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Abstract. The Middle to Late Anisian sedimentary succession preserved in the
Klisura quarry in Sirogojno (Zlatibor Mt., SW Serbia) preserves the most
complete deepening depositional history in the Inner Dinarides in Serbia. In
this section, extensional tectonic movements that took place in connection
with the Neo-Tethys break-up are reflected in the exceptional well-preserved
record of the depositional history. The Pelsonian Ravni Formation at the base
of the section is dissected by two generations of neptunian dikes formed in A)
the late Pelsonian, and B) the late Illyrian. Above the late Pelsonian drowning
unconformity a deepening trend of the depositional environment is mirrored
by the litho- and microfacies characteristics of the more than 21 meter thick
red nodular limestones of the Bulog Formation. Periods of starvation with
deposition of Fossillagerstatten beds and hardgrounds mark characteristic
changes in deposition. Two phases of distinct tectonic motions result in
unconformities and a stepwise deepening of the depositional realm. The first
and major unconformity is the drowning surface on the top of the Ravni
Carbonate Ramp which led to the nearly total demise of shallow-water
carbonate production, i.e. the change in deposition from shallow- to deep-
water limestones. The second phase of tectonic motions is expressed by the
formation of an angular unconformity after a phase of starvation in the basin.
No Bulog Limestone section in the Dinarides, even not in the type region near
Sarajevo, preserves all these characteristic sedimentological features as

Key words: preserved in the Klisura quarry section in Sirogojno. Therefore this section is
Triassic, Tethys, Conodonts, proposed to be the reference section for the sedimentological evolution and
Foraminifera, Microfacies, depositional environment reconstruction of the Bulog Formation in the Inner
Palaeogeography. Dinarides, located in SW Serbia.

AnctpakT. Cpeirb0 10 KAaCHO aHM3MjCKa CeIJUMEHTHA CYKIleCHja cauyBaHa y
kaMeHoJsioMy Kincypa y 6sim3unHu cesia CuporojHo (msaHnHa 3natubop, |3
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KibyuyHe peyn:

mpujac, Temuc, KoHOOOHMU,
dopmuHugpepu, mukpogpayuje,
naseozeozpaguja.

Cp6uja), npe/icTaB/ba HAjKOMIIJIETHU]Y [eMIO3ULIMOHY UCTOPUjY MPOoAyO6/ba-
Bama y YHyTpauwuM [luHapurma Cp6uje. Ha oBOM JIOKa/IMTETy TEKTOHCKU
NOKpeTH y OKBUPY pasiaMamwa HeoTeTnca ornenajy ce y [eno3uliMOHO]j
HCTOPHUjH ca U3y3eTHO J06po ouyBaHUM JeTasbuMa. [lesiconcka Popmanuja
PaBHU je y 6a3u cTy6a UclipecellaHa ca /iBe reHepallje HeNTYHCKHUX J]ajKoBa
pas3/IMYuTe CTapOCTH Koje Cy HacTaJsle y: A) KaCHOM NeJICOHY, U b) y kacHOM
uanpy. U3Haz KacHO MeJICOHCKOT JMCKOHTHHYHUTeTa NoTalawba TPeH ] Npo-
Ziy6/baBama [Jlelo3UIMOHe CpeJliHe Ce OrJieJlao Kpo3 JIUTO- U MUKpoda-
LMjaJlHe KapaKTepUCTHUKe CyKlecuje IPBEHUX HOAYJApHUX Kpedymaka
dopmanyje Bysor gebeste Buiie o 21 m. BpeMeHcKH pacnoHu ocupoMalliera
ca geno3unujoM Fossillagerstitten ciojeBa u XapArpayHrMMa MapKUpasu cy
KapaKTepUCTUYHe IpOMeHe y Jielo3ulUju. /IBe dpase pasIMIUTUX TEKTOH-
CKUX IIOKpeTa O3HayeHe Cy JUCKOHTHHYHWTeTHMa U IOCTeleHUM IIpo-
Nly6/baBarbeM JIeM03ULMOHOT NoApyyja. [IpBY U rJ1IaBHU JUCKOHTHUHYUTET je
noTamnamwe Kap6oHaTHe paMmiie PaBHU U CKOPO TOTaJIHM HECTAHAK IJIUTKO-
BO/ZIHe KapOoHaTHe NPOJYKILHje, Tj. IPOMeHa Yy JeN0o3ULHjU 0f IJINTKO [0
Jly60KOBOAHUX Kpeumwaka. [pyra ¢asa TEKTOHCKMX IOKpeTa HarJalleHa je
HaCTaHKOM YraoHOT UCKOHTHUHYHUTeTa nocje ¢ase ocupoMallema baceHa.
OBako TUNHMYHE CeJUMEHTOJIOIIKe KapaKTepUCTHKe BysIomKNX Kpeuwaka
Koje cy cayyBaHe y cTy6y kameHoJsioMa Kiucypa y CuporojHy, He IocToje Ha
JPYyTUM JOKaJATeTUMa y JIuHapuuMa, 4aKk HU y CTapOM THUIICKOM JIOKa-
auteTy kox CapajeBa. M3 Tor passora cty6 y kameHoJsiomy Kincypa y
Cuporojny (J3 Cp6uja) o3HaueH je kKao pepepeHTHH CTY6 CeJUMEHTOIOLIKE
eBoJIyIlvje U [lell03ULM0OHe NPOCTOpHe peKoHCTpykLuje Popmanyje Bysor y
YuyTpamwuM [JuHapuauma.

Introduction

ones in the Inner Dinarides, not all characteristic
features, and their reasons were worked out in

To understand the tectonostratigraphy of a region
detailed studies on sedimentary successions provide
the possibility to reconstruct the overall geodynamic
and plate tectonic history of lost oceanic domains.
Tectonic motions, even in plate tectonic scale, are
mirrored in changes of the depositional charac-
teristics. The opening of the Neo-Tethys Ocean since
the Middle Anisian is expressed in the change of
deposition from shallow- to deep-water limestones
elsewhere in the Western Tethys Realm (SuDar et al.,
2013; GawLick et al,, 2021 and references therein). A
detailed analysis and description of all sedimento-
logical features provide therefore the possibility for
a more precise reconstruction of such geodynamic
changes. Furthermore, such detailed analyses may
provide the base for the definition of the lithostra-
tigraphic units, i.e. formations as the only base for
mapping and understanding newly formed geome-
tries on a regional scale.

Despite more than 150 years of intensive studies
of the Mesozoic series and among them the Anisian
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detail, but needed for the reconstruction of the
depositional history. The deep-water Bulog Forma-
tion deposited above the shallow-water Ravni
Carbonate Ramp is a key formation for under-
standing the geodynamic evolution of the Inner
Dinarides, and especially the early opening history
of the Neo-Tethys Ocean.

Recently achieved new data from different areas
of the European Tethysides for Pelsonian-Illyrian
times (GawLIck et al,, 2021), and a recent recalibration
of the biostratigraphic age ranges of conodonts (CHEN
et al,, 2015) resign in the necessity to reevaluate the
previously published results on the Bulog Limestone
successions also in the Inner Dinarides, Serbia. Even
if the age ranges of some conodont species in CHEN et
al. (2015) are differently used to other recently
published conodont age ranges (ORCHARD, 2010; KiLi¢
etal, 2017; PLaseNIcIA et al.,, 2018; SMIRCIC et al., 2018;
KiLig, 2021) and seem therefore to be slightly
inaccurate, the biostratigraphic age of every cono-
dont assemblage is very exact. The slightly revised
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conodont biostratigraphic age ranges of CHEN et al.
(2015) are based on an intercalibration between
North America and Tethyan ammonoid zones (details
in CHEN et al,, 2015).

One of the classical Bulog Limestone successions
is the Klisura quarry section in Sirogojno (SUDAR et
al,, 2013 and references therein) (Fig. 1). Compared
with other Bulog successions in SW Serbia (GAWLICK
et al., 2023) the Middle-Late Anisian section in
Sirogojno (Klisura quarry, Fig. 3) is the most
complete one in the Serbian Inner Dinarides. In
addition to the drowning unconformity, two levels
of condensed cephalopod-rich layers (Fossillager-
statten: see WENDT, 1973 and references therein;

MuDRENOVIC, 1995), the tilting event at the mid-
dle/late Illyrian boundary, and two generations of
neptunian dikes formed A) in the late Pelsonian and
B) in the late Illyrian are well preserved. In this
section, based on well-dated characteristic litho-
logical and microfacies features the Bulog Forma-
tion can be subdivided into three members (Fig. 3).
The section is preserved in a resedimented huge
slide block in the Sirogojno carbonate-clastic
Mélange (Missoni et al., 2012; SuDAR et al., 2013;
GawLIck et al,, 2017) above the parautochthonous
sedimentary successions of the East Bosnian-
Durmitor megaunit (for details and discussion see
GawLick et al., 2023, and references therein).
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Fig. 1. A. Geographic sketch map with the position of the studied section Sirogojno (Klisura quarry) in the Zlatibor Mt. area in SW
Serbia, marked by a red star. B. Geographic position of the studied section in southwest Serbia. Abbreviations: 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 nosodicaja ucmpaxcugaroz nokaaumema CupozojHo (kamerosaom Kaucypa) y o6aacmu naaHuxe 3aamu6op
¥ J3 Cpbuju, o3HaueHo ypseHom 3ee3duyom. B. leoepagcka nosuyuja cmyduparoz sokasumema y jyeozanadHoj Cp6uju. Ckpahenuye:
H- Mahapcka, RO- PymyHuja, BG- Byzapcka, RNM- Peny6auka Cesepna Makedonuja, AL-An6arnuja, MNE-1L{pna lopa, B& H-FocHa u
Xepyezosuna, CRO- Xpsamcka.
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Fig. 2. Section Sirogojno (Klisura quarry) during ongoing exploitation in the period 1980-2019. 1980: the situation in the quarry
documented by M.N. DimITRyEVIC and M.D. DIMITRJEVIC. 2007 the situation in the quarry in the years 2005-2010 with only slight modifications.
Most samples presented in this study were taken during this time span. 2017: due to ongoing exploitation some contacts between the Ravni
Formation and the Bulog Formation do not exist anymore. Especially the late Pelsonian shallow water turbidites on top of the Ravni
Formation, which occur only locally and are documented here in this study, were not outcropping anymore after the year 2010. 2019: the
exploitation focused on the Ravni Formation with neptunian dikes and the overlying late Pelsonian part of the Bulog Formation. (Photos
by M.D. Dimitrijevi¢ (1980), H.-]. Gawlick (2007, 2017) and D. Jovanovi¢ (2019).

Ca. 2. Jlokaaumem CupozojHo (kameHosom Kaucypa) mokom ekcnaoamayuja y nepuody od 1980 do 2019. zodune. 1980: cumyayuja y
KameHo1oMy doKyMeHmosaHa 00 cmpaHe M.H. [JuMUTPHJEBHE u M./J]. [IuMHUTPHIEBHE. 2007: cumyayuja y kameHoaoMmy y 2o0uHama 2005-
2010 camo ca manum modugdukayujama. Behuna npoba npukazaHux y 08oj cmyduju yzemd je y mom 8pemeHckoM nepuody. 2017: ycaed
ekcn/0amayuoHux padosa Heku koHmakmu usmehy gpopmayuja PasHu u Bysoza suwe He nocmoje. [loce6Ho, u30aHyu KacHO NeJCOHCKUX
naumkosodHux mypbuduma ca epxa Popmayuje PasHu, Koju ce nojas/wyjy camo A0KAAHO U Koju ¢y JOKYMEHMo8aHu y 080j cmyduju, HUCy
suwe HaheHu nocae 2010. eodune: 2019: ekcnioamayuja je gpokycupana Ha Popmayujy PagHu ca HenmyHcKUM 0ajkoguma u N08AAMHUM
KacHo nejacoHckum desom Popmayuje Bynoe. (Pomoepadgpuje: M. /. lummpujesuh (1980), X.-]. lasauk (2007, 2017) u [. Joeanosuh (2019).

