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Abstract. The opening of the Neo-Tethys started in the Middle Anisian and is
recorded in the drowning succession of the shallow-water Ravni/Steinalm
Carbonate Ramp and the subsequent deposition of deep-marine limestones,
e.g., the red nodular limestones of the Bulog Group and equivalents. In the
Inner Dinarides of southwest Serbia the continental break-up of the Neo-
Tethys Ocean is characterized by the formation of a horst-and-graben
topography. The change from deposition of shallow-water carbonates formed
in an epicontinental sea (graben stage of the Neo-Tethys Wilson Cycle) to red
nodular deep-marine limestones (Bulog Limestone) in the late Pelsonian
(Middle Anisian) is relatively abrupt due to the rapid decrease of carbonate
production. The deeper-water Bulog Limestone, deposited in the early stage
of the passive continental margin evolution of the western Neo-Tethys can be
dated by conodonts and in rare cases also by ammonoids quite exactly, and
therefore it is possible to reconstruct the Pelsonian to Illyrian sedimentological
evolution precisely: 1) The late Pelsonian is characterized by the drowning of
the shallow-water Ravni Carbonate Ramp and a rapid deepening of the
depositional realm. Extension led to the formation of neptunian dikes in the
shallow-water Ravni Formation, filled with deeper-marine red micrite, and
the formation of a horst-and-graben morphology. Whereas some of the horsts
uplifted and emerged in the grabens near to the newly formed escarpments
thick breccia successions were deposited with a fining-upward trend during
the early-middle Illyrian. On top of other horsts, the grabens, or the newly
formed gentle slopes red nodular limestones were deposited. In cases layers
with enriched ammonoids formed (Fossillagerstétten). 2) The early-middle
Illyrian ongoing subsidence resulted in the deposition of more and more
condensed red nodular limestones with hardground formation. 3) Around the
middle/late Illyrian boundary a new pulse of tectonic motions resulted in the
tilting of blocks, the formation of new escarpments and again mobilization of
mass transport deposits. In addition, a second generation of neptunian dikes
was formed. They crosscut the late Pelsonian to middle Illyrian Bulog
Limestone, the Pelsonian Ravni Formation, and the older generation of
neptunian dikes in the shallow-water Ravni Formation. All formerly emerged
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horsts flooded and red nodular limestones were deposited on the karstified
shallow-water Ravni Formation after a gap. This second pulse of tectonic
motions is related to the widespread volcanism in the Dinarides as visible in
the appearance of mm-sized biotite clasts in the late Illyrian Bulog Limestone.
In contrast to the Outer Dinarides, where thick volcanics are intercalated in
the Illyrian sedimentary succession, in the Bulog Limestone successions of the
Inner Dinarides volcanics are missing. In general the Pelsonian-Illyrian
sedimentary succession is characterized by a stepwise deepening of the
depositional realm.

AncrtpakT. OTBapame HeoTeTuca, 3ao4eTo y cpefilrbeM aHU3HUKY, OKapaKTe-
pHCaHO je MOTamakeM CyKIiecHje MJINTKOBOAHe KapboHaTHe PaBHu/Steinalm
paMne U KacHHUjoM [elOo3UIHjoM Jy6OKOBOJAHHUX MapHHCKHUX LPBEHUX
HOZlyJIapHUX Kpeukaka T3B. ['pyne Bysior v ekBuBaneHTUMa. Y YHyTpallllbUM
JAuHapujuma jyrosanazHe Cp6uje KOHTUHEHTAIHO pa3JjiaMaie okeaHa Heo-
TeTHca KapakTepulle ce dopMUpameM XOPCT U rpabeH Tomorpaduje.
[IpoMeHa of Jemnosulyje NJIMTKOBOJAHUX KpedlakKa HaCTalUX y eNu-
KOHTUHeHTasHOM Mopy (¢da3a rpabeHa HeoreTuca; Wilson-oB nukiayc) y
I[pBEHe HoJyJapHe Jyb6OKOBOZHe MapHuHCKe Kpedmwake (Bysomku
Kpeuymalll) y KaCHOM I1eJICOHY (cpeJiibl aHU3HK), peJIaTHBHO je Harjia ycies
6p3or cMmamema KapboHaTHe mnpoayknuje. Jly6okoBogHM bBysomku
Kpeubally, IelIOHOBAHU Y paHoj $a3u eBoyLHje MTacChBHEe KOHTUHEHTAJHE
MapruHe 3amagHor HeoTeTnca Mory pa ce BpJIO TadyHO JaTUpajy
KOHOJIOHTHMa U y pehuM ciydyajeBMMa aMOHOMUMMaA, U 360T Tora je 6UJI0
Moryhe npenr3HO PeKOHCTPYHUCATH CeIUMEHTOJIOLIKY €BOJYLM)Y OJf ITeJICOHA
J10 uiaupa: 1) KacHHU IeJICOH ce KapaKTepulle NOTaNameM IJIMTKOBOJHE
kapbonatHe pamne ®opmanuje PaBHM U 6p3UM mNpoAy6/baBamkEM
JeMo3UIMOHOT ToApydja. tberoBo ucresame je A0Beso A0 00pasoBama
HENTYHCKUX JAajKoBa y MJAUTKOBoAHO] ®opmanuju PaBHM, McnymwaBamba
JyOOKOBOJHUM IIPBEHUM MHUKPUTOM U [0 PopMHpama XOpCT U rpabeH
MopdoJioruje. C 063UpoOM Jia Cy ce HEKHU 0J1 XOPCTOBA U3AU3AJH U IOJUTIHU Y
rpabeHuMa, y 6JM3MHU HOBOGOPMUPAHUX CTPMUHA JlelIOHOBaHe cy Jebese
CyKlecHje 6peya ca TPeH/JOM YCHTHaBakba HaBUIlle TOKOM PAHOT-CPeHOor
uaupa. Ha Bpxy Apyrux xopcToBa, rpabeHa Wjiu HOBOGOpMHUpPAHUX 6J1aro
HarHyTHX NaZijMHa JelOHOBAaHMU Cy [IPBEHU HOAYJApPHHU Kpedrmallh. Y HeKUM
cay4yajeBUMa 00Opa3oBaHM Cy cjojeBM o6GoraheHM aMoHOMAMMa
(Fossillagerstatten). 2) Pana fj0 cpe/ilb0 MIMpPCKa CyTNICHAEHIM]ja leTIOHOBaHa
je y cBe BHIe W BHIIe KOHJe30BaHe IpBeHe HOAyJapHe Kpedymake y3
HacTaHak xapArpayHza. 3) Oko rpaHulle cpeAmwH/KacHU HWJIHAD HOBHU
TEKTOHCKU MOKPETH Cy JI0BEJIM [0 Harumarma 0JI0KOBa, HACTaHKa HOBUX
na/JiiHa ¥ MOHOBHOT NOKpeTama Hacjara MaceHor TpaHcnopta. [lopeg Tora,
dopMupasa ce fpyra reHepanuja HelITYHCKUX JAajkoBa. OHU Cy npecekau
KacHO IeJICOHCKe [0 CpeJilb0 WJIMpPCKe Bysomke Kpedmake, MEJICOHCKY
®opmanujy PaBHH, M cTapujy TreHepalujy HENTYHCKUX [JajKOBa V
mauTkoBoAHoj Popmanuju PaBuu. CBU paHUje U3JUTHYTU XOPCTOBU CY
NOTONJbEHW M LPBEHW HOAYJApPHU Kpeymallu Cy ce JeNOHOBaJId Ha
KapcTUPUKOBaHOj MIUTKOBOAHOj PopMauuju PaBHM nocse crpaturpadcke
npasHuHe. OBM [JpyrM TEeKTOHCKM IIOKpPeTHM Ce OJHOCe Ha LIHPOKO
pacnpocTpameH ByJKaHM3aM y /IluHapyuiuMa BU/I/bUB Y 0jaBU GUOTUTCKUX
KJacTa MmM-BeJUYMHEe y KAaCHO WJIMPCKUM DBy/loIIKMM Kpedwanuma. Y
KOHTpacTy ca CnosbammuM /JluHapujuMa, rfe ce fAebequd BYJIKAaHUTH
[10jaBJ/byjy Kao MHTepKaJalyje y UWIMPCKOj CEAUMEHTHO] CYKLECUjHU, ¥ CYK-
necujaMa bynomkux Kpeywaka YHyTpamwux JMHapuaa BYJKaHUTH
M30CTajy. Y LleJIMHY, IeJICOHCKO-UINPCKa ceJUMeHTHaA CyKLecHja ce KapaKTe-
pHulle OCTeNneHrMM NpoAy6/baBabeM J1eN03KMIMOHOT To/pyYja.
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Introduction

Changes in the depositional environment reflect
local, regional, or global changes. An opening of an
oceanic domain is very often characterized by a
regional unconformity which marks the transition
from the graben stage to the passive continental
margin stage in a “Wilson Cycle” (FriscH et al,, 2011).
In addition, often a remarkable change in deposition
can be recognized: breccias formed on the newly
created escarpments, formation of neptunian dikes,
a transition from shallow-marine to deep-marine
deposition, formation of volcanics, and deposition
of their erosional products or volcanic ashes. All
these features can be typical expressions of a con-
tinental break-up during the initial phase of a new
oceanic domain.

In the eastern Mediterranean orogens as part of
the Tethysides (SENGOR, 1984) the Mesozoic geody-
namic history is controlled by the evolution of the
Tethys, namely the Neo-Tethys in the sense of SUESS
(1888, 1901). But still there is little consensus about
the Mesozoic plate configuration in this region, and
how many oceanic domains or continental blocks
existed during Triassic-Jurassic times in the Western
Tethys Realm. Multi-ocean reconstructions (STAMPFLI
& Kozur, 2006; StAMPFLI & HOCHARD, 2009; ROBERTSON,
2012 and references therein) contrast one-ocean
reconstructions (GAwLICK et al., 2008; ScHmID et al,,
2008, 2020; see GAwLICK & Missonl, 2019 for a review
and references therein). However, every oceanic
domain should be characterized by a different life
(Wilson) cycle and should be at least slightly different
in their geodynamic history, i.e. the opening and the
closure of such oceanic domains should differ in their
age and their closure should result in distinguishable
suture zones. Normally often also the deposited
sedimentary successions should differ and especially
the tectonostratigraphy should be different: whereas
global signals normally can be traced in sedimentary
successions everywhere, regional events should
affect only the sedimentary record around one
oceanic domain. In addition, if in one region multiple
oceanic domains between continental domains are
formed, these oceanic domains should open (and
close) atleast with a time difference. However, in the
Western Tethys Realm, i.e. all Circum-Pannonian
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mountain ranges the Triassic-Jurassic sedimentary
successions and their tectonostratigraphy is practi-
cally identical (KovAcs et al., 2010; Haas et al., 2010;
GAwLICK & MissoNI, 2019 for a review and references
therein) and strengthen the one ocean reconstruc-
tion for the Triassic. But, the multi-ocean versus
single-ocean discussion is beyond the topic of the
paper. Interested readers are referred to GAWLICK et
al. (2017b and references therein), ScHMID et al.
(2008, 2020), and GawLIicK & MissonI (2019 and refe-
rences therein).

We focus in this paper on the early (Middle-Late
Anisian) passive margin stage of the Neo-Tethys in
sense of SUESS (1888, 1901) (= northern Neo-Tethys
of SENGOR, 1984) with its characteristic evolution:

1. Graben or rift stadium: latest Permian to Mid-
dle Anisian - from coarse-grained siliciclastic sedi-
mentary rocks, in cases with intercalated evaporites
to shallow-marine epicontinental carbonate rocks.

2. Passive margin evolution: late Middle Anisian
to Middle Jurassic - from Middle Triassic condensed
open-marine deep-water sedimentary rocks (lime-
stones, radiolarites), often intercalated by rocks
related to volcanism to the evolution of huge car-
bonate platforms in the Late Triassic followed by an
Early to Middle Jurassic pelagic platform stage (in
sense of WENDT, 1988), characterized by deposition
of condensed open-marine deep-water sedimentary
rocks (limestones, radiolarites).

3. Active margin stage characterized by ophiolite
obduction and subsequent mountain uplift: Middle to
Late Jurassic - formation of trench-like foreland
basins filled by sedimentary mélanges in the frame of
the obducting ophiolites and the propagating nappe
stack during Bajocian-Oxfordian times, Late Ox-
fordian to Tithonian formation of shallow-water
platforms on top of the obducted ophiolites or nappe
fronts and mountain uplift and unroofing from
Tithonian times onward forming a new relief and
basins filled with the erosional products of the
uplifting mountain range during the Early Cretaceous.

The so-called southern Neo-Tethys (SENGOR,
1984) or Eastern Mediterranean Sea evolution
(NIRRENGARTEN et al., 2023 and references therein) or
the Alpine Atlantic evolution (HANDY et al., 2010 and
references therein) is not topic of this paper, but
influenced the depositional record of the Neo-Tethys
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passive margin significantly in the timespan Late
Triassic to Middle Jurassic.

The Anisian geodynamic evolution in the Western
Tethys Realm is well recorded in the sedimentary
record of the Inner Dinarides in SW Serbia. The
drowning of the Ravni/Steinalm shallow-water
carbonate ramp in late Pelsonian times (late Middle
Anisian) reflects the final oceanic break-up of the
Neo-Tethys and is fairly well documented in all
eastern Mediterranean mountain ranges: the Dina-
rides (KovAcs et al., 2011; SupaAr et al., 2013; GAWLICK
et al,, 2017a, b), the units in the Pannonian realm
(Voros et al., 2003; KovAcs et al.,, 2011; VELLEDITS et
al, 2017, Karapi et al.,, 2022), the Western Car-
pathians (FEIST-BURKHARDT et al., 2008; HavriLa, 2011;
KovAcs et al,, 2011), the Southern Alps (BECHSTADT et
al,, 1978; BERRA & CARMINATI 2010; CELARC et al., 2013),
and the Eastern Alps (ToLLMANN, 1976, 1985; LEIN,
1987; GawLick et al.,, 2021) and was named in an
overall manner the Reifling turnover by SCHLAGER &
SCHOLLNBERGER (1974), i.e. the onset of deposition of
grey bedded siliceous limestones above the Steinalm
Carbonate Ramp in the Northern Calcareous Alps
from late Pelsonian times onwards. In all regions the
Late Anisian opening of the Neo-Tethys resulted in
the formation of a horst-and-graben topography on
the newly formed northwestern and western Neo-
Tethys passive continental margin (LEIN, 1985, 1987;
SuUDAR et al,, 2013 for the Inner Dinarides). To invent
a new name for every slightly different sedimentary
succession during this highly tectonic active time, in
cases accompanied with subsequent volcanic activity
is an unnecessary complication for palaeogeographic
reconstructions and should be avoided (Kukoc et al.,
2023: Northwestern Croatian Triassic Rift Basin).

In the Dinarides the overall Middle-Late Anisian
geodynamic evolution with the drowning of the
Ravni Carbonate Ramp and the deposition of the
hemipelagic and often condensed deep-marine
Bulog Formation above is well documented since
more than 130 years (HAUER, 1888; Bukowski, 1895;
GORJANOVIC-KRAMBERGER, 1896; VINASSA DE REGNY,
1903; KitTL, 1904; MARTELLI, 1904, 1906; SALOPEK,
1911, 1914a, b, 1918; ZIvKovIC, 1906/7, 1931; BESIC,
1945; PETKovIC & MILETIC, 1953; MiITRovas, 1958;
CELEBIC, 1964; MiTRoVIC et al., 1972; LjuBovié, 1976;
MiHAjLovI¢-PavLovi¢, 1979; MUuDRENoVIC, 1982, 1995;

PrLj & MUDRENOVIC, 1988). The dating of this dramatic
change in the depositional history was based for a
long time practically only on ammonoid faunas,
which appeared in numerous sections of red nodular
and condensed limestones in many regions all over
the Dinarides of former Yugoslavia, most of them
located in Bosnia & Herzegovina, Montenegro,
Croatia and Serbia. In contrast, in other areas of the
Dinarides, mainly in the Outer (External) Dinarides
of Croatia and Slovenia, and also in the Southern Alps
of Slovenia (Julian and Kamnik-Savinja Alps) such
red nodular limestones are practically missing. In-
stead in these areas grey siliceous bedded hemi-
pelagic deep-marine limestones were deposited
(SMIrCIC et al.,, 2018, 2020: for External Dinarides and
references therein; CELARC et al, 2013: for Juli-
an/Kamnik Alps and references therein), which were
hard to date exactly during that time, because ammo-
noids are mainly missing in this facies (compare
BaLINI et al., 2006). This situation in the Dinarides
reflects generally the situation in the Eastern Alps
(Northern Calcareous Alps) where hemipelagic deep-
marine red nodular limestones were formed wide-
spread in ancient outer shelf regions (Schreyeralm
Limestone: Mojsisovics, 1869, 1882; KrRySTYN & SCHOLLN-
BERGER, 1972; ToLLMANN, 1976, 1985 and references
therein; LEIN, 1985; GawLicK et al.,, 2020), and grey
bedded siliceous limestones deposited more in
central shelf areas (Reifling Group: compare ToLL-
MANN, 1985, and references therein).

