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Abstract. New ammonoid data prove an early Late Pliensbachian deepening
event above the ?Late Hettangian-Sinemurian shallow-subtidal gray-reddish
micro-oncoidal-foraminifera grainstone facies and the ?Early Pliensbachian
deeper-marine micro-oncoidal-crinoidal-ammonoid wacke- to packstone
facies. Based on the presence of Fuciniceras lavinianum (Fucini), Lytoceras
ovimontanum GEYER and Arieticeratinae gen. indet. from a hardground above
the deeper-water micro-oncoidal limestones in the Mihajlovi¢i section (north-
eastern Montenegro) a Late Pliensbachian to Early Toarcian condensation
horizon is proven. The Middle Toarcian ammonoid-bearing horizon also
yielded species not known from previous studies: Calliphylloceras capitanii
(CaruLLo), Harpoceras subplanatum (OppEL) and Furloceras aff. chelussii (PARISCH
& VIALE), also described in the present paper. These new data prove a stepwise
deepening of the depositional area during the Early and the Middle Jurassic
reflected in detail in four sedimentary members: 1) ?Late Hettangian to Sine-
murian/?earliest Pliensbachian open-marine shallow subtital micro-oncoidal
limestones; 2) ?Early to Late Pliensbachian open-marine condensed limesto-
nes with few micro-oncoids and more open-marine influence; 3) Toarcian
open-marine condensed red limestones with hardgrounds; and 4) condensed
red nodular Bositra Limestone. These four members are separated by hard-
rounds representing stratigraphic gaps in deposition. The stepwise deepening
during the Early-Middle Jurassic follows the general trend of deposition as
known in the whole Western Tethys Realm above the Late Triassic Dachstein
Carbonate Platform.

AncrpakT. HoBu mozsanu o aMoOHOU/JUMa [I0Ka3yjy paHO KAaCHOIMJIMH36AIIKO
npoJy6/bUBarbe U3HA/, IJIMTKe cyOTajjalHe CUBO-IIPBEHKACTE MUKPOOHKO-
ujHo-popaMuHudepcKe rpejHCTOH danmje ?KaCHOXETAHIIKO-CUHEMYPCKOT
J106a ¥ [y6OKOBO/JHE MUKPOOHKOHU/JHO-KPUHOU/ICKO-aMOHUTCKE BEKCTOH /10
neKcToH dauuje ?paHor manH36amkor go6a. Ha ocHoBy Bpcta Fuciniceras
lavinianum (Fucini), Lytoceras ovimontanum GEYER 1 Arieticeratinae gen. indet.
Y3 XapArpayH/Ja Koju ce HaJla3u M3HAJ OHKOMJHMUX Kpeumaka y Muxaj-
JloBuhuMa /loKa3aHa je rOpHOIJIMH30alIKa /10 JJOk0ToapcKa CTapoCT OBOT
KOH/IEH30BaHOT XOPU30HTA. Y OKBUPY CPe/IlbOTOAPCKOT XOPU30HTA MPOHa-
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K/byuyHe peyu:
3anadnu Temuc, [luHapudu,
NAUH36aWKU Kam, aMoOHOUdU,

heHe cy BpcTe Koje HUCY KOHCTAaTOBaHe paHUjUM UCTpakuBawuMma: Calli-
phylloceras capitanii (CATULLO), Harpoceras subplanatum (OPpEL) u Furloceras
aff. chelussii (PARISCH & VIALE), a Koje cy Takohe omucaHe y oBoM paay. HoBu
NOJIAaLiM I0Ka3yjy NOoCTelleHo NPOo/Ay6/bMBake TOKOM PaHe U Cpefiibe jype Koje
je leTa/bHO JOKYMEHTOBaHO y ciefieha 4eTHpU ceANMEHTHA WwiaHa: 1) manT-
KOBOJHH Cy0Tajla/IHM MUKPOOHKOHU/IHU KpeUukballi 0TBOPEHOT Mopa ?KacHOT
XeTaHXa /10 CHHeMypa/?HajpaHujer MJIMH30AKOT 106a; 2) KOHAEeH30BaHU
Kpedmwalld 0OTBOPEeHOr Mopa ca PUjeTKMM MUKPOOHKOUJUMa U BehuM yTu-
1]ajeM OTBOPEHOT MOpa Hero y NpeTX0JHOM 4JIaHy, ?PaHor |0 KaCHOT IJIMH-
36allKor 106a; 3) KOHJEH30BaHU Kpeumalll ca XapArpayHJuMa OTBOPEHOr
MOpa ToapcKe CTapoCTH; U 4) KOHAEH30BaHU LpBeHU HoAy/aapHU Bositra
kpeumwany. OBa 4eTHPH 4YJaHa Cy OJBOjeHa XapArpayHAUMa KOju Npej-
CTaBJbajy CTpaTUrpadcke Npekuje y Aenosuuuju. I[loctemeHo npony6-
JbUBakbe TOKOM paHe-Cpe/ibe jype paTH ONLITH TPeH/, leNl03ul1je KaKaB je
M03HAT Yy YUTABOM 3amnafHoM TeTHCy M3HAJ KaCHOTPUjacKe AaxLITajHCKe

6uocmpamuepaduja, CH ljpna I'opa

Kap6oHaTHe miaTdopme.

Introduction

The Early-Middle Jurassic depositional history in
the Inner Dinarides is poorly known due to the lack
of available outcrops, and modern microfacies ana-
lysis in combination with exact biostratigraphic data
are very rare (GAwLick et al., 2017, 2020 and re-
ferences therein; Haas et al,, 2019). In contrast to the
Early-Middle Jurassic well known depositional
history in the Outer Dinarides, i.e. the Adriatic Car-
bonate Platform Basement and the Adriatic Carbo-
nate Platform evolution (ViaHovIC et al.,, 2005 and
references therein), the transitional zone between
the Early-Middle Jurassic shallow-water depositional
realm of the Outer Dinarides and the open shelf
environment (Inner Dinarides) near to the Neo-
Tethys Ocean to the east (GAawLIcK et al., 2016; West
Vardar Ocean in the nomenclature of ScHMID et al.,
2008, 2020) is poorly known. Early-Middle Jurassic
sedimentary rocks from the outer shelf environment
are practically unknown, since they were in parts
removed/eroded or overthrust in the course of Mid-
dle to Late Jurassic west-directed ophiolite obduction
(GawLick et al,, 2016, 2020; GAwLIcK & Missoni, 2019
and references therein). Only few remains of this
facies belt are known preserved either as small
components in the late Middle to early Late Jurassic
trench-like foreland basin fills (GawLIcK et al., 2017)
or are preserved as metamorphosed successions
(e.g., in the Kopoanik area: ScHEFER et al., 2010). In

addition, due to intense erosion after mountain uplift
from the Kimmeridgian/Tithonian boundary on-
wards (GawLick et al.,, 2017, 2020) most of the Jurassic
outer shelf successions were eroded. Especially in the
areas of the Late Triassic open lagoonal facies belt
(open lagoonal Dachstein Limestone: GAwLICK et al.,
2017, 2020) transitional to the Late Triassic reef belt,
where the presence of Early-Middle Jurassic con-
densed red nodular limestone successions could so
far only be reconstructed from pebble anaylsis
(GawLick et al,, 2017) Early-Middle Jurassic sequ-
ences are preserved only in rare cases. The detailed
deepening history of this red nodular Early-Middle
Jurassic limestones (Ammonitico Rosso), with its
well-known and in detail described facies chara-
cteristics (FLUGEL, 2004 and references therein) and
the adjacent facies belts transitional to the Adriatic
Carbonate Platform Basement, can in the Inner Dina-
rides only be reconstructed indirectly.

In addition, sedimentary sections transitional
from shallow-water areas to this red nodular lime-
tone open shelf environment are not preserved in
most areas of the eastern Mediterranean mountain
ranges, i.e. the Eastern Alps, Western Carpathians.
Here, red nodular limestones, i.e. the open-marine
condensed environment, were formed directly on
top of the shallow-water limestones of the Dach-
stein Carbonate Platform. Early-Middle Jurassic
sedimentary succession with shallow-water lime-
stones in the earliest Jurassic followed by middle-
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late Early Jurassic and Middle Jurassic deeper-water
red nodular limestones are well described only in
the eastern Southern Alps (for Italy: MASETTI et al.,
2012 and references therein; for Slovenia: BUSER &
DozeT, 2009 and references therein) or the Trans-
danubuian Range (Haas, 2012; CsAszaAr et al., 2018
and references therein). Nevertheless, they may
differ from the sedimentary evolution in the Dina-
rides. In the Eastern Alps or Western Carpathians
mainly Early-Middle Jurassic deep-water limesto-
nes, often in red nodular condensed facies are
known (Haas et al,, 2011 and references therein).
However, all these areas are affected by the opening
history of the Alpine Atlantic (Ligurian, Piemont,
Penninic, Vah oceans in other nomenclature: Missoni
& GawLick, 2011) from Hettangian times onwards.
There, the Early-Middle Jurassic sedimentary suc-
cessions may reflect in their depositional history
tectonostratigraphic events, i.e. the opening history
of the Alpine Atlantic rather more as similar suc-
cessions in the Dinarides, which are more or less
shielded by the Adriatic Carbonate Platform (and its
basement) towards the opening history of the
Alpine Atlantic. Therefore, it is hard to decide if
events in the sedimentary record in these succes-
sions reflect regional, over-regional or global events,
or a mixture. Successions in the Inner Dinarides
may provide a possibility to filter global and over-
regional events and their importance.