Results 2023) in the Inner Dinarides is preserved in

Sirogojno (Klisura quarry, Figs. 2, 3) (DIMITRIEVIC et
The Middle to Late Anisian section in the al, 1981; DIMITRIEVIC & DIMITREVIC, 1991; SUDAR,
Klisura quarry 1996; Supar et al., 2013). The section is located east

of the road between Sirogojno and RoZanstvo in the
The most complete Bulog sedimentary succession gorge of the Dedovi¢a Creek (N 43°41'44.1” E
(Bulog Formation sensu stricto — see SUDAR et al,, 19°51°54.5”; Fig. 1). The section in the Klisura quarry
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Fig. 3. Pelsonian to late Illyrian sedimentary succession in the Klisura quarry in the Sirogojno
area: measured section and biostratigraphic ages modified after SupaAr et al. (2013).
Conodonts from SupAR et al. (2013), with few new samples added. Revised conodont ages of
the different members of the Bulog Formation, and the neptunian dike infillings according
to CHEN et al (2015). Abbreviations for conodont genera: Gl=Gladigondolella,
Ng.=Neogondolella, Nic.=Nicoraella, Pg.=Paragondolella.

Ca. 3. [leacoHcka 0o KACHO u/nupcka cedumMeHmHa cykyecuja y kameHoaomy Kaucypa y
obaacmu cena CupozojHo: Mepera Ha Jokaaumemy u 6uocmpamuepagcke odpedbe
ModugpukosaHe cy npema SUDAR et al. (2013). H koHodoHmu cy, y3 HeKo1uKo dodamux npoéa,
makohe damupaHu npema SupAR et al. (2013). Pesudupana cmapocm koHodoHama u3
pasaudumux jedunuya Popmayuje bysnoe u ucnyreroa HenmyHckux dajkosa cy npema CHEN
etal (2015). CkpaheHuye koHodoHMCKUX p0d08a cy dame y eH2/eCKOM MeKCmy CAUKE.
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preserves all Middle to Late
Anisian sedimentological cha-
racteristics and can be used as
a reference section for the
Bulog Limestone evolution in
the Dinarides.

As one of the most famous
and picturesque Triassic for-
mations in the whole Dinari-
des, the Bulog Limestone has
been exploited for many years,
(with occasional interrup-
tions — CaLpovic, 2015), as con-
struction/decorative stone,
formerly well-known under
its commercial name “Red
Sirogojno” (DIMITRIJEVIC et al.,
1981; DIMITRIJEVIC & DIMITRI-
JEVIC, 1991). During exploi-
tation, the situation in thequ-
arry changed and conse-
quently, some parts of the
measured and documented
section presented by SUDAR et
al. (2013) do not exist any-
more.

In the current paper in the
description and documenta-
tion of the age diagnostic
conodont faunas of the stu-
died succession we applied
the results of Supar (1996),
SUDAR et al. (2013), and Gaw-
Lick et al. (2017). However,
the results of studies on
samples collected between
2013-2019 were also taken
into account.

The herein-described post-
drowning sequence with a
total thickness of up to 21,2 m
(Fig. 3) resembles that which
was observed in 2010 and
described by SupArR et al
(2013) and GawLick et al
(2017). During ongoing ex-
ploitation, some of the previ-
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ously poorly exposed features could be better studied
whereas other features are becoming unexposed.
However, the most characteristic features of the
facies evolution can be studied in the actual quarry.
Whereas in the Klisura quarry section, the late
Pelsonian Bulog Limestone can be distinguished from
the early Illyrian one by some characteristic sedi-
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mentological features, in most of the other Bulog
Limestone successions, a distinction of these 2 mem-
bers and even the late Illyrian member 3 (see KITTL,
1904: “Starygrader Knollenkalke”) is very difficult
(GawLick et al,, 2012, 2017; Supar et al.,, 2013).
Nevertheless, for the detailed reconstruction and
understanding of the late Pelsonian-Illyrian geody-

Geol. an. Balk. poluos., 2023, 84 (2), 41-70
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namic history, mirrored in the different stages of
deposition preserved in the whole Bulog Limestone
succession (compare KitTL, 1904) a subdivision of
the Bulog Formation in three members (described
in detail below) is necessary and helpful.

Pelsonian Ravni Formation and
neptunian dikes

The Anisian sedimentary succession (Fig. 3)
starts with shallow-water limestones of the middle
Anisian Ravni (Steinalm) Carbonate Ramp (Dedovici
Member of the Ravni Formation — SubARr et al., 2008,
2013). The typical microfacies of the Dedovici
Member (Fig. 4) are shallow-marine grainstones, in
the uppermost part with crinoids, bivalve shells,
foraminifera, and calcareous algae (Physoporella sp.
- GawLick et al,, 2017). In the upper part of the
Dedovi¢i Member, characterized by more open
marine influence (e.g., the occurrence of crinoids,
dasycladalean algae, and foraminifera instead of
predominantly microbial clasts) two generations of
neptunian dikes can be observed (Figs. 5, 6). The

neptunian dikes (up to 4 m long and 20 cm wide)
are filled by grey-reddish and reddish hemipelagic
mud of the Bulog Formation. At least two different
fissure generations of neptunian dikes can be
distinguished and dated by conodonts (SupAR &
GawLick, 2022):

1. Generation: late Pelsonian - Gladigondolella
budurovi Kovics & Kozur, Paragondolella bifurcata
Buburov & STEFANOV, Paragondolella bulgarica Bupu-
ROV & STEFANOV, Paragondolella hanbulogi SUDAR &
Buburov;

2. Generation: late Illyrian - Neogondolella
cornuta Buburov & STEFANoV, Paragondolella excelsa
MOSHER.

The older generation of neptunian dikes is
characterized by microbial laminae with precipitat-
ed cement along the rims. They are filled with light
reddish-grey micrite and contain some shallow-
water components and angular clasts from the
Dedovi¢i Member (Fig. 7). The late Illyrian infillings
consist of red biomicrite with some crinoids, thin-
shelled bivalves (“filaments”) and foraminifera
(Figs. 7, 8). Microbial layers are also typical.

Fig. 4. Previous page: Microfacies of the uppermost part of the Ravni Formation (Dedovi¢i Member) below the drowning sequence, i.e.,
the pre-drowning phase. 1. Well-sorted grainstone. Most grains are recrystallized to calcite and surrounded by a micritic envelope.
Bivalve and calcareous algae (dasycladalean algae) fragments are common. Sample SCG 53. The width of the photograph is 1.4 cm. 2.
Graded grainstone, tempestite. Besides recrystallized grains with micritic envelope, calcareous algae (dasycladalean algae) fragments,
also some encrusted crinoid fragments are visible. Sample SCG 54. The width of the photograph is 1.4 cm. 3. Grainstone with non-
encrusted crinoids, small calcareous algae (dasycladalean algae) fragments. Besides components with micritic envelopes broken bivalve
shells with microborings are common. Sample SCG 55. The width of the photograph is 1.4 cm. 4. Well-sorted grain-supported fabrics
with microbial-encrusted crinoid fragments with burrows. Sample SCG 54. The width of the photograph is 0.5 cm. 5. Grainstone from
the highest part of the Dedovi¢i Member with none encrusted crinoids. Most other components are characterized by in some cases
relatively thick micritic envelopes. Sample SCG 60. The width of the photograph is 1.4 cm. 6. Enlargement of 5. Crinoid fragments became
more and more common in the uppermost part of the Dedovi¢i Member indicating more and more open marine and deep-marine
influence because of the increasing subsidence which can still be counterbalanced by enhanced carbonate production. Sample SCG 60.
The width of the photograph is 0.5 cm.

Cna. 4. [IpemxodHa cmpana: Mukpogayuje Hajsuwez dena Popmayuje PasHu (unar [ledosuhu) ucnod nomonsseHe cekgeHye, mj. npe-
nomanajyhe gase. 1. [Jo6po copmupaHu epejHcmoH. BehuHa 3pHa ¢y pekpucmaaucaaay Kaayum u OKpyHceHa MUKpUmMcCKoM 080jHUYOM.
Ppazmenmu wkosaka u (dasukaadayejckux) kpeurbaukux atzu cy yecmu. [lpoéa SCG 53. 2. I'padupanu epejHcmon, memnecmum. [loped
PEKpUCMaaucaux 3pHa ca MUKpUmMcKoM 080jHUYOM, 8Ud/bUBU Cy ppazMmeHmu Kpeuravkux as2u (dazukaadayejcke asze), a makohe u
noHeku obagujeHu gpazmenmu kpurouda. [Ipo6a SCG 54. 3. I'pejucmoH ca HeobasujeHUM KpUHOUOUMA; U MAAUM PpazMeHmuma
KpeurbauKkux as2u (0asukaadayejcke anze). [loped KOMNOHEHMU ca MUKPUMCKUM 080JHUYAMA Yecmu ¢y 0010MYU SoyWmypa WKO/bKU
ca mukpo wynssuHama. [ipo6a SCG 55. 4. [lod02a 00 do6po copmupaHux 3pHa ca ppazmeHmuma KpuHouda 06asujeHuM MUKpooua10M
ca pynama od 6ywaua. [Ipo6a SCG 54. 5. I'pejucmoHn u3 Hajeuwee desaa yaana fledosuhu ca HeobasujeHum KpuHouduma. MHoze dpyze
KOMNOHEeHMme ce y HeKUM CAy4ajesuma Kapakmepuuly peaamusHo debeaum Mukpumckum ogojuuyama. [Ipoéa SCG 60. 6. Ysehaxu deo
ca. 5. Kpunoudcku ppazmernmu cy cee yuecmasuju y Hajeuwem deay uaaHa fledosuhu ykasyjyhu Ha cee eehu u eehu omgopeHo mMopcku
u dybokomopcku ymuyaj kao pezyimam nosehaHe cyncudeHye, koja jow yeek modxce da 6yde npomuemedca ysehanoj npodykyuju
kap6oxnama. [Ipo6a SCG 60. lupuna pomozpaguja Ha 1,2, 3, 5 je 1.4 cm, a Ha 4 u 6 je 0.5 cm.

Geol. an. Balk. poluos., 2023, 84 (2), 41-70 47
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Bulog Formation:
Late Pelsonian - Illyrian

The drowning succession: Late Pelsonian

The drowning succession (Fig. 3), i.e. the Bulog
Formation can be subdivided into 3 members. The
11 m thick late Pelsonian member 1 (Fig. 3) starts
with grey to grey-reddish laminated turbiditic

limestones containing resediments (Fig. 8) which
are preserved only locally. The lower part of mem-
ber 1 is up to one meter thick. In some cases, 5-8
centimeter thick grey micritic limestone layers
appear, predominantly in its lowermost part con-
taining few peloidal and micrite clasts, fragments of
thin-shelled bivalves, and recrystallized grains.
These wackestone layers are overlain by hemi-
pelagic grey-reddish laminated limestones, i.e.

Fig. 5. Previous page: Macroscopic view of various neptunian dike infillings derived from the Bulog Formation in the Pelsonian shallow-
water Ravni Formation (Dedovi¢i Member). The ages of the Bulog Limestone in the fissures are A) Late Pelsonian and B) Late Illyrian (see
Supar et al, 2013; GawLick et al, 2017; and here Fig. 3). 1. The two generations of neptunian dikes in the uppermost Ravni Formation
(Dedovi¢i Member). The older (Late Pelsonian) filling is characterized by a light reddish micrite with few shallow-water components,
bioclasts, and angular clasts of the upper Ravni Formation. The younger - Late Illyrian - generation of neptunian dikes crosscut the older
neptunian dikes and is filled by red mudstones with rare thin-shelled bivalves. 2. Layered subhorizontal fissure filling with red micritic mud
and greyish-red layers with shallow-water components and organisms besides crinoids and "filaments”. This clearly shows that the fissure
was filled in several stages during Late Pelsonian times by episodic events affecting the sea bottom. Crinoids indicate in parts hardground
formation on top of the Ravni Formation (Dedovi¢i Member). The Late Illyrian neptunian dike infillings are characterized by dark red
micritic limestones. 3. Layered subhorizontal fissure infilling of Late Pelsonian reddish-grey resediments with shallow-water debris and
crinoids. The fissures filled with these reddish-grey resediments are crosscut by fissures filled with red micritic Bulog Limestone. 4. Several
generations of fissure fillings in the Pelsonian Dedovi¢i Member. In cases at the rims of the fissures, calcite cement is visible which was
formed below microbial mats on the rims of the fissures. 5. Polyphase creation of the fissures as demonstrated by the different Bulog
Limestone types in the fissures. 6. Polymictic and multiphase resedimented breccia in a neptunian dike. The grey limestone clasts derive
from the Pelsonian Dedovi¢i Member. The different Bulog Limestone clasts and the matrix of the Dedovici limestone clasts are of late
Pelsonian age and the dark red micrite has an Illyrian age. 7. Red nodular Bulog Limestone as fissure filling in the Pelsonian Dedovici
Member. Between the nodular limestone layers of greyish-red limestones with shallow-water debris were deposited. 8. Polymictic fissure
infilling with calcite cement at the rims of the fissures. Clearly visible is the polyphase genesis of the neptunian dikes. The older ones are
filled with reddish-grey biomicrite or calcite cement whereas the younger generation of neptunian dikes is filled with dark red Bulog
biomicrite.