However, datable ammonoid in Middle Anisian
to Ladinian deep-water successions like the Bulog
Limestone successions faunas remains exceptional.
Therefore, most sections could not be dated exactly
or studied in their depositional history through time
and space. The situation changed since conodont
faunas could be used as a proxy for ammonoids (for
Dinarides: WENDT, 1973; FISCHER & JACOBSHAGEN, 1976;
SUDAR, 1982, 1986; SubAR & Buburoy, 1979, 1983).

Although the early opening history of the
(northern) Neo-Tethys is fairly well understood, a
lot of details are still needed for a more detailed
reconstruction of the early passive continental
margin evolution. Even if several successions of the
drowning sequence of the Ravni Carbonate Ramp
were studied, detailed overall studies on base of
microfacies analysis correlated with exact bio-
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stratigraphic age dating to document the detailed
Pelsonian - Illyrian depositional history of the he-
mipelagic deep-water red nodular limestones were
not carried out except some regional examples (SUDAR
etal, 2013; GawLick et al.,, 2012, 20173, b). However,
to work out the differences in the depositional
history of the drowning sequence in a regional scale
result in a more detailed tectonic and palaeogeo-
graphic reconstruction of the early shelf geometry of
the western Neo-Tethys passive continental margin.

In the non-formal named “Bulog Trilogy” (this
paper and Supar et al., 2023a,b) the middle to late
Anisian depositional history in the Inner Dinarides
and their sedimentological characteristics contri-
bute to fill an existing gap in knowledge. An exact
reconstruction of the depositional history for Middle-
Late Anisian times with a definition of mappable
formations will help to enlighten the exact geometry
of the early Neo-Tethys passive margin configuration.

In addition, new sedimentological features of this
drowning sequence are analyzed and dated here in
detail for the first time, i.e. multiple Late Anisian
mass transport deposits mobilized along escarp-
ments formed in the frame of the creation of a
horst-and-graben topography, and the stepwise
deepening of the depositional realm due to tectonic
motions and the overall sea-level rise (GIANOLLA &
JacQuin, 1998; Haq, 2018). We highlight from the
Middle-Late Anisian parts of the Triassic sedimen-
tary successions also a component analysis with
integrated microfacies and conodont dating of
pebbles, blocks and their matrix.

Furthermore, we try to work out differences
between Bulog sedimentary successions deposited
in the central shelf area and overlain in latest
Ladinian to earliest Carnian times by the Wetter-
stein Carbonate Platform evolution, and Bulog
sedimentary successions deposited in the outer
shelf area as lowermost part of the Middle-Late
Triassic Hallstatt Limestone succession.

Geological setting
In southwestern Serbia occur widespread

different mélanges of Middle-Late Jurassic age
situated below the Dinaridic ophiolite nappes (West
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Vardar ophiolites in the nomenclature of ScHMID et
al,, 2008, 2020; Dinaridic Ophiolite Belt — DiMITRI-
JEVIC, 1997; DIMITRIEVIC et al., 2003; KARAMATA, 2006;
KovAcs et al., 2011). For this study of special interest
are the Sirogojno carbonate-clastic Mélange in re-
gion of Zlatibor Mountain and the Zlatar (Hallstatt)
carbonate-clastic radiolaritic Mélange in the region
of the Zlatar Mountain in SW Serbia (Fig. 1).

Itis beyond the scope of this paper to discuss the
different tectonic models for the study area (see
GawLick et al., 2017b for a review). The following
brief overview summarizes the most important
controversial discussions and their historical
background. For more details the interested reader
is referred to the cited references.

Historically the study area was attributed to be
part of the parautochthonous Dinaridic Ocean
(KaramMATA, 2006) between the Drina-Ivanjica
terrane/unit to the northeast and the Durmitor
megaunit or East Bosnian-Durmitor terrane/unit to
the southeast (DIMITRIEVIC, 1997; DIMITRIJEVIC et al.,
2003; Karamata, 2006; Kovics et al, 2011). In
contrast, ScHMmID et al. (2008, 2020) attributed the
Zlatibor Mt. to the Drina-Ivanjica unit (or thrust
sheet) and the Zlatar Mt. as part of the East Bosnian-
Durmitor thrust sheet following RampNoux (1974).
Instead of the term Dinaridic Ophiolite Belt ScHMID et
al. (2008) introduced the term West Vardar Ophiolite.
The main difference between these models is the fact,
that the ophiolites in the first model were seen as
parautochthonous unit, and in the other model the
ophiolites were interpreted as far travelled ophiolite
sheet (ScuMmip et al., 2008, 2020) or ophiolite nappe
stack (GawLick et al., 2016b, 2017b; GAwLICK & MISSONI,
2019). For the Mesozoic, i.e. the Triassic-Jurassic
sequences, the model of ScHmID et al. (2008, 2020)
follow the parautochthonous concept in use at least
since KossMAT (1924) and manifested by RamMPNoUX
(1974), who interpreted Triassic-Jurassic basinal
sequences as deposited in long-time existing deep-
water intra-platform basins (see also Gorican et al.,
2022), which contradicts modern knowledge
regarding how carbonate platform systems work
(SCHLAGER, 2005 and references therein), and the fact
that most of these Middle to Late Triassic deep-water
sedimentary rocks appear as blocks in Bathonian to
Oxfordian radiolarites (GawLick et al,, 2016b, 2017b,
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2018). Furthermore, at the Triassic/Jurassic boun-
dary the Dachstein Carbonate Platform evolution
expired and in the Western Tethys Realm these
shallow-water carbonates were widespread overlain
by deep-water red nodular limestones (HaAs et al,,
2010 for a review). In the Dinarides deposition of
shallow-water carbonates continued in its external
and ocean-far parts (Adriatic Carbonate Platform
Basement - VLAHOVIC et al., 2005). In the transitional

o.G. Bela Reka

Fig. 1. A. Geographic sketch map
with the position of the studied secti-
ons in the Zlatibor and Zlatar Mts. in
SW Serbia (compare Fig. 3). 1. Siro-
gojno (Klisura quarry); 2. Obradovi-
¢i; 3. Lucica Krs; 4. Pavloviéa Cuprija;
5. Komarani; 6. Krseljci quarry; 7.
Mala Merica. B. Geographic position
of the study area within the Serbia
and Nova Varo$ region. Abbrevi-
Rauke ations: H- Hungary, RO- Romania,
BG- Bulgaria, RNM- Republic of
Northern Macedonia, AL-Albania,
MNE- Montenegro, B&H- Bosnia and
Herzegovina, CRO- Croatia.

Ca. 1. A. Teoepagpcka ckuya noso-
Jcaja ucmpaxcusaHux aokaaumema
Ha naaHuHama 3aamu6op u 3aamap
y J3 Cp6uju (ynopedu ca ca. 3). 1. Cu-
pozojHo (kameHosom Kaucypa); 2.
O6padosuhu; 3. Jlyuuha Kpw; 4.
Ilasnosuha Fynpuja; 5. KomapaHu;
6. KameHosom Kpwesmyu; 7. Manaa
Mepuya. B. leozpagpcka nozuyuja uc-
mpadicusane o6aacmu yHymap Cp6u-
je u pecuona Hose Bapowu. Ckpahe-
Huye: H- Mahapcka, RO- PymyHuja,

Sjenica

BG- byzapcka, RNM- Penyb6auka
CesepHa MakedoHuja, AL- AnrbaHuja,
MNE- Ilpua Iopa, B&H- BocHa u
XepyezosuHa, CRO- Xpeamcka.

facies belt between the Adriatic Carbonate Platform
Basement and the Neo-Tethys open shelf a stepwise
deepening during the Early Jurassic could be
recognized (GAwLIck et al., 2020; PakoviC et al,, 2021).

Therefore, in the reconstruction of MissonI et al.
(2012), Supar et al. (2013), GawLick et al. (20173, b,
2018), and GawLick & Missoni (2019) the Triassic-
Jurassic sedimentary sequences were separated: 1) as
a predominantly shallow-water parautochthonous

Geol. an. Balk. poluos., 2023, 84 (2), 1-39
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Fig. 2. Overall tectonic maps of the study area between the Drina-Ivanjica unit in the north and the East Bosnian-Durmitor megaunit in
the south roughly indicated by the red box (see Fig. 1 for geographic details). A. Tectonic units (and terranes) of the central Balkan Peninsula
in the sense of KARAMATA (2006) following in general Kossmar (1924). See also: AuBoIN (1973), DIMITRIEVIC (1997). B. Tectonic units of the
central Balkan Peninsula according to Scumip et al. (2008) (from Scumip et al., 2008, in the study area redrawn after the results of GAWLICK
et al, 2017a). Compare ScuMmID et al. (2020, Plate 1) with major changes in the Sava zone. For an explanation of the different units see
ScHmip et al. (2008), but compare GAwLick et al. (2017a, 2021).

Ca. 2. TekmoHcke mane ucmpadxcusaHe obsracmu usmehy jedunuye JpuHa-Hearbuya Ha cesepy u HcmouHobocaHcko-/ypmumopcke
jeduHuye Ha jyay, epybo o3HaueHe ypseHum keadpamom (8udu ca. 1 3a eeozpagcke demasve). A. TekmoHcke jeduHuye (u mepaHu)
yenmpasaroz baakanckoe nosnyocmpea no KARAMATA (2006), u caedehu zenepasino KossMAT-a (1924). Budu maxkohe: AuoIN (1973), DIMITRYEVIC
(1997). B. TekmoHcke jeduHuye yenmpasaHoz basakauckoe nosyocmpsa npema Scumip et al. (2008) (u3 Scumip et al,, 2008, y ucmpasicusaHoj
o6sacmu doypmaHo npema pezyamamuma GAWLICK et al, 2017a). ¥Ynopedu ca Scumip et al. (2020, Tabaa 1) ca 3HavajHum uzmeHama 3a

Casa 30Hy. 3a o6jawrserba o pazaudumum jeduHuyama sudu SCHMID et al. (2008), aau ynopedu ca GAwLIcK et al. (2017a, 2021).

sequence which belong to the East Bosnian-Durmitor
megaunit (Fig. 2) and 2) the overlying far-transported
Triassic-Jurassic (predominantly basinal) sedimen-
tary sequences. These far-travelled tectonic units
emplaced during late Middle to Late Jurassic times on
top of the East Bosnian-Durmitor megaunit. Accord-
ing to modern tectonostratigraphic, sedimentological
and facies studies the Triassic hemipelagic deep-
marine outer shelf limestones (Hallstatt Limestone
sequence) are far travelled nappes. Widespread
blocks are resting in a Middle-Late Jurassic radiola-
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ritic-argillaceous matrix, i.e. they represent sedimen-
tary mélanges formed in the frame of west-directed
ophiolite obduction (GawLick et al., 2008, 2016b,
2017a,b, 2018; GAwLIcK & Misson, 2019 and referen-
ces therein).

As consequence the study area belong to the
East Bosnian-Durmitor megaunit (Fig. 2, not Drina-
Ivanjica unit in the sense of ScHmiD et al., 2008,
2020), which forms the parautochthonous base of
the far travelled nappes, mélanges and ophiolites
(see PorkoLAB et al., 2019 and references therein).
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Fig. 3. Triassic stratigraphic table of the Inner Dinarides, modified after GawLick et al. (2017b) and GawLick & Missoni (2019). Early
Triassic to early Middle Triassic modified after DiMITRyEVIC (1997) and Jovanovic (1998). The 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 SUpAR et al. (2013) and GAwLick et al. (2017b). The geometrical
arrangement of the different formations is in accordance with the late Triassic carbonate platform and passive continental margin
configuration after GawLick et al. (2008, 2016b), also characteristic for the different defined tectonic units in the Inner Dinarides (Fig.
2). Note: the polyphase younger tectonic motions crosscut in cases the Triassic facies belts. The “tectonic zone” of the Dinaridic Ophiolite
Belt is part of the Neo-Tethys-derived ophiolites which were obducted and transported westward during Middle-Late Jurassic times (for
details see GAwLICK et al. 2021 and references therein). The studied localities are 1. Sirogojno (Klisura quarry); 2. Obradovi¢i; 3. Luci¢a
Kr$; 4. Pavloviéa Cuprija; 5. Komarani; 6. Krieljci quarry; 7. Mala Merica (Fig. 1).

Ca. 3. Cmpamuzpagcka mabaa mpujaca YHympawrsux JuHapuda, modugukosana npema GAWLICK et al. (2017b) u GAWLICK & MISSONI
(2019). Panu mpujac do paHu cpedrsu mpujac modugukosanu cy npema DIMITRIEVIC (1997) u JovanoviC (1998). eHepucarbe okeaHcke
Kope Heomemuca noueso je oko eparuye cpedrbu/KacHu aHU3UK, UCmospeMeHo ca nomanarbem kapboHamue pamne Pasnu/Steinalm.
3a onuc, degpurucarse u emenoayujy Hekoauko popmayuja audemu SubAr et al. (2013) u GawLick et al. (2017b). l[eomempujcko ypehere
pasaudumux @opmayuja y caeadcHocmu je ca KoH@uaypayujom KACHO mpujacke KapboHamHe naamgopme U nNAcugHe
KOHMuHeHmaJiHe mapauHe npema GAWLICK et al. (2008, 2016b), makohe je kapakmepucmu4Ho 3a pazau4ume degpuHUCaAHE MEKMOHCKe
jedunuye Yuympawreux /Junapuda (ca. 2). Youumu: noaugazHa maaha mekmoHcka kpemarea y nojeduHuM caydajeguma npeceyajy
mpujacke gpayujaare nojacese. ,Tekmoucka 3oHa“ Jlunapudckoe ogpuosrumckoz nojaca je deo Heomemuca odakse nomuyy ogpuoaumu
Heomemuca koju cy 6uau 060yko8aHu u mpaHcnopmoeaHu y npasyy 3anada 3a epeme cpedre-kacHe jype (3a demasbe sudemu kod
GawLick et al. 2021 uy wezosum pegpepenyama). icmpascusaru sokaaumemu cy: 1. CupozojHo (kamenoaom Kaucypa); 2. O6padosuhu;
3. /lyuuha Kpw; 4. [lasaosuha Rynpuja; 5. Komapauu; 6. Kamenosom Kpweryu; 7. Maaa Mepuya (ca.1).
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Results

The studied sections of Middle Triassic sedimen-
tary sequences (Fig. 3) and these famous and very
important red nodular limestones and mass-flow
deposits are located in two different regions of the
Inner Dinarides in SW Serbia:

a) South of UZice town in vicinity of the village
Sirogojno in the eastern Zlatibor Mountain and

b) south of Nova Varo$ town in the eastern and
southern slopes of Zlatar Mountain area (Fig. 1).

The biostratigraphic age dating of the sections
follow the slightly revised conodont biostratigraphic
age ranges according to CHEN et al. (2015), based on
an intercalibration between North America and
Tethyan ammonoid zones (details in CHEN et al.,
2015). Even if age ranges of some conodont species
are differently used to other recently published
conodont age ranges (OrcHARD, 2010; KiLi¢ et al.,
2017; PrLaseNIcIA et al.,, 2018; SMIRCIC et al., 2018;
Kirig, 2021) and seem therefore to be slightly
inaccurate, the biostratigraphic age of every cono-
dont assemblage is very exact.

