiapnja, jbymTypaMa 6HBajiBHa (jjaonejia, nocHjjoiina h xajio6éna),
6noKliacTHMa CKejieTa exHHHjia, peTKHM cfiopaMHHHcjiepaMa (Lagenidae-M >¢/osa/7a sp.) h
soocnopa ajire Globochaete alpina Lombard. obh cejiHMeiiTH ropn,er Tpnjaca cy hsjjbo-
jeHH Ha OCHOBy cyiiepii03HHHje. HalJia3e ce H3Meijy jiajjHHCKHX cejjHMena'ra Y iiojjhhh h
jtoKa3aHiix jjoii,(jjypcKHx cejiHMCHaTay noBliaTH.

JYpA

Cej"HMEeiiTH jypcKe nepHojje cy iipeceHcnn TynelioM caMO y 30iih Byjiiie. [Ipejjc'raB-
jbeHH cy pa3HOBpcHHM KpegH>anHMa (6homhkphth, 6 HOHHTpacnapHTH h cocnapHTH) y
CMeHH ca po>KiianHMa, pajjHOJiapHTHMa h JianopijHMa. J],0Ka3aHH cy h H3jtBojeHH cBa Tpn
oj"ejbKa.

JOH>ajypa - Ccj/hmchth jjoibe jype npece’ieiiH cy y TyHejiy ojj CTamiona>Ke 3+180m
jjo 3+272 m. Qji jihtojioihkhx 'uianoBa cy 3acTynJbeHH iuio‘iacTH h cjiojeBHTH (0,05 jjo
0,40 m) chbh, CHBO3ejieiiH h npiieiiKacTH KpciibanH (6homhkphth) ca npocjiojn,HMa ch-
bhx poacHana h 3ejieHHx jihct3cthx Jianopana. Ha CTai(HOHa»:H 0" 3+230 m jjo 3+232 m
ce HcnoibaBajy MpKonpBemi jjo cmcljh pajjHOJiapHTH y KojHMa je ca CTaij. 3+231 m C.

HciiHTHBaibeM npoBHijjiiHX npenapaTa y3opaKa Kpc’iibaKa ca CTai"HOHaaca 3+186 m,
3+198 m, 3+242 m h 3+270 m KOHCTaTOBajiH cmo fla ce pa®H o 6noMHKpHTHMa. Caj;p»:e
Mecre ocTaTKe pajjHOJiapnja, soocnope ajire Globochaete alpina Lombard, peTKe 6eH-
'rocKe c}opaMHHH(J>epe: Involutina cfliassica Jones, Praeophtalmidium sp., Fondicularia sp,
(J>parMeHTe ajire Sestrosphaera cf. liassina Pia h pel)e 6HOKJiacTe CKejieTa exHHHjia.

Cpej™ba jypa - CejuiMeHTH cpej(ibe jype cy npece'ieiiH TyHejiOM oji CTauHOiiasce
3+060 m jjo 3+180 m. Ojj c'ran,HOHa>Ke 3+112 m j(o 3+180 m ce HcnojbaBajy cjiojeBHTH
cBeTJiocMel)H h chbh KpeHH.aijH (6homhkphth, pajiHOJiapnjcKH 6homhkphth, 6hohii-
mrpaciiapHTH) ca MyrjiaMa po>Kiiana y cMeiiH ca iiJioHacTHM h TaHKOcjiojeBHTHM (0,05 jjo
020 m) cpejube h 3aTBOpeHOCHBHM jianopoBHTHM Kpemi.anHMa (6homhkphthm3 h
MHKpHTHVE) H pet)e GHBHM I1JI07aCTHM (0,05 m) pO>KliaHHMa H peTKHM npOCIICIjHHMa (j(()
1an) JiHCTacTHX 33TBOpeHOCHBHX Jianopana. Bhomhkphth h 6HOHHTpacnapHTH ca CTa-
HHOHaaca 3+116, 3+126 h 3+141 m cajjpace ocTaTKe 6chtockhx ())opMaHiiiic{)epa: Vidalina
martana Farinacci, Glomospira sp., Mesoendothyra sp., Dentalina sp., 06jiHKe rpyne
"incertae sedis" Aeolisaccus dunningtoni Elliott. HaiicjieiiH mhkpocJ)ochjih yka3syjy na
npHiiajuiocT cejuiMcna'ra jiojubeM jiejiy cpejin,e jype.

