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Abstract. In the Middle Anisian the opening of the Neo-Tethys started and this
is characterized by a significant change in deposition in the whole Western
Tethys Realm. In the Dinarides the Middle to Late Anisian tectonostratigraphic
and basin evolution is mirrored by their sedimentary successions. In the Middle
Anisian, the evolution of the shallow-water Ravni Carbonate Ramp ended
relatively abruptin the late Pelsonian: a rapid decrease of carbonate production
is accompanied by formation of a horst-and-graben topography. This change is
expressed by the change in deposition from shallow-water carbonates to deep-
water sedimentary rocks, i.e. the Ravni Carbonate Ramp experienced a
drowning. Contemporaneously neptunian dikes were formed in the underlying
Ravni Formation, filled with deep-water limestones. In the grabens, near to the
newly formed escarpments mass transport deposits accumulated. During the
time span late Pelsonian to middle Illyrian a general deepening trend is mirrored
in the sedimentological trend and the microfacies characteristics. Fossilla-
gerstitten (mainly cephalopods) and hardgrounds occur widespread in the
deeper-water red nodular limestones formed widespread above the Ravni
Carbonate Ramp. Around the middle/late Illyrian boundary a second intense
pulse of tectonic motions, related to the onset of volcanic activity, resulted in a
crosscut of the older horst-and-graben topography. A second generation of
neptunian dikes was formed, the blocks tilted, and again mass transport deposits
accumulated near to escarpments. The late Illyrian is characterized by an overall
deepening trend expressed also in a change in the microfacies characteristics to
radiolarian-rich wacke- to packstones. In cases even radiolarites or silicified
limestones are characteristic sedimentary rocks in late Illyrian to Ladinian times
beside silicified volcano-sedimentary rocks. This paper will define the late
Middle-Late Anisian red nodular limestones and related sedimentary rocks with
mass transport deposits overlying the Ravni Carbonate Ramp on base of new
sedimentological, stratigraphic and microfacies data following the international
rules and standards. The palaeogeographic position together with characteristic
litho- and microfacies features cause the lithostratigraphic definition of the
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different units. Included in the newly introduced Bulog Group are: 1) the
emended and formalized Bulog Formation and 2) the newly introduced and
defined Komarani Formation. The type-section of the Bulog Formation east of
Sarajevo (Han Vidovi¢, central Bosnia and Herzegovina) is revisited. The
Komarani Formation is introduced with the type-section in Komarani village
(Zlatar Mt. in SW Serbia). The reference sections for the Bulog Formation in SW
Serbia (Klisura quarry on Zlatibor Mt.), Bosnia and Herzegovina (Pridvorica
locality at Romanija Mt.) and in Montenegro (Boljevi¢i near Virpazar), are
defined. In the reference sections some characteristic lithological and
microfacies features are better preserved as in the type-section and included in
the emendation and formalization of the Bulog Formation. The Bulog Formation
at the type-section and all reference sections are in the Late Triassic overlain by
the shallow-water carbonates of the Wetterstein and Dachstein Carbonate
Platforms. Age and facies equivalent red nodular limestones deposited in the
outer shelf region are part of the Middle to Late Triassic Hallstatt Limestone
succession. In the type-region of the Hallstatt Limestones these late Middle to
Late Anisian red nodular limestones are named Schreyeralm Limestones. The
name Schreyeralm Limestone was introduced earlier as the name Bulog
Limestone. It is discussed if also in the Dinarides the name Schreyeralm
Limestone should be used for such Anisian red nodular limestones deposited in
the outer shelf region, for priority reasons, or if they should be included into the
Bulog Formation to avoid confusion, for historical reasons.

AncrpaxT: Y cpefilbeM aHHM3UKY NI0YeTakK oTBapama HeoTeTHca KapakTepuine
ce 3HaYajHOM NMPOMEHOM Y JeNO03UIHjH Y 1leJi0j 3anagHoj TeTrckoj obactu. Y
JlMuHapuAnMa cpeJiibe 10 KaCHO aHHU3UjcKa TeKTOHOCTpaTUurpadcka eBosynyja
6aceHa orsieZja ce Kpo3 IbHXOBe CeIUMeHTHe CyKllecHje. Y Cpe/ilbeM aHU3UKY,
eBoJIyLiMja IINTKOBOAHE KapOoHaTHe paMiie PaBHM 3aBplInIa ce peJlaTUBHO
HaIJIO ¥ KAaCHOM IeJICOHY: yOP3aHO CMakheHe KapOoHaTHe MPOoAyKIyje mpaheHo
je HacTaHKoM Tomorpaduje xopcToBa U rpadeHa. OBa mpoMeHa ce oJjpasuja
Kpo3 JeNO03UIlMjy OJ IJIUTKOBOJHUX KapboHaTa /[0 Ay6GOKOBOJAHUX CelU-
MEHTHHUX CTE€Ha, Tj. I0oTamaweM KapooHaTHe pamne PaBHu. cToBpemeHo cy
ce y noauHckoj Popmanuju PaBHM popMupan HENTYHCKU IajKOBY, 3allybeH!
JlyOOKOBOJJHUM KpeuykaluMa. Y rpabeHuMa, y 6JM3MHU HOBOPOPMHUPAHUX
ecKaplMaHa akKyMyJiMpaJje Cy ce Hacjlare MaceHOr TpaHCIopTa. 3a BpeMe
BPeMEHCKOT paclioHa 0/i KaCHOT IeJICOHA 0 CPeJiber UIHUpa TPeH/, ONLITer
npoAy6/baBamba OIJIeAA0 Ce KPo3 CeAMMEHTOJIOIKH TPEH/| U MUKpodalyjaiHe
KapakTepucTuke. HaromMmunama ¢ocuia (yriaBHoM nedasonosa) U xapAr-
PayHAU PacnpoCTpPambeHU Cy y BEJMKOM OpOjy y AyOOKOBOJHUM LpBEHUM
KpeukalliMa 00pa30BaHUM U3HA/, KapboHaTHe paMine PaBHU. OKo rpaHule
CpeZitbM/KaCHU WUJIND, APYTH UHTEH3UBHU UMITYJIC TEKTOHCKUX IOKPETa, KOjU
ce OJJHOCH Ha MoYeTaK BYJKaHCKe aKTUBHOCTH, PE3Y/ITOBAO je MpecelambeM
cTapuje XopcT U rpabeHcke Tonorpaduje. PopMupasna ce Apyra reHepanuja
HEeNTYHCKHX J1ajKkoBa, GJIOKOBU Cy Ce HarHy/¥, U IIOHOBO Cy Ce JlellOHaTH
MaceHOI TpaHCIOpTa aKyMy/aupaaud 6Ju3y eckapnMaHa. KacHu uiup ce
KapaKTepHIlle CBe0OyXBaTHUM TPEH/IOM NPoAy06/baBakba, Takohe U IPOMeHOM
MUKpodalujaTHUX KapaKTepPUCTHKA ca BEKCTOHKMMA [0 NeJICTOHUMA KOjU CY
fporaTu paauosapujaMa. Y MOjeJUHUM CJy4yajeBUMa paJUOJIApUTH WU
CUJIMLHjCKH Kpeulbally Cy KapaKTEPHUCTUYHE CEJUMEHTHE CTEHE Y BPEMEHY
KaCHOT WJIMpA [I0 JIAJIMHA, Y3 CUJINIHUjCKe BYJIKAaHOTE€HO Ce/JUMEeHTHe CTeHe. Y
0BOM paay he ce fepuHHCATH KacHO CpeJilbO [0 KaCHO aHU3UjCKU IIpBeHU
HOZAY/MapHU Kpeudwalld U oAroBapajyhe cefUMeHTHe CTeHe ca Hacsjarama
MaceHOI' TPAaHCIOPTa Koje Jiexxe NpeKko KapO6oHaTHe paMine PaBHU Ha 6a3u
HOBHUX CeJUMEHTOJIOLIKUX, CTPAaTUTrpadCKUX U MUKpodalvjaJHUIX NoAaTaKa
cnesnehy MHTepHaNMOHA/IHA IpaBuJa U cta”jaapze. [laneoreorpadceka nosu-
I1¥ja 3ajeIHO ca KapaKTePUCTUYHHUM JIUTO- U MHUKpodalujaJHUM 0CcoGeHOo-
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K/by4He peun:

mpujac, [luHapudu,
aumocmpamuepaduja,
naseozeoepaguja, payuje.

cTHMMa npousBellhe JUTOCTPAaTUTPAPCKY JeUHULM]Y PA3TUINTHX jeJUHULA.
Y HoBoyBezeHy ['pyny Bysior yk/bydeHe cy: 1) ucnipaB/beHa ¥ popMasin3oBaHa
Bysomika ¢opmariyja 1 2) HoBoyBezieHa U flepunrcaHa Popmaruja Komapanu.
Tuncku nokanutet Popmanuje Bysnor ucrouno oz CapajeBa (XaH Buposuh,
neHTtpajsHa BochHa u XepueroBuHa) je moHOBO pa3MmarpaH. KomapaHu
dopManuja je ycTaHOB/beHa Ha THUIICKOM JIOKAJUTETy y ceay Komapanu
(mnanuHa 3satap y J3 Cp6uju). PebepeHTHU s0KanuTeTu 3a Bysomky
dopmanujy cy gepunucanu y |3 Cpobuju (kameHosioM Kinucypa Ha mjiaHUHU
3natubop), y bocuu u Xeprerosunu ([IpugBopunia Ha niiaHuHU PoMaHuju) u
y lipHoj l'opu (BomeBuhu y okonunu Bupnasapa). Ha pedepeHTHHM mpo-
¢duMMa HeKe KapaKTEPUCTHUYHE JIMTOJIOIIKE U MUKpodanujasHe 0COGEHOCTH
cy 60/be cayyBaHe Hero Ha THIICKOM JIoKanuTeTy (XaH BunoBuh) u yk/bydyeHe
cy y ucnpaBky U dopmanusauujy Bynomke dopmanuje. [Ipeko Popmanuje
ByJsior Ha THUICKOM JIOKAJUTETYy U Y CBUM pepepeHTHUM JIOKaJIUTeTUMa Y
KacHOM Tpujacy Jiexxe TIUJIMTKOBOAHM KapOOHATH BeTEPUITAjHCKE U
Jaxurrajacke miatdopme. I[lo crapoctu v panujasHo eKBUBaJEHTHU LPBEHU
HO/y/IapHU Kpeudtbally, IelIOHOBaHU y ClIo/ballilbeM LieGHOM PErHOHY, [1eo Cy
CyKIlecHje cpeJil0 [0 TOPHhOTPHjaCKUX KpeymaKa XalllTaTcKe CyKiecHje. Y
TUIICKOM peTrHoHy Xa/IUTaTCKUMX KpedlaKa OBM KaCHO CpeJio 0 KAacHO
QHM3MjCKU LipBeHU HOAY/IapHU Kpeumally Cy MMeHOBaHU Kao lllpejepaniMcku
Kpeuwanu. To MMe je OWJIO YCTAHOB/bEHO paHHUje Hero uMe Bysowku
Kpeumaly. JIuCKyTOBaHO je Aia ako Takohe u y Jlunapuauma ume lllpejepanm-
CKH KpeumanH 6yze KopuiheHo 1 3a aHU3UjCKe [PBEHE HOy/IapHe KpevrhaKe
KOjU Cy 06pa30BaHU y ClIO/ballllbeM 11e/IGHOM PETHOHY, 360T IPUOPUTETHUX
pasJiora, MM ako OHM Oyny yk/bydeHH y Popmanujy Bysor, To he nsassatu
KoH}y3Hjy , 360T UCTOPUjCKUX pasJiora.

Introduction

However, to eliminate existing names and to
replace them with new formation names and to

Lithostratigraphic units, i.e. formations are the
only base for geological mapping and to understand
sedimentological /geological geometries in a regio-
nal/basinwide scale, and to correlate them. In the
Dinarides, a lot of the lithostratigraphic units are still
not in accordance with international standards. For
the Mesozoic (mainly Triassic-Jurassic) sedimento-
logical evolution in the Dinarides, mainly the Inner
Dinarides, progress was made by SuDar et al. (2013),
GawLIcK et al. (2017a), and Supar & GawLick (2018)
with emendation of some existing lithostratigraphic
names and definition of some formations. This
resulted for the first time in a geometrical under-
standing of the relationship of different lithostrati-
graphic units (formations) in the Inner Dinarides (of
Serbia) during Triassic-Jurassic times and forms a
new base for modern geological maps. Nevertheless,
several lithostratigraphic units are still not defined for
several reasons, i.e. the lack of a convincing type-
locality, missing underlying or overlying lithostrati-
graphic units, or a still not properly defined age range.
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produce an inflation of new names should not be the
target. In contrast, it should be proven if an existing
old name can be emended, because the use of a
common name is important to keep continuity and
stability. One of the enigmatic lithostratigraphic
units is the drowning sequence of the Middle
Anisian Ravni Carbonate Ramp, i.e. the red nodular
limestones called Bulog Limestones (see discussion
in Supar et al., 2013). A not any more exactly known
or respectively forgotten type-locality south of
Sarajevo and subsequent studies on these red no-
dular limestones over a period of nearly 150 years
(see chapter: History of research on the type-
section: problems and confusion) with a different
use of the lithostratigraphic name shows the need
of a clear definition (and emendation) of the Bulog
Formation and related lithostratigraphic units.

