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Abstract. The topic of the field trip will be the Triassic-Jurassic depositional
history of the Dinarides with special focus on the relations between areas with
shallow-water carbonate production (ramps, plaforms) and related deep-
water sedimentary successions. To understand the Mesozoic (mainly Trias-
sic-Jurassic) geodynamic evolution of the Western Tethys Realm this is es-
sential, with the Dinarides as a very important and crucial orogen in that re-
gion. In fact, the Dinarides are the only mountain range in the Western Tethys
Realm which allows insights in the Mesozoic evolution along a relative com-
plete east-west cross-section below the Middle to early Late Jurassic obducted
ophiolites, which derive from the Neo-Tethys (or Vardar Ocean in different
nomenclature) to the east. Meanwhile it is in general accepted that all ophio-
lites have their provenance east of today’s Dinarides and are not part of small
independent and long persistent (~70-80 Ma) oceanic basins between micro-
continents (terranes). The Triassic(-Jurassic) central shelf arrangement, that
is the area between the tectonic units of the Drina-Ivanjica unit in the east and
the Pre-Karst/High Karst units to the west is supposed to consist of a series
of shallow-water carbonate production areas (“platforms”) with intermediate
long-lasting deep-water basins between these platforms. This scenario of long
persisting deep-water basins between “platforms” has also to be restricted to
the time span Middle to Late Triassic (Late Pelsonian to Rhaetian; ~40 million
years). Only in some areas shallow-water carbonate production prevailed until
the Early Jurassic, but carbonate platforms could not be formed in the Early
Jurassic after the mass extinction at the Triassic/Jurassic boundary. This area
comprises today the East Bosnian-Durmitor megaunit, a unit which expe-
rienced during the history of geological studies various interpretations and
modifications.
We will discuss the Middle Triassic to Jurassic various deep-water successions
in the light of supposed deep-water (intraplatform) basins between time-
equivalent carbonate platforms in relation to facts regarding:
A) Carbonate production under tropical shallow-water conditions forming car-
bonate platforms,
B) Carbonate platform models with respect to sea-level fluctuations,
C) Carbonate production during times of environmental crises and perturba-
tions,
D) Facies models of carbonate platforms, and
E) The principles of carbonate sequence stratigraphy and highstand shedding.
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The field trip will focus on the various deep-water sedimentary rocks during the

Triassic-Jurassic geodynamic history deposited in different basins: rift-basins,

shelf areas, oceanic domains, trench-like basins, foreland basins. To understand

the complex Triassic to Jurassic sedimentological and geodynamic evolution we
will visit and study:

e The Middle Triassic to Middle Jurassic passive margin evolution: all deposi-
tional realms from the continental slope to the central shelf.

e The Middle Triassic continental break-up: Anisian demise of shallow-water
carbonate production (ramp geometry), horst-and-graben formation (break-
up unconformity), and deposition of deep-marine sediments elsewhere
(drowning succession).

e Restart of shallow-water carbonate production in the Middle and Late Trias-
sic: the sedimentary sequences in the deep-water depositional realm as mir-
ror of platform progradation (sequence stratigraphy, highstand shedding, and
carbonate production potential).

e Reasons for the demise of the Triassic shallow-water platforms and the ex-
pression of these events in deep-water settings.

¢ Condensed Early-Middle Jurassic deep-water sedimentary rocks.

e Active continental margin evolution: Middle to Late Jurassic trench-like basin
formation and nappe stacking in front of obducting ophiolites, large-scale
mass movements (radiolaritic/argillaceous matrix), mélange formation.

The field trip area, that are the main parts of the East Bosnian-Durmitor megaunit,
provides well preserved insights in the whole Mesozoic geological/sedimentolo-
gical/geodynamic evolution of the Dinarides as part of the mountain ranges in
the Western Tethys Realm with an identical history and tectonostratigraphy.
The sedimentary sequences of the East Bosnian-Durmitor megaunit, that is the
lowermost tectonic unit in that part of the cross-section allows a detailed recon-
struction of the latest Permian to Middle/early Late Jurassic history of the central
shelf area. In Middle Jurassic times in the area of the East Bosnian-Durmitor
megaunit new trench-like deep-water basins were formed in the frame of ophioli-
te obduction, and in front of the west-ward propagating nappe stack. These newly
formed deep-water basins in front of advancing nappes received material from
the nappe stack bulldozed by the west-direct obducting ophiolites onto the fore-
land of the wider Adriatic plate, with the Dinarides as part of it. These trench-like
foreland basins were later incorporated into the nappe stack of the Dinarides
forming today various mélanges, originally mainly sedimentary mélanges, that
are chaotic basin-fills with a general coarsening-upward trend. These mélanges
in the various basins formed in sequence from east to west contain as reworked
material (from cm-sized components to km-sized blocks in a deep-water radio-
laritic/argillaceous matrix) all facies zones from the Triassic to Middle Jurassic
outer to central passive margin configuration to the oceanic realm, but predo-
minantly from the continental slope and outer (deep-water) shelf environment.
We will visit sequences originally deposited on the continental slope, the outer
shelf region (Hallstatt facies), and the basinal sequences near to the reef rim, the
reef-basin transition, and the open lagoonal area. Furthermore, in cases complete
sequences are also preserved in far-travelled nappes bulldozed in front of the ob-
ducting ophiolites onto the foreland. These nappes rest above the various sedi-
mentary mélanges and below the obducted ophiolites with their ophiolitic
mélanges at the base.

The whole story is very well visible and preserved in our field trip area, with some

special highlights of rather practically nowhere in the Western Tethys Realm

preserved sequences, but well exposed in northern Montenegro. The question

“Are there Triassic-Jurassic intraplatform basins in the Dinarides?” will be ans-

wered during the field trip by the various sedimentary rocks and the depositional

history through time and space. The history from deposition in a rift setting to a

passive continental margin evolution and finally to an active margin setting,

in combination with the rules of facies and sedimentology, the principles of carbo-
nate production, basin formation and evolution, beside other conformities with
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natural laws, is preserved in the different sedimentary succession like in a
book. We will try to read that book, and try to understand why scientists in
different times had read this book in a different way and gave us a different
translation, i.e. interpretation.

The Mihajloviéi section from East Bosnian-Durmitor megaunit at northern Mon-
tenegro is the type-locality of the newly defined Early Jurassic (?Middle/Late
Hettangian to Late Pliensbachian) Mihajlovi¢i Formation.

AncrpakT. Tema TepeHCKe eKCKyp3Huje 6uhe Tpujacko-jypcKa Jemno3uliioHa
vcropuja /luHapusia ca mnoce6GHUM OCBPTOM Ha ofHoce u3Mehy npoaykuuje
IJINTKOBOAHUX KapOoHaTa U npatehux [y60KOBOJHUX CEJUMEHTHUX CYK-
necuja. Oz mpecyHOT je 3Ha4aja pa3yMeBabe Me3030jCKe (IIPBEHCTBEHO TPH-
jacko-jypcke) reoguHaMH4Ke eBoJyldje 3anagHor TeTuca, npu yemy /JluHa-

PHU/Y Ipe/ICTaB/bajy BEOMa BaXkaH U KJby4yaH OpPOTeH y TOM PeTHOHY. 3anpaBo,

JMHapu/ Y Cy jeJUHY IJIAHUHCKY BeHan y foMeHy 3anajHor TeTwuca, rae cy

Moryhy yBUAHM Y Me3030jCKY €BOIYLH]Y AYK PEJATHBHO KOMIJIETHOT MPO-

¢dusia mpaBIa UCTOK-3aMa/] UCIO/| 06YKOBAaHUX 0QHUOJIUTA HACTATUX TOKOM

CpeZitbe U PaHOT Jiejia TOpibe jype, Koju notudy u3 HeoteTtunca (uau Bapgap-

CKOT OKeaHa I10 Jpyroj HOMeHKJIaTypH) Ha UCTOKY. MehyTuM, renepasiHo je

npuxBaheHo fa cBUM OPUOJMTH BOJE MOPEKJIO HCTOYHO O/ JAHAUIKHUX

JluHapu/Ja v Jla HUCY e0 MaluX, 3aCe0HUX U JyroTpajuux (~70-80 mMuL. 1.)

OKeaHCKHX GaceHa JIOLMPAaHUX W3MeDhy MUKpPOKOHTHHeHaTa (TepaHa). 3a

TpHUjacKo(-jypCKH) IeHTPaJHU IeJPHH NPOCTOp, Kao moApydje uaMehy

TEeKTOHCKUX jeuHuIna JpuHa-lBamwuiie Ha uctoky u [Ipekapcra/Bucokor

Kpllla Ha 3amajy, MpeTIoCcTaB/ba Ce Jia Ce CacToju U3 cepHja obJsacTu ca

IJINTKOBOJHOM KapOOHATHOM IPOJAYKIHjoM (,I1aTdopMu ) nsaMmehy Kojux cy

ce HaJIa3WJIu JYyroTpajHHu Ay60KoBogHU 6aceHH. OBU [y6OKOBOAHU GaceHU

€r3uCTUPaH Cy Y UHTEPBAJLY O CPE/IEbET ZI0 TOPHber TpHjaca (KacHH MeJICOH

Jlo peT). Y mojeAMHUM 06/1acTUMA IJIMTKOBO/IHA KapO6OHAaTHA NMPOAYKIHja

NpeoBJa/laBasa je CBe /10 I0E jype, aJld HAKOH MacOBHOT U3yMHpama Ha

TpaHUNM TpHjac/jypa, y A0H0j jypy HHUje AoIIo A0 GopMHUpama KapooHa-

THUX 1aTdopMu. Ta obsacT maHac obyxBaTa MUCTOYHO60CAHCKO-IyPMH-

TOPCKy MerajeIMHULY, jeJUHULy KOja je [0KHBeJla TOKOM HMCTOpHUje reo-

JIOIIKUX HMCTPAXKUBamka pa3JUUUTe HHTepHpeTanuje U MoauduKaiuje.

CpexnmoTpujacka A0 jypcka Ay60KOBOAHA CyKiecuja 6uhe pasmMaTpaHa y

CBETJIy NPEeTNOCTaB/beHUX JyOOKOBOAHHUX 6aceHa (MHTpamIaTGOpPMHUX)

n3Mehy BpeMeHCKH eKBHBaJIEeHTHUX KapbOHATHUX M1aT$OpMH, y3uMajyhu y

00631p YNEHHIIE KOje Ce OHOCE Ha:

A) Kap6oHaTHe npoAyKIyje y TPOICKUM IJINTKOBOJHUM Kap60HATHUM

miaTdopmama,

B) Mopesne kap60HaTHUX MIAaTGOPMHU ¥ KOHTEKCTY TPOMEHA HUBOA MOPa,

B) Kap6oHaTHe npoiyKiiHMje TOKOM BpeMeHa Kpu3a u mopemehaja y okpy-

KEY,

") ®anujanHe Moziesie KapOOHATHUX IIATGOPMHU, U

) llpuHLKMIe KapOOHATHE CEKBEHI[MOHE cTpaTurpaduje.

TokoM TepeHCKe ekcKyp3uje pokyc he 6UTH Ha pa3JIUYUTUM 1yGOKOBOJHUM

CyKIlecrjaMa CeJUMEeHTHHX CTeHa JIeNOHOBAHUX y PA3/IMYUTHUM GaceHHuMa To-

KOM TPHjaCcKO-jypCKe reo/JUHaMUYKe UCTopHje: pUPTHUM GaceHHMMa, Liesd-

HUM 006/1aCTMMa, OKEAHCKUM JIOMEeHHUMa, Ay6JbUM POBOBCKHMM OaceHHUMa,

o6ogHUM GaceHnMa. /la 6u ce pasyMmesia KOMILJIEKCHA TPHUjacKo 10 jypcka

CeZIMMEeHTOJIOIKA U TeoJMHAaMHUYKa UCTopHja, o6yxBaTnhemo:

e CpeImOTpHjaCKy [0 CPEAH0jyPCKY €BOJIYLUjy MAaCUBHE MapTHHE: CBU
JIETI03ULMOHM JJOMEHHU 0] KOHTUHEHTAJIHE NaJ[UHE JI0 CPeJULILET Jlesa
mesida.

e CpeamoTpujacko pacnaambe KOHTHHEHATA: 3aBplleTak aHU3HUjCKe TJIH-
TKOBOJHE KapOOHATHe MPOU3BO/ikbe (TeoMeTpHja pamIie), popMUpame
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XOPCTOBA U pOBOBA (TEKTOHCKO-epO3MOHA JJUCKOPJAHLIMja), U le[I0HOBabe
ly6OKOBOJHUX CelUMeHaTa Ha pyrUM MecTUMa (CyKLecHja NoTambama).

e [loHOBHO OOHaB/bame JINTKOBOJHE KApOOHATHe NPOAYKIMje y Cpe/iIbeM U
rombeM TpHjacy: ceJUMeHTHe CeKBeHLe JyOOKOBOAHOT JeNO3UIIMOHOr
JIOMeHa Kao pe3y/aTaT nporpajganyje niaatgopmu (ceKBeHIIMOHA CTPATH-
rpaduja, kapboHaTHa NpoAyKIMja U TPAaHCIOPT MaTepHjajia TOKOM BUCOKOT
HHUBOA Mopa).

e Pa3s031 HecTajalkba TPUjaCKUX IJINTKOBOJHUX JIATPOPMU U HCIIOJ/baBakbe
OBUX Aorahaja y 1y60KOBOJHUM cpeJJHaMa.

e KoH/JeH30BaHe 0H0O-CPeib0ojypcke 1yO0KOBOHE CeJUMEeHTHE CTEHe.

e EBoJiyllMja aKkTMBHe KOHTUHEHTAJ/IHe MaprrHe: HaCTaHaK Cpe/iibe [0 TOpHe
jypckux 6aceHa TUIAa poBa U GopMHUpabe CI0KeHUX HaBJIaKa UCIIpes] 06/1y-
KOBaHHUX 0pHOJINTA, MACOBHU ITOKPETH BeJIMKUX pazMepa (paguoIapuTcKo,/
IJIMHOBHUTU MaTPHUKC), HACTAHAK MeJIaHXa.

[Toxpy4je ekckyp3uje, koje obyxBaTa IJlaBHe JenoBe McTouHo60CcaHCKO-AYp-

MUTOpPCKe MerajeJUHUILE, IPyKa J00p0 04yBaH YBUJ, ¥ LleJIOKYIIHY Me3030j-

CKy Teo0JIOIIKO/CceJMMeHTOJIOIKO/Te0oJUHAMUYHY eBoayLujy JuHapuaa,

Kao Jles1a JIAaHMHCKUX JIaHala flIoMeHa 3anaHor TeTHca ca MeHTUYHOM HUCTO-

pUjoM M TeKTOHocTpaTurpadpujoMm. CefiuMeHTHa cekBeHIla McTouHOGOCAH-

CKO-ZYPMHUTOPCKe MerajeJJUHHUIle, KOja Npe/iCTaB/ba HAjJHUXKY TEKTOHCKY je-

JUHULY y TOM Jesy npodua, omoryhasa fleTa/bHy PeKOHCTPYKL U]y UCTOpHje

LleHTpasHe meadHe 06JacTH OJf HajKaCHHUjeT MepMa [0 lolbe/cpesiibe jype.

TokoM cpefme jype, y 061acTU MCTOYHOO6OCAaHCKO-AYPMUTOPCKE Meraje/iu-

HHIle, HaCcTajali Cy HOBU [yOOKOBOJHU 6aceHU THUIA POBa, y OKBUPY OOAYKI -

je opuoaMTa, UCNIpes HaBJIAKe Koja je mponarupaja Ka 3anazy. Hobopopmupa-

HU IyOOKOBOJHM OaceHU UCTpeJ, HalpeAyjyhux HaBJIaKa IpUMaJiv Cy 3HadajHe

KOJIMYMHE MaTepujajia U3 HaBJauyHOI KOMILJIeKca, POPMUPAHOT TOKOM OOJYK-

nvje oUONNUTA Ka 3anazy, Ha popJaHAy WUpe JaJpaHCKe MJ04Ye, YHjU Cy [1e0 U

JuHapuzau. OBu 6aceHU THIA POBa Cy KaCHUje OMJIM MHKOPIOPUPAHU Y yCJIo-

»KeHy HaBJIaKy /lMHapu/a, a faHac IpeJCTaB/beHN Pa3/IMYUTHUM MeJIaHXKUMa,

KOjH Cy IO ITOpeKJy YIJIaBHOM CeJJUMeHTHHU MeJIaH>KU U KOju NpeJcTaBJ/ba-

jy XaoTH4YHe MUCIyHe 6aceHa ca ONIITHUM TPEHJOM yKpylHaBamka HaBHIIe.

[loMeHyTH MeJlaHXHU y PAa3JIMIUTUM O6aceHUMa, OPMHUPAHUM y CeKBeHIaMa

0/l MICTOKa Ka 3anajy, cagp:xe npepaheH MaTepujaj (04 KOMIOHEHTH Cm-BeJIu-

YyMHa J0 6J10KoBa Km-AMMeH3Hja y AyO60KOBOAHOM pPaAU0JapUTCKO/TJIUHO-

BUTOM MaTpHKcy) cBUX ¢alujajJHUX 30HA OJ TpHUjacke L0 CpefHO0jypcKe

KOHHUTypalije MacuBHe MapryuHe /10 OKeaHCKHUX J0OMeHa, ajlu MPeTeXHO ca

KOHTHHEHTaJ/IHe NaJjMHe U CHOJ/bHOT (Ly6OKOBOJHOT) IIeJpHOT OKpYyXKerba.

TokoM ekckyp3uje noceTuhe ce ceKkBeHIle NPUMapHO JleIOHOBAHEe Ha KOHTH-

HEHTaJ/IHOj aZiJMHH, CII0/bHOM pervoHy wesnda (danuje Xammrara), U 6aceHcKe

CeKBeHIle y 6JIM3MHU 000/a CIpy/a, peJas CIpyZA—-06aceH, U JlaryHCKa 06J1acT.

[Topeg Tora, y HEKMM C/1y4yajeBMMa KOMILJIeTHe CeKBeHIle cadyyBaHe Cy Takohe

y yAa/beHUM HaBJakKaMa CpaBHeHUM HcIpeJ; 06yKOBaHUX O0PHOJIMTA Ka

obony-npearopjy. OBe HaBJakKe OCTajy M3HAJ Pa3/JUYUTHX CeJUMEHTHUX

MeJlaHXa U UCNoJ, 06[yKOBAaHUX 0QUOIUTA Ca hUXOBUM MeJIaHXKUMa y 6a3H.

llesia oBa eBoJiynyja je BeoMa A,00p0 yo4/bMBa U OYyBaHa y 00JIacTH Halle

eKCKyp3Hje, ca HeKMM M0CeOHUM NpHMepHMa CeKBEHLM KOje TOTOBO HUTAe

JpyrAe y 3anafjHoM TeTHUCKOM [JOMeHy HUCY O4yBaHe, aJIi Cy J0OpO OTKpHBEHE

y ceBepHOj LipHoj T'opu. Ha nurtamwe ,MMa 11 TpUjacKo-jypCKHUX UHTpAIIAT-

dopMHUX GaceHa y JJuHapuauMa?” onroBapahe ce TOKOM TepeHCKe eKCKyp3Hje

Ha OCHOBY Pa3JIMYUTHUX CeIUMEHTHUX CTeHa U JleI03UIIM0He UCTOpHje KpPo3

BpeMe U npocTtop. McTopuja on genosunuje y puGTHOM OKpYKekby, NPEKO

eBOJIylLiMje TacCBHEe KOHTUHEHTa/IHe MapruHe, 11a 10 KOHAYHOT pa3Boja akTUBHE

MapruvHe, y KOMOHMHALMjU ca IpaBUJIMMa Koja ce TU4y alyja U ceiJUMeHTO-

JIorvje, MpUHIMIIA KapboHaTHe NPOJYKIMje, HAaCTaHKa 6aceHa U eBoJIyLyje,

nopeJ, Apyrux yckjaaheHocTH ca NPUPOJHUM 3aKOHMMa, OYyBaHa je y pas-

JIMYUTHUM CeIMUMEHTHHM CyKIlecujaMa Kao y KiwusHu. [[po6aheMo fa npoyntamo

TY KIBUIY, U NMOKYIIATH Jla pa3yMeMoO 3alUTO Cy HAyYHULU Y PA3JIUYUTUM

Geol. an. Balk. poluos., 2026, 87 (1), 93-177
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Kiby4dHe peumn: Jomen 3anadHoz
Temuca, kap6oHAMHA CEK8EHYUOHA
cmpamuepaduja, koHguaypayuja
nacusHe KOHMUHEeHMaJsiHe MapeuHe,
esoJyyuja 6aceHa, payuje,

BpeMeHHMa YUTa/IU Ty KHbUTY HA Pa3/JIMYUAT HAauYUH U AaJd HaM pasJuduT
[IpeBOJ, Tj. UHTepIpeTaLHujy.

JlokanuTteT MuxajnoBuhu u3 MUcTo4HO60CAHCKO-AYPMUTOPCKE Merajesiu-
Hulle y ceBepHOj LlpHoj 'opu je TUNCKa JIOKaJHOCT 3a HOBY AebuHUCA-
HY J0B0jypcKy (?cpefbu/TOpHhU XeTaHXK [0 TOpbU MINH36ax) Popmauujy

cmpamuepadguja. MuxajnoBuhu.

1. Introduction

1.1. Geological units/nappes in the
Dinarides

During the time of geological studies in the
Dinarides and adjacent mountain ranges the
tectonic subdivisions experienced various modi-
fications/revisions (Fig. 1). The history of geo-
logical studies and tectonic subdivisions is sum-
marized until 1997 in DimiTrIjEVIC (1982, 1997)
and until 2013 in CHARVET (2013). Interested
readers in this discussion are referred also to
the publications of ScHmiD et al. (2008, 2020),
and GAwLIcK et al. (2017a).

In the latest Permian started the Mesozoic-
Cenozoic Wilson cycle and the related sedimen-
tary rocks were deposited above an uncon-
formity above various older, predominantly
Palaeozoic rocks (DiMITRIJEVIC, 1997; EBNER et al,,
2010; VozArovA et al., 2010). It is out of the
scope of this work to summarize the various
controversial interpretations about the pre-
Mesozoic history of the Dinarides, because
there are still quite different and controversial
interpretations of the mountain building pro-
cess(es), and the original palaeogeographic
arrangement of the different Mesozoic facies
belts, especially for Triassic times (DIMITRIJEVIC,
1997; KovAcs et al,, 2010, 2011, 2014 and refe-
rences therein; GawLick et al.,, 2017a, 2025;
GAwLICK & Missonl, 2019; Supar et al,, 2023, 2025
and references therein). This results in cases to
contradictory interpretations (SpPAHIC et al,
2020; SpaHi¢, 2022, 2024) most often not in line
with sedimentological/facies rules (READING,
1996; for carbonates: WiLsoN, 1975; FLUGEL,
2004; ScHLAGER, 2005), fundamentals of basin
evolution (EINSELE 1992), or plate tectonics

Geol. an. Balk. poluos., 2026, 87 (1), 93-177

(FriscH et al., 2011; Fossen & TEYSSIER, 2025;
FRriscH & MESCHEDE, 2025).

Furthermore, the palaeogeographic posi-
tion of the ophiolites in the Dinarides, their
ages, and their emplacement is still controver-
sial debated (DMITRIJEVIC, 1997; KARAMATA, 2006;
GawLIcK et al., 2008, 2016; ScuMmID et al., 2008,
2020 and references therein), even meanwhi-
le it is widespread accepted that the ophioli-
tes represent obducted ophiolites with a prove-
nance from an ocean located east of the Dinari-
des according to present coordinates. Further-
more, the ophiolites in all different tectonic units
have a similar age range, that means they derive
from a Middle Triassic to Middle Jurassic oceanic
domain (DjErIiC et al., 2024 and references
therein). This ocean was the Neo-Tethys Ocean
in the sense of Sutss (1888, 1905), or the Vardar
Ocean in different nomenclature (ScuMmID et al,,
2020 and references therein). Missont & GAWLICK
(20114, b) see the Vardar Ocean as remaining
Late Jurassic-Cretaceous oceanic domain after
the partial closure of the Neo-Tethys (western/
northwestern part) in late Early to early Late
Jurassic times = eastern part of the Neo-Tethys.