Ca. 5. [Ipemxodna cmpaHa: Makpockoncku usaned HenmyHcKux dajkosea ca pazaudumum ucnyHama Popmayuje Bynoz y neacoHcKoj
naumkosodHoj Popmayuju PasHu (uaaH [ledosuhu). Cmapocm Bynowkux kpeurbakay nykomuHama je A) kacHu nesacoH u B) kacHu uaup
(sudu SupAR et al,, 2013; GawLick et al, 2017; u osde ca. 3). 1. /]ge 2eHepayuje HenmyHckux dajkosa y Hajeuwem desay Popmayuje PagHu
(unan fledosuhu). Cmapujy (kacHo nescOHCKY) ucnyHy kapakmepuuly c8emJ10 YpeeHKacmu MUKpum ca HeKoAUKO NAUMKO800HUX
KOoMnoHeHmu, 6uokaacmu u yaaacmu kaacmu 2opree Popmayuje PasHu. Maaha — KacHo uaupcka - 2eHepayuja HenmyHcKux 0ajkosa
npeceya cmapuje HenmyHcke 0ajkose U 3anyHeHa je YpeeHUM MUKPUMCKUM MY/beM (MAOCMOHOM) €A pemKUM WKO/bKAMA MAHKUX
smywmypa. 2. Caojesuma cy6Xopu3oHma/aHa NYKOMUHCKA 3anyHa ca YpeeHUM MUKPUMCKUM MY/beM U CUBKACMO-YPBEHUM C0jesuMd
€a NAUMKo80OHUM KOMNOHeHMama u opyaum op2aHuamuma, noped kpunouoa u “usamenama’. 0o jacHo nokasyje da je nykomuHa
6U/1a 3anyHeHa y HeKOUKO emanda moKoM KacHo2 nNe/icOHa enu300HUM dozahajuma ycao8/6eHuUM MOpcKUM OHoM. KpuHoudu noHezde
ymuyy Ha opmuparee xapdepayHda Ha epxy Popmayuje Pasnu (uaau fledosuhu). KacHo unupcke ucnyHe HenmyHcKux dajkosa
Kapakmepuuy mamHO YpeeHu Mukpumcku Kpeursayu. 3. Caojesuma cy6xopu3oHma/aHa NyKOMUHCKA UCNYHA KACHO NE/ACOHCKUX
YpeeHKacmo-cusux pecedumeHama ca nAUmMkKo8odHuUM debpumom u kpuHouduma. [IykomuHe 3anyroeHe ca 08UM YpBEHKACMO-CUBUM
peceduMeHmMoM cy npecevyeHe NYKOMUHAMA 3aNyHeHUM YpEeHUM Mukpumckum Bynrowkum Kpeursakom. 4. Hekoauko eenepayuja
NYKOMUHCKUX UCNYHA Y Ne/IcOHCKOoM YaaHy Jedosuhu. [loHezde Ha 0600uma nykomuHa 8ud/bU8 je KaAyumcku yemeHm Koju ce ghopmupao
ucnod MUKpobua/HuXx Kopuya Ha usuyama nykomuta. 5. [loaugasHo o6pasosarse nykomuHa 0eMOHCMPUPAHO pa3AU4UMUM MunosuMa
Bynowkoe kpeurbaka y nykomuHama. 6. [loarumukmua u suweasHa pecedumeHmogaHa bpeya y nykomuHu. Cusu Kpeurauku Kaacmu
nomudyy 00 nescoxckoz 4aaxa fledosuhu. Pazauuumu kaacmu Bysnowkoe kpeuraka u Mampukc kaacma kpeyrbaka /ledosuha cy kacHo
ne/ICOHCKe cmapocmu a MamHo YypeeHu Mukpum je uaupcke cmapocmu. 7. Ljpeenu HodyaapHu Bysowku Kpeurayu Kao nyKOmuHcKa
ucnyHa y nesacoHckoMm 4aauy /Jedosuhu. Hamehy HodynapHoz Kpeurbaka 0enoHO8AHU Cy C/0je8U CUBKACMO-YpPBeHO2 KpeurbaKad cd
nAumMKo8odHUM debpumonm. 8. [loAUMUKMHA UCNYHA NYKOMUHE ca KAAYUMCKUM YeMeHMoM Ha 0600uMa nykomuHe. JacHo je audousa
noaugasHa zeHeza nykomuHa. Cmapuje nykomuHe cy ucnyreHe Yp8eHKacmo-cugum 6UOMUKPUMOM UAU KAAYUMCKUM YeMeHMoM 00K
Jje maaha eeHepayuja HenmyHcKuUx 0ajkosa uchyreHa mamHo Ype8eHuUM GYA0WKUM GUOMUKPUMOM.
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deep-water turbiditic wacke- to packstones, in some
cases grainstones with components derived from
shallower water areas. However, typical shallow-
marine grains, which commonly occur in the
topmost Ravni Formation, are missing. The typical
flora and fauna of the Ravni Formation are also
missing in these turbidites and the poor forami-

50

Fig. 6. Characteristic microfacies features of the neptunian dike
infillings in the uppermost Pelsonian Ravni Formation (Dedovici
Member). The neptunian dikes were formed after total
lithification of grainstones of the Dedovi¢i Member. 1. Left side
shows a typical Dedovici grainstone. The rim of the late Pelsonian
neptunian dike is marked by a micrite layer (microbial layer).
Below the micrite layer, the Dedoviéi grainstone is completely
recrystallized to calcite. Several microbial layers separated by
calcite cement were formed in the open neptunian dike before
fine-grained micrite (red-grey) get infilled. Sample SCG 55. The
width of the photograph is 0.5 cm. 2. Late Illyrian neptunian dike
infilling. Layered mud- to wackestone with small shells, crinoid
fragments, and small not determinable foraminifera. Sample SCG
56. The width of the photograph is 1.4 cm. 3. Fissure fill of fine-
grained shallow-water debris with some thin-shelled bivalves
(“filaments”), micrite clasts, and intercalated micrite layers.
Sample MS 1550-1. The width of the photograph is 1.4 cm.

Ca. 6. KapakmepucmuyuHa Mukpogayujanxa obesedxcja ucnyHa
HenmyHcKux dajkogea (y nykomuHama) y Hajeuwlem nescoHy
@opmayuje Pasnu (unan [fedosuhu). HenmywHcku dajkosu cy
6uau popMupaHu HAKOH WMo cy epejHcmoHu Yaaua JJedosuhu
6uiu kKomnaemuo aumugukosanu. 1. /leea cmpana nokasyje
munuyHu epejucmoH [ledosuha. 0600 KAcHO nNe/sACOHCKOZ
HenmyHckoz dajka je o6esexceH MUKPUMCKUM C/A0jeM
(mukpobuaaHu caoj). Hcnod mukpumckoz cjaoja 2pejHcmoH
Hedosuha je komnaemuo pekpucmaaucao y kaayum. Hekonuko
MUKPOOUAIHUX C/A0jesa 0080jeHUX KAAYUMCKUM YeMEeHMOM
6U/10 je 06pa3z08aHoO y 0MBOPEHOM HENMYHCKOM 0ajKy npe He2o
wmo je 6uo ucnyrbeH uHO3pPHUM MUKPUMOM (YpB8EHO-CUBUM).
Ilpo6a SCG 55. 2. HcnyHna kacHo unupckoe HenmMyHckKoz dajka.
Caojesumu madcmoH 00 8eKCMOH ca gpazMmeHmuma Maaux
WKO/bAKA, KpUHOUOA U MAAuX Heodpedsusux gopamuHugpepa.
Ilpo6a SCG 56. 3. IlykomuHcka ucnyHa 00 @uHO3pHO2
naumkogodHoz debpuma ca NOHEKUM WKO/bKAMA MAHKUX
smywmypa (“pusamenmuma’), Mukpumckum kaacmuma u
YMemHymuM Mukpumckum caojeguma. IIpoéa MS 1550-1.
lupuna gomoepagpuja: 0,5 cm (1) u 1,4 cm (2, 3).

nifera fauna is different from that of the Ravni
Formation. These features of the biofacies indicate
a shift from shallow- to deeper-marine conditions,
also confirmed by the appearance of the following
late Pelsonian conodont fauna: Gladigondolella bu-
durovi, Paragondolella bifurcata, and Paragondolella
bulgarica (SupaAr et al., 2013, for details). The fine-
grained turbidites are intercalated in mud- to
wackestones without any fossils. and, no trace of
bioturbation. These features indicate at least a semi-
restricted depositional environment. Crinoids are
also practically missing in the lowermost part of the
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Fig. 7. Polyphase Late Illyrian neptunian dike with a polymictic breccia infill. 1. Various components in a thin-shelled bivalve- and
foraminifera-bearing matrix. Some components with hardgrounds. Microbial crusts on components and rims of newly opened fissures.
Sample MS 1559. The width of the photograph is 1.4 cm. 2. Enlargement of 1. The width of the photograph is 0.5 cm. Clast consisting of
a microbreccia and a neptunian dike filled with red mud and microbial layers at the rim. 3. Different views of the microbial mat layers
on the rim of the fissure filled with red mud. The microbial layers grow in several phases, in some cases, blocky calcite cement was
formed between the different layers. Sample MS 1559. The width of the photograph is 0.5 cm. 4. Several Late Illyrian Bulog Limestone
clasts. The clast in the middle of the picture remains a hardground. Sample MS 1559. The width of the photograph is 0.5 cm.

Ca. 7. [loaugasHu KacHo UAUpcku HeNMYHCKU 0ajk ca uchyHom 00 noaumMukmHe 6pedye. 1. Pasauyume KoMnoHeHme y Mampukcy Koju
cadpicu wKo/bke MAaHKux seywmypa u gopamunugpepe. Heke komnoHenme cy ca xapdepayHouma. MukpobuaaHe Kope Ha
KOMnoHeHmama u Ha 06oduma HosoomeopeHux nykomuHa. [Ipo6a MS 1559. 2. Yeehanu deo ca. 1. Knacmu cy cacmas/oedu 00
MUKpobpeua a HenmyHCKU 0ajk je UCNYreH Yp8eHUM My/beM U MUKPOOUAAHUM caojesuma HA 0600y. 3. Pasauvum usened
MUKPOBUANIHUX KOpUYA HA 0600y NYKOMUHE UCNyHeHe Yp8eHUM MysmbeM. MUKpobuaaHu ca0jesu pacmy y HeKoAUKo pasa, y HeKuM
cayyvajesuma usmehy pazauvumux caojesa ggopmupao ce kpynHo kpucmaaacmu (blocky) kaayumnu yemenm. Ilpo6a MS 1559. 4.
Hekosuko kaacma kacHo uaupckux byaowkux kpeursaka. Knacmy cpedrem deay cauke ca ocmayuma xapdepayHda. [Ipo6a MS 1559.
Hlupuna gomoepagpuja: 0,5 cm (2, 3,4) u 1,4 cm (1).

drowning succession (Fig. 8) and appear only rarely =~ neptunian dikes (Figs. 3, 6), and also the identical
as small components in the fine-grained turbiditic = conodont faunas (Fig. 3). We suppose that the
layers. This part of the succession is time equivalent ~ conodonts preserved in the fine-grained turbidites
to the first generation of fissure fillings as docu- are derived from a fauna thrived above more
mented by the facies equivalent sediments in the elevated highs and not in the semi-restricted basins.
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In the topmost Ravni Formation appears a rela-
tively low diverse foraminifera association together
with some few dasycladalean algae (Fig. 9).
Trochammina almtalensis KOEHN-ZANINETTI, was
originally described from the upper Anisian (Illyri-
an) by KoEHN-ZANINETTI (1969) and has a general
biostratigraphic age range from the Anisian to the
Rhaetian (SALaj et al., 1983). It is rather an envi-

ronmental indicator for open-marine shallow-water
environments. Interestingly Trochammina almtalen-
sis was also detected in the late Illyrian Bulog
Limestone which may indicate a shallow-water area
nearby (compare SUDAR et al., 2013: Rid Formation).