Furthermore, a detailed knowledge about the
sedimentary history of this transitional facies belt
between the Adriatic Carbonate Platform and its
basement and the open shelf environment, which is
preserved in rare outcrops in the Inner Dinarides
along a cross-section from southwest Serbia to
northeast Montenegro, also provide the possibilty
to fill the gap in understanding the Early-Middle
Jurassic depositional history in the Inner Dinarides.

New ammonoid findings from Early Jurassic
hardgrounds in northeastern Montenegro (Mihajlo-
vi¢i section: Fig. 1) enable a good chance to fill the
gap in knowledge about the depositional history in
Early-Middle Jurassic times, i.e. the stepwise de-
epening of the depositional realm throughout the
Early-Middle Jurassic.

The ammonoid fauna from the Middle Toarcian
Bifrons Zone of the Mihajloviéi section is well
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known also from several other localities in Mon-
tenegro (e.g., in Vojnik Mt.: Besi¢, 1948; Rapoi1CI¢-BRr-
STINA, 1956; Mirkovi¢, 1965), but frequently without
clear determination of the biostratigraphic zone.

The Jurassic section in Mihajlovi¢i, located ap-
proximately 10 km east of the town Pljevlja on the
road from Pljevlja to Prijepolje (Fig. 1B), has been
studied in detail for almost a century, with special
attention drawn to the Early Jurassic ammonoid
fauna discovered in red nodular limestones. The
section was first described by Zivkovi¢ & MILOJEVIC
(1934) and an assigned Carnian age based on a
scarce ammonoid association. After this, the section
was studied in detail by RapoiCi¢-BrsTiNA (1956),
NOTH (1956), MirkoviC (1970), RampNoux (1974),
RABRENOVIC et al. (2012), MEeTODIEV et al. (2013),
Ostoji¢ & MiLi¢ (2014) and GawLick et al. (2020).
Most of the aforementioned authors agree that the
ammonoid assemblage determined from red nodu-
lar limestones of this locality is Toarcian in age,
while RABRENOVIC et al. (2012) and METODIEV et al.
(2013) are designating it for the first time as Bifrons
Zone fauna. However, the age of the underlying
yellow-grey limestones is interpreted differently.
RABRENOVIC et al. (2012) assigned these limestones
to the ?Late Hettangian-Simemurian (see discus-
sion in GawLick et al. 2017, 2020).

According to Rampnoux (1974) the red nodular
limestones from Mihajlovi¢i contain ammonoids of
Early Toarcian age, mixed faunas of Middle to Late
Toarcian age, and an indeterminable fauna of upper-
most Early Jurassic to early Middle Jurassic. The
underlying pink and yellow limestones contain a
microfauna indicating that its higher parts are of Ear-
ly Jurassic age. In the most recent paper on the bio-
stratigraphy of this section (e.g., RABRENOVIC et al,,
2012), the age of the yellow-grey limestones under-
lying the red ammonoid-bearing horizon is determin-
ed as Sinemurian, based on foraminifera assemblages.

A new collection of ammonoids allows now a
more precise age determination of the micro-onco-
idal limestones below the Toarcian condensed red
nodular limestones and to date exactly the stepwise
deepening history in this transitional facies belt
from the shallow-marine Adriatic Carbonate Plat-
form Basement (sensu VLAHOVIC et al., 2005) to the
west and the open shelf environment to the east, i.e.
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Fig. 1. A. Position of the Mihajlovici locality in NE Montenegro; B. Topographic map of the investigated area, arrows indicate directions

to Pljevlja or Prijepolje.

the western passive continental margin of the Neo-
Tethys Ocean. In addition, a detailed study of the
microfacies of the different members shows a
change in the depositional environment during
Early-Middle Jurassic times. In general a deeping
trend can be observed and the different parts of the
successions are divided by the formation of con-
densed limestones or hardgrounds, i.e. times of
stratigraphic condensation (e.g., JENKYNS, 1971;
FURrsicH, 1971; MARTIRE, 1992; GOMEZ & FERNANDEZ-
LoPEz, 1994; WENDT, 2017).

Geological setting of Mihajlovici section

The studied Mihajlovi¢i section is located in north-
eastern Montenegro and belongs to the underlying
Triassic-Jurassic parautochthonous sequences of the
East Bosnian-Durmitor Megaunit in sense of GAWLICK
etal. (2017, 2020; compare ScumiD et al. 2008, 2020).
This area is mostly built by Late Triassic shallow-
water limestones, with rare occurrences of Early to

Middle Jurassic limestones and Middle to Late Juras-
sic radiolarites. Geological relations are described by
Mirkovi¢ (1970) and Rampnoux (1974), and more
detailed descriptions of the Mihajlovi¢i locality are
given by RABRENovIC et al. (2012), METODIEV et al.
(2013), and GawLIcK et al. (2020).

Material

Except for a few fragments mentioned by NOTH
(1956, p. 181), ammonoids haven’t been discovered
in the yellow-grey limestones of the member 2 (Fig.
2) of the Mihajlovi¢i section. During recent investi-
gations, three specimens belonging to Fuciniceras
lavinianum (Fucini), Lytoceras ovimontanum GEYER and
Arieticeratinae gen. indet. were found in the horizon
just below red nodular limestone of Middle Toarcian
age. These species indicate an early Late Pliensba-
chian age, at least for the upper part of yellow-grey
limestones, which is very different than the age
assigned to these rocks by RABRENoVIC et al. (2012).

Geol. an. Balk. poluos., 2021, 82 (1), 1-25
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Also a new ammonoid fauna from the Hildoceras
bifrons horizon has been collected and the following
species were determined: Calliphylloceras capitanii
(CaruLLo), Calliphylloceras cf. nilssoni (HEBERT), Calli-
phylloceras sp., Phylloceras heterophyllum (SOWERBY),
Lytoceras francisci (OpPEL), Lytoceras sp., Hildoceras
lusitanicum MEISTER, Hildoceras bifrons (BRUGUIERE),
Hildoceras sp., Harpoceras subplanatum (OPPEL),
Harpoceras sp. and Furloceras aff. chelussii (PARISCH
& VIALE). In the present paper, several specimens of
Calliphylloceras capitanii (CATULLO), Harpoceras sub-
planatum (OppEL) and Furloceras aff. chelussii (PA-
RISCH & VIALE) are described, since they represent
first findings of these species in the Middle Toarcian
Bifrons Zone from this locality.

Results

The most detailed sedimentological columns and
descriptions of the Mihajloviéi section are given by
RABRENOVIC et al. (2012) and GawLick et al. (2020),
and readers are refered to these publications.
However, the new ammonoid data require a revision
of that part of the section assigned to the Sine-
murian by RABRENovVIC et al. (2012). The new ammo-
noid dating clearly improves a stepwise deepening
throughout the whole Early-Middle Jurassic and the
stratigraphic gaps in the Early Jurassic are shorter
in duration as interpreted before.

The Early Jurassic can now be subdivided based on
ammonoid data combined with microfacies analysis
in following three members with the different ages:

1. Middle/Late Hettangian to Sinemurian,

2. Early to Late Pliensbachian, and

3. Toarcian,
followed in the Middle Jurassic by Bositra Limestone.

The three Early Jurassic members and the Middle
Jurassic Bositra Limestone, as a fourth member,
belong to the Kr§ Gradac Formation as described by
GawLicK et al. (2017, 2020).

?Middle/Late Hettangian to Sinemurian

The lowermost part of the Early Jurassic suc-
cession consists of shallow-subtidal micro-oncoidal
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limestones, mainly grain- and packstones (Fig. 3)
with abundand benthic foraminifers, crinoids and
only few open-marine organisms. According to
RABRENOVIC et al. (2012) the age of this part of the
successions is exclusively Sinemurian, but the bio-
stratigraphic age is based only on the occurrence of
benthic foraminifers assemblages from the upper 8
meters of the succession (see Fig. 2). As marker
foraminifers for the Sinemurian age RABRENOVIC et al.
(2012) particularly consider Ophthalmidium liasi-
cum (KUEBLER & ZWINGLI), Ophthalmidium leischneri
(KRriSTAN-TOLLMANN), Lingulina gr. tenera BORNEMANN,
and Reinholdella planiconvexa (FucHs). While all of
the mentioned species can be found in Sinemurian
sedimentary rocks, they actually have a much longer
biostratigraphic age range, which is for specific taxa
already published by CoPESTAKE & JoHNSON (1989),
TRrIFONOVA (1993), TuDORAN (1997), HyLron (2000),
MANCINELLI et al. (2004), CANALES & HENRIQUES (2008)
amongst others.