These in Middle to early Late Jurassic times
obducting ophiolites, today scattered in several
tectonic units in the frame of multiphase moun-
tain building processes in the Dinarides, are still
named differently in different areas, obviously
they all were formed during Middle Triassic to
Jurassic times in the same Ocean (GAawLIcK et al.,
2008; GawLIck & Missoni, 2019; DjErIC et al.,
2024). In our field trip area today the names Di-
naridic ophiolite nappes (GawLick et al., 2016,
2017a) or West Vardar ophiolites (Scamip et al.,
2008, 2020) are commonly in use. However, all
these ophiolites with various names (East/
Main/West Vardar, Dinaridic, Mirdita, Pindos,
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and Axios) in the Dinarides/Albanides/Helle-
nides derive all from the same Middle Triassic
to Cretaceous ocean: the Neo-Tethys Ocean,
the western/northwestern part of which obduc-
ted in Jurassic times onto the wider Adria plate
forming the Neotethyan belt (MissoNI & GAWLICK,
2011a, b) as part of the Tethysides (SENGOR, 1984).

One of the first over-regional maps of the
Balkan Peninsula with a tectonic subdivision
was presented by Nopcsa (1921). In the year
1924 KossMaTt published his outstanding geolo-
gical overview of the Central Balkan Peninsula
(Fig. 1). The subdivision of tectonic units by
KossMAT (1924) is followed until recent times by
most tectonic classifications (compare KOBER,
1952; SikoSEK & MEDWENITSCH, 1965), with some
modifications in detail, and in cases the tectonic
units of KossmMaT (1924) were renamed. In addi-
tion, the overall tectonic units of Kossmar (1924)
were split into subunits by PETkovi¢ (1961) or
AuBOUIN (1973). Furthermore, the different sub-
units were also defined in a different way (com-
pare ANDELKOVIC, 1976, 1980; KARAMATA et al.,
1996; DIMITRIJEVIC, 1997; DIMITRIJEVIC & SIKOSEK,
1997; ScHMID et al.,, 2008; GawLick et al., 2017a;
DJERIC et al., 2024). However, all these classical
tectonic subdivisions were based more or less
on an (par)autochthonous concept (KossMmar,
1924), that is the geosyncline concept with
(Mesozoic, predominantly Triassic) shallow-
water successions deposited on ridges or deep-
water sediments in (intermediate) troughs.

In most cases (limited) thrusting was recog-
nized (Kossmart, 1924). This concept reached its
zenith with AuBoUIN (1973) on base of AuBouIN
et al. (1970), DErcourt (1970), and the later
published works of CHARVET (1978, 1980), CHAR-

VET et al. (1974), Rampnoux (1974), and CADET
(1976) with several shallow-water depositional
areas (ridges) and the so-called intraplatform
basins in between them (DERCOURT et al., 1993;
Marcoux & Baup, 1995).

This fixistic view still follows the positivis-
tic approach to geological problems, a period
called “Dark Intermezzo (1925-1965)” by SEN-
GOR & BERNoULLI (2011), which officially ended
in the year 1965 when ].T. WiLsoN laid the foun-
dation for the theory of plate tectonics (WILSON,
1965). While continental drift (WEGENER, 1912)
and the existence of far-travelled nappes re-
lated to continent motions (ARGAND, 1912, 1924,
1928) from 1965 onwards again slowly got
adapted into mountain building processes, the
fixistic view, interrupted from time to time by
“orogenic phases” (STILLE, 1924, 1949, 1950)
was still used widespread. AuoIN (1965) clearly
preferred the fixistic view and geosynclines
(in sense of ELIE DE BEAUMONT, 1828, 1829; DANa,
1847, 1863, 1873) rather than plate tectonics.
And this concept was used by him and his influ-
ential followers consequently to explain the Di-
narides (AuBoIN et al., 1970).

The concept of AuBoIN (1973) with its gene-
ral outline of tectonic units, but with some modi-
fications was used also by DimITRIJEVIC (1997),
KARAMATA (2006), ScHMID et al. (2008, 2020), or
GoORICAN et al. (2022). These general outlines are
followed also by the Basic Geological Map of Yu-
goslavia in the scale of 1:100,000, created on the
basis of this fixistic view. In cases the same tec-
tonic units were also named differently (com-
pare KossMAT, 1924; AuouiN, 1973; DIMITRIJEVIC,
1997; ScuMmID et al., 2008, 2020; GawLIcK et al.,
2017a; DjerIC et al., 2024). However, meanwhile

Fig. 1. Some important and still widespread used, but meanwhile historical tectonic units and subdivisions in the Dinarides with special
emphasis on the study area in the East Bosnian-Durmitor megaunit of northern Montenegro. The field trip area along the cross-section
is roughly indicated by the red lines in the different maps. A. Map of the different tectonic units in the Dinarides and western Balkan
areas from KossmAr (1923) in Kossmar (1924) (legend translated by GawLick et al.,, 2017a). B. Map of different tectonic units in the
transect Montenegro-Serbia according to Rampnoux (1974), modified reproduction of RampNoux (1974) by GorICAN et al. (2022). For details
see Rampnoux (1974) with an update in GoriCaN et al. (2022). C. Tectonic units and terranes of the central Balkan Peninsula in sense of
KARAMATA (2006) (compare DIMITRIJEVIC, 1997), based on KossMmAT (1924). For more details see, e.g., AuBoUIN (1973), DIMITRIJEVIC (1997),
and Karamata (2006). Modified from GawLick et al. (2017a). D. Tectonic subdivision according to ScHmip et al. (2008), modified. Note, that
the map of geological units of Scumip et al. (2008) contrasts in parts the map of geological units presented by Scumip et al. (2020).
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the tectonic subdivision of ScHmID et al. (2008,
2020) is commonly in use, and generally we fol-
low also this nomenclature, but with significant
modifications, based on new data.

It is out of the scope to discuss here the
general subdivision of the Dinarides in Inner
and Outer Dinarides and to enroll the whole
history and the change in understanding of
the terminology. The same is valid for the vari-
ous tectonic units named differently by various
authors through the time. But some important
steps are highlighted to understand the change
in the understanding of the different tectonic
units related to the change in understanding of
mountain building processes.

However, the actual used tectonic subdi-
vision of the different tectonic units is main-
ly based on the tectonic boundaries/thrust
contacts created during Paleogene thrusting.
The older orogenesis (Pre-Gosauic: KossmaT, 1924)
was never taken into account in the subdivision
of the tectonic units in the Dinarides. Therefo-
re, all tectonic subdivisions follow in general
the concept of thrusting and nappe stacking
during Paleogene times valid at least since Ko-
BER (1922) and KossMaAT (1924), even if these two
concepts are slightly different. One has to recog-
nize, that these concepts are based on the geo-
syncline theory, and not on plate tectonics in a
modern sense. Even at the time plate tectonics
was known and used widespread the traditio-
nal subdivision of tectonic units was not chang-
ed substantially until today (AusouiN, 1973;
DIMITRIJEVIC, 1997; KARAMATA, 2006; ScHMID et al.,
2008, 2020).

In this field trip guide book, we use the sub-
division of the Dinarides in Inner and Outer Di-
narides in a different way: only the units which
experienced a Jurassic metamorphic overprint
are attributed to the Inner Dinarides, and the
units without metamorphic overprint are at-
tributed to the Outer Dinarides, that are all tec-
tonic units west of the metamorphosed Drina-
Ivanjica unit. Important to note, that the East
Bosnian-Durmitor nappe thrust over the Pre-
Karst unit in Jurassic times, whereas the Paleo-
gene thrusting subdivide several units, e.g., the
East Bosnian-Durmitor unit. Note, that these

100

Paleogene thrust fronts do not follow the Juras-
sic nappe boundaries.

1.2. The autochthonous concept with
intraplatform basins in the Dinarides
versus the allochthonous concept with
ophiolite obduction and far-travelled
nappes

AuBouNN etal. (1970), RampNoux (1974), CHAR-
VET (1978, 1980), and later DiMITRIJEVIC (1997
and references therein) interpreted the various
Triassic (to Jurassic) deep-water successions in
the Dinarides as intraplatform basins through-
out the Middle and Late Triassic. These are na-
mely the Budva, the Bosnian, and the Lim basins
(subdivided into the Zlatar and Cehotina sub-
basins). The Budva basin to discuss is out of the
scope of this paper and the interested reader
is referred to GoriCAN et al. (2022 and referen-
ces therein). The focus here is the Lim basin,
but also the believed existence of the Bosnian
basin is related to the Lim basin, because in seve-
ral cases as result of younger tectonic motions,
these basins are in parts mixed (see HaAs et al.,
2019).

AuBouIN et al. (1970), CHARVET et al. (1974),
and CHARVET (1980) assigned the region around
Sarajevo with Bulog and Hallstatt Limestones
as part of the “Zone Bosniaque + Zone Serbe in
parts”, and correlated this zone with the Mirdita
zone in Albania and the zone maliaque? in
Greece (CHARVET et al., 1974; RampNoUX, 1974;
CADET, 1976, compare DERCOURT et al., 1993).
The “Bosnian Basin” (placed between the “Dur-
mitor and the High Karst/Pre-Karst units:
BLANCHET et al., 1970) legend was born, which
remains until today (Haas et al., 2019, but see
position). One of the Triassic-Jurassic deep-
water troughs between the Drina-Ivanjica unit
to the east and the Adriatic Carbonate Platform
basement to the west (VLaHovVIC et al., 2005)
should connect the “Pindos Basin® (= Pindos
nappe, Kostaki et al., 2024) to the south with the
Slovenian Trough to the north. Other authors
(Scumip et al., 2008, 2020; RoBERTSON et al., 2012
and references therein) connect the “Pindos
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Basin“ with the Budva Basin. However, these re-
constructions show that still until recent times
the fixistic view of the positivists (PopPER, 1935)
is still widespread in use and accepted, but the
correlation of the various Triassic deep-water
sedimentary rocks is different.

This fixistic reconstruction resulted in sub-
sequent times in the application of the “philo-
sophy of terranology” for the Western Tethys
Realm (KovAcs et al., 2010 and references
therein). The terrane concept (IrwiN, 1972), in-
vented in the '70s -’80s of the 20 century (see
SENGOR, 2013 - Terranology: the baconian dis-
ease; see also SENGOR & DEwEY, 1990) was ap-
plied for the whole Circum-Pannonian region
and a lot of megaterranes (in cases composite,
mega- and single terranes) were separated and
defined, one of them was termed “Adria-Dinaria
Megaterrane” (KovAcs et al., 2010).

Furthermore, this autochthonous concept
of long-living deep-water “intraplatform“ basins
resulted at the end in the reconstruction of a
parautochthonous oceanic domain (Dinari-
dic Ocean of KaraMmata, 2006 and references
therein) between the Drina-Ivanjica unit to the
east and the East Bosnian-Durmitor megaunit
to the west. In this model the East Bosnian-Dur-
mitor megaunit is a continental realm west of
the Dinaridic Ocean and the Drina-Ivanjica unit
a continental realm east of the Dinaridic unit,
both are interpreted as small continents, that
are terranes in their nomenclature. In this in-
terpretation the Zlatar sub-basin of the Lim
Basin is related to the Dinaridic Ocean, but not
the Cehotina sub-basin. Nevertheless, on both
sides of this “Dinaridic Ocean” a reliable passive
continental margin configuration is not exist-
ing: the “Dinaridic Ocean" is in the Late Triassic
flanked by open lagoonal carbonates of the
Dachstein Carbonate Platform, characterized by
Dachstein Limestones with Lofer cycles (Fi-
SCHER, 1964, 1975) which evolved in both the
Drina-Ivanjica unit and the East Bosnian-Dur-
mitor megaunit (GawLIcK et al., 2017a).

It is far beyond the topic of this paper to
discuss the “terrane philosophy“ based on au-
tochthonous views of every tectonic unit in the
Inner and Outer Dinarides. But, it should be
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reognized that autochthonous concepts are
always preferred in geological reconstructions
in comparison with the more complex allochtho-
nous reconstructions, also in the Dinarides (for
discussion see ScHMID et al., 2008; GawLIcK et al.,
2016, 2017a), in most cases also ignoring data
and facts.

In contrast to the autochthonous models,
significant far-distance nappe thrusting was
proven and is known since long times (KOBER,
1914, 1952; MEDWENITSCH, 1956; SIKOSEK & MED-
WENITSCH, 1965; ANPELKOVIC, 1976, 1980) show-
ing the fact that such (par)autochthonous re-
constructions have to be modified significantly.
However, the existence of nappes (in most mo-
dels with limited thrusting distance) was also
incorporated into most of the classical models
(Kossmat, 1924; PeTKovIC, 1958; DIMITRIJEVIC,
1982, 1997), but the general (par)autochtho-
nous concept of the original arrangement of the
tectonic units (= facies belts) was not changed
significantly up to now (ROBERTSON & KARAMATA,
1994; KARAMATA, 2006; ScHMID et al., 2008, 2020;
CHiari et al.,, 2011; CverkoviC et al., 2016), espe-
cially for the Mesozoic (Triassic-Jurassic) se-
quences below the obducted ophiolites (ScHMID
et al.,, 2008, 2020). Nevertheless, since AUBOUIN
(1973), in some concepts several nappes were
drawn with significant thrusting distance (com-
pare ScHMID et al., 2008; UNEN et al., 2018; Bra-
vO-GUTIERREZ et al., 2024). However, the recon-
struction of the arrangement of the Triassic-
Jurassic facies belts, in that case the reconstruc-
tion based on the deposition of shallow-water
carbonates on ridges with several long-living
deep-water basins in between, in some recon-
structions interpreted as oceans (KARAMATA,
2006; STAMPFLI & Kozur, 2006; ROBERTSON, 2012)
remained (see discussion in SuDAR et al., 2025;
MRpAK et al.,, 202543, b).

First KoBER (1914) recognized the ophio-
lites in the Dinarides as a far-travelled nappe,
especially the ophiolites of the Dinaridic Ophio-
lite Belt (AuBoulN, 1973; DiMITRIEVIC, 1982,
1997; KArRAMATA, 2006) = West Vardar Ophio-
lites (ScuMiD et al. 2008, 2020) = Dinaridic Ophio-
lite nappes (GawLick et al.,, 2016; GAwLICK &
Missoni, 2019). However, the major change of
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A) History: Triassic stratigraphy of the East Bosnian-Durmitor megaunit
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Fig. 2. A) History of used stratigraphic tables/successions for the Triassic in the East Bosnian-Durmitor megaunit and adjacent areas
(Mirkovi¢ & Pajovic, 1980; Supar, 1986; ZvaLjevic, 1989; DIMITRYEVIC, 1997: Kovics et al, 2010, 2011, 2014; CHiArI et al,, 201 1) along (B) a recon-
struction of a cross-section through the Dinarides from the Drina-Ivanjica unit (= Golija zone) to the western part of the East Bosnian-
Durmitor megaunit (= Serbian Super Zone) in Triassic times. In general all used stratigraphic tables for the Triassic (A) follow the recon-
struction of the depositional areas of PANTIC & RAMPNoux (1972) and RampNoux (1974). B) In Montenegro MIrkovi¢ & Pajovic (1980) and
ZIvALJEVIC (1989) interpreted the onset of the Wetterstein Carbonate Platform generally directly above the Ravni Carbonate Ramp
with few exceptions. In that case the deposition of the Ravni Formation lasted until the Ladinian. Furthermore, a Late Pelsonian to
Late Illyrian gap above the Ravni Formation in horst position was not recognized. C) Note, that in the nomenclature of PANTIC & RAMPNOUX
(1972) and RampNoux (1974) the Serbian Super Zone consists of the Durmitor zone (= East Bosnian-Durmitor megaunit of DIMITRIJEVIC,
1997) and the Lim zone. In contrast, ScHmID et al. (2008, 2020) include the Lim zone into the Drina-Ivanjica unit (= Golija zone of
PANTIC & RamPNouUx, 1972; RampNoux, 1974). In the reconstruction of KARAMATA (2006) the Golija zone corresponds to the Drina-Ivanjica
unit, the Zlatar sub-zone is part of the Dinaridic Ocean, and the Durmitor unit consists of the Durmitor Zone, the Ce(h)otina sub-zone,

and the Mihajlovici sub-zone.

the (par)autochthonous concepts in the 21% cen-
tury, that means the reinterpretation of the exis-
tence of an autochthonous oceanic domain
between the Drina-Ivanjica unit and the East
Bosnian-Durmitor megaunit (Durmitor nappe:
Hrvatovi¢, 2006) as obducted ophiolites, affected
only the interpretation of the provenance of the
ophiolites, but not the original Triassic-Jurassic
passive continental margin configuration. Still
the existence of various intraplatform basins is
discussed and preferred until recent times (HaAsS
etal., 2019; Jovanovic et al., 2025) contrasting the
improvement of the emplacement of the Triassic
open-marine limestones in all studied areas in
Middle-Late Jurassic times (Missoni et al., 2012;
GawLIcK et al., 2017a, b, 2018; SubaAr et al., 2013,
2023b, 2025; SupAr & GawLIcK, 2018).

Only a palaeogeographic derivation of the
ophiolites from an ocean to the east (Neo-Tethys
Ocean, Vardar Ocean in different nomenclature),
and west-directed Jurassic ophiolite obduction
(GawLick et al., 2008, 2016; Scumip et al., 2008,
2020) is meanwhile the preferred and wide-
spread accepted interpretation (DJERIC et al.,
2024 and references therein), following KoBEr
(1914), and BErRNOULLI & LAUBSCHER (1972).

Nevertheless, a Middle-Late Jurassic west-
directed transport of the Triassic-Jurassic outer
shelf sedimentary sequences (Hallstatt succes-
sions: LEIN, 1987; KrystyN, 2008), which get im-
bricated and bulldozed by the obducting ophio-
lites to the west, proven by the formation of
various trench-like basins fills in front of the
Hallstatt nappes (Hallstatt mélanges in sense of
FriscH & GawLick, 2003) was not adapted in mo-
dern tectonic cross-sections, which are based
predominantly on Paleogene shortening (ScHMID
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et al,, 2008, 2020; Bravo-GUTIERREZ et al., 2024
and references therein, compare KoBer, 1914,
1952; Sik0oSEK & MEDWENITSCH, 1965). But, mean-
while for the most “intraplatform basins” in the
Dinarides (Fig. 2) between the High Karst unit
in the west to the Drina-Ivanjica unit in the east
(AuBoUIN et al., 1970; AuBouiN, 1973), that are
A) the Bosnian trough (Bosnian zone: PANTIC &
RampNoUX, 1972, Zone Bosniaque + Zone
Serbe in parts: CHARVET, 1980) between the
High/Pre-Karst units and the East Bosnian-
Durmitor megaunit, that is the Kuci unit in the
sense of BESIC (1950); Mirkovi¢ (1980), and
Mirkovi¢ & Pajovic (1980) or the Sarajevo sig-
moid (DimITRIEVIC, 1997), and
B) the Lim Basin with the Ce(h)otina and Lim
sub-basins with the Mihajlovi¢i ridge in bet-
ween (PANTIC & RampNoUX, 1972; RAMPNOUK,
1974) in the East Bosnian-Durmitor megaunit,
or between the East Bosnian-Durmitor mega-
unit and the Drina-Ivanjica unit (Golija Zone:
PANTIC & RamMPNOUX, 1972; RampNoux, 1974;
Drina-Ivanjica Element: DimMITRIJEVIC, 1997),
a far-distance transport from the outer shelf
(open-marine and deep-water Hallstatt shelf/
zone) is proven. In most cases the Middle-
Late Triassic (to Jurassic) open-marine suc-
cessions are up to km-sized blocks in a Mid-
dle-Late Jurassic argillaceous matrix (e.g.,
MissonI et al., 2012; GawLick et al., 2017a, b,
2018; GAwLIcK & Missoni, 2019; SuDaR et al.,
2025), situated below the ophiolitic mélange
at the base of the obducted ophiolites.
In other cases, these Middle-Late Triassic
(to Jurassic) open-marine successions are far-
travelled nappes bulldozed in front of the ob-
ducting ophiolites to the west (GawLick et al.,
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2017a,b, 2018, 2023; MissonI & GawLick, 2019;

SuDpAR & GawLick, 2018; GoRICAN et al., 2022;

SuDAR et al,, 2023a, b, 2025; MRDAK et al., 2024,

2025a, b; ZoHRrER et al., 2026). Nappes from var-

ious positions of the

A) Continental slope (“Meliata facies”), with the
classical Late Triassic Grivska Formation
(SupAr & GawLick, 2018),

B) Outer shelf region, with the various coloured
Hallstatt Limestone successions (LEIN, 1987;
KRrystyN, 2008), known since long times also
in the Dinarides (Supar, 1986),

C) The facies belt between the various coloured
Hallstatt Limestones and the reef rim, that is
the grey Hallstatt facies in the sense of LEIN
(1987), or the Gucevo Formation (Subar, 1986)
in the Dinarides, and

D) From the reef rim transitional to the open
shelf (ZOHRER et al., 2021, 2026)

are known.

The outer shelf facies belts: Dinarides versus
Eastern Alps/Western Carpathians

In contrast to the Northern Calcareous Alps
or the Western Carpathians, the Late Triassic
depositional history of the Dinarides is slightly
different, but the overall trends of deposition
are identical. In the northern area (ALCAPA
units — see ScuMmID et al., 2008 with references
therein) the Dachstein reefs generally pro-
graded in direction to the open-marine Hallstatt
shelf (KrysTyn et al, 2009 and references
therein) above a relative complete Carnian
mixed thick siliciclastic-carbonate sedimentary
sequence (ToLLMANN, 1976) after the demise of
the Wetterstein Carbonate Platform around the
Julian 1/2 boundary (LEIN et al., 2012).

In the Dinarides carbonate production
started in the central to outer shelf in the mid-
dle Late Carnian after the demise of the Wetter-
stein Carbonate Platform (Missoni et al., 2012)
and siliciclastic sedimentary rocks are practi-
cally missing. In the central shelf, that is the East
Bosnian-Durmitor megaunit, the gap in carbo-
nate production is even longer and lasted until
the latest Carnian after the uplift and tilting of
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the Wetterstein Carbonate Platform (MRDAK et
al,, 2023). This resulted in deposition of deeper-
marine sedimentary successions throughout
the whole latest Carnian (Tuvalian 2)-Norian-
Rhaetian above the Early Carnian Wetterstein
Carbonate Platform situated in central shelf
position transitional to the outer deep-marine
shelf (Supar, 1986; Missoni et al., 2012). These
deeper-marine limestones deposited in the
transitional zone of the central to outer shelf
above middle Late Carnian shallow-marine li-
mestones show a general deepening trend (Wa-
xeneck Formation in the Northern Calcareous
Alps: KrysTYN et al., 1990; or Stopic¢a Formation
in the Dinarides: Missoni et al., 2012).

In the Northern Calcareous Alps these latest
Carnian-Rhaetian deep-water limestones are
also in some areas present and resemble Hall-
statt Limestones (LEIN, 2000, compare CORNLIUS,
1939: Pseudo Hallstatt Limestone). In the Di-
narides these sequences were named Gucevo
Formation by SupAR (1986) in the Inner Dinari-
des, or Gradac Formation for the far-travelled
nappes in northern Montenegro (SUDAR, 1986).
SUDAR (1986) pointed out the similarities bet-
ween the Gucevo and the Gradac formations,
but at that time the (par)autochthonous con-
cept had the climax, and several principles of
carbonate production (FLUGEL, 2004; SCHLAGER,
2005 and references therein) were not known
or simply ignored. However, today also identical
successions are known between the Gucevo Fm.
type area in the Jadar unit (Supagr, 1986) and
the Gradac Fm. in northeast Montenegro (Su-
DAR, 1986) or in the wider area of Bi¢ Mt. i.e. in
the Sutjeska River gorge near Rudo town (Jo-
vaNoviC et al,, 2025). This clearly evidence far-
distance thrusting of these open-marine succes-
sions from the outer shelf area that is the area
east of the Drina-Ivanjica unit.