Turriglomina mesotriasica (KOEHN-ZANINETTI), as
a new species, described from the Pelsonian by
KOEHN-ZANINETTI (1969) was recorded from the
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Anisian to the Ladinian (RETTORI, 1995) or the
Pelsonian to the Cordevolian (ALTINER et al., 2021).
The most age-indicative species is Meandrospira
dinarica KOCHANSKY-DEVIDE & PANTIC indicating
Pelsonian-Early Illyrian (SaLaj et al., 1983; 1988) or
Aegean-Pelsonian (RETTORI et al, 1994; RETTOR],
1995) age. ALTINER et al. (2021) reported Meandro-
spira dinarica in the Aegean-Pelsonian interval from
Guizhou (China). Together with Meandrospira
deformata SaLA] and Turriglomina mesotriasica, they
confirm a Middle Triassic age of the investigated
limestones of the Ravni Formation. This is also
supported by the rare dasycladalean algae Aciculella
bacillum Pia (Anisian-Ladinian cf. OTT, 1972; GRANIER
& DELOFFRE, 1994; Bucur, 1999).

Late Pelsonian red nodular limestone:
member 1

The typical red nodular limestone succession
starts with a condensed red limestone layer rich in

cephalopods (1% cephalopod layer) above the grey
laminated hemipelagic limestones (Fig. 3), which are
rarely preserved in the drowning successions of the
Ravni Carbonate Ramp. This lower - late Pelsonian -
part of the Bulog Formation indicates a relative sea-
level rise (deepening) as a result of an increasing rate
of subsidence, and decreasing carbonate production
results in a period of starvation. However, as indi-
cated by the slight shift in the microfacies
characteristics (Fig. 10) the depositional conditions
change from semi-restricted oxygen-depleted to well-
oxygenated conditions. The wacke- to packstones of
the lowermost part of the typical red nodular
limestone succession are bioturbated. The inter-
calated wackestones are still poor in fossils and
homogenized by bioturbation. In contrast to the
layers below these wackestones contain some
fragments of thin-shelled bivalves and very few
recrystallized radiolarians. The fauna is more diverse
in the lowermost part of the drowning succession.
The age of member 1 is also late Pelsonian based on

Fig. 8. Previous page: Microfacies of the late Pelsonian succession of the drowning phase occurs directly above the shallow-marine Ravni
Formation (Dedovi¢i Member). Grey-reddish micritic “filament” limestones with fine-grained carbonatic turbidites are followed by red
nodular limestones starting with a cephalopod rich basal layer (1% cephalopod layer in Fig. 3). 1. Grey, non-laminated wackestones with
rare fragments of thin-shelled bivalves. Sample SCG 57. The width of the photograph is 1.4 cm. 2. Laminated, non-bioturbated grey biomicrite
with fragments of thin-shelled bivalves and rare foraminifera. A truncation surface is clearly visible in the middle of the picture. Sample
SCG 58. The width of the photograph is 1.4 cm. 3. Alternation of coarser-grained and finer-grained turbiditic micro-layers of the non-
bioturbated basal part of the Bulog Formation. “Filaments” and small micrite clasts besides recrystallized components in these fine-grained
turbidites of shallower-water origin are common. Sample SCG 53. The width of the photograph is 1.4 cm. 4. The coarser-grained turbiditic
layers contain besides “filaments” small benthic foraminifera also small fragments of crinoids. Sample SCG 58, another view. The width of
the photograph is 0.5 cm. 5. Series of fine-grained turbidites consisting of peloids, crinoid debris, and smaller foraminifera of the transitional
bed between the Dedovi¢i Member and the Bulog Formation indicate a rapid drowning. Sample MS 1552. The width of the photograph is
1.4 cm. 6. Besides the micrite and peloidal clasts together with recrystallized components of shallower-water origin, rare “filaments” occur
in the micritic layers. Sample MS 1552, another view. The width of the photograph is 0.5 cm.

Ca. 8. I[Ipemxodna cmpaHa: Mukpogayuje kacHo nesncoHcke cykyecuje nomanajyhe ¢ase koja ce Hanasu OupekKMHO HA 8pPXY
naumkosodHe ®opmayuje Pasnu (unau [edosuha). Ilocae cuso-ypgeHkacmux Mukpumckux “@usamenmuux” Kpeursaka ca
¢puHO3pHUM Kap6oHamMHUM myp6udumuma caede ypeeHu HOAYAapHU Kpeurayu Koju novury ca 6a3aqHuM caojeM 602amum ca
yegdpanonoduma (Ilpsu yegasonodcku caoj Ha ca. 3). 1. Cusu, HeAAMUHUPAHU 8EKCMOHU €A peMKUM WKO/bKAMA MAHKUX /byumypd.
Ilpo6a SCG 57. 2. /lamuHupaHu, He6uomyp6amHu, cugu GUOMUKPUMU €A WKO/LKAMA MAHKUX /byWmypa, MAAuM gpazmeHmumda
WKo/bKU U pemkum opamuHugpepuma. [lospuwuHa mpowersa je jacHo sudsmsuea y cpeduHu cauke. [lpoba SCG 58. 3. Cmerusarse
KpPYNHO3PHUX U (PUHO3PHUX MYPOUIUMCKUX MUKPOC10jeea HebuomypbamHoz 6asasHoz deaa Popmayuje Bynoz. “@usamenmu” u maau
MUKPUMCKU KAdcmu cy vecmu U noped NpucymHux pekpucma/auca/auX KOMNOHeHmMu y 08UM (HUHO3pHUM myp6udumuma
naumkogodHoz nopekaa. [Ipo6a SCG 53. 4. KpynHo3pHu myp6udumcku c/ojesu, noped wko/6aka MAaHKUX Jeyumypa u Maaux
6enmockux gpopamunugepa, makohe cadpiice u mane ppazmenme kpurouda. [Ipo6a SCG 58, dpyeu npuka3s. 5. Cepuja puHo3pHux
myp6uduma u3zpaheHux 00 nesouda, KpuHoudckoe debpuma, maaux gopamuHugepa y okeupy npeaasHoe caoja usmehy uiaHa
Jledosuha u Popmayuje bynoez ykasyje Ha 6p3o npodybsmasarse (nomanarse). [Ipoba MS 1552. 6. [loped mukpuma u nesoudHux kaacma
3ajedHo ca pekpucmaaucanauM KOMNOHEHMAMa NAUMKO8oOHUje2 NOPeKAd, y MUKPUMCKUM C/10je8UMA NO0jas/byjy ce pemKe WKOo/bKe
mankux soywmypa. [Ipo6a MS 1552, dpyau npukas. lllupuna pomozpacpuja: 0,5 cm (4, 6) u1,4cm (1, 2, 3, 5).
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Fig. 9. Foraminifera, dasycladalean algae, and incertae sedis from the topmost Ravni Formation (5, 7, 8, 9, 10, 11), and foraminifera
from the late Pelsonian (1, 2, 3, 4) and late lllyrian (6), Bulog Formation. 1, 2. Nubecularia sp., sample MS 1554. 3. Meandrospira
dinarica KOCHANSKY-DEVIDE & PANTIC, sample MS 1562. 4. Meandrospira deformata SaLaj, sample MS 1564. 5. Endotebanella sp., sample
SCG 55. 6. Trochammina almtalensis KOEHN-ZANINETTI, sample MS 1558. 7. Diplotremmina astrofimbriata KrRISTAN-TOLLMANN, sample
SCG 53. 8. Turriglomina mesotriasica (KOEHN-ZANINETTI), sample SCG 53. 9. Aciculella bacillum P1a, sample SCG 55. 10. Aciculella bacillum
P1a, sample SCG 60. 11. Tubiphytes sp., sample SCG 63. The scale bar is 0.25 mm.

Ca. 9. opamunugepu, dasukaadayejcke anze u incertae sedis us Hajeuwux desosa Popmayuje Pasnu (5, 7, 8, 9, 10, 11), u

¢opamuHugepu u3s kacHo nescouckoe (1, 2, 3, 4) u kacHo uaupckoz deaa Popmayuje bynoz (6). 1, 2. Nubecularia sp., npo6a MS 1554.
3. Meandrospira dinarica KocHANSKY-DEVIDE & PANTIC, npo6a MS 1562. 4. Meandrospira deformata SALA], npo6a MS 1564. 5.
Endotebanella sp., npo6a SCG 55. 6. Trochammina almtalensis KOEHN-ZANINETTI, npo6a MS 1558. 7. Diplotremmina astrofimbriata
KRISTAN-TOLLMANN, npo6a SCG 53. 8. Turriglomina mesotriasica (KOEHN-ZANINETTI), npo6a SCG 53. 9. Aciculella bacillum Pia, npo6a SCG
55. 10. Aciculella bacillum Pia npo6a SCG 60. 11. Tubiphytes sp., npo6a SCG 63. PasmepHuk 0.25 mm.
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Fig. 10. Microfacies of the Late Pelsonian Bulog Limestone above the initial drowning phase and the First cephalopod layer. 1. Roughly
10 centimeters above the First cephalopod layer a bioturbated packstone with foraminifera, crinoid fragments, echinoderms, and
bivalves were formed. In contrast to the initial drowning phase here, more open marine organisms and intense bioturbation are visible.
Sample MS 1553. The width of the photograph is 0.5 cm. 2. Twenty centimeters higher start the deposition of wackestones with a
nondiverse fauna; only some broken shells, a few thin-shelled bivalves, and few recrystallized radiolarians are visible. Sample SCG 61.
The width of the photograph is 1.4 cm. 3. Near the top of the late Pelsonian Bulog Limestone below the condensed horizon wacke- to
packstones rich in fragments of thin-shelled bivalves were deposited with some crinoids and foraminifera. In the upper left part, a late
Illyrian fissure filled with radiolarian-bearing micrite is visible. Sample MS 1554. The width of the photograph is 1.4 cm. 4. Enlargement
of 3. The width of the photograph is 0.5 cm. Bioclastic wacke- to packstone with juvenile bivalve shells (“filaments”), foraminifera,
crinoids, and ostracods.

Ca. 10. Muxkpogayuje kacHo nesncoHckux Bynrowkux kpeuroaka usHad noyemue gpaze nomanarea u Ilpsu yegasronoduu caoj. 1.
Omnpuauke 10 yenmumemapa uzHad IIpeoz yegasonodHoe caoja 06pa3osat je 6uomypbamuu nekCmoH ca gopamutugepuma,
dppazmenmuma KpuHouda, exuHodepmMamuma U WKo/bakamd. 3a pasauky od novemue ¢ase nomanarea ogde cy 8uUd.bUsU suule
0MBOPEHO MOPCKU 0p2aHU3MU U UHMeH3usHa 6uomypé6ayuja. [Ipo6a MS 1553. 2. /leadecem yeHmumemapa guule 3ano4urbe
denosuyuja 8eKCMoHA ca HePA3HOAUKOM (MOHOMOHOM) PayHOM; 8UO/LUBE CY CAMO HEKE CAOMBEHE /bYUIMYpe WKO/LKAUWA, HEKOAUKO
WKO/6KA MAKUX /byWmypa U Hewmo Ma/o pekpucmaaucaaux paduoaapuja. [lpoéa SCG 61. 3. bau3y epxa kacHo neAcoHcKux Bysaowkux
Kpeuraka a ucnod KOHOeH308aH02 XOPU30HMA 0eNOHOBAHU Cy 8eKCMOHU 0 NeKCMOHU 602amu WKO/bKAMA MAHKU /byulypa U ca
KpuHouduma u dopamurugepuma. Y 2oproem snesom desy eudasusa je KACHO UAUPCKA NYKOMUHA UCNYHEHA MUKPUMOM ca
paduoaapujama. [Ipo6a MS 1554. 4. Yeehanu deo ca. 3. Opeanuzmuma 60zamu 8eKCMoHU A0 NEKCMOHU €A [YBUHUAHUM /oyWmypamda
wkoswaka (“pusamenmu”), popamunugepuma, kpuHouduma u ocmpakoduma. llupuna gpomoepadgpuja: 0,5 cm (1, 4) u 1,4 cm (2, 3).
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the following conodonts: Gladigondolella budurovi.
Gladigondolella tethydis (HUCKRIEDE), Nicoraella ger-
manica (Kozur), Nicoraella kockeli (TATGE),

Paragondolella bifurcata, Paragondolella bulgarica,
Paragondolella hanbulogi, Paragondolella praeszaboi
(KovAcs, Papsova & PERRI) (SuDAR et al., 2013).