The studied sections

Zlatibor Mt.: Sections in the Sirogojno
carbonate-clastic Mélange

The different blocks in the Middle-Late Jurassic
Sirogojno carbonate-clastic Mélange consists mainly
of shallow-water carbonates of the Early Triassic
Werfen Formation, the Early-Middle Anisian Ravni
Formation (DIMITRIJEVIC & DIMITRIJEVIC, 1991; SUDAR et
al,, 2013), the Early Carnian Wetterstein Carbonate
Platform (DIMITRIJEVIC & DIMITRIJEVIC, 1991), or with its
overlying drowning sequence of the Stopi¢a For-
mation (MissonI etal,, 2012), and the Norian-Rhaetian
Dachstein Formation (reef belt - DIMITRIJEVIC & DiMI-
TRIEVIC, 1991; ZOHRER et al,, 2021; and open lagoon -
DiMITRIJEVIC & DIMITRIEVIC, 1991; Hips et al., 2011).
Only in the Middle Triassic hemipelagic deep-water
limestones were deposited, i.e. the Middle-Late
Anisian red nodular limestones of the Bulog Group
and the grey siliceous limestones of the Ladinian
Trnava Formation (Missoni et al., 2012). The Siro-
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gojno carbonate-clastic Mélange is overlain by the
Middle to early Late Jurassic radiolaritic-ophiolitic
Mélange (GawLIcK et al., 2016a, 2017a). The focus of
this study in the Zlatibor Mt. are the different blocks
which preserve the Anisian drowning sequences
above the Ravni (Steinalm) Carbonate Ramp: Siro-
gojno (Klisura quarry), Obradovié¢i and Luci¢a Krs
sections.

Sirogojno (Klisura quarry)

The Klisura quarry (Fig. 4) in Sirogojno preserved
the most complete Bulog sedimentary succession in
SW Serbia (Supar et al.,, 2013 and references therein).
This section can be seen as reference section of the
Middle to Late Anisian Bulog sedimentary succession
in the Inner Dinarides and is therefore described
separately in detail by Supar et al. (2023a).

Therefore we describe and figure here only the
overall sedimentological history: The Pelsonian Ravni
Formation at the base of the section is dissected by
two generations of neptunian dikes (for a workable
definition of neptunian dikes see FiScHER, 1964; WENDT,
1971; compare FLUGEL, 2004), dated by conodont
faunas (Supar etal,, 2013, 2023). The older neptunian
dike generation was formed in the late Pelsonian and
the younger generation opened in the late Illyrian
(Fig. 4). Both generations of neptunian dikes are filled
with reddish Bulog Limestone. The late Pelsonian
drowning unconformity is characterized by lamina-
ted deep-water turbidites with shallow-water derived
clasts and organisms. Upsection follows an unusual
11 meters thick succession of late Pelsonian red
nodular limestones (crosscut by late Illyrian neptu-
nian dikes - SuDAR et al., 2023) with a cephalopod
layer (1% cephalopod layer) at the base and a
condensed horizon at its top. The overlying 5 meters
thick early Illyrian part of the succession preserved a
similar litho- and microfacies as the late Pelsonian
part below, with a continuous deepening trend visible.
The highest part of this member with more and more
condensation and an enrichment of cephalopods (2™
cephalopod layer) is roughly of middle Illyrian age.
The up to 5 meters thick late Illyrian member 3 of the
Bulog Limestone succession was deposited after
tilting of the depositional realm, expressed by a
significant angular unconformity.
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Late Ladinian grey siliceousslimestones -
iTrnavajkormation) 5 : Late Pelsonian
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Fig. 4. Pelsonian to late Ladinian sedimentary succession in the Klisura quarry in the Sirogojno area. A. The photo shows the outcrop
situation in the Klisura quarry as met in the year 2010. On the right side of the photo (east), the shallow-water Ravni Formation (Dedovici
Member) with its Late Pelsonian drowning sequence (Bulog Formation) is indicated. The first cephalopod layer was formed above the
drowning sequence. The second cephalopod layer marks the boundary between the early/middle and late Illyrian angular unconformity.
The Bulog Formation is truncated by a low-angle normal fault at an acute angle to bedding. Directly above the Bulog Formation lies
the late Ladinian Trnava Formation with its basal greenish-grey bentonite (MissonI et al, 2012). B. Late Pelsonian drowning
unconformity. The middle Pelsonian shallow-water Ravni Formation is dissected by two generations of neptunian dikes filled with deep-
water limestones. The first deep-water limestones consist of laminated grey to reddish limestones with shallow-water turbidites. Above
started deposition of red nodular limestones without shallow-water debris and at the base locally with enrichments of cephalopods. C.
Middle/late Illyrian unconformity and formation of the Second cephalopod layer due to strong condensation during the middle Illyrian.
The formation of the unconformity is contemporaneous with the formation of the second generation of neptunian dikes and tilting of
the basin floor. Abbreviations for conodont genera: Gl.=Gladigondolella, Ng.=Neogondolella, Pg.=Paragondolella.

Ca. 4. [leacoHcka do kacHo A1aduHcKa ceduMeHmMHa cykyecuja y kameHoaomy Kaucypay o6aacmu Cupozojua. A. Pomozpaguja nokasyje
cmarbe u3daHka y kameHoaomy Kaucypa sameuero y 2010. eodunu. Ha decHoj cmpanu gpomoepaguje (ucmok) npukaszaua je
naumkosodHa Popmayuja PasHu (4aaH [Jedosuhu) ca veHOM KACHO Ne/ICOHCKOM cekseHyom nomanarea (Popmayuja Bynoe). [Ipsu
yedas0nodHu c/a0j je 06pazosaH UsHad cekgeHye nomanarsa. JJpyau yedasonodHu caoj mapkupa eparuyy usmely paHo/cpedrso u
KAcHO UaupckKoe y2aoHoe duckonmuHyumema. Popmayuja Bysnoe je odceveHa u 2ypHyma nod owmpum y240M npema cA0jeaumocmu
Kao HopMmaaHu paced 6aazoe nada. Jupekmuo usHad Popmayuje Bynoz sesxcu kacHo aaduvcka Popmayuja TpHasa ca reHUM
3e/1eHKacmo-cuguM 6eHmoHumomy 6asu (Missont et al,, 2012). B. KacHo neacoHcku duckoHmuHyumem nomanarea. CpedronesncoHcka
naumkogodHa @opmayuja PasHu ucnpeceyaua je ca dge zeHepayuje HeNMYHCKUX 0AjK08a 3anyreHUX dy60K0800HUM Kpeurayumd.
IIpsu dy6okosodHU Kpeurbayu cacmoje ce 00 AAMUHUPAHUX CUBUX 00 YPBEHKACMUX KpeuraKad ca NAUmMKo800HUM mypoudumumd.
H3Hao je 3anouesna deno3uyuja ypseHux Hodya1apHUX Kpeuraka 6e3 naumkogodHoz debpuma uy 6a3u A0KAAHO €A HA20MUAAHUMA
yegpaaonoda. C. Cpedwo/kacHo uaupcku JuckoHmuHyumem u Hacmauak /lpyeoe yegasonodHoz ca0ja U3a38aHO2 jakoM
KOHOeH3ayujom 3a epeme cpedrbe2 uaupa. Popmuparee JUCKOHMUHyUmMema ucmospemeH je ca obpazogarbem dpyze eeHepayuje
HenmyHckux dajkoea u ca HazurbarbeM 6aceHckoe oHa. Ckpahenuye KOHOOOHMCKUX podosa 8UdU 20pe y eH2/1eCKOM meKcmy.
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For more details the interested reader is referred
to SuDARr et al. (2023a).

Obradovici

Near the creek Obradovi¢i Potok directly on the
road from Sirogojno to Gostilje, south of the village
Trnava (N 43°40’50.6” E 19°50’46.0”; Fig. 1) a Late
Anisian block in the mélange is preserved. The
roughly 20 meters thick block is surrounded by fore-
reefal limestones of the Wetterstein Carbonate
Platform (Missoni et al., 2012). Other blocks belong to
the Trnava Formation (Missoni et al.,, 2012) or the
Norian Dachstein Carbonate Platform evolution
(Norian Dachstein reef slope limestone blocks - Su-
DAR et al., 2013). The Late Anisian block consists of
mass transport deposits (Komarani Formation, see

Bulog Formation: Latest lllyrian
Gl. tethydis
Ng. cf. pseudolonga
Pg. excelsa
[m] Pg. eotrammeri
Pg. praetrammeri

Late lllyrian 20

Late Pelsonian - 10
Early lllyrian

Components:
Ravni Formation: Pelsonian

Matrix age: Late Pelsonian to early lllyrian
Gl. budurovi

Ng. comuta

Pg. cf. bulgarica

Pg. bifurcata

Pg. praeszaboi

Pg. hanbulogi

Fig. 5. Late Pelsonian to late Illyrian sedimentary succession of the
Obradovici block in the Sirogojno carbonate-clastic Mélange:
section and biostratigraphic ages modified after SubAr et al. (2013).
Conodonts from Sup4r et al. (2013), with few new samples added.
Revised conodont ages of the different parts of the section
according to CHEN et al. (2015). Abbreviations for conodont genera:
Gl=Gladigondolella, Ng.=Neogondolella, Pg.=Paragondolella.

Ca. 5. KacHo nesicoHcka 0o KacHo uaupcka cedumMeHmua cykyecuja
6s10xka O6padosuha y Kapbonamuo-kaacmuuHom Menawaicy
CupozojHa: npogpus u 6uocmpamuepagcke cmapocmu Moougu-
KoeaHe npema SUDAR et al. (2013). Konodonmu u3 SUDAR et al.
(2013), ca Hekonuko dodamux npoba. PesudupaHa je koHodoHM-
cka cmapocm pasauvumux desosa npogusaa npema CHEN et al.
(2015). CkpaheHuye koHodoHmckux podosa eudu eope y
eH2/1eCKOM meKcmy.

Geol. an. Balk. poluos., 2023, 84 (2), 1-39

SubAr et al, 2023b) overlain by red nodular
limestones of the Bulog Formation (Figs. 5, 6).

The centimeter- to decimeter- or even meter-
sized angular components derive exclusively from
the Pelsonian shallow-water Ravni Formation

RBulog Formation overl

massjtransport{deposits}

Fig. 6. Field situation of the Obradovici block in the Sirogojno

carbonate-clastic Mélange. 1. Mass transport deposits around the
Pelsonian/Illyrian boundary. Angular clasts of the shallow-water
Ravni Formation rest in a red Bulog Limestone matrix. 2. Latest
Illyrian to ?Fassanian thick-bedded to amalgamated red
biomicrites of the Bulog Formation above the mass transport
deposits. Abbreviations for conodont genera: Gl.=Gladigondolella,
Ng.=Neogondolella, Pg.=Paragondolella.

Ca. 6. Cmare Ha mepeHy 610ka O6padosuha y Kap6onamHo-
kaacmu4Hom Meaamacy CupozojHa. 1. Hacnaze maceHoz mpaH-
cnopma oKo zpaHuye nescoH/uaup. Yzaacmu kaacmu nau-
mkogodHe Popmayuje PagHu ocmajy y ype8eHoM Mampukcy
Bynowkux kpeurwaka. 2. HajkacHuje uaupcku do ?acarcku
debeso caojesumu do amaseamupaHu ypeeHu GUOMUKpUMU
®opmayuje Bynoz uznad Hacaaza maceHoz mpaHcnopma. Ckpa-
heHuye koHodoHMCcKuUx podosa 8uduU 20pe y eH2/1eCKOM MeKcmy.

11
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(Dedovi¢i Member) (Fig. 7). Practically all Ravni semilithified Bulog Limestone components sque-
Limestone components are angular and surrounded  ezed between the harder lithified Ravni Limestone
by the reddish hemipelagic Bulog Limestone matrix components (Figs. 6, 7). In parts these Bulog
(Fig. 7). In cases these Ravni Formation components Limestone clasts are rich in thin-shelled bivalves
are recrystallized. In parts the matrix consists of  (“filaments” - compare FLUGEL, 2004). This is also

Fig. 7. Microfacies characteristics of the Komarani Formation of the Obradovici section, early Illyrian. 1. Recrystallized components of
the Pelsonian Ravni Formation (Dedovi¢i Member). Sample MS 1536. Width of the photo: 1.4 cm. 2. Matrix between the Ravni Formation
components. Beside micrite clasts, broken foraminifera, small bivalve shells, echinoderm fragments, thin-shelled bivalves, and
recrystallized radiolarians characterize the deeper-marine environment of the matrix. Sample MS 1537. Width of the photo: 1.4 cm. 3.
Two different semilithified Bulog Limestone clasts (most probably of late Pelsonian age) in a “filament”-bearing micritic matrix. Both
clasts are rich in thin-shelled bivalves. Sample SRB 432. Width of the photo: 1.4 cm. 4. Early Illyrian “filament”-bearing wackestone of
the matrix between the different components. The thin-shelled bivalves are enriched in layers showing their enrichment by currents or
their turbiditic character. Sample SRB 432. Width of the photo: 0.5 cm.

Ca. 7. Mukpogpayujanue kapakmepucmuke Popmayuje Komapanu nHa sokaaumemy Obpadosuhu, panu uaup. 1. Pekpucmaaucase
KomnoHeHme nescoucke @opmayuje PasHu (unaH Jedosuhu). [Ipo6a MS 1536. 2. Mampukc usmehy komnonenmu Popmayuje PagHu.
Iloped MuKpumckux kaacmd, CAOM/beHUX opamuHugdepa, Masux Joywumypa WKO/bAKd, eXuHodepmamckux gpazmeHama,
dy60Kk0800HY MOPCKY CpeduHy Mampukca Kapakmepuuly noHeKe WKo./bKe MaHKuX eywmypa u pekpucmanaucase paduoaapuje. [Ipoéba
MS 1537. 3. /[lea pasauuumo cemuaumugpukosara kaacma Byaowkoe kpeurbaka (HajeeposamHuje KacHo nesiCOHCKe cmapocmu) y
MUKPUMCKOM MAMPUKCY €A 6POjHUM WKO/bKAMA MAHKUX bywmypa. 06a Kaacma o6uyjy wko/ekama maHkux seywmypa. [Ipo6a SRB
432. 4. PaHo uaupcku ,,punamenmuma’ 6oeam 8eKCmoH mampukca usmehy pasauyumux komnoenmu. O6ozahersa ,pusamenmuma’
¢y no c/aojesuma ykasyjyhu da je uxogo ob6ozaherse Hacmaso ycied cmpyjarea uau 3602 Huxo8o2 mypoudumckoz kapakmepa. [Ipo6a
SRB 432. HlupuHna gpomoepadgpuja je 0.5 cm (4), a 1.4 cmje (1, 2, 3).

12 Geol. an. Balk. poluos., 2023, 84 (2), 1-39
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confirmed by the biostratigraphic ages performed by
conodont assemblages from the red limestone
matrix: Gladigondolella budurovi Kovics & Kozur, Neo-
gondolella cf. cornuta Bupurov & STEFANOV, Para-
gondolella bifurcata Buburov & STEFANoV, Paragon-
dolella cf. bulgarica Buburov & STEFANOV, Paragondo-
lella hanbulogi SupAR & BubDuRrov, and Paragondolella
praeszaboi (KovAcs, PAapsova & PERRI) (SUDAR et al,
2013), which indicate a late Pelsonian and an early
[llyrian age. The co-occurring foraminifera Areno-
vidalina sp., Pilamminella sp., and species of the
families Nubeculariidae, Nodosariidae, and Duosto-
minidae are not age diagnostic. In the matrix occur

beside micrite clasts broken foraminifera, echino-
derm fragments, small bivalve shells, and recry-
stallized radiolarians (Fig. 7). Thin-shelled bivalves
appear rarely. Nevertheless, younger conodonts than
early Illyrian could not be detected in the red
limestone matrix. This suggests that the mobilization
and redeposition of the components was most likely
around the Pelsonian/Illyrian boundary and there-
fore shortly after the onset of the formation of a
horst-and-graben structure and the contempo-
raneously formed neptunian dikes.

The overlying reddish limestones of the Bulog
Formation (Fig. 5) are dated by means of conodonts

Fig. 8. Microfacies characteristics of the latest Illyrian Bulog Limestone of the Obradovici section. 1. Lumachelle layer. Sample SRB 431.
Width of the photo: 1.4 cm. 2. Enlargement of 1. Packstone with shells and recrystallized broken organisms. Width of the photo: 0.5 cm.
3. “Filament“-radiolarian wackestone. Sample SRB 434. Width of the photo: 1.4 cm. 4. Enlargement of 3. Radiolarians and thin-shelled
bivalves are strongly recrystallized. Width of the photo: 0.5 cm.