However, an emendation of the Gucevo/
Gradac formations and related successions is
out of the scope of this field trip guide book.
Even the Gucevo Formation (UROSEVIC & SUDAR,
1980; SuDAR, 1986) has priority compared with
the term Gradac Formation (SupAR, 1986) the
need of the definition of a type-section and type-
region is necessary.
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Despite the geodynamic concept a clear
lithological definition with the underlying and
overlying lithostratigraphic units is needed, that
is somewhat problematic in the type region,
i.e. the Gucevo Mt. (SUDAR, 1986). Furthermore,
all known sections differ slightly in their over-
all sedimentological evolution and their under-
lying lithostratigraphic units, if they are pre-
served or outcropping. A common feature of
all sections related to this facies belt is the inter-
calation of turbidites with shallow-water ma-
terial from the nearby Dachstein Carbonate
Platform within a matrix of grey bedded “fi-
lament“- and radiolarian-rich wacke- to pack-
stones. Therefore, the Guc¢evo Formation can
be correlated in general with the grey Hall-
statt facies of the Northern Calcareous Alps
(LEIN, 1987), but with some differences. In con-
trast to the Northern Calcareous Alps, where
the sedimentation throughout the Carnian is
more or less continuous, that means the long-
lasting gap of non-deposition from the higher
Julian to the middle Late Carnian does general-
ly not exist except one tectonic unit (KRysTyN et
al,, 1990; LEeiN, 2000), in the Dinarides also the
tilted and deeply eroded Wetterstein Carbona-
te Platform was flooded in the Late Carnian.
First evolved reefal shallow-water carbonates
(Stopi¢a Formation) above the deeply eroded
and karstified Wetterstein Carbonate Platform.
These shallow- water reefal limestones of the
Stopi¢a Formation underwent a deepening-
upward trend during the Late Carnian, and
in most cases grey open-marine limestones
deposited (Gucevo Formation sensu stricto)
whereas in other cases also various coloured
and siliceous bedded limestones deposited.
In rare cases also various coloured limesto-
nes were deposited, which resemble the Norian
part of a typical Hallstatt Limestone succes-
sion, but with different underlying lithostrati-
graphic units.

Lithofacies, microfacies characteristics, and
sedimentological features of this Late Carnian
to Rhaetian sedimentary succession depend
highly on the pre-existing morphology and is
therefore highly variable. A common feature
that defines the palaeogeographic position of
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the depositional realm of the Guc¢evo Forma-
tion is the influence of the evolving Dachstein
Carbonate Platform during Norian-Rhaetian
times.

If the GuCevo Formation with its variable
litho- and microfacies will be a united relative-
ly inhomogenous Formation or if the Gucevo
Formation can be subdivided in several mem-
bers a re-evaluation of all known sections in the
Dinarides is necessary. Furthermore, a detailed
comparison with related Late Carnian to Rhaet-
ian succession in other mountain ranges like
the Albanides (Korabi unit) Northern Calcare-
ous Alps (Miirzalpen nappe), the Inner Western
Carpathians (Silica unit), and the Codru-Moma
nappe stack in the Apuseni Mts. is necessary.

Here we use for related sedimentary succes-
sion, presented during this field trip, the name
Gucevo facies rather than the term Gradac For-
mation. An emendation of the Gucevo Forma-
tion has to be a topic of an independent publi-
cation.

2. Triassic-Jurassic geodynamic history and
stratigraphy

To reconstruct the Triassic-Jurassic geody-
namic evolution through time and space in de-
tail and to distinguish the various lithologies,
a high-resolution litho- and biostratigraphy is
the necessary base. In cases the various litholo-
gies are defined as basin-wide useable forma-
tions, in other cases several formations are
united into a group, because the included for-
mations are characterized by facies transi-
tions, mixed lithologies, or are not mappable
lithostratigraphic units. The Triassic(-Jurassic)
lithostratigraphic table based on GawLick et al.
(2017a) for the Inner to Outer Dinarides in
Serbia and adjacent countries is used herein.
This stratigraphical table experienced up to
now several slight modifications and updates in
respect to newly achieved data sets (GAWLICK &
MissoNi, 2019; GawLIck et al., 2020; Dakovic et al.,
2021; MRrpaK et al., 2023; SupaR et al., 2023b,
2025; DjeriC et al.,, 2024). The used names in
this stratigraphic table are in parts classical
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names in use since more than hundred years in
the entire Dinarides. Other lithostratigraphic
used, but not formalized formations were intro-
duced later (compare SUDAR, 1986). Additional
lithostratigraphic names which were adopted
from other regions in the Western Tethys Realm
for the whole Dinarides are partly summarized
in DIMITRIJEVIC (1997). The Triassic part of this
lithostratigraphic table is used in Bosnia and
Herzegovina (Supar et al., 2025) and also in
Montenegro (MRrDAK et al., 2023, 2024, 20254, b;
bakovic et al.,, 2025) for the reason of compara-
ble studies.

To invent for identical lithostratigraphic
units in different countries/areas independent
formations with definition of a separate type-
section confuse only readers not firm with the
topic, hamper the scientific progress, and result
often in local or regional insufficient interpre-
tations which cannot be easily compared (and
corrected) with the over-regional tectonostrati-
graphic evolution, that is the geodynamic evo-
lution of the birth and death of an oceanic realm
(Wilson cycle).

The used Triassic stratigraphic table (Fig. 3)
from the Inner to Outer Dinarides contrasts in
parts significantly the existing older stratigra-
phic columns of the study area as presented by
PANTIC & RaMPNOUX (1972), RAMPNOUX (1974), MIR-
KovIC & Pajovi¢ (1980), SuDAR (1986), ZIVALJEVIC et
al. (1989), DimiTrijEvIC (1997), KovAcs et al. (2010,
2011,2014), or CHiarI et al. (2011) (Fig. 2A), es-
pecially for the East Bosnian-Durmitor mega-
unit and adjacent areas, but also for the outer
shelfregion (Fig. 3). In fact, all these older strati-
graphic columns follow the positivistic concept
of PANTIC & RampNoUX (1972) and RampNoux (1974)
(Fig.2B)based on AuBoiN et al. (1970) (see discus-
sion above). On the ridges a continuous shallow-
water carbonate evolution throughout the Mid-
dle to Late Triassic (for a time span of more than
40 million years!) is proposed in contrast to a con-
tinuous deep-water sedimentation in the basins
between the ridges. On the ridges shallow-
water carbonate deposition is locally only inter-
rupted for the short time interval Late Anisian
to Early Ladinian by the eruption of volcanics
and associated volcano-sedimentary rocks.
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In some stratigraphic columns also a continu-
ous shallow-water evolution from the Middle
Anisian Ravni Carbonate Ramp (DIMITRIJEVIC,
1982, 1997) to the end of the Dachstein Carbo-
nate Platform is indicated. Another important
difference is the proposed onset of the Wetter-
stein Carbonate evolution either in the Late
Anisian or at least in the Ladinian.

The Late Triassic shallow-water carbonate
platform is attributed to the Dachstein Platform
evolution, but the age of the transition from
the Wetterstein to the Dachstein shallow-water
carbonates is not clearly defined. The long-last-
ing Carnian gap was never recognized. The new
Stratigraphic Table (Fig. 3) follows strictly the
rules of a plate tectonic (Wilson) cycle, the as-
sociated formation of basins, their geometry
and basin fill according to sedimentological and
facies laws combined with high resolution strati-
graphy including sequence stratigraphy, even in
metamorphosed sequences. This approach
allows a reliable, and in parts even geometrical
reconstruction of lost or overthrust facies belts,
because two independent mountain building pro-
cesses (Jurassic, Paleogene) destroyed the Trias-
sic-Jurassic passive continental margin facies
belt arrangement. Furthermore, the younger
Paleogene orogenesis with limited nappe
thrusting crosscut the structures of the older
Jurassic orogen. In addition, Neogene strike-slip
tectonics resulted also not only in a lateral offset
of structures and facies belts but also of the
thrust structures. The effect of the still unex-
plored Late Jurassic to Early Cretacous moun-
tain uplift and unroofing is practically not
known. The resulting complex structure with
strike-slip faults and thrust fronts of different
age, in cases in fact low-angle normal faults,
or faults of different character and offset re-
sulted in the today’s arrangement of tectonic
units. A reliable stratigraphic table with a clear
definition of the formations is the only base to
reconstruct the multiphase geodynamic history
of a mountain range.

DiMITRIJEVIC (1997) named the area bet-
ween the front of the Durmitor nappe (HRvAT-
ovi¢, 2006), that is the Pre-Karst unit, and the
(Dinaridic) Ophiolite Belt the East Bosnian-
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Durmitor block (DimiTrIJEVIC, 1974). This unit
should correspond according to DIMITRIJEVIC
(1997) to a part of the “Paleozoic Schist and
Mesozoic Limestone Zone” of PETKOVIC (1961)
or the “Zone Serbe” of Rampnoux (1969) or
AuBOUIN (1973). According to DIMITRIJEVIC (1997)
the Durmitor Block and the Cehotina unit have
a similar Triassic evolution, but the Lim unit has
a long-lasting stratigraphic gap, that should be
a Late Triassic hiatus. In fact, DIMITRIEVIC (1997)
did not accept the results of Supar (1986) and
the Late Triassic age data achieved by conodont
faunas. CHiarI et al. (2011) follow in general the
view of DIMITRIJEVIC (1997), and according to
them the Triassic depositional history started
with Early Triassic continental siliciclastic sedi-
mentary rocks followed upsection by early Mid-
dle Triassic shallow-water limestones. These
shallow-water limestones are overlain by Ammo-
nitico Rosso-type limestones (Bulog Group: Su-
DAR et al., 2023b), volcanic rocks, and siliceous
shallow-water to (hemi)pelagic limestones (Ladi-
nian-Carnian). The younger Late Triassic should
be characterized by a general hiatus (Fig. 2A),
subsequently followed by Jurassic sedimentary
rocks.

In contrast, the now used Triassic-Jurassic
Stratigraphic Table for the Inner to Outer Dina-
rides (Fig. 3) follows strictly the geodynamic
evolution of the birth and death of an oceanic
domain (Wilson Cycle) that is the history of the
lost Neo-Tethys Ocean and its western passive
continental margin. This Triassic-Jurassic stra-
tigraphic table is in its general outline and tec-
tonostratigraphy practically identical to those
of the Northern Calcareous Alps (GAwLICK & Mis-
sonI, 2019). This evolution is subdivided into
three characteristic stages:

1. The latest Permian to Middle Triassic graben
stage (rifting). This part of the evolution is
not the topic of our field trip. Only the young-
est sedimentary rocks, these are the Anisian
shallow-water carbonates of the Ravni For-
mation are of importance for our presented
history. The shallow-water carbonates of the
Ravni Formation were formed in an epicon-
tinental sea, first under restricted marine
conditions (Aegean-Bithynian = Utrine Mem-
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ber), and under fully open-marine conditions

in its younger parts (Pelsonian = Dedovi¢i

Member). In some areas deeper-marine sedi-

ments were deposited in newly formed de-

pressions (“Trebevi¢ limestones” by SuDAR,

1986, now Trebevi¢ Member in SUDAR et al.,

2025) as forerunner of the continental break-

up in the Late Pelsonian.

2. The Middle Triassic to Middle Jurassic pas-
sive continental margin evolution from the
Late Pelsonian break-up to the Middle Juras-
sic onset of ophiolite obduction. This passive
continental margin stage can be subdivided
in two substages: A) a Middle-Late Triassic
stage with the formation of predominantly
Late Triassic carbonate platforms (Wetter-
stein and Dachstein Carbonate Platforms)
and their transition to the open-marine
outer shelf to continental slope, and B) the
Early to Middle Jurassic hemipelagic shelf
evolution after the demise of the Dachstein
Carbonate Platform during the Triassic/
Jurassic mass extinction.

3. The Middle to early Late Jurassic active con-
tinental margin evolution characterized by
ophiolite obduction with formation of vari-
ous mélanges, trench-like foreland basins,
nappe stacking and metamorphism of the
wider Adria plate with the Dinarides as part
of it.

For a more detailed description interested
readers are inferred to GAwLIck et al. (2017a)
and GawLick & Missoni (2019) with references
therein.

3. Definition of an intraplatform basin

According to FLUGEL (2004) many basins
occur in cratonic positions and represent intra-
platform or intrashelf basins (e.g., (hemi-)
pelagic epeiric basins). The term “platform” is
here not used in the sense carbonate platform
or carbonate shelf, the term platform is in that
case used here as parts of continental cratons
(e.g., Kongo craton, Kalahari craton, Fenno-
sarmatian craton) = platforms (v. BUBNOFFE, 1926,
1930; compare STILLE, 1924; SCHMIDT-THOME,
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Fig. 3. The Triassic-Jurassic stratigraphic table of the Inner to Outer Dinarides (East Bosnian-Durmitor megaunit), modified after
GawLIcK et al. (2017a) and GawLick & Missoni (2019). Note, that the Pre-Karst unit west of the East Bosnian-Durmitor megaunit has in
Triassic-Jurassic times an identical depositional history as the East Bosnian-Durmitor megaunit. The Early Triassic to Middle Jurassic
lithological successions follow the arrangement of the different facies belts in a passive continental margin setting. This carbonate
dominated passive margin setting in Triassic times is characterized by the formation of huge rimmed platforms. In the Late Triassic
the Dachstein Carbonate Platform shows all classical facies belts as defined by the carbonate platform of WiLson (1975), slightly modified
and modernized by FLUGEL (2004). Early Triassic to early Middle Triassic modified after DimITREVIC (1997) and JovanovIC (1998).
Generation of Neo-Tethys oceanic crust started around the Middle/Late Anisian boundary, contemporaneously with the drowning of
the Ravni/Steinalm Carbonate Ramp. For description, definition and emendation of several formations see SUDAR et al. (2013), SUDAR &
GAwLIcK (2018), GawLick et al. (2017a, 2023), and SUDAR et al. (2023a, b, 2025). The geometric arrangement of the different formations
is in accordance with the Late Triassic carbonate platforms and passive continental margin configuration after GAwLick et al. (2008,
2016), also characteristic for the different tectonic units defined in the Dinarides (Fig. 1). The Grabovik Formation was introduced by
KiTTL (1904) and on base of the definition of KiTTL (1904) formalized by Subar et al. (2025). The commonly used terms Volcanogenic
sedimentary series (ANpELKovIC, 1967, 1976, 1980), Volcanogenic sedimentary formation (ZvaLjEvic et al., 1989), or Volcanogenic sedi-
mentary formation of Kova& Mt. (Supar, 1986) which correspond to the Porphyry-hornfels formation (Ciri¢, 1954; JovaNovic & JovaNovIC,
2006) are until now widespread used, but not valid names. The red lines mark the sections we will visit during this field trip. The names

in red indicate the mélanges we will visit.

1972) which were flooded for long times (v. Bus-
NOFF, 1930). Such epeiric basin in cratons corre-
spond to the model of anteklises and synklises
(ScHATSKY, 1947; BELOUSsoV, 1962; ScHMIDT, 1969)
in old consolidated continental realms (= cra-
tons = platforms). This terminology was used
during the time the geosyncline theory domi-
nated the geodynamic views, but should not be
used anymore today (compare EINSELE, 1992:
continental or interior sag basins).

For passive continental margin settings, an
intraplatform basin is defined as a deep-water
depositional realm situated between two car-
bonate platforms with lively carbonate produc-
tion. A basin between the continental realm, i.e.
the shore line and a platform (or rising reef
rims) is defined as deep lagoon or empty bucket
(SCHLAGER, 2005 and references therein).

After the demise of the Middle Anisian shal-
low-water carbonate ramp and the formation of
a horst-and-graben morphology in the Dinari-
des no significant shallow-water carbonate pro-
duction can be recognized (SupARr et al., 2013,
2023b; GawLick et al., 2023). The Late Pelsonian
break-up unconformity is contemporaneous
with the demise of the Ravni Carbonate Ramp,
and marked by a drowning unconformity
(GawLick et al., 2023; SupaAr et al., 2025 and refe-
rences therein). This change was termed by
SCHLAGER & SCHOLLNBERGER (1974) as Reiflinger
Wende = Reifling turnover, and can be traced
throughout the whole Western Tethys Realm.
Therefore, the late Middle Anisian to Early Car-
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nian deep-water sedimentary rocks cannot be
attributed as “intraplatform basin”, because
during this time span no platforms existed.
Exceptions are the lllyrian atoll-reefs in the
middle of the deep-water shelf (MRrDAK et al.,
2024 and references therein), a short Late Illyr-
ian shallow-water carbonate production inter-
val on some of the flooded horsts (SupaAR et al.,
2013: Rid Formation) or the proximal shelf
area, and a short-living shallow-water carbona-
te production areal in the Early Longobardian.

In the latest Ladinian respectively in the
Early Carnian the first important carbonate
platform cycle started with the evolution of the
Wetterstein Carbonate platforms sensu stricto
(compare VELLEDITS et al., 2011). These Wetter-
stein platforms established predominantly on
top of in parts preexisting morphological highs
and started from there to prograde rapidly to-
wards the basins (grabens/halfgrabens) formed
during the Late Anisian extension. While the
carbonate production of the Wetterstein Car-
bonate Platform evolution stopped abruptly
around the Julian 1/2 boundary (for the Dinari-
des: MRrDAK et al., 2023 and references therein),
not all preexisting deep-water areas could be
filled by the carbonates of this platform. During
the short time span of the Wetterstein Carbonate
Platform evolution in the Julian 1, that means
that during the existence of several independent
platforms also short-living intraplatform basins
could be recognized. Such a basin is in the East
Bosnian-Durmitor megaunit the DZegerusa ba-

109



HANS-JURGEN GAWLICK, MILAN SUDAR, MiLICA MRDAK, NEVENKA DJERIC, DIVNA JovANOVIC & MARTIN DAKovIC

sin that remained underfilled between the Wet-
terstein Platforms which evolved in the areas of
the Durmitor Mt. and the Drina-Ivanjica unit.
This basin remains deep during practically the
entire “Middle”-Late Carnian, but cannot be at-
tributed during this time span as “intraplatform
basin”, because shallow-water carbonate pro-
duction stopped with the demise of the Wetter-
stein Carbonate Platform. No platform = no in-
traplatform basin, but a deep-water depositio-
nal realm. This basin remained only deep in re-
spect to the lack of sediment supply. In this as-
pect the Dinarides contradict the Eastern Alps
or Western Carpathians, where these basins
were filled by the “Middle”-Late Carnian silici-
clastic sediments (SCHLAGER & SCHOLLNBERGER,
1974; ToLLMANN, 1985; HavRrILA, 2011; AUBRECHT
etal, 2017).

Carbonate production recovered during the
Late Carnian, first in the Inner Dinarides (Tu-
valian 2: SuDAR, 1986; Missoni et al., 2012), and
later also in the Outer Dinarides. Here carbo-
nate production started again in the latest Carn-
ian respectively around the Carnian/Norian
boundary (MRrDAK et al., 2023) and gave rise for
the evolution of the huge Dachstein Carbonate
Platform. The enormous carbonate production
of this Dachstein platform was able to fill all re-
maining older depressions in the shelf area in
the Early Norian. The reef belt of this rimmed
carbonate platform was palaeogeographically
situated in the eastern part of the Drina-Iva-
njica unit to the Jadar unit and all areas west of
this position are characterized by deposition of
shallow-water carbonates in a lagoonal area,
that is the cyclic lagoonal Dachstein Limestone
in Lofer Facies (FISCHER, 1964; Haas, 1991). That
means that the entire East Bosnian-Durmitor
megaunit was in Late Triassic times part of the
shallow-water lagoonal area of this Dachstein
Carbonate Platform.

4. The Field Trip
The field trip will provide insights in the geo-

dynamic history of the Dinarides along an east-
west trending cross-section from the Drina-
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Ivanjica unit in Serbia to the East Bosnian- Dur-
mitor megaunit in northern Montenegro (Figs.
1, 3). This cross-section comprises the domain
of the imaginated deep-water Lim Basin with
the Zlatar and Cehotina sub-basins with the
Mihajlovi¢i ridge in the central part. We will see
the overall Triassic-Jurassic sedimentary se-
quence of the East Bosnian-Durmitor mega-
unit, and the overthrust units including the
ophiolitic mélanges below the ophiolitic nappe
stack.

Two days of the field trip are designed for
stops in southwestern Serbia (Fig. 4) and two
days of the field trip will be in northern Mon-
tenegro (Fig. 5).

The description of the localities follows not
exactly the order these localities which will be
visited. The sections are ordered to their occur-
rence in the different tectonic units respectively
their original palaeogeographic provenance.

4.1. Ophiolitic mélanges

For a comprehensive review about the ophio-
litic mélanges in Serbia the interested reader is
referred to DJERIC et al. (2024). Important is to
understand, that the different ophiolitic mélan-
ges differ in their component spectrum and age.
DjERIC et al. (2024) could distinguish three dif-
ferent types of ophiolitic mélanges:

1. OM1 type: Intra-oceanic ophiolitic mélanges.
Indicate the time span from the onset of intra-
oceanic subduction until ophiolite obduction.
Together with age data from the metamor-
phic soles (184-157 Ma, with a peak bet-
ween 179-162 Ma: LANPHERE et al,, 1975; Ka-
RAMATA & Lovri¢, 1978; Robpbick et al.,, 1979;
Spray & Robppick, 1980; Spray et al., 1984; BEe-
BIEN et al., 1997; Dimo-LAHITTE et al.,, 2001;
KARAMATA, 2006; BoRroJEVIC So3TARIC et al.,
2014; Toarcian to Middle Oxfordian accord-
ing to HESSELBO et al., 2020), these mélanges
provide exact data for the shortening time
span of one (= western) half of a stacked and
later obducted oceanic domain, that is the
Neo-Tethys Ocean. For the Dinarides the time
span between Toarcian and Callovian/Oxford-
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ian can be attributed to the intraoceanic sub-
duction.

OM2 type: Ophiolitic mélanges with incorpo-
rated continental blocks, mainly scrapped of
from the sedimentary cover rocks of the
wider Adria plate with the Dinarides as part
of it. Predominantly blocks from the conti-
nental slope were incorporated into this type
of ophiolitic mélanges that are blocks from
the Grivska Formation and from the under-
lying sedimentary sequence. This type de-
fines together with matrix age dating the
onset of ophiolite obduction. For the Dinari-
des the time span between (?Late Bajocian)
Bathonian to Middle Oxfordian can be attri-
buted for the emplacement of the ophiolites
on the wider Adria plate, i.e. obduction
started in the Middle Jurassic and ended in
the early Late Jurassic (GawLick et al., 2016;
GAWLICK & Missoni, 2019; DJerIC et al., 2024;

compare ScHMID et al., 2008, 2020). This type
of ophiolitic mélange can be compared with
the Meliata mélange in the Inner West
Carpathians (PLASIENKA, 2018 and references
therein) or the Florianikogel Formation in
the southeastern part of the Northern Cal-
careous Alps (GawLick et al.,, 2009 and referen-
ces therein).

. OM3 type: Ophiolitic mélanges with fluviati-

le transported sedimentary rocks (predo-
minantly ophiolitic material, radiolarites,
and components from the shallow-water car-
bonate platform formed on top of the ob-
ducted ophiolites: GawLick et al., 2008, 2020;
SCHLAGINTWEIT et al., 2006) at their base or in-
corporated younger blocks in the basal shear
zone. This type of the ophiolitic mélange can
be overlain by OM1 or OM2 type ophiolitic
mélanges. For the Dinarides the time span
from the Tithonian onwards can be attribu-
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ted for further transport along a flat thrust
segment to both sides of the updoming con-
tinental metamorphosed crust (GawLick et
al.,, 2020).

Ovcar Banja section

Age: Middle Anisian (Pelsonian) to Middle
Jurassic;

Provenance: Continental slope of the western
Neo-Tethys passive continental margin;
Formations: Ravni Formation, Bulog Forma-
tion, Nova Varo$ Group, Grivska Formation;
Location: Between Cacak and PoZega.

The section Ovcar Banja is located along the
old and today closed part of the main road from
Cacak to PoZega, aside the tunnel of Ov¢ar Banja
(Fig. 4, stop 1.1). The slightly folded but com-
plete Middle Triassic (Anisian: Pelsonian) to
Middle Jurassic sedimentary succession (com-
pare Zivkovi¢, 1932) was deposited at the foot-
wall of the continental slope of the western
passive continental margin of the Neo-Tethys
Ocean (Fig. 3). The section is preserved in a
more than 100 m-sized block in the ophiolitic
meélange below the obducted Neo-Tethys ophio-
lites, and was first described in detail by DjERrIC
et al. (2024). In the older literature only parts
of the section were described (Zivkovi¢, 1932;
OBRADOVIC, 1986; OBRADOVIC & GORICAN, 1988;
DJERIC & GERZINA, 2008; VISHNEVSKAYA et al., 2009),
which provide some sedimentological and bio-
stratigraphic insights. Neither the provenance
of this section was interpreted nor the whole
sedimentary succession and its depositional
history were studied in detail.

During the study of blocks and pebbles
from various ophiolitic mélanges in the whole
Western Tethys Realm this facies belt (defined
as Meliata facies in the Western Carpathians:
PLASIENKA, 2018 and references therein, GAWLICK
& Missoni, 2019) a relative complete view of the
depositional history of several parts of the con-
tinental slope could be reconstructed, but a lot
of details remain unknown. However, these
studies on the various blocks and pebbles incor-
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porated in the different ophiolitic mélanges al-
lowed to reconstruct the original provenance
area of similar, but today totally dismembered,
sedimentary successions. Important was also
the detection of complete Middle-Late Triassic
successions deposited on the oldest Neo-Tethys
Ocean floor near to the continental slope
(GawLick et al., 2008, 2017a; DjerIC et al., 2024).