This member is crosscut by fissures filled with
red biomicrite, identical in the microfacies
characteristics to the late Illyrian member 3. A
direct biostratigraphic age from the fissures could
not be performed. However, the fissure infillings
probably arelate Illyrian in age like the very similar
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neptunian dike infillings in the uppermost Ravni
Formation or in member 2 (see below and Fig. 3).

Early Illyrian red nodular limestone:
member 2

The early Illyrian member 2 is roughly five meters
thick (Fig. 3) and starts above the condensed horizon
of the late Pelsonian member 1. The condensed
horizon is characterized by hardgrounds and traces
of subsolution. In this red nodular limestone
(“filament”-crinoid wacke- to packstone: Fig. 11)
cephalopods occur rarely. The microfacies characte-
ristics of the early Illyrian member 2 are generally
similar to those of the late Pelsonian member 1,
especially in its upper part just below the condensed
horizon. The fauna is more diverse and more
abundant than in most parts of Member 1. Whereas
in member 1 radiolarians are practically missing in
member 2 recrystallized radiolarian tests occur rarely.
Generally, a deepening trend from the late Pelsonian
member 1 to the early Illyrian member 2 can be
observed with a tendency to increase condensation.
The condensed horizon around the Pelsonian/Illyrian
boundary (Fig. 3) marks the initiation of significant
changes in the depositional conditions.

The early Illyrian age of member 2 is constrained
by the following conodont fauna (Supar et al., 2013):

Gladigondolella tethydis, Paragondolella bifurcata,
Paragondolella bystrickyi (KovAcs, PApsova & PERRI),
Paragondolella hanbulogi, Paragondolella praesza-
boi. Neptunian dikes filled with red biomicrite of
Late Illyrian age (with the conodont Paragondolella
excelsa) crosscut this member.

Middle-late Illyrian red nodular
limestone: member 3

The base of middle-late Illyrian member 3 is
marked by a condensed horizon with hardgrounds
and enrichment of cephalopods (2™ cephalopod
layer in Figs. 3, 12). This horizon is roughly of
middle Illyrian age. Above this condensed horizon,
a significant angular unconformity could be pointed
out. It is manifested in an 8-10° tilting of the sea
bottom that took place at the base of the late Illyrian
(Fig. 3; Supar et al,, 2013). The microfacies of these
beds are characterized by wacke- to packstones rich
in fragments of thin-shelled bivalves with ammo-
noids, foraminifera, and hardground clasts (Fig. 13).
The thickness of the Bulog Formation increases
westwards both in bed thickness as in total
thickness (5 meters). It cannot be decided if the
thickness of sedimentary succession of the Bulog
Formation is complete below the low-angle normal
fault or if some parts are tectonically truncated. The

Fig. 11. Previous page: Microfacies characteristics of the early Illyrian Bulog Formation directly below the Second cephalopod layer. 1.
“Filament” and crinoid-rich wackestone to packstone with thin-shelled bivalves, crinoids, and juvenile ammonoid shells. Recrystallized
radiolarians occur rarely. Sample MS 1555. The width of the photograph is 0.5 cm. 2. Crinoid-rich wacke- to packstone with some thin-
shaled bivalves, some recrystallized radiolarians and broken shells. The densely packed organisms and first hardgrounds show
condensation. Sample MS 1556-3. The width of the photograph is 0.5 cm. 3. Hardground on top of a laminated reddish mudstone. The
overlying sediment consists of a wackestone with recrystallized radiolarians and thin-shaled bivalves. Sample MS 1574. The width of
the photograph is 1.4 cm. 4. Hardground. Isolated clasts with an iron-manganese crust in a recrystallized mudstone. Sample MS 1583.
The width of the photograph is 1.4 cm. 5. Crinoid-rich wacke- to packstone. Sample MS 1581. The width of the photograph is 0.5 cm. 6.
Radiolarian-rich wacke- to packstone with few crinoids. Sample MS 1582. The width of the photograph is 0.5 cm.

Ca. 11. [IpemxodHa cmpana: Mukpogayujaate kapakmepucmuke paHo uaupcke Popmayuje Byaoz HenocpedHo ucnod /[Ipyzoe
yegasonodHoz caoja. 1. “Quasamenmuma” u kpuHouduma 6o2amu 8eKCMoHU 00 NEKCMOHU €A WKO/bKAMA MAHKUX /byumypd,
KpuHoOuoduMa u jyeUHUAHUM QMOHOUJCKUM Jeywmypama. Pekpucmaaucane paduoaapuje ce nojassyjy pemko. [Ipo6a MS 1555. 2.
KpuHouduma 602amu 8eKcmoH 00 NEKCMOH ca pemKUM WKO/bKAMA MAHKUX /oyWmypd, pemKuM pekpucmaaucaaum paduoaapujama
U cA0MBEeHUM sywmypama. [ycmo nakosaHu op2aHusmu u npeu xapodzpayHou ykasyjy Ha koHdeHzayujy. [Ipo6a MS 1556-3. 3.
XapodepayHd Ha 8pXy namuHupaHoz ypseHkacmoa madcmoHa. [losaamuu cedumernm ce cacmoju 00 8eKCMOHA ca peKpucmaaucaHum
paduosapujama u wkosekama maHkux sywmypa. [Ipo6a MS 1574. 4. XapdepayHo. H3os108aHU kaacmu ca 280%chesumo-maH2aHCKoM
KOpoM y pekpucmanaucanom madcmony. [Ipo6a MS 1583. 5. KpuHouduma 6ozamu g@ekcmoH do nekcmoH. IIlpo6a MS 1581. 6.
Paduosaapujama 6o2amu eekcmoH 00 neKCMoH ca Hekouko KpuHouda. I[lpo6a MS 1582. lllupuna gpomoepadpuja: 0,5 cm (1, 2, 5, 6) u
1,4cm (3, 4).
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uppermost part below the tectonic contact is made
up of siliceous limestone (radiolarian wackestone)
without determinable conodont fauna. This
microfacies is typical for the latest Illyrian to early
Ladinian. Moreover, the radiolarian fauna from the
higher part of the volcanic ash layer indicates the
Longobardian age (Missont et al, 2012) and
therefore there is no proof for the early Ladinian
(Fassanian). The microfacies that are characterized
by hardground-related clasts and in some cases
relatively densely packed shell layers indicate
condensation. Crinoids, fragments of thin-shelled
bivalves, and ammonoids are the most typical faunal
elements. Biotite grains found in the dissolution
residue of limestones indicate coeval volcanism. The
late Illyrian ?to earliest Fassanian age of this
member is constrained by the occurrence of
Gladigondolella tethydis, Neogondolella constricta
(MosHER & CLARK), Paragondolella excelsa and
Paragondolella szaboi (KovAcs) (see SUDAR et al,
2013). Aremarkable change in the color, recognized

by KitTL (1904) in the type area of the Bulog
Formation, cannot be recognized in the Klisura
quarry section. Whereas the two generations of
neptunian dikes (late Pelsonian and late Illyrian) in
the Ravni Formation can be clearly distinguished by
their different color (Fig. 5); the change in color
throughout the succession of the Bulog Formation
is gradual and linked to increasing condensation
and deepening. This is confirmed by the gradual
change in the microfacies’ characteristics. Therefo-
re, we don't separate the late Illyrian member 3 of
the Bulog Limestone succession as “Starygrader
Knollenkalke” (KiTTL, 1904) from the underlying late
Pelsonian to the middle Illyrian Bulog Limestone.

Foraminifera from the Bulog Formation

In the whole late Pelsonian to late Illyrian red
nodular limestone succession, the foraminifera
association is relatively poor, and nodosariiaceans are

Fig. 12. Previous page: Second cephalopod layer (middle Illyrian) forming a typical condensed Fossillagerstdtten with hardgrounds. A
modern investigation of the rich ammonoid fauna in the Klisura quarry (Sirogojno) is still pending (compare Mubrenovic, 1995). The
cephalopods show in parts cementation with calcite, or they are filled with red biomicritic sediment. The ferromanganese encrustations
foster good preservation of the cephalopods. 1. Top view. The different ammonoids show in parts cementation with calcite and in parts,
the ammonoids are filled with red micritic sediment. 2. The preservation of the different ammonoids is in some cases quite good as visible
by the dark rim surrounding the cement-filled ammonoid shell. Top view. Neptunian dikes are filled with late Illyrian red micrite. 3. Besides
different involute and evolute ammonoids orthoconid forms are visible. Large crinoid fragments - most probably crinoid roots — are visible.
Top view. 4. Crinoid root fragments occur in cases in rock-forming quantities besides the different ammonoids. Top view. 5. Lowermost
part of the cephalopod layer with a more reddish-grey and coarser-grained matrix. 6. Orthoconid ammonoid with selective recrystallization
of the aragonitic shell to calcite. The interior part of the ammonoid is filled with calcite cement, the other chambers are filled with red
micrite. Hardground formation with encrusting microbial mats. 7. Lateral view with condensation. The yellowish parts most probably
correspond to phosphorite-enriched parts of the succession. 8. Hardground formation with overlying microbial mats.

Ca. 12. [IpemxodHa cmpawa: [pyau yegasonodHu caoj (cpedrsu uaup) y gopmu munuuroe Fossillagerstitten ca xapdepayHduma.
Caspemena ucmpadcusarsa 6ozame amoHoudcke gayHe y kameHoaomy Kaucypa (CupozojHo) jow yeex Hedocmajy (ynopedu ca
Mubprenovic, 1995). Llepanonodu cy desnom ucnyrbeHU KaAyumoM UAu Cy UCNYHEHU YpBeHUM OGUOMUKPUMCKUM Ce0UMEHMOM.
T8oschesumo-maHaaHcke kope donpuHoce do6poj ouysaHocmu yegasionooa. 1. Uszsaed eoprez desa. Pazaudumu amMoHoudu cy 0enoM
YyeMeHMUpaHu Kaayumom uau cy amMoHOUuUdU 0es0M UCNyHeHU Yp8eHUM MUKPUMCKUM cedumeHmoM. 2. CavysaHocm pasauvumux
amoHouda je y HekuM caydajesuma docma do6pa wmo ce mMoce gudemu Ha MAMHOM py6y Koju OKpyxHcyje aMOHOUOHY soyumypy
ucnyreHy yemenmom. Uzaned eopree desa. HenmyHcku dajkosu cy ucnyreHu KAcHO UAUPCKUM Yp8eHUM mukpumom. 3. [loped
pasAuMUMuUX UHBOAYMHUX 8ud/bU8e CY U e8oymHe AMOHOUOHe opmokoHudHe popme. KpynHu kpuHoudnu ¢ppazmenmu -
HajeepogamHuje 00 kpuHoudHoz kopeHa (dpuike) — cy sudsbusu. [opreu uszeaed. 4. Kpunoudnu ggpazmenmu kopeHa (dpuwike) nojagswyjy
ce noHezde y cmeHu 06pasyjyhu eeha Hazumoaarea noped 6pojHux amoHouda. H3zsed zoprez deaa. 5. Hajuudcu deo yegasronodnoz
c/0ja ca UHMeH3UBHUje Yp8eHKACMO-CUBUM U KDYNHO3PHUM MAMpuKcoM. 6. OpmoKoHUOHU aMOHOUO ca CeAeKMUBHOM peKpucma-
AU3AYUJOM apazoHUmMcKe y KaAyumcky soywmypy. YHympauwreu 0eo amMoHoudd je UuchyreH KaAyumckuM YyemMeHmoM, ocmaJe
KoMopuye cy ucnyrbeHe ypeeHuM mMukpumom. Hacmauax xapdepayHoa ca obasujajyhum mukpobuasHum kopuyama. 7. bouHu uzaaed
ca kondensayujom. Kyhkacmu desosu eeposamuuje odzosapajy desosuma cykyecuje o6ozahenum gocpopumonm. 8. Popmuparse
xapdzpayHoa ca o6asujajyhum MukpobuaaHuM Kopuyama npexo.
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the most common foraminifera. The assemblage of
foraminifera identified in the samples indicates, as a
whole, a Middle Triassic age. The species of the
Arenovidalina genus are the most common. However,
a more detailed stratigraphic range of the different
determined species is not defined and in the Klisura
quarry, most of the determined species appear in all

60

Fig. 13. Microfacies characteristics of the late Illyrian Bulog
Formation above the Second cephalopod layer and tilting of the
depositional realm. 1. Laminated mud- to wackestone. thin-
shaled bivalves and cephalopod remnants occur together with
dark red pebbles, which indicate condensation in distinct
laminated micritic layers containing few recrystallized
radiolarians. In the lumachelle layers, there are also small Bulog
Formation fragments. Middle/late Illyrian. Sample MS 1557-1.
The width of the photograph is 1.4 cm. 2. Recrystallized
ammonoid bearing wacke- to packstone with some thin-shaled
bivalves and crinoids. Sample MS 1558. The width of the
photograph is 0.5 cm. 3. Thin-shaled bivalves - and crinoid-rich
condensed limestones with large red limestone clasts. Bioturbated
peloids are common. Middle/late Illyrian. Sample MS 1591. The
width of the photograph is 1.4 cm.