The lower part of the micro-oncoidal limestone
succession can not be dated exactly, but contains
similar benthic foraminifers as documented from
the higher part of the succession. These foraminifers
are also known from Early Jurassic successions in
the Eastern Alps from the Hettangian reaching the
Sinemurian (BoHM, 1992; EBLI, 1997; BLAu, 19874, b;
BLAU & GRUN, 1994, 1997; GawLicK et al., 2009a).

Micro-oncoidal framework is the only micro-
facies in this sedimentary member. Whereas in the
lower part of this sedimentary member relatively
large micro-oncoids with several layers are common
the number of layers/laminae decreases upsection
(Fig. 3). In addition, the variability of the benthic
foraminifers and the amount of crinoid fragments
increases throughout this sedimentary member,
clearly indicating a slight deepening trend during
the ?Middle/Late Hettangian-Sinemurian. Accord-
ing to FLUGEL (2004 and references therein) such
micro-oncoidal framework was formed in a shallow-
subtidal environment. Missing shallow-water reefal
or lagoonal components or organisms show that the
depositional environment of these micro-oncoidal
limestones was relatively far away from the Adriatic
Carbonate Platform Basement (according to VLAHO-
vIiC et al.,, 2005) with its abundant calcareous algae
and different foraminifers assemblages (e.g., VELIC,
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Fig. 2. Early and Middle Jurassic parts of the Krs Gradac Formation in the Mihajlovici section, with sedimentary characteristics,

ammonoid layers, and sample positions. Thickness of the succession according to RABRENovIC et al. (2012). For a detailed description of

the whole Late Triassic to Late Jurassic succession see GawLick et al. (2020) and references therein.

2007), beside other organisms. We interpret there-
fore the depositional environment and setting as a
tidally influenced marginal marine setting between
the Adriatic Carbonate Platform Basement to the
west and the open-marine shelf of the Neo-Tethys
Ocean to the east.

? Early to Late Pliensbachian

RABRENOVIC et al. (2012) assigned the lowermost
part of our sedimentary member 2 (Pliensbachian)
also to the Sinemurian, based on biostratigraphic
ages of foraminifers, which were found roughly one
meter above the first hardground (section meter 16:

Geol. an. Balk. poluos., 2021, 82 (1), 1-25
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Fig. 3. Microfacies characteristics of the lowermost Early Jurassic sedimentary member of the Mihajlovici section. For sample position see
Fig. 2. 1. Layered and well-sorted micro-oncoidal pack- to grainstone from the basal part of the Jurassic. The nucleus of the micro-oncoids
are predominantly shell fragments, foraminifers, and crinoids. Aggregate grains occur rarely. The foraminifers fauna is not very diverse,
involutinids and trocholinids are dominating. Sample SRB 535. Width of the photo: 1.25 cm. 2. Enlargement of 1. Showing micro-oncoids
with various nuclei and microbial induced cement between the micro-oncoids. The micro-oncoid in the centre of the photograph shows
Involutina liassica (JoNES) as nucleus. Width of the photo: 0.25 cm. 3. Micro-oncoidal packstones were also formed, beside the micro-oncoidal
grainstones. These packstone microfacies contain less micro-oncoids, and most organism fragments — predominantly crinoids, shell
fragments, benthic foraminifers — have only one microbial layer. Missing layering indicates bioturbation. Sample SRB 536. Width of the
photo: 1.25 cm. 4. Enlargement of 3, different part. Benthic foraminifers, i.e. Involutina liassica (JoNEs), and crinoids are the most common
nuclei of the micro-oncoids. Width of the photo: 0.25 cm. 5. Slightly recrystallized well-sorted micro-oncoidal pack- to grainstone from the
upper part of the lowermost Early Jurassic member. Several micro-oncoids were solved during early diagenetic processes and replaced by
sparry calcite. Important to note, that this diagenetic feature appears only in this part of the successions, other layers are not affected by
such strong recrystallization. Sample SRB 537. Width of the photo: 1.25 cm. 6. Well-sorted micro-oncoidal grainstone with predominantly
crinoid fragments as nuclei. The foraminifers occurring in the nuclei are much more diversed as in the lower part of this sedimentary
member. Sample SRB 538. Width of the photo: 1.25 cm.

Geol. an. Balk. poluos., 2021, 82 (1), 1-25 7
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Fig. 2). A similar foraminifers assemblage as in the
member below was determined. The age ranges of
the used foraminifers are not exclusively indicative
for the Sinemurian, i.e. they are longer, at least to the
Pliensbachian. In contrast, there is an abrupt micro-
facies change at this hardground. Whereas in the
lowermost sedimentary member micro-oncoidal
framework is the characteristic microfacies, this
type of microfacies is practically missing in the
sedimentary member 2 (Fig. 4).

New ammonoid specimens are found in the
uppermost 40 centimeters of member 2 (Fig. 2),
below the upper hard-ground surface with the
Middle Toarcian ammonoids. The age of this level
based on an ammonoid fauna with Fuciniceras
lavinianum (Fucini), indicates clearly an early Late
Pliensbachian, establishing the Lavinianum Zone in
this locality.

According to these new early Upper Pliensba-
chian ammonoids we assign the age of the sedi-
mentary member 2 as ?Early Pliensbachian to early
Late Pliensbachian. The hardground at the base of
member 2 may represent therefore a gap of the
uppermost Sinemurian to the Early Pliensbachian,
which would be in accordance with sections known
in the Southern Alps (MASETTI et al., 2017). The
hardground above the early Upper Pliensbachian
ammonoids would therefore represent a longer gap
in the depositional history, i.e. the rest of the
Pliensbachian and the lowermost Toarcian is not
documented by the deposition of sedimentary
rocks, and subsolution during this time span was
forming the hardground on top of the early Upper
Pliensbachian ammonoid-bearing horizon (Fig. 4).

The microfacies characteristics of the Pliensba-
chian reddish limestones differs significantly from
the ?Late Hettangian-Sinemurian micro-oncoidal
limestones. Micro-oncoids are practically missing in
most parts of this member. Only in few levels some
few micro-oncoids appear, mainly with foraminifers
as core. Wackestones with thick shells (brachiopods,
?bivalves), crinoids, some foraminifers and ammo-
noid shells are dominant (Fig. 4). Around the level
with the early Upper Pliensbachian ammonoids the
limestones are more condensed, as visible in the
densely packed ammonid-crinoid-foraminifers
packstones. Such microfacies types point to depo-

sition in a relative low-energetic deeper-water envi-
ronment. Missing shallow-water organisms clearly
indicate a depositional realm far from a shallow-
water carbonate production area, i. e. the Adriatic
Carbonate Platform Basement, where contempo-
raneously the Lithiotis carbonate platform was
formed (ViaHOVIC et al.,, 2005; GAWLICK & SCHLAGINT-
WEIT, 2019). The condensend early Upper Pliensba-
chian level may correlate with the slight deepening
event in the Lithiotis platform evolution, where
siliceous deeper-water layers were deposited above
massive lithiotid build-ups (Litiosepta compressa
range zone, GAWLICK & SCHLAGINTWEIT, 2019). The
change in the microfacies from the micro-oncoidal
facies in the ?Late Hettangian-Sinemurian to the
Pliensbachian deeper-water environment clearly
indicates ongoing deepening.

Toarcian

The Toarcian part of the Early Jurassic succession
in Mihajlovi¢i is represented by deeper open-marine
nodular and condensed limestones. The lowermost
layer contains a rich Middle Toarcian ammonoid
fauna (RABRENOVIC et al., 2012; METODIEV et al.,, 2013;
this paper). The hardground itself consists of a
Fe/Mn-crust indicating a lithified sea floor and a
time of non-deposition, i.e. a gap. Ammonoids ap-
pear slightly above this hardground again in a
micro-oncoidal facies and in crinoid-foraminifers-
ammonoid limestones (Fig. 5). Here in the (Middle)
Toarcian (Bifrons Zone according to RABRENOVIC et
al.,, 2012) these micro-oncoids are much smaller, not
as common as in the ?Late Hettangian-Sinemurian
and have mainly only one or two rims (Fig. 5).
Wacke- to packstones with common ammonoid
fragments, foraminifers and crinoids are the do-
minant microfacies throughout the Toarcian part of
the section, often with indication of ongoing hard-
ground formation (Fig. 5) as indicated by the
common lithoclasts with in cases Fe/Mn-crusts,
shells with indications of boring organisms and
layered hardgrounds. Gastropods and benthic fora-
minifers are also common. This microfacies indi-
cates deposition in a low-energy relative deep-wa-
ter environment (open shelf environment).
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Fig. 4. Microfacies of the Pliensbachian reddish deeper-water limestones of the Mihajlovici section. For sample position see Fig. 2. 1.
Shell-rich packstone with same rare foraminifers. Lowermost part of member 2. Sample V5. Width of the photo: 0.35 cm. 2. Wackestone
with juvenile ammonoids, gastropods and some few foraminifers. Sample V6. Width of the photo: 0.35 cm. 3. Crinoidal-rich wackestone
with gastropods, foraminifers and few oncoidal grains. Sample SRB 539. Width of the photo: 1.25 cm. 4. Enlargement of 3., other view.
Crinoid-foraminifers wackestone with few small oncoidal grains. In the central part of the photo two specimen of Involutina liassica
(JonEes) are visible. Width of the photo: 0.25 cm. 5. Condensed ammonid-crinoid-foraminifers packstone. Sample SRB 543. Width of the
photo: 1.25 cm. 6. Enlargement of 5., other view. Wackestone rich in juvenile ammonoids. Width of the photo: 0.25 cm.