However, complete sedimentary succes-
sions from the most distal part of the passive
continental margin transitional to the oceanic
crust were so far unknown in all mountain
ranges in the eastern Mediterranean. The sec-
tion Ovc¢ar Banja was described completely for
the first time in DJERIC et al. (2024), and at least
the Middle-Late Triassic part of the sedimenta-
ry succession could be dated relatively precisely
by conodonts and radiolarians. The Jurassic
part of the succession remained undated, but by
lithological comparisons with other sections
from the outer shelf to the continental slope the
Early Jurassic siliceous sedimentary rocks can
be clearly distinguished from the Middle Juras-
sic radiolarites. Theoretically at least the Middle
Jurassic radiolarites provide a chance to date
them with radiolarian assemblages. These radio-
larites appear near to the top of the section and
are highly fractured. In addition, the so far pre-
parated radiolarian samples yielded only strong-
ly recrystallized radiolarians, which even could
not be determined on genus level. To date the
Early Jurassic by means of radiolarians is rather
impossible and not expectable, because Early
Jurassic (to Aalenian) radiolarians are relatively
filigran (O'DoGHERTY et al., 2010) and become
easily solved in the water column (DECKER, 1991;
DE WEVER et al,, 2001). These Early Jurassic ra-
diolarian assemblages are nowhere preserved
on deep-marine oceanic crust, a reason why Early
Jurassic oceanic crust was never found (and
can be never found) in the obducted ophiolites
in the eastern Mediterranean mountain belts.
Therefore, the section Ovcar Banja is crucial for
the detailed reconstruction of the depositional
and sedimentological history of the oldest (Late
Anisian) part of the Neo-Tethys Ocean.

The section starts with the Middle Anisian
massive to thick-bedded shallow-water limesto-
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Fig. 6. Middle Triassic to Middle Jurassic section Ovcar Banja. The section starts with Middle Triassic (Pelsonian) shallow-water limesto-
nes. The Late Pelsonian drowning marks the break-up unconformity and is contemporaneous with the opening of the Neo-Tethys Ocean.
During the time span Middle Triassic to early Middle Jurassic the lithological evolution mirrors a continuous deepening trend. In the Middle
Jurassic a slight uplift can be recognized by the onset of deposition of siliceous Bositra Limestones. This uplift is most likely contemporaneous
with the onset of ophiolite obduction and formation of a bulge. After deposition of the Bositra Limestone again a deepening-trend can be
observed with deposition of clayey radiolarites. These clayey radiolarites are overlain by various mass-transport deposits of the ophiolitic
mélange, in the higher part extre-mely sheared. Characteristic sedimentological features of the Triassic part of the section are shown in
Fig. 7. The Jurassic part of the section is protected by metallic net, overgrown by vegetation and therefore not very photogenic.

nes of the Ravni Formation (Dedovi¢i Member)
(Figs. 6, 7). The shallow-water limestones of the
Ravni Formation were still formed in the epicon-
tinental sea (graben) earlier as the continental
break-up (Supar et al., 2013). The upper part of
the Ravni Formation is dissected by neptunian
dikes (Fig. 7) filled with micritic and in parts
laminated red limestones (Bulog Limestones),
as widespread known from the upper Ravni
Formation in the Dinarides (SupARr et al., 2023a,
b, 2025; GawLicK et al.,, 2023; MRrDAK et al., 2025).
The age of these neptunian dikes could not be
dated by conodonts. Directly above appear de-
posits (Fig. 7) with a mixture of red nodular
limestone clasts and blocks of the Ravni Forma-
tion. It cannot be decided if the neptunian dikes
are filled with blocks resting in a red limestone
matrix or if mass-transport deposits deposited,
which would correspond to the Komarani For-
mation (Supar et al., 2023b).

Upsection follows the drowning sequence
with red nodular limestones of the Bulog Forma-
tion (SuDAR et al,, 2013, 2023b and references
therein), dated by Nicoraella germanica (TATGE),
Paragondolella bulgarica BUDUROV & STEFANOV,
and Pg. bifurcata Buburov & STEFANOV as Late Pel-
sonian (DJErIC et al,, 2024). The Bulog Limestone
deposition continues most probably to the Early
[llyrian, as indicated by the occurrence of Pg. han-
bulogi SUDAR & BUDUROV in the uppermost part,
but without the classical Late Pelsonian cono-
donts. The Bulog Limestone is overlain by green-
grey Late Anisian radiolarites with intercalat-
ed volcanic ash layers, subsequently followed
by red radiolarite and red siliceous claystone.
These radiolarites could not be dated directly
by radiolarians, but their Middle to Late Illyrian
age is proven by conodonts from the Bulog Lime-
stone below, and the grey bedded limestones
above. These grey deep-water limestones with
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intercalated turbidites deposited around the Anis-
ian/Ladinian boundary. Their age is proven by the
occurrence of Pg. trammeri (Kozur) in the lower-
most part, Neogondolella pseudolonga Kovacs,
Kozur & MiETTO in the middle part, and the co-
occurrence of Ng. excentrica BUDUROV & STEFANOV
together with Pg. trammeri in the uppermost part
of the succession (compare DjErIC et al., 2024),
which comprises also red nodular limestones.
Of importance is the appearance of turbidites
within these slightly siliceous limestones indi-
cating a short living (latest Anisian to ?earliest
Ladinian) shallow-water carbonate production
areal in the outer shelf area. The thin red nodu-
lar limestones on top of the grey bedded slightly
siliceous limestones indicate the onset of con-
densation and are overlain by various coloured
(grey, red, green) Ladinian-Carnian radiolarites
with intercalated volcanic ashes in parts (latest
Anisian-Late Ladinian, OBRADOVIC, 1986; OBRA-
poviC & GORICAN, 1988). Important to recognize,
that an Early Carnian carbonate influenced in-
terval could not be detected in the middle to
higher part of this radiolarite package. The high-
stand shedding of the Wetterstein Carbonate
Platform obviously did not reach this part of the
depositional realm, which is the footwall of the
continental slope. The only hint can be the fact,
that the radiolarites in the higher part contain a
little carbonate content. This contrasts the Nor-
ian evolution, when the grey siliceous limesto-
nes of the Grivska Formation (SUuDAR & GAWLICK,
2018) perfectly mirror the evolution of the Dach-
stein Carbonate Platform. To note, that the slight-
ly siliceous limestones from the Grivska Forma-
tion appear mainly as slump deposits deriving
from the upper slope, whereas the autochthonous
limestones are highly siliceous.

The Norian siliceous bedded deep-water
limestones deposited above Late Carnian to
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Fig. 7. Field views of the Ovcar Banja section. 1. Middle Anisian Ravni Formation (Dedovi¢i Member) dissected by neptunian dikes filled
with red micrite (Bulog Formation) and medium-grained breccias. The components in these breccias consist exclusively of the upper
Ravni Formation. 2. Uppermost part of the Ravni Formation (Dedovi¢i Member) dissected by various neptunian dikes filled with breccias
and red micrite. In fact, it cannot be decided if here a network of neptunian dikes or mass-transport deposits (Komarani Formation)
is preserved. To the left the contact to the overlying Bulog Formation is preserved. 3. Ladinian to Early Carnian radiolarite sequence.
In the upper part appear greenish clayey radiolarites which resembles the Upper Ladinian “Pietra Verde’. 4. The upper radiolarites
(Early Carnian) are slightly calcareous and clayey in their uppermost parts. 5. Overview of the Middle to Late Triassic radiolarite to
the Norian Grivska Formation succession. 6. Contact between the ?late Early Norian to Middle Norian radiolarite and the Upper Norian

siliceous limestones of the Grivska Formation.

earliest Norian red radiolarites (DjEriC & GER-
ZINA, 2008; VIsHNEVSKAYA et al., 2009) (Fig. 8).
However, the contact between the radiolarite
and the Grivska Formation is ?tectonically over-
printed, although it cannot be excluded that
here a slump contact is preserved with a slight
erosion at the base of the Grivska Formation.
Anyhow, deposition of the sedimentary se-
quence seems to be more or less complete.
A younger Early Norian age of the lower Grivska
Formation is confirmed by the appearance of
Epigondolella rigoi NoyaN & Kozur. This Early
Norian limestone interval reflects the highstand
shedding of the middle Late Triassic platform
evolution, that is the higher Lacian 1 to Lacian 2
first shallow-water carbonate production phase
of the Dachstein Carbonate Platform evolution
(Krystyn et al., 2009; ZOHRER et al., 2026 and refe-
rences therein). The thin intercalated red radio-
larite to siliceous claystone interval may repre-
sent the Middle Norian, a time when the Dach-
stein Carbonate Platform suffered (GawLick & Bouwm,
2000). Whereas in the Early Norian siliceous lime-
stones the fine-grained turbiditic layers contain
rare conodonts, in the Late Norian conodonts (e.g.,
Eg. cf. bidentata MosHER) occur only in slump
deposits deriving from the upper continental
slope, as in most Grivska Limestone blocks incor-
porated in ophiolitic mélanges elsewhere (Subar
& GAwLICK, 2018).

Above the Grivska Formation deposited red/
violet-grey siliceous claystones or clayey radio-
larites, which may represent the time span
Rhaetian to Early Jurassic/early Middle Juras-
sic. Carbonate production decreased generally
at the base of the Middle Rhaetian, indicated by
the partial drowning and backstepping of the
Dachstein Carbonate Platform (KrystyN et al.,
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2009; Missoni & GawLick, 2011a, b), and stopped
practically by the mass extinction at the Trias-
sic/Jurassic boundary. The Grivska Formation
mirrors this evolution by their age range until
the Rhaetian (SupAR & GawLick, 2018). The litho-
logical change from the red/violet-grey sili-
ceous claystones or clayey radiolarites to grey
siliceous claystones with spicules most likely
corresponds to the Triassic/Jurassic boundary,
but this cannot be proven biostratigraphically.
The slightly marly dark grey siliceous clay-
stones are most likely an expression of the Toar-
cian black shale event. However, above these
dark grey siliceous claystones red siliceous
limestones with Bositra shells deposited indi-
cate a clear Middle Jurassic age. Deposition of
Bositra shell-bearing sedimentary rocks started
generally in the latest Toarcian/Aalenian (BoHM,
1992), with its peak in Bajocian-Bathonian
times (GawLick et al., 2009 and references
therein). The turnover from siliceous claysto-
nes/radiolarites to siliceous carbonates indica-
tes an uplift of the depositional realm. This up-
lift can be easily explained by formation of a
bulge in front of the obducting ophiolites. While
ophiolite obduction started probably in the Late
Toarcian (Karamata, 2006), but for sure in the
Bajocian (GawLick et al.,, 2016) this uplift clearly
improves these age data. Upsection follow dm-
bedded red radiolarites.

The change from clayey radiolarites to mas-
sive bedded ribbon radiolarites with the Bositra
Limestone at their base is in line with the evo-
lution of the radiolarian faunas. The significant
lithological change is in line with the turnover
in the radiolarian faunas from more filigran
types to robust forms (O DoGHERTY et al., 2010)
around the Aalenian/Bajocian transition. In con-
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Fig. 8. Early Norian radiolarians from the Ovcar Banja section. Samples were collected at successive stratigraphic levels: sample 103
(Early Norian), sample 102 (latest Carnian-earliest Norian to Early Norian), 80 cm above sample 103, and sample 100 (latest Carnian-
earliest Norian to Early Norian), 180 cm above sample 103 (DJErIC & GERzINA, 2008). 1. Capnuchosphaera theloides minor BRAGIN, sample
100, x200; 2. Capnuchosphaera theloides DE WEVER, sample 102, x200; 3. Capnuchosphaera concava DE WEVER, sample 102, x200;
4. Capnuchosphaera concava DE WEVER, sample 103, x200; 5. Capnuchosphaera cf. tricornis DE WEVER, sample 103, x200; 6. Capnucho-
sphaera cf. deweveri Kozur & MosTLER, sample 103, x200; 7. Capnodoce crystallina PEssAcNo, sample 103, x200; 8. Capnodoce cf. anapetes
DE WEVER, sample 102, x200; 9. Loffa ? mulleri PEssAGNo, sample 102, x200; 10. Canesium lentum BLoME, sample 103, x200; 11. Japono-
campe nova (Yao), sample 102, x200; 12. Pachus multi-nodosus TEKIN, sample 103, x200; 13. Xiphothecella rugosa (BRAGIN), sample 102,
x100; 14. Spongotortilispinus carnicus (Kozur & MosTLER), sample 100, x350; 15. Spongotortilispinus tortilis (Kozur & MOSTLER), sample
103, x350.
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trast to the filigran forms the more robust ra-
diolarian assemblages of the Middle Jurassic
could be deposited also in deep-water setting
before they became solved. Higher up in the sec-
tion the depositional realm received again fine-
grained siliciclastic sediments in an increasing
amount. Finally mass-transport deposits ap-
pear in the section, which contain exclusively
ophiolitic clasts. Upsection the tectonic over-
print increases and the general feature below
the ophiolites is that of a typical ophiolitic
mélange (OM2-type: DJERIC et al.,, 2024).
In general, the depositional history of the
Triassic part of the section mirrors
A) The continuous deepening throughout the
Middle-Late Triassic time span; and

B) The sedimentological evolution on the distal
passive continental margin respectively the
footwall of the continental slope, which is the
onset and flowering of carbonate platforms,
their demise and aftermath.

The generally siliceous sedimentary rock
deposition (mainly radiolarites and siliceous
claystones) is only interrupted by short time last-
ing siliceous limestone intercalations around
the Anisian/Ladinian boundary and in the Norian.
The earliest Carnian Wetterstein Carbonate Plat-
form evolution is practically not recognizable in
the sedimentary succession. Only slightly more
carbonatic radiolarites in the latest Ladinian-
Carnian radiolarite interval may indicate the
shedding from this platform evolution, but can-
not be dated exactly.

The Early Jurassic part of the section mir-
rors the deposition of a shelf area without car-
bonate production with deposition of deep-
water clayey siliceous sedimentary rocks. In the
Middle Jurassic the lithological changes mirror
the onset of ophiolite obduction first by uplift
and later by the occurrence of mass-transport
deposits consisting of reworked ophiolitic ma-
terial.

Lim River area

Age: Norian; blocks in the Middle Jurassic ophio-
litic mélange;
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Provenance: Continental slope of the western
Neo-Tethys passive continental margin;
Formations: Grivska Formation;

Location: Between Donja Bistrica and Prije-
polje.

Type area of the parautochthonous intra-
platform basin (Lim basin) as defined by PaN-
TIC & RAMPNOUX (1972) and RampNoux (1974).
However, these authors included also occurren-
ces of the various coloured Hallstatt Limestone
successions into the Lim basin, e.g., those in the
Zlatar Mt. (Pavlovi¢a Cuprija area, Vodena Poljana
area - see below). These various coloured Hall-
statt Limestone successions appear as blocks
in the Middle-Late Jurassic Zlatar (Hallstatt)
Mélange (see below).

Grey siliceous (cherty) limestones deposi-
ted in different depositional realms and diffe-
rent time spans during the Triassic and Jurassic
in the Dinarides, but their biostratigraphic age
dating was always critical in respect to the lack of
datable organisms. In most cases such bedded
grey siliceous limestones were assigned to the
Ladinian (e.g., PANTIC, 1969, 1971; PaNTIC & Moj-
SILOVIC, 1968; PANTIC-PRODANOVIC, 1975) and attri-
buted to the Grivska Formation. The Grivska
Formation (DIMITRIEVIC & DIMITRIJEVIC, 1987, 1991)
was interpreted as the age-equivalent of the
Wetterstein Formation (platform), i.e. the Ladi-
nian, ignoring existing conodont ages (UROSEVIC &
SUDAR, 1980; SuDAR, 1981, 1986). Nevertheless,
such grey and bedded siliceous open marine
deep-water limestones rarely deposited in the
Ladinian (Fig. 3). During Ladinian times various
sedimentary rocks deposited, including grey
siliceous bedded limestones in very rare cases
(Missont et al., 2012), but in comparison with
other deep-water sedimentary rocks such litho-
logies are rather rare. In fact, most grey silice-
ous bedded deep-water limestones deposited
in the Late Triassic (Fig. 3).

A reinvestigation of the type-locality and
area beside various other Grivska Formation
sections (MissonI et al., 2012; GawLick et al.,
2017a; SUDAR & GawLick, 2018) clarified, that the
Grivska Formation is exclusively of Late Triassic
age and can be subdivided in two parts. Most
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sections formerly attributed to the Grivska
Formation do not belong to the Grivska Forma-
tion; they have a different age and a different
depositional realm and history as the type-lo-
cality (details in GawLick et al., 2017a; SUDAR &
GawLIck, 2018).

The first and oldest part of the Grivska For-
mation is Early Carnian in age and reflects the
highstand shedding of the Wetterstein Carbona-
te Platform. The second and younger part is
Late Carnian to Rhaetian and reflects the car-
bonate export from a forerunner of the Norian-
Rhaetian Dachstein Carbonate Platform and
from the Dachstein Carbonate Platform evolu-
tion. All occurrences of the Grivska Formation
are blocks of different sizes in the ophiolitic
mélange (SUDAR & GawLIicK, 2018).

Remarkable is the occurrence of huge slump
deposits in most of the studied sections of the
Grivska Formation. Intense reworking of the Griv-
ska Formation, deposited mainly on the upper
continental slope, started in the Middle Norian
(Late Alaunian), culminated in the late Norian
(Sevatian) and ended in the Early Rhaetian.
During that time intense tectonic motions some-
where in the Western Tethys Realm, most likely
in the area of a forerunner of the Periadriatic
Lineament, triggered most probably intense
earthquakes. These earthquakes caused mass mo-
vements downslope elsewhere in the Western
Tethys Realm and the formation of new basins.
Characteristic are the Seefeld basins in the East-
ern and Southern Alps, formed in the restricted
lagoon (Hauptdolomit/Dolomia Principale fa-
cies belt) exactly at that time (KOSTER et al.,
1988; Cozzi, 2000, 2001; DonNorrio et al., 2003).

The formation of new basins with intense
mass movements deriving not exactly from adja-
cent graben flanks is not only recognized in
the lagoonal area of the Dachstein Carbonate
Platform, they were also described from the
open shelf area, which is the Hallstatt facies
(GawLick, 1998, 2000; MissoNi & GawLick, 2008).
The component spectrum of the breccias or the
facies of the slump deposits show a different
provenance as the underlying sedimentary se-
quences. This implies basin formation in a
strike-slip regime, that are pull-apart basins
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rather than in a simple extensional regime with
formation of grabens and half-grabens. This is
different from all occurrences in different facies
belts in the Dinarides, where the reworked ma-
terial shows not a different palaeogeographic
provenance. Here only mass movements of not
fully consolidated sediments from adjacent
slopes were transported into the basin. In case
of the Grivska Formation the reworked sedi-
ments derive from the upper part of the conti-
nental slope and slid down to the footwall of the
continental slope, where rather thick grey
siliceous and bedded limestones deposited.
These siliceous limestones deposited at the
footwall of the continental slope contain only in
very rare cases conodonts, because it is not
their living environment. Only in rare “filament-
bearing” turbidites some small or juvenile co-
nodonts can be extracted.

The block at the Lim River area can act as a
typical and well visible example of large-scaled
slump deposits in basinal sequences. Therefore,
also the thickness of the section cannot be
measured. The slumps are also characterized by
a slightly different microfacies and faunal con-
tent which allow differentiating the different
depositional characteristics on the continental
slope during Late Triassic times. To note, that
the topographic difference between the upper
continental slope to the footwall of the continen-
tal slope transitional to the Neo-Tethys oceanic
crust should exceed 2500-3000 m, which should
have reached a water depth of about 3-3.5 km
using a calculation based on ScLATER et al. (1971).

Along the road from Donja Bistrica to Pri-
jepolje on both sides of Lim River (Fig. 4, stop
1.3) a more than 100 m-sized block or slice
(Fig. 9) of bedded grey, and occasionally red-
dish-grey bedded cherty limestones is incorpo-
rated into the ophiolitic mélange (OM2 sensu
DjERIC et al., 2024) below the Dinaridic Ophiolite
nappe stack. The Middle Jurassic ophiolitic
mélange outcrops beneath and above this block
and represents its matrix. The age of these grey
siliceous and generally dm-bedded limestones
is Norian, as dated by means of conodonts (Su-
DAR & GAwLICK, 2018) and occasionally modera-
tely preserved radiolarians (BracGiN et al., 2019).
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Fig. 9. Previuos page: Lim River area with outcrop photos of the Grivska Formation on both sides along the River Lim (photos 1 to 4
show the eastern side, and photos 5 and 6 show the western side of the Lim River). Photo 1 after SUDAR & GawLick (2018). 1. Road cut of Late
Norian dm-bedded cherty limestones, occasionally with slump folds and overlain by Early-Middle Norian slump deposits. 2. Enlargement
of the Late Norian folded dm-bedded siliceous limestones with overlying thick slump deposits. 3. and 4. Folded dm-bedded siliceous
limestones along the road. 5. Slump deposits of Early Norian (Early-Middle Lacian) age, occasionally with fine-grained turbidites con-
taining few conodonts, predominantly of Early Norian age. 6. Thick slump deposits, overlain by dm-bedded grey siliceous limestones,
most likely of Late Norian age. In the Early to ?Middle Norian dm-bedded cherty limestones slump deposits the beds are occasionally

amalgamated.

On the eastern side of the Lim River, that is
directly along the main road, in one slump de-
posit an Early Norian (Early-Middle Lacian) age
is proven by conodonts (sample MS 2017 with
Eg. abneptis transitional to Ancyrogondolella
triangularis Bupurov, Norigondolella sp. (cf. na-
vicula (HuckrIEDE); and one sample (MS 2019)
with Nrg. hallstattensis (MosHER). This part of
the section is located in the first road curve after
Donja Bistrica in direction to Prijepolje. The
other parts of the section along the road cannot
be sampled, because the pavement at the side
of road is narrow and very near to the section
and the traffic is very dense.

On the western side of the Lim River, near the
first road curve after Donja Bistrica, close to the
bridge, there is a continuation of the section
from the eastern side of the Lim River. The latest
Carnian-Early Norian age of these grey to yello-
wish-grey platy and locally thick-bedded mi-
critic limestones with frequent layers and nodu-
les of white and pink cherts is proven by radiola-
rian assemblages (BRrAGIN et al., 2019) (Fig. 10),
which is consistent with the conodont-based
age from the eastern side of the Lim River and
indicates a phase of sedimentary starvation
around the Carnian/Norian boundary. On this
side of the Lim River it is possible to go along
the railway in direction to Prijepolje and sample
the lower part of the section, that are grey and
in cases reddish siliceous dm-bedded lime-
stones mainly below the thick slump deposits.
These grey-reddish siliceous limestones are of
Late Norian age and contain Epig. sp. (aff. juv. bi-
dentata) (sample SRB 552) and Neohindeodella
sp- (sample SRB 627). In contrast to the Early
Norian, which appear in the slump horizons, the
Late Norian part of the succession is extremely
poor in conodonts. Reason is most probably,
that the Late Norian represents the parautoch-
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thonous part of the sequence, deposited in a
deep-water setting at the footwall of the conti-
nental slope, an area which is not the living area
of conodonts. In contrast, the Early Norian cono-
donts appear in the slump deposits deriving
from the upper part of the continental slope, a
much better environment for the conodonts.
The deep-water environment is confirmed by
the microfacies characteristics. The whole suc-
cession consists exclusively of bioturbated ra-
diolarian wacke- to packstones; microfacies
types with few “filaments” are very rare.

The age of the Early Norian siliceous lime-
stones corresponds to the age of the early Dach-
stein Carbonate Platform and mirrors there-
fore the highstand shedding of that platform.
The Early Norian part of the Grivska Formation
seems to be rather thick in comparison with the
Middle or Late Norian part, but an exact thick-
ness cannot be measured, because the strata
are several times doubled due to slumping.
Younger normal faults and slight folding com-
plicate the situation additionally. Middle No-
rian could not be proven by conodonts and is
represented most likely by the reddish and
slightly marly siliceous limestones with limited
thickness, but none of the processed conodont
samples yielded conodonts. The Late Norian
is again predominantly grey and also in total
thicker, and mirrors the second main stage of
the Dachstein Carbonate Platform evolution
with highstand shedding.