Red limestones successions above the shallow-
water carbonates of the Ravni Carbonate Ramp or
even occurrences of isolated red nodular deep-water
limestones are traditionally mapped and described
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Fig. 1. Regional sketch maps of the geographic position of the studied sections in Bosnia and Herzegovina (4, B), Serbia (C, D), and
Montenegro (E, F). A. Geographic position of the study area in the region east from Sarajevo town. B. Han Vidovi¢: type-section for
the Bulog Formation and Pridvorica (northern slopes of Romanija Mt.): reference locality for the same Formation. C. Geographic
position of the investigated area in the Zlatar and Zlatibor Mts. in the Serbia. D. Topographic sketch map with the position of the
localities from SW Serbia: Komarani Formation - type-locality Komarani in Zlatar Mt., and reference section Obradovici in Zlatibor
Mt Klisura quarry reference locality for the Bulog Formation in Sirogojno area (Zlatibor Mt.). E. Geographic position of the study
area in southern Montenegro. F. Simplified geographic map of the southern Montenegro showing the investigated Boljevi¢i section -
reference locality for the Bulog Formation (by GawLick et al, 2012). Abbrevations in Figs. A, B and F: H-Hungary, RO-Romania, BG-
Bulgaria, RNM-Republic of Northern Macedonia, AL-Albania, MNE-Montenegro, B&H-Bosnia and Herzegovina, CRO-Croatia.
Ca. 1. PezuoHasHa ckuyupaHa mana eeozpadckux no3uyuja npoyyasaHux aokaaumema y bocnu u Xepyezosunu (4, B), Cpéuju (C, D)
u Lipxoj I'opu (E, F). A. ['eozpagpcku nosoxcaj uzywasaue obaacmu y pe2uoHy ucmo4Ho oo epada Capajeso. B. Xan Budosuh: muncku
sokaaumem Dopmayuje Byaoe u [Ipudsopuya (cesepre naduHe naaHuHe PomaHuja): pedpepenmHu sokaaumem ucme Popmayuje.
C. 'eoepagpcka no3uyuja ucmpasxcugaHe obaacmu Ha naavuHama 3aamap u 3aamu6op. D. Tonoepagpcka wemamcka mana ca
nosuyujama sokaaumema y J3 Cpé6uju: Komapanu Popmayuja - muncku sokaaumem Komapanu Ha naaHuvu 3aamap, u
pedepenmua sokaaHocm O6padoguhu Ha naaHuHu 3aamu6op; kao u Kaucypa majoan pegpepenmnu sokarumem @opmayuje bynoe
y o6aacmu CupozojHa (naanuHa 3aamubop). E. I'eoepagcku nososicaj uzywasave obaacmu y jysxcHoj Lproj I'opu. F. Ynpowhena
eeoepagcka mana jyxcHe Llpne I'ope ca npukasaHum ucmpaxcusaHum npoguaom Bomesuha - pedepenmuum npoguiom 3a
@opmayujy Byaoz (npema GAwLIcK et al, 2012). CkpaheHuye Ha ca. A, B u F: H-Mahapcka, RO-PymyHuja, BG-BEyzapcka, RNM-
Peny6auka CesepHa Makedonuja, AL-An6anuja, MNE-Lpna I'opa, B& H-BocHa u Xepyezosuna, CRO-Xpsamcka.
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as Bulog Limestone (DMITRIEVIC, 1997 and references
therein). But, a lot of these successions differ in their
age, microfacies, lithology and also their overlying
sedimentary rocks from the original understanding
(Hauer, 1888; KitTL, 1904) of the Bulog Limestone,
now Bulog Formation (see Supar et al.,, 2013).

The key Formation is the herein emended Bulog
Formation, first described in the area of Sarajevo as
“Kalke von Han Bulog” by HAUER, (1888) as “Muschel-
kalk” or “Buloger Kalke” by KiTTL (1904). However, as
in the type area a type-section was not defined by
HAUER (1888), as already stated by KiTTL (1904), the
whole area around the village Bulozi (old name “Han
Bulog”) was for a long time seen as reference area.
However, Karzer (1902, 1903) and KitTL (1904)
overlooked, that HAUER (1896) assigned the locality
with the rich cephalopod fauna near Han Bulog,
located in a small quarry in a serpentine along the
road near the village Vidovi¢ (old road Pale-Sarajevo)
as type-locality (see chapter history). Important to
note, that all sedimentary successions in the type
area around the village Bulozi show the same overall
lithostratigraphic evolution: Ravni Formation, Bulog
Formation, Graboviker beds subsequently followed
by the Wetterstein Carbonate Platform evolution
(Supar etal., 2023a). This contrasts other localities of
the Bulog Formation in the vicinity of Sarajevo, where
the Bulog Formation is part of the Middle-Late
Triassic Hallstatt Limestone succession (SUDAR,
1986).

In this paper we formalize the Bulog Formation
based on HAuer (1888, 1896), KitTL (1904) and
Suparetal. (2013, 2023a). With few adds and slight
modifications the existing definition of the Bulog
Formation (SupaRr et al.,, 2013 and with references
therein) is emended here. The Bulog Formation is
part of the newly defined Bulog Group, which
contains in moment the Bulog Formation and the
new introduced Komarani Formation. Whereas the
late Pelsonian to latest Illyrian (to ?Fassanian) Bulog
Formation consists of red nodular limestones, the
late Pelsonian to late Illyrian Komarani Formation
consists of series of mass transport deposits
containing older components (exclusively deriving
from the underlying Ravni Formation). The matrix
between the components are red biomicrites, i.e. a
Bulog Limestone matrix.

Geol. an. Balk. poluos., 2023, 84 (2), 71-106

History of research on the type-section:
problems and confusion

Mojsisovics et al. (1880) mentioned from a small
quarry south of Sarajevo (Miljacka valley) from light
grey limestones with chert nodules several bivalves
of the Halobia/Monotis group. These grey siliceous
limestones are connected with yellow-reddish to
red limestones which contain crinoids, gastropods
and ammonoids. Mojsisovics et al. (1880) assigned
these limestones to the “Alpiner Muschelkak”.

HAuER (1884, 1888, 1892, and 1896) determined
the cephalopod fauna from red and slightly marly
limestones in the area south of Sarajevo. HAUER
(1884) described the finding place as a small quarry
along a newly built road 14 km east of Sarajevo in
direction to Han Bulog (Bulozi), but still before the
bridge crossing the Miljacka river. He compared the
assemblage of species with those from the Schrey-
eralm (located between Gosau and Hallstatt in the
central Northern Calcareous Alps), described by
Mojsisovics (1869) who assigned the red nodular
limestones there (Schreyeralm Limestones) also as
“Alpiner Muschelkalk”. HAuER (1884) dated the de-
scribed fauna as Ceratites trinodosus Zone (= early
[llyrian). In 1888 HAUER for the first time syste-
matically described the cephalopods from these red
limestones (=“Bosnischer Muschelkalk”), but not
only from this quarry near Han Bulog. Hauer (1888)
added cephalopod findings from two additional
localities, all located on the road from Sarajevo to
Pale. In 1892 Hauer described newly detected
ammonoids from the small quarry along the road to
Han Bulog, and named the locality “Han Bulog”, but
assigned the limestones still as “Muschelkalk”. In
addition, HAUER (1888) mentioned a similar fauna he
found near Haliluci in the Miljacka valley. These
cephalopods from Haliluci (“Muschelkalk von Han
Bulog”) HAUER described in the year 1896. He added
a description of the area with the names and
locations of the villages (sections) in the area of the
finding places of the cephalopods: in the central part
of the area around Bulozi the oldest locality “Han
Bulog” is located and named “Stary Han Bulog”, to the
west the younger section “Novi Han Bulog”, and to the
east the younger locality “Han Vidovic(¢)”. All occur-
rences of red nodular limestones with cephalopods

75



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

are named as “Muschelkalk of Han Bulog” (translated
by the authors). HAUER (1896) stated that in the area
of these three villages, several other localities with
red nodular limestones, either intercalated or over-
lying light shallow-water limestones occur (neptu-
nian dike infillings resp. the Bulog Formation
overlying the Ravni Formation - explanation by the
authors). In addition, several localities along the
Miljacka valley are known, but from these localities
are no ammonoids faunas are described. Only two
localities, the locality “Han Bulog” (small quarry
along the road before the bridge in direction to the
village Han Bulog) and the locality “Haliluci” have a
rich and diverse cephalopod faunas. HAUER (1896)
specified the position of the locality “Han Bulog” as
located in the road serpentine near the village
Vidovi¢i (compare Katzgr, 1903).

KatzER (1902) named red nodular limestones in
the area between Fojnica and KreSevo as Han-Bulog
Kalke of the “Bosnian Muschelkalk”. KitTL (1904)
described the red nodular limestones above the light
grey Diplopora limestones (Ravni Formation) as
“Oberer Muschelkalk” (higher Muschelkalk) equiva-
lent in age to the Schreyeralm Limestone, or “Buloger
Kalke” (Bulog Limestone), or “Roter Ptychitenkalk”
(red limestones with Ptychites). KiTTL (1904) stated,
that the name “Buloger Kalke” better describes the
local red nodular limestone version in the area of the
village Bulozi as the name “Oberer Muschelkalk” and
that all red nodular limestone occurrences in the
surrounding of the village Bulozi are quite similar
(compare KaTzER, 1903). In the whole village Bulozi
and in their vicinity at that time existed three “Hans”
(old Turkish = inn = houses), which according by
KiTTL (1904), were named Stary Han Bulog, Novi Han
Bulog, and Han Vidovi¢. KiTTL (1904) also prefer to
name these red nodular limestones “Buloger Kalke”
(Bulog Limestone) and not “Kalke von Han Bulog”
(Han Bulog Limestone) as formerly widespread used.
By this (in fact correct and meaningful) statement
KiTTL (1904) confused all subsequent researchers
and opened the discussion about the correct name:
Bulog Limestone or Han Bulog Limestone (KOBER,
1952: Han Bulog or Hanbulog Kalke; CHARVET, 1978,
1980: “calcaires de Han Bulog”; RampNoux, 1974:
facies “Han Bulog”; ANGIOLINI et al,, 1992: Han Bulog
Lst.; GAETANI et al,, 2015: red nodular limestone of the
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Fig. 2. Overall tectonic map of the Dinarides in Bosnia and
Herzegovina, Serbia, and Montenegro, and adjacent countries
redrawn after Scumip et al. (2008, 2020), and based on new
results (GawLick et al., 2017a; DJERIC et al., in press; SUDAR et al., in
press). Red stars for Bulog Formation sections: HV - Han Vidovic¢
(type-section: Bosnia and Herzegovina), P - Pridovorica
(reference section: Bosnia and Herzegovina), Kq - Klisura quarry
(reference section: Sirogojno, Serbia), B - Boljevici (reference
section: Montenegro). Yellow stars for Komarani Formation
sections: K - Komarani (type-section: Serbia), O - Obradovici
(reference section: Serbia).

Ca. 2. TekmoHcka mana Jlunapuda y BocHu u XepyezosuHu,
Cp6uju u LpHoj T'opu, Kao u y cycedHUM 3eM/bAMA NOHOBO
HaypmaHo npema ScHMID et al. (2008, 2020) u 6a3upaHo Ha
HosuM pezynmamuma (GawLick et al,, 2017a; DJERIC et al,, in press;
SupAR et al,, in press). L{peene 38e3de cy npogpuau ca Popmayujom
Bynoe: HV - Xau Budosuh (muncku snokanumem: BocHa u
Xepyezosuna), P - [Ipudeopuya (pedpepenmuu npogua: bocHa
u XepyezosuHna), Kq - kamenonom Kaucypa (pedpepenmuu
npogu: CupoeojHo, Cpbuja); B - Bomesuhu (pegpepenmuu
npogua: lpua I'opa). Kyme 36e3de cy npogpuau @opmayuje
Komapanu: K - (muncku nokaaumem: Cp6uja), O - O6padosuhu

(pedpepenmuu npogpun: Cpbuja).
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Han Bulog Formation; Scumip et al., 2020: Han Bulog
facies). In fact, in the older literature, namely HAUER
since 1884 named the red nodular limestones
“Muschelkalk of Han Bulog” with the type-locality in
Han Vidovi¢, and not “Kalke of Han Bulog” (Han Bulog
Limestone). This shortening of the original name, in
fact only the local description of a rich cephalopod
finding place with a different meaning, because the
succession was assigned as a part of the “Muschel-
kalk” resulted in a more than hundred years lasting
discussion about the correct name for these red
nodular limestone succession above the Ravni
Carbonate Ramp.

Type- and reference sections

The type- and reference sections of Middle
Triassic sedimentary sequences of the Bulog Group
with these famous and very important red nodular
limestones (Bulog Formation) and mass transport
deposits (Komarani Formation) are located in the
following regions of the Dinarides in central Bosnia
and Herzegovina (region A), in SW Serbia (region
B), and Montenegro (region C):

A) type-section of the Bulog Formation in Han
Vidovi¢ in the vicinity of Sarajevo and reference
section Pridvorica for Bosnia and Herzegovina.

B) type-section of the Komarani Formation in
Komarani village (Zlatar Mountain south of Nova
Varos), reference section of the Komarani Formation
in Obradovi¢i (Zlatibor Mountain near Sirogojno),
and reference section Klisura quarry for the Bulog
Formation (Zlatibor Mountain near Sirogojno) in
SW Serbia.

C) reference section for the Bulog Formation in
Montenegro: section Boljevi¢i south of Virpazar.

In the Inner Dinarides of southwestern Serbia the
Komarani Formation occurs in different mélanges of
Middle-Late Jurassic age and is tectonically situated
below the Dinaridic Ophiolite nappe (West Vardar
ophiolites in the nomenclature of ScHMID et al., 2008,
2020; Dinaridic Ophiolite Belt - DimMITRIJEVIC, 1997;
DiMITRIJEVIC et al.,, 2003; KARAMATA, 2006; KovAcs et al.,
2011). In the Zlatibor Mountain the sections are part
of the Sirogojno carbonate-clastic Mélange, while in
the Zlatar Mountain the section is part of the Zlatar
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(Hallstatt) Mélange. These blocks containing the
Komarani Formation derive from the outer shelf area
(Hallstatt facies) or the later Drina-Ivanjica unit.