Oji cTai;Hona>Ke 3+060 m no 3+112 m cy 3acTynjbeHH cjiojeBHTH (0,40 m jio 0,60 m)
cmch)H Kpe'iH.aiui (6 HonejicnapHTH, oocnapHTH), iuio'iacTH h TaHKOcjiojeBHTH (0,05 jto



0,15 m) KpeTin,ann (6homhkphth), JianopoBHTH KpcTm,anH cHBe h cMei)ecHBC 60je, chbh
HHCT3CTH ijihhhh h Jianopil;H h nJionacTH (/[o 0,15 M) po>KHanH y HaHSMeiiH'inoj cmchh.

2 cm) KpenibaKa (6HonejicnapHTH h 6homhkphth) cMmcfje 60je. Y cjiojeBHMa KpemtaKa
je ‘'jaiiajKciio jia cy 3acTynjbeHa JiBa jiO TpH JinTOTnna (HHTpacnapHT, oocnapHT h
6homhkpht). cjiojeBH 0bhx cejiiiMciiaTa cy cjia6o nopeMeheHH h HMajy naji y npaiinv
ceBepoHCTOKa nofl yrlJioM Oji 30 45°,

Ca CTai"HOHa”a 3+079 m, 3+091 m, 3+092 m h 3+111 m y oocnapHTHMa cy KOHCTa-
TOBaHH oc'ianH 6eHTOCKHX cfjopaMHHHflicpa: Coskinolina (Myendorffina) minoricensis
Bourrouilh & Moulade, Pseudocyclammina sp., Vidalina martana Farinacci n 6no-
KJiacTH CKejieTa exiiHiijia, @ y 6homhkphthm3 (cTaij. 3+091 m) ocTann njiaHKTOHCKHX
(JjopaMHHH”epa Globigerina helveto-Jurasscia Haeusler, paj(HOJiapiija h peTKHX ocrpa-
KOfla.

Topiba jypa - CejinMeiiTii ropite jype cy H3j(BojcHH ojj c'rau;iioHa>KC 2+922 m jjo
3+060 m. TO cy cjiojeBHTH (0,50 m j;O 0,80 m) KpegibagH (cMeHa oocnapH'ra, 6Honeji-
cnapHTa h 6HOMHKpHTa) cmc”cchbe h chbec 60je ca npocjiojnnMa iuio'iacrnx (0,02 m jio
0,05 m) chbhx h CMei)iix po>Kiiana h JiIHCTacTHX Jianopaija h chjihhho3iihx jianopaija.
OocnapHTH h 6HonejicnapHTH ca cranHona>Ka 2+924 m, 2+955 m, 3+022 m h 3+060 m
cajjp>KC peTKe ocTaTKe 6chtockhx 4)opMaHHH (|)epa: Protopeneroplis striata W eunschenk,
Trocholina elongata (Leupold), Nautiloculina oolithica Mohler h ‘iecrc 6noKJiac're cKejie-
Ta exHHiijia. IlaBejiciin mhkpoclochjih yKasyjy Ha npnnajinocT CTapnjeM MajiMy (okc-
4>o0pny).