Reasons for the scarcity of conodonts in the
Middle-Late Norian are on one hand the deep-
water conditions of the depositional realm of
the Grivska Formation and on the other hand
the change of the living habitat of the cono-
donts. During Norian times they restrict their
living habitat from the entire shelf area to reef
near environments.
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Fig. 10. Latest Carnian to Early Norian radiolarians from the Lim River area (BRAGIN et al.,, 2019). 1. Capnodoce anapetes DE WEVER,
sample 15-21-2; 2. Capnodoce sarisa DE WEVER, sample 15-21-2; 3. Capnuchosphaera cf. tricornis DE WEVER, sample 15-21-2; 4. Sarla
hadrecaena (D WEVER), sample 15-21-2; 5. Monocapnuchosphaera sp. B sensu TEKIN (1999), sample 15-21-2; 6. Ellisus cf. siscwaiensis
(CARTER), sample 15-21-2; 7. Triassocrucella cf. triassica (Kozur & MoSTLER), sample 15-21-2; 8. Xiphothecaella longa (Kozur & Mock),
sample 15-21-2; 9. Spinosicapsa spp., sample 15-20-1; 10. Spinosicapsa spp., sample 15-21-2; 11. Corum sp., sample 15-20-1; 12. Prae-
hexasaturnalis tenuispinosus (DoNoFRIO & MOSTLER), sample 15-20-1. Scale bars 100 um: a (1, 2,4, 6); b (3, 5); ¢ (7, 11); d (8-10, 12).
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4.2. The Middle/Late Jurassic Hallstatt (Zlatar)
Mélange

The Hallstatt (Zlatar) Mélange = Pavlovi¢a Cu-
prija Formation (GawLick et al., 2017a, b, 2018)
in the Zlatar Mountain was according to PANTIC
& RampNoUx (1972) and Rampnoux (1974) defin-
ed together with the occurrences of the Grivska
Formation as parautochthonous deep-water in-
traplatform basin, that is the Zlatar sub-basin of
the Lim basin.

For a comprehensive review of the different
Hallstatt mélanges in the Western Tethys Realm
the interested reader is referred to GAWLICK &
Missoni (2019). Generally, two different types of
Hallstatt mélanges can be distinguished:

1. Hallstatt mélanges which consist of reworked
material from the outer shelf region in the
Middle to early Late Jurassic (Bathonian-Ox-
fordian) radiolaritic matrix (GAawLIcK & FRISCH,
2003; GawLick et al.,, 2007; for Dinarides:
GawLick et al., 2017a, b, 2018). In the outer
shelf region during Middle-Late Triassic ti-
mes the characteristic Hallstatt Limestone
sequence was deposited (for details: LEIN,
1987; KrystyN, 2008), that is the various colour-
ed Hallstatt Limestone sequence. In Jurassic
times the different facies belts of the outer
shelf cannot be distinguished anymore. After
the demise of the Dachstein Carbonate Plat-
form the shelf sediments became uniform.

2. Hallstatt mélanges which consist of rework-
ed material from the outer shelf region bet-
ween the various coloured Hallstatt Limes-
tone facies and the reef rim of the carbonate
platforms in a late Middle to early Late Juras-
sic (Callovian-Oxfordian) radiolaritc matrix.
Predominantly the reef rim of the flat-topped
Dachstein Carbonate Platform is used as a
reference facies belt. This open-marine deep-
water facies belt is termed the grey Hallstatt
facies by LEIN (1987), comparable with the
Gucevo facies of SuDAR (1986). Grey siliceous
bedded deep-marine limestones and deep-
water dolomites dominate the component
spectrum (GawLIick, 1996). Intercalated turbi-
dites with shallow-water material shed from
the adjacent platforms are a typical sedimento-
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logical feature. In cases also reworked blocks
from the Dachstein Carbonate Platform reef
rim, that are reefal and fore-reefal limesto-
nes or dolomites appear (GawLick et al., 2003;
MissonI & GawLIck, 2011a, b; for Dinarides:
Missoni et al., 2012; ZOHRER et al., 2021).
Stacking of the outer shelf area (Hallstatt
shelf) propagated from the distal shelf area to
the central shelf area due to the west-directed
ophiolite obduction from (late) Bajocian times
onwards. Therefore, the earliest formed trench-
like basins with reworked Hallstatt material in
a radiolaritic matrix are slightly older as the
later formed basins. Stacking of the outer shelf
started in Bathonian times and continued until
the Callovian (GawLick & Missoni, 2019; for Di-
narides: GawLick et al., 2017a, b, 2018). The next
generation of basins started to form in Callovian
times, and resedimentation lasted until the Early/
Middle Oxfordian, whereas in the youngest ge-
neration of trench-like basins resedimentation
started around the Callovian/Oxfordian bounda-
ry. In rare cases such a nappe stack consisting
of Hallstatt nappes was bulldozed by the ob-
ducting ophiolite nappe stack to the foreland.
Such a Hallstatt nappe stack is preserved in the
Vodena Poljana area (GawLick et al., 2018).

Bucevske Luke locality

Age: Bajocian to Callovian radiolaritic matrix;
Late Triassic Hallstatt Limestone blocks in mass-
transport deposits;

Provenance: Blocks from the outer shelf (vari-
ous coloured Hallstatt Limestone facies);
Formation: Pavlovi¢a Cuprija Formation
(Zlatar Mélange);

Location: Zlatar Mt. west of Nova Varos,

road between Nova Varos to Prijepolje.

The section Bucevske Luke is located on the
main road from Nova Varos to Prijepolje near to
the small town Donja Bistrica (Fig. 4, stop 1.2).
Traditionally this locality was interpreted as a
limestone block in the ophiolitic mélange until
recent times (CvETKovIC et al., 2017). It is inter-
preted that this some tens of metres thick block
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of red and white limestone should represent
a block scrapped off from the lower plate during
ophiolite obduction. However, until that time
practically no studies were carried out at that
locality. The age of the radiolarites below the li-
mestones was never studied, and age and prove-
nance of the limestones remain also unknown.

In fact, the limestones are not a single block
as believed and described earlier. We see amal-
gamated mass-transport deposits which con-
sists of polymictic breccias with dm-sized clasts
at the base, and m-sized blocks in the upper
part of the outcrop. The mass-transport de-
posits occur in a channel fill above argillaceous
and carbonaceous grey-black radiolarites (Gaw-
LIcK etal., 2018). This clearly shows that these li-
mestones were not tectonically incorporated
into the radiolaritic-argillaceous matrix, but
sedimentary. Furthermore, ophiolitic material
(e.g., sandstone turbidites made of ophiolitic
material) could nowhere be detected in the ra-
diolaritic sedimentary rocks. Also, ophiolite com-
ponents are missing in the mass-transport de-
posits. The outcrop is overlain by an ophiolitic
mélange as everywhere the Hallstatt (Zlatar)
Mélange (= Pavlovi¢a Cuprija Formation) is pre-
served (GawLick et al,, 2017a, b, 2018).

The limestone components are grey and red
radiolaria- and “filament”-bearing open marine
limestones, which correspond by their micro-
facies and age to a reworked Late Triassic Hall-
statt Limestone sequence. Conodonts from the
various limestone components and blocks are
preserved only as broken pieces as result of
intense fracturing of the clasts and blocks,
and could be therefore rarely isolated or deter-
mined (details in GawLick et al., 2018). However,
determinable conodonts show exclusively Nor-
ian ages.

The radiolaritic sequence, in fact clayey
radiolarites to siliceous claystones, below
the mass-transport deposits yielded poor to
moderately preserved radiolarian faunas,
which could be dated as Bajocian to Bathonian
(GawLick et al., 2018) on base of few species,
which could be determined on species level.
These radiolarites are in parts strongly silici-
fied, tectonized and fractured. Two meters
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below the contact radiolarites/mass-transport
deposits occur, also in a channel fill, a reddish
crinoidal limestone (Fig. 11). Such crinoidal tur-
bidites were so far not detected in the Dinarides
in the radiolaritic sequences of the trench-like
basins fills with an infilling with blocks from the
outer shelf region, that is the various coloured
Hallstatt Limestone facies (details see LEIN,
1987; KrystyN, 2008). In contrast, in the type-
region of the Hallstatt Limestones, that are the
Northern Calcareous Alps such crinoidal lime-
stone turbidites are well-know from the trench-
like basins fills, which carry the Hallstatt
Limestone blocks (GawLick et al., 2007; MISSONI
& GawLrick, 2011a, b). These crinoidal lime-
stones derive from areas with low sedimenta-
tion rates, that are the uplifted nappe fronts
of the advancing Hallstatt nappes and their
slopes, and can be compared with the deposi-
tional characteristics of the Middle Jurassic Vils
Formation in the Northern Calcareous Alps
(GawLick et al., 2009 and references therein).
The Bajocian—-Bathonian sedimentary suc-
cession without allochthonous material under-
lies the mass-transport deposits (debris flows)
consisting exclusively of far-transported Hall-
statt Limestone components. This all confirms
that the emplacement of this debris flow is there-
fore younger as Bathonian, similar as the em-
placement of the mass-transport deposits of
Pavlovica Cuprija or Vodena Poljana areas (Gaw-
LicK et al.,, 2017a, b, 2018) or elsewhere in the
Western Tethys Realm (GAawLicK & Missoni, 2019).
The sedimentary rocks of the outer shelf
region (Hallstatt facies) are found predomi-
nantly in sedimentary mélanges (GawLIcK & Mis-
SoNI, 2019 and references therein) and are
interpreted to be incorporated in the deep-
water troughs in front of the advancing nappe
stack. Only in the Dinarides of Serbia or the
Hellenides in Greece complete Hallstatt nappes
were bulldozed by the obducting ophiolites
onto the foreland. In the Dinarides such a Hall-
statt nappe stack is preserved in the Vodena
Poljana area (GawLicK et al., 2017a, b), and in
Greece the Pindos nappes (Kostaki et al., 2024).
Generally, the thrust sheets of the former
passive margin were successively fragmented
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Fig. 11. Locality Bucevske Luke. Several Hallstatt Limestone mass-transport deposits above Middle Jurassic radiolarites. In channels
appear occasionally crinoidal turbidites in the radiolarite sequence. 1. and 2. Showing the contact in some details of the various Hallstatt
Limestone mass-transport deposits, which consists exclusively of Late Triassic components from the various coloured Hallstatt Limestone
sequence. The contact of the mass-transport deposits to the underlying radiolaritic sequence is erosive. Therefore, the Bajocian-Bathon-
ian age of the siliceous sequence can be only taken as minimum age of emplacement, which is most likely, younger (most probably
Callovian). 3. Overall photo of the locality with the achieved age data (from GawLick et al, 2017a). 4. Detail from the lower part of the
amalgamated mass-transport deposits showing the sedimentological character and various red and grey Hallstatt Limestone clasts.
5. Microfacies from the intercalated crinoidal turbidite, preserved in a channel fill in the radiolaritic sequence. Width of the photo: 1.4 cm.
6. Microfacies of the Bajocian-Bathonian radiolarites. Most radiolarians are recrystallized and appear as microquartz. Width of the

photo: 1.4 cm.

and incorporated into the nappe stack in
front of the westward obducting ophiolites,
i.e.in a first stage the continental slope (Meliata
facies, Grivska Formation), and later the outer
shelf region (Hallstatt facies). The block com-
position of the Hallstatt Mélange is typical
for the early evolution in mountain building
process of the Neotethyan Belt (Missoni & Gaw-
Lick, 2011a, b). In the final stage, the nappe
stack propagated from the outer to the inner
shelf region (GawLick et al., 1999) forming a
thin-skinned orogen.

Later, but still in the early Late Jurassic, the
Hallstatt Mélange and various other mélanges,
became overthrust by the ophiolitic mélange
and the overlying ophiolites, in fact by the fur-
ther westward transport of the obducted ophio-
lites in the frame of mountain uplift and unroof-
ing (GawLick et al., 2020). This type of over-
thrust is related to the gravitational collapse
(see RarscHBACHER et al,, 1991), is characterized by
the appearance of OM3 type ophiolitic mélan-
ges (see DJERIC et al.,, 2024), and the tectonic
contacts are in fact low-angle normal faults.

The sedimentary basin fill of the Zlatar
Mélange (= Pavlovi¢a Cuprija Formation) is pre-
served below the Dinaridic Ophiolite nappe and
is interpreted to be transported westward to its
final position between the Drina-Ivanjica unit
to the east and the East Bosnian-Durmitor
megaunit to the west (GawLick et al., 2016,
2020), together with the ophiolitic mélanges
and the ophiolites on top from the Tithonian
onwards and lasted at least to the time around
the Jurassic/Cretaceous boundary, when the
Vranduk Formation and equivalents started to
fill the underfilled remaining foreland basins
(MIkEs et al., 2008; GawLick et al., 2008).
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Vodena Poljana area

Age: Hallstatt sequence nappe stacks with Mid-
dle to early Late Jurassic radiolaritic deep-water
basin fill with a reworked Triassic open-marine
Hallstatt Limestone sequence in between;
Provenance: Components from the outer shelf
area (Hallstatt facies), Middle Jurassic basin
formed above the Triassic to Middle Jurassic
sedimentary sequence of the outer shelf area
(various coloured Hallstatt Limestone facies
belt);

Formations: Pavlovi¢a Cuprija Formation,
Zlatar Mélange; Hallstatt Limestone sequence;
Location: Zlatar Mt, between Nova Varos$ and Sjenica.

The Hallstatt (Zlatar) Mélange (= Pavlovica
Cuprija Formation) of the Vodena Poljana area
(Fig. 4, stop 4b) is an optional stop during the
field trip.

Lower Hallstatt nappe (Fig. 12): Above
the shallow-water limestones of the Ravni For-
mation (Dedovi¢i Member) the red nodular
deep-water limestones of the Bulog Limestones
were deposited (drowning sequence — SUDAR et
al,, 2013, 2023a, b, 2025 and references there-
in). A Late Pelsonian age of the Bulog Limesto-
ne sequence above the Ravni Formation could
not be proven (SUDAR, 1986). Only Early-Middle
[llyrian conodont assemblages could be isolated
(SupAR, 1986; GawLick et al., 2018). In the Late
[llyrian deposition changed from red nodular
limestones to reddish-violet radiolarites, in the
upper part also greenish radiolarites appear.
The overlying grey thick bedded to massive li-
mestone (Hellkalk = massive grey limestone) with
recrystallized radiolarians and thin-shelled bi-
valves reach the Julian 1/2 boundary. After a
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gap, deposition of red nodular and dm-bed-
ded limestone (Roter Bankkalk = red bedded
limestone) started in the Middle Tuvalian, sub-
sequently followed by the Early Norian (Lacian 1-
2) Massiger Hellkalk (= massive grey limestone),
and the latest Lacian to late Middle Norian
(Alaunian) Hangendrotkalk (= upper red lime-
stones), and the subsequent following Sevatian
Hangendgraukalk (= upper grey limestone)
which is in the Vodena Poljana area also red or
reddish. Both the Roter Bankkalk and the Han-
gendrotkalk are characterized by the occur-
rence of red and grey chert nodules. The Han-
gendgraukalk (generally Late Norian) could not
be distinguished lithologically from the Han-
gendrotkalk, but is proven by conodont assem-
blages (GawLick et al., 2018) and contain only
few or no chert nodules. Above the red nodular
limestone sequence dm-bedded grey siliceous
limestones deposited. The lithological change
is most likely in the Rhaetian, but could not
be dated by conodonts. Upsection the amount
of spicules and marl intercalations increases.
This part of the section comprises most likely the
Early Jurassic. Radiolarians from this part of
the section are very badly preserved, but the oc-
currence of saturnallid radiolarians indicates an
Early Jurassic age.

The turnover to radiolarite sedimentation
is most probably around the Aalenian/Bajocian
boundary, as elsewhere in the Western Tethys
Realm. Deposition of siliceous sedimentary rocks
starts with a thin-bedded radiolarite sequence.
The lower radiolarite is condensed, strongly sili-
cified and reddish to reddish-grey. Upsection
the radiolarite colour changed to grey or black-
ish-grey. This part of the section contains Ba-
thonian-Callovian radiolarian faunas (GAwLIcK
etal., 2018) and in the higher part the first poly-
mictic mass-transport deposits are intercalated
in this radiolarite succession. In this part of the
radiolarite sequence appear various mass-trans-
port deposits and blocks exclusively of various
coloured Hallstatt Limestone facies belt prove-
nance. Moreover, the component spectrum com-
prises in the lower mass-transport deposits
only Late Triassic Hallstatt Limestone clasts
(Fig. 12). Occasionally Early Jurassic spicula-
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rich siliceous limestone clasts appear. Gene-
rally, the matrix between the components con-
sists of a reddish and slightly siliceous matrix.
Higher up in the basin fill the component spec-
trum is more variable, older Middle Triassic lime-
stone clasts beside (Triassic) radiolarite clasts
appear. Furthermore, the component size in the
mass-transport deposits increases. The compo-
nents are all angular, subangular or in cases also
slightly rounded.

With the lithological change in the radio-
larite sequence from reddish-grey colours to
grey and in cases black colours a change in the
basin geometry is indicated, which is confirmed
by the appearance of the first mass-transport
deposits soon after the lithological change in the
radiolarite sequence. The change in the basin
geometry and the first mass-transport deposits
indicate an advancing Hallstatt nappe and the
formation of a trench-like foreland basin.
This trench-like foreland basin receives only
material from the advancing upper Hallstatt
nappe. The sedimentological trend is characteri-
zed by a coarsening-upward trend. Further-
more, the components in the upsection follow-
ing mass-transport deposits and the blocks in-
corporated in the radiolarite matrix indicate
deeper erosion into the upper Hallstatt nappe,
down to the Anisian Ravni Formation. In the
upper part of the basin fill m-sized to 10-20 m-
sized blocks dominate (Fig. 12), and finally
blocks of up to several 100 m appear showing
a clear coarsening-upward trend of the basin
fill. In this part of the basin fill blocks of the
Ravni Formation are common. At the footwall
of Mt. KrSeva/Gulaver the thrust contact bet-
ween the upper Hallstatt nappe (Ravni Forma-
tion) and the Hallstatt (Zlatar) Mélange is visi-
ble. This contact is relatively high in the moun-
tains and will not be visited during this field
trip. At least three hours climbing is necessary
to reach these outcrops.

Upper Hallstatt nappe (Fig. 12): The sedi-
mentary mélange (Zlatar Mélange) is over-
thrust by the Ravni Formation and its overly-
ing Middle to Late Triassic Hallstatt sequence.
The Zlatar Mélange is squeezed between two
Hallstatt nappes.
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Fig. 12. Hallstatt Limestone sequence nappe stack of the Vodena Poljana area, modified and added after GawLick et al. (2017a, 2018).
The lower Hallstatt nappe comprises a sedimentary sequence from the Middle Anisian (Ravni Formation, Dedovi¢i Member) to the
Middle Jurassic. The lower Hallstatt nappe carries the Hallstatt (Zlatar) Mélange, which were overthrust by the upper Hallstatt nappe.
The thrust contact between the Hallstatt (Zlatar) Mélange and the Ravni Formation of the upper Hallstatt nappe is visible at the footwall
of Mt. Krseva relatively high up in the mountains.
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The sedimentary succession of the Upper
Hallstatt nappe differs slightly from the Lower
Hallstatt nappe. The sequence is reconstructed
from the reworked pebbles and blocks in the mé-
lange and remnants of the Middle-Late Trias-
sic Hallstatt Limestone sequence which are pre-
served north of Mt. KrSeva/Gulaver.

The sedimentological evolution starts with
shallow-water limestones of the Ravni Forma-
tion (Dedovi¢i Member), in cases dissected by nep-
tunian dikes (Fig. 13). This drowning sequence
of the Ravni Carbonate Ramp is well preserved
in the active quarry at the main road from Nova
Varo$ to Sjenica, which belongs to the upper
Hallstatt nappe (details in GawLick et al., 2018).
Above the Late Anisian Bulog Formation during
the Ladinian the reddish-grey limestones of the
Grauvioletter-Graugelber Bank- kalk (reddish-
grey or various coloured limestone) deposited,
overlain by the Early Carnian Hellkalk (= lower
grey limestone). Higher Julian or lower Tuvalian
strata could not be improved. The Roter Bank-
kalk (= red bedded limestone) contains red chert
nodules and in cases chert layers. The Early
Norian Massiger Hellkalk is overlain by red nodu-
lar limestones with red chert nodules (Hangen-
drotkalk = upper red limesto-ne). The Hangend-
graukalk (= upper grey limestone) is reddish-
grey and free of chert nodules. In contrast to the
lower Hallstatt nappe in the upper Hallstatt
nappe the Hangendgraukalk can be easily li-
thologically distinguished from the Hangen-
drotkalk. Occasionally appear grey marly and
siliceous limestones with spicules, which we at-
tribute to the Early Jurassic. A biostratigraphic
age dating of these pebbles in the mass-trans-
port deposits was not possible.

For more details about the stratigraphy of the
matrix and ages (based mainly on conodonts)
and microfacies of the reworked components
and blocks the interested reader is referred to
GawLick et al. (2017a,2018).

Pavloviéa Cuprija area

Age: Middle to early Late Jurassic radiolaritic
deep-water basin fills with a reworked Triassic
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open-marine various coloured Hallstatt Lime-
stone sequence;

Provenance: Components from the outer shelf
area (Hallstatt facies), Middle Jurassic basin
formed above the Triassic to Middle Jurassic
sedimentary sequence of the East Bosnian-
Durmitor megaunit;

Formations: Pavlovi¢a Cuprija Formation,
Zlatar Mélange;

Location: Zlatar Mt., west of Nova Varos.

The Hallstatt (Zlatar) Mélange (= Pavlovica
Cuprija Formation) of the Pavlovi¢a Cuprija area
is an optional stop during this field trip (Fig. 4,
stop 4a). Depending on the time schedule we
will visit only one of the most characteristic
sedimentary mélange areas in the Zlatar Mt.
We will visit either the Pavlovi¢a Cuprija area
or the Vodena Poljana area to give insights
into a late Middle to early Late Jurassic trench-
like basin fill: in both cases a completely re-
worked Middle-Late Jurassic Hallstatt Lime-
stone sequence is incorporated as mass-trans-
port deposits or huge blocks in a radiolaritic
matrix. These occurrences of the various co-
loured Hallstatt Limestone sequences were for-
merly seen as autochthonous open-marine se-
quences, deposited in an intraplatform basin
between long-living Middle to Late Triassic
Carbonate platforms, that is the Zlatar sub-
basin of the Lim basin (PanTIC & RamMPNOUX, 1972;
RampNoOUx, 1974).

The sedimentary basin fill starts with a
roughly up to 100 m-thick sequence of Middle
Jurassic (DjeriC et al., 2007) reddish-violet si-
liceous claystones to radiolarites on the west-
ern side of the Uvac River (Fig. 14). This clayey
radiolarite is defined as Zlatar Formation (GAw-
LicK et al., 2017a) and deposited below the se-
dimentary succession with the reworked ma-
terial from the outer (Hallstatt) shelf region
(= Pavlovi¢a Cuprija Formation) (Fig. 15).

In fact, the radiolaritic-argillaceous matrix be-
tween the different mass-transport deposits
and blocks (Fig. 16) can lithologically not be
distinguished from the radiolarite sequence of
the Zlatar Formation. The only difference is the oc-
currence of mass-transport deposits and slide
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blocks in this deep-water matrix. The whole
basin fill is at least more than 800 meters (Gaw-
Lick etal,, 2017a, 2018), but can only be roughly
estimated based on the general dipping of the
different strata. Furthermore, overlying rocks,

that are the ophiolitic mélanges and ophioli-
tes of the Dinaridic Ophiolite nappe stack, are not
preserved in that area. Thereore, the original
thickness of this basin fill can be even thicker as
preserved today.

Fig. 13. Field views of the Zlatar (Hallstatt) Mélange in the Vodena Poljana area. The different mass-transport deposits and blocks are
incorporated in a radiolaritic matrix. 1. Area with various blocks from the dismembered Hallstatt Limestone sequence including the
underlying Ravni Formation in a radiolaritic matrix. 2. Different view with different Hallstatt Limestone and Ravni Formation blocks.
3. Late Triassic Hangendrotkalk block in a Callovian radiolaritic matrix. 4.-6. Different mass-transport deposits with grey and red Hall-
statt Limestone components. Most components are angular to subrounded.