Ca. 13. MukpogayujasHe kapakmepucmuke KACHO UAUPCKE
bopmayuje Bynoe usnad [lpyzoe yegasonodHoz caoja u
Hazurarba deno3uyuoHe obaacmu. 1. JlamunupaHu MadcmoH 0o
sekcmoH. llIko/ske maHkux seywmypa u yeganonodHu ocmayu
nojasmyjy ce 3ajedHo ca mamHo UYpeeHUM O06ayyuMma, Koju
yKasyjy Ha KOHOeH3ayujy y jacHo AaMUHUPAHUM MUKPUMCKUM
caojesuma a makohe cadpice NOHEKY pekpucmaaucany
paduoaapujy. Y caojesuma aymakesna makohe ce Haaasze maau
¢ppazmenmu Popmayuje Bynoe. Cpedrsu/kacHu uaup. [lpoba MS
1557-1. 2. Pekpucmaaucaau amoHououma 602am 8eKCmMoH 00
NeKCmMoH ca pemKuM WKO/bKAMA MAHKUX Jeywumypa U
KkpuHouduma. [Ipo6a MS 1558. 3. llIko/bkama maHKux seyumypa
U KpuHouduMa 602amu KOHOEH308aHU Kpeurayu ca 8eAUKUM
YpBEHUM KpeurayKuM Kaacmuma. bBuomyp6amuu nesoudu cy
yecmu. Cpedwu/kacHu uaup. Ilpo6a MS 1591. HlupuHa
¢omoepaguja: 0,5cm (2) u1,4cm (1, 3).

members of the Bulog Limestone and both gene-
rations of the neptunian dikes. Their stratigraphic
range is therefore at least Pelsonian - Illyrian.

A similar, and also generally poor foraminifera
assemblage, dominated by nodosariids, was repor-
ted from a red nodular limestone succession (Derenk
Formation) and a thick-bedded reddish-greyish
limestone succession (Nadaska Formation) by BErczi-
MAKK (1996) from the Alsé Hill in northern Hungary.
In northern Hungary, most of the foraminifera appear
in the late Pelsonian to Early Carnian Nadaska
Formation (Kovics et al, 1989). In contrast, the
foraminifera assemblage of the late Pelsonian to
Carnian Derenk Formation (not Early Ladinian to
early Late Carnian - KovAcs et al.,, 1988; KovAcs et al,,
2004 in Haas (Ed.), 2004) is very poor. Most
described species belong to the genus Turriglomina
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Fig. 14. Foraminifera from late Pelsonian neptunian dike infillings (1, 3,4, 6, 7, 8, 9, 10, 12) and late Pelsonian Bulog Limestone (2, 5,
11, 13, 14). 1. Nodosaria cf. nitidana BRAND, sample MS 1556. 2. Nodosaria cf. raibliana GOMBEL, sample MS 1560. 3. Nodosaria sp. from
sample MS 1554. 4. Nodosaria sp. from sample MS 1555. 5. ?Dentalina sp. from sample MS 1560. 6. Pseudonodosaria cf. loczyi ORAVECZ-
SCHEFFER, sample MS 1556. 7. Psedonodosaria cf. obconica (REuss), sample MS 1554. 8. Nodosariidae indet.,, sample MS 1554. 9.
Austrocolomia sp., sample MS 1554. 10. ?Geinitzinita cf. oberhauseri SELLIER DE CIVRIEUX & DESSAUVAGIE, sample MS 1554. 11.
Pseudonodosaria cf. loczyi ORAVECZ-SCHEFFER, sample MS 1566. 12. ?Frondicularia sp., sample MS 1565. 13. Nodosariidae indet., sample
MS 1565. 14. Pseudonodosaria cf. loczyi ORAVECZ-SCHEFFER, sample MS 1552. The scale bar is 0.25 mm.

Cna. 14. PopamuHugepu u3 ucnyHa KacHo heJCOHCKUX HenmyHckux dajkoea (1, 3,4, 6,7, 8, 9, 10, 12) u kacHo nesacoHcKux Bysowkux
Kpeursaka (2, 5, 11, 13, 14). 1. Nodosaria cf. nitidana BRAND, npo6a MS 1556. 2. Nodosaria cf. raibliana GUMBEL, npo6a MS 1560. 3.
Nodosaria sp. us npo6e MS 1554. 4. Nodosaria sp. uz npo6e MS 1555. 5. ?Dentalina sp. uz npo6e MS 1560. 6. Pseudonodosaria cf. loczyi
ORAVECZ-SCHEFFER, npo6a MS 1556. 7. Psedonodosaria cf. obconica (REuss), npo6a MS 1554. 8. Nodosariidae indet,, npo6a MS 1554. 9.
Austrocolomia sp., npoéa MS 1554. 10. ?Geinitzinita cf. oberhauseri SELLIER DE CIVRIEUX & DESSAUVAGIE, npoba MS 1554. 11.
Pseudonodosaria cf. loczyi ORAVECZ-SCHEFFER, npo6a MS 1566. 12. ?Frondicularia sp., npo6a MS 1565. 13. Nodosariidae indet., npo6a
MS 1565. 14. Pseudonodosaria cf. loczyi ORAVECZ-SCHEFFER, npo6a MS 1552. PasamepHuk 0.25 mm.
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Fig. 15. Arenovidalina species in the late Pelsonian to late Illyrian Bulog Limestone. Both species appear in both generations of neptunian
dike infillings and the Bulog Formation (samples MS 1550, 1551, 1553, 1554, 1558, 1561, 1565, 1573). 1-7. Arenovidalina
chianlinghiangensis Ho. 8-11. Arenovidalina amylovoluta Ho. The scale bar is 0.5 mm (1-3) and 0.25 mm (4-11).

Ca. 15. Arenovidalina epcme y kacHo nesacoHckom 0o KacHo uaupckom Bynowkom kpeursaky. O6e 8pcme ce nojaswyjy y obe 2eHepayuje
ucnyHa HenmyHckux dajkosa @opmayuje Bynoe. (npobe MS 1550, 1551, 1553, 1554, 1558, 1561, 1565, 1573). 1-7. Arenovidalina
chianlinghiangensis Ho. 8-11. Arenovidalina amylovoluta Ho. Paamepruxk 0.5 mm (1-3) u 0.25 mm (4-11).

and were found in the higher Derenk Formation lower part of the Derenk Formation, in which a late
whereas the unspecified nodosariids appear in the Pelsonian to Illyrian in age as proven by the
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appearance of Paragondolella bulgarica (sample of
the authors of this paper) at the base of the red
nodular limestone succession above the Steinalm
Formation.

Species of the Arenovidalina genus are also
common in the association. Their presence, together
with the nodosariids, indicates a remarkable change
in the depositional environment from the shallow-
water Ravni Formation to the deeper water, slope,
or basinal sediments. In contrast to other late
Pelsonian to Illyrian red nodular limestone suc-
cessions in the Western Tethys Realm (see GAWLICK
etal, 2021 and references therein) the foraminifera
association in the Bulog Limestone succession of the
Klisura quarry is relatively rich.

The most common is the species of the Areno-
vidalina genus. Arenovidalina chialingchiangensis Ho
and Arenovidalina amylovoluta Ho were described by
Ho (1959) from limestones attributed to the Triassic,
most likely Anisian-Ladinian. Arenovidalina chialing-
chiangensis was reported by SaLaj et al. (1983) from
the upper part of the Early Triassic, with a general
stratigraphic range from the Campilian (i.e. Olen-
ekian/Spathian) to the Carnian. Both species,
Arenovidalina chialingchiangensis and Arenovidalina
amylovuluta have been recorded in Ladinian to
Norian limestones in Hungary (BERrczi-Makk, 1996).
RETTORI (1995) gives both species a Smithian to
Longobardian range interval.

Discussion and concluding remarks

The Pelsonian to Illyrian sedimentary succession
in Sirogojno (Klisura quarry) preserves some rare
features of the stepwise opening history of the Neo-
Tethys Ocean during Pelsonian to Illyrian times.
Therefore the Bulog Limestone succession of the
Klisura quarry is assigned as a Bulog Formation
reference section (this paper and Supar et al., 2023).
The drowning sequence of the shallow-water Ravni
Carbonate Ramp, i.e. the late Pelsonian to late
[llyrian Bulog Formation can be subdivided into
three members in the Klisura quarry. However, in
other Bulog Limestone sections in the Dinarides in
many cases, a distinction of these members is very
difficult (see “Starygrader Knollenkalk” - KiTTL,
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1904), or they have not been preserved. Recognition
and investigation of the members of the Bulog
Formation, as preserved in the Klisura quarry
section is particularly important, since they record
the evolution of the Middle to Late Anisian stepwise
opening of the Neo-Tethys Ocean and other related
events.

The abrupt deepening event around the Bithyn-
ian/Pelsonian boundary (Annaberg Event - GAWLICK
et al, 2021) is not recorded in the Klisura quarry
section. This deepening event, which starts most
probably in the latest Bithynian, but corresponds
mainly to the Balatonites balatonicus ammonoid
Zone is only rarely preserved in the Western Tethys
Realm (e.g., HAuEr, 1898 in the type-area). In
contrast, the final break-up of the Neo-Tethys at the
end of the Middle Anisian (late Pelsonian) is fairly
well documented in the whole Western Tethys
Realm. The so-called Reifling turnover (SCHLAGER &
SCHOLLNBERGER, 1974) resulted in the drowning of
the Ravni/Steinalm Carbonate Ramp and the
formation of a horst-and-graben topography;, i.e. a
typical break-up unconformity. However, the
oceanic break-up of the Neo-Tethys was not a
sudden event around the Middle/Late boundary as
demonstrated by GawLick et al. (2021) for the
Northern Calcareous Alps. The change in deposition
during the Ravni Carbonate Ramp evolution from
the restricted environment of the shallow-marine
Utrine Member to the open-marine shallow-water
Dedovi¢i Member (DiMITRIJEVIC et al., 1981; Dimi-
TRIJEVIC & DIMITRIJEVIC, 1991) reflects also enhanced
subsidence since the Bithynian/Pelsonian boundary
in the Inner Dinarides as a precursor rifting (open-
ing) event. The newly created accommodation space
was during Pelsonian times in most areas counter-
balanced by the enhanced carbonate production of
the Ravni Carbonate Ramp.

The overall demise of the Ravni/Steinalm Carbo-
nate Ramp in the late Pelsonian, the formation of a
horst-and-graben morphology, and the onset of de-
position of deep-marine condensed sediments in
newly formed depressions (grabens) and subaerial or
submarine erosion on more elevated blocks (horsts)
is fairly well documented in all eastern Mediterranean
mountain ranges (ToLLMANN, 1976, 1985; LEIN, 1987;
FEIST-BURKHARDT et al., 2008; KovAcs et al., 2010; HavriLA
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2011; CeLARC et al,, 2013; SuDar et al., 2013; VELLEDITS
etal, 2017; KarApI et al,, 2022; Kukoc et al., 2023). In
contrast, the formation of late Pelsonian neptunian
dikes and their sedimentary infill is rarely described
in detail (see GawLick et al,, 2021).