Lithostratigraphy and Formations

Due to nearly 150 years of intensive investigations
in the Anisian series of the Dinaridic mountain chain
all literature can not be cited in this paper, but is
available in the according reference list. For older
lithological descriptions, flora and fauna content,
additional references as well as the regional
distribution of the Bulog Group lithologies following
key references should be considered: HAUER, 1888,
1892,1896; Bukowskl, 1895; GorjaANOVIC-KRAMBERGER,
1896; VINASSA DE REGNI, 1903; KiTTL, 1904; MARTELLI,
1904, 1906; SaLoPEK, 1911, 19144, b, 1918; ZIVKovic,
1906/7, 1931; BESIC, 1945; PETKOVIC & MILETIC, 1953;
Mitrova, 1958; CELEBIC, 1964; MITROVIC et al., 1972;
WENDT, 1973; LjuBoviC, 1976; FISCHER & JACOBSHAGEN,
1976; MiHAJLovIC-PavLovic, 1979; SupaArR & BUDUROV,
1979, 1983; MUDRENOVIC, 1982, 1995; SuUDAR, 1982,
1986; PrRL] & MUDRENOVIC, 1988; SuDAR et al., 2013. The
interested reader in this topic is also referred to Subpar
etal. (20234, b, with references therein), SUDAR et al.
(in press) and GawLick et al. (2023 and references
therein).

Revisiting the type-locality (SupAR et al., in press),
and on base of new biostratigraphic, sedimento-
logical, and microfacies data, i.e. the facies evolution
of Middle Triassic sedimentary sequences in the
Inner Dinarides, especially from different blocks in
Middle-Late Jurassic mélanges below the Dinaridic
Ophiolite nappe in SW Serbia and related units all
over the Dinarides, we define and emend Middle to
Late Anisian key formations (Bulog and Komarani
formations of the late Middle to Late Anisian
sedimentary succession). We follow in the definitions
the international standards and recommendations
introduced by HEDBERG (1976), North American
Stratigraphic Code (1983), SALVADOR (1994), STEININ-
GER & PILLER (1999), and REMANE et al. (2005).

In general we follow for the Middle-Late Anisian
subdivision and their geochronological correlation
0GG & CHEN (2020). Whereas the Pelsonian and
[llyrian stages (see Pia, 1930; ASSERETO, 1974) are
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fairly well defined and subdivided in several
ammonoid zones (BaLINI et al., 2010 and references
therein), the use and the subdivision of the am-
monoid zones/subzones varies (BALINI et al.,, 2010
and references therein; compare OGG & CHEN, 2020).
Beside ammonoids, conodonts - and in cases
radiolarians - play a crucial role for biostratigraphic
age dating of open-marine sedimentary successions.
Nevertheless, ammonoid and conodont biostratigra-
phic scales are used separately since KrystyN (1983)
(compare ORCHARD & To0ZER, 1997), and the corre-
lation of the zones, the stratigraphic ranges of the
species is used not in a similar way (compare
KRrystyN, 1983; Kozur, 2003; ORCHARD, 2010; CHEN et
al, 2015). Same is valid for the correlation of
radiolarian zones (Kozur & MOSTLER, 1994, 1996;
Kozur, 2003; O'DoGHERTY et al., 2010 and references
therein). The conodont assemblages and the bio-
stratigraphic age range of different species in
correlation with ammonid zones is fairly well
constrained for the late Pelsonian and early Illyrian,
and also in cases for the late Illyrian. The FAD of
several conodont species in the Middle Illyrian (R.
reitzi ammonid Zone, with in cases subdivision in a
lower R. reitzi Subzone and higher A. avisianum
Subzone) varies significantly (Bupurov & STEFANOV,
1972; Kozur, 1980, 2003; KRrysTYN, 1983; BUCHER &
ORCHARD, 1995; Brack et al., 2005; CHEN et al,, 2015

and references therein). The biostratigraphic age
dating of the type- and reference 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 (ORrcHARD, 2010; Kiui¢ et al.,
2017; PrLasenIciA et al.,, 2018; SMIRCIC et al., 2018;
KiLig, 2021) and seem therefore to be slightly inac-
curate, the biostratigraphic age of every conodont
assemblage is very exact.

Bulog Group
Definition of the Bulog Group

The Bulog Group with in moment two forma-
tions is introduced, formalized and defined in this
publication: Bulog Formation and Komarani Forma-
tion. These two different formations in the Bulog
Group represent undoubtedly correlative and lateral
equivalents, but differ significantly in their lithology.
The sedimentary rocks of the Bulog Group overly as
drowning sequence the Ravni Carbonate Ramp
(Supar et al,, 2013). The depositional environment

Fig. 3. Previous page: Pelsonian to Early Carnian sedimentary succession of the type-locality of the Bulog Formation, the type-section
Han Vidovic (N 43°51°7, 75“E 18°30°55, 36") east of Sarajevo. Slightly modified and simplified after SUDAR et al. (in press). In the measured
profile the different formations and their ages are indicated. The photos show some characteristic features of the type-section. 1.
Overview of the basal Pelsonian Ravni Formation crosscutted by two generations of neptunian dikes filled with red micrite. Upsection
follows a breccia layer overlain by the red nodular limestones of the late Pelsonian to early Illyrian Bulog Formation containing the
lower part the famous Fossillagerstidtte. The exact position of the Fossillagerstdtte is situated in the small quarry, today covered with
bushes and small trees, but it is practically excavated. 2. The overlying late Pelsonian to Illyrian Bulog Formation above the Ravni
Formation and the 1 m thick breccia layer in between. 3. Transition of the ?latest Illyrian to Ladinian Grabovik Formation to the bedded
siliceous limestone sequence with intercalated turbidites of Early Carnian age.

Ca. 3. [Ilpemxodua cmpaxa: I[lesicoHcka 0o paHo KapHujcka ceduMeHmHa cykyecuja Ha munckom npogpuay @opmayuje bBynoe, muncku
sokaaumem Xan Budoguh (N 43°51°7, 75°E 18°30°55, 36“), ucmouHo 00 Capajega. Maso modugukosana u ynpowhena npema SUDAR
et al. (in press). Ha mepeHom npoguy cy udenmugpukosaHe pazauvume gopmayuje u dame cy rwuxoge cmapocmu. Pomozpagduje
npukasyjy Heke kapakmepucmuyHe ocobeHocmu munckoe nokaaumema. 1. Illpezaed 6asanxoz deaa nesacorcke Popmayuje PagHu
ucnpeceyaHoz ca dee zeHepayuje HeNMyHCKUX 0ajK08A UCNYHEHUX Yp8eHUM MUKpumom. Hasuwe y cmy6y je caoj ca 6pevama koje cy
npekpuseHe YypeeHuM HoOyAapHUM Kpeurayuma KacHo nesacoHcke 0o paHo uaupcke Popmayuje bBynoe, koja y dorbem desy cadpicu
npeno3Hamsueo nexcuume gocuaa. Tauax nooxicaj 0802 HA20MUAAKA GOCUNA je y MANOM KAMEHOAOMY, U NOKPUBEH je HCOYH-EeM U
Manum dpeehem, na je npakmuyHo ckopo HenpenosHamsvus. 2. [losnamua kacHo nescoHcka do uaupcka Popmayuja Bynoe je usHad
®opmayuje PasHu, a usmehy je caoj 6peue deboune 1 m. 3. [lpesnas od ?HajkacHuje uaupcke do naduHcke Popmayuje I'pabosuk y
CeKBeHYY C/0je8UMUX CUAUYUJCKUX KDeUHaKa NPOCAOjeHUX mypoudumuma paHo KapHujcke cmapocmu.
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is in detailed described and documented in GAwLICK
etal. (2023), Supar et al. (2023b) and SupaAr et al. (in
press).

Bulog Formation

Type-locality Han Vidovi¢ in Bosnia and
Herzegovina

The type-locality Han Vidovi¢ in Bosnia and
Herzegovina (N 43°51'7, 75“E 18°30°55, 36“) was
revisited and described in detail by Supar et al.
(2023b) and SupaAR et al. (in press). In the following
we will summarize only the most important results
of the section description and biostratigraphic age
dating.

In the type-section the Bulog Formation overlies
the shallow-water limestones of the Ravni Formation
as drowning sequence. The shallow-water limestones
of the Ravni Formation, especially their algae flora,
was studied and described in detail in P1A (193543, b).
The lower part of the Bulog Formation, especially
their cephalopod fauna was studied by HAUER (1884,
1892), and is late Pelsonian to early Illyrian in age.
The shallow-water limestones of the Ravni Forma-
tion are crosscut by two generations of neptunian
dikes: the first generation is of late Pelsonian age
(Supar et al,, in press), whereas the second generation
could not be exactly dated. But a late Illyrian age for
this neptunian dike generation is most likely as
proven for several other Bulog Formation localities
(GawLick et al, 2023). Directly above the Ravni
Formation and below the famous beds of the
Fossillagerstatte a one meter thick sedimentary
breccia was deposited. The red nodular limestone
succession including the Fossillagerstitte was dated
by conodont assemblages (FISCHER & JACOBSHAGEN,
1976; SuDAR, 1986) as late Pelsonian to late Illyrian,
based on the revised and new conodont assemblages
(Supar et al,, in press). Above the Bulog Formation the
?late Illyrian-Ladinian siliciclastic and siliceous
Grabovik Formation deposited (KitTL, 1904; SUDAR et
al, in press). The Grabovik Formation turned
upsection in grey dm-bedded siliceous limestones
with limestone turbidite intercalations consisting of
shallow-water grains. This uppermost part of the
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succession is of Early Carnian age. For more sedimen-
tological details, conodont faunas, and detailed
microfacies characteristics of the whole Middle
Anisian to Early Carnian sedimentary succession the
interested reader is referred to SupAR et al. (in press).

Emendation of the Bulog Formation

Validity: Valid (Bulog Formation). First descrip-
tions by Mojsiscovics et al. (1880) as “Alpiner Mu-
schelkalk” and Hauer (1884) as “Alpiner Mu-
schelkalk von Han Bulog”. Emended and defined in
this paper.

Type area: Vicinity of Sarajevo.

Type-section: Section Han Vidovi¢ in a serpen-
tine of an old road Pale-Sarajevo near the village
Vidovi¢i (HAUER, 1896). FISCHER & JACOBSHAGEN
(1976), Supar (1982, 1986) and other authors (e.g.,
VujnoviC et al,, 1981; MaRrIC et al,, 1982) wrongly
named this section Han Bulog.

Reference section(s): We assign the section
Pridvorica in Romanija Mt. (eastern Bosnia and
Herzegovina) as reference section for the Bulog
Formation in Bosnia and Herzegovina, the section
Klisura quarry near Sirogojno as reference section
for Serbia, and the section Boljevi¢i as reference
section for Montenegro.

Derivation of name: After the old name which
today is not in use (Han Vidovi¢) of the village
Vidovi¢i, near Sarajevo (Bosnia and Herzegovina).

Synonyms: Bulog Limestones (DIMITRIEVIC et al.,
1981, 1983; SUDAR, 1986; DIMITRIJEVIC & DIMITRIJEVIC,
1991). But see discussion in KiTTL (1904) and Subar
etal. (2013).

Lithology: Red nodular, in cases thin to dm-
bedded or massive limestones, sometimes also
reddish-grey in the lowermost part. In some
sections with chert nodules in the uppermost part.
For microfacies characteristics see GAWLICK et al.
(2023), Subar et al. (2013, 2023b) and Figs. 4 and 5
in this paper. In cases with ammonoid layers
(WENDT, 1973) and hardgrounds.

Fossils: Cephalopods, conodonts, foraminifera
and some others (e.g., ostracods, radiolaria, “fila-
ments”). Readers are referred to the key references
listed above in this chapter.
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Origin, facies: Hemipelagic, condensed limesto-
nes (depositional environment and details sum-
marized in SupAR et al.,, 2013 and GawLIcK et al.,,
2023). Sedimentation rate normally low, often
interrupted by periods of submarine erosion,
stratigraphic condensation, submarine erosion
subsurfaces and hardgrounds.

Chronostratigraphic age: Late Pelsonian to late
[llyrian (?early Fassanian) by means of conodonts;
it has to be mentioned that there is practically no
conodont marker species for the base of the
Ladinian, except the rare form Budurovignathus
praehungaricus (KovAcs).

Biostratigraphy: Based on the precise conodont
biostratigraphic ages (late Pelsonian - latest Illyrian,
?earliest Ladinian) the Bulog Formation belongs to
the time interval from the Schreyerites binodosus to
the Nevadites secedensis ammonoid zones (KOzug,
2003). A lowermost Ladinian age cannot be exclu-
ded. According to old data based on cephalopods
from SW Serbia the Bulog Formation/Limestone was
dated as lower lllyrian, Paraceratites trinodosus and
Ladinian, Protrachyceras archelaus zones (Merica on
Zlatar Mt. by Zivkovié, 1931; MIHAJLOVIC-PAVLOVIC,
1979), or as lllyrian, Paraceratites trinodosus Zone in
Klisura quarry (Sirogojno) on Zlatibor Mt. by Mu-
DRENOVIC (1995). In the type-area HAUER (since 1884)
described also Paraceratites binodosus (HAUER) and
species of the genus Balatonites MojsISOVICS.

Thickness: Highly variable. In the type-locality
up to 22 m (SuDAR, 1986). In the reference section
Pridvorica in Bosnia and Herzegovina the thickness
of the Bulog Formation is 56.5 m according to MARI¢
et al. (1982) (measured from the lower Illyrian
cephalopod Fossillagerstatte), or around 60 m (SUDAR,
1986; VujnoviC et al., 1981). The thickness in the
reference section Klisura quarry in SW Serbia is 17,5
m according to DIMITRIEVIC et al. (1981), or 21 m
(SupaRr et al,, 2013, 2023b). This difference is the
result of block tilting around the Middle/Late
[llyrian boundary which results in different depo-
sitional thicknesses (see SuDAR et al., 2013, 2023b).
In the reference section Boljevi¢i (Montenegro) the
thickness is of about 15 m (GawLIck et al., 2012).

Lithostratigraphic higher rank: Bulog Group.

Subdivision: No subdivision in members. In rare
cases three different members can be recognized.
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KiTTL (1904) separated in the type area the youngest
part of the Bulog Formation as “Starygrad Lime-
stone”, but the lowermost two members cannot be
distuinguished in the type-section. In the reference
section Sirogojno (Klisura quarry) in SW Serbia SUuDAR
et al. (2013) distuinguished three members. In the
reference section for Montenegro, the section Bolje-
vi¢i, the late Illyrian member can also be dis-
tuinguished based on lithofacies characteristics. In
most sections only the general deepening trend or a
change in the microfacies characteristics can be
recognized, but a subdivision is not possible.