Geol. an. Balk. poluos., 2026, 87 (1), 93-177
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Fig. 14. Field photos of the lower part of the basin fill of the Pavlovié¢a Cuprija Formation (=Zlatar Mélange). 1. Overview photo (view
to the east) of the basal part of the basin fills. In the background the lowermost part of the basin fill is visible (see photo 2) which consists
exclusively of red-violet siliceous claystones and clayey radiolarites of Middle Jurassic age (DJErIC et al.,, 2007). This part of the section
corresponds to the Zlatar Formation. In the frontal part the middle part of the Pavlovié¢a Cuprija Formation is visible with 100 m-sized
blocks of Hallstatt Limestones. Modified after GawLick et al (2017a). 2. Type section of the Zlatar Formation at the base of the Zlatar
Mélange basin fills (Pavlovica Cuprija Formation). 3. and 4. Transition of the Zlatar Formation to the Pavlovica Cuprija Formation
visible by the onset of first mass-transport deposits in the radiolarite sequence. 5. View to the west: overview above the middle and
upper part of the basin fill with blocks of various sizes and age (but all from the Anisian to Late Triassic Hallstatt Limestone sequence)
in the radiolarite matrix. 6. Mass-transport deposits in the lower part of the basin fill. The mass-transport deposits do not exceed few
meters in thickness and the pebble size is between few centimeters and a decimeter.
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Fig. 15. Polymictic mass-transport deposits with components of a reworked Hallstatt Limestone sequence and blocks surrounded by
radiolarites. 1. Polymictic breccia with angular clasts from the Middle to Late Triassic Hallstatt sequence. Note beside the occurrence
of grey and red limestone clasts the occurrence of red Middle Triassic radiolarite components. 2. Grey and red subangular limestone
clasts in a red marly and only slightly siliceous matrix. 3. Various predominantly grey, but also red Hallstatt Limestone clasts in a mass-
transport deposit near to the base of the Pavloviéa Cuprija Formation. 4. Meter to tens of meters sized blocks and breccias in the middle
part of the basin fill surrounded by the radiolaritic matrix. 5. Block of Hangendrotkalk surrounded by radiolarite. 6. Block of Hangend-
graukalk surrounded by radiolarite.
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The various components in the polymictic
mass-transport deposits are angular and sub-
angular (Fig. 15). Beside the Hallstatt Lime-
stone clasts appear Middle Triassic red radio-
larite clasts, which contain beside recrystalli-
zed radiolarians also thin-shelled bivalves, in
parts enriched in thin lumachelle layers. Only
Triassic limestone and radiolarite clasts could
be detected in the basin fill. Upsection in the
basin fill appear tens of m-sized Hallstatt Lime-
stone blocks surrounded by the radiolaritic-
argillaceous matrix (Fig. 16), Jurassic compo-
nents are missing in the component spectrum in
contrast to the component spectrum in the Vo-
dena Polja na area. The reconstructed Early to
Late Triassic sedimentary sequence (Fig. 17)
starts with limestones of the “Bioturbated” For-
mation of late Early Triassic age. Upsection com-
ponents of both members of the Ravni Forma-
tion (Utrine and Dedovi¢i Members) could be
determined.

The drowning section above the Dedovici
Member of the Ravni Formation starts with Late
Pelsonian limestones of the Bulog Formation.
The Dedovi¢i Member is intensively dismem-
bered by neptunian dikes of Late Pelsonian age.
In cases above the dissected Ravni Carbonate
Ramp breccias of the Komarani Formation
(SuDAR et al., 2023) are preserved. The occur-
rence of these breccias indicates that the depo-
sition of the reworked Hallstatt Limestone se-
quence mirrors the depositional environment
in graben position. This is also confirmed by the
deposition of Late Illyrian to Fassanian radio-
larites, which indicate deposition in a deep-
water environment rather that deposition on a
horst, where condensed various coloured Hall-
statt Limestones of the Grauvioletter-Graugel-
ber Bankkalk (reddish-grey limestone) were
formed. However, components of the Ladinian
Grauvioletter-Graugelber Bankkalk (reddish-
grey limestone) were also rarely detected, but
these limestones contain in contrast to the
Grauvioletter-Graugelber Bankkalk (reddish-
grey limestone) sensu stricto chert nodules.
The occurrence of grey latest Ladinian to Early
Carnian grey Hellkalk (lower grey limesto-
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ne) components and blocks indicate the influ-
ence of the highstand shedding of the evolving
Wetterstein Carbonate Platform.

Higher Julian and lower Tuvalian lime-
stones could not be detected in the mass-trans-
port deposits or the blocks (Fig. 17). A gap in
deposition during that time span, as elsewhere
in the Dinaridic realm, is the most convincing
explanation for the missing of such compo-
nents, even if blocks with the transition from
the Early Carnian to the Late Carnian with the
gap are not preserved (or detected) in the basin
fill. The Late Carnian limestones are extreme
condensed and contain chert nodules and in
cases also chert layers. Lithologically the Roter
Bankkalk (red bedded limestone) cannot be
distinguished from the late Early to Middle-
Late Norian Hangendrotkalk (upper red lime-
stone). Here, in the late Early Norian red nodu-
lar limestone chert nodules are missing.

The Early Norian is characterized by depo-
sition of the Massiger Hellkalk (massive grey li-
mestone), which reflects the highstand shedding
of the first cycle of the evolution of the Dachstein
Carbonate Platform. The second main cycle of the
progradation of the Dachstein Carbonate Plat-
form in the late Middle to Late Norian is nor-
mally reflected by the lithological change from
the Hangendrotkalk (upper red limestone) to
the Hangendgraukalk (upper grey limestone).
This change could not be observed in the blocks
of the Pavlovié¢a Cuprija basin fill (Fig. 17).
The only difference of the Late Norian Hallstatt
Limestones is the overall missing of chert no-
dules, but also, they appear in cases.

For more details about the basin fill, available
conodont faunas and details about the micro-
facies, radiolarian assemblages from the matrix
beside other sedimentological details the inter-
ested reader is referred to GawLick et al. (2018).

4.3. The East Bosnian-Durmitor megaunit
The Triassic to Middle Jurassic sedimentary

succession of the later East Bosnian-Durmitor
megaunit was deposited in central shelf posi-
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Fig. 16. Overview photos of the late Middle Jurassic basin fill of Pavlovi¢a Cuprija area. 1. View along the Uvac River in south-eastern
direction. Well visible is the occurrence of various blocks surrounded by radiolarites. 2. Enlargement of 1 around the bridge with several
Hallstatt Limestone blocks in the radiolarite matrix. 3. View to the northwest with in cases huge slide blocks of several hundred to kilo-
meter-size in the upper part of the basin fill. 4. View behind the dam on the Sjenica Lake with relative low-water level. In cases of low-
water level the contacts between the radiolarite matrixes and the different blocks is perfectly visible.

tion. The geological /sedimentological evolution
is characterized by the deposition of shallow-
water carbonates in the Anisian with the drown-
ing sequence in the Late Pelsonian elsewhere
and the formation of a horst-and-graben topo-
graphy. For details about the Late Anisian to La-
dinian depositional history the interested reader
is referred to Subpar et al. (2013, 20234, b, 2025),
GawLIck et al. (2017a, 2023), and MRDAK et al.
(2023, 2024, 20254, b).

The next cycle of shallow-water carbonate
production is represented by the Early Carnian
Wetterstein Carbonate Platform. After the de-
mise of the Wetterstein Carbonate Platform
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carbonate production started again in the latest
Carnian after a very long recovery period.
During Norian-Rhaetian times the entire area
was part of the lagoon of the Dachstein Carbo-
nate Platform.

The diagenetic overprint of the East Bos-
nian-Durmitor megaunit is low to moderate
and does not exceed 150-180 °C as determined
by Colour Alteration Index data (MRrpaK et al.,
2023, 2024, 2025a). This diagenetic overprint
contrasts significantly the diagenetic overprint
of the overlying nappe stack, which does not
exceed 60-90 °C, also determined on base of
Colour Alteration Index data.
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Fig. 17. 1. The late Middle to early Late Jurassic basin fill of the Pavlovica Cuprija area with a preserved thickness of roughly 800
meters (after GawLick et al, 2017a, b). 2. Reconstructed reworked Hallstatt succession, modified after GawLick et al. (2017a, b) and
their underlying shallow-water carbonates of the Ravni Carbonate Ramp and its forerunner.
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The sedimentological evolution of East
Bosnian-Durmitor megaunit differs not signi-
ficantly from the Drina-Ivanjica unit to the east.
The facies show transitional character and the
Triassic facies of the Drina-Ivanjica unit is quite
similar, but shows in general a little more open-
marine influence (compare Missoni et al., 2012;
SUDAR et al.,, 2013; GawLIcK et al., 2017a and re-
ferences therein). Completely different is the
diagenetic/thermal overprint of both units.
In contrast to the East Bosnian-Durmitor mega-
unit the Drina-Ivanjica unit experienced a Late
Jurassic metamorphic overprint (PorRkoLAB et al.,
2019; GawLick et al.,, 2020 and references there-
in). Therefore, we attribute all non metamor-
phosed Triassic-Jurassic sequences to the East
Bosnian-Durmitor megaunit where in addition
also the different facies belts and their changes
can be traced from the western (proximal) to
eastern (distal) central shelf area, and the meta-
morphosed Triassic-Jurassic sequences to the
Drina-Ivanjica unit. This contrasts the view of
ScHMmID et al. (2008, 2020) significantly and has
as consequence, that the border between the
Inner and Outer Dinarides is the contact bet-
ween the metamorphosed units to the non
metamorphosed units, and the western rim of
the East Bosnian-Durmitor megaunit, where
the facies transition to the slightly more in pro-
ximal shelf position deposited sedimentary se-
quences of the Pre-Karst unit is observable
(MRrpAK et al., 2025b). The diagenetic overprint
of the East Bosnian-Durmitor megaunit and the
Pre-Karst unit is identical. The Paleogene tec-
tonics has in general minor influence on the ar-
chitecture of the orogen (bauplan) of the Dina-
rides as the Jurassic one, and the shortening is
limited (Bravo-GUTIERREZ et al., 2024 and refe-
rences therein).

Plijesevina section

Age: Early Carnian to Carnian/Norian boundary;
Provenance: East Bosnian-Durmitor mega-
unit;

Formations: ZloSnica and DZegerusa forma-
tions;

Geol. an. Balk. poluos., 2026, 87 (1), 93-177

Location: South-east of Gradac and south-west
of Pljevlja near the village Donja Tikova.

The section PlijeSevina (Fig. 5, stop 2.1)
comprises the entire Carnian in deep-water fa-
cies. Ofimportance is the occurrence of a roughly
6 m-thick sequence of fine-grained siliceous
siliciclastic sedimentary rocks, which were de-
posited above Early Carnian (Julian 1) deep-
water limestones and below latest Carnian deep-
water limestones with intercalated turbidites
and microbreccias at the base of the shallow-
water limestones of the Dachstein Carbonate
Platform. Previous studies interpreted these
rocks as parts of the Middle Triassic volcano-
sedimentary successions despite the fact, that
the Late Anisian to Early Ladinian volcano-sedi-
mentary successions differ significantly in litho-
logy, facies and component composition of the
siliciclastic sedimentary rocks. However, Carn-
ian fine-grained silicified siliciclastic sedimen-
tary rocks were previously never detected or des-
cribed in northern Montenegro (see e.g., Basic
Geological Map of SFRY 1:100 000, Explanatory
booklets of Sheets Pljevlja (Mirkovi¢ & Pajovic,
1980), Gacko (Mirkovi¢, 1980), Zabljak (ZIVALJE-
viC et al., 1989); and Geological Map of SR Mon-
tenegro 1:200 000, ZIVALJEVIC, 1989).

The section starts with a series of dm- to 30 cm-
bedded siliceous limestones with intercalated
turbidites with shallow-water material (Zlo3ni-
ca Formation - GAwLIick et al., 2017a). The thick-
ness of the lowermost part of the succession
can be only hardly estimated in the mainly cover-
ed area with bushes. This part of the sequence
is age equivalent with the Wetterstein Carbona-
te Platform (Julian 1) in the East Bosnian-Dur-
mitor megaunit (GawLIck et al., 2017a; MRDAK et
al,, 2024) or elsewhere in the Dinarides (MissonI
etal, 2012; Subar et al., 2025). The age is proven
by following conodont fauna: Pseudofurnishius
murcianus VAN DEN B00GAARD, and Budurovig-
nathus sp. (MRrDAK et al., 2023).

In the Early Carnian deep-water limesto-
nes the frequency of turbidite intercalations
decreases upwards and a series of dark-grey
siliceous limestones with occasionally pre-
served chert nodules were deposited around
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the Julian 1/Julian 2 boundary. This part of the
series contains beside the age diagnostic cono-
dont Mazzaella carnica (KrystyN) also Neocavi-
tella sp. These siliceous limestones are overlain
by ~1 m- thick grey marly siliceous limestones
with radiolarians and filaments. The age of this
part s also the Mazzaella carnica conodont Zone
by the appearance of Mazz. carnica, Gladigon-
dolella malayensis Nocami, Pg. polygnathiformis
BuDUROV & STEFANOV, and Pg. tadpole (HAYASHI).
The entire “drowning sequence” equivalent is
represented by these turbiditic grey siliceous
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micritic limestones without shallow-water ma-
terial (Fig. 18).

The approximately 11 m-thick Middle-
Late Carnian part of succession starts there-
fore with a less than 3 m-thick dark-grey si-
liceous limestone succession of the Mazzaella
carnica conodont Zone (Julian 1/2 boundary)
deposited below the Julian 2 to Late Tuval-
ian fine-grained silicified siliciclastic sedi-
mentary rocks of the DZegeruSa Formation.
These dark-grey siliceous limestones corre-
spond to the Gostling Formation in the North-

oligomictic carbonate breccia

grey siliceous limestones

siliceous claystones with
volcanic ash layers

grey marly siliceous limestones
dark grey organic-rich siliceous limestone

with chert nodules

grey siliceous limestones with fine-grained
filament-radiolarian turbidites

grey siliceous limestones with turbidites consist of
shallow-water components

Volcanic ash layers

demise interval of the Wetterstein Carbonate Platform

Fig. 18. The Carnian sedimentary succession near the village Donja Tikova in the Plijesevina area. Modified after MrpAK et al. (2023).
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ern Calcareous Alps (LEIN et al., 2012), which
also represent the basinal expression of the
onset of the demise of the Wetterstein Carbo-
nate Platform.

Upsection, the change in deposition from si-
liceous limestones to carbonate-free siliciclastic
sedimentary rocks (DZegeruSa Formation) is
sharp (Fig. 19). The ~6.5 m-thick, predomi-
nantly laminated, reddish-brown, low-energy
turbiditic clay to siltstones contain intercalated
volcanic ash layers (Figs. 18, 19) and are overlain
by a series of grey dm-thick, irregular bedded,
siliceous limestones that alternate with oligomic-
tic carbonate breccias containing shallow-water
organisms. The Julian/ Tuvalian boundary lies
within the siliciclastic series and cannot be de-
termined (a continuous sedimentation through

the whole Julian-Tuvalian time span cannot be
proven). The series of siliceous limestones that
overlies the fine-grained siliciclastic sedimen-
tary series belongs to the upper-most Tuvalian
(no formation name), as proven by the appear-
ance of following conodonts: Neocavitella ca-
vitata SUDAR & BuDUROV, Metapolygnathus cf.
praecommunisti Mazza, RiGo & NICORA, Pg. polyg-
nathiformis, Pg. nodosa (HAvasHI), and Primatella
circularis (ORCHARD). Higher up in the succession
oligomictic carbonate breccias appear, which
contain clasts of the evolving Dachstein Carbo-
nate Platform. This breccia level most probably
marks the Carnian/Norian boundary and is a
widespread known characteristic lithostrati-
graphic horizon (see below; ZOHRER et al., 2026
and references therein).

Fig. 19. Outcrop situation of the Carnian (Julian 1/2 boundary to Tuvalian) sedimentary succession near the village Donja Tikova in
the Plijesevina area. 1. Small local quarry with exposures of Carnian siliciclastics above the dark-grey marly limestones of the Julian
1/2 boundary. 2. Contact between the dark-gray marly siliceous limestones and the fine-grained siliciclastics with greenish volcanic
ash layers. 3. Excavation of the sedimentary series of the late Middle Carnian to Tuvalian fine grained siliciclastics with intercalated
volcanic ash layers. 4. Layered silt- and claystones with intercalated greenish volcanic ash layers.
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For more details about the section, e.g., co-
nodont faunas, microfacies characteristics, or
clay mineralogy including the sample numbers
the interested reader is referred to MRDAK et al.
(2023).

Mihajloviéi section

Age: Late Triassic to Middle/Late Jurassic sedi-
mentary succession; Middle Jurassic ophiolitic
mélange;

Provenance: East Bosnian-Durmitor mega-
unit; ophiolitic mélange with material from the
Neo-Tethys Ocean floor;

Formations: From lagoonal Dachstein Lime-
stone (Norian-Rhaetian) to grey oncoidal lime-
stones (Mihajlovi¢i Formation), overlain by the
Krs Gradac Formation (red nodular limestones)
and the radiolarites of the Gonje Formation;
Location: Village Vijenac on the road from Pri-
jepolje (Jabuka) to Pljevlja.

The description of the section Mihajlovici
in the village Vijenac follows the recent pub-
lished papers of this locality (GawLick et al.,
2020; bakovic et al., 2021; GoricaN et al., 2022).
For more details interested readers are refer-
red to these publications.

Approximately 10 km ESE from Pljevlja, a
latest Triassic to Middle Jurassic sedimentary
succession is developed (Fig. 5, stop 1.4 or 4.1).
The section starts at the parking place of a
restaurant, where the latest Triassic lagoonal
Dachstein Limestone is outcropping. The la-
goonal Dachstein Limestone is recrystallized and
is characterized in its topmost part by an ero-
sional unconformity (karstification). Above the
unconformity deposited oncoidal shallow-water
limestones, which fill also the karst depres-
sions. The gap between the lagoonal Dachstein
Limestone and the overlying Early Jurassic on-
coidal limestones cannot be exactly dated, but
is most likely related to the global sea-level drop
at the Triassic/Jurassic boundary. Flooding of
the emerged Dachstein Carbonate Platform is
widespread dated as Middle/Late Hettangian.
Therefore, between these two formations a
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longer gap with erosion/karstification is nor-
mal sedimentological feature elsewhere in the
Western Tethys Realm.

Along the road to the Jurassic part of the
succession and on the eastern slope of the small
hill with the preserved Jurassic part of the
section (Fig. 20) these oncoidal limestones of
the Mihajlovi¢i Formation (introduced below)
can be studied. This part of the succession
contains only rarely some open-marine orga-
nisms like crinoids. Higher up in the Early
Jurassic oncoidal limestones the mainly grain-
stones and packstones contain benthic fora-
minifera and crinoid ossicles, with rare detri-
tus of open marine organisms. In contrast, in
its lower part, the limestones contain a lot
of micro-oncoids, the number and size of which
decreases upsection, whereas the number of
benthic foraminifera and crinoid ossicles in-
creases. This indicates a slight deepening
trend. Based on foraminifera assemblages, RAB-
RENOVIC et al. (2012) and GawLick et al. (2020)
assigned Middle/Late Hettangian to Sine-
murian age to this member. Exact dating is only
possible based on the ammonites above this
part of the succession, from which ammonites
could be isolated and allo-wed to date the strati-
graphic range of the oncoidal limestones until
the Late Pliensbachian. This ammonite-bear-
ing wacke- to packstones contain brachiopod
and bivalve shells, crinoid ossicles, rare fo-
raminifera and ammo-noid shells. Micro-on-
coids are very rare. This Late Pliensbachian
part of the section is bounded by a lower and
an upper gap/hardground. The lower hard-
ground separates the predominantly grey and
high energy shallow-water oncoidal limesto-
nes from the reddish-grey deeper-water am-
monite bearing Late Pliensbachian limestones.
Based on microfacies analysis and overall com-
position of foraminifera assemblages, Early
Pliensbachian to early Late Pliensbachian age
was assigned to this member by Pakovic et al.
(2021, see discussion therein). Yet, the bio-
stratigraphic resolution of foraminifera (BLAU,
1987a, b; BLAu & GRON, 1994, 1997) is not pre-
cise enough to allow this subdivision. However,
the higher part of this roughly 1 m-thick Late
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Fig. 20. Section Mihajlovici, redrawn and added after GawLick et al. (2020), Pakovic et al. (2021), and GorICAN et al. (2022) with indication
of the Jurassic formations and the characteristic microfacies of the different formations. 1. The higher Mihajlovi¢i Formation consists
of oncoidal limestones with open-marine organisms like crinoids. 2. The Late Pliensbachian hardground with ammonites shows a wacke-
to packstone microfacies with exclusively open-marine organisms like ammonites. 3. Packstone facies of the lower Krs Gradac Formation
with gastropods, broken shells, and involutinid foraminifera. 4. The Middle Jurassic is characterized by the Bositra microfacies.
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Pliensbachian part of the succession contains
ammonoids of the Fuciniceras lavinianum
Zone, i.e. early Late Pliensbachian (Pakovic et
al,, 2021). Microfacies types are characteristic
of alow-energy deeper-water environment, in-
dicating a continuous deepening and decrease
in carbonate production. The exact biostrati-
graphic age dating by ammonites shows, that the
deepening in this part of the Dinarides is
younger as known from the Southern Alps
(JapouL et al., 2005; JapouL & GALLI, 2008; MASET-
Tl et al., 2017) or the Apennines (MANCINELLI et
al., 2005), where the deepening of the Calcare
Grigi Group and equivalents was dated as Early
Sinemurian (MASETTI et al., 2017).

The upper hardground marks the change in
deposition to red nodular limestones (Toarcian
to Middle Jurassic).

Directly above a Fe/Mn-crust marking the
hardground, a rich ammonoid fauna of Middle
Toarcian age was described by many authors
(RADOICIC-BRSTINA, 1956; METODIEV et al.,, 2013;
Pakovic et al,, 2021). For this reason, a general
Toarcian age was assigned to this part of the
section by GawLick et al. (2020) and PAkovi¢ et al.
(2021), since the rest of these red nodular lime-
stones do not contain age diagnostic fossils like
ammonites. Further deepening continues after
this gap/hardground, reflected by the formation
of red nodular and condensed limestones (Ammo-
nitico Rosso Facies: FLUGEL, 2004 and references
therein). Ammonoids, foraminifera and crinoids
are common in wackestones and packstones.

After another gap/hardground deposi-
ted condensed nodular Bositra Limestones (FLU-
GEL et al., 2004 and references therein), which
contain juvenile ammonoids, crinoids and bi-
valves. The microfacies with a lot of lithoclasts
and Fe/Mn crusts are characteristic for a very
slow sedimentation, typical for a hemipelagic
open marine environment with reduced car-
bonate production. Based on high abundance
of Bositra shells, and Globochaete spores and
rare foraminifera, a Bajocian/Bathonian age
was assigned by RaBRENoviC et al. (2012),
GawLick et al. (2020) and Dakovic et al. (2021).

These Toarcian to Bathonian-(Callovian)
red nodular limestones are assigned to the Krs
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Gradac Formation in SW Serbia. The Krs Gradac
Formation is overlain by dark gray and dark
red radiolarites of Gonje Formation of Batho-
nian to Oxfordian age (GawLick et al., 2020)
as dated on base of radiolarian assemblages of
the type section Kr$§ Gradac. In Montenegro,
GORICAN et al. (2022) have dated two samples
of red radiolarites from this formation, seve-
ral kilometers to the east of Mihajlovic¢i sec-
tion, determining in them radiolarian associa-
tions of Middle-Late Oxfordian to Late Oxford-
ian-Early Kimmeridgian, and Late Oxfordian-
Early Kimmeridgian to Late Kimmeridgian-
Early Tithonian. However, these ages show
that radiolarite deposition lasted from the
Middle Jurassic to the higher part of the Late
Jurassic and improve, that the emplacement
of the ophiolites in that area is not older as
Late Kimmeridgian/Early Tithonian, and there-
fore age equivalent to the emplacement of the
ophiolites in the Kr$ Gradac section in south-
west Serbia (GawLick et al., 2020). In Kr$ Gradac
below the ophiolites an OM3 is proven, which
is covered in the area of the Mihajlovi¢i section.
The succession in Mihajlovi¢i is overthrust by
ophiolitic mélange (GoriCaN et al., 2022), but
it cannot be decided if it is an OM2 or OM3.
However, the dark-grey radiolarites between
the Bositra Limestones and the red radiolarite
of a nearby section is not dated. The red radio-
larite is missing in the section Mihajlovi¢i.

Definition of the Mihajlovi¢i Formation

Validity: Valid, description herein.

Type section/area: Section Mihajlovici
in northern Montenegro.

Reference section/area: Kr$ Gradac section in
southwestern Serbia.

Synonyms: No synonyms known. Mapped as
part of the Dachstein Carbonate Platform.