Ca. 8. Mukpogayujanve kapakmepucmuke HajkacHuje uaupckux Bysowkux kpeurwaka sokaaumema O6padosuhu. 1. Caoj ca
aymakenom. [Ipo6a SRB 431. 2. YeehaHu deo ca 1. [lekcmoH ca seywumypama u pekpucmanucaiuM N0A0OM/bEHUM 0p2aHusMuma. 3.
,Puramenmuo“-paduosapujcku eekcmoH. I[lpo6a SRB 434. 4. YsehaHu deo ca. 3. Paduoaapuje u wko/bke maHKUuX /byumypa cy jako
pekpucmaaucaau. llupuna gomozpagpuja je 0.5 cm (2, 4), a 1.4 cm je (1, 3).

Geol. an. Balk. poluos., 2023, 84 (2), 1-39 13



HANS-JURGEN GAWLICK, MILAN SUDAR, DIVNA JOVANOVIC, RICHARD LEIN, SIGRID MissoNIT & l0AN |. BUCUR

(Gladigondolella tethydis (HUCKRIEDE), Neogondolella
cf. pseudolonga (Kovics, Kozur & MiETTO), Para-
gondolella eotrammeri (KRrystyn), Paragondolella
excelsa MOSHER, and Paragondolella praetrammeri
(Kozur & MosTLER) as latest Illyrian to ?Fassanian
(Subar et al, 2013). These thick bedded to
amalgamate Bulog Limestones fill the upper parts of
the mass transport deposit and contain no older
extraclasts. Wacke- to packstones with shell frag-
ments, thin-shelled bivalves and radiolarians are the
common microfacies (Fig. 8). Rarely lumachelle
layers occur. Important to note, that in the residue of
the solved limestones for extraction of conodonts
also small biotite components could be isolated
which indicate contemporaneous volcanic activity.

Lucica Krs

This section (Fig. 9) is situated along the local
road from Sirogojno to Ravni, north of the village
Luci¢i and on the southern slope of the hill Luci¢a
Kr$ (684 m) (N 43°43°22.4” E 19°53’37.3”; section
No. 3 on Fig. 1). In the lower part of the section
slightly recrystallized dark-grey limestones with
micrite clasts and few crinoids were deposited (Fig.
10). According to DIMITRIJEVIC & DIMITRIEVIC (1991)
this part of the section belongs to the lower Ravni
Formation, i.e. the Utrine Member. In comparison
with the time equivalent Gutenstein Formation and
equivalents (ToLLMANN, 1976, 1985; Hips, 2007),
deposited under restricted conditions with a high
amount of microbial formed limestones (Fig. 10),
crinoids appear in the Northern Calcareous Alps
only in the highest part of the Gutenstein Formation
transitional to the Steinalm Formation, i.e. the
Annaberg Formation. This change in the microfacies
and faunal composition indicate a deepening event
and the change to more open-marine conditions
(Annaberg Formation: see GawLick et al., 2021 for a
review). Higher up in the succession grainstones
and aggregate-grain grainstones with microbial
lumps and foraminifera were formed (Fig. 10). This
microfacies type resembles the upper part of the
Ravni Formation, i.e. the Dedovi¢i Member (Lucic¢a
Member according to DIMITRIJEVIC & DIMITRIJEVIC,
1991). Regarding these normal microfacies varia-
tions in the Steinalm Formation and the equivalent
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Fig. 9. Schematic section of the Pelsonian-Illyrian sedimentary
succession of the locality Luci¢a Krs. Conodonts from SUDAR et al.
(2013), with few new samples added. Revised conodont ages of
the different parts of the section according to CHEN et al. (2015).
Abbreviations for conodont genera: Gl.=Gladigondolella,
Pg.=Paragondolella.

Ca. 9. lllemamcku npogus nescOHCKO-UAUPCKe ceduMeHmHe
cykyecuje nokaaumema Jlyuuha Kpw. Konodonmu u3 SUDAR et
al. (2013), ca Hekoauko dodamux npo6a. PegudupaHa KOHOOOH-
mcka cmapocm pazauyumux desosa npoguaa npema CHEN et al.
(2015). Ckpahenuye koHodoHmMCcKux podosa eudu 2ope y
eHa/1eCKOM meKcmy.

Ravni Formation the name Lucica Member as
independent part of the Ravni Formation is not
needed. The microfacies characteristics of the upper
part of the Ravni Formation at the locality Luci¢a
Kr$ lies in the variability of the Dedovi¢i Member
elsewhere in the Dinarides. In addition, the
appearance of the foraminifera Earlandinita grandis
SaLaj, Meandrospira sp., Glomospira sp., and ?Pila-
mminella sp. (sample SRB 456) is typical in the
higher part of the Ravni Formation (Dedoviéi
Member). At the base tempestites with broken cri-
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noids are common, higher in the section grainstones
with micritic envelopes, microbial limestones and
aggregate-grain grainstones dominate. The micro-
facies trend in the section shows a depositional
environment which indicate low to moderate
changing water energy levels, warm water condi-
tions (tropical/subtropical), low nutrient environ-
ment and low sedimentation rates (FLUGEL, 2004).
The highest part of the Ravni Formation is strong-
ly karstified and recrystallized (Fig. 10) indicating
emersion and a gap in deposition. Above the karst
horizon follow thick bedded grey limestones with an
enormous amount of turbidites consisting of shallow-
water grains. Crinoids, conodonts, and rare thin-shel-
led bivalves in the biomicritic intercalations indicate
deposition in an open-marine deeper-water envi-
ronment. This microfacies (Fig. 11) resembles the
[llyrian Rid Formation (SupAR et al., 2013) deposited
on top of a structural high (horst). Here this part of
the section cannot be exactly dated, only Gladigon-
dolella-ME sensu Kozur & MosTLER could be extracted
from the lower and the middle part of this part of the
succession. But a latest Pelsonian to earliest Illyrian
age of this part of the section is most likely. Higher in
the section follows a roughly 80 m thick succession
with grey shallow-water blocks in a red limestone
matrix. Due to the bad outcrop situation the size of
the different blocks, their shape and roundness can-
not be observed. The red nodular limestone (Bulog)
matrix in the lower part contains Paragondolella
bifurcata and Paragondolella hanbulogi indicating an
age around the Pelsonian/Illyrian boundary, whereas
the age of the matrix between the blocks in the higher
part of this succession is late Illyrian, dated by
following conodont assemblage: Gladigondolella
tethydis, Paragondolella excelsa, and Paragondolella
cf. szaboi (KovAcs) (SupAR et al,, 2013). The drowning
sequence above the Kkarstified Ravni Formation
started with grey turbiditic limestones and shows
throughout the Illyrian a continuous deepening
trend. The grey crinoid- and radiolarian-bearing (Fig.
11) dm- to half-meter bedded limestones higher in
the sequence contain only cm-thick turbiditic
intercalations. Upsection, in the late Illyrian follows
the part of the mass transport deposits with the red
“filament”-radiolarian-rich Bulog Limestone matrix,
i.e. the Komarani Formation. We assign the Luci¢a Krs
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section also as a block in the Sirogojno carbonate-
clastic Mélange. In contrast to the type-locality of the
Rid Formation (SupAr et al., 2013) the section Luci¢a
Kr$ has experienced no thermal overprint, like the
section Rid as part of the Drina-Ivanjica unit (see also
PorkoLAB et al., 2019).

Zlatar Mt.: Sections in the Zlatar
(Hallstatt) carbonate-clastic
radiolaritic Mélange

According to the classical (and old) interpretation
following RaMPNOUX (1974) the Zlatar Mountain are a
Triassic-Jurassic trough (intra-platform basin) with
radiolaritic deposition on top of a drowned carbo-
nate platform of the Adriatic margin: he termed it
the Zlatar sub-zone of the Lim zone (see also:
RampNoux, 1970; AuBouIN et al, 1970; PanTIC &
RAMPNOUX, 1972: Serbian Zone, Lim Zone, Zlatar sub-
zone; GRUBIC, 1980: Zlatar and Mirdita Zone;
RaDoICIC, 1989, 1990: Lim (Complex) Basin, Zlatar
Basin). Therefore the Zlatar Mountain should
belong tectonically to the parautochthonous Dina-
ridic Ophiolite Belt in the sense of DIMITRIJEVIC (1997,
2001), i.e. the Dinaridic Ocean in sense of KARAMATA
(2006). In contrast, Scumip et al. (2008, 2020)
termed the Dinaridic ophiolites as West Vardar
ophiolites transported from the east in the frame of
latest Jurassic to earliest Cretaceous ophiolite
obduction. Scumip et al. (2008, 2020) attributed the
Zlatar Mountain as part of the East Bosnian-Dur-
mitor thrust sheet, but still follow the interpretation
of a parautochthonous sub-basin, i.e. the Lim Basin.

In contrast, new studies in the whole Zlatar Mt.
GawLick et al. (20174, ¢, d; 2018) and GAwLICK &
Missont (2019) figured out the mélange character in
the Zlatar Mountain. All open-marine Middle to Late
Triassic limestones in the area rest either as blocks
of different size in the

A) Ophiolitic Mélange - Late Triassic grey cherty
limestone successions, i.e. Grivska Formation blocks
(see SuDAR & GawLIcK, 2018 for a review), or

B) Zlatar (Hallstatt) Mélange - Middle to Late
Triassic Hallstatt Limestones (see GAWLICK & MISSONI,
2019 for a review).

On base of these results a parautochthonous Lim
Basin does not exist. However, most open-marine
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Triassic limestones are incorporated in a Bajocian
to Oxfordian radiolaritic-argillaceous matrix sedi-
ments while others are transported nappes.
However, all open-marine Triassic limestones
represent far-travelled sedimentary rocks.

The best preserved Zlatar (Hallstatt) Mélanges
in the Zlatar Mountain are south of the town Nova
Varo$ in the areas Pavlovi¢a Cuprija and Vodena

Poljana (Fig. 1). Here the mélanges consists of
breccias, turbidites and km-sized blocks deriving
from the open shelf area where the Hallstatt
sequence above the Ravni Formation was deposited.

The focus is here on the different Anisian suc-
cessions which preserve the drowning sequence of
the Ravni Carbonate Ramp: a) Komarani and
Pavlovi¢a Cuprija sections in the Pavlovi¢a Cuprija
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mélange area; b) Mala Merica and KrSeljci quarry
sections (and surroundings) in the Vodena Poljana
mélange area.

Pavlovi¢a Cuprija area

The Pavloviéa Cuprija area is located on the
eastern flanks of the Zlatar Mountain (see SUDAR
1986), about 15 km SE of Nova Varos. In the (Late)
Bathonian to early Oxfordian sedimentary mélange
(Hallstatt Mélange - Pavlovi¢a Cuprija Formation:
GawLIck et al., 2018 and references therein) appear
several blocks with a preserved Middle to Late
Anisian sedimentary sequence. The sections
Komarani and Pavlovi¢a Cuprija are here described.

Komarani

The section Komarani is located roughly 15 km
SE of Nova Varos, on the road from the village
Komarani to the Sjenica Lake (beginning of the road:
N 43°25’31.5” E 19°55’1.7”; end of the road: N
43°25’10,5” E 19°55’25,4”; section No. 5 on Fig. 1)
roughly 200 meters south of the dam. This section
is the type-section of the Komarani Formation
(Supbar et al.,, 2023b).

The section starts with shallow-water limestones
of the Pelsonian Ravni Formation. The Ravni
Formation is dated by Macroporella alpina Pia and
Endotriadella wirzi (KOEHN-ZANINETTI) (GAWLICK et al.,
2018). The Ravni Formation is directly overlain by
a more than 60 meter thick series of late Illyrian
mass transport deposits after a late Pelsonian to
middle Illyrian gap.

The first fine-grained breccia directly above the
Ravni Formation contains only Paragondolella cf.
trammeri (Kozur) (sample SRB 628) and Gladigon-
dolella tethydis (sample SRB 630) indicating a late
[llyrian age. In addition, this Bulog Limestone matrix
contains biotite clasts indicating volcanic influence.
Higher up follows a series of coarse-grained mass
transport deposits. Between the mass transport
deposits reddish-grey turbidites are locally preserved.
They contain late [llyrian conodonts - Gladigondolella
tethydis and Paragondolella excelsa (sample SRB
631a). In the mass transport deposits angular
components of the Ravni Formation dominate. Beside
these Ravni components Bulog Limestone compo-
nents are frequent. These Bulog components have: 1)
a Late Pelsonian age, dated by following conodonts:
Nicorella germanica (Kozur), Nicorella kockeli (TATGE),
Paragondolella bifurcata, Paragondolella bulgarica

Fig. 10. Previous page: Microfacies characteristics of the Ravni Formation of the locality Lucica Krs. 1. Slightly recrystallized pack- to
grainstone with micrite clasts, peloids and few crinoids at the base of the section. The crinoids indicate an open-marine influence. Most
probably a tempestite. Sample SRB 453. Width of the photo: 1.4 cm. 2. Grainstone consisting of recrystallized components with one
micritic rim. The other part shows a microbial limestone. The central part of the Ravni Formation section. Sample SRB 454. Width of
the photo: 1.4 cm. 3. Aggregate-grain grainstone. Several grains show irregular outlines and are encrusted. The higher part of the Ravni
Formation. Sample SRB 455. Width of the photo: 1.4 cm. 4. Microbial limestone with foraminifera. Some cement-filled features resemble
stromatactis cavities. The higher part of the Ravni Formation. Sample SRB 456. Width of the photo: 1.4 cm. 5. Karstified microbial
limestone of the topmost part of the Ravni Formation. Red clays infillings, recrystallization and cavity cement infillings are typical
features of emerged shallow-water limestones. It appears that the cavity started to be filled by a radiaxial fibrous calcite cement and
the new phase of freshwater corrosion came. Sample SRB 457. Width of the photo: 1.4 cm. 6. Enlargement of 5, different view. Microbial
limestones, partially solved under freshwater conditions, pores filled with silty red soil sediment. Width of the photo: 0.5 cm.

Ca. 10. [Ipemxodna cmpaua: Mukpogayujasve kapakmepucmuke Popmayuje Pasnu soxkaaumema Jlywuha Kpw. 1. Caabo
peKpucmanucanu NneKCmoHu 0o epejHCMoHU ca MUKPUMCKUM KAacmuma, neouduma U HeKoAuKko KpuHouda y 6asu npogu.a. Kpunoudu
yKasyjy Ha omeopeHo mapuHcku ymuyaj. Hajeeposamruje memnecmum. [Ipo6a SRB 453. 2. 'pejHcmoH cacmaegsbeH 00 pekpucmanucanux
KOMNOHEHMU ca jeQHOM MUKpumckum o6odom. [lpeocmaiu deo je MukpobuaiHu Kpeurbak. LlenmpasrHu deo npoguasa @opmayuje PasHu.
Ilpo6a SRB 454. 3. Aepecamnu 3pHacmu zpejHcmoH. Hekouko 3pHa ¢y HenpasuAHUX KOHMypa u ca 080jHUyoM. Buwu deo @opmayuje
PasHu. [Ipo6a SRB 455. 4. Mukpobua/iHu Kpeuroak ca hopamutugepuma. Heke yemenmue ucnyHe auye Ha CMpoMamaxmuimue wynsouHe.
Buwu deo ®opmayuje PasHu. [Ipoba SRB 456. 5. KapcmugukosaHu MukpobuaHu Kpeursak Ha Hajeuuem deay Popmayuje PasHu. HcnyHe
YpeeHuX 2/IUHa, peKpucmaau3ayuja u ucnyHe uwyn/buHd YeMeHmom cy munuvHe ocobuHe uzduzHymux naumkKoeooHux kpeuraka. To
nokasyje 0a wyn/euHe no4ury 0a ce 3anyrasajy ca padujaaHum GubposHuM yeMeHmoM u 0a mume 3ano4urbe Hoea pasa Koposuje ca
caedzcom eodom. I[Ipo6a SRB 457. 6. [logehawa ca. 5, dpyeauuju nozsed. MukpobuaaHu Kpeurbayu, 0eaUMU4HO pacmeopeHu y ycao8umda
ceedice 80de, nope ucnyreHe CU/NMo3HUM ypeseHum manoz2om. Lllupuna pomozpagpuja: 0,5 cm (6) u1,4cm (1,2, 3,4, 5).
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Fig. 11. Microfacies of the drowning sequence of the Ravni Formation and the matrix of the Komarani Formation of the locality Lucié¢a

Krs. 1. Turbiditic grey grainstone with shallow-water clasts and crinoids above a wacke- to packstone with shallow-water clasts and
thin-shelled bivalves roughly 4 m above the karstified Ravni Formation. Sample SRB 458. Width of the photo: 1.4 cm. 2. Enlargement of
1, different view. Grainstone with shells, single oncoids and broken microbial encrusters. Width of the photo: 0.5 cm. 3. Grey wackestone
with crinoids, recrystallized radiolarians and some broken thin-shelled bivalves. Sample SRB 459. Width of the photo: 0.5 cm. 4. Late
Illyrian “filament”-radiolarian wackestone. Sample SRB 460. Width of the photo: 1.4 cm.