Underlying units (foot wall boundary): Shal-
low-water carbonates of the Ravni carbonate ramp.
In cases with a stratigraphic gap (karstification).

Overlying units (hanging wall boundaries):
Variable (see Table 1).

Geographic distribution: The Bulog Formation
occurs beside its type region in the area of Sarajevo
(KittL, 1904) very widespread in the Dinarides,
Albanides, and Hellenides. One of the southernmost
occurrences in Bosnia is near Kalinovik, and near
KoZuh (Karzer, 1902, 1903). Near Grahovo in west
Bosnia is the type area of Arcestes studeri (HAUER).
From here the Bulog Formation strikes to Croatia
(Pregrada/Kuna Gora - GORJANOVIC-KRAMBERGER,
1896). In Montenegro Bukowski (1895), MARTELLI
(1904, 1906), SaLopex (1911) and GawLick et al.
(2012) described several localities. For a more
detailed history of the studies related to the Bulog
Formation the interested reader is referred to SUDAR
etal. (2023b) and Supar et al. (in press).

In the years 1958-1989 during geological map-
ping in the former SFRY for the Basic Geological Map
(scale 1:100,000), based on chronostratigraphic
principles, Bulog limestones are recognized as sepa-
rated type of facies or units, and mentioned very
sporadically, and always named H(h)anbulog lime-
stones or red brecciated limestones of the hanbulog
type. For example in Bosnia and Herzegovina: Sheet
Sarajevo (regions of Crepoljsko-Trebevi¢-Treskavica
Mts. with well known localities Blizanac, Studen-
kovidi, etc.), JovaNoviC et al. (1978); Sheet Praca (area
of Han Bulog, ?Haliluci, Romanija Mt,, etc.), VujNoviC
(1983); Sheet Vlasenica (vicinity of village Stupari),
STRAJIN et al. (1980); or in Montenegro: Sheet Pljevlja
(Kovac Mt., Cehotina river, etc.), MirxkoviC & Pajovic
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(1980); Sheet Bijelo Polje (slopes of Crni Vrh, Giljeva
Mt., regions of Negobratina, etc.), ZIVALJEVIC et al.
(1984); Sheet Savnik (regions of Sinjajevina Mt.,
Niksi¢ka Zupa), KaLEZIC et al. (1973); Sheet Ivangrad
(Komovi, Bjelasica Mt., between Lima and Tara
rivers), ZIVALJEVIC et al. (1982); Sheets Bar I Ulcinj
(Crmnica, Boljevidi, etc.), MirkoviC et al. (1978). After
the first steps in establishing the Bulog Limesto-
nes/Formation in a regular lithostratigraphic sense
(DiMITRIJEVIC et al., 1981, 1983; SuDAR, 1986; DIMITRI-
JEVIC & DIMITRIJEVIC, 1991), DiMITRIJEVIC (1997) descri-
bed in detail their distribution and development from
the different structural units in former Federal
Republic of Yugoslavia (Serbia & Montenegro).

Lateral units: Komarani Formation, Rid Forma-
tion, volcanics and volcano-sedimentary rocks (late
[llyrian to Ladinian), radiolarites (late Illyrian to
Ladinian).

Remarks: The Bulog Formation at its type-
locality is overlain after deposition by ?late Illyrian

- Ladinian deep-water sedimentary rocks (Grabovik
Formation, Supar et al.,, in press), and later by the
Early Carnian Wetterstein Carbonate Platform,
formed in a central shelf position. In general,
between the Bulog Formation and the Wetterstein
Platform evolution variable late Anisian - Ladinian
deep-water sedimentary rocks were deposited (for
example Grabovik Formation, radiolarites). To
assign the Bulog Formation generally as Hallstatt
Limestones (e.g., KRYSTYN & SCHOLLNBERGER, 1972;
FISCHER & JACOBSHAGEN, 1976; SLADIC-TRIFUNOVIC &
LjuBovi¢, 1975; SupAR 1986; DIMITRIJEVIC & DIMITRI-
JEVIC, 1991) is misleading, although Mojsisco-
vics (1882) and HAuER (1884) point out the great
similarity of the cephalopod fauna of the Bulog For-
mation and the Schreyeralm Limestone (Northern
Calcareous Alps). However, both the Bulog
Formation and the Schreyeralm Limestone show
similar microfacies and experienced the same
tectonostratigraphic events (GawLick et al., 2021 and

Fig. 4. Previous page: Microfacies characteristics of the late Pelsonian to early/middle Illyrian part of the Bulog Formation. 1. Condensed
earliest Illyrian packstone with thin-shelled bivalves, broken foraminifera, recrystallized radiolarians, ostracod shells, and micrite clasts.
Clasts of hardgrounds are common. Han Vidovi¢ (Bosnia and Herzegovina). Sample MS 353. Width of the photo 0.5 cm. 2. Early Illyrian
“filament”-limestone. Han Vidovi¢ (Bosnia and Herzegovina). Sample MS 356. Width of the photo 0.5 cm. 3. Late Pelsonian bioturbated
wackestone with “filaments’, some recrystallized radiolarians, and some micrite clats. Boljevi¢i (Montenegro). Sample MNE 5. Width of
the photo 0.5 cm. 4. Late Pelsonian wackestone with “filaments’, few broken crinod fragments, and micrite clasts. Pridvorica (Bosnia
and Herzegovina). Sample MS 709. Width of the photo 0.5 cm. 5. Early Illyrian condensed wacke- to packstone with bivalve shells,
Juvenile ammonoids, recrystallized radiolarians, and crinoid fragments. Klisura quarry (Sirogojno, Serbia). Sample MS 1554-1. Width
of the photo 0.5 cm. 6. Late Pelsonian laminated wackestone with thin-shelled bivalves and calcite and micrite clasts. (Sirogojno, Serbia).
Sample SCG 58. Width of the photo 0.5 cm. 7. Early lllyrian “filament”-wackestone with some recrystallized radiolarians. Vodena Poljana
(Zlatar Mt., Serbia). Sample SRB 638. Width of the photo 0.5 cm. 8. Early/middle Illyrian wacke- to packstone with “filaments’, broken
shells, gastropods, and ostracods. Klisura quarry (Sirogojno, Serbia). Sample MS 1556. Width of the photo 0.5 cm.

Ca. 4. [lpemxodHa cmpana: MukpogayujaiHe kapakmepucmuke KACHO NeJCOHCKO2 00 paHo,/cpedrbo uaupckoe deaa Popmayuje Byaoe.
1. KoHOeH308aHU HAjpaHUju UAUPCKU NEKCMOHU €A WKO/bKAMA MAHKUX /bYWmMypa, CA0MBEHUM POopamMHUpepuma, 0cmpakooHUM
Jeyumypama u MUKpumcKkum Kaacmuma. YobuuajeHu cy kaacmu xapdzpayHoa. Xan Budosuh (BocHa u Xepyezosuna). Y3opax MS 353.
Hupuna gomoepadpuje 0,5 cm. 2. Paro unupcku “pusamenmuu” kpeursak. Xan Budosuh (Bocha u Xepyezosuna). Y3opak MS 356. llupuna
¢omoepadgpuje 0,5 cm. 3. KacHo nescoHcku 6uomypb6amuu eekcmoH ca “gpusamenmuma’, NOHEKOM peKpucmanucaniom paduoaapujom u
nojeduHayHuM Mukpumckum kaacmom. boweguhu (Ljpua lopa). Y3opak MNE 5. lllupuna ggpomoepadgpuje 0,5 cm. 4. KacHo nesconcku

“«

8eKCMoOH ca “usaameHmuma’, HEKOAUKO NOAOMEHUX (ppazmeHama KpuHouda u Mukpumcku kaacmu. Ilpudeopuya (bocna u
Xepyezosuna). Yzopaxk MS 709. lllupuna gpomoepaguje 0,5 cm. 5. PaHo uaupcku KoHOeH308aHU 8eK- 00 NEKCMOHU €a /oywumypama
WKO/bKU, y8EHUAHUM AMOHOUOUMA, PEKPUCMAAUCAAUM paduoaapujama u gpazmenmuma kpunouda. Kamenosom Kaucypa (CupozojHo,
Cp6uja). Y3opak MS 1554-1. llupuna gomoepagpuje 0,5 cm. 6. KacHo nesicoHCKU AAMUHUPAHU 8eKCMOH €A MAHKUM Jbyumypama
6usas8uja u KAAYUmMcKUM u Mukpumckum kaacmuma (Cupozojro, Cpéuja). Y3opak SCG 58. lllupuna gpomoepagpuje 0,5 cm. 7. PaHo
UNUPCKU “punameHmuu” 8eKCMOH ca NOHEKOM peKpucmanucaaom paduoaapujom. Bodeua Iosvana (naanuna 3aamap, Cpbuja). Yopak
SRB 638. lllupuna gpomoepaguje 0,5 cm. 8. Pano-cpedro uaupcku 8ek- do nekcmoH ca “pusameHmuma’, N0A0OMbEHUM WKObKAMA,

eacmponodama u ocmpakodama. Kamenosom Kaucypa (CupoeojHo, Cp6uja). Yzopak MS 1556. lllupuna pomozpagpuje 0,5 cm.
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references therein), and both represent the post-
drowning sequence of the Ravni/Steinalm
Carbonate Ramp. The main difference between the
Bulog Formation and the Schreyeralm Limestone is
their palaeogeographically different depositional
realm. The Schreyeralm Limestone as lowermost
member of the Hallstatt Limestone succession was

deposited on the outer shelf (LEIN, 1987; KRrYSTYN,
2008 and references therein). In both domains, the
Northern Calcareous Alps and the Dinarides Hallstatt
Limestone successions, including the late Pelsonian
to Illyrian red nodular limestone successions
(Schreyeralm and Bulog Limestone) above the
Steinalm/Ravni Carbonate Ramp are only preserved
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in Callovian-Oxfordian mélanges (GAWLICK & MISSONI,
2019 and references therein). In fact, also in the Dina-
rides late Pelsonian - Illyrian red nodular limestone
successions appearing together with Ladinian to
Rhaetian Hallstatt Limestones should be named
Schreyeralm Limestone due to the priority of that
name. A possible reference section in the Inner
Dinarides could be the section Mala Merica in the
Vodena Poljana area (SupARr, 1986, GawLicK et al.,
2017b, 2023). Here the red nodular limestone
succession is overlain by reddish radiolarites of
latest Illyrian to Fassanian age, similar as known
from the section Obzovica in Montenegro/High

Karst unit (GawLick et al., 2012) with its overlying
Early Carnian Wetterstein Formation. In contrast to
the section Obzovica in the section Mala Merica
(Zlatar Mt.) follow above the radiolarites a complete
Hallstatt Limestone succession. This is also valid for
Bulog Formation occurrences in the whole Zlatar
(Hallstatt) Mélange area in the Zlatar Mt. (GAwLICK
et al. 2017a, b, 2018) or in the surroundings of
Sarajevo (SUDAR 1986; SuDAR et al,, in press), and
other far-transported sections in the Dinarides, e.g.,
the section Ovcar Banja (DjERIC et al,, in press) which
deposited on the continental slope. This shows that
underlying and directly overlying sedimentary units

Fig. 5. Previous page: Microfacies characteristics of the late Illyrian part of the Bulog Formation. 1. Bioturbated radiolarian
wackestone with few “filaments”. All radiolarians are recrystallized to calcite. Sample MS 732 from Pridvorica (Bosnia
and Herzegovina). Width of the photo: 0.5 cm. 2. Accumulation of thin-shelled bivalve in layered mud- to wackestones. In
the bivalve accumulation also hardground clast are preserved. Sample MS 1557-1 from Klisura quarry (Sirogojno, Serbia).
Width of the photo 1.4 cm. 3. Thin-shelled bivalve (“filament”) wacke- to packstone lumachelle, bioturbated. Pyrite is
common. Sample SRB 313 from Vodena Poljana (Zlatar Mt., Serbia). Width of the photo 1.4 cm. 4. Slightly bioturbated
radiolarian wackestone with “filaments”. All radiolarians are recrystallized to calcite. Sample SRB 644 from Pavlovica
Cuprija (Zlatar Mt., Serbia). Width of the photo: 0.5 cm. 5. Silicified layered radiolarian- and “filament” wacke- to packstone.
The silification of an original slow accumulating siliceous muddy limestone took place during early diagenetic processes.
The precipitated amorphous silica of the pore-water of the lithifying limestone exceeds the critical value in silica
supersaturation. Sample BIH 6 from Brodan (Bosnia and Herzegovina). Width of the photo: 0.5 cm. 6. Bioturbated silicified
radiolarian-“filament” wacke- to packstone. The reduced accumulation rates, subsequent diagenetic dissolution and
reprecipitation processes of biogenic quartz and aragonite conspired with pH changes caused in the suboxic bioturbated
depositional milieu also to ‘cloudy’ textures. Radiolarians are poorly to moderatly preserved and mostly recrystallized.
Sample MNE 80 from Boljevi¢i (Montenegro). Width of the photo: 0.5 cm.