Geol. an. Balk. poluos., 2021, 82 (1), 1-25 9
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Fig. 5. Microfacies of the Toarcian reddish deeper-water limestones of the Mihajlovici section. For sample position see Fig. 2. 1. Micro-
oncoidal packstone with ammonoids, crinoids, ostracods, and some foraminifers. Sample SRB 540. Width of the photo: 1.25 cm. 2. Micro-
oncoidal components with juvenile ammonoids, shell fragments or foraminifers (Involutina sp.) as cores beside crinoid fragments.
Sample SRB 540, other view. Width of the photo: 0.5 cm. 3. Crinoid-ammonoid wacke- to packstone with some micro-oncoids. Sample
SRB 541. Width of the photo: 1.25 cm. 4. Hardground on top of a crinoid-foraminifers-ammonoid wackestone and overlying shell-rich
packstone with lithoclasts, shell fragments and ammonoids. Sample SRB 542. Width of the photo: 0.5 cm. 5. Condensed crinoid-ammonoid
wacke- to packstone with foraminifers and indication of hardground formation. Sample SRB 542. Width of the photo: 0.5 cm. 6. Con-
densed crinoid-framinifers-gastropod wacke- to packstone with juvenile ammonoids, a foraminifer Involutina cf. liassica (JonNEs) and
ostracod shells, lithoclasts and hardgrounds. Sample SRB 542. Width of the photo: 0.25 cm.
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Middle Jurassic (Bajocian-?Bathonian)

After a long-lasting gap the Toarcian red nodular
limestones are overlain by Middle Jurassic (Bajocian-
?Bathonian) Bositra Limestone (Fig. 6). Above a hard-
ground deposition of condensed red nodular lime-
stones with juvenile ammonoids, crinoids and Bositra
shells (filaments, Posidonia shells - compare FLUGEL,
2004) started. The microfacies with a lot of lithoclasts,
Fe/Mn crusts and the extreme enrichment of shells
indicate a very slow depositional rate, as typical for
hemipelagic open marine settings with less carbonate
production causing stratigraphic condensation. Im-
portant to note, that radiolarians, normally quite
typical for the Bositra facies, are quite rare or prac-

tically missing. Deposition of such ,Limestones with
filaments“ (FLUGEL, 2004) started after the Toarcian
Oceanic Anoxic Event in the Late Toarcian (BoHM,
1992) and prevail until the Kimmeridgian in cases.
Mass occurrences of Bositra shells are normally quite
common in Bajocian-Bathonian times, and they are
rather rare in Late Toarcian to Aalenian times (BOHM,
1992, 2003; EBLL, 1997) and are also more rare in the
Callovian. Furthermore, the onset of radiolarite
deposition in this region started in the Bathonian
(GawLick et al.,, 2017, 2020). Therefore we assign the
age of the Bositra Limestone to the Bajocian/?Ba-
thonian. This age is also confirmed by the findings of
Globochaete alpina LoMBARD, Globuligerina oxfordiana
(GrigeLis) and Trochaminna globoconica TYSZKA &

Fig. 6. Microfacies of the Middle Jurassic reddish Bositra Limestone of the Mihajlovici section. For sample position see Fig. 2. 1. Extremely

condensed Bositra Limestone with crinoids and juvenile ammonoids. Hardground with a densely packed crinoidal limestone above a

Bositra and ammonoids bearing wacke- to packstone. Sample SRB 544. Width of the photo: 0.5 cm. 2. Layer of juvenile ammonoids
with shell fragments, lithoclasts and Bositra shells. Sample SRB 544. Width of the photo: 0.5 cm. 3. Densely packed Bositra Limestone

with some crinoids. Sample SRB 545. Width of the photo: 1.25 cm. 4. Packstone with juvenile ammonoids, crinoids and Bositra shells.

Sample SRB 545. Width of the photo: 0.25 cm.

Geol. an. Balk. poluos., 2021, 82 (1), 1-25
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KamiNski from the upper part of the Bositra Limestone
by RABRENoOVIC et al. (2012).

Systematic paleontology

Systematic descriptions follow the classification
of Early Jurassic ammonoids given by MEISTER et al.
(2017, and reference therein), where the authors
summarize the work on this subject over the last 30
years. For all specimens wherever measurements
were possible, dimensions of the diameter of the
shell (D), whorl height (H), whorl width (W) and
umbilical diameter (U) are given in milimeters and
for H/D, W/D and U/D in percentages of D. The
complete list of synonymy is not given, since all the
references needed could not be aquired. Instead,
special attention was given to the most recent
references that could be found as well as the
publications where the species were first described.
However, new publications in which specimens are
not figured were not placed in the synonymy.

The collection is stored in the Geological Survey
of Montenegro, Podgorica. Each specimen has an in-
ventory number, which consists of abbreviations for
the locality (MIH - Mihajlovi¢i), number of the spec-
imen and the abbreviation for the year when the
specimen was found (e.g., MIH-20/19).

Class CEPHALOPODA CuviER, 1798
Subclass Ammonoidea ZITTEL, 1884

Order Phylloceratida ARkeLL, 1950
Superfamily Phylloceratoidea ZiTTEL, 1884
Family Phylloceratidae ZITTEL, 1884
Genus Calliphylloceras SpaTH, 1927

Calliphylloceras capitanii (CaTuLLO, 1847)
Fig. 7A

1853 Ammonites capitanei — CAtuLLO: 222, pl. 4, fig. 4.

1867-1881 Ammonites (Phylloceras) capitanei —~MENE-
GHINI: 94, pl. 18, figs. 4-6.

2011 Calliphylloceras capitanii (CAtuLLO) - KovAcs: 10, pl.
2, figs. 1-2, pl. 3, figs. 5-6, with synonymy.

Material. One internal mold (inventory number
MIH-1/19).

12

Description. Specimen of medium size, involute,
compressed, elliptical in shape. The whorl section is
high oval, elliptical, with maximum thickness above
the umbilicus. The venter is rounded, with gradual
transition towards the flanks, which are slightly
convex. The umbilicus is small, rounded and
covered by sediment. The ornamentation consists
of prorsiradiate, concave constrictions, that become
weaker towards the venter, but pass over it. The
specimen bears 7 constrictions that are partly
damaged. The suture line is partly worn down, but
with long symetric lobes, triphyllic first latteral
saddle and diphyllic other saddles.

Dimensions.

D H |w | U |H/D|w/|U/D
MIH1/19] 59 [289 | - | 7.4 [4889| - [1254

Remarks. The species is very similar to Calli-
phylloceras nilssoni (HEBERT) with the number and
shape of constrictions being the main difference
between the two, as indicated by KovAcs (2011).

Occurence. Calliphylloceras capitanii is known
from Early to Middle Toarcian of Italy, Greece,
Austria, Albania, Algeria, Hungary and probably
Turkey (Kovacs, 2011).

The discovery in Mihajlovi¢i section represents
the first finding of this species in the Middle
Toarcian Bifrons Zone of Montenegro, as well as in
the whole Inner Dinarides.

Order Psiloceratida Housa, 1965
Superfamily Lytoceratoidea NEUMAYR, 1875
Family Lytoceratidae NEUMAYR, 1875
Genus Lytoceras SUESS, 1865

Lytoceras ovimontanum GEYER, 1893
Fig. 7G-1

1893 Lytoceras ovimontanum nov. sp., GEYER: 55, pl. 8, fig. 1.
1900 Lytoceras ovimontanum GEYER — BETTONI: 36, pl. 2,

fig. 4.

1980 Lytoceras ovimontanum GEYER — CASTELLI: 50, pl. 3,
fig. 1.

1980 Lytoceras nothum MENEGHINI — CASTELLI: 49, pl. 2,
figs. 5-6.

1998 Lytoceras ovimontanum GEYER — GECzZy & MEISTER:
98, pl. 5, figs. 1, 6 and 7.
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2003 Lytoceras ovimontanum GEYER — MEISTER & FRIEBE:
28, pl. 3, fig. 14, pl. 4, fig. 1.

2017 Lytoceras ovimontanum GEYER — MEISTER et al.: 100,
pl. 4, figs. 1 and 4, pl. 5, figs. 1 and 5, with sy-
nonymy.

Material. One partially preserved internal mold
(MIH-21/19).

Description. Specimen of medium size, evolute.
The whorl section is suboval, with maximum
thickness above the umbilicus. The venter is round-
ed, with very slightly pronounced transition to-
wards the flanks, which are straight. The umbilicus
is wide, taking approximately half of the specimen,
deep and with overhanging transition towards the
flanks. The ornamentation is not preserved. The
suture line is only partially visible, with complex
first lateral lobe and a complex first lateral saddle.
Due to bad preservation of the specimen, the di-
mensions could not be measured.