Ca. 11. Mukpogayuje nomonseeHe cekgenye Popmayuje Pasnu u mampukca Popmayuje Komapanu Ha nokaaumemy Jlywuha Kpw. 1.
Typ6udumcku cusu 2pejHcCmoHu ca NAUMKO800HUM KJAACMUMA U KPUHOUOUMA U3HAO 8eKCMOHA 00 NeKCMOHA ¢d NAUMKOB00HUM
KAacmuma u WKo/6Kama maHKux seyumypa 2py6o oko 4 m usHad kapcmugukosave @opmayuje Pagnu. [lpoba SRB 458. 2. [losehana
c/. 1, dpyeaquju noased. I'pejHcmoH ca wkosbkama, nojedUHayHUM OHKOUOUMA U CAOMBEHUM MUKPOOUAIHUM 080jHUYyama. 3. Cusu
8€KCMOH €A KPUHOUOUMA, PEeKpUCMAAUCAAUM paduoaapujama U NOHEKUM CAOMbEHUM WKObKaMa maHKkux seywmypa. [lpo6a SRB 459.
4. KacHo unupcku” punamenmuo”-paduosapujcku eekcmoH. Ilpo6a SRB 460. llupuna pomoepacpuja: 0.5 cm (2,3) u 1,4 cm (1, 4).

(sample SRB 632), or 2) latest Pelsonian to earliest
[llyrian, dated by following conodonts: Paragondolella
bifurcata and Paragondolella hanbulogi (sample SRB
631). In the matrix of this polymictic mass transport
deposit appears volcanic clasts and their age is late
Illyrian on base of following conodont fauna:
Gladigondolella tethydis, Paragondolella excelsa, and
Paragondolella trammeri (sample SRB 632a).

18

For more details regarding the Komarani For-
mation and its type section the interested reader is
referred to SuDAR et al. (2023b).

Pavlovi¢a Cuprija

On the local road from the village Akmaci¢i in
direction from the Gujanicka Guja hamlet to the old
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Fig. 12. Paviovi¢a Cuprija section. Above the middle Pelsonian Ravni Formation, dissected by two generations of neptunian dikes (fissure
infillings), follows a thin (1-2 meters) condensed part of red nodular Bulog Limestone. Above this late Pelsonian to middle Illyrian Bulog
Limestone follows a roughly 15-meter thick sequence of mass transport deposits (Komarani Formation) overlain by a few meters of
late Illyrian to ?early Fassanian Bulog Limestone. Conodont faunas from GawLIck et al. (2018) with revised biostratigraphic ages after
CHEN et al. (2015). Abbreviations for conodont genera: Gl.=Gladigondolella, Ng.=Neogondolella, Nic.=Nicoraella, Pg.=Paragondolella.

Ca. 12. J/lokaaumem Ilasnosuha Kynpuja. H3Had cpedronenconcke opmayuje PasHu, npeceyeHe ca dee 2eHepayuje HenmyHcKUX
dajkosa /nykomuHcku 3anyHa), caedu maHak (1-2 mempa) koHdeH308aHU deo ypeeHo2 HodynapHoz byaouwkoz kpeursaka. U3Hao osux
KACHO ne/fcoHcKux do cpedrsounupckux bBysowkux kpeursaka caedu omnpuauke 15 memapa debesa cekseHya Hacaaza MAaceHoz
mpancnopma (Popmayuja Komaparu) npeko koje ce Ha.1a3u HEKOJAUKO Memapa KACHO UAUPCKUX 00 ?paHo ¢pacanckux Byaowkux
Kpeurwaka. Konodonmcka gpayHa uz GawLick et al. (2018) ca pesuduparum 6uocmpamuzpagckum cmapocmuma npema CHEN et al.

(2015). Ckpahenuye koHodoHMCKUX p0d08a Cy dame y eH2/1eCKOM MeKCmy CAUKE.

iron bridge Pavlovi¢a Cuprija crossing the Uvac
River (N 43°25’59.6” E 19°55’15.8”; section No. 4 on
Fig. 1) a huge block with a well-preserved Middle
Anisian (Pelsonian) to earliest Ladinian sedimen-
tary sequence is incorporated in the mélange (SupaAr
etal, 2010; GawLick et al,, 2017b, ¢, d; 2018).

The section (Figs. 12, 13) starts with slightly
karstified shallow-water limestones of Ravni For-
mation (Fig. 14) with two generations of neptunian
dikes. The older generation of neptunian dikes is
filled with light red mud and contains also some
shallow-water components. The age is late Pelso-
nian on base of following conodont fauna:
Gladigondolella budurovi, Nicoraella germanica, Ni-
coraella kockeli, Paragondolella bifurcata, Para-
gondolella bulgarica, Paragondolella hanbulogi. The
younger generation of neptunian dikes is late
Illyrian in age, dated by the conodonts Gladi-
gondolella tethydis and Paragondolella excelsa. The
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Ravni Formation is sealed by a less than 2 meters
thick sequence of reddish-grey nodular limestones
with some shallow-water components and inter-
calated turbidites with shallow-water material (Fig.
14). The lowermost part of the Bulog Limestone
could be dated by Paragondolella bifurcata, Para-
gondolella bulgarica, Paragondolella hanbulogi, and
Nicoraella germanica as late Pelsonian. This late
Pelsonian age of the reddish Bulog Limestone above
the slightly karstified Ravni Formation prove a very
short time of karstification of the Ravni Formation.
This short period of emersion affected only small
parts of the uppermost Ravni Formation limestone
and the recrystallization is very moderate. Higher
up in the Bulog Limestone appear Gladigondolella
tethydis, Neogondolella constricta (MOSHER & CLARK),
Neogondolella cornuta, Paragondolella hanbulogi
and Paragondolella szaboi, indicating an early-
middle Illyrian age. Upsection follow a roughly 15
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Fig. 13. Field situation of the late Illyrian mass transport deposits
of the Pavlovié¢a Cuprija section. 1. Angular Ravni Formation
limestone components and late Pelsonian angular Bulog
Limestone components, in cases only semilithified. The dark red
matrix has a late Illyrian age. 2. Mass transport deposits with up
to 50 cm thick angular clasts. Limestone clasts of the Ravni
Formation dominate, but also late Pelsonian Bulog Limestone
clasts are common. The semilithified clasts were pressed as
pseudomatrix between the Ravni Formation limestone clasts.
Abbreviations for conodont genera: Gl.=Gladigondolella,
Nic.=Nicoraella, Pg.=Paragondolella.

Ca. 13. Cmarse Ha mepeHy KACHO UAUPCKUX HACAa2a MACeHO2
mpaHcnopma Ha aokaaumemy Iasaosuha hynpuja. 1. Y2aacme
Kpeurbauke komnoHeHme @opmayuje PasHu U KacHo nescoHcKe
yaaacme KoMnoHeHme Byn10wKux Kpeuraka, camo y nojeduHuM
cayuajesuma cemuaumugukosare. TamMHo ypeeHu Mampukc je
KacHo unupcke cmapocmu. 2. Hacaaze maceHoz mpaxcnopma ca
do 50 cm debeaum yzaacmum kaacmuma. JlomMuHupajy
Kkpeursauku kaacmu Popmayuje PagHu, asu cy makohe vecmu u
Kaacmu KacHo nejacoHckuXx Bynowkux kpeursaxa. Iloayau-
mu@ukosaHu Kaacmu cy npumucHymu Kao nceyoomampukc
usmehy kpeurbaukux kaacma Popmayuje Pasnu. Ckpahenuye
KOHOOOHMCKUX podosa cy dame y eH2/1eCKOM meKCmy CAUKe.

Fig. 14. Next page: Microfacies of the Pelsonian to late Illyrian Pavloviéa Cuprija section. 1. Slightly karstified Ravni Formation limestone from
the uppermost part. The microfacies show a well-preserved grainstone with aggregate grains, encrusted components, and fragments of
microbial limestones. Some parts of the photo show recrystallization, carbonate solution, the infill of red silty material, and vadose silt. Sample
SRB 362. Width of the photo: 1.4 cm. 2. Uppermost karstified part of the Ravni Formation overlain by a deeper-marine late Pelsonian” filament”
wackestone with clasts of the Ravni Formation. Note that the karst holes in the uppermost part of the Ravni Formation are filled with red silt,
not Bulog Limestone. Sample A 4746-1. Width of the photo: 1.4 cm. 3. Densely packed thin-shelled bivalves pack- to wackestone of the late
Pelsonian Bulog Limestone directly above the Ravni Formation. Sample A 4746-1. Width of the photo: 1.4 cm. 4. Late Pelsonian fissure infilling
in the Ravni Formation. Besides thin-shelled bivalves recrystallized limestone clasts are typical. Sample A 4746. Width of the photo: 0.5 cm. 5.
Recrystallized “filament”-limestone clasts in a late Pelsonian to earliest Illyrian neptunian dike infilling. Sample SRB 363a. Width of the photo:
1.4 cm. 6. Condensed thin-shelled bivalve layer with hardground clasts. Late Pelsonian. Sample A 4746-2. Width of the photo: 0.5 cm. 7.
Grainstone consisting of micrite clasts and peloids intercalated in the late Pelsonian to early Illyrian Bulog Limestone. Sample SRB 363b. Width
of the photo: 1.4 cm. 8. Grey radiolarian wackestone with some broken thin-shelled bivalves. Sample SRB 644. Width of the photo: 0.5 cm.
Cna. 14. Caedeha cmpana: IeacoHcke 0o kacHo uaupcke Mukpogpayuje nokaaumema I[lasaosuha hynpuja. 1. Caabo kapcmugukosaHu
Kpeursayu Popmayuje PasHu us reeHoz Hajeuwez deaa. Mukpogayuje cy dobpo o1ysaHu epejHcmoHU ca azpe2amHuM 3pHUMa, 06a8ujeHuUM
KOMNoHeHMama u pazmeHmuma MuKpobuaiHux kpeursaka. Heku desnosu gpomozpadguje npukasyjy pekpucmaauszayujy, pacmeaparee
KapboHama u UCnyHy YpeeHUM CUAMO3HUM cedumMeHmoM, 8ado3HuM cuamom. IIpo6a SRB 362. 2. Hajeuwu kapcmugukosaHu deo
®opmayuje PasHu nokpuseH je ca dy60ko MapuHCKUM KACHO NeACOHCKUM “uramenmHum” eekcmoHom ca kaacmuma Popmayuje PagHu.
Youumu da cy kapcmHe wiynseuHe y Hajeuwem desy Popmayuje PasHu ucnyreHe YpeeHUM CUmMoM, a He ca Bynowkum kpeurbakom. [Ipoba
A 4746-1. 3. 'ycmo nakoeaHu ,ounrameHmHuU " nekcmoHu 0o 8eKCMOHU KACHO neAcOHCKUx Bynowkux kpeurbaka dupekmto usHad Popmayuje
PasHu. IIpo6a A 4746-1. 4. Kacto nesacoHcka ucnyHa nykomuHa y Popmayuju PasHu. [loped wko/saka maHKux feywmypa munuyHu cy u
pekpucmanucaau kpeuroauku kaacmu. Ilpoba A 4746. 5. Pekpucmanucanu kaacmu Kpevraka ca WKO/bKamMa MaHKuX Jeyuypa y KacHo
ne/sIcCOHCKUM 00 HajpaHuje UAUPCKUM UcnyHama HenmyHckux dajkosa. [lpo6a SRB 363a. 6. KondeH3osaHu ¢/10j ca WKO/bKAMA MAHKUX
Jeyuimypa u kaacmuma xapozpayHoa. [Ipoba A 4746-2. 7. ['pejHcmoH cacmas/beH 00 MUKpUMCKUX KAacma U neaouda UHmMepKaaucaHux y
KACHO Ne/ACOHCKOM 00 paHo uaupckom Bysnowkom kpeurbaky. [Ipoba SRB 363b. 8. Cusu paduosapujcku 8eKCMOH ¢a NOHEKUM C/10M/bEHUM
wkoseKama maHkux seywmypa. Ilpoéa SRB 644. llupuna pomozpaguja: 0.5cm (4, 6,8)ul,4cm (1,2, 3,5, 7).
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meters thick series of mass transport deposits of
late Illyrian age. The components are mainly
angular limestones of the Ravni Formation and
lithified to semilithified components of the older
Bulog Limestone. A late Pelsonian and an early
[llyrian age of the components are proven by the
occurrence of Nicorella germanica, Nicorella kockeli,
Paragondolella bifurcata, Paragondolella bulgarica,
Paragondolella hanbulogi, and Paragondolella
szaboi. The mass transport deposits are overlain by
a less than 5 meters thick succession of thick
bedded nodular reddish limestones. In the lower
part of these nodular limestones appear following
late Illyrian conodonts: Gladigondolella tethydis,
Neogondolella constricta, Paragondolella excelsa,
and Paragondolella trammeri (GawLIcK et al., 2018).
The upper part of these reddish nodular limestones
contains some red chert nodules. The occurrence of
Paragondolella excelsa, Paragondolella liebermanni
(KovAcs & Krystyn), and Paragondolella trammeri in-
dicate a latest Illyrian to earliest Fassanian age.

Vodena Poljana area

The Vodena Poljana area is a far travelled nappe
from the outer shelf area on top of the East Bosnian
-Durmitor megaunit (GawLIcK et al., 20173, b). The
Vodena Poljana nappe preserves a complete Middle
Triassic to Middle Jurassic sedimentary succession:
above the Middle Anisian Ravni Formation follows
a late Anisian to late Norian complete Hallstatt
Limestone succession (GawLIck et al., 2017b). The
Rhaetian to Early Jurassic part of the succession is
not outcropping in the forest, only pieces of the
spicula-rich early Jurassic part of the succession
could be traced. The Bajocian to Oxfordian radio-
larite contain from the late Bathonian onwards mass
transport deposits and hundreds of meters big slide
blocks, forming a typical sedimentary mélange
(GawLick & Missoni, 2019). The components and
slide blocks consist of a reworked Middle and Late
Triassic Hallstatt Limestone sequence and Early
Jurassic dm-bedded grey marly siliceous limestones.
The Hallstatt sequence of the Vodena Poljana nappe
is characterized by a latest Illyrian to late Longo-
bardian radiolarite interval and differs there-
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fore from the reworked Hallstatt sequence in the
Middle-Late Jurassic part of the succession. In the
reworked Hallstatt Limestone succession a various
coloured condensed limestone (Grauvioletter-
Graugelber Bankkalk - Fig. 2) was deposited during
the time span latest Illyrian to late Longobardian
(GawLick et al,, 2017a).

Here we focus on two typical Middle to Late
Anisian sections preserved in the Vodena Poljana
nappe (Mala Merica, Fig. 15) and preserved in a
block in the Middle-Late Jurassic Pavlovi¢a Cuprija
Formation (Krseljci quarry, Fig. 16).

Mala Merica

The Anisian drowning sequence (Fig. 15) is
located near the peak Mala Merica (1517 m, section
No. 7 on Fig. 1). The grey recrystallized shallow-water
limestone of the upper Ravni Formation (Dedovi¢i
Member, Pelsonian) consists of microbial bound-
stones, and algae and foraminifera-bearing grain-
stones. In the topmost Dedovi¢i Member occur
microbreccias with matrix of a red silty mud (Fig. 16).
The karstified surface gets also filled by “filament”-
radiolarian bearing reddish biomicrite of the oldest
Bulog Limestone (Fig. 16). This indicates emersion of
the Ravni Formation and karstification. The deep-
marine red nodular limestone succession starts
around the Pelsonian/Illyrian boundary, i.e. after a
gap in deposition. “Filament”- and radiolarian-rich
wackestones, in cases rich in whole, isolated forami-
nifera (UROSEVIC & SUDAR, 1992) are characteristic in
the Illyrian. The biostratigraphic age around the
Pelsonian/Illyrian boundary is proven by following
conodont fauna near the base of the Bulog Limestone
succession (conodont faunas from Supar, 1986 and
GawLick et al, 2017a, revised): Gladigondolella
budurovi, Paragondolella bifurcata, Paragondolella
hanbulogi, and Paragondolella praeszaboi. Higher up
appear Gladigondolella tethydis, Neogondolella cor-
nuta, and Paragondolella bifurcata, indicating still an
earliest Illyrian age. Upsection the Bulog Limestone
get more and more condensed until a cephalopod
layer was deposited. Conodont faunas improve an
early to middle Illyrian age: Neogondolella cornuta,
Paragondolella excelsa, and Paragondolella hanbulogi.
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Fig. 15. Pelsonian to late lllyrian sedimentary succession of the Mala Merica peak region.
Section and biostratigraphic ages were modified after SupAr (1986). Conodonts from SUDAR
(1986) and GawLick et al. (2017b). Revised conodont ages of the different parts of the section
according to CHEN et al. (2015). Abbreviations for conodont genera: Gl.=Gladigondolella,

Ng.=Neogondolella, Pg.=Paragondolella.