Ca. 5. IlpemxodHa cmpaHa: MukpogayujasHe kapakmepucmuke KacHo ujaupckoz deaa Popmayuje Bynoz. 1.
Buomypb6amuu paduosapujcku 8eKcmoH ca Hekoauko “pusamenama’. Cee paduoaapuje cy pekpucmanaucasey Kaiyum.
Y3opak MS 732 u3 IIpudeopuye (bocHa u XepyezosuHa). llupuna gomoepaguje 0,5 cm. 2. Akymynayuja maHkux
Jeywmypa éusasasuja y caojesumum Mad- 00 eKCMoHUMa. Y akymyaayuju busaasuja makohe uma cavyeaHux Kaacma
ca xapdzpayHoa. Y3opak MS 1557-1 u3 kamenosoma Kaucypa (Cupozojuo, Cpbuja). llupuna gpomoepagpuje 1,4 cm. 3.
Tanke wywmype 6usanasuja (“dpuramenmu”) eek- do nekcmoH aymakese, 6uomypbamue. [lupum je yobuuajeH. Y3opak
SRB 313 ca Bodene IlomaHe (naaHuHa 3aamap, Cpé6uja). llupuna gomozpaguje 1,4 cm. 4. Carabo 6uomypb6amHu
paduosaapujcku eekcmoH ca “pusamenmuma’. Cee paduosapuje cy pekpucmanaucase y kaayum. Y3opak SRB 644 ca
Ilasnosuha hynpuje (naanuna 3aamap, Cpb6uja). Ulupuna ¢omoepaguje 0,5 cm. 5. Cuauyujcku caojesumu
paduosaapujcku u “pusamenmuu” gek- do nekcmoH. Cuaugukayuja U380pHO 1A2AHO AKYMYAUPAHO2 CUAUYUJCKO2
My/mesumoze Kpeuraka dewasana ce mokoMm paHodujazeHemckux npoyeca. [lpemasodcena amopgdHa cuauyuja nopHe
g8ode NUMuUPUKOBAHUX KpeuHaKa Npesasuna3u KpumuyHy epedHocm y jakom 3acuhery cuauyuje. Y3opak BIH 6 u3
Bpodana (FocHa u XepyezosuHa). llupuHa ¢pomoepaguje 0,5 cm. 6. BuomypbamHu cuauyujcku paduoaapujcku
“®unamenmnu” eek- do nekcmoH. PedykosaHa akymyaayuja, kacHuja dujazeHemcka ducoayyuja u npoyecu NOH08./beH02
maJoxcera 6uozeHoz Kkeapya u apazoHuma 3ajedHo ca pH npomeHama y3pokoeaau cy cy60KCU4HYy 6uomypb6amuy
denosuyuoHy cpeduHy, makohe do “cloudy” (HejacHe) mekcmype. Paduosapuje cy caabo do ymepeHo cavysaHe U y2/1a8HOM
pekpucmadnucane. Y3opak MNE 80 us bowesuha (LpHa Iopa). lupura pomozpadgpuje 0,5 cm.
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Fig. 6. Schematic section of the Pelsonian-Illyrian sedimentary succession of the type-locality

Komarani. Conodont biostratigraphic ages according to CHEN et al. (2015). Shallow-water

organisms of the Ravni Formation from GawLick et al. (2018). The left column shows the

section along the road from Komarani village to the dam on the Sjenica Lake. The right

column shows the reconstructed column of the reworked sedimentary succession preserved

as components in the mass transport deposits of the Komarani Formation. Abbreviations for

the fossils: algae: M.=Macroporella, E.=Endotriadella; conodonts: GlL=Gladigondolella,

Nic.=Nicoraella, Pg.=Paragondolella.

Ca. 6. llemamcku npodua nencoHCKo-uaupcke ceduMeHmMHe CyKyecuje Mmunckoz

sokaaumema Komapanu. Buocmpamuepagcka cmapocm koHodoHama je no CHEN et al.

(2015). llrumkogodHu opearusmu u3z Popmayuje Pasu no GawLick et al. (2018). /lesu cmy6

npuxka3syje npogua dyxc nyma od cesna Komaparu do 6pane Ha Cjenuukom jesepy. [lecHu cmy6

npukasyje pekoHcmpyucaHu cmy6 npema.odiceHe ceduMeHmHe CyKyecuje cadysaHe Kao

KOMNOHeHme Hacaaza maceHoz mpavcnopma gpopmayuje Komaparu. Ckpahenuye 3a

¢ocune: anze: M.=Macroporella, E.=Endotriadella; xonodowmu: Gl.=Gladigondolella,

Nic.=Nicoraella, Pg.=Paragondolella.

alone do not define the palaeogeographic realm in
which these Middle Triassic sedimentary successions
were deposited. Only in longer successions, at least
reaching the Late Triassic, a decision about the
palaeogeographic provenance of an Anisian - La-
dinian (Bulog Formation containing) sedimentary
succession is possible. Isolated occurrences with
limited stratigraphic preservation cannot be assigned
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to any palaeogeographic do-
main in the Dinarides. To
avoid more confusion we
plead for a use of the term
Bulog Formation in the Di-
naridic mountain range for all
late Pelsonian - Illyrian (?ear-
liest Ladinian) red nodular
limestone successions, as do-
ne for more than 100 years.
Red nodular limestone suc-
cessions with a different tecto-
nostratigraphy should be in
future separated as a new
formation from the Bulog For-
mation, but only as part of the
Bulog Group, that at least this
stratigraphic niveau can be
mapped as Bulog Group lime-
stones if more detailed studies
are not possible for a mapping
geologist. To transfer the litho-
stratigraphic name “Schreye-
ralm Limestone” as the lower-
most part of a Hallstatt Li-
mestone sequence is for the
Dinarides therefore not practi-
cable. Same is valid for oc-
currences in the Albanides or
Hellenides.

Komarani Formation -
Late Pelsonian and
Late Illyrian mass
transport deposits

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”; Figs. 1, 2) roughly 200
meters south of the dam.

This section is assigned as type-section of the
Komarani Formation (Supar et al,, 2023a), and starts
with shallow-water limestones of the Pelsonian
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Fig. 7. Field views of the polymictic late Illyrian mass transport deposits of the Komarani section. 1. Southern part of the section. View
in direction to the dam on the Sjenica Lake. 2. Northern part of the section. View in direction to Komarani village. 3. Angular half-meter-
sized Ravni Formation block with neptunian dikes filled with red biomicrite (Bulog Limestone) and Ravni Formation components. 4.
Decimeter-sized late Pelsonian Bulog Limestone block. 5. Various Ravni Formation blocks, Bulog Limestone components and red late
Illyrian Bulog Limestone matrix. 6. Ravni Formation and Bulog Formation angular clasts in a red late Illyrian limestone matrix.

Ca. 7. H32nedu mepeHa noAUMUKMHUX KACHO UAUPCKUX HACAA2a MAceHo2 mpaHcnopma Aokaiumema Komapauu. 1. JyscHu deo
sokaaumema. Ilozaed y npasyy 6pare Ha CjenuukoM jezepy. 2. Cesepru deo nokaaumema. [loesned npema npasyy ceaa Komapanu. 3.
HazHnymu (kocu) 610k opmayuje PagHu 0d nosa mempa ca HenmyHcKUM 0ajko8uma UcnyreHuM YypeeHuM 6uomuxkpumonm (bBysowku
Kpeursayu) u komnonenmama Popmayuje Pasnu. 4. baok deyumemapcke eeqUHUHE KACHO NeACOHCKUX Bysiowkux kpeurbaka. 5.
Pazauvumu 610ko8u Popmayuje PagHu, KomMnoHeHme By/10WKUX KpeuHaka U YpeeHU KACHO UAUPCKU MAMPUKC By/10WKUX kKpeurbaka.

6. Yenacmu kaacmu Popmayuje Pasnu u Popmayuje Bysnoz y mampukcy KacHO UAUPCKUX YPBEHUX KPeUH KA.
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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 (HUCKrRIEDE) (sample SRB 630)
indicating a late Illyrian age. Higher up follows a
series of coarse-grained mass transport deposits.
Between the mass transport deposits reddish-grey
turbidites are locally preserved. They contain
middle to late Illyrian conodonts - Gladigondolella
tethydis and Paragondolella excelsa MOSHER (sample
SRB 631a). In the mass transport deposits angular
components of the Ravni Formation dominate.

Beside these Ravni components Bulog Limestone
components are frequent. These Bulog components
have: 1) a late Pelsonian age, dated by following
conodonts: Nicoraella germanica (Kozur), Nicoraella
kockeli (TATGE), Paragondolella bifurcata Buburov &
STEFANOV, and Paragondolella bulgarica BUDUROV &
STEFANOV (sample SRB 632), or 2) latest Pelsonian to
earliest Illyrian, dated by following conodonts:
Paragondolella bifurcata and Paragondolella han-
bulogi SupAR & Buburov (sample SRB 631).

In the matrix of this polymictic mass transport
deposit appears biotite clasts indicating volcanic
influence and their age is late Illyrian on base of
following conodont fauna: Gladigondolella tethydis,
Paragondolella excelsa, and Paragondolella tramme-
ri (sample SRB 632a).

In contrast to dasycladalean algae, foraminifera
(Fig. 9) are very rare in the Ravni limestone pebbles

Fig. 8. Previous page: Microfacies characteristics of the components and the matrix of the late Illyrian Komarani Formation near the
dam on the Sjenica Lake. 1. Polymictic breccia in a fine-grained red marly matrix (late Illyrian). Beside the microbial limestones of the
Ravni Formation biomicrite components with thin-shelled bivalves are present. Sample SRB 628-2. Width of the photo: 1.4 cm. 2. Reddish-
grey late lllyrian radiolarian-“filament” siliceous wackestone intercalated between the different mass transport deposits. Sample SRB
630. Width of the photo: 1.4 cm. 3. Red “filament”-wackestone matrix, late Illyrian. Sample SRB 630-2. Width of the photo: 1.4 cm. 4.
Late Illyrian to ?Fassanian radiolarian wacke- to packstone with some broken thin bedded bivalve fragments (“filaments”). Sample SRB
632. Width of the photo: 0.5 cm. 5. Microbial limestone of the Ravni Formation. Sample SRB 628-1. Width of the photo: 1.4 cm. 6.
Microbial fabrics of the Ravni Formation forming a cement-dominated encrusting structure. Sample SRB 630. Width of the photo: 1.4
cm. 7. Late Pelsonian clast of the drowning sequence of the Ravni Formation. The fine-grained layer contains beside few micrite clasts
of the thin-shelled bivalves. The turbiditic grainstone layer contains also broken foraminifera and encrusted components. Sample SRB
631. Width of the photo: 1.4 cm. 8. Latest Pelsonian to earliest Illyrian “filament”-rich reddish wackestone in contact with the late
Illyrian radiolarian-rich wackestone matrix. On the stylolithic contact red insoluble clayey material is enriched. Sample SRB 632-2.
Width of the photo: 1.4 cm.

Ca. 8. [IpemxodHa cmpana: MukpodayujasHe kapakmepucmuke KOMNOHeHAMaA U Mampukc KacHo uaupcke Popmayuje Kamapanuy
61u3uHu 6pate Ha Cjenuyukom jesepy. 1. [loaumukmua 6peua y puHO3pHOM YpeeHOM A1an0posumMoM Mampukcy (kacrvu uaup). [loped
MUKpobuaHux kpeursaka Popmayuje PagHu npucymHe cy 6UOMUKPUMCKe KOMNOHEHMe ca 6Usa/isujama maHKux yumypa. Y3opak
SRB 628-2. lllupuna gpomozpadpuje 1,4 cm. 2. [JpgeHkacmo-cusu KacHo UAUPCKU paduoiapujcko-“gpusamenmuu” cCuAUYUjcKU 8eKCMOH
npocaojen usmehy pasauvumux Hacaaza maceHoz mpaHcnopma. Yszopak SRB 630. lupuna ¢omozpaguje 1,4 cm. 3. l]pseHu
“bunamenmuu” eekcmoH mampukc, kacHu uaup. Y3opak SRB 630-2. lllupuna gomozpadpuje 1,4 cm. 4. KacHo uaupcku do ?¢pacancku
paduoaapujcku 8ek- 00 NeKCMOH €A HeKOIUKO N0/I0M/beHUX MAHKO ycao0jeHux gppazmeHama busansuja (“pusramenmu’”). Y3opak SRB
632. Hlupuna gomoepadgpuje 0,5 cm. 5. MukpobuasHu kpeurbak Popmayuje PasHu. Y3opak SRB 628-1. lllupuna gpomoepaguje 1,4 cm.
6. Mukpo6uasne meopesuHe Popmayuje PasHu cmeopuse cy obagujajyhy cmpykmypy ca doMuHuparbem yemenma. Y3opak SRB 630.
upuna ¢pomoepaguje 1,4 cm. 7. KacHo nescoHcku kaacm nomarsajyhe cexgenye @opmayuje PasHu. PuHospHu ca0j cadpicu
HEeKOIUKO MUKpUMCcKUX Kadacma od 6usa/asuja maHkux seywmypa. Caoj mypbudumckoe epejHcmona makohe cadpicu nos0MmeHe
gopamunugpepe u o6asujere 6uokomnoHenme. Yzopak SRB 631. [llupuna ggpomoepadpuje 1,4 cm. 8. HajkacHuju nescoHcku do HajpaHuju
uaupcku “punamenmuma”’ 6oeam ypeeHKkacmu 8eKCMoH y KOHMAKmy je ca KacHo uaupckum paduoaapujama 602amum 8eKCmMoH
Mmampukca. Cmui0AumcKyu KoHmaxkm je o6ozaheH YypeeHUM HepacmeopeHuUM 2AUHO8UMUM Mamepujaaom. Yzopak SRB 632-2. lllupuHa

¢pomozepadgpuje 1,4 cm.
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Fig. 9. Dasycladalean algae and foraminifera from the Komarani section on Zlatar Mt. (SW Serbia) (samples SRB 628a-d, 632a-e). 1,

2, 5, 6. Macroporella alpina P1a. 3, 4. Earlandinita sp., 7. Endotriadella wirzi (KOEHN-ZANINETTI). 8. ?Arenovidalina sp. Scale bar is 1

mm (1) and 0.25 mm (2-8).

Ca. 9. [lasukaadayejcke anze u popamunugepu ca nokaaumema Komaparu Ha naanuru 3aamap (J3 Cp6uja) (y3opyu SRB 628a-d,

632a-e). 1, 2, 5, 6. Macroporella alpina Pia. 3, 4. Earlandinita sp., 7. Endotriadella wirzi (KOEHN-ZANINETTI). 8. ?Arenovidalina sp.