Derivation of name: After the section Mihajlovici.
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Fig. 21. Previous page: Outcrop situation of the latest Triassic to Late Jurassic Mihajlovici succession. 1. and 2. Triassic/Jurassic boundary:
the latest Triassic Dachstein Limestone is characterized by karstification, visible by the yellowish to reddish colours and recrystallized.
Above the karst unconformity thick-bedded oncoidal limestones of the Early Jurassic filled the karst unconformity. 3. Thick-bedded on-
coidal limestones (Sinemurian). 4. Transition of the thick-bedded Sinemurian oncoidal limestones to the thin-bedded slightly reddish
oncoidal limestones of Pliensbachian age. 5. View on the Toarcian hardground with the overlying red limestones of Middle Jurassic age.
6. Toarcian hardground with ammonoid shell. 7. Thin-layered red Bositra Limestone of Middle Jurassic age above the Toarcian hard-
ground. 8. Ophiolitic mélange above the Middle Jurassic to Oxfordian radiolarite on the opposite side of the road in the hanging wall of

the Jurassic part of the Mihajlovici succession.

Lithology: Massive to thick-bedded oncoidal
limestones.

History: No history, not detected or studied.
First description in GawLick et al. (2017a). Later
studied in more detail by GawLick et al. (2020).
Hanging wall boundary exactly dated in Dakovi¢
etal. (2021).

Origin, facies: Deposition on top of the drowned
Dachstein Carbonate Platform after their demi-
se at the Triassic/Jurassic boundary and the age-
equivalent mass extinction.

Chronostratigraphic age: ?Middle/Late Het-
tangian to Late Pliensbachian in the type area.
In more distal areas of the shelf the chronostra-
tigraphic age can be probably slightly shorter.
In contrast, deposition of these oncoidal lime-
stones in direction to the Adriatic Carbonate
Platform basement according to VLAHOVIC et al.
(2005), that is the Lithiotis platform may last a
little longer. Shelf area, formed on top of a topo-
graphic high, the drowned Dachstein Carbona-
te Platform. Thickness: 20-30 m according to
the present knowledge.

Underlying units (footwall boundary):
Rhaetian lagoonal shallow-water limestones
of the Dachstein Carbonate Platform. Be-
tween the lagoonal Dachstein Limestone and
the oncoidal limestones of the Mihajlovi¢i For-
mation a gap appears. This gap comprises the
sea-level regression-lowstand to transgres-
sion. The transgression and flooding of the
emerged and slightly karstified Dachstein Li-
mestones is dated on different places in the
Western Tethys Realm as Middle/Late Hettan-
gian (BouM, 2003; Haas, 2012; CsAszAR et al,,
2012).
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Overlying units (hanging wall boundary):
Krs$ Gradac Formation. Red nodular limestones,
dated by ammonoids (PAkoviC et al., 2021 and
references therein).

Geographic distribution: Expectable all over
the Dinarides/Albanides/Hellenides in the tran-
sitional area between the Adriatic Carbonate
Platform basement and the open-marine shelf
area, where red nodular limestones were deposit-
ed directly above the shallow-water limestones
of the Dachstein Carbonate Platform. In Montene-
gro this facies is, except the Mihajlovi¢i section,
known also in the area of Lipova Ravan, north of
Niksi¢ (M. Pakovi¢, unpublished data), map-
ped as Late Triassic in the Basic Geological Map.

Lateral units: Limestones below and of the
Lithiotis Platform sensu stricto (Pliensbachian-
Toarcian: SCHLAGINTWEIT et al., 2006; GAWLICK &
SCHLAGINTWEIT, 2019) in direction to the more pro-
ximal (western) areas and red nodular lime-
stones in direction to the Neo-Tethys to the east.

Remarks: The Mihajlovi¢i Formation resem-
bles in lithology and in microfacies age equiva-
lent oncoidal limestones in the Southern Alps
(Italy) (BErRNOULLI et al., 1990; JabouL et al., 2005;
JapouL & GALLI, 2008) or the Transdanubian
Range (Hungary) (Haas, 2012 and references
therein; CsAszAr et al., 2012). In the Southern
Alps in cases this facies deposited with some
microfacies variations until the Toarcian (Ma-
SETTI et al., 2012). Originally the oncoidal lime-
stone below the red nodular limestone se-
quence was included in the Kr$ Gradac Forma-
tion (GAwLIcK et al., 2017a) as lowermost mem-
ber of the Kr§ Gradac Formation. Reason was
lithology and microfacies of the uppermost part
of the oncoidal limestone succession: “.. grey-
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reddish thick-bedded nodular limestone sequence
with oncoids, ammonoids, ostracods, rare radio-
larians, benthic foraminifera and crinoids with
an Early Toarcian hardground on top dated by
ammonites (CIRri¢, 1954)” (GAWLICK et al., 2017a).
In the Mihajloviéi section this uppermost part
of the oncoidal limestone sequence was recent-
ly exactly dated with ammonites as Late Pliens-
bachian (Pakovi¢ et al., 2021), and the hard-
ground with ammonites above is Early Toarcian
(RaBRENOVIC et al.,, 2012; PakoviC et al., 2021).
This Early Toarcian hardground marks also an
abrupt change in lithofacies to red nodular li-
mestones, whereas the Late Pliensbachian part
marks the transition from shallow-water on-
coidal limestones without open-marine organ-
isms, to condensed red nodular limestones.
Therefore on base of these results the lower
member of the former Kr$ Gradac Formation
could be separated and is now defined as
Mihajlovi¢i Formation.

4.4. The Late Jurassic nappe stack in
northern Montenegro

In the area between Gradac and Sula in
northern Montenegro, situated around and
west of the Cehotina River, various different
Middle and Late Triassic deep-water limestone
successions in a far-travelled nappe stack are
preserved. Therefore, this area was according
to PANTIC & RAMPNOUX (1972) and RampNoOUXx
(1974) defined as (par)autochthonous deep-
water intraplatform basin, that is the Cehotina
sub-basin of the Lim basin.

However, beside several sedimentary suc-
cessions in that area which belong to the East-
Bosnian Durmitor megaunit in that area also
exists preserved sedimentary sequences which
derive from the outer (Hallstatt) shelf or the
continental slope. The (par)autochthonous
sequences below the far-travelled nappe stack
preserve the Late Pelsonian drowning of the
Ravni Carbonate Ramp and its overlying deep-
water drowning sequence, which are the dif-
ferent formations of the Bulog Group (SuDAR et
al.,, 2023b). Above the Bulog group follows a
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lithologically variable Ladinian deep-water se-
dimentary sequence (MRDAK et al., 2025a, b),
in most cases topped by limestones of the
prograding Wetterstein Carbonate Platform.
The drowning sequence of the Wetterstein
Carbonate Platform around the Julian 1/2
boundary was described by Subar (1986) and
MRDAK et al. (2023), and is part of our field trip
programme. In the Late Triassic (Norian-Rhaet-
ian) elsewhere in northern Montenegro lagoo-
nal Dachstein Limestone was formed after the
flooding of the emerged Wetterstein Carbonate
Platform throughout the Middle-Late Carnian
(MrpAK et al., 2023; Pakovic et al., 2024; MRDAK,
2025; Mrpak et al., 20253, b). That means, that
in northern Montenegro a Middle to Late Carn-
ian stratigraphic gap exist, that is a time of no de-
position or no formation of sediments. Only in
rare cases, in remaining deep-water depres-
sions between the formerly prograding Wetter-
stein Carbonate Platforms a thin series of silici-
clastic sedimentary rocks were deposited, that
is the DZergeruSa Formation (GawLick etal., 2017a),
which is proven in southwestern Serbia and
northern Montenegro (MRDAK et al., 2023).

However, these deep-water siliceous fine-
grained siliciclastic sedimentary rocks depo-
sited locally in the Middle-Late Carnian can
not be attributed to an intraplatform basin.
After the demise of the Wetterstein Carbonate
Platform around the Julian 1/2 boundary no
shallow-water carbonate production could
be recognized throughout the Middle-Late
Carnian. Carbonate production in northern Mon-
tenegro, i.e. in the East Bosnian-Durmitor mega-
unit started again in the latest Carnian res-
pectively around the Carnian/Norian bound-
ary and gave rise for the evolution of the huge
Norian-Rhaetian Dachstein Carbonate Plat-
form with its reef rim in the area between the
Drina-Ivanjica unit and the Jadar unit, where
carbonate production started earlier (Tuvalian
2: Missoni et al.,, 2012).

All sections described in this chapter should
be - according to PANTIC & RAMPNOUX (1972) and
RaMPNOUX (1974) - part of the Cehotina sub-
basin of the Lim basin, but were never studied
in detail like most of the sections in the entire
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Fig. 22. Characteristic microfacies of the oncoidal limestones of the Mihajlovi¢i Formation from the type-locality. The identical micro-
facies characteristics of the reference section Kr$ Gradac in Serbia is figured in GawLick et al. (2020). 1. Oncoidal pack- to grainstone.
The core of the oncoids consists of different organisms or broken shells, e.g., bivalves, crinoids, foraminifera. Sample SRB 535. Width of
the photo 1.4 cm. 2. Oncoidal grainstone. The different oncoids have layered micritic rims. Sample SRB 535. Width of the photo 0.5 cm.
3. Oncoidal pack- to grainstone. In the middle an oncoid with Involutina liassica JONES as core. The micritic layers are in cases multiple,
but often are also single rims. Sample SRB 535. Width of the photo 0.5 cm. 4. Oncoidal pack- to grainstone with a lot of crinoids as core.
Sample SRB 536. Width of the photo 0.5 cm. 5. The size of the different oncoids is variable. Some oncoids have determinable foraminifera
(e.g., Involutina liassica JONES) as core. Sample SRB 537. Width of the photo 1.4 cm. 6. In the grainstone part appear plenty crinoidal
fragments, whereas in the packstone part foraminifera and bivalve shells are more common. Sample SRB 538. Width of the photo 1.4
cm. 7. Detail of 6, oncoidal grainstone with foraminifera and crinoids. Width of the photo 0.5 cm. 8. Detail of 6, oncoidal packstone with
shell fragments in the core of the oncoids. Width of the photo 0.5 cm.

area. Only the sections along the Cehotina River
Canyon and a section near Rudine (Rudine-Ve-
liko Brdo) were described by Supar (1986), and
belong to this unit. The section in the area Vele-
polje-Crno Brdo-Vrbica northeast of Gradac
(Supar, 1986) does not belong to this unit and
was attributed by Mrpak (2025) to the East
Bosnian-Durmitor megaunit.

The description of the sections is arranged
according to the facies belts from proximal
to distal, that is in direction to the outer (Hall-
statt) shelf respectively the continental slope.
The sections Poros A, B, C and the Pracica sec-
tions A and B derive from the Dachstein Car-
bonate Platform reef rim transitional to the
outer shelf. The section Cehotina River repre-
sents a provenance area from the reef near
outer shelf that is the grey Hallstatt Facies
(Gucevo facies). The section Nange-Jabucno de-
rives from the Middle Triassic to Middle Jurassic
continental slope, that is the most distal facies
of the passive continental margin facing the
Neo-Tethys to the east and is the earliest nappe
formed by the onset of ophiolite obduction in
the Middle Jurassic. This nappe rests on top of
the nappe stack bulldozed by the obducting
ophiolites in westward directions. Today this
nappe stack is preserved in the pull-apart struc-
ture related to the creation of the Miocene
Pljevlja basin with its coal-bearing sedimentary
rocks and represents one of the far-travelled
nappe stacks in the Outer Dinarides. In this
nappe stack several facies belts are preserved
in complete successions, which are very rarely
preserved in all different mountain ranges in
the Western Tethys Realm and provide unique
insights in the evolution of the different facies
belts of the outer shelf region, very often only
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preserved as blocks of variable size in the dif-
ferent radiolaritic-argillaceous mélanges (Gaw-
LICK & Missoni, 2019 for an overview).

Poros sections: section Poros A

Age: Late Triassic, Late Carnian to Middle
Norian;

Provenance: From the outer shelf area near to
the Dachstein Carbonate Platform reef-rim to
open marine grey Hallstatt facies;
Formations: Dachstein reefal and fore-reefal
limestone and variation of the Gucevo facies;
Location: West of Gradac on the road from
Gradac to Sula, southeast of the village Poros.

The section Poros A (Fig. 5, stop 3.1) com-
prises reefal to fore-reefal Dachstein Limesto-
nes with intercalated open marine limestones.
These open-marine “filament”-rich wacke- to
packstones with intercalated carbonate turbi-
dites with shallow-water clasts and organisms
resembles the Gucevo facies, even the Guce-
vo facies in the type area is metamorphosed.
Together with the other reef-near sections of
that area this clearly evidences the transition
of the reef-near depositional realm of the Gu-
cevo facies without coarse-grained reefal ma-
terial or reef or fore-reef intercalations to the
Dachstein Carbonate Platform reef rim (ZOHRER
et al.,, 2026). Moreover, it obviously demon-
strates that the Dachstein Carbonate Platform
reef rim was during the entire Norian a rela-
tively wide facies belt, that is today not anymore
preserved in the Inner Dinarides, that is the
area of today’s Drina-Ivanjica unit to the Jadar
unit.
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The sedimentary succession of the section
(Fig. 23) starts in the latest Carnian, as proven
by the co-occurrence of the conodonts Mp.
praecommunisti, Mp. communisti HAYAsHI, and
an Carnepigondolella sp. Around the Carnian/
Norian boundary an oligomictic microbreccia
was deposited with a mixture of open-marine
limestones and reefal derived grainstone com-
ponents. Upsection follow coarse-grained tur-
bidites, both intercalated in thick-bedded open-
marine micritic limestones, which could not be
dated exactly, but they are most likely lower-
most Lacian in age. In this part also siliceous
limestones with massive chert intercalations
(nodules and layers) are common (Fig. 24).

Section
Poros A

Lacian 3

Lacian 2

Norian

AN A PAYA

20 AN AW B

I~

Lacian 1

Carnian
Tuvalian 3

During the Lacian 1/2 the section shows a ge-
neral shallowing-upward trend with massive
reefal limestones and reefal rudstones and float-
stones in the Lacian 1/2 (Fig. 24). Various reef
builders including corals are common (Fig. 24).
Intercalations of open-marine “filament“-bear-
ing limestones are common, which contain Nrg.
navicula, Eg. rigoi, and early forms of Ag. trian-
gularis beside various forms of the Ag. triangu-
laris group sensu KARADI (2024). The section
ends with open-marine bedded grey limestones
with Nrg. hallstattensis and transitional forms
between Ag. triangularis and Ag. spatulata
(HayasHi). This clearly indicates that the reefal
evolution in this section was terminated at the

Legend

Radiolarian- and "filament"-rich
wacke- to packstone with turbidites

Oligomictic microbreccia

——r——1 Bioclastic grainstone with
= —1 reefderived components

Bio-intraclastic rudstone
with reef derived components

- Massive reef blocks (calcified
sponge-coral framestone)

Fig. 23. Section Poros A with the characteristic lithofacies evolution. The age diagnostic conodont assemblages are described in the

text. Redrawn after ZOHRER et al. (2026).
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Lacian 2/3 boundary, and therefore age-equi-
valent to the other sections in that area. A simi-
lar age of the backstepping of the Dachstein Carbo-
nate Platform reef rim was dated in the North-
ern Calcareous Alps by Krystyn et al. (2009).
Also, in the basinal sequences elsewhere in the
Western Tethys Realm the change from the
Massiger Hellkalk to the condensed red nodular
limestones of the Hangendrotkalk (LEIN, 1987;
KRrysTYN, 2008) is time-equivalent to this back-
stepping event, showing that the highstand
shedding from the Dachstein Carbonate Plat-
form to the adjacent outer shelf, that is the Hall-
statt shelf, ended during that time (GAwLICK & BOHM,
2000). This event is also visible in all open-ma-
rine sedimentary successions all over the Dinari-
des with a characteristic change in lithology and mi-
crofacies and known since long times (SUDAR, 1986).

The Early Norian reefal-to fore-reefal li-
mestones contain beside foraminifera also cha-

racteristic reef builders and microproblema-
tica. For details including the sample numbers
the interested reader is referred to ZOHRER et al.
(2026).

Poros sections: section Poros B

Age: Late Triassic, Late Carnian to Middle
Norian;

Provenance: From the outer shelf area near to
the Dachstein Carbonate Platform reef-rim to
open marine grey Hallstatt facies;
Formations: Forerunner of the Dachstein
Carbonate Platform, Dachstein reefal and fore-
reefal limestone and variation of the Gucevo
facies;

Location: West of Gradac on the road from
Gradac to Sula, east to southeast of the village
Poros.

Fig. 24. Field views of the section Poros A. 1. Upper part of the section Poros A, thick-bedded Early Norian fore-reefal limestones.
2. Reefal rudstones bed with various reef builders. 3. Recrystallized Early Norian corals. 4. Massive earliest Norian siliceous limestones

with massive chert intercalations (nodules and layers).
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The section Poros B (Fig. 5, stop 3.1) com-
prises a similar stratigraphic range as the Poros
A section, but in a different facies and litho-
logical evolution. This sedimentary succession
derives from a more distal part (Figs. 25, 26) of
the reef belt. The section starts in the Late Carn-
ian (higher Tuvalian) with massive reefal lime-
stones (calcified sponge-coral framestones)
intercalated in reefal rudstones. These shallow-
water limestones are overlain by “filament”-
rich wacke- to packstones and topped by an oli-
gomictic microbreccia. This microbreccia was
deposited around the Carnian/Norian bound-
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ary and could be dated here by the occurrence
of Nrg. navicula as Norian. Beside Nrg. navicula
appear Mp. communisti, conodonts of the Pri-
matella group and Quadralella (“Paragondo-
lella”) tuvalica (MAzzA & RiGo), indicating the
incorporation of latest Carnian deep-water com-
ponents.

Above the breccia a relatively thick series
of open-marine limestones deposited, in cases
with chert nodules. This part of the sections com-
prises the entire Lacian 1. In the lower part ap-
pear Mp. communisti together with conodonts
of the Primatella group (lower Lacian 1), while

Legend

Radiolarian- and "filament"-rich
wacke- to packstone with turbidites

Oligomictic microbreccia

] Bioclast_ic grainstone with
L= - -F reefderived components
Bio-intraclastic rudstone

=1 with reef derived components

Massive reef limestones (calcified
sponge-coral framestone)

- Chert nodules

Fig. 25. Section Poros B with the characteristic lithofacies evolution. The age diagnostic conodont assemblages are described in the

text. Redrawn after ZOHRER et al. (2026).

150

Geol. an. Balk. poluos., 2026, 87 (1), 93-177



Triassic-Jurassic intraplatform basins in the Dinarides: Myth or reality? The Neo-Tethys geodynamic history along a cross-section through ...

Fig. 26. Field views of the section Poros B. 1. Latest Carnian reefal limestone. Thick bedded to massive. 2. Reef framework with various
reef builders and micro encrusters from the latest Carnian part of the section Poros B. 3. Thin bedded latest Carnian siliceous limestones
as drowning sequence of the latest Carnian reef interval below the Carnian/Norian boundary breccia. 4. Open-marine yellowish-orange
fine-grained limestone intercalations in the Early Norian (Lacian 2) coarse-grained fore-reefal rudstones.

in the higher part also Eg. quadrata ORCHARD and
later Eg. rigoi together with Nrg. navicula ap-
pear. Above the first appearance of an early Ag.
triangularis starts the deposition of fore-reefal
limestones, mainly reefal rudstones. Above these
fore-reefal rudstones a series of “filament“-rich
wacke- to packstone deposited. In the lower part
these series contain still turbiditic grainstones
with reworked reefal grains and organisms.
This part of the succession is still Lacian 2 by
the co-occurrence of the condont species Eg.
rigoi and specimen of the Ag. triangularis group
sensu KarApi (2024). The carbonate turbidite free
highest part of the section contains beside Eg.
rigoi specimen of the Ag. triangularis group and
also Ag. spatulata. This indicates also a signifi-
cant decrease in the shedding of shallow-water
grains from the Lacian 2/3 boundary onwards.

Geol. an. Balk. poluos., 2026, 87 (1), 93-177

The reefal limestones contain beside seve-
ral foraminifera also characteristic sponges and
microproblematica. For more details regarding
this topic including the sample numbers the inte-
rested reader is referred to ZOHRER et al. (2026).

Poros sections: section Poros C

Age: Late Triassic, Norian-Rhaetian;
Provenance: From the outer shelf area near to
the Dachstein Carbonate Platform reef-rim to
open marine grey Hallstatt facies;
Formations: Dachstein fore-reefal limestone
and variation of the Gucevo facies;

Location: West of Gradac on the road from
Gradac to Sula, south of the village Poros.
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On the road west of Gradac in direction to
Sula (Fig. 5, stop 3.1) a more than 120 m-thick
overturned Late Triassic succession of bedded
late Early Norian to Rhaetian siliceous hemi-
pelagic limestones is exposed above Early
Norian fore-reef Dachstein limestones.

The section starts with a roughly 20 m-thick
reef to fore-reef limestone succession with
deep-water matrix in the upper part (Lacian 2
in age with following conodonts: transitional
form between Eg. quadrata to Eg. rigoi, and Nori-
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gondolella sp.) (Fig. 27). Near the base the reef
to fore-reef limestone is thick-bedded to mas-
sive, higher up in the section variously bedded.
We consider these reef limestones as part of
the lower Dachstein Reef Limestone, interes-
tingly with a deepening upward sequence from
the middle Lower Norian onwards. However,
the section is slightly tectonized, with folded
slump deposits in the central part (Fig. 28), so
that only some parts of the section can be accu-
rately measured.

Legend

Grey radiolarian- and "filament"-rich
wacke- to packstone with turbidites
Red radiolarian- and "filament"-rich
wacke- to packstone with turbidites

Oligomictic microbreccia

- Fore-reef limestones with
deep-water matrix
Chert nodules: grey/red

Slump deposits

Fig. 27. Section Poros C west of Gradac on the road from Gradac to Sula, south of the village Poros. The age diagnostic conodont assem-
blages are described in the text. Redrawn after GorICaN et al. (2022), MRDAK et al. (2022, 2024), and ZOHRER et al. (2026).
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Around the Lacian 2/3 boundary the deposi-
tional characteristics change relatively abruptly
from shallow- to deep-water limestones. Above
the fore-reefal Dachstein Limestones a roughly
30 m-thick part consists of dm-bedded deep-
water limestones with chert nodules and layers,
grey limestones and reddish limestones. Cono-
ont dating shows that the age of this part of the
section is Lacian 3 to Alaunian 3 in the upper part.
The drowning sequence of the Dachstein fore-
reef limestone could be dated as Lacian 2/3
boundary to Lacian 3 by following conodonts:
Nrg. hallstattensis, specimen of the Ag. triangula-
ris fauna sensu KArADI (2024), and Ag. spatulata.
This Lacian part of the deep-water limestone suc-
cession is roughly 10 m-thick. The Alaunian part
of the section is roughly 20 m- thick and con-
tains slump deposits and some breccia layers in
the higher Alaunian 1 to the Alaunian 2. The age
is proven by following conodonts: Nrg. steinberg-
ensis (MosSHER), specimen of the Ag. triangula-
ris fauna sensu KarADI (2024), Eg. slovakensis
Kozur, and Eg. serrulata ORCHARD. Carbonate tur-
bidites in this part of the section are rare.

Upsection, in the higher Norian (highest
Alaunian? to Sevatian) follows a series of slump
deposits with carbonate turbidite intercala-
tions. The appearance of Eg. bidentata through-
out this part of the section proves a Sevatian age
of the roughly 25 m-thick part of the succession
with slump deposits. In addition, Nrg. steinberg-
ensis appears sporadically. The appearance
of Ag. spatulata indicates also reworking of
older strata. The slump deposits are overlain
by polymictic breccias (debris flows) and turbi-
ditic microbreccias, which contain older clasts,
as proven by the appearance of Pg. polygna-
thiformis (Carnian, most likely latest Carn-
ian), Nrg. navicula (Lacian 1/2), and Eg. slova-
kensis (Alaunian 3). The overlying dm-bedded
grey- reddish siliceous limestones with red
chert nodules are Rhaetian in age, dated with
the appearance of Misikella posthernsteini Ko-
ZUR & Mock and Mis. hernsteini (MoSTLER). In this
(lower) Rhaetian part of the section also slump
deposits appear with reddish dm-bedded
highly siliceous limestones with chert nodu-
les. Chert nodules and layers are more abun-
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dant than in the limestones below. Sponge spi-
cules are abundant but no radiolarians have
been found.

The relatively parallel bedded series of grey
siliceous and slightly marly limestones (bed thick-
ness 5-10 cm) above the last slump deposit
could not be dated exactly, but they are still Trias-
sic in age, as proven by the appearance of Neo-
hindeodella sp. in the highest part of the section.
This part of the section should be Rhaetian 2/3
in age, but earliest Jurassic for the highest parts
of the folded sequence cannot be excluded.