Ca. 15. [leacoHcka 0o KacHO uaupcka ceduMeHmHa cykyecujay pe2uoHy epxa Masaa Mepuya.
Jlokanaumem u 6uocmpamuepagcke cmapocmu npuaazoheHu npema SUDAR (1986).
KoHodonmu u3 SUDAR (1986) u GawLick et al. (2017b). PesudupaHe koHo0oHmMcKe cmapocmu
paszaudumux desosa sokaaumema npema CHEN et al. (2015). CkpaheHuye KOHOOOHMCKUX

podoesa cy dame y eH21eCKOM meKcmy CAUKe.

After the cephalopod layer red nodular and
condensed slightly siliceous red limestones were
deposited, which shows an increasing deepening
trend. Radiolarians dominate the microfacies (Fig.
16). Their age is late Illyrian on base of following
conodont fauna: Gladigondolella tethydis, Neogon-
dolella cornuta, Paragondolella excelsa and Para-
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events gondolella liebermanni. Upsec-

tion follow reddish-grey, redd-
ish-violet to red radiolarites of
late Illyrian to earliest Fassa-
nian age (GawLick et al,
2017a). Occasionally occurs in
the lower part of the Illyrian
radiolaritic succession green-

Late lllyrian to

earliest Fassanian
radiolarians

(GAWLICK et al. 2017b)

Pg. excelsa . o .
. liebermanni ish silicified claystone, which
g. cornuta L. .
Gl. tethydis originated from volcanic

Pg. excelsa ashes.

Pg. hanbulogi
Ng. cornuta

Krseljci quarry
Ng. cornuta

Gl. tethydis
Pg. bifurcata

This short Pelsonian sec-
tion (Fig. 17) is preserved in
a block in the Hallstatt (Zla-
tar) Mélange of Vodena Po-
ljana and is located on the
crossing of the main road
from Nova Varos to Aljinovici
and the local road to the
mountain house, monastery
and church (St. Kozma and
Damjan) on the Vodena Polja-
na and later to the Monastery
Mileseva (Prijepolje town) (N
43°24’16.3” E 19°50’40,8”;
section No. 6 on Fig. 1). The
new quarry on the eastern
side of the main road (Fig. 17)
exploit predominantly karsti-
fied limestones of the Ravni
Formation which are crosscut
by neptunian dikes filled with
red limestones of the Bulog
Formation. Some red limesto-
nes in the neptunian dikes
contain brachiopods, bivalves
and crinoids. Their age is on
base of the conodonts Nicoraella kockeli and
Paragondolella bifurcata late Pelsonian. The upper-
most Ravni Formation consists of heterogeneous
grainstones (Fig. 18) and microbial limestones. The
late Pelsonian Bulog Limestone neptunian dike
infilling are wackestones with thin-shelled bivalves,
radiolaria and gastropods (Fig. 18).

Gl. budurovi
Pg. bifurcata
Pg. hanbulogi
Pg. praeszaboi
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Fig. 16. Microfacies of the Pelsonian to Illyrian sedimentary succession of the Mala Merica peak in the southern Vodena Poljana area.
1. Microbial Ravni Formation with few shell fragments and peloidal grains. Sample SRB 317. Width of the photo: 1.4 cm. 2. Grainstone
with aggregate grains and Tubiphytes sp. Sample SRB 321. Width of the photo: 0.5 cm. 3. Topmost part of the Ravni Formation. The
matrix between the Ravni Formation components contains radiolaria and thin-shelled bivalves. Sample SRB 322-1. Width of the photo:
1.5 cm. 4. Topmost part of the Ravni Formation. Karst breccia with red silt and radiolaria-bearing Bulog biomicrite. Sample SRB 322-
1. Width of the photo: 0.5 cm. 5. Late Illyrian Bulog Limestone with cavities filled with calcite cement. The biomicrite contains a few
thin-shelled bivalves and radiolaria. Sample SRB 319-2. Width of the photo: 1.5 cm. 6. Late Illyrian packstone with predominantly
radiolaria and few thin-shelled bivalves. Sample SRB 319-1. Width of the photo: 0.5 cm.

Ca. 16. Mukpogayuje nescoHcke do uaupcke cedumenmHe cykyecuje epxa Maaa Mepuya y o6saacmu jyscHe Bodewne Ilosbane. 1.
Mukpobuan Popmayuje PasHu ca HEKONUKO /bywmypHUX ¢pazmeHama u neaoudHux spHa. Ilpo6a SRB 317. 2. I'pejncmoH ca
azpecamuum 3pHuma u Tubiphytes sp. [Ipo6a SRB 321. 3. Hajeuwu deo ®opmayuje PagHu. Mampukc usmehy komnonenmu Popmayuje
PagHu cadpacu paduoaapuje u gusamenme. IIpo6a SRB 322-1. 4. Hajeuwu deo @opmayuje PasHu. Kapcmua 6peva ca ypseHum
CUNMOM U 6YA0WKUM 6UOMUKpUMOM ca paduoaapujama. [Ipo6a SRB 322-1. 5. KacHo uaupcku Bynowku Kpeurak ca wyn/euHama
3anyreHUM KaAyumckum yemeHmom. buomukpum cadpoicu Hekoauko puramenama u paduoaapuja. [lpo6a SRB 319-2. 6. KacHo unupcku
nexkcmoH ca npeosaahyjyhum paduoaapujama u Hekoauko “pusamenama’. [Ipo6a SRB 319-1. lllupuna pomoepagpuja: 0.5 cm (2, 4, 6),
1,4cm(1)ul5cm(3,5)
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Krseljci quarry

Neptunian dike filling
Late Pelsonian
Nic. kockeli, Pg. bifurcata

Pelsonian

Fig. 17. Section Krseljci quarry. In the block of the Krseljci quarry, only the Pelsonian Ravni

Formation with late Pelsonian neptunian dikes is preserved.

Ca. 17. J/lokaaumem kameHosaom Kpwemyu. Y jednom 610Ky kamernonoma Kpwessyu camo
je cavysana nesacorcka Popmayuja PasHu ca KacHo he/icOHCKUM HENMYHCKUM 0ajKosuMd.

Pelsonian-Illyrian depositional history

All presented successions from the different
mélanges below the obducted Dinaridic ophiolites
start with the Pelsonian shallow-water limestones
of the Ravni (Steinalm) Carbonate Ramp. During the
Pelsonian the Ravni Formation was formed in the
last stage before the final break-up of the Neo-Tethys
Ocean. The depositional realm of the Ravni Forma-
tion was a shallow-marine warm-water (tro-
pical/subtropical) epicontinental sea. The upper
member of the Ravni Formation (Dedovi¢i Member)
shows according to the microfacies characteristics
a continuous deepening trend indicating increasing
subsidence, which could be counterbalanced by
shallow-water carbonate production.

In the late Pelsonian began the drowning of this
ramp with a relative abrupt change in the de-
positional conditions. The rapid decrease of
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neptunian @Q

" Nic* kockell
Py bifurcata "I 88

shallow-water carbonate pro-
duction resulted in deposition
of open-marine deep-water
red nodular limestones on top
of the Ravni Formation. This
change in the environmental
conditions resulted in a regi-
onal mass extinction and is
caused by tectonic motions,
expressed in the formation of
a horst-and-graben topogra-
phy and by the formation of
fractures and neptunian di-
kes/fissures in the Ravni For-
mation filled with red micritic
limestones containing open-
marine deep-water organisms
like conodonts and cephalo-
pods. The age of the older
neptunian dikes is late Pelso-
nian as proven by conodonts
and therefore time equivalent
to the oldest red nodular
Bulog Limestones formed on
top of the Ravni Formation.
Contemporaneously various-
sized rock fragments mobi-
lized at the newly formed
escarpments and were transported in the newly
formed grabens and deposited near the flanks of
these escarpments forming breccias. The component
spectrum of these mass transport deposits is
relatively homogenenous, only components of the
Ravni Formation could be determined. The matrix
consists of the red biomicrite of the Bulog Limestone
and is of late Pelsonian to earliest Illyrian age. Some
of the newly formed horst structures emerged, here
the Ravni Formation karstified. Other horsts remain
under the sea-level and condensed red nodular
limestones were deposited, in parts with hard-
grounds and the formation of cephalopod-rich
Fossillagerstatten. Also on the slopes and in the gra-
bens/halfgrabens red nodular limestones were
deposited. During the timespan late Pelsonian to
middle Illyrian a general deepening trend in the
Bulog Limestone successions can be recognized as
well as increasing condensation.
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A second pulse of tectonic motions around the
middle/late Illyrian boundary resulted again in the
formation of escarpments, mobilization of mass
transport deposition, in parts tilting of the basin
floor, and a deepening of the depositional realm. In
these mass transport deposits appear beside com-
ponents of the Ravni Formation also semilithified
components of the late Pelsonian and early-middle

26

Fig. 18. Microfacies of the Ravni Formation and the late
Pelsonian Bulog Limestone infillings from the Krseljci quarry. 1.
Grainstone of the uppermost Ravni Formation with brachiopod
shells, algae fragments, crinoids and few aggregate grains. The
brachiopod shell is filled with the red mud of the lowermost Bulog
Formation. Sample SRB 633-1. Width of the photo: 1.5 cm. 2.
Component with microbial incrusting in the uppermost Ravni
Formation. Sample SRB 633-1. Width of the photo: 1.5 cm. 3. Late
Pelsonian ammonid-bearing wackestone with radiolaria, few
thin-shelled bivalves and a gastropod. Sample SRB 633-2. Width
of the photo: 1.5 cm.

Ca. 18. Mukpogayuje opmayuje PagHu u KacHo nesacoHcka
ucnyreerba Bynowkux kpeurbaka sokaaumema kameHos10m Kp-
wesmyu. 1. I'pejucmon u3 Hajeuwe Popmayuje PasHu ca
seyumypama 6paxuonooa, ppazmeHmuma an2u, KpuHouoduMa u
HEeKO/IUKO azpezamHux 3pHa. bBpaxuonodHa smywmypa je uc-
nyreHa YpeeHuM Madom u3 HajHudxce Popmayuje Bynoe. [Ipoba
SRB 633-1. 2. KomnoHenma ca MUukpo6ua/aHoM KOpPOM Yy Haj-
suwoj Popmayuju Pagnu. [Ipo6a SRB 633-1. 3. KacHo neacoHcku
8eKkcmoH o6ozaheH amoHouduma ca paduoaapujama, Kao u ca
HEKO/UKO WKO/bAKA MAHKUX /byuimypa u eacmponodom. [Ipoba
633-2. llupuHa gomoepadgpuja 1.5 cm 3a cse cauke.

[llyrian Bulog Limestone in a late Illyrian reddish
deep-marine biomicritic matrix.

These late Pelsonian/earliest Illyrian and late
[llyrian breccia successions were for the first time
described by Supar et al. (2013), but the two different
events could not be distuinguished during that time.
Later, SuDAR & GawLIck (2022) worked out the
differenes of these two different mass transport
mobilization events and named them “Komarani
Formation” (SuDAR et al.,2023b), but without exact
definition according to the rules following the
guidelines for stratigraphic nomenclature (SALVADOR,
1994; STEININGER & PILLER, 1999; REMANE et al., 2005).

During the late Illyrian tectonic motions also all
emerged horsts get flooded and deposition of con-
densed red nodular limestones started. Furthermore,
in the late Illyrian part of the succession volcanic ash
layers or biotite grains indicate volcanic activity.

Discussion, concluding remarks and
new questions

A deepening event in the Middle Anisian or
around the middle/late Anisian boundary has been
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Fig. 19. Stratigraphic correlation, lithology, and depositional trend of the studied sections (see Figs. 1, 3). All sedimentary successions
show a general deepening trend, starting in the Ravni Formation. Besides a continuous deepening throughout Pelsonian to Ilyyrian
times two distinct rapid deepening events can be recognized. The first abrupt deepening event is the demise of the shallow-water Ravni
Carbonate Ramp with its drowning sequence in the late Pelsonian. The second abrupt deepening event happened around the middle/late
Illyrian boundary.

Ca. 19. Cmpamuepagcka kopeaayuja, anumoio2uja u 0eno3uyuoHu mpeHo ucmpaxcueaHux gokaaumema (eudu ca. 1, 3). Cee
cedumeHmHe cyKyecuje 2eHepa/Ho medce npodybs/basarsy, Koje 3anovuree y Popmayuju PasHu. [loped HenpekudHoz npody6./6asarea
KpO3 ne/icOH U uaup Mozy da ce npeno3Hajy dea yneuamspuea 6p3a dozahaja npodybeasarsa. [Ipsu Hazau dozahaj npodybsasarea je
npecmaHak nocmojarba naumkosodHe kap6oHamHe pamne PagHu ca HeHoOM NOMON/beHOM CEKBEHYOM Y KACHOM neAcoHy. [lpyau

uUsHeHadHu dozahaj npodybeasarba 00200U0 ce 0KO 2paHuye cpedrbU/KacHu uaup.

known for over a century in the Inner Dinarides,
first based mainly on cephalopod faunas (see the list
in MUDRENOVIC, 1982, 1995; MARIC et al., 1982) and
later based also on conodont biostratigraphic age
dating (SupaAr, 1986; GawLicK et al., 2012, 2017b;
SuDAR et al.,, 2013; SUDAR & GAWLICK, 2022; MRDAK et
al, 2022a, b). In the late Pelsonian the rapid
decrease of carbonate production resulted practi-
cally everywhere in the Western Tethys Realm in a
drowning of the Ravni/Steinalm Carbonate Ramp
(GawLick et al., 2021 and references therein). The
formation of a horst-and-graben topography due to
the oceanic break-up of the Neo-Tethys Ocean with
its differentiated subsidence led either to a strati-
graphic gap on top of the uplifted horsts, often
characterized by karstification, or to deposition of
variegated deep-marine and often condensed red
limestones above the not-emerged shallow-water
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limestones. These overlaying members are the Late
Pelsonian to Illyrian red nodular limestones of the
Bulog Formation and their lateral equivalents
consisting of mass transport deposits with a red
open marine deep-water limestone matrix.
Formation of late Pelsonian escarpments and
mobilization of mass transport deposits with re-
deposition of the Pelsonian Ravni Formation
(predominantly of the Dedovi¢i Member) indicate
that after the drowning of the Ravni Carbonate Ramp
only a short time was needed to form a steep relief
between the uplifted horsts and the grabens, and to
mobilize on the escarpments material resulting in
gravitationally driven redeposition. However, older
components than the Ravni Formation could not be
detected in most mass transport deposits. While the
thickness of the Ravni Formation rarely exceeds 100
meters the newly formed relief between the horsts
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and the grabens is limited therefore to a maximum of
100 meters. The second phase of escarpment
formation in the late Illyrian crosscut the older horst-
and-graben structures as documented by the
sedimentary successions, indicating also an exten-
sional regime, but differently directed.

The Pelsonian-Illyrian depositional history, here
documented for the Triassic outer to central shelf
area, reflects that the opening of the Neo-Tethys
Ocean was a stepwise process and not an abrupt
event around the Middle/Late Anisian boundary.
Anyhow, the second - late Illyrian - phase of block
tilting, neptunian dike and escarpment formation
crosscutting the older structures is accompanied by
the onset of an intense short-living volcanism in the
proximal shelf area of the later Dinarides (eastern
shelf of the wider Adria plate; compare ScHMID et al.,
2008, 2020; GawLick & Missoni, 2019), as recently
exactly dated for the eastern part of the East
Bosnian-Durmitor megaunit (Nova Varo$ Group:
GawLick et al., 2017b and references therein). In
contrast, in the outer shelf area these volcanics are
not intercalated in the Illyrian sedimentary
successions, as demonstrated by this study. These
points to the possible and probably more reliable
interpretation, that these volcanics seem not to be
related to the opening of the Neo-Tethys.