Pasmepa je 1 mm (1) u 0.25 mm (2-8).

of the Komarani Formation. Endotriadella wirzi was
described from the middle-upper Anisian (KoEHN-
ZANINETTI, 1969), but was also reported from the
Ladinian (ALTINER et al., 2021). These authors give a
general range from the uppermost Spathian to
Ladinian. The dasycladalean algae Macroporella
alpina Pia range from the middle-upper Anisian to
the lower Ladinian (GRANIER & DELOFFRE, 1994; BUCUR,
1999; Bucur & Enos, 2001). For the Western Tethys
these age ranges are doubted by GawLick et al. (2021)
based on the fact that the Steinalm/Ravni Carbonate
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Ramp elsewhere in the Western Tethyan realm
experienced a drowning in the late Pelsonian. In
cases of overlying late Illyrian deep-water limestone
above these Pelsonian shallow-water limestones
always a gap is recognized, and intense carstification.

Definition of the Komarani Formation

Validity: Valid (Komarani Formation), newly
defined here. First incomplete and unformal de-
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scription, in lithostratigraphic sense, by SuDAr et al.
(2013) as separated unnamed member of Bulog
Formation. SubAr & GawLick (2022), for the first
time, used this name with a short description.

Type area: Mélange areas below the Dinaridic
Ophiolite nappe.

Type-section: Komarani village near Nova Varos.
Block in the Zlatar (Hallstatt) Mélange.

Reference section: Obradovi¢i section, block in
the Sirogojno carbonate-clastic Mélange, first
described by Supar et al. (2013). Details in GAWLICK
etal. (2023).

Derivation of name: After the village Komarani.

Synonyms: Unknown.

Lithology: Oligomictic breccias. Two different
levels in the late Pelsonian and late Illyrian can be
distinguished (GawLick et al, 2023). The late
Pelsonian breccias contain components from the
underlying Ravni Formation, i.e. shallow-water
carbonates Aegean, Bithynian and Pelsonian in age.
Pelsonian shallow-water limestones of the upper
Ravni Formation, i.e. from the Dedovi¢i Member are
predominant. The matrix consists of red deep-
marine micritic limestones which correspond to the
older Bulog Formation. The late Illyrian breccias
contain components from the underlying Ravni and
Bulog formations, i.e. shallow-water limestones
from the upper Ravni Formation (Dedovici
Member) and late Pelsonian to middle Illyrian red
nodular limestones from the Bulog Formation. The
matrix consists of red deep-marine micritic lime-
stones which correspond to the upper Bulog
Formation.

Fossils: In the components appear all described
organisms known from the Ravni Formation, i.e.
calcareous algae and foraminifera by which the
components can be biostratigraphically dated. The
matrix contains ammonoid shells, foraminifers,
ostracods, radiolarians, and conodonts.

Origin, facies: Open- and deep-marine facies at
the base of newly formed escarpments formed in
the frame of the stepwise opening of the Neo-Tethys
Ocean and tectonic motions triggered by Late
Anisian volcanic activity. Reworked material was
mobilized along the escarpments and transported
as mass transport deposits (slide and debris flows)
into the adjacent newly formed basins.
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Chronostratigraphic age: Late Pelsonian and
late Illyrian. If component mobilization is con-
tinuous during the late Pelsonian to late Illyrian
time span cannot be decided yet. In moment only
two different event of component mobilization can
be distinguished by biostratigraphically methods.
The Komarani Formation is therefore time-equi-
valent to the Bulog Formation.

Biostratigraphy: Schreyerites binodosus to Neva-
dites secedensis ammonoid zones (late Pelsonian to
late Illyrian). Age dating on base of conodont faunas
of the underlying and overlying deep-water lime-
stones and age dating of the matrix.

Thickness: In moment a thickness up to 60 m is
known, but it can be expected that also much thicker
successions may exist.

Lithostratigraphic higher rank: Bulog Group.

Subdivision: No subdivision.

Underlying units (foot wall boundary):
Shallow-water carbonates of the Ravni Carbonate
Ramp or late Pelsonian to middle Illyrian Bulog
Formation.

Overlying units (hanging wall boundary):
Depending of the palaeogeographic position several
different Formations can be expected to be depo-
sited above the Komarani Formation, similar as
those deposited above the Bulog Formation (Table
1). On the continental slope a rapid deepening and
less sediment formation of sediment supply is
proven (GawLicK et al., 2017a; GawLICcK & MISSONI,
2019), here grey cherty limestones, radiolarites, or
volcanics can be expected. In the outer shelf area
radiolarites or open marine Hallstatt Limestones
(Grauvioletter/Graugelber Bankkalk) were depo-
sited. More to the central shelf areas red nodular
limestones of the Bulog Formations, radiolarites,
volcanics or volcanic sandstones, in cases also grey
siliceous limestones were deposited.

Geographic distribution: In moment described
from blocks in different mélanges below the Dina-
ridic Ophiolite nappe and the section Luci¢a Krs
which derives from the Drina-Ivanjica unit (GAwWLICK
et al,, 2023). It can be expected, that the Komarani
Formation was deposited in all areas where the
Bulog Formation was formed. The Komarani
Formation is one Formation which express the
newly formed horst-and-graben morphology in the

91



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

frame of the stepwise opening of the Neo-Tethys
Ocean after the continental break-up in late
Pelsonian times (SuDAR et al., 2013; GawLicK et al.,
2021) and the subsequent volcanic activity in the
(late) llyrian, predominatly recognized in proximal
to central shelf areas. In the frame of the Neo-Tethys
break up a horst-and-graben structure was formed
widespread on the later Neo-Tethys passive
continental margin and associated sag-basins. For
occurrences in southern Montenegro, where age
equivalent breccias associated also with volcano-
sedimentary peperite clasts (CApENOVIC et al., 2018)
which can probably be included in the Komarani
Formation further studies are needed. The late
[llyrian polymictic carbonate breccias overlain by
condensed late Illyrian red nodular limestones with
ammonid faunas (SLADIC-TRIFUNOVIC & LjuBovi¢, 1975;
LjuBovi¢ 1976; Pakovic et al., 2023) are assigned to
the Komarani Formation in Montenegro (East
Bosnian-Durmitor megaunit).

Lateral units: Bulog Formation, radiolarites of
the Nova Varo$ Group for the higher (late Illyrian)
mass transport deposits.

Remarks: Without much detailed description on
their characteristics the name Bulog breccia or
pseudo Bulog for these mass transported deposits
were used like unformal or working names by the
mapping geologists NATALIJA ZUPANCIC and ZIRA NASTIC
in the years 1986-1989, when they mapped in the
region of Zlatar Mt. (localities Mala Merica peak,
Crvene Vode, area of Mucanj Mt., etc) for the Project
D2 of the “Thematic Geological Map”. In the same
time the leaders of this project in their papers
(DimiTRIEVIC et al., 1981; DIMITRIJEVIC & DIMITRIJEVIC,
1991, etc.) used the names a) MFk-calcareous
breccias type flat-pebble (intraformational breccia)
or b) intrasparudite-intraformational breccia for
the same deposits. The name Bulog breccias or c-
type of Bulog Formation was also mentioned by
Supar et al. (201543, b).

To integrate the Komarani Formation into the
Bulog Formation as independent member, as pro-
posed by SupAR et al. (2013) imply the difficulty that
the lithology and the thickness is quite different
from the Bulog Formation as described for more
than 100 years in the literature (KittL 1904). Typical
characteristic features of the Bulog Formation as
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condensation, ammonoid-rich layers (Fossillager-
statten - WENDT, 1973), and nodular fabrics are not
visible in the matrix of the Komarani Formation.
Therefore also the microfacies characteristics of the
matrix of the Komarani Formation reflect only one
microfacies type known from the highly variable
microfacies of the whole Bulog Formation, i.e.
“filament”-radiolarian wackestones are the pre-
dominant matrix sediments between the
components. Nevertheless, the Komarani Formation
is strongly connected with the Bulog Formation by
the matrix and the palaeogeographic appearance.
The Komarani Formation reflect deposition near the
footwall of newly formed escarpments in the frame
of the stepwise opening of the Neo-Tethys Ocean
and mirror therefore in a very impressive way
formation of new relief which is expressed by
mobilization of mass transport deposits which were
deposited in the adjacent basins in relative thick
successions.

Discussion

The Anisian to Early Carnian successions with
red nodular limestone deposition (Bulog Group) in
the time span late Pelsonian to Illyrian (?earliest
Fassanian) in the Dinarides have as underlying
sedimentary succession exclusively the shallow-
water carbonates - predominantly limestones - of
the Ravni Carbonate Ramp elsewhere. In contrast,
the overlying sedimentary successions vary from
region to region regarding their palaeogeographic
and palaeotopographic position (Table 1). The
horst-and-graben structure of the late Pelsonian
drowning unconformity of the Ravni Carbonate
Ramp experienced an overprint during late Illyrian
times with the onset of intense volcanism and
formation of new relief, i.e. formation of a second
horst-and-graben topography. Therefore the over-
lying sedimentary rocks above the Bulog Group are
highly variable in the time span late Illyrian - Longo-
bardian: volcanic rocks, volcanoclastic sedimentary
rocks, radiolarites, siliceous volcanic ashes, “pietra
verde”, grey bedded siliceous limestones, red no-
dular limestones, carbonate breccias and even more
varieties were deposited (Table 1). During the Early
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Fig. 10. Thickness and age correlation of the type-section Han Vidovi¢ and the reference sections Pridvorica (Bosnia and Herzegovina),
Klisura quarry (Serbia), and Boljevi¢i (Montenegro). Simplified stratigraphic columns after Subar et al. (1986) and SupAR et al. (in press)
for Pridvorica, Supar et al. (2013) and Supar et al. (in press) for Klisura quarry, and GawLick et al. (2012) for Boljeviéi. Absolute ages

(Ma) from 066G & CHEN (2020).

Ca. 10. [lebpuHa u Kopesayuja cmapocmu munckoe Aokaaumema Xan Budosuh u pedpepenmuux npoguaa: Ilpudeopuya (bocHa u
XepyezosuHa), kamernosom Kaucypa (Cp6uja) u bomesuhu (LpHna I'opa). Ynpowhenu cmpamuepagcku cmy6osu npema SUDAR et al.
(1986) and SupAR et al. (in press) 3a [Ipudsopuyy, SUDAR et al. (2013) u SUDAR et al. (in press) 3a kameHosom Kaucypa u GAwLICK et al.

(2012) 3a boesuhe. Anconymtue cmapocmu (Ma) cy uz 066 & CHEN (2020).

Carnian the deposition gets more unified with the
onset of the Wetterstein Carbonate Platform
evolution. Shallow-water carbonates and bedded
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grey siliceous limestones with resediments from the
platforms overly the highly diverse late Illyrian to

Ladinian sedimentary rocks.
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We recognized in the drowning evolution of the
Ravni Carbonate Ramp and the subsequent depo-
sition of the Bulog Limestone throughout huge areas
of the Inner and Outer Dinarides several significant
differences (SUDAR, 1986; GawLick et al., 2012, 2023;
MRDAK et al.,, 2022a, b) in the microfacies chara-
cteristics, the sedimentological features and the
deepening history. These drowning successions
resemble in general the evolution of the Bulog
Limestone successions as defined, but differ in parts
from the Bulog Limestone successions as described
and defined in the type area (HAUER, 1888; KiTTL,
1904; SupAR, 1986) or related depositional realms
(Supar et al,, 2013; GawLick et al,, 20174, b), and in
cases also in the overlying formations (Table 1).

The thickness of the Bulog Formation is variable
in all different stages (Fig. 10), depending on the
position in the newly formed horst-and-graben
topography in the late Pelsonian. In general in most
sections the thickness does not exceed 20 meters
(Fig. 10; Gawiick et al, 2023), but there are
exceptions. Characteristic sedimentological features
are condensed horizons, in parts expressed as
cephalopod-enriched Fossillagerstatten layers. The
first horizon is widespread situated at the Pelso-
nian/Illyrian boundary and contain often a mixed
late Pelsonian to early Illyrian cephalopod fauna. A
second level of condensation/cephalopod enrich-
ment is biostratigraphically situated in the
Avisianum Zone resp. around the Middle/Late
[llyrian boundary and often expressed by a litho-
and microfacies change above. Correlation of
depositional rates and absolute ages (0GG & CHEN,
2020) point to a relatively high depositional rate of
the Bulog Formation in a relatively short time span,
quite exceptional for red nodular limestones. Taking
into account that relatively long periods are
expressed by the formation of the cephalopod-rich
layers or layers with condensation the depositional
of fine-grained mud (decompacted) was relatively
high in certain parts of the newly formed basins,
especially in the late Pelsonian. While significant
thickness differences in the late Pelsonian can be
recognized, during Early-Middle Illyrian times after
the first time of stratigraphic condensation these
differences decrease and this trend continues to the
late Illyrian and is correlative with the change in
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litho- and microfacies reflecting a continuous
deepening of the depositional realm.

The thickness of the Komarani Formation is also
variable and depends on the distance to the footwall
of the newly formed escarpments, but so far known
the thickness does not exceed 80 m in the late
Pelsonian to Illyrian sections or 60 m in late Illyrian
successions. However, these preserved thicknesses
indicate that in the late Pelsonian a relief of at least
more than 100 meters was formed. This is in line
with the reworked components occurring in the
mass transport deposits which consist exclusively
of components from the underlying Ravni Forma-
tion, predominantly of the upper Dedovi¢i Member,
and only in rare cases of the lower Utrine Member.
As the thickness of the shallow-water carbonates
rarely exceed 200-250 meters, in cases even less,
the newly formed basins cannot have a water depth
more then 150 metres improved also by the fact that
some horsts emerged and karstified (Supar et al.,
2013; GawLick et al. 2017a, 2023; compare GAWLICK
etal, 2021 for Northern Calcareous Alps). This is in
line with the water-depth calculation of WENDT
(1973) who estimated a maximum water-depth of
100 m for the Bulog Limestone. The second pulse of
extension around the middle/late Illyrian boundary
crosscuts the older horst-and-graben structure
forming a new relief, forming morphological differ-
ences which also not exceed roughly 100 meters, as
indicated by the known thicknesses of the Komarani
Formation and the component spectrum in the mass
transport deposits. During the late Illyrian also the
formerly elevated and karstified horst flooded.
Therefore the water-depth of the basins can not be
exactly estimated for late Anisian times onwards,
but cannot exceed 300 meters for their deepest part,
also indicated by the maximum thicknesses of the
overlying Early Carnian Wetterstein Carbonate
Platform (600-800 m according to DIMITRIJEVIC,
1997). These thicknesses of the Wetterstein
Carbonate Platform are doubted by Missoni et al.
(2012) and GawLick et al. (2012). In prograding
platforms sometimes - especially in mountain
ranges - vertical thicknesses were measured in
prograding clinoforms. Therefore the measured
thicknesses do not reflect the water-depth of the
filled basin.
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Conclusions

In general, the overall depositional environment
and paleotopography of the sedimentary rocks of
the Bulog Group was reconstructed in SUDAR et al.
(2013) and GawLick et al. (2023). In relation to the
depositional characteristics of the Bulog Group in
the Dinarides we draw following conclusions:

A) The underlying sedimentary rocks of the Bulog
Group are exclusively carbonates of the shallow
water Ravni (Steinalm) Carbonate Ramp.