Remarks. Even though the ornamentation or a
complete suture line is not preserved, GEYER (1893)
described the overhanging transition from the
umbilicus towards the flanks as to be one of the
most important characteristics of the species, which
is very well pronounced on the specimen from
Mihajloviéi. Likewise, suboval whorl section repre-
sents also as important characteristic, as indicated
by MEISTER & FRIEBE (2003).

Occurence. The species is known from Late
Pliensbachian of Italy, Austria, Hungary, Morocco,
Algeria and France (MEISTER et al. 2017).

The discovery in Mihajlovi¢i locality represents
the first finding of this species in the early Late
Pliensbachian Lavinianum Zone of Montenegro, as
well as in the whole Inner Dinarides.

Superfamily Hildoceratoidea Hyart, 1867
Family Hildoceratidae HyarT, 1867
Subfamily Harpoceratinae NEUMAYR, 1875
Genus Fuciniceras Haas, 1913

Fuciniceras lavinianum (Fucini, 1900)
Fig. 7B-C

1900 Hildoceras Lavinianum MENEGHINI in Fucini: 52, pl.
11, figs. 6-7.
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1900 Hildoceras Lavinianum MENEGHINI var. coniungens
Fucini: 54, pl. 12, figs. 2-3.

1991 Fuciniceras gr. lavinianum (Fucini) - BLau & MEI-
STER: 182, pl. 5, fig. 23, pl. 6, figs. 5-11.

1998 Fuciniceras gr. lavinianum (Fucini)-portisi (Fucini)
- GEczy & MEISTER: 111, pl. 7, fig. 7, pl. 8, figs. 1-11,
pl. 9, figs. 1-3 and 5.

2003 Fuciniceras lavinianum (MENEGHINI in Fucini) -
MaccHIoNI & MEISTER: 388, pl. 4, figs. 10-16 and 18.

2007 Fuciniceras (E) gr. lavinianum (MENEGHINI) — FAURE
etal.: 489, fig. 6F-H.

2011 Fuciniceras gr. lavinianum (Fuciny)-portisi (Fucini) -
MEISTER et al.: 117.e38, figs. 21 (1-14) and 22 (1-7).

2014 Fuciniceras gr. portisi (Fucini)-Ilavinianum (Fucini)
- MEISTER & BLAu: 262, figs. 4n-v and 5a-u, with
synonymy.

Material. One partially preserved specimen
(MIH-20/19).

Description. All of the species characteristics
could not be observed, as it is only partially and
poorly preserved. The whorl section is subrectan-
gular, with maximum thickness in the middle of the
section. The venter is very characteristic, trica-
rinate-bisulcate, with the keel in the middle being
slightly more pronounced and sulci not very deep.
The flanks are straight, with sharp transition
towards the venter. The umbilicus is covered with
sediment, not visible. The ornamentation consists
of angustirursiradiate ribs that are very fainthe near
the umbilical edge and become stronger on mid-
flank, reach ventro-lateral edge where they dis-
sappear. The suture line is not preserved.

Dimensions.

MIH 20/19 - 12.0 8.9 -

Remarks. As already noted by MAccHIONI & MEI-
STER (2003) clear distinction between Fuciniceras
lavinianum and Fuciniceras portisi is not easy to
establish, which is the reason why these close forms
are usually described in recent literature as Fuci-
niceras gr. lavinianum (Fucini)-portisi (Fucini). The
specimen from Mihajlovi¢i shows most resemblence
to the species Hildoceras Lavinianum described by
Fucint (1900), especially the ones that the author
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determined as Hildoceras Lavinianum var. coniun-
gens. MAccHIONI & MEISTER (2003) consider these later
forms to be closer to Fuciniceras portisi, which they
include into Fuciniceras ambiguum, neglecting how-
ever differences in the shape of whorl section or
venter between these and specimens described by
Fucint (1900) as Grammoceras Portisi. Additional
difference between FE lavinianum and E portisi can
also be observed in their ornamentation, where it
seems that the later has more robust ribbing. How-
ever, all of this can be intraspecific variations within
one very variable species. In any case, thorough
revision of the genus is needed, so valid and well
defined species can be established. Solution for this
can perhaps be found in the criteria published by
BARDIN et al. (2017) for the family Hildoceratidae in
a detailed study of the phylogeny of this group.

Occurence. The species is known from Italy,
Hungary, Spain and Morocco and is considered a
zonal species for Lavinianum Zone (MACCHIONI &
MEISTER, 2003). BLAU & MEISTER (1991) reported it
from Late Pliensbachian of Austria and FAURE et al.
(2007) describe it also from Tunisia.

The discovery in Mihajloviéi section makes it
possible to establish this zone in the early Late
Pliensbachian of Montenegro, as well as in the whole
Inner Dinarides.

Genus Harpoceras WAAGEN, 1869

Harpoceras subplanatum (OppEL, 1856)
Fig. 7E

1846 Ammonites complanatus BRUGUIERE — D’ORBIGNY: 353,

pl. 114, figs. 1-2 and 4 (non. fig. 3).

Ammonites subplanatus OPPEL: 244.

Polyplectus subplanatus (OppPEL) - GEczy: 123, pl. 2,

fig. 4.

Harpoceras subplanatum (OpPEL) —GUEX: 638, pl. 5,

fig. 8.

Polyplectus subplanatus (OppEL) — GAKoviC: 115, pl.

19, fig. 2.

1992 Harpoceras subplanatum (OppEL) - HOWARTH: 136,
text-fig. 18H and 35, pl. 22, figs. 4-7, pl. 23, figs. 1-3,
with synonymy.

1856
1967

1972

1986

2011 Harpoceras (Harpoceras) subplanatum (OPPEL) -
KovAcs: 32, pl. 8, figs. 3-4, pl. 11, fig. 3, with synonymy:.
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Material. One partially preserved internal mold
(MIH-14/19).

Description. Specimen of small size, involute,
compressed, elliptical in shape. The whorl section is
lanceolate, with maximum thickness in the middle of
the section. The venter is carinate, with a poorly
preserved (eroded) keel; the flanks are slightly
convex. The umbilicus is only partially preserved,
shallow. The ornamentation consists of dense, falcate
ribs, that start near the umbilical edge and reach the
transition towards the venter. The suture line is only
partially preserved, with first and second lateral lobe
and second and third lateral saddle being visible,
which are damaged by erosion, but still very similar
to the one figured by HowarTtH (1992, text-fig. 18H).
Due to bad preservation of the specimen, the di-
mensions could not be measured.

Remarks. Even though the specimen from Mihaj-
lovici is poorly preserved and all the characteristics
could not be observed, the shape of the whorl
section, ornamentation and parts of suture line have
enough resemblance to specimens shown by Ho-
WARTH (1992) and KovAcs (2011) to assign it to the
species Harpoceras subplanatum.

Occurence. The species is known from Middle
Toarcian sediments world-wide (KovAics, 2011).

The discovery in Mihajlovi¢i locality represents
the first finding of this species in the Middle Toarcian
Bifrons Zone of Montenegro, as well as in the whole
Inner Dinarides.

Subfamily Arieticeratinae HowarTH, 1955

Arieticeratinae gen. indet.
Fig. 7F

Material. One very small fragment of an internal
mold (MIH-22/19).

Description. The specimen has a sub-octagonal
whorls section, with maximum thickness in the
middle of the section. The venter is tricarinate-
bisulcate; the flanks are convex. Simple ribs are
visible on this internal mold; even though they are
eroded, it can be concluded that they were robust,
since they have still stayed preserved. The suture line
is not preserved. Due to bad preservation of the
specimen, the dimensions could not be measured.
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Remarks. Because of poor preservation, this
fragment could only be determined as Arieticera-
tinae gen. indet., showing most resemblance with
genera Fontanelliceras or Tauromeniceras. However,
as this is an only partially preserved specimen,
which is worn down by erosion, the assignment to
a specific genus is not possible.

Subfamily Phymatoceratinae Hyart, 1867
Genus Furloceras ELMI & RULLEAU, 1995

Furloceras aff. chelussii (PARISCH & VIALE, 1906)
Fig. 7D

1906 Hildoceras (Lillia) Chelussii n. f., PARISCH & VIALE:
156, pl. 11, figs. 10-11.

1967 Phymatoceras narbonense aequale n. subsp., GECZY:
142, pl. 7, fig. 1.

2006 Phymatoceras aequale Giczy - GEczy & SZENTE: pl.
5, fig. 1.

p 2013 Phymatoceras gr. narbonense BUCKMAN — METODIEV
etal.: 75, fig. 4e-f (non fig. 5a).

2014 Furloceras chelussii (PARISCH & VIALE) — KovAcs: 19,
pl. 2, figs. 1 and 5.

2014 Furloceras pulcher (MErLA) - KovAcs: 20, pl. 2, fig. 2.

2014 Furloceras venustulum (MErLA) - KovAcs: 20, pl. 1,
figs. 6-7, pl. 4, fig. 1.

2015 Furloceras gr. chelussii (PARISCH & VIALE) - RULLEAU
et al.: 126, pl. 82, figs. 6-7, pl. 83, pl. 84, figs. 1-3
and 7, pl. 85, fig. 5, pl. 86, fig. 1, pl. 87, figs. 1 and 3,
pl. 90, figs. 1, 3 and 5, with synonymy.