As a result of this study a new question arise,
especially regarding the onset of intense volcanism
around the middle/late Illyrian boundary, i.e. much
later as the final oceanic break-up of the Neo-Tethys
Ocean in the late Pelsonian. This is proven also by
the oldest (early-middle Illyrian) radiolarite
sequences deposited on the Neo-Tethys Ocean floor
(CHIARI et al., 1996; Gorican et al, 2005, 2022;
GawLIcK et al., 2008, 2016a and references therein;
OzsvARrT et al.,, 2012 and references therein). An early
Illyrian volcanism, as recently proposed for the
Outer (External) Dinarides in Croatia by SMIRCIC et
al. (2018, 2020) cannot be confirmed: the FAD of Pg.
excelsa is not early Illyrian (see CHEN et al., 2015) as
shown for the sections Donje Pazariste, Zelovo, and
Bosansko Grahovo by SMIRCIC et al. (2018). This is
also proven on some sections (Donje PazariSte and
Zelovo) by own conodont data from limestones
below the volcanics (Missoni et al., 2010), and
radiolarian data from the overlying radiolarites in the
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Donje PazarisSte area which contain e.g,, Oertlispongus
inaequispinosus DuMmiTrIicA, Ko0zUR & MOSTLER,
Cryptostephanidium cornigerum DUMITRICA, and Eptin-
gium manfredi DUMITRICA (= latest [llyrian-Fassanian).
This improves also a volcanic event restricted to the
late Illyrian in the Outer (External) Dinarides of
Croatia and western Bosnia & Herzegovina, as dated
in the eastern East Bosnian-Durmitor megaunit of
SW Serbia (GawLick et al., 2017b).

In contrast to the oceanic domain, radiolarite
deposition in the proximal to central shelf area of
the Outer (External) Dinarides started later, i.e.
around the middle/late Illyrian boundary (recali-
brated conodont biostratigraphic age data accord-
ing to CHEN et al,, 2015; see GAwLIcK et al., 2012;
GawLIcK & Missoni, 2015 and references therein). An
onset of radiolarite deposition around the
middle/late Illyrian boundary in the central shelf
area of the Dinarides above the Bulog Limestone is
proven e.g., in the High Karst nappe (recalibrated
conodont biostratigraphic age data according to
CHEN et al., 2015; see GawLIcK et al., 2012). In other
cases, e.g., in the western East Bosnian-Durmitor
megaunit the litho- and microfacies of the Bulog
Limestone changes in the late Illyrian from from
“filament”- and radiolarian-bearing limestones to
siliceous radiolarian wackestones (MRDAK et al.,
2022a, b), or late Illyrian to early Ladinian radio-
larites overly basaltic volcanics, e.g., in the eastern
East Bosnian-Durmitor megaunit below the Dina-
ridic ophiolite nappes (GawLick et al., 2017b). In the
outer shelf area to the continental slope depo-
sitional realm radiolarite deposition started also
late in the Illyrian, as proven for the Inner Dinarides
(Fig. 14, GawLick et al., 2017a), the Northern Calca-
reous Alps (GawLick & Missoni, 2015), the Pels6 unit
in Hungary (Bodvalenke: KovAcs et al., 1989; KovAcs,
2010), or the Meliata unit in Slovakia (Kozur et al.,
1996; Mock et al., 1998). For some known sections
a revision of the biostratigraphic ages of the cono-
dont faunas of the limestones below the radiolarites
is needed to fix the exact onset of radiolarite
deposition in the outer shelf area of the Neo-Tethys
passive continental margin (wider Adria plate). This
implies that probably also a slight recalibration of the
radiolarian biozones for the Late Anisian (Kozug,
2003) is needed. However, the onset of radiolarite
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deposition around the middle/late Illyrian boundary
cannot be explained only by a simple sea-level rise
(GiaNoLLA & JAcQuIN, 1998; Haq, 2018).

Nevertheless, the Bulog tectonostratigraphic
event in the Dinarides (= Reifling event in the
Eastern Alps: SCHLAGER & SCHOLLNBERGER, 1974), i.e.
the continental break-up and onset of the formation
of oceanic crust in the Neo-Tethys Realm is one of
the major tectonostratigraphic turnovers in the
Mesozoic history in the Western Tethys Realm.
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Pe3ume

Oj IJIMTKOBOJAHE KapOOHAaTHe paMIie 10
XeMuIleJalkKe Jy60KOBOJHE MapUHCKe
KapOooHaTHe aeno3sunuyje: [leo 1.
OCHOBHe KapaKTepHUCTHUKe,
MUKpodanujajsHa 1 Jeno3uLoHa
HUCTOpHja CpeH0 A0 KACHO aHU3HjCKe
OyJ/IOLLKe CeAUMEHTHE CyKLecuje y
YayTrpamuwmuMm JuHapuauma (J3 Cpouja)

Y pagy cMo dokycupaHu Ha paHo (CpefbU [0
KaCHU aHU3UK) oTBapawe HeoTeTuca y cMmuciy
Suess-a (1888, 1901) ca weroBoM KapaKTepH-
CTUYHOM €BOJIyLUjOM:

1.'pabeH nnu ctasujym pudra: HajKaCHUjU IEPM
[0 CpeAru aHU3UK — 0Jf KPYNHO3PHUX CHJIU-
UKJIACTUYHUX CeJMMEHTHHUX CTeHa, IOHerJe ca
VHTEepKaJIMCAaHUM eBallOpUTHUMA /10 IJIMTKO MapUH-
CKUX ENMKOHTHHEHTa/IHUX KapOOHATHUX CTEHa.

2. EBosylivja nacuBHe MapryuHe: KaCHU CpeibU
aHM3UK [0 Cpelima jypa — 0J, CpeAHmOTPHUjacKUX
KOH/IeH30BaHUX OTBOPEHO MAapHUHCKHUX 1yOOKOBO/-
HUX CeJUMEHTHHUX CTeHa (KpeuywalH, pajuoJa-
pPHUTH), HECTO NIPOC/IOjeHUX CTeHaMa Koje Cy Be3aHe
3a ByJIKaHM3aM [0 eBOJIyLjMje OrPOMHUX Kap6o-
HAaTHUX IJIATGOPMHU Y CpeitbeM TpHjacy, mpaheHux
pPaHUM [I0 Cpe/iib0jyPCKUM NeJlallKUM I1aTPopM-
HUM CTaZlUjyMOM, KOra KapaKTepulle Jelo3uluja
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KOH/IEH30BaHUX OTBOPEHO MAapUHCKHUX AyOOKOBO/ -
HUX CeJJMMEHTHHUX CTeHa (Kpeumaka, pajuoJia-
puTa).

3. CTagujym aKTHUBHE MapruHe KapaKTepulle
06AyKIMja 0pHONMTA U KaCHUje U3AU3amhe IJa-
HUHa: cCpeJiiba 10 KacHa jypa — opMupare poBoBa
y foreland 6aceHrMa uUCNyHEHUM CeJUMEHTHUM
MeJIaHXXUMa 0J1 06/J[yKOBaHHUX 0dUOJIUTA U HaIpe-
Nyjyhux Hac/I0KeHUX HaBJaKa TOKOM Gajeca-oKc-
dop/a, kacHor okchop/a 10 GopMupamka y THTOHY
IJINTKOBO/IHUX MJIAaTGOPMU Ha BPXY 06/[yKOBaHUX
oduosvTa uau ppoHTOBA (IpeAHUX JeoBa) Ha-
BJIaKa U U3/M3aa IJIaHWHA U CKH/lakha KPOBHUX
JleJIoBa o/ TUTOHA Hajabe, popMupajyhu HOBHU
pesbed 1 GaceHCKe HUCIYHE Ca epPO3UOHUM MPOAYK-
THUMa U3JMKyNHX IJIaHUHCKUX BEHalla TOKOM paHe
KpeJze.

Hako je vcTtopuja paHor oTBapamwa (ceBepHOr)
HeoTeTuca npuin4yHoO J06p0 pa3yM/buBa, OTpe-
OGHO je MHOT0 /leTa/ba KOjU HEeIOCTAjy 3a JleTa/bHU]y
PEKOHCTPYKIIMjy paHe MacUBHe KOHTHHEHTaJIHe
MapruHe. OcuM TOra, TayHa PeKOHCTPYKLHja Jemno-
3UIIMOHE UCTOpHje cpefiber-KacHOr aHU3MKa ca
JebuHucameM popMaldja Koje ce MOTY KapTHpaTH
he momohu o6jalimkeny TauHe reoMeTpUje KOHOU-
rypauyje paHe nacuBHe MaprruHe HeorteTtuca.

AHH3MjCcKa reofMHaMH4Ka eBOJIyLja 3aaHOT
JnoMmeHa TeTrca 106po je 3abesiexkeHa y CeIUMEHT-
HOM 3anucy YHyTpawmwux JuHapuga |3 Cp6uje.
[ToTamwame MIUTKOBOIHE Kapb6oHaTHe PaBHu /Stei-
nalm paMne y kacHOM 1eJiCOHY (KaCHOM Cpe/itheM
aHU3MKY) oZpakaBa 3aBpIIHO OKeaHCKO pa3Jiama-
we HeoTeTurca u Bpsio A06po JOKYMeHTYyje cBe
HMCTOYHO MeJIUTepaHCKe IJIAaHUHCKe BeHLe: /luHa-
pyze, jeAUHHLEe MaHOHCKOI JOMeHa, 3alajHe
Kapnare, Jy:xHe Anrne, u UcTouHe Anne, MMeHOBaHe
CBeoOYyBaTHUM pajHOJIUIIKUM IPEOKpeToM (Jora-
hajeM). Y cBMM pernoHuMa oTBapamwe HeoTeTuca ce
0Zlpa3uJio Kpo3 popMUpare XOPCT U rpabeH To-
norpaduje Ha HOBOYOPMUPAHO] CEBEPO3aNaHOj U
3alaZHoj IMaCMBHO] KOHTWHEHTAJIHOj MapruHU
HeoTeTnca.

Y JuHapujuMa cBeoOyxBaTHa CpeJH0-KacHO
aHU3MjCKa reoJMHaMH4Ka eBOJIyLiUja ca NoTamwa-
eM KapboHaTHe pamie PaBHHM M Jenosunuja
XeMHUIesalllke U 4YeCTO KOHJleH30BaHe [Ayb60Ko
Mopcke Popmanuje Bysnor usHaj e, J06po je
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JIOKyMeHTOBaHa npe Bulle of 130 roguna. Jlatu-
pame 0Be ipaMaTU4YHe IPOMeHE y re0JMHaMHUUKO)j
eBOJIYIIUjU JIyr0 BpPEMeHa je MPAKTUYHO OUJIO
6a3MpaHo caMO Ha aMOHOMJHUM dayHaMa, Koje cy
ce MojaB/bHBaJie HA OPOjHUM JIOKAJUTETUMA Kao
LpBEHU HOJYJAapHU U KOH/IEH30BaHU Kpeuywalu y
JuHapuzauMa 6uBlLie JyrociaBuje, BehuHoM Jionu-
paHuMm y bocHu u Xepuerosunuy, lLlpHoj T'opwu,
XpBatckoj u Cpb6uju. Hacyntotr ToMe, y ApPYrum
o6sactuMa JluHapuja, yriiaBHoM y CroJbalibuM
JAunapuguMa XpBarcke U CioBeHHje, Kao U y Jy-
>kHUM Aanuma CioseHwuje (Jynujcku u KamHu-
mKo-CaBUKCKA AJINU) OBU LpBEHU HOAYJIApHHU
Kpeumally NPpaKTUYHO HUCY HaheHU. YMeCTO WbUX,
y OBUM 06J1acTUMa Cy Ce JIelI0HOBa/IM CUBU CUJIU-
[IMO3HU CJIOjeBUTH XEMUIIEJALIKH AY6OKO MOPCKH
Kpeumally, KOjU cy OMJIM TeLIKH 3a JaTUpae Kpo3
BpeMe, jep Cy y ’bUX0BOj painuju yrjiaBHOM HeJ0-
cTajagu amoHou u. Ctame y [luHapugumMa yrias-
HOM Ce oJjpakaBa Ha cTawe y UcTouHuM Annuma
(CeBepHu Kpeuwauku Ayinu) rjie Cy XeMHUIEJIAIIKH
JlyGOKO MOPCKHM LpBEHU HOAYJApHU KpeuykalU
HacTajaii LIMPOM CTApUX CHOJballbUX 1IeTPHUX
perroHa (Schreyeralm kpeumak), ¥ rjie cy ce CUBU
CJI0jJeBUTH CUJIMIIMO3HU Kpeymalld JIelIOHOBAaJIU
BUIIIE Y CPeUILHLUM 1eJTPHUM 06/1aCTHMa.

MebhyTum, y cpeimeM aHU3UKY A0 Y JaJUHY
JlyOOKOBOJIHE CYKIeCHje Kao CyKiecuje bymomkux
Kpeuymwaka ca oApeJiJbuBOM payHOM aMOHUTA CY
octasie crnopHe. 360r Tora, BehuHa JiokanuTeTa
HUCYy MoIvVIa Jia 6yAy TayHO JaTHpaHa U Jja khUX0oBa
Jlell03M1IM0HA UCTOpHja 6y/Jie UCTpaKhUBaHa Kpo3
BpeMe U npocTtop. CHTyalyja ce TpoMeHU/Ia OTKaAa
ce KOHOJZOHTCKa ¢ayHa MorJa JjJa KOPUCTH Kao
3aMeHa 32 aMOHOU/Ie.

HMako je ¥ u3y4yaBaHO HEKOJIUKO CyKLecHja
nortamajyhe cekBeHlle kap6oHaTHe pamie PaBHY,
IUXO0BA JleTa/bHa U CBeobyXxBaTHA M3yyaBama Koja
cy 6a3vpaHa Ha MUKpodalnujaIHUM aHaJKu3aMa U
KOja Cy KopeJsiMcaHa ca TauHUM 6GuocTpaTurpad-
CKMM JaTupameM CTapoCTU Ja 6U ce JieTa/bHO
JOKyMeHTOBaJIa MeJICOHCKO-UIMPCKa JeMOo3ULHO0-
Ha MCTOpHUja XxeMHIleallKUX JyO0KOBOJHUX LpBe-
HUX HOJZlyJIJApHUX KpeukbaKa HUCY 61Jia ClipoBesieHa
y L|eJIOCTH, OCUM Ha HEKOJIMKO PerMOHaIHUX NpHU-
Mepa. MehyTumM, pazpazia pas/vka y 1en03UIUOHOj
HCTOpPUjU NOTamwajyhe cekBeHLle pe3y/ToBaJa je
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JleTa/bHUjOM TEKTOHCKOM U mNaJseoreorpadpckom
PEKOHCTPYKLIMjoM paHe LiesipHe reoMeTpHje 3a-
NMaJiHe NacuBHe KOHTHWHeHTaJHe MapruHe Heo-
TeTHCAa, /1M Cy 0CTaJla OTBOPEHA HeKa MUTakba.

[lopes Tora, HoBe ceJUMEHTOJIOLIKE KapaKTe-
PHUCTHKe CeKBeHIle MoTamamwa Cy Ce aHa/IM3upase
W 0 NpBU NOYyT Cy JeTabHO JAaTtupaHe. OBe
BulledasHe aHU3MUjCKe HacJjare MaceHOI TpaHC-
NopTa MOKPEHYTe Cy Ay eCKaplMaHa y3poKyjyhu
CTBapame XOpCT U rpabeH Tonorpaduje, U nocre-
MeHOo Npoy6/baBakbe JeM03ULMOHOT JoOMeHa yCiles]
TEKTOHCKUX NOKpeTa W MOoJHU3ama HUBOA Mopa.
Hctuyemo Takobhe, oz cpe/ilb0-KacHO aHU3UjCKUX
JleJioBa TpUjacke ceJUMEHTHE CyKLiecHuje, aHaJlIUu3y
KOMIIOHEeHaTa ca MUHTerpuCcaHuM MUKpodaluja-
HUM M KOHOJOHTHHM JaTUpameM 006JyTaKa,
6JI0KOBa U HUXOBOT MaTpUKca. 3a 0Ba U3y4yaBatba
of1 moce6HOT je nHTepeca Kap6oHATHO-KJIACTUYHU
MesiaHk CUpOrojHa y peruoHy IjaHuHe 371aTU60p
u 3satapcku (Hallstatt) kap6oHaTHO-KJIACTUYHU
pazuosiapujcku MeslaHX y perMoHy IJIaHMHe 3J1a-
Tap y J]3 Cpb6uju. UcTpaxkvBaHa o6J1acT npunaza
HcTouHo60CcaHCKO-/ypMUTOPCKO] Mera je ITUHUIU
KOja je mapaayTOXTOHa OCHOBA 3a HaBJlaKe Ayror
TPAHCIOPTA, MeJIaHXKe U 0PHOUTE.