KPEftA

Kpe*HH cej*HMeHTH cy H3j*Bojemi oj* CTaijHOHajKe 2+886 M jjo 2+922 m. npejjcTaB-
JoeHH cy 6aiiKOBHTHM KpenibaipMa h KpegibaHKHM 6penaMa. Bpene cy H3rpa“ene 0jj
HHTpaKlJiacTa pa3HOBpciiHX Kpe’in.aKa (6homhkphth, mhkphth h 6 HoneJiMHKpocnapHTH).
Y HHMa hhcmo HauuiH ocTaTKe MHKpocJ)ocHlia Kojy jjoKyMeinyjy oBy cTpaTHrpac|)CKy
lipHliajIHOCT.

IHAJIEOrEH

HajieoreHH cejjHMeHTH cy 3acTynJbeHH oj* CTai;HOHa*e 2+767 m jjo 2+886 m. To cy
cejfMCHTii c|)jiHina y gnjn cacTaB yjia3e T3mhochbn NecKOBHTH Kpe'iibann (KalJiKapenH'ra),
chbh @jieBpojiHTH, JianopoBHTH Kpe'iibanii (6homnhkphth) h chbh h nNpisenKacTH Jianopnn
h tjinhuh. KajiKapeiiHTH cy mrpa”eiiii oji HHTpaKliacTa Kpe'iibaKa, 3pHa Kiiapija n
KajmHTa n jinckn 6noTHTa n XjiopHTa. y cl)JiHiny ce 3anaxcajy nh 6jiokobn Kpe'in.aikKHX
6pe'ia. Ca cTaniioiia®Ka 2+838 M nh 2+880 M y KaliKapeHHTHMa cy KOHCTaTOBaHH ocrann
ajirn Lithophyllum cf. mangaudi Lemoine n Broeckella sp., a y 6 HOMHKpHTHMa nliaHK-
TOHCKe cljopaMHHHcjoepe: Globigerina sp. n Globorotalia sp. Koje yKa3yjy Ha iipHiiajinocT
najieoi;eHy.
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LOCAL GEOLOGY ALONG THE SOZINA
WATERSUPPLY TUNNEL

by
Mirko Mirkovi¢

This work presents results of the biostratigraphical field investigations of deposits exposed in the
Sozina watersupply tunnel. The deposits through the length of the tunnel are Anisian sediments, Ladinian
volcanogenic-sedimentary formation, Upper Triassic, Lower, Middle and Upper Jurassic, Cretaceous, and
Paleogene sediments. All deposits form parts of two structural-facial units: High Karst and Budva Zone, in
a tectonic relationship. The tunnel construction began in 1987 and was completed in April 1993.

Key words: Montenegro, Sozina, tunnels, Budva Zone, High Karst, pelagical Mesozoic.
INTRODUCTION

From the beginning of the tunnel construction, 1 made occasional visits to the tunnel
site, at first with engineer D. Joki¢ and in the last few years with engineer M. Cepi¢, to
sample rocks for biostratigraphical analysis. On the basis of the data obtained from mi-
croscopy of about hundred rock samples and observations in the tunnel, the ground tra-
versed by the tunnel is composed of sedimentary and volcanic rocks of the Middle Trias-
sic and sedimentary rocks of the Upper Triassic, Lower, Middle and Upper Jurassic, Cre-
taceous?, and Paleogene. These rocks are parts of two structural-facial units: High Karst
and Budva Zone, which are in tectonic relationship. The tectonic contact is manifested in
the thrust of Ladinian tuffites, chert and limestones of High Karst over the Paleogene
flysch of Budva Zone (Fig. 1). This contact was observed in the tunnel at the progressive
distance 2+767 m.