Material. One partialy preserved specimen
(MIH-10/19).

Description. Large specimen, evolute, elliptical
in shape. The whorl section is subtriangular in
shape, with maximum thickness near the umbilical
edge. The venter is carinate, with a poorly preserved
(eroded) keel, without sulci, with gradual transition
towards the flanks that are slightly convex. The
umbilicus is wide and shallow, with rounded
umbilical edge. The ornamentation is not well
preserved, consisting of sigmoid ribs and barely
visible, eroded umbilical nodes.

Dimensions.

MIH 10/19 = 325 22.9 48.37
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Remarks. The species Furloceras chelussii is very
similar to Phymatoceras narbonense (BuckMaN) and
not easy to distinguish from it. RULLEAU et al. (2015)
give an extensive list of synonymy in their revision
of the subfamily Phymatoceratinae, where most of
Mediterranean examples of Phymatoceras have
been included in this species. This opinion has been
adopted also in the present paper, with the speci-
men from Mihajloviéi being determined as Furlo-
ceras aff. chelussii. Described specimen shows
greatest resemblance to forms described from
Hungary by GEczy & SZENTE (2006, therein described
as Phymatoceras aequale) and KovAcs (2014, therein
described as Furloceras venustulum).

Part of the material described by METODIEV et al.
(2013) as Phymatoceras gr. narbonense should also
be included with Furloceras aff. chelussii, based on
morphological features convex flanks and ribs
arising from small umbilical tubercules.

Occurence. According to RULLEAU et al. (2015)
the species Furloceras chelussii is known from
Mediterranean Domain, ranging from Bifrons to
Gradata Zone.

The discoveries in Mihajlovi¢i (METODIEV et al.,
2013; present paper) represent the first findings of
this species in the Middle Toarcian Bifrons Zone of
Montenegro, as well as in the whole Inner Dinarides.

Discussion

Comparison with Krs Gradac
and similar sections

A comparison of the Mihajlovié¢i sedimentological
evolution during Early-Middle Jurassic times with
other sections in the wider area, i.e. the western part
of the Inner Dinarides is practically impossible due
to the missing descriptions and modern biostrati-
graphic age datings in combination with detailed
microfacies analysis. Only the Kr§ Gradac section in
southwestern Serbia was studied in detail (RaDoICIC
et al.,, 2009; GawLick et al., 2009b, 2017, 2020). This
section, as well as the Mihajlovi¢i section, has also
been described for a very long time and has been
dated with brachiopods (ALBRECHT, 1925), ammono-
ids (PeTKOVIC, 1934; LEDEBUR, 1941; CIRI¢, 1954; Ram-
PNOUX, 1974) and microfossil associations (RADOICIC,
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Fig. 7. Early Jurassic ammonoids from Mihajlovici section. A. Calliphylloceras capitanii (CatuLLo), MIH-1/19; B-C. Fuciniceras lavinianum
(Fucint), MIH-20/19; D. Furloceras aff. chelussii (PARIscH & ViALE), MIH-10/19; E. Harpoceras sublpanatum (OppEL), MIH-14/19;
E Arieticeratinae gen. indet,, MIH-22/19; G-1. Lytoceras ovimontanum GEYER, MIH-21/19. Figs. B-C, F and G-I are from member 2 - early

Late Pliensbachian, Lavianum Zone (samples SRB 543, V 7); figs. A, D and E are from member 3 - Middle Toarcian, Bifrons Zone (sample
SRB 541). For sample positions see Fig. 2.
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1962; LjuBovi¢-OBRADOVIC et al., 1998; RapoICIC et al.,
2009; GawLick et al.,, 2017, 2020). A Late Sinemurian
brachiopod fauna was described by ALBRECHT (1924)
whereas microfossil associations were assigned to
the Early Jurassic (RADOICIC, 1962; LjuBovi¢-OBRADOVIC
etal, 1998) and to the Bajocian-Bathonian (RADoICI¢
et al,, 2009; GawLicK et al., 2020). Unfortunatelly, a
new ammonoid fauna is not known from this localiy,
but some assumtions can be made according to
species cited in published literature. Except for PET-
KoviC (1934) who thought that the ammonoids from
the red nodular limestones were Middle Triassic in
age, all other authors mention or describe Early
Jurassic species. LEDEBUR (1941) describes from this
section Lytoceras fimbriatum and Calliphylloceras cf.
nilssoni (therein described as Phylloceras cf. nilssoni),
Ciric (1954) cited Calliphylloceras nilssoni (therein as
Phylloceras nilssoni) and RamMpNoUx (1974) mentions
Lytoceras sepositum, Calliphylloceras capitanii and
Harpoceras strangewaysi (therein as Harpoceratoides
strangewaysi), all found in the red nodular limestones
above the micro-oncoidal facies. One of these species
(Lytoceras fimbriatum) can only be found in Pliens-
bachian sedimentary rocks, another (Harpoceras
strangewaysi) is known only from Early Toarcian,
whereas the third (Lytoceras sepositum) is chara-
cteristic for Middle Toarcian. Calliphylloceras nilssoni
can be found in Early and Middle Toarcian sedi-
mentary rocks. The red limestone member in the Krs
Gradac section (middle member in GawLick et al.,
2020) has the thickness of approximately one meter
and represents a very condensed facies. As the
sampling positions of determined ammonoid species
are not known, it cannot be decided if these levels are
of different ages or the specimens were collected
from one level with mixed faunas. However, at least
a ?Late Pliensbachian and Early Toarcian age of one
part of this section has to be assumed, until new
ammonoid data will be available from the Kr$ Gradac
section.

West of the town Sjenica and north of the village
Uvac LEDEBUR (1941) described the Maljevine
locality where on top of Late Triassic limestones, in
brecciated red limestones a “middle Liassic* am-
monoid fauna: Harpoceras (Lioceras), Phylloceras
lipoldi, Rhacophyllites stella and Lytoceras sp. were
found. Figured specimen determined as Harpoceras
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(Lioceras) resembles mostly the species Eleganti-
ceras elegantulum, whereas the one determined as
Rhacophyllites stella shows most resemblence to
Juraphyllites libertus, especially in the shape of the
suture line. Other species from this locality are
described, but not figured by LEDEBUR (1941). The
re-determinations would indicate early Toarcian
age of the Jurassic part of this section.

Similar Middle Toarcian red nodular limestones
in Montenegro can be found on the southern side of
Vojnik Mountain. Bifrons Zone is well known and
described from this region for more than half a
century (BESIC, 1948; RaDoICIC-BRSTINA, 1956; MIR-
Kovi¢, 1965). However, as the emphasis in these
publications was given to the paleontological de-
scriptions of the collected fauna, the outcrops were
only described in general, with the work of BESIC
(1948) being the most detailed one. Without new
investigations in this area of Montenegro, it is for
now only possible to conclude that Middle Toarcian
sedimentary rocks and their faunas are very similar
with the Mihajloviéi succession, but a convincing
comparison of the underlying or overlying strata is
not possible yet.

Biostratigraphic and paleogeographic
discussions

MEISTER (2010) and MEISTER & BLAU (2014 and
reference therein) have summarized the Pliensba-
chian ammonoid zonation for Pacific, Euroboreal
and Western Tethys Domains, placing Lavinianum
Zone in the lower part of the early Late Pliens-
bachian of the Western Tethys Realm, which is age
equivalent of Stokesi and Subnodosus Subzones of
Margaritatus Zone within Euroboreal Domain.
However, the authors place the species (as gr. lavi-
nianum or lavinianum-portisi) within the lowermost
horizon of this zone, calling it Lavinianum-Portisi
Subzone and Horizon. The 3.1 m thick bioclastic
crinoidal limestones of Mihajlovi¢i may most pro-
bably represent only this horizon, in the present
paper itis defined as Lavinianum Zone, as only three
specimens of ammonoids were collected from its
topmost part. This implies that the layers below the
ammonoid bearing horizon are most probably older,
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i.e. Early Pliensbachian in age. This is also supported
by the microfacies evolution throughout this
member. The hardground with the ammonoids
imply that the break in sedimentation already
started in the early Late Pliensbachian, lasting at
least until the end of Early Toarcian.

Correlation within the Dinarides is currently
possible only with the area of Zalomka in Bosnia and
Herzegovina, where Gakovi¢ (1986) distinguished
ammonoid zones for almost the complete Upper
Pliensbachian substage. The author described am-
monoids from the lowermost Upper Pliensbachian,
dominated by the representatives of the genus
Protogrammoceras, placing them within Fuciniceras
(Fuciniceras) boscense Zone, which would be the age
equivalent of Lavinianum Zone in Mihajlovi¢i. How-
ever, regarding the facies, Late Pliensbachian carbo-
nates in Zalomka are dominated by yellow and gray
often silicified micrites and biomicrites with a
thickness of approximately 20 meters.