The well-preserved early drowning sequence
(Supar et al,, 2013), deposited under semi-restricted
conditions, is a relatively unique feature in the
Klisura quarry section and not known elsewhere or
overlooked due to limited outcrop situations. Very
often the drowning sequence above the Rav-
ni/Steinalm Carbonate Ramp is characterized by the
deposition of condensed red nodular limestones, in
cases rich in cephalopods of the Trinodosus Zone
and often mixed with cephalopods from the
Binodosus Zone (HAUER, 1888; KRYSTYN & SCHOLLNBER-
GER; 1972). These condensed ammonoid-rich red
nodular limestones on top of the Ravni/Steinalm
Carbonate Ramp most probably correspond with
the First cephalopod layer in the Klisura quarry
section, even the ammonoid fauna of that layer is
not yet studied in the necessary detail (see
MuUDRENOVIC, 1995). The overlying late Pelsonian to
late Illyrian red nodular limestone succession is
exceptionally thick in the Klisura quarry succession
and is characterized by a condensed horizon at the
Pelsonian/Illyrian boundary and a condensed hori-
zon in the middle Illyrian.

Block tilting around the middle/late Illyrian with
the formation of a second unconformity and the
formation of a second generation of neptunian dikes
mirrors the next stage of extensional movements.
These late Illyrian movements are so far also
interpreted as an expression of the stepwise Anisian
opening of the Neo-Tethys (GawLicK et al., 2021, and
references therein), but for a conclusion further
detailed studies or revisions on Pelsonian-Illyrian
drowning sequences all over the Western Tethys
Realm are highly needed, especially on the sedimen-
tary successions of the Bulog Formation in the Outer
Dinarides (GawLick et al., 2012; MRDAK et al., 2022).
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Pe3ume

O IJIMTKOBOJAHE KapOOHAaTHe paMIie 10
XeMuIIeJIalKe Jy60KOBOJHE MapUHCKe
KapOoHaTHe Aeno3sunuje: /leo 2.
CuporojHo (kamenosiom Kiucypa) -
pedepeHTHH JIOKA/IUTET CPeAH0 A0
KAaCHO aHU3HUjCKe Oy/IOLIKe ceJUMEeHTHe
CyKIecuje y YHyTpalbuM
AuHapuauma (J3 Cpouja)

Jyroroguuima geTa/bHa U3yyaBama CeJUMEHT-
HUX CyKLecHja y L1/by YTBphUBamwa U pasyMeBatba
TeKTOHOCTpaTurpaduje MeuTepaHCKOT PErMoHa,
oMoryhusia cy peKOHCTPYKL U]y LieJIOKYIHE Teo/1-
HaMU4YKe UCTOpHje, Ka0 U UCTOpHje TEeKTOHUKeE
mo4a. TeKTOHCKU INOKpeTH, 4YaK U y pasMepHu
TEKTOHUKE I1JI0Ya, OTJIelaJIu Cy ce y IpoMeHaMa
JleNI03MIIMOHUX KapaKTepucTuka. OTBapame okea-
Ha HeoTeTuca of, cpefjlber aHM3UKa OAPA3UJIO Ce
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MPOMEHOM Y JIeN03ULMjH O/ IJIIUTKO- J10 y6OoKO-
BO/IHUX KpeukbakKa, CByJia Yy AoMeHy 3anazgHor Te-
THca. [leTa/bHa aHa/IM3a U ONMC CBUX CEIUMEHTO-
JIOILIKMX KapaKTepUCTUKa oMoryhuia je NpeLusHUjy
PEKOHCTPYKLUjY OBUX FeoJUHAMUYKUX NPOMeHa.
OcuM Tora, 0BakBUM JleTa/bHUM aHa/iM3aMa Halpa-
BJb€HA je OCHOBA 3a JlepHUHHUCAbE JIUTOCTPATUTPad-
CKUX jeIUHUIIA, OAHOCHO popMaliyja, Kao jeMHA
6a3a 3a KapTupawme U pasyMeBame HOBODOpPMHU-
paHUX reoMeTpHja perMoHa/IHUX pa3Mepa.

JenHa TakBa k/bydHa popMalyja 3a pa3yMeBambe
TeKTOHOCTpaTurpaduje YHyTpalwbux JuHapuia,
oce6HO MCTOpHje paHOT oTBapama okeaHa Heo-
TEeTUCA, je Ay60okoBogHA PopMmanuja bysor, genoHo-
BaHa U3Ha/| IVIUTKOBO/IHE Kap6oHaTHe paMiie PaBHU.

KisiacuyHa v HajKOMILJIETHUja ceJUMEHTHA CYK-
1ecrja 6yJIOUIKUX Kpeukaka, Tj. Dopmanuje Bysor y
CPIICKKMM YHyTpawmwuM JluHapuauma yTBpheHa je
Ha [IJIaHUHU 3/71aTU60D Y JIOKAJUTETy KaMeHoJ0Ma
Kuucypa y Cuporojny. Ha siokanuTeTy je ouyBaH
npodus y OKBUPY BeJHUKOI peceJUMEHTOBAHOT
6s10ka y Kap6oHATHO-KJIACTUYHOM MeJiaHXkKy Cupo-
rOjHa, KOjU JIeXXU IPEeKO IapaayTOXTOHUX Celu-
MEeHTHUX CyKiecdja HMcrouHo6ocaHcko-/lypMu-
TOpcKe Mera jeauHule. Ha cty6y y kameHoJioMy
Kivcypa odyBaHe cy cBe Cpefjib0O /10 KacCHO aHU-
3HjCKe CeIUMEHTOJIOIIKe KapaKTepUCTHKe, TAKO Jia
ce OH MOXKe KOPUCTUTH Kao pedpepeHTHH Npodu
eBosiynyje bysomkux kpeumwaka. [lopes BUg/buBOr
KOHTaKTa IOoTallamka, O4yBaHa Cy H: JBa HUBOA
KOH/IEH30BaHMUX CJI0jeBa ca Ledasonoanuma, Aorahaj
Harumamwa Ha I'paHuL{ CpebU/KacHU WP, ABe
reHepaliyje HeMTYHCKHUX J1ajkoBa popMUpaHe TOKOM
BPeMEHCKOI pacrloHa 0/} KaCHOT IeJICOHA /10 KaCHOT
wiupa. Ha oBom npoduny ®opmanuja bysor ce Ha
6a3u 106po TOKYMEHTOBAaHUX KapaKTEePUCTUUHUX
JINTOJIOIIKUX U MUKpOodalujaJTHUX 0CO6EHOCTH MO-
Ke MOZEeIUTH Y TPU pa3InyuTe jeJUHULIE.

OBzme onvcaHa CeKBeHLa IOTambama yKyIlHe
JlebsbrHe 1o 21,2 m HaJIUK je CUTYallujy OMUCAHO)]
o cTpaHe SuDAR etal. (2013) u GawLick et al. (2017)
u3 2010. roguHe, ajiv ca HeKUM Jloganuma. HakoH
BUIIETOJUILbE eKCIlJIoaTalMje KaMeHOoJI0Ma HekKe,
He 6all u3pakeHe 0CO6GEHOCTU OGuJie cy 60Jbe U3Y-
YyeHe HeEro paHuje, JJOK Cce HeKe Jpyre KapakTe-
pUCTHKe HUKAJ BUIle HUCY NojaBuse. Maga Ha
cajlalitboM Npoduy JoKaJUTeTa HUCY OcCTajle
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cadyyBaHe BehrHa 0coGMHa eBOJYIIMje HOPMAJTHO Jia
ce OHe W Jla/be U3y4yaBajy NpH aKTYeJHOM CTawy Y
KaMeHOJIOMY.

AHU3UjCKa ceIMUMEeHTHA CyKLecHja MoUYumbe ca
IJIMTKOBOJAHUM KpedwalluMa CpeJHmOaHU3NjCKe
kap6oHaTHe pamne PaBHu (Steinalm) (usan
Jenosuhu ®opmauuje PaBuu). TunuyHe MUKpoO-
daumje uymana JlegoBuhu cy MJIUTKOBOJAHU
CPEjHCTOHY, Y HAjBUILIEM HUBOY Ca KPUHOUAMMA,
JbyIITypaMa LIKOJ/bKH, GopaMuHUPepuMa U pe-
TKUM KpeumhayKHM ajirama. ¥ ropweM Jesly UCTOT
yJaHa rje je Behu yTuiaj orBopeHor Mopa (HIp.
NPUCYTHU Cy KPUHOUJU) MOTY Ce YOUHUTH [Be
reHepanuje HENTYHCKUX [ajKOBa, Tj. MYKOTHHA
(BUA/bHBE Cy UCIIyHE AYXHUHE 0 4 m U LIMpUHe 10
20 cm) MCNyHEeHUX CUBO-I[PBEHKACTUM U I[PBEH-
KacTHUM XeMuIealkuM MysbeM opmanuje Byior.
Mory ce pas/iMKOBaTH HajMakbe [Be Pa3jU4uTe
reHepauuje UCIyHa HENTYHCKUX [ajKOBa, AaTU-
paHe NpeKo KOHOJ,0HATa:

A. ctapuja (kacHO NeJICOHCKA) U

B. myiaha (kacHo uaupcka).

Crapujy reHepanjy HeTYHCKUX JlajKOBa Kapa-
KTepUILy CJ0jeBU MUKpOOHaa U MperunuTanyja
LieMeHTa 0 py60BMMa M HCIYHA CBETJIO LpBEH-
KaCTO-CMBOI MUKDPHUTA, a cajJip>ke HeKe IJIUTKO-
BOJIHE KOMIIOHEHTE U yIJjacTe KJacTe U3 4JaHa
Jenosuhu. KacHo wusaupcke ucnyHe wusrpabyje
LpBeHW OHMOMHUKPHUT ca NMOHEKUM KPUHOUJHMA,
HIKO/bKaMa TAaHKUX JbYIITypa U popamMuHudepuma.
CsiojeBHM MUKpOOUasia cy Takohe TUITUYHHU.

llenokynHa cekBeHI@a IoOTamamwa, Tj. Celu-
MeHTHa cyklecdja Popmanuje Bysnor ce moxe
oJleJIMTU Ha TpU jeauHule. KacHo mesicoHcka
jenununa 1, fe6sbuHe 11 m, Tj. TUIMYHA CYKIlECH]a
LPBEHUX HOAYJApPHUX KpeumauKa, MOoYHibe ca
TYpOUJUTCKUM CHUBUM [0 CHUBO-LpBEHKacTHUM
JIAaMUHHUPaHUM KpeuykhalluMa KOjUu cajipKe pece-
JUMeHTe cayyBaHe CaMo JIOKAaJIHO, a 3aTUM CJIe[IU
KOH/IeH30BaHU LIpBEHM CJIOj Kpeukaka boratT ca
nedanonoguma ([lpBu cioj ca uedasonoauma).
Jowmu neo jequHuie 1 ne6/buHe je 1o 1 m, ay
HEKUM CJlydajeBUMa Ce 110jaBJ/byjy CUBU MUKPUTCKHU
CJI0jeBU Kpeumaka Jie6/buHe 5-8 cm, Koju npeo-
BJaahyjy y kheroBoM HajHukeM Jienay. OBU C10jeBU
caZipe MaJio NMeJIOUJAHUX U MUKPUTCKUX KJacTa,
dparmeHTe IIKOJ/baKa, peKpUCTaJHUCaHa 3PHA, U

68

MOHEeKY WIKOJ/bKY TaHKUX JbyuiTypa. [lpucyTHuH
BEKCTOHU ca “pusameHTUMa” U ¢parMeHTHUMA
LIKOJ/baKa Cy IpeKpUBEHU XeMUIIeJalllKUM, CUBO-
LpBEHKAaCTUM JIAMUHUPAHUM KpeumballuMa, Tj.
TYpOUJUTCKUM Ay60KOBOJHUM BEKCTOHHMMA [0
NeKCTOHMMa, IIOHer/ e TPejHCTOHUMA Ca KOMIIOHEeH-
TaMa IJIMTKOBOAHOr INOpekJsa. AJM, y OBHUM
ceJUMeHTUMa HeMa IJINTKOBOJHUX 3pHA KOjU CY
TUNUYHU Yy HajBulleM geny Popmanuje PaBHHU.
Takobe, y 0BUM TypO6ugUTHMa HeJ0CTAjy TUIIMYHA
dsopa u payna @opmaiiyje PaBHY, anu oHU cafipxe
cupoMaiiHy ¢opamuHudepcky dayHy Koja ce
passukyje o oHe y @opmanuju PaBHy, ykasyjyhu
Ha NPOMeHY U3 IJIMTKUX Yy AyOOKOMapHHCKe yC-
JIOBe, IITO je Takohe [OKa3aHO I0jaBOM KacHO
NeJICOHCKe KOHOZOHTCcKe dpayHe. OBU GUHO3PHHU
TYpOUJUTU Cy MHTEpPKaJUCAaHU y MaJCTOHe [0
BEKCTOHe U He cazpxe dayHy. [lopes Tora, HeMa
TparoBa 6uoTypb6anyja BUABUBUX Y TOM Jesy
CyKLiecuje, KOju yKa3yjy Ha [lelI03ULIMOHe YCI0Be
6apeM JieJloM orpaHUYeHe cpejiuHe 6e3 GeHTOoCa.
OBaj eo cyKLecHje je BpeMeHCKH eKBMBaJIeHTaH ca
IpBOM leHepalyjoM HCIyHa MyKOTHHA LITO je
JIOKYMeHTOBaHO QalyjaJHO eKBUBaJIEHTHUM CeJu-
MeHTHUMa Y HeITYHCKUM /IajKOBHMMa, a Takohe U ca
WJIeHTUYHOM KOHOJOHTCKOM (payHOM.