MIDDLE TRIASSIC

This Triassic division is represented by sedimentary and volcanic rocks of both
stages, Anisian and Ladinian.
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Ladinian rocks are flysch and thick-bedded to massive limestones. Flysch deposits
are composed of platy and bedded (0.05 to 0.30 m) fmegrained dark grey sandstones,
dark grey sandy and marly limestones, platy siltstones, and laminated grey, grey-green or
violet shales and marlstones, in an altemating succession. Also contained in the flysch is
some 90 m of red coarse-grained conglomerates, composed of greywacke, limestone,
sandstone, and chert intraclasts. Flysch sediments are uncovered from 0+010 m to 0+690
m. In stratified limestones (biomicrites) at 0+400 m, 0+620 m and 0+670 m, remains
were found of benthic foraminifers: Meandrospira dinarica Kochansky-Devide &
Pantid, Glomospira dcnsa (Pan(i¢), Trochammina jaunensis Broniman & Page, Tro-
chammina almtalensis Koehn-Zaninetti, Ammobaculites sp., algae Physoporella
praealpina Pia, ostracods, sponge spicules, and bioclasts of echinoid spines and skeletons
- the evidence of Anisian age.

Thick-bedded and massive limestones (biosparites, biopelsparites and biomicrites)
locally dolomitised were uncovered from progressive distance 0+690 m to 1+111 m and
from 1+240 m to 1+370 m. These limestones are light grey or whitish in colour and of-
ten contain lenses of light dark to red limestones (biomicrites and micrites) and reddish
silt (sand-clayey material). The light grey biopelsparites and biopelicrosparites at 0+755
m, 1+100 m and 1+350 m contain frequent remains of benthic foraminifers: Meandrospira
dinarica Kochansky-Devide & Panti¢, Meandrospira pusilla (Ho), Endrothyranella
wirzi (Koehn-Zaninetti), Trochammina alpina Kristan-Tollmann, Earlandinita elon-
gata Salaj, Glomospira gordialis (Jones & Parker), Trochammina jauncnsis Broniman
& Page, Duostamina sp., Endothyranella sp., infrequent Lagenidae, and few echinoid
skeleton and thin bivalvian shells.

Anisian thiek-bedded to massive dolomitised limestones (biopelmicrosparites) and
dolomites, light grey or grey in colour, are also exposed at the tunnel exit from 3+634 m
to 3+787 m. Samples of limestones from 3+710 m and 3+716 m contained remains of
sparse benthic foraminifers: Meandrospira sp. and Duostomina sp., few ostracods, and
small bioclasts of thin bivalvian shells and echinoid stem plates.

Volcanic rocks were reeognized at the end of the tunnel, from 3+787 m to 4+220 m.
These are dark grey or grey-green andesites, intersected by a system of fractures and
faults of different trends.

Ladinian stage is represented in the tunnel by volcanogenic-sedimentary rocks: tuf-
fites, tuffs and volcanic breccias of green red flaglike and bedded limestones, and thin (to
2 cm) marlstone interbeds. These rocks are recognised at progressive distances from
1+111 m to 1+240 m, from 1+370 m to 1+800 m and from 2+730 m to 2+767 m in the
High Karst, and from 3+377 m to 3+645 m in the Budva Zone.

Exposed from 1+111 m to 1+240 m are dominantly tuffites and volcanic breccias
with occasional lenses and interbeds of chert and limestone. Rocks from 1+370 m to
1+800 m are grey, grey-red or greenish grey thin-bedded limestones (biomicrites) inter-
stratified with limestone breccia, thin (to 2 cm) interbeds of grey-green marlstone and
nodes and interbeds of grey, green or reddish chert. Limestones (biomicrites) contain re-



mains of the bivalves Posidonia Wiss. and Daonella sp., frequent radiolarians, sponge spi-
cules, and few foraminifers - Lagenidae.

At the tunnel exit, Ladinian rocks are recognised from 3+377 m to 3+645 m, Ladi-
nian rocks lie over the uneven surface of Anisian dolomitised limestones. The lower part
of Ladinian section consists of red platy chert altemating with tuffite, tuffaceous marl-
stone and green benthic clays about 2 m thick. The upper part is composed of brown,
dark grey or red flaglike and bedded (0.02 m to 0.50 m) limestones (biomicrites, bio-
pelmicrosparites, and sandy biomicrites) with interbeds and nodes of chert and radiolarites
and few thin interbeds of laminated green shale.