CBe mpHUcyTHe CyKLiecHje U3 pa3JIM4YuTHUX MeJIaH-
)Ka ucnof, obaykoBaHux oduosauTa JuHapuzaa
MOYHIbY Ca NMEeJICOHCKUM IJINTKOBOJAHUM Kpeykha-
MMa kapb6oHaTHe pamiie PaBHu (Steinalm). Tokom
nescoHa ®opmanuja PaBHu ce ¢popmupasna y mo-
cinenwoj dasu npe pUHANHOT pasgaMarkha OKeaHa
HeoTteTuca. /Jlenosunuonu jgomeH Popwmanuje
PaBHM 6HO0 je IJIMTKOBO/THO TOILJIO (TPOICKO/cym-
TPOIICKO) eNMKOHTHHEHTANHO Mope. [opwbu YiaH
®opmanuje PaBuu (yiaH JesoBuhu) npema MUKpO-
danujasHUM KapaKTepuCTUKaMa yKasyje Ha TpeH/
KOHTHHYaJIHOT IpoJy6JbaBatba yKasyjyhu Ha noBe-
haHo moTamame, Koje MoXKe GUTH Y KOHTPATEXKH ca
MJINTKOBOJAHOM Kap60HaTHOM IPOAYKIIUjOM.

Y KacHOM neJsICOHY je moyYyesi0 IOTalame OBe
paMIe ca peJIJaTUBHO HArJIOM NPOMEHOM /Jelo-
3UIMOHMUX yCJOBa. bp30 cMamemwe NJIMTKOBOJHE
KapboHaTHe MPOAYKIMje pe3yJTOBaJIOo je JeNno3u-
1IMjOM OTBOPEHO MOPCKUX ZyOOKOBOJAHUX LIPBEHUX
HO/yJIapHUX KpeukaKa Ha Bpxy ®opmMauuje PaBHu.
Ycnen npoMeHe ycJ0Ba y [ieO3ULMOHOj CpeJJMHHU
JIOLIJIO je [0 perdoHa/IHOT M3yMHUpama BpPCTa Y3
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Ca/lejCTBO TEKTOHCKHUX MOKpPETa, U3PaKEHHUX KPO3
dbopMmupamwe xopcT U rpaben Tonorpaduje u Gop-
MUpawe PpaKTypa U HENTYHCKUX [/lajKOBa/MyKO-
THHa y PopMauuju PaBHU uCHyHEHUX LpBEHUM
MUKPUTUYHUM KpedmwalliMa, KOju caJipKe OTBO-
peHO MapuHCKe OpraHu3Me Kao IITO Cy KOHOJOHTH
u nedasonosu. CTapocT CTapUjUX HENTYHCKHUX
JajKOBa je KaCHU IeJICOH LUTO je JO0Ka3aHO KOHO-
JIOHTMMa U IpeMa TOMe BPEMEHCKHU Cy eKBHBa-
JIEHTHU Ca HAjCTApPUjUM LPBEHUM HOJAYJApPHUM
BysiomikuM KpeumwauuMma (GpOpMUpPaHUM Ha BpXY
®opmanuje PaBHu. UcToBpeMeHo 6peye NOKpeHyTe
ca HoBOQOpPMHUPAHHUX eKcapIlMaHe Cy TPaHCIOPTO-
BaHe Y HOBO ¢popMUpaHe rpabeHe U JeNOHOBAHE Y
O6JIM3UHU OOYHUX CTpaHa OBUX ojiceka. CrekTap
KOMIIOHEHAaTa OBHX HacJlara MaceHOoTI TPaHCIopTa je
peJsIaTUBHO XOMOT€H, a caMo ce KoMIloHeHTe Pop-
Manuje PaBHU Mory AeTepMuHucaTH. MaTpukc ce
CacToju of, LipBeHor 6MOMUKpHUTa Bysomkor kpey-
aKa, a CTAPOCTH je KaCHO IeJICOHCKe 10 HajpaHuje
uinrpcke. Heke o 0BUX HOBOGOPMUPAHUX XOPCTHHUX
CTPYKTYypa cy ce uzaumie u Ty je opmanuja PaBuu
KapcTUPHKOBaHa. JIpyru XopcTOBU OCTajy UCIOL,
MOPCKOI' HHMBOA U JeNOHYjy Ce KOHJeH30BaHU
LPBEHU HOJyJIapHU Kpeumally, IOHer/e ca Xapja-
rpayHumMa uiad ce popmupa cioj 6orat nedaso-
noauma (Fossillagerstitten). Takobhe ce Ha masimHama
U y rpabeHuMa/noiyrpabeHuMa IenoHyjy pBEHU
HOJYJIapHU Kpeuymaliy. Y BpeMeHCKOM PacloHy Of,
KaCHOT I1eJICOHA /10 Cpe/iber WUpa ONIUTH TPEH[,
npoy6JbaBama y cykuecujama Bysolmkux kpeuma-
Ka MOXe ce Npeno3HaTu Takohe kao noBehaHa
KOH/JIeH3a1uja.

dopmMupamwe KacHO MeJCOHCKUX OJiceKa U IO-
KpeTame HacJjlara MaceHOI TPaHCIopTa ca peseno-
3uijoM nesiconcke @opmanuje PaBHu (npeos.a-
byje wnan [legoBuhu) ykasyje Aa je mocje mnorta-
namwa kapboHaTHe pamiie PaBHU 6uJio mOoTpe6GHO
caMo KpaTKo BpeMe ja ce dopmupa cTpM pesbed
n3Mehy uzamkyhux XopcToBa v rpabeHa, U a ce Ha
oJceLiMMa NOKpeHe IPaBUTALMOHO BoheHa pefeno-
3unuja. Mehytuwm, ctapuje komnoHeHnte @opmanuje
PaBHU He Mory Ja ce paeTekTyjy. Jok ae6/buHa
®opmanuje PaBuu petko npesasu 100 metapa,
HoBopopMHpaHU pesbed u3Mehy xopcToBa U rpabe-
Ha je JUMHATUTUPAH 0 MakcuMmyMma o 100 meTapa.

Jpyru uMnyJic (MoACTULAj) TEKTOHCKUX TOKpeTa
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OKO TrpaHulle cpe/ilbH/KacHU UJMp Pe3y/ITOBao je
NOHOBHUM ¢QopMHUpameM OJ/CeKa, MOKpeTambeM
Jlerlo3MIiMje MaceHoTr TPaHCIOPTa, IIOHerJe Haru-
HbambeM 06aceHCKOr JHa, U NpofybJ/baBameM Je-
MO3UIIMOHOT ZJOMeHa. Y OBUM HacJlaraMa MaceHor
TpaHCIIOpTa ce, nopej KoMnoHeHTH Popmanuje
PaBHH, Takohe mojaB/byjy U ceMUJIUTHPUKOBaHE
KOMIIOHEHTe KaCHO IeJICOHCKOI U paHO-CpelH0-
WJIMPCKOT ByJIOIIKOT KpeuwaKa y KaCHO UJIMPCKOM
LIPBEHKACTOM JyO60KO MOPCKOM OUOMHUKPHUTCKOM
MaTpukcy. Jlpyra ¢asa cTBapama 0/iceKa y KaCHOM
WJIMpY NIpeceKJIa je cTapyje XOpCT U rpabeH CTPYKTY-
pe, Kao LITO je JOKYMEHTOBAaHO CeJUMEHTHUM
CyKllecHjaMa, Koje Takohe yKasyjy Ha eKCTEH3UOHO
LIMpebe, ald pyradyujer ycMepemba.

ToxoM KacHOTr MJIMpa TEKTOHCKU IIOKpPETHU Cy
Takohe cBe U3JUTHYTe XOPCTOBe IONJABUJIHU U
3aroyeJia je Zielo3uyja KOHAeH30BaHUX LiPBEHUX
HOJyJIapHUX Kpeuwaka. [lopex Tora, y kacHo
WJIMPCKOM JieJly CYKIlecHje CJ10jeBHY ca BYJIKaHCKOM
IpallMHOM UM OUOTUTCKUM KJAacTUMa yKa3yjy Ha
BYJIKAHCKY aKTUBHOCT.

[lesicOHCKO-UIMPCKA [eN03UIMOHA HUCTOPH)a,
OBJle JOKYMeHTOBaHa y 06J1aCTU TPUjacKor CIIO-
Jpalimwer wesda, noTBphyje Aa je oTBapaame
okeaHa HeoTeTnca 6u0 mocTeneH mnpoiec, a He
Harao gorabaj oko rpaHule cpeJitbl/KacCHU aHU-
3HMK. Y CBaKOM CJIy4ajy, pyra - KacHO Winpcka ¢dasa
Harvmwama 06J10Ka, HeIITYHCKU ajk U popMuparbe
OJ/iCeKa, KOjU Cy Ipecelaly CTapuje CTPYKType,
npaheHU cy MHTEH3UBHHUM KpPAaTKOTPAajHUM BYJI-
KaHU3MOM Yy NpPOKCHMMaJIHOj IuesdHO] 06/1acTH
kacHUjux /JluHapuza (UcToyHU wend wHpe
AZipujcke 11J104e), LITO je CKOPO Ta4HO JaTHPAHO 3a
ucToyHu Jeo McroyHobocaHcko-/JlypMUTOpCKe
Mera jegunule (['pyna Hosa Bapour). Hacynpot
TOMe, Y CII0Jballikb0j LiesiQHOj 06J1aCTH OBU BYJIKa-
HUTHU HUCY HUHTEPKaJMCaHU Yy HJIUPCKe Celu-
MEeHTHe CyKlecHje, Kao IITO je JeMOHCTPUPAHO ¥
OBUM HUcTpakhuBamwMMa. OBO ykasyje Ha Moryhy
VHTepIpeTanujy jep usrjaeza fa OBU BYJKAaHUTHU
HUCY y Be3U ca oTBapameM HeoTeTuca.

Kao pesysTaT oBUX M3y4aBama, I10jaBUJIO Ce
HOBO NHUTaHe, N0CEOHO Yy Noryely noyeTKa WH-
TEH3WBHOT ByJIKaHHW3Ha OKO T'paHUlLle Cpe/ibH/Ka-
CHU WJIHDP, Tj. MHOIO KaCHHUje Kao 3aBpIUHO
OKeaHCKO pa3/laMame okeaHa HeoTeTuca y kacHOM
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nesicony. To je Takobe [gokaszaHO HajcTapujoM
(paHu-cpesbU WAUP) PAMOJIAPUTCKOM CEKBEH-
1JOM /Ie[IOHOBAHOM Ha OKeaHCKoj 104K HeoTeTHca.
PaHy uivpcku ByJiIKaHHW3aM, LITO je CKOPO Npej-
JokeHO 3a Cnosbalime JuHapuse y XpBaTCKOj 0,
ctpaHe SMIRCIC et al. (2018, 2020), He Moxke 6UTH
noteBpheno: FAD BpcTe Pg. excelsa Huje paHU UJIUP
(Buzmu CHEN et al,, 2015) kao WITO je NpUKa3aHO Ha
JokanruTtetuMa Jlowe [lazapuuire, 3es10B0 u bocaH-
cko 'paxoBo ox cTtpaHe SMIRCIC et al. (2018). To je
Takobe /j0Ka3aHO Ha HEKUM JioKaiuTeTuMa (Jomwe
[lazapuuite 1 3e0B0) NpeMa JaTUPaby KOHOM0-
HaTa U3 KpeuykbaKa Hciog BysakaHuTa (Missoni et al.,
2010), u paironapujcKuM oapen6amMma U3 KPOBUH-
CKUX pajiuosiapuTa u3 obsactu Jlomwe [lazapuinre
rge cy Hinp. npucyTHu Oertlispongus inaequispi-
nosus, Cryptostephanidium cornigerum, u Eptingium
manfredi (= HajkacHuju uaup-dacan). OBo NOTKpe-
IJbyje Takohe BYJKaHCKU jgorabaj koju je orpa-
HUYeH /10 KacHoT uiaupa y CnospamimbuM /luHapu-
JvMa XpBaTcKe U 3anagHe bocHe u XepLerosuHe,
Kao LITO je JaTUPaHO y HUCTO4YHOj McTouHO6O-
caHcko-/lypMuTopckoj Mera jeguHuiiy |3 Cpouje.
3a pasJIMKy OJi OKeaHCKOr JJOMeHa, pajuoJia-
pUTCKa Jeno3viuja je Ha IMPOKCUMAJHO] [0
cpeAulI0j 06s1acTH wesida Cnosbamimux JAuHapu-
Jla noyeJia KacHHje, Tj. OKO rpaHULe Cpe/iibH /KacHU
uaup. [loyeTak pasguosapuTCcKe Jeno3nulyje 0Ko
rpaHule Cpe/itbu/KaCHU UIUD Y CPeSULIO] 1eid-
HOj o6Jiactu JJuHapuJa M3Ha[ Bysnolkux Kpeu-
’baKa je JlokasaH, Hip. y Hassany Bucokor kapcra.
Y npyrum caydajeBUMa, HIp. y 3anajHoj McToyHo-
60caHCKO-/[ypMHUTOPCKOj Mera jeJUHULHA JIUTO- U
MUKpodauuje Bysomkux Kpeurwbaka IpoMeHUIe Cy
ce y KacHOM WJHMPY OJi Kpeuywaka 60raTum
dusaMeHTHMa U pajidoJiapyjaMa [0 CUJIMLMO3HUX
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paiuoJapUjCKUX BEKCTOHA, UJIM KAaCHO UJIMPCKUX
Jl0 paHO JIAAMHCKUX paZiMoJIapuTa NPeKo KOjUX CY
6a3a/JITHU BYJKAHUTH, KOjU Cy HIP. Y UCTOYHO]
HcTouHo60CcaHCKO-/ypMUTOPCKO] Mera je ITUHUIU
vcnos, JuHapuACKUX OQUOJUTCKUX HaBjaka. Y
CM0Jballik0j e/IPHOj 06J1aCTH [0 KOHTUHEHTAJIHO]
MaJlMHU JOMEH paLUOoJIapUTCKe Jeno3uluje je
noyeo Takohe KacHO y UJIMpY, Kao LITO je JOKa3aHO
y YayTpammuM JuHapugruma (ci. 14, GAwLICK et al.,
2017a),y CeBepaum Kpeumaukum Ainrma (GAWLICK
& Missoni, 2015), Pelso jesununu y Mabapckoj
(Bodvalenke: KovAcs et al., 1989; KovAcs, 2010), uiu
y Mennara jeannunu y Ciosaukoj (Kozur et al., 1996;
Mock et al., 1998). 3a Heke Mo3HaTe JIOKaJUTETE
peBH3UjoM 6UOCTpaTUTPAdCKUX OAPEOU CTAPOCTH
KOHO/ZIOHTCKe dayHe KpedrbaKa UCIOJ, paJihoJiapuTa
NOTpebHO je YTBPAUTHU TauyaH [OYETaK pajuo-
JIADUTCKE [eNo3Uulldje y CIoJ/ballliho] lIieadHO]
06J1aCcTH MTacUBHEe KOHTHHEHTa/He MapruHe Heo-
TeTHCca (upe Aapujcke miiode). To noapasymesa a
je Takohe BepoBaTHO NOTpe6Ha [10y3/1aHHja peKaJu-
6paluja Tj. MIOHOBHO M0/lellIaBambe PaJu0IapHjCKUX
6M030HAa 3a KaCHU aHU3UK. MebhyTuM, nouyerax
paZivoJIapuTCKe Jlello3ULMje OKO TpaHUle Cpej-
BbU/KaCHU WJIMp He MOXe ce 06jaCHUTH caMo
jEI[HOCTaBHI/IM AW3akbeM HMBOA MOpa.

U nopep Tora, 6yJI0IIKKA TeKTOHOCTpPAaTUTrpad-
cku porabaj y iunapuguma (= Reifling forabaj y
WcTtoyHuM Annuma), Tj. KOHTUHEHTAJIHO pasJjaMa-
e U NI0YeTaK CTBapama OKeaHCKe Kope y JOMeHY
HeoTeTuca je raBHU TeKTOHOCTpaTUrpadpCKu
MpEeOKpeT y Me3030jCKOj UCTOPUjU ¥ LOMEHY 3a-
nagHor TeTuca.
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