B) In the frame of the oceanic-break up of the Neo-
Tethys Ocean a horst-and-graben morphology
formed with deposition of a variety of
sedimentary rocks during the time span late
Pelsonian to the Anisian/Ladinian boundary:.

C) The sedimentary rocks of the Bulog Group
represent the drowning unconformity above the
shallow-water Ravni Carbonate Ramp.

The emendation of the Bulog Formation and the
definition of the Komarani Formation form now a
solid lithostratigraphic base for the late Middle to
Late Anisian to create high-resolution geological
maps. Even if a clear decision of age equivalent
sedimentary rocks is not possible they can be
mapped as sedimentary rocks of the Bulog Group.
Slightly different lithologies or sedimentary succes-
sions will be probably introduced in future as new
formations, but these formations have to be
included into the Bulog Group.
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Pe3ume

Oj IJIMTKOBOJHE KapOOHAaTHe paMIie 10
XeMuIleJlaliKe Jy60KOBOJHE MapUHCKe
KapOoHaTHe Aeno3unuyje: [leo 3.
JIutocrpaTurpadpuja u popmanuje
CpeJ0 0 KACHO aHU3MjCKe OY/IOoIIKe
ceauMeHTHe cykuecuje (By1omka
I'pyna) y Aunapuguma (bocHa u
XepuerosuHa, Cpouja, Lipua l'opa)

Jlutoctparturpadcke jefuHuLe, Tj. dopmanuje cy
HEOIIXOJHa OCHOBA 3a e0JIOUIKO KapTUpame, 3a
pasyMeBame CeJJMMEHTOJIOLIKe/Te0/IOIKe CUMe-
TpHje y peTMOHa/IHOM JIOMeHyY, U 3a KopeJiucame. Y
JuHapuzauMa, JTUTOCTpaTUrpadcCcKe jeJUHHULLE jOLI
YBEK HHUCY y NOTIYHOCTH ycarjalleHe ca UHTep-
HallMOHAJIHUM CTaHAapAuMa. Y Me3030jCKoj (yrJiaB-
HOM TPHjaCKO-jyYpCKOj) CeAUMEHTOJIOIKO] eBOJIY-
LIMjH HEKOJIMKO JINTOCTPAaTUrpadCKUX jeJUHULIA jOLL
HUje AedHUHUCAHO K3 BUIE pasJjora, Kao LITO Cy:
HeJloCTaTaK y6eJbUBOT TUIICKOT JIOKAJUTETA, U30-
CTaHaK MOJUHCKHUX U NOBJIATHUX JIUTOCTpATUTpad-
CKUX jeJMUHUIIA, UJIM jep jolI YBEK HHje NPaBUJIHO
JNedbrHMCcaHa oAroBapajyha cTapocT.
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MebyTum, oxbanuBame nocrojehux mMeHa u
3aMerMBakbe ca HOBUM MMeHHMa 3a popmanuje
JloBeJio 6U 710 uHJIanMje HOBUX UMEHa IITO He 61
Tpebasio Aa 6yae qusb. HacynpoT ToMe, Tpeba Aa ce
JOKaXKke Jla aKO IIOCTOjU CTapO UMe Koje ce Moxe
eMeHJiMpaTy (UCIPaBUTH), OHJA r'a Tpeba NOHOBO
HMCKOPUCTUTHU 3aTO LITO je ynoTpeba yobudajeHor
MMeHa BakHa 300r odyBamka KOHTHHYyWUTETa M
CTaGU/IHOCTH. Je/iHa 0/ eHUTMAaTUYHHUX JINTOCTpa-
TUrpadCKUX jeJMHULA je NOTOI/beHAa CeKBeHLa
CpeAr0 aHU3UjCcKe KapboHaTHe pamine PaBHH, Tj.
LPBEHUX HOAYJApPHHUX KpeylaKa Ha3BaHUX
Bysomku kpedywany. CKOpo Jja HAje Ta4yHO MO3HaT,
OJlHOCHO Jia je 3a60paB/b€H THUICKU JIOKAJIUTET
jyxxkHo of CapajeBa, a KaCcHMja U3y4aBamka OBUX
LIpPBEHUX HOZlyJIApHUX KpeyaKa TOKOM I1epUoJa O/
ckopo 150 rogMHa ca pasiMuuTOM YIIOTPe6OM JIUTO-
cTpaTturpadckor MMeHa, yKasyje Ha oTpeby jacHOT
JedbuHucama (u ucnpaske) Popmanuje bysor u ca
HOM Be3aHUX JIMTOCTPATUTPAPCKUX jeJUHULIA.

Cykuecuje LpBeHUX KpeukwaKa U3HaJ MJIUTKO-
BO/IHUX KapboHaTa KapboHaTHe pamie PaBHU uin
YakK MojaBe (M3/1aHI[M1) U30JI0BAHUX LIPBEHUX HOJY-
JIapHUX AyOOKOBOJHUX KpeuaKa TPaJAULMOHAIHO
Cy KapTUpaHW M ONMCHMBAHU Kao ByJsomku Kpe-
Ykballu. AJIY, MHOTE Of] OBUX CYKLIeCHja ce Pa3JIUKYjy
10 CTAapOCTH, MUKpodaliujamMa, TUTOJIOTHjU U TaKohe
IbUXOBe [10BJIaTHE CeJJUMEHTHe CTeHe U3 IPBOOKUT-
HOT cxBaTama ByJolKUX Kpeuwaka, cajia cy Pop-
Manuja bysnor. Kibyuna @opmanuja oBjie je eMeH-
nupaHa @opmanuja bysor, kojaje mpBU My T onMcaHa
y obs1actu CapajeBa kao “Kalke von Han Bulog”. HAUER
(1896) je 03HauMO Haa3UILTe ca 6oraToM Liedaso-
nofgHoM ¢gayHoM y 6siM3uHU XaH Bysora, ouupaHo
y MaJIOM KaMeHOJIOMY y KPUBUHU YK MyTa y OJIU-
3uHU cesa BupoBuhu (crapu nyT [lane-CapajeBo),
Kao TUIICKU JIoKa/uTeT. CBe ce/lUMEHTHE CyKLecHje
y TUIICKO] 06J1aCTU OKO ceJsia Bysio3u nmokasyjy ucty
YKYIIHY JUTOCTpaTUrpadcky eBoayuujy: Popmanuja
PaBuu, @opmanuja bysor, ['paboBuk cJojeBy,
KacHUje npaheHu eBoJsynujoM BeTepiuTajHcke Kap-
6oHaTHe miatdopme. OBO je y CyIPOTHOCTH IIpeMa
JpyruM JokanHoctuma Popmanuje Bysor y 6su-
3uHU CapajeBa, rje je OHA [Je0 CpeAr0-KacHO
TpHUjacKke Xa/LITATCKe KpeubadKe CyKLecHje.

®opmanuja Bysor je neo HoBojgeduHHCaHe
['pyne Bysor, koja TpeHyTHO cazapxu Popmanujy
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Bysior u HoBOyBenieny @opmanujy Komapanu. Jlok
ce KacHO TeJICOHCKA 0 HajKacHUje UIupcKa (10
?dacancka) @opmanuja Bysor cactoju o ipBeHUX
HOZy/JIapHUX KpeykaKa, KaCHO IeJICOHCKA JJ0 KaCHO
unupcka Popmanuja KomapaHu ce cacToju of
cepuje Hacjara MaceHoOr TPaHCIOPTa Koje cazpike
CTapyje KOMIIOHEHTe (MCKJ/bYYMBO MOTUYY U3
noguHcke ®opmanuje PaBHu). MaTpukc usmebhy
KOMIIOHEeHaTa Cy pBeHU GUOMUKPUTH, Tj. MATPUKC
Bynomkux kpeymwaka.

Turncku JokaauTeTu U pedepeHTHU NpoduIu
CpellbOTpUjacke CelMMEHTHe ceKBeHLe [pyne
Bysor 1 0BU MO3HAaTM U HUHTEH3UBHO LpBEHU
HOAYJIapHU Kpeykhalu U CeJUMEeHTH MaceHOT
TpaHCcHoOpTa Hajase ce y ciaegehum pernoHuma
JuHapuja y ueHtpasHoj bocHu u Xeprerosuny, y
J]3 Cp6uju, u y LipHoj l'opu. To cy:

A) tuncku jokanutetr Popmanuje bynor: Xan
Bugosuh y 6sn3uHu CapajeBa U pedepeHTHH
npodun [Ipuasopuua, y bocuu u XeprieroBuHu.

B) tuncku nokanuter ®opmanuje Komapanu
(ceno Komapanuy, nyiianuHa 3.aTtap jykHo o, Hose
Bapouiu), pedpepentHu npodun Popmanuje Koma-
panu y O6pasoBuhuma (msiaHuHa 3s1aTUOOD Y
6s1u3uHU CuporojHa) U pedepeHTHHU Tpod I KaMe-
HoJsioM Kuticypa 3a bysomiky ¢opmanujy (nianuHa
3natubop y 6ansuHu CuporojHa), y J3 Cpbuju.

1) pedepentHu npodpus Popmanuje Bysory Lip-
Hoj ['opu (mpodun BosweBuhu jyrkH0 o Bupnasapa).

Jdedununuja 'pyne Bysor

Y osom MomMmeHTy y I'pyny Bysior cy yk/bydeHe,
dbopmanusoBaHe U AeduHUcaHe JBe dopMaLyje.
Passnuute popmauuje y 'pynu Bysor 6e3 cymme
Ipe/CTaB/bajy KOpeJaTUBHe U 60YHe eKBUBAJIEHTe,
aJii ce 3HA4ajHO pasJIMKYyjy y JuTosaoruju. Cenpu-
MeHTHe cTeHe ['pyne ByJsior Jiexke npeko ceKBeHLie
noTamaka KapboHaTHe pamie PaBHHU.

UcnpaBka gepunucasocrtu ®opmanuje
Bysor

BasmmaHoct: Banupana (Popmanuja Bysor).
[IpBe onuce cy gaau Mojsiscovics et al. (1880) kao
“Alpiner Muschelkalk” u HAUER (1884) kao “Alpiner
Muschelkalk von Han Bulog”. ¥ oBom paay je
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HcIipaB/beHa U fiepuHMUCAHA.

Tuncka o6siact: bsiinsuna CapajeBa.

Tuncku siokaaurteT: [Ipodus Xan Bugosuh y
KpUBHHU cTapor nyTa [lane-CapajeBo y 6J1U3MHHU
cesia Buposuhu (HAUER, 1896).

PedepenTHu npodus(u): O3HaueHU cy: Mpo-
¢u [IpujBoprLa Ha JIaHWHU PoMaHuju (McTOYHA
BocHa u XepiieroBuHa) kao pepepeHTHU Mpodu 3a
®opmanujy Bysor y Bocuu u XepuieroBuHu, npoua
y kameHoJsioMy Kuucypa y 6ausuHu CuporojHa y
Cp6uju, u npodus bospeBuhu kao pedpepeHTHHU NPO-
¢un y Lpnoj l'opu.

Ilopeksio umeHa: I1o crapoM HasuBy XaH byJior,
JaHalme ceso bysnosu, 6;iu3y CapajeBa (bocHa u
XepieroBuHa).

CMHOHMMM: By/I0IIKYU Kpeuymaly.

JIutonoruja: llpBeHU HOAYJApHH, Y HEKHUM
cJIy4dajeBUMa TaHKU 10 dm-Ze6esiv Uiu MacUBHU
Kpeuymwall, NOHeKa/, Takohe LpBEHKACTO-CUBU Y
HajHMXKeM Jiesty. Ha HekuM npoduinma y HajBULIEM
Jlesly cazp:ke poxkHauke HozyJie. [loHerze umajy
c/l0jeBe ca aMOHOUAMMA U XapArpayHJe.

®ocunm: lledanonoau, KoHOJOHTH, opaMu-
HUubepu U Apyru (HIp. oCTPaKoAe, pagroiapuje,
“bunamenTtn").

IopekJo, panuje: XeMuneaalku, KOHJeH30-
BaHU Kpeuywald. HopMasHO HH3aK pexuM
cefMeHTaldje, 4eCcTO MpeKWAaH IepuojuMa
cy6GMapHHCKe epo3Hje, I0BEO je /10 KOH/leH3alluje U
HacTaHKa XapArpayHza.

XpoHocTtpaTturpadcka crapoct: KacHu nejicoH
Jlo kacHU uiup (?panu dacan).

Buoctparurpadmuja: basupaHa Ha npenu3HoOj
6uocTpaTUrpadCKoj CTapoCTH KOHOZ0HATA (KacHU
NeJICOH A0 HajkacHUju uaup) Popmanuja bysor
npunaZa BpeMeHCKOM UHTepBasly of, Schreyerites
binodosus no Nevadites secedensis aMOHOUJIHE 30HE.
Hajuu»ka 1ajuHCKa CTapoCT ce He UCKJbyYyje.

Je6/bMHA: Jako Bapupa: o] HEKOJIMKO MeTapa
Jo npeko 60 meTapa.