The examined transparent thin section of Ladinian rocks from several sampling
places (3+379 m, 3+443 m, 3+478 m, 3+483 m, 3+598 m) revealed in limestones fre-
quent bivalvian (Posidonia and Daonella) shells, radiolarians, occasional foraminifers;
Ammodiscus aff. parapriscus Ho and lagenids (Nodosaria sp.), few ostracods and small
bioclasts of echinoid skeletons.

Upper Triassic sediments are developed in the High Karst from 1+800 m to 2+730
m and the Budva Zone from 3+272 m to 3+377 m.

Upper Triassic rocks in the High Karst are grey, grey-green and light grey thick
bedded dolomitised limestones (biomicrites and biointrasparites), limestone breccias, and
fme-crystalline dolomites. The thick beds of varied limestones and dolomites are inter-
stratified (to 20 cm) with grey-green marlstones. These sediments lie in the core of an
anticline.

Exposed in the tunnel from 1+800 m to 2+010 m are grey and grey-green dolomitic
limestones, limestone breccias and fine-crystalline dolomites. Limestone breccia
(calcirudite) at 2+010 m shows limestone intraclasts 1-20 cm in size. The breccia
groundmass is micrite, light brown in colour. This is probably breccia of the Lofer facies.
Thin sections of the breccia show intraclasts of biointrasparite, biomicrite, dolomicrite and
fine-crystalline dolomite (2-6 mm). The matrix is micrite, partly dolomitised. Among
limestone intraclasts, sparse remains were found of benthic foraminifers: Agathamina aus-
troalpina Kristan-Tollmann and Ophtalmidium sp., algal fragments of Dasycladaceae,
bioclasts of echinoid skeletons and spines and thin bivalvian shells, few ostracods and
forms of the group incertae sedis Didemnoides moreti (Durand Delga), which indicate
Camian stage.

Light grey dolomitised limestones (biomicrites and biointrasparites) and dolomites are
the progressive distance from 2+010 m, after the fault. Dolomitised limestones at 2+010
m, 24050 m and 2+090 m contain remains of benthic foraminifers: Involutina sinuosa
sinuosa Weyschenk, Involutina eomezozoica (Oberchauser), Agathammina ausroalpina
Kristan-Tollmann, Glomospira kuthani (Salaj), Glomospirella friedli Kris-
tan-Tollmann, Galeanella ?bronimanni Altiner et Zaninetti, algae Baccanella flori-
formis Pantié, sponges Reticulocoelia Cuif, forms of the group incertae sedis Tubi-
phytes obscurus Maslov, Murinella sphaerica Borza, Kydrania dulloi Senowbari-
-Daryan, small gastropods, small bioclasts of echinoid skeletons and thin bivalvian



shells and few ostraeods. The mentioned fossil biocenosis suggests Camian age of the
sediments.

From 2+100 m to 2+730 m, Upper Triassic rocks are thick-bedded to massive or
rarer bedded (0.15 m to 0.20 m) small-crystalline dolomites and dolomitised limestones.
Limestone beds are interstratified with thin green or grey-green shales and marlstones.

Upper Triassic sediments in the Budva Zone are located between 3+272 m and
3+377 m, composed of bedded (0.10 m to 0.40 m) grey and pinkish limestones
(biomicrites) with nodes and interbeds of grey-green, brown, or red chert, thin laminated
marlstones, few beds (0.60 m to 1 m) of light grey limestones (biomicrosparites), and
dolomitised limestones. These beds are infrequently interstratified with limestones breccia
(calcirudite). The breccia is composed of grey and red limestone (biomicrite) intraclasts
and greenish marlstone lenses.