PaHo nnupcka jegjuHuna 2 je oTHpUIMKeE 5 m
Jlebesia M oYM Hbe U3Ha/, KOH/IeH30BaHOT XOPU30HTA
KacHo IesicoHcKe jeguHule 1. KoHieH30BaHU XopU-
30HT Ce KapaKTepHulle IPUCYCTBOM XapArpayHza u
Tparosa cybcoJynuje. Y 0BOM LpBeHOM HO/ZlyJIapHOM
Kpeuwaky (,duaaMeHTHO “-KPUHOUAHU BEKCTOH /0
[IeKCTOH) peTKO ce MojaBbyjy Ledasononu. Mu-
KpodanyjasiHe KapaKTepUCTHKe pPaHO WJIHMpCKe
jeiuHUILle 2 Cy TeHepasHO HaJIMK Ha MHUKpoda-
LMja/IHe KapaKTepUCTUKe KAacHO IeJICOHCKe je/iU-
Hulle 1, 1oce6HO Yy HheHOM IOpHeM Jiesly Ipe Hero
IITO je 3amoyesia KOHJeH3auuja. Pasiuke cy y
pa3HOBpcHUjeM U obGoraheHujeM cajapxkajy dpayHe
Kao y BehuHHU JesioBa jegunule 1. KoHgeH3oBaHu
XOpPU30HT OKO IpaHMle IeJICOH/UJINp MapKupa
IIPOMEeHY y [iell03ULHjH.

Basy jeguHule 3 KapakTepHullle KOH/LeH30BaHU
XOpPU30HT ca popMHpameM XapATrpayHZa U o06o0-
rahemweM 1nedanonoguma ([pyru cioj ca ueda-
jgonoauMa). OBaj XOPHU3OHT je HajBepoBaTHHje
CpeJbOUIMPCKe CTapoCcTH. M3Haja TOr KOHJEH-
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30BaHOT XOPHU30HTA HU3PaXKEHU YTraoHU JHCKOH-
TUHYUTET Cca HAarubom Mopckor AHa on 8-10°
MapKypa Ipesa3 y KacHO WJHPCKY jeJUHULY 3
Oy/olIKe ceAUMEeHTHe cyKuecuje. /loMHHaHTHe
MUKpodaluje cy BEKCTOHU [0 MEKCTOHHU ca aMo-
HOMJMMa, oborahemHMa ca IIKO/bKaMa TaHKHX
Jymitypa (“dpusamMmeHTHMa”) U KJIacTUMa ca Xap/-
rpayHja y3 noneku ¢popamunudep. [lopes Tora, ka
3amnajy ce noehasa Je6/b1HA OYJIOIIKE CEITUMEHTHE
CYKLlecHje U y CaMOM CJIOjy, Ka0 U Yy YKYIHOj
JlebbuHU jesuHule (5 m). He moxe ce noyszgaHo
OJJIyYUTH [Jia JIM je TO YKyINHa Jeb/buHa Oy/I0IIKe
celMMeHTHe CyKlecHuje MuCHoj 6Jilaro HarHyTor
HOpPMaJIHOT pacefia MJU CYy HEKU HEeHU [IeJI0BU
epo/i0BaHU ycjieJ, TEKTOHUKE.

HajBuiuy feo ucnos TeKTOHCKOI KOHTAKTa Cy
jaKO CHJIMIIMO3HU Kpeuwaly (pasuoaapyjcKy Bek-
CTOH) 6e3 oJipeJl/bUBE KOHOJOHTCKe dayHe.
[IpucyTHe Mukpodalje ykasyjy Ha HajKacHU]y
WJIUPCKY 10 PaHO JIaJJUHCKY (KacHO WJIMPCKY 7710
HajpaHujy ¢acaHcky ctapoct). [lofaTHo, pajuo-
Jlapyjcka ¢ayHa U3 BULIET Jiesa cJoja ca BYJIKaH-
CKUM IIeNe/IOM YKasyje Ha JIoHTob6ap/. Mukpodanujy
KapakKTepulle KOH/EeH30BaHOCT ca KJlacTMMa ca
XapZrpayH/Zia U IOHeT/e peJIaTUBHO I'yCTO [IaKoBa-
HUM CJI0jeBUMa ca LIKo/bakaMa. KpuHouay, 1koJbke
TaHKUX JbYIITYPa U aMOHOU/IU CY KapaKTEPUCTUYHU
esieMeHTU dpayHe. HeKOJIMKO GUOTUTCKUX KJacTa
HaheHUX y Taslory Kpeuwbaka Nocje eKCTpakliuje
KOHO/IOHATa yKasyje Ha BYJIKAHHU3aM.

[TesicoHCKa 10 MIMPCKaA CeJMMEeHTHA CyKLecHyja
y kameHosioMmy Kuncypa (CuporojHo) 4yBa Heke
peTKe KapaKTepUCTHUKe IIOCTeNleHe HCTOPUje OTBa-
pama okeaHa HeoTeTuca TOKOM MeJICOHA 10 UJIMPa.
[Ipema ToMme, OyJiolIKAa KpeuladKa CyKIecHja y
kaMeHosioMy Kincypa Moxe ce cMaTpaTH Kao
pedepenTHU noKanuTeT Popmanuje Bysor. Cek-
BEHLla INOTamwamwa IJIMTKOBOJHE KapbGoHaTHe
pamnie PaBHH, Tj. KacHO IIeJICOHCKE [0 KaCHO
uinrpcke ®opmanuje Bysor, Moxke ce y KaMeHOJIOMY
Knucypa nogenutu y Tpu pasanyure jejuaune. Ha
JpyruM npoduavMa OyJOLIKHX KpeylaKa OBe
jeAUHUIEe je BPJIO TEeUKO pa3JIMKOBAaTHU WUJIHU Y
HEKHM CJIyyajeBMMa HUCY HU cayyBaHe. OBaKO KaKo
Cy odyBaHe Ha npoduay y kameHosoMy Kiucypa,
JleTa/bHO OIJIe[|aBajy Cpe/ikb0 0 KAaCHO aHHU3UjCKO
IIOCTEeINeHOo OTBapame okeaHa HeoTteTuca.
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Jorabaj Harsor nposy6/baBatkba OKO I'paHULe
6uTuH/nescod (Annaberg porabaj) Huje peruc-
TpoOBaH Ha npoduiy y kameHosomy Kiucypa. 3a-
BPIIHO pa3JsiaMame HeoTeTuca Ha Kpajy cpesmer
aHM3WKa (KacHOT IMeJICOHA) MPUJIHUYHO je A006po
JIOKYMEHTOBAaHO y CBHUM o6JsiacTUMa 3amnaJHoT
Tetuca. Tako3BaHu pajdnHiiKU npeokpeT (Rei-
fling turnover) pesy/aToBao je noranameM Kap6o-
HaTHe pamie PaBHu/Steinalm u ¢opmupamwem
XOpCT U rpabeH Tonorpaduje, Tj. TMIHWYAH je Juc-
KOHTUHYUTET pas/iaMamba.

[lornyHu HecTaHak Kap6oHaTHe pamie Pag-
HU/Steinalm y kacHOM neJsicoHy, popMHUpake XOPCT
U rpabeH Tomorpaduje, movyeTak Jenosunuje ay-
GOKOMAapUHCKUX KOHJEH30BaHUX CeJUMeHaTa y
HOBOGOpPMHUPAHUM Jienpecujama (rpabeHuMa) U
cybaepcka Wiu cybMapUHCKa epo3uja Bullle U3/u-
THYTHX XOPCTOBA, IPUJIMYHO Cy J06PO JOKYMEHTO-
BaHU Y CBUM HCTOYHO MeJUTEPAHCKUM IJIAHUHCKHUM
BeHUMMa. HacympoT ToMe, dopMupame KacHO
MeJICOHCKMX HeNTYHCKUX /JiajkoBa U HUXOBa
celJMMeHTHA UCIyHa je PeTKO JeTa/bHO OlKMCaHa.

Jlo6bpo ouyBaHa paHa CeKBeHLia [OTambamba,
JlelIOHOBaHa 10/, JleJIOM OTPaHUYeHUM YCJI0BUMa,
peJIaTUBHO je jeJWHCTBeHa KapaKTepUCTHUKa Ha
npoduny y kameHosioMy Kiucypa v Huje nosHaTa
Ha JApYyroM MecTy HWJH je [0 caZa IlpeBubheHa,
OJIHOCHO HEMCTPaXKeHa, ycJiesl orpaHuYeHe 1ojaBe
v3JaHaka. CekBeHLy NoTanamwa U3Ha/ KapboHaTHe
pamrme PaBHu/Steinalm BpJsio yecTo KapakTepuiie
Jlello3U1Mja KOH/IeH3BaHUX LpBEHUX HOJYJIapHUX
Kpeumaka, U noHerzie 6pojHu nedanonogu. OBu
KOH/IeH30BaHU LPBEHU HOJYJapHU Kpedmalu
6oratu ca nedasonoaumMa Ha BpXy KapOOHATHe
pamne PaBHu/Steinalm HajBepoBaTHU]je 0iIroBapajy
[IpBoM ciiojy ca nedasonogumMa Ha npoduay y
kaMeHoJioMy Kiiicypa, yak nako aMoHouHa payHa
TOT CJIOja jOolLI HUje LOBOJbHO JAeTa/bHO U3Yy4YeHa.
KacHo meJsicoHCKa [0 KacHO WJIMPCKa CyKLecHja
LIpBEHUX HOZYyJIapHUX KpeukaKa, Koja JIexKU IPeKOo,
H3y3eTHO je febesia y CyKilecHju kaMeHosioMa Kiu-
Cypa ¥ KapaKTepHUIly je KOHJ,eH30BaHU XOPU30HT
Ha rpaHULY N1eJICOH /MNP U KOHJIeH30BaHU XOpHU-
30HT Y CpeJbeM UIUDY.

Harumame 6/10ka 0KO Cpe/itber/KacHoT uaupa
ca ¢opMupameM JpYyror AUCKOHTUHYUTeTa U
HacTaHaKa Jjpyre reHepaliyje HeIITYHCKUX JajKoBa
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orJsiefia ce kpo3 ciejiehy a3y ekcTeH3nOHUX Kpe-
Tawa. OBM KaCHO WJIMPCKHU MOKPETH Cy Z0 caja
Takohe UHTepNpeTHUPaHU KAao U3pa3 MOCTENEHOT
aHU3MjcKor oTBapamwa HeoreTuca, anu cy 3a
KOHauyaH 3aKJbyyaK HEONXOJHO NMOTpeGHa Jaba
JeTa/bHa M3y4yaBama WJIM peBU3Uje MeJICOHCKO-
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WJIMPCKEe CeKBeHLe IoTalaka CByJa y 006J1acTH
3anmagHor TeTuca, moce6HO y OYJIOIIKOj Ceau-
MEeHTHOj cykuecHju y CnospamimuM JluHapuarma.
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