Iloagena: Hema nojesie Ha Y1aHOBeE.

lloguHCcKe jeauHHLe (rpaHuna MNOAHWHE):
[I1uTKOBOAHU KapbOHATU KapOOHATHE paMmIle
PaBHU. Y HeKHM cJiydajeBUMa ca cTpaTUrpadpckom
Npa3HUHOM (KapcTUUKAIHjOM).

IloBiaTHe jeauHHne (rpaHuULle NOBJAaTe):
[IpomemuBe.
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lFeorpadcko pacmpocrpameme: Popmanuja
ByJior, 0CUM y lbeHOM THIICKOM PErMOHY y 06/1acTH
oko CapajeBa, LIUPOKO je pacnpocTpamweHa y [lunHa-
pujrMa, AnbaHurMMa U XejleHUuMma.

BouHe jeguanune: opmanuja Komapanu, @op-
Manuja Pupz, ByJIKAHUTU U ByJKaHO-CeJJUMEHTHEe
cTeHe (KacHO WJIMPCKe 0 JIAJIUHCKE), pajuoJia-
pUTH (KacHU WJIMPCKH 10 JIAJJUHCKH).

Hanomene: ®opmarnuja Bysior Ha CBOM THIICKOM
JIOKQJIUTETY JIEXKU MCIOJ, lelIOHOBAaHUX JIaJUHCKUX
JlyOGOKOBOJAHUX ceMMeHTHUX cTeHa (Popmanuja
['paboBUK) paHO KapHUjcKke BeTepiuTajHcke Kap-
6oHaTHe maTdopMe, HACTaJUX Y LEHTPAJIHOM
neny wesda. Yonuure, usmehy ®@opmanuje Bysor u
npoMewHBe eBosynMje BeTepiuTajHcke miatdop-
Me 6uJsle cy JeNOHOBaHe KaCHO aHU3HUjCKe -
JIaJMHCKe 1y6G0KOBOJHE CTeHe. 3ay3uMaMo ce 3a
ynotpeby tepmuHa Popmanwuja bynor y [JuHa-
PUACKOM IJIAHWHCKOM IOJPYYjy 3a CBe KacHO
NeJICOHCKe — WJIMPCKe CYKIlecHje IIPBEHUX HOZLY-
JIapHUX KpeuhakKa, Kao LITO je yYUHeHO MIpe BUILIe
oz, 100 roguna. Cyknecuje pBEeHUX HOAYJAapPHUX
KpeytaKka Ca pas/IMYMTOM TeKTOHOCTpaTurpa-
dujom Tpebaso 6u y 6yayhHOCTH 0BOjUTH Kao
noce6Hy popmauujy us dopmanuje bysor, anu
camo kao feo 'pyne Bysor, ja 64 ce Ha Kpajy Taj
cTpaTturpapcku HHUBO MOrao KapTHpaTH Kao
kpeuwauu [pyne bBynor ako Hucy woryha
JleTa/bHUja UCTpaXKKMBaka 3a KapTupajyhe reoJiore.
Y3etu saurtoctpaturpadpcko ume “Schreyeralm
Limestone” kao HajHUKHU Jleo XaJIITAaTCKe Kpey-
bauKe CeKBeHLe OBJe je 3a /JluHapuje He-
MPaKTUYHO. cTO Baxku 3a nojaBe y AsibaHuuMa U
XejieHUUMA.

Jedununuja Popmanuje Komapanu

BaymmpaHoct: BanugHa (Popmanuja Komapanu),
HOBOJlepHHMUCAHA Y OBOM pajy.

Tuncka o6sact: 06/1aCTU ca MeJIaHXXO0M HCHOJ
JuHapuscke opHOJIMTCKe HaBJIAKe.

Tuncku siokaaurtet: Ceno Komapanu y 6su-
3uHu HoBe Bapomu. biok y 3snatapckom (Xasi-
LITAaTCKOM) MeJIaHXy.

PedepentHu npodmua: [Ipodpun y O6pasos-
uhrMa, 6710K y KinacTuyHO-Kapb6OHATHOM MeJIaHkKy
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CuporojHa.

Ilopexsio umeHa: Ilo ceny KomapaHnu.

CuHoHuMM: Heno3sHaTu.

Jlutosioruja: OnuroMukTHe 6pede. Pasiukyjy
ce JBa pa3/IMYMTa HUBOA y KAaCHOM IeJICOHY U
paHoM uaupy. MaTpHUKC ce cacToju of, LpBEHUX
JNly6OKOMapHUHCKUX MUKPUTCKUX KpeyrbaKa Koju ce
noayzaapajy ca bysomkom ¢popmanujom.

docum: Y KOMIOHEHTUMA Ce 10jaBJbyjy CBU
ONMMCaHW OpraHM3aMu mno3HaTu u3 Popmanuje
PaBHU. MaTpuKC caZp:Ky JbYLIType aMOHOUJA,
dbopamunudepe, ocTpakoze, pajguosapuje U Ko-
HOJIOHTe.

Ilopekso, panuje: OTBOopeHe U Ay6OKOBOLHE
danuje y 6a3u HOBOOpMHPAHUX eCKapIMaHa
HacTa/JMX NOCTeNeHUuM oTBapameM HeoTeTuckor
OKeaHa.

XpoHocTtpaTturpadcka crapoct: KacHu nejicoH
v kacHu uaup. Popmaiyja Komapanu je BpeMeHCKU
ekBUBasieHTHa ca Popmanujom Byiior.

Buoctpaturpaduja: AmMoHOUJHE 30HE Of
Schreyerites binodosus 5o Nevadites secedensis
(kacHM MeJICOH 10 KACHU UJIUD).

Je6/buHa: TpeHyTHO je mo3HaTa Je6GJ/bHMHA
npeko 60 m, a;ii ce o4yeKyje Zja MOTry Jila IOCTOje
MHOTO /ie6Jbe CyKIlecHje.

JIntocTpaTurpadcku Bumu pea;: ['pyna ByJior.

Ilogena: Hema nogene.

lloguHCcKke jeauHHLe (rpaHuna MNOAHWHE):
[IIUTKOBOAHU KapbGOHATU KapOOHATHe paMmiIle
PaBHM MJIM KaCHO IeJICOHCKA [0 Cpe/llbOrUIMpCKa
®opwmanuja Bysor.

IloBsaTHe jeauHMIe (rpaHHLe NMoBjaTte): Y
3aBHCHOCTH 0/] lasieoreorpadcke no3uiiyje oueKyje
Cce 1a HEKOJIMKO pa3/IMuuTUX dopMalyja Mory Jia ce
JlenoHyjy usHaja dopmanuje KomapaHu, CAUYHO
OHMMa JlenloHOBaHUM npeko ®opmanuje Bysor.

lFeorpadcko pacnpocrpameme: TpeHYTHO je
onucaHa U3 6JI0KOBa Pa3IMYMTHX MeJlaHKa UCTIO/,
JuHapuacke odpuosuTcke HaBsake. Ouekyje ce Ja
ce ®opmanuja KomapaHu Moxke [ elOHOBAaTH Y
CBUM ob6JiacTuMa rje je 6usna ¢opmupana dop-
Mauuja bysor.

BouyHe jegunune: ®opmanuja Bysor, paauo-
JIApUTH.

HamomeHne: ®opmanuja KomapaHu ozpaxaBa
JleN03U1LMjy Y 6JIM3MHU NOJMHE HOBOQOPMHUPAHUX
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eCcKapllIMaHa y OKBHUDPY IOCTENEeHOr OTBapama
HeoTeTucKor okeaHa W IpemMa TOMe OJpa)kaBa
BpJIO UMIIpeCUBaH HAYMH HacTaHKa HOBOT pesbeda
KOjU je u3pakeH Kpo3 MoOU/IM3alMjy Hacjara
MaceHOT TPaHCHOPTa Koje cy 6uJie JeIOHOBaHe y
OKOJIHUM 6aceHUMMa y peslaTUBHO Jeb6/bUM CyK-
Lecujama.

Skokskskokskok sk kok ko kok

AHU3HjCKe [0 paHO KapHHjCKe CyKlecuje ca
JleNI03MIIMjOM LPBEHUX HOAYJIAPHUX KpeyrakKa
(Fpyna Bysior) y BpeMeHy 0J1 KacHOT TeJICOHA /IO
niavpa (?HajpaHyjer ¢acaHa) y JuHapuiuMa uMmajy
CByJla y IOJAVMHU CeJUMEHTHY CYKLIeCHjy UCKJbYYNBO
IJIMTKOBOJHUX Kap6oHaTa — yIJIaBHOM KpeukbaKa —
kap6oHaTHe pamiie PaBHu. HacynpoT ToMme, mo-
BJIaTHe CeJJUMEHTHe CYKILeCHUje Bapupajy of peruo-
Ha J10 pervoHa y NnorJie/ly lbbuxoBe najeoreorpadcke
W mnajeoronorpadpcke nosunuyje (Tabena 1. y
eHIJIeCKOM TeKCTy). CTpYKTypa XopcTa U rpabeHa
KaCHO IeJICOHCKOT JUCKOHTUHYHWTeTa NOoTambaka
KapboHaTHe paMIie PaBHU npeTpIeJia je HOHaBJba-
He TOKOM KaCHOT UJIMpa ca I04eTKOM UHTEeH3UBHOT
ByJIKaHU3Ma U GopMUpamka HOBOT pesbeda. [Ipema
TOMe, IOBJIATHE CeJJUMeHTHe cTeHe u3Haj [pymne
Bysor jako Bapupajy y BPEMEHCKOM paclnoHy KaCcHU
WJIMP - JIOHT06ap/i, TaKo Jia Ce 1ell0OHY]y: BYJIKaHCKe
CTeHe, BYJIKAaHOKJIaCTUYHe CeIUMeHTHe CTeHe, pa-
JIMOJIAPUTH, CUJIMLIU]CKU BYJIKAHCKU Terneo, “pietra
verde”, CUBU YCJ0jeHU CHJIMIMjCKU Kpedmally,
[[PBEHU HOAY/JIAPHU Kpeuykally, KapboHaTHe Gpede
W Jpyrd BapujeTeTH. TOKOM paHOr KapHa JeIlo-
3ULlMja NOCTaje yjefHA4YeHHUja ca [OYETKOM €eBO-
ayuuje BeTepiiTajHcke kap6oHaTHe miaTdopMme.
[I1MTKOBOAHYM KapOOHATH U CJI0jEBUTH CUBU CUJIU-
LIMO3HU Kpeumalld ca peceJUMeHTHMa ca IJarT-
dbopMe TmpekpuBajy BeOMa pasIMYUTE KaCHO
WJINPCKe J10 JJaJJMHCKe CeJJUMEeHTHE CTeHe.

Y eBoJsyuuju noTamamwa KapboHAaTHe paMIie
PaBHU UM KacHuUjoj feno3unuju bysomkux kped-
HaKa Mpelo3HajeMo Kpo3 BeJiMKe 06J1acTU YHY-
Tpawwbux U Cno/samwbux JuHapuja HEKOJUKO
3HAYajHUX pasJiuka y MUKpodaldjaJHUM Kapa-
KTepHUCTUKaMa, ce/JHUMEeHTOJIOIKHUM 0COb6eHOoCTUMA
Y UCTOPUjU NpoJy6/baBamba. OBe CyKIlecHje mora-
hakba HAJIUKYjy YOIILITe Ha eBOJIYyLIUjy CYKLecHja
ByJsiolmKUx Kpeuwaka Kao LTO je AedUHUCAHO, AU
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Ce Yy HEeKHUM J[ieJI0BUMaA Pa3JIUKyjy OJ, CYKIiecHuja
By/omKMX Kpeuywaka Kao ILITO je ONHCAaHO H
JebUHHUCAHO Yy TUIICKOj 06J1aCTU WA CPOJHUM
JleNI0O3UIIMOHUM JIOMEeHUMa, UJIM § HEKUM Cly4aje-
BUMa Takohe y nossaTHOj GopMaLUju.

YonuuTe, neJIOKyIHa JleN03ULHOHA CpeJMHa U
najeoronorpaduja ce[UMEHTHUX CTeHa [pyme
Bysor je pekoHcTpyucaHa y SUDAR et al. (2013) u
GawLick et al. (2023). ¥ ogHocy Ha JIeNMO3UIMOHE
Kapaktepuctuke ['pyne bysnor y JunHapupuma
JIOLLJTM CMO /10 cjleflehuX 3aK/byyaKa:

A) llopuHcke cenumenTHe cTeHe ['pyne Bysor cy
MCKJbYYMBO KapOOHATH IIJIMTKOBO/IHE KapOOHATHE
pamne PaBHu (Steinalm).

B) ¥ okBHpy oKeaHCKOT pasJjiamawa HeoteTuc-
KOT OKeaHa XOpCT-U-rpabeH MopdoJioruja je
dbopMupaHa JeNoHOBakbeM pPAa3HOBPCHUX CeJH-
MEHTHHUX CTeHa TOKOM BPEMEHCKOTI paclloHa Of,
KacCHOT IeJICOHA JI0 I'PaHUIle aHU3UK/JIaJJ1H.
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B) CepumenTHe cteHe ['pyne Bysor npejcra-
BJbajy AUCKOHTUHYUTET NOTamamwa HW3HaJ IJIHU-
TKOBOJIHe KapboHaTHe paMie PaBHU.

HUcnpaBka Bysomike ¢popmanuje u geduHrcame
®opmauuje KomapaHu caja je cTBOpusa YBPCTY
JINTOCTPATUrpadCcKy OCHOBY 3a Kpeupamwe reoJio-
LIKUX KapaTa BUCOKe pe30JIyLiHje 3a KaCHU Cpe/iibu
Jl0 KacHU aHU3UK. Yak U ako HUje moryha jacHa
oJpezb6a CTapoCTH eKBUBaJIEHTHUX CeIUMEHTHUX
CTEHa, OHe Ce MOTYy KapTHUpaTH Kao CeJUMeHTHe
cteHe [pyne bBynor. HesHaTHo pgpyrauduje mau-
TOJIOTUje WJHA CeJUMEeHTHe CyKLiecuje MOry y
6yayhHOCTH GUTH yBeJleHe Kao HOBe popMalyje,
aJIu Mopajy 6UTH yYK/bydeHe y ['pyny byuor.
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