Upper Triassic sediments of this distance interval were sampled in several places
(3+314 m, 3+344 m, 3+356 m, 3+358 m, 3+360 m, 3+366 m, 3+373 m). Transparcnt thin
sections revealed biomicrite to biomicrosparite with frequent remains of calcitised radio-
larians, bivalvian shells (Daonella, Posidonia and Halobia), bioclasts of echinoid skele-
tons, few foraminifers (lagenid Nodosaria sp.), and zoospores of the alga Globochaeta al-
pina Lombard. These Upper Triassic sediments have been separated on the superposition
principle, lying over Ladinian and under Lower Jurassic sediments.

JURASSIC

Jurassic deposits were intersected by the tunnel only in the Budva Zone. These are a
succession of varied limestones (biomicrite, biointrasparite and oosparite) and cherts, ra-
diolarites and marlstones. All three divisions of the Jurassic are developed and proved.

Upper Jurassic sediments were encountered in the tunnel from 3+180 m to 3+272 m.
The present lithologic members are grey, grey-green or reddish flaglike bedded (0.05 m
to 0.40 m) limestones (biomicrites) interstratified with grey chert and green laminated
marlstone. Dark red to brown radiolarites are exposed from 3+230 m to 3+232 m, in
which S. Gori¢an found, at 3+231 m, remains of Liassic radiolarians.

Transparent thin sections of limestone samples from 3+186 m, 3+198 m, 3+242 m
and 3+270 m indicated biomicrites with frequent remains of radiolarians, zoospores of the
alga Globochaeta alpina Lombard, infrequent benthie foraminifers: Involutina cf. liassica
Jones, Praeophtalmidium sp., Frondicularia sp., algal fragments of Sestrosphaera cf. lias-
sina Pia, and occasional echinoid skeleton bioclast.

The tunnel penetrated Middle Jurassic sediments from 3+060 m to 3+180 m. Rocks
uncovered from 3+112 m to 3=180 m are light brown and grey bedded limestones
(biomicrites, radiolarian biomicrites, biointrasparites) with chert nodes in succession with
medium- and dark-grey flaglike or thin-bedded (0.05 m to 0.20 m) marly limestones
(biomicrites and micrites) occasional grey platy (0.05 m) chert, and few intercalations (to
1 cm) of laminated dark grey marlstones. Biomicrites and biointrasparites from 3+116 m,



3+126 m and 3+141 m contain remains of benthie foraminifers: Vidalina maitana
Farinacci, Glomospira sp., Mesoendothyra sp., Dentalina sp., forms of the group in-
certae sedis Aeolisaccus dunningtoni Elliott. The mentioned microfossils indicate lower
Middle Jurassic deposits.

Rocks recognised from 3+060 m to 3+112 m are stratified (0.4 m to 0.6 m) brown
limestones (biopelsparites, oosparites), flaglike and thin-bedded (0.05 m to 0.15 m) lime-
stones (biomicrites), marly limestones grey or brown-grey in colour, grey laminated
shales and marlstones and platy (to 0.15 m) cherts, altemating in the succession. Grey
marlstones were noted in several places to contain intraclasts (size to 2 cm) of limestones
(biopelsparite and biomicrite) brown in colour. Limestone beds were noted to consist of
two or three litothypes (intrasparite, oosparite and biomicrite). These beds are slightly de-
formed, dipping to north-east at angles between 30° and 45°.

Oosparites from 3+079 m, 3+0.91 m, 3+092 m and 3+111 m contain remains of
benthic foraminifers: Coskinolina (Myendorflina) minoricensis Bourrouilh & Monlade,
Pseudocyclammina sp., Vidalina martana Farinacci and bioclasts of echinoid skeletons;
biomicrites (3+091 m) contain planktonic foraminifers Globigerina helvetojurassica
Haeusler, radiolarians and few ostracods.