The higher Lacian to upper Norian part of
the succession corresponds to the reef-near fa-
cies belt in open shelf position, known in the
type-area in the Northern Calcareous Alps as
the Gosausee Limestone facies (KRrystyN et al.,
2009), which correspond to te Gucevo facies.
The section Poros C (Fig. 27) shows during the
Norian a general deepening trend. This con-
trasts the Northern Calcareous Alps, where the
Late Norian reef prograded over the deep-water
limestones.

In the lowermost part of the overlying
Rhaetian grey siliceous limestones above the
slump horizon occur yellowish siliceous marls
with a high amount of clay minerals of the mica
group but also with a remarkable amount of
mixed-layer clay minerals which point to depo-
sition of most probably far-transported (wind-
blown) volcanic ash (Fig. 29). Such volcanic ash
is so far also not proven in the ALCAPA region,
where marly sediments (Zlambach marls and
equivalents: ToLLMANN, 1976; KrysTyYN, 2008) re-
place in the Rhaetian the formation of Hallstatt
Limestones. In contrast, in the Dinarides such
marls are not known and deposition of siliceous
limestones continues, but the Rhaetian micro-
facies resemble those of the Zlambach Forma-
tion (GawLick et al., 2018). Only deposits indi-
cating intense tectonic motions like mass-trans-
port deposits or slumps are similar in both pa-
laeogeographic different domains (see above).

Beside the direct biostratigraphic age dat-
ing, age equivalent event deposits, the depo-
sition of volcanic ashes around the Norian/
Rhaetian boundary can be an indicative litho-
stratigraphic marker for the Norian/Rhaetian
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Fig. 28. Field views of the overturned section Poros C. 1. Massive to thick-bedded Early Norian fore-reef limestones with intercalated
open-marine conodont-bearing limestones. 2. The higher Lacian 2 “drowning” succession of the Early Norian fore-reef limestones:
bedded siliceous deep-water limestones. 3. View along the road of the late Early Norian to Rhaetian deep-water limestones of the
Gucevo facies. 4. Late Norian slump deposits. 5. Detail of the Late Norian slump deposits. 6. Late Norian to Early Rhaetian dm-
bedded grey to reddish deep-water limestones with chert nodules. 7. Detail of the latest Norian breccia levels with reworked older com-
ponents. 8. Rhaetian slump deposits consisting of red-grey siliceous dm-bedded limestones, in parts with claystone layers containing

mixed-layer clay minerals.

boundary. Intense volcanic activity is known
from northern Peru or the Canadian Cordillera
(WorzLaw et al.,, 2014), where the Norian/Rhaet-
ian boundary was dated precisely by zircons
(~205.5 Ma).

The Early Norian fore-reefal limestones
contain beside several foraminifera also charac-
teristic sponges and microproblematica. For
more details regarding sedimentological and
microfacies details including the sample num-
bers the interested reader is referred to GORICAN

Pracica composite section
(Pracica A + Pracica B)

Age: Late Triassic, Carnian/Norian boundary to
Late Norian;

Provenance: From the outer shelf area near to
the Dachstein Carbonate Platform reef-rim to
open marine grey Hallstatt facies;
Formations: Dachstein reefal and fore-reefal
limestone and progradation above the Gucevo
facies;

etal. (2022) and ZOHRER et al. (2026).
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Fig. 29. Clay mineralogy of a yellowish siliceous marl layer above the Rhaetian slump horizon in the Rhaetian part of the section Poros
C. Note the remarkable amount of mixed-layer clay minerals and clay minerals of the smectite group beside calcite, quartz and clay
minerals of the mica group.
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Location: West of Gradac on the road from
Gradac to Sula, in the village Pracica.

The Pracica composite section (Fig. 5, stop
3.2) consists in fact of two different sections, the
section Pracica A and the section Pracica B.
Both sections are overturned. While the lower-
most part of both sections is practically identi-
cal in their sedimentological evolution, litho-
und microfacies, and both sections are only sepa-
rated by a young normal fault both sections are
summarized in one composite section. Further-
more, the section Pracica A preserves only the
lowermost part of the entire sedimentological
evolution. But, the contact to the underlying
(Zlatar) Mélange unit is only preserved in the
Pracica A section.

At the base of the section Pracica A a radio-
laritic mélange with various small blocks and
some mass-transport deposits is preserved
(Figs. 30, 31). The outcrop situation of this mé-
lange is rather poor in the forest or the grass-
land area. Beside the reddish-greenish and in
cases grey radiolarites limestone clasts are inter-
calated into the radiolaritic sequence. The lime-
stone clasts derive from the various-coloured
Hallstatt Limestone sequence. Beside compo-
nents from both grey limestone intervals (Mas-
siger Hellkalk and Hangendgraukalk) also com-
ponents from the Hangendrotkalk could be de-
tected, but not dated by conodonts as they are
too small for a reliable conodont sample.

The Pracica A sections starts above the con-
tact to the radiolarite with a microbreccia de-
posited around the Carnian/Norian boundary.
The upper part of the breccia contains Nrg. na-
vicula and Mp. communisti indicating a lower-
most Norian age. The overlying radiolaria- and
“filament“-rich wacke- to packstone with chert
nodules contain in the upper part Eg. rigoi and
an early Ag. triangularis which indicate an Early
Lacian 2 age.

The section Pracica B starts with an identi-
cal sedimentological evolution. Above the mi-
crobreccia with Nrg. navicula and Primatella
primitia (MosHER) evolved a more than 50 m-
thick sequence of dm-bedded grey open-mari-
ne siliceous limestones. The typical micro-
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facies consists of radiolarian- and “filament“-
bearing wacke- to packstones, in cases rich
in chert nodules. A Lacian 1 to Early Lacian 2
age is proven by the occurrence of Nrg. navi-
cula together with Eg. rigoi and Ag. triangula-
ris. In the (higher) Lacian 2, above these open-
marine limestones occur a series of microbrec-
cias and slump deposits. These series contain
also shallow-water grains from the nearby
Dachstein Carbonate Platform. Above these mi-
crobreccias and slump deposits again a series
of radiolaria- and “filament“-bearing dm-bed-
ded limestones deposi-ted. The age range of
these series is higher Lacian to Middle Alaun-
ian, as proven by the occurrence of Ag. spatu-
lata and Nrg. hallstattensis beside specimen
of the Ag. triangularis group in the lower part,
and the occurrence of Nrg. steinbergensis, spe-
cimen of the Ag. triangularis group, and speci-
men of the Early Alaunian genus Epigondolella
MOSHER.

The shedding of reefal material started in
the Middle-Upper Alaunian, as proven by the
appearance of Eg. slovakensis together with
Nrg. steinbergensis. Higher up in the section a
shallowing-upward trend can be observed, and
rudstones and massive reef blocks dominate.
The rarely intercalated finer-grained turbidites
could not be dated by conodonts. But an Upper
Norian (Sevatian) age of this fore-reefal Dach-
stein Limestone is most likely, as elsewhere in
the Western Tethys Realm (Krystyn et al., 2009;
Missoni & GawLIck, 2011a, b).

The reefal limestones contain beside seve-
ral foraminifera also characteristic corals, spon-
ges and microproblematica. For more details
in this topic including the sample numbers the
interested reader is referred to ZOHRER et al.
(2026).

Cehotina River section

Age: Middle to Late Triassic, Middle Anisian to
Middle Norian boundary;

Provenance: From the outer shelf area under
influence of the Dachstein Carbonate Platform
reef-rim; open marine grey Hallstatt facies;
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Fig. 30. Pracica composite section (Pracica A and Pracica B) with the characteristic lithofacies evolution. The composite section consists
of two overlapping sections around the Carnian/Norian boundary: the lower part of the section is doubled by tectonics. The age diagnos-
tic conodont assemblages are described in the text. Redrawn after ZOHRER et al. (2026).

Formations: Ravni Formation, Rid Formation,
grey siliceous limestones of the Nova Varo$
Group, Wetterstein Formation, Stopi¢a Forma-
tion, and Gucevo facies (named Gradac Forma-
tion in that section by SupaARr, 1986);

Location: North of Gradac on the old path from
Gradac along the Cehotina River.

The Cehotina River section (Fig. 5, stop 2.2)
starts with the Middle Pelsonian Dedovi¢i Mem-
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ber of the Ravni Formation (Fig. 32). The higher
part of the Dedovi¢i Member is highly recry-
stallized and karstified. Above the Ravni For-
mation follows a series of roughly 20 m-thick
siliceous deep-water limestones with rework-
ed shallow-water organisms in intercalated
coarse-grained reefal rudstones and turbidi-
tes. Bivalve lumachelle layers occur occasion-
ally. In this part of the succession, which we
assign to the Rid Formation (Supar et al., 2013)
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Fig. 31. Field views of the overturned sections Pracica A and Pracica B. 1. Contact of the basal part of the Pracica A section to the un-
derlying radiolaritic mélange. The basal part of the section Pracica A consists of a breccia deposited around the Carnian/Norian boundary.
2. Detail of the Carnian/Norian boundary breccia from the section Pracica A. 3. Old and inactive quarry of the late Early to Middle
Norian part of the Pracica B succession. Dm-bedded series of grey siliceous limestones with chert nodules. 4. Early to Middle Norian
part of the Pracica B succession. Dm-bedded series of grey siliceous limestones with chert nodules and the first intercalated turbidites
with shallow-water grains. 5. Late Middle Norian to Late Norian part of the Pracica B section. Reefal rudstones with intercalated reefal
floatstones and few coarse-grained turbidites. 6. Late Norian reef framework with micro encrusters, sponges and corals.

a ?Middle to Late Illyrian age is proven by the = middle part, and the occurrence of Gl tethydis,
occurrence of Gl. tethydis (HUCKRIEDE), Pg. excelsa ~ Pg. fueloepi (KovAcs) and Pg. trammeri, in its
(MosHER), and Pg. eotrammeri KRYSTYN, in the  upper part.
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The Early Ladinian cannot be exactly dated
by the appearing conodont assemblage with
Gl tethydis, Pg. fueloepi, and Pg. trammeri, as age
diagnostic conodonts are missing. The lithologi-
cal change from the shallow-water organisms
bearing Late Illyrian Rid Formation to condensed
grey siliceous dm-bedded limestones we assign
as transition from the Anisian (Illyrian) to the La-
dinian (Fassanian). Shallow-water carbonate pro-
duction normally declined around the Anisian/
Ladinian boundary and the Ladinian is normal-
ly characterized by condensed sedimentation.
An exception is the occurrence of a short inter-
val of shallow-water carbonate production in
the Early Longobardian, which is dated in other
sections very exactly as Longobardian 1 (MRDAK,
2025), but not in the Cehotina River section.
However, a Ladinian age for this shallow-water
interval is also proven in the Cehotina River
section by the occurrence of Late Anisian to La-
dinian conodonts below and the appearance of
Pg. polygnathiformis together with Gl. tethydis
from the deep-water limestones with interca-
lated turbidites above this condensed Ladinian
(roughly 10 m-thick) interval. This turbiditic
Early Carnian sequence deposited below the
evolving and prograding Wetterstein Carbona-
te Platform with its shallowing-upward trend.
Various shallow-water organisms from the Wet-
terstein Limestones with a thickness of not
more than 20 meters in the Cehotina River sec-
tion were described by Supar (1986).

The top of the Wetterstein Limestone is re-
crystallized and karstified. The preserved thick-
ness of ~20 meters of the Wetterstein Carbo-
nate Platform indicate deep erosion of the nor-
mally up to several 100 m-thick Wetterstein
Formation sequence. Above this unconformity
starts the evolution of a few meters thin reefal
limestone (Stopi¢a Formation) which fills the
erosional relief on top of the Wetterstein Car-
bonate Platform. These reefal limestones with
corals are overlain by middle Late Carnian (Tu-
valian 2) deep-water limestones with turbidites
and bivalve layers (Fig. 33). The Late Carnian
(Tuvalian 2-3) age is proven by the appearance
of Pg. carpathica (Mock) and Pg. polygnathifor-
mis in the lower part of the deepening sequence
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and the co-occurrence of Pg. nodosa together
with Pg. polygnathiformis in its higher part.
The sedimentological trend, the age, litho-
facies and microfacies evolution of this Late
Carnian part of the succession is absolute iden-
tical with the evolution of the type-section in
the Sirogojno carbonate-clastic Mélange (Mis-
sonI et al., 2012), which derived from a deposi-
tional realm situated palaeogeographically east
of the Drina-Ivanjica unit in transition to the
Jadar unit. This Late Carnian sedimentary se-
quence is also quite similar to the litho- and micro-
facies evolution of the Gucevo facies in the type-
area, with the difference, that the Gucevo facies
in the type-area represents a slightly deeper
and more distal depositional environment.
Therefore, it is here generally referees as
Gucevo facies, the lower Norian part of the suc-
cession consists predominantly of thick-bedded
siliceous limestone with chert nodules and in-
tercalated turbidites (Fig. 33). The turbidites
contain shallow-water grains and organisms.
Only in the lowermost part an earliest Norian
(Lacian 1-1) thin-bedded siliceous limesto-
nes without intercalated turbidites deposited.
Their age is proven by the co-occurrence of Meta-
polygnathus sp. and Eg. quadrata. In the higher,
thick-bedded part the appearance of Ag. trian-
gularis, various species of the Ag. triangularis
fauna sensu KARrADI (2024) prove a Lacian 2 age.
Higher in the succession appear Ag. triangularis
together with Ag. spatulata indicating an age
around the Lacian 2/3 boundary. Their appear-
ance coincides with the lithological change to
thinner-bedded siliceous limestones, rich in
chert nodules, and with much less and finer-
grained limestone turbidites. In this level ap-
pears also a breccia layer accompanied by a bi-
valve lumachelle (Fig. 34) with Halobia mediter-
ranea GEMMELLARO. The biostratigraphic age of
the halobiid bivalve is in line with the conodont
fauna with Ag. triangularis and Ag. spatulata.
In the Lacian 3 part of the sedimentary suc-
cession appears a transitional form between
Nrg. navicula and Nrg. hallstattensis beside
various forms of the Ag. triangularis fauna
sensu KARADI (2024). The Middle Norian (Alaun-
ian) is characterized by thin-bedded siliceous
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Fig. 32. Middle Anisian to Norian section of the Cehotina River. Redrawn and added after Supar (1986) and MRDAK (2025).
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Fig. 33. Field photos from some characteristic lithologies of the Middle Anisian to Middle Norian Cehotina River section. 1. Nodular
grey thin-bedded Late Carnian Stopi¢a Formation, which represent the drowning sequence of the Wetterstein Carbonate Platform. 2.
Thick-bedded Early Norian grey siliceous limestones. 3. Halobiid lumachelle layer (Fig. 34) above a breccia horizon around the Lacian
2/3 boundary. 4. Thin-bedded grey siliceous limestones of Middle Norian age with chert layers.

deep-marine limestones with plenty of chert
nodules and chert layers. Their Alaunian age is
proven by the occurrence of Eg. slovakensis and
Eg. postera.

The Alaunian part of the deep-water Trias-
sic sedimentary succession is overlain by a
breccia of so far unknown age, but the mass-
transport deposits above this breccia layer,
which consist of Late Triassic deep-water lime-
stone components are of Late Jurassic age.
These mass-transport deposits contain vari-
ous shallow-water carbonate clasts and organ-
isms of a late Jurassic shallow-water carbonate
platform. Their age is most likely Tithonian,
but an exact age is not proven yet due to the
scarcity of determinable and age diagnostic
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shallow-water organisms. However,; these mass-
transport deposits with reefal material are the
sedimentary base of the latest Jurassic to Early
Cretaceous Vranduk Formation, which can be
studied along the road from Gradac to Crno Brdo
in a preserved thickness of several hundred
meters.

Nange-Jabucno section

Age: Late Triassic to Late Jurassic;
Provenance: From the continental slope;
Formations: Grivska Formation, unnamed For-
mation (Early Jurassic), Zlatar Formation, un-
named Formation (Late Jurassic).
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Fig. 34. Cehotina River section. 1-2. Lumachelles of monospecific assemblages of Halobia mediterranea GEMMELLARO, 3-4. Gray
radiolarian wacke- to packstone, with mass occurrences of Halobia shells (3, sample number CEH-6A/25) or rare “filaments” (4, sample

number CEH-4/25). Lacian 2/3 boundary.

Location: West of Gradac on the road from
Gradac to Sula, in the village Pracica.

The section Nange-Jabucno (Fig. 5, stop 3.3)
and further in direction Poros shows a comple-
tely different Late Triassic evolution in compa-
rison with the Poros C or Cehotina River sec-
tions. While in the Poros C section and Cehoti-
na River section Jurassic strata are missing, the
Jurassic evolution in the section Sula to Poros is
practically complete.

The section Nange-Jabucno (Fig. 35) starts
with thin-bedded grey siliceous limestones with
fine-grained turbidite layers. In contrast to the
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other sections these turbidites contain no shal-
low-water debris. Upsection follow grey and thick-
bedded siliceous limestones, again with turbidi-
te layers without shallow-water debris (only au-
tomicrite clasts). The age of these two parts of the
section cannot be proven due to the lack of cono-
donts or other age diagnostic organisms. Radio-
larians could not be isolated from this part of
the succession, and halobiid bivalves are miss-
ing. A Late Carnian age for the lowermost part
of the Nange section is most likely, as the over-
lying lower lumachelle layers (Fig. 36) contain
monospecific assemblages of Halobia lenticu-
laris (GEMMELLARO) (Fig. 37), of Late Carnian age.
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Nevertheless, the dipping in the upper part of
this Late Carnian deep-water limestones below
the lumachelle layers changes rapidly without
any clear direction indicating slump deposits;
this maybe can explain the exceptionally thick
sedimentary sequence of this (Carnian) part.

The interval of deposition of lumachelle
layers is quite thick, and consists predominan-
tly of Halobia lenticularis (GEMMELLARO) layers
(compare GORICAN et al., 2022). The determined
bivalves originate from the lower levels of lu-
machelle layers around the Carnian/Norian
boundary. The lower levels seem to consist
only of this monospecific bivalve accumula-
tion. In total the main lumachelle levels ap-
pear in a thickness of roughly 3-4 meters in the
series of exclusively grey siliceous dm-bedded
limestones with plenty of halobiids, which
contain no conodonts except some broken
multielements.

The higher lumachelle layers contain also
few different halobiid shells, which can be deter-
mined as Halobia cf. austriaca Mojsisovics, which
would indicate a lowermost Norian age. A con-
sequent layer-by-layer sampling is needed, es-
pecially of the upper lumachelle layers to prove
a possible homogeneity or age change.

Above these lumachelle layer intervals fol-
low a roughly 40 m-thick series of grey siliceous
limestones, in cases with chert nodules and
chert layers. The series is in this part predomi-
nantly thin-bedded (5-10 cm), turbidites are
generally missing with one exception in the
middle part of this series. This fine-grained
turbidite layer with filaments most likely cor-
responds to the resedimentation event in the
latest Middle to Late Norian.

However, also this part of the section can-
not be exactly dated by conodonts: the sedi-
ments consist of radiolarian biomicrites with-
out resediments. Only Neohindeodella triassica
(MULLER) indicating a Triassic age, could be iso-
lated, also in the more marly thin-bedded part
in the highest part of this series (most probably
Rhaetian). On top of these marly siliceous lime-
stones appear a 1-2 cm-thick layer of grey clay-
stones, which marks also an abrupt change in
the microfacies characteristics . The Late Triassic
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is characterized by radiolarian wacke- to pack-
stones with few broken “filaments”. Other or-
ganisms are generally missing.

Upsection follow grey thin-bedded radio-
laria-spicula rich biomicrites, which resembles
the Early Jurassic successions known wide-
spread in the Western Tethys Realm. The Trias-
sic part of the section can be attributed to the
Grivska Formation.

Due to the limited outcrop situation the
transition from the spicula-rich grey siliceous
limestones to the overlying radiolarite could
not be digged out. The overlying grey-green
radiolarite (radiolarite-spiculite in fact) is no-
dular bedded and in the upper part characte-
rized by slumps and intense synsedimenta-
ry deformation. In addition, the general dip-
ping of the succession changes exactly on this
level due to a tilting of the basin floor.

The overlying bedded mainly reddish, but
also greenish radiolarite is outcropping in a
small local quarry. The greenish parts of this se-
quence in the quarry represent most probably
silicified volcanic ash layers, but this cannot
be proven anymore due to intense silification.
The characteristic clay minerals for volcanic
ashes are below the detection limit.

These Callovian to Oxfordian radiolarites
(Gorican et al., 2022) contain beside radiola-
rians also sponge spicules in rock forming quanti-
ties. The preservation of the radiolarians is only
moderate. For details on the radiolarian fauna
see GORICAN et al. (2022).

After the basin tilt, with the onset of deposi-
tion of the red-green radiolarites the dipping of
the upsection following Late Jurassic sedmentary
sequence is parallel and with a similar, but slight-
ly flatter dipping due to later folding. This in-
dicates deposition during a period of relative tec-
tonic quiescence. Upsection the radiolarite is
again only badly outcropping and the contact to
the overlying yellowish-reddish siliceous clay-
stones is not visible. In this roughly 30 m-thick
succession of siliceous claystones 5-10 cm-thick
turbidite layers are intercalated. One type of turbi-
dites consists predominantly of siliciclastic mate-
rial, with a lot of volcanic clasts and some heavy
minerals, but also radiolarites. The other type of tur-
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Fig. 35. Late Triassic to late Jurassic section Nange—-Jabucno with its characteristic lithological evolution (after Gorican et al., 2022).
In the entire section age diagnostic organisms are very rare. Only the halobiid lumachelle layers and the red-green radiolarite could be

dated by halobiids and radiolarians.

bidites consists of carbonate-siliciclastic layers
with similar siliciclastic material, but also with va-
rious radiolarite components and shallow-water
grains from a shallow-water carbonate plaform.
In moment the appearing shallow-water orga-
nisms in these turbidites are not determined on
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species level, but they are similar to those de-
scribed recently in the Kr$ Gradac section in
southwestern Serbia by GawLick et al. (2020 and re-
ferences therein). Therefore, we assign this part
of the succession to the Tithonian. Interestingly
this sedimentary succession indicates a deposi-
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i

Fig. 36. Late Triassic to Late Jurassic outcrop photos of the section Nange-Jabucno. 1. Outcrop situation of Late Carnian to ?Early
Norian halobiid lumachelle layers interval. 2. Early Norian thick-bedded siliceous limestones of the Grivska Formation. 3. Transition
from the thick-bedded to thinner-bedded siliceous limestones with chert layers. Most probably still Early Norian. 4. Thin-bedded siliceous
limestones with thick chert layers. Most probably Middle to Late Norian. 5. Outcrop situation of the Middle to Late Jurassic radiolarites.
On the left side of the photo dark-green to grey radiolarites are outcropping with a different dipping as the red-green radiolarites in
the small quarry. 6. Enlargement of the thin-bedded red-green radiolarites of late Middle to early Late Jurassic radiolarites.
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Fig. 37. Nange-Jabucno section. 1-4. Halobiids from the lumachelles of Late Carnian (de CaroA BonaRrpI, 1985; LEVERA, 2012) monospecific
assemblages of Halobia lenticularis (GEMMELLARO). 5-6. Microfacies photos of the yellowish-light brownish coloured radiolarian wacke-
to packstone, with single valves of Halobia shells (5) or “filament” accumulations (6), sample number NAN-1A/25).

tional area in that basin more proximal as visi-
ble in the Cehotina River section or along the
road from Gradac to Crno Brdo.

These latest Jurassic sedimentary rocks
from the red-green radiolarites onwards seal
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the emplacement of the Gradac-Sula nappe
stack on top of the East Bosnian-Durmitor mega-
unit with further west-directed transport in the
frame of Tithonian to Early Cretaceous moun-
tain uplift and unroofing to its final position.
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5. Conclusions

All Middle-Late Triassic open-marine and
deep-water sedimentary successions in the
Outer Dinarides are bulldozed in the frame of
Middle to Late Jurassic ophiolite obduction from
the continental slope to outer shelf area to their
position. They appear either as blocks in a Mid-
dle-Late Jurassic radiolarite matrix and repre-
sent trench-like deep-water basins fills, that are
sedimentary mélanges or they represent far-
travelled nappes 1) first bulldozed by the west-
directed obducting ophiolites to their foreland,
and 2) experienced further west-directed trans-
port by gliding in the frame of mountain uplift
and unroofing.

The existence of long-living deep-water in-
traplatform basins in the Dinarides is a myth
and a legend, invented by positivists in the
sense of PoPPER (1935) (compare SENGOR, 2013).
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