The Mediterranean character of the Middle
Toarcian ammonoid fauna of Mihajlovi¢i section is
already emphasized by RaBRENOVIC et al. (2012) and
METODIEV et al. (2013), comprising of cosmopolitan
species as well as the ones characteristic for the
Western Tethys Realm, which is confirmed also by
our new results. Although only three specimens
have been collected from the early Late Pliens-
bachian part of the section, Fuciniceras lavinianum
is only known from the Mediterranean Domain,
whereas Lytoceras ovimontanum was also reported
from the Euroboreal Domain by MEISTER et al.
(2017), but only from its southern part. It is the-
refore most likely that the early Upper Pliens-
bachian ammonoid fauna from Mihajloviéi also has
a Mediteranean character, and represent in moment
the easternmost occurence of both mentioned
species.

Conclusion

New investigations on the Early-Middle Jurassic
Mihajloviéi section in northeastern Montenegro
resulted in the reconstruction of a stepwise Early
Jurassic deepening based on recent biostratigraphic
results. The new ammonoid fauna proves for the
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first time in this section, as well as in whole of
Montenegro and the whole Inner Dinarides, the
early Late Pliensbachian Lavinianum Zone below
the Toarcian Bifrons Zone and, therefore, an im-
portant gap between them. Several ammonoid
species that are new for the Middle Toarcian con-
densed horizon of this section have also been de-
scribed.

The ages of previously published gaps in depo-
sition have been emended, with the first gap during
the ?Late Sinemurian-Early Pliensbachian time-
span, and the second gap lasting from the early Late
Pliensbachian until the end of Early Toarcian. The
Mediteranean character of the fauna is confirmed
for the ammonoids of the Bifrons Zone and the same
is proposed with some restrictions for the ammo-
noids from Lavinianum Zone.

The sedimentary evolution during the Early and
Middle Jurassic clearly indicates a stepwise deepen-
ing of the depositional realm. Above the ?Late
Hettangian-Sinemurian shallow-subtidal micro-on-
coidal limestones follow above a gap deeper-marine
?Early to early Late Pliensbachian limestones with
micro-oncoids only in few levels. The deepening
trend can be manifested by the occurrence of
smaller micro-oncoids with only few rims and an
increase in the variability of the benthic forami-
nifers associations as well as the increasing number
of crinoid fragments and ammonids. In the upper
part of the Early Pliensbachian and the early Late
Pliensbachian more condensed ammonid-crinoid-
foraminifers packstones, without micro-oncoids
were deposited in a relative low-energetic deeper-
water environment. After the next hiatus marked by
a Fe/Mn-crust, wacke- to packstones with ammonoid
fragments, foraminifers and crinoids, and ongoing
hardground formation were formed in the late Early
Toarcian to Late Toarcian. After a long-lasting gap in
deposition, from the Late Toarcian onwards, Bajo-
cian-?Bathonian condensed Bositra Limestone was
deposited indicating a very slow depositional rate in
a hemipelagic open marine setting.

The depositional history with its stepwise deep-
ening in this transitional depositional realm between
the Adriatic Carbonate Platform and its Basement to
the west and the open-marine outer shelf with its
Early-Middle Jurassic condensed red nodular lime-
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stones facies reflects more or less time equivalent
deepening events as known from the whole Western
Tethyan Realm, as described in Sicily (D1 STEFANO et
al,, 2002), the Southern Apennines (IANNACE et al.,
2005), and the Southern Alps (MARTIRE et al., 2006;
BUSER & DozeT, 2009; MaseTTi et al., 2017). The recon-
struction of the Early-Middle Jurassic depositional
history in the East Bosnian-Durmitor Megaunit
closes an important gap in the understanding of the
Jurassic evolution in the Dinarides.
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Pe3ume

PaHoO-cpeaH0jypCKO NOCTENEHO
npoAayo6/bMBame y Npe1a3HoM
danujasHoM nojacy usmebhy JaapaHcke
Kap6oHaTHe I1aTpopMe U OTBOPEHOT
wesi¢ga HeoreTHca y cjeBepoOUCTOYHOj
LIpHoj l'opu gokazaHo nomohy HOBUX
nojaTaKka 0 aMOHMTHMA U3 JAOomer
AYjesi1a KACHOIIMH30AKor J00a
(Lavinianum 30Ha)

JlernosuiMoHa UCTOpPHUja TOKOM paHe U Cpefikhe
jype v YayTpawmuM JuHapuauma je caabo mo-
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3HaTa 360r pUjeTKOCTU JOCTYNHHUX U3JaHAKa, a
MoO/lepHa aHa/iM3a MUKpodalyja y KoM6UHALHjU ca
TauHUM 6UOCTpaTUrpadcKUM nojanyma je Takohe
BeoMa pujeTka (Haas et al.,, 2019; GawLick et al.,
2017, 2020 ca pedepennama). CynpoTHO paHo-
Cpeil0jypCKOj AEeNO3ULUOHOj UCTOPUjU Koja je
Jlobpo mpoyvyeHa U AeduHucaHa y CrnosballkbuM
JuHapuauMa, pesia3Ha 30Ha U3Mehy NJIMTKOBO/-
HUX TBOpeBUHa Cnospalibux /IMHapUAa U cpefiuHe
oTBOpeHOr wweada y 6J1M3UHU oKeaHa HeoTeTuca
Ha UCTOKY TOKOM paHe U Cpejikhe jype je ciabo
no3HaTa. CeJUMEeHTHE CTHjeHE PaHe U CpPeJibe jype
KOje Cy cTBapaHe Ha OTBOpPeHOM Luesdy cy npak-
THUYHO HEIO3HaTe, jep Cy epoJoBaHe UJIX NPeKpHU-
BeHe TOKOM CpeJilb0 [0 KacCHOjypCKe 3amnaJHo
opujeHTHCaHe 06ayKIUje odrosnTa (GAWLICK et al.,
2016, 2020; GAwLICK & Missoni, 2019 ca pedepeHnia-
Ma). [leTa/bHa “cTOpUja NpoAy6/buBakba LPBEHUX
paHoO-CpeAm0jyPCKUX HOAYMAapHUX Kpeutbaka (Am-
monitico Rosso) ca 06po M03HATUM U JeTa/bHUM
onucyMMa KapakTepucrtuka ¢panuja (FLUGEL, 2004 u
nquTUpaHe pedepeHiie) U cycjefHUX palrjaHIHUX
rojaceBa KOju IpeJiCTaB/bajy IpeJsa3 peMa ogu-
HU JaJipaHCKe Kap6oHaTHe mjaTdopMe, MOXe Y
YHyTpaumuM luHapuauMa 6UTH peKOHCTpyHcaHa
CaMO MHJWUPEKTHO.

O6uMHUje TO3HABalke CEeJUMEHTHE UCTOpHje
OBOT mpeJia3Hor QalujasHor Mojaca, 04yBaHOT Ha
pUjeTKUM HU3JaHUUMa y YHyTpallmkUM /IMHapu-
JuMa y jyrozanazaHoj CpOGHju U CjeBEpOUCTOYHO)]
lpHoj l'opu, faje moryhHOCT Aa ce MOMyHU Mpa-
3HMHA y pa3yMHjeBamy [eNO03UIMOHEe UCTOpHje
YayTtpammwux /luHapuaa TOKOM paHe jype.

HoBu npoHasacuu aMOHUTA Y PaHOjYPCKUM
xaparpayHguma y lpaoj Topu (Muxajnouhu)
yIpaBo J1ajy Ao6py MOryhHOCT Jla ce MOMyHU OBA
Npa3HUWHA y NMO3HABamwby JAENO3ULMOHE UCTOpHje
paHe jype, Tj. 0 MOCTeNeHOM MPOAYyO6/bHUBAY JEeMo-
3MIIMOHEe 06J1aCTU TOKOM paHe U cpejiibe jype, a
Takohe /103BO/baBajy U PEBU3UjY HEKUX paHHUje
00jaB/beHUX MOJlaTaKa O CTAPOCTU CTAPUjUX CJIO-
jeBa. TOKOM HOBUX UCTPAXUBakha JIOKAJIUTETA, TPU
npuMjepka TakcoHa Fuciniceras lavinianum (Fucini),
Lytoceras ovimontanum GEYER U Arieticeratinae gen.
indet. nponabheHa cy y cJi0jy oJiMax HUCIO/, IIPBEHUX
HOJyJIapHUX KpedraKa Cpe/ilb0TOapCKe CTapOCTH.
OBe BpCTe yKa3yjy Ha KaCHOIJIMH36AIIKY CTapOCT,
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MaKap y FOpHmheM [JHjesy KyTO-CHBUX Kpedmaka
4JlaHa 2, LITO Ce 3HAa4YajHO pasJIMKyje OJi CTAapOCTH
Kojy cy oapenuau RABRENOVIC et al. (2012).

Y oBoM pajty HeKoJIMKO puMjepaka Calliphyllo-
ceras capitanii (CATULLO), Harpoceras subplanatum
(OppEL) U Furloceras aff. chelussii (PARISCH & VIALE) je
Takohe oMucaHo, NOWITO Cy TO NPBU NPOHAIACLHU
HaBeJIeHUX BPCTa y CpeJlboToapckoj Bifrons 301U
Ha JioKanuTeTy MuxajioBuhu.