Sediments of the Upper Jurassic were recognised from 2+922 m to 3+060 m. These
are bedded (0.50 m to 0.80 m) limestones (succession of oosparite, biopelsparite and
biomicrite) brown-gray and brown cherts and laminated marlstones and siliceous marl-
stones. Oosparites and biopelsparites from 2+924 m, 2+955 m, 3+022 m, and 3+060 m
contain sparse remains of benthic foraminifers: Protopeneroplis striata Weynschenk,
Trocholina elongata (Leupold), Nautiloculina oolithica Mohler, and frequent bioclasts
of echinoid skeletons. The mentioned microfossils indicate lower Malm (Oxfordian).

CRETACEOUS

Cretaceous sediments were observed from 2+886 m to 2+922 m, represented by
thick bedded limestones and limestone breccias. The breccias consist of intraclasts of va-
ried limestones (biomicrites, micrites and biopelmicrites). Microfossil remains were not
found in these deposits to evince their stratigraphic division.

PALEOGENE

Paleogene sediments were observed from 2+767 m to 2+886 m. These are flysch
sediments including dark grey sandy limestones (calcarenites), grey siltstones, marly lime-
stones (biomicrites), and grey reddish marlstones and shales. Calcarenites are composed
of limestone intraclasts, quartz and calcite grains, and biotite and chlorite flakes. Flysch
includes blocks of limestone breccia. Calcarenites from 2+838 m and 2+880 m contain
remains of the algae Lithophyllum cf. mengandi Lemoine and Broeckella sp., and
biomicrites contain planktonic foraminifcrs: Globigerina sp. and Globorotalia sp. which
indicate the Paleocene age.



CONCLUSION

The Sozina tunnel was driven through Middle Triassie voleanie and sedimentary
rocks of Anisian, Ladinian, Upper Triassic, Lower, Middle and Upper Jurassic, Creta-
ceous and Paleogene ages. All these formations are parts of two structural-facial units:
High Karst and Budva Zone.

The Anisian is represented by flysch sediments of thick-bedded and massive lime-
stones, dolomitic limestones and dolomites. Limestones contain foraminiferal and algal
remains.

Volcanic rocks are represented by andesites, volcanic breccias and tuffs. In the lower
part of the section, Ladinian sediments are represented by green tuffites, cherts, marl-
stones and limestones; in the upper, by platy and bedded limestones (biomicrites) with
nodes and interbeds of varied cherts. Limestones contain frequent remains of bivalves and
radiolarians and sponge spicules.

Upper Triassic sediments are composed of bedded limestones (biomicrites) and infre-
quent beds of breccia with nodes and interbeds of cherts in the Budva Zone and of
thick-bedded limestones (biomicrosparites), dolomitic limestones and dolomites of
Carnian age in the High Karst. Limestones contain foraminiferal and algal remains.

Jurassic sediments are developed in Budva Zone in all three stages.

Lower Jurassic sediments are bedded limestones (biomicrites) with interbeds of chert
and green-grey laminated marlstones and thick (up to 2 m) radiolarites. Limestones con-
tain foraminiferal and frequent radiolarian remains.

Middle Jurassic sediments are represented by bedded limestones (biopelsparites,
oosparites and biomicrites), flaglike marly limestones, laminated marlstones, and platy
cherts. Limestones eontain frequent remains of benthic and planktonic foraminifers.

Upper Jur&ssic sediments are varied bedded limestones (oosparites, intrasparites, pel-
biosparites) interbedded with platy cherts and laminated marlstones. Limestones contain
remains of benthic foraminifers.

Cretaceous sediments are represented by thick-bedded limestones (biomicrites) and
limestone breccias (calcirudites).

Palaeocene flysch sediments are present in Budva Zone. They are located between
Cretaceous limestone breccias and the overthrust Ladinian limestones, cherts and tuffites
of the High Karst. These sediments are represented by marlstones, siltstones and sandy
limestones, which are much deformed. Limestones (biomicrites) contain remains of the
planktonic foraminifers Globigerina and Gioborotalia.
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