HoBo gaTupame Ha OCHOBY aMOHUTA yHallpe-
hyje Mozen nmocreneHor npoay6/bUBamkba TOKOM
paHe-cpefirbe jype, 10K je Tpajame cTpaTUrpadCcKux
npasHWHa ckpaheHo y oJJHOCY Ha paHUje UHTep-
npetanuje. PaHa jypa Ha OCHOBY aMOHUTA Y KOMOU-
HalMju ca aHaJU30M MUKpodauuja Moxe ce
MO WjeJIMTH Y TPH 4JIaHa pa3/IMiUTe CTapOCTH:

1. cpeamwe/KacHO XeTaHIIKO [0 CUHEMYPCKO
063,

2. paHo 10 KacHO MJINH36aIIKOo 1063, U

3. Toapcko 1063,

HaKOH KOjUX Cy y Cpe/il0j jypUu NpUCYTHU Bositra
Kpedywalyd Kao 4YeTBPTHU 4jaH. Tpu paHoOjypcka
yJlaHa u Bositra xpeuwanu npunaziajy popmanuju
Kpuw T'pagan kako cy je onucanu GAWLICK et al.
(2017,2020).

[Topehemwe ceuMmeHTOJIONIKE €BOJYIH]jE HA JIO-
KanuTeTy MuxajsioBuhu TOKOM paHe-Cpefirbe jype
ca IpYyruM U3JaHIMMa Y IUPOj OKOJIMHU, OLHOCHO
y 3alaJHOM Jujesy YHyTpalwwux /IlMHapuza je
NpakTU4YHO HeMoryhe, 360r HeJoCcTaTKa ONuca Uin
MO/lepHUX 61MocTpaTUrpadCcKux rnojaTaka y KoMou-
HallUju ca JleTa/bHOM aHaJIKM30M MHKpodaiuja.
Camo nokanutet Kpw 'pagan y jyrosanaanoj Cp-
6uju je netasbHo nmpoydeH (Rapoicic et al., 2009;
GawLick etal.,, 2009b, 2017, 2020) Tako jia je ca lbUM
u ypabeHo nopebemwe. Y oapebenoj mjepu, Ha
OCHOBY JIMTePATYpPHUX NoJaTaka, Muxajaosuhu cy
ynopehbeHu u ca JokaauTeToM Ma/beBUHE Y OKO-
auHe CjeHure (jyrosanazHa Cp6uja, LEDEBUR 1941),
O0HOCHO MJ1aHMHOM BojHuk y LipHoj l'opu (BESIC,
1948; RaDOICIC-BRSTINA, 1956; MIrKoviC, 1965). Kope-
Jlaljdja CTapoCTH MJIMH36aLIKUX ceJjUMeHaTa Ha
OCHOBY aMOHHUTa je y /luHapuauMa 3a cajia moryha
caMmo ca obsamthy 3anomke y BocHu u Xepuero-
BUHHY, rAje je GAKOVIC (1986) yTBpAiMO aMOHUTCKe
30He 3a rOTOBO KOMILJIETAH TFOPHOIJIMH36ALIKU
NOTKaT. AMOHUTE HajpaHUjer ropHONIUH36aLIKOT
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[I0TKaTa, Y KOjUMa JOMUHUDPAjy NpeACTaBHULU
pogza Protogrammoceras, ayTop je cMjectuo y Fuci-
niceras (Fuciniceras) boscense 30Hy, Koja 61 mpe/Ji-
CTaB/bajla eKBUBaJieHT Lavinianum 3oHe y Mu-
xajnoBrhnma.

HoBa uctpaxuBama paHe U cpefiie jype Muxaj-
sioBuha y cjeBepouctouHoj LipHoj lopu omoryhusia
CYy PEKOHCTPYKILHUjy MOCTeNeHor NpoAyb6/brBama
TOKOM paHe jype Ha OCHOBY HOBHUX OGUOCTpPATH-
rpadckux pesyarata. HoBa amoHuTcka ¢payHa no-
TBphyje mo npBU NyT HAa OBOM NpoduJy, Kao U y
yuTaBoj llpHoj 'opy, O4HOCHO U y YHYTpallHUM
JunHapuuma, Lavinianum 30Hy KacHOIJIMH36alIKe
ctapocty ucnof Bifrons 30He Toapcke cTapocTu 1
npeMa ToOMe 3HavajaH XHjaTyc. AMOHUTCKe BpPCTe
KOje Cy HOBe 3a CpeJHh0TOapCKH M0 OBOT JIOKa-
JIUTETa Cy Takohe omucaHe.

CtapocT paHUje My6JIMKOBAHUX CEUMEHTHUX
Npa3HUHA je UCIPaB/beHA, TAKO Jla ce IPBU NPEKU/]
y CeiMMeHTAaLUj! AOTOM0 TOKOM ?KacHOT CHHe-
MYPCKOT /10 paHOT IJIMH36alIKOT 10643, a ApYTH je
Tpajao oJ, KacHOT MJIMH36alIKOr 0 Kpaja paHoT
TOApCKOT 7106a. MeTepaHCKU KapakTep dayHe je
notBpheH 3a amoHuTe Bifrons 3oHe, a ucro je
npeJI0XKeHo ca ofpeh)eHOM pe3epBOM U 3a OHE U3
Lavinianum 30He.

CenuvMeHTHa eBOJIyLMja TOKOM pPaHE U Cpefbe
jype jacHo ykasyje Ha MOCTENeHO Npoay6/bHUBabEe
Jlerno3uiMoHe ob6sacty. U3Ha/, NJIMTKOBOJHUX MU-
KPOOHKOUJHHUX KpeuraKa ?KacHOT XeTaHILKOT /10
CUHEMYPCKOT 1063, HAaKOH XujaTyca, opMUpaHU CY
Kpeumally ca MUKPOOHKOH/IUMA ¥ CaMO HEKOJIMKO
HUBOA TOKOM ?paHOr [0 KaCHOI MJIMH30aLIKOT
nob6a. HactaBak nmpojy6/briBatha MOXe Ce MaHU-
decToBaTH M0OjaBOM MamkUX MHUKPOOHKOHJA ca
CaMO HEKOJIMKO JIJaMHHa U noBehaweM pasHOBp-
CHOCTHU acolujanyja 6eHTocKux popamuHudepa,
Kao U noBehaHuM 6pojeM KpUHOUACKUX pparme-
HaTa U aMOHUTA. Y TOPHEM JIUjes1y MIMH36alKoT
KaTa KOHJ,eH30BaHU aMOHUTCKO-KPUHOUCKO-o-
paMUHUPEPCKU EKCTOHU 6e3 MUKPOOHKOU/A Ta-
JIOXKEeHHU Cy y IY6OKOBO/IHOj CPEJIMHU ca PeJIaTUBHO
ci1aboM eHeprujoM Bozie. HakoH ciesieher xujaTyca
oGjesexxeHor Fe/Mn kopaMa, BEKCTOHH /10 IEKCTO-
HU ca ¢parMeHTHMa aMOHUTa, GopamMuHUbepama
Y KPUHOUMMA, U KOHTUHYUPAHOT CTBapama Xap/-
rpayH/ia, opMHUpaHU Cy TOKOM paHOTr [0 KacCHOT
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TOapCKOT 06a. HakoH AyXer npekuza y ernos3u-
IIMjU 0J] KACHOT TOAPCKOT 062 Ha/la/be, KOH/IEH-
30BaHU Bositra xpeywal 06pa3oBaHu Cy TOKOM
Gajeckor-?6aTckor /1063, ykasyjyhu Ha BeoMa criopy
cejMMeHTalujy y XeMHUIleJIalllKUM yCJI10BHMMa OTBO-
peHor Mopa.

Jleno3uMoHa MCTOpPHja ca MOCTENeHUM Ipo-
Ny6/bUBAKEM Y MpeJsia3Hoj 00JIaCTU CeJUMEH-
Tauuje usmebhy JaapaHcke kap6oHaTHe miatdopme
U IbeHe MOoJMHE Ha 3ama/ly ¥ croJsballmber mesda
OTBOPEHOT MOpa Cca PaHo [0 CPe/H0jyPCKUM KOH-
A€H30BAHUM LUPBEHUM HOAY/JAPHHUM KpE€YHbha4KUM
danuyjama ofpaxkaBa y Mamoj MM Behoj Mjepu
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BpEMeHCKe eKBHUBaJleHTe Jorahaja Mo3HaTHUX Y
YUTABOM 3anaJHOM TeTUCy, KAaKO je OMMCAaHO Ha
Cunuauju (D1 SteraNo et al, 2002), y JyxKHUM
AnenuHuMa (IANNACE et al., 2005), kao U y JyKHUM
Annuma (MARTIRE et al.,, 2006; BUsSER & DozeT, 2009;
MASETTI et al., 2017). [IpukazaHa peKOHCTPYKIIHja
paHoO 0 CpeAmO0jypCKe JeN03ULOHe UCTOpHje Y
M cTouyHO60CAHCKO-AYPMUTOPCKOj MeTa je JUHULU
3aTBapa BaXXKHY NIPAa3HUHY y pa3yMUjeBamy jypcke
eBoJsiyLnuje y /lunapuauMma.
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