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Abstract. An analysis of the extensive geoscientific legacy of the late Profes-
sors Milorad Dimitrijevi¢ (“Kvaks”) and Stevan Karamata, a century after their
birth, shows that both authors published numerous studies on the Neo-Tethys,
primarily focused on the Mesozoic Vardar Ocean. The term “Vardar Ocean”, in
its modern sense, was introduced by Prof. Dimitrijevi¢, whose work also ad-
dressed the geology of western Serbia and the Inner Dinaride Ophiolite Belt.
Similarly, Prof. Stevan Karamata concentrated on the westernmost and central
parts of the Vardar Zone (East Vardar Zone). Despite their detailed investiga-
tions of the exposed ophiolite belts across the western Balkan Peninsula, both
authors made only a few, though highly significant, observations regarding the
largely overlooked western Paleotethys Ocean, interpreted as a precursor
oceanic domain. Despite these contributions, the role of the Paleotethys Ocean
in the evolution of the Neotethys Vardar Ocean remains poorly understood.
Terms such as “Early Cimmerian” (a post-Variscan suturing event related to
Paleotethys closure) and “Neocimmerian” (a suturing event related to the
Neotethys and Innerdinaric oceans) have been omitted from many published
studies. Importantly, both the Early Cimmerian and Neocimmerian events are
characterized by weak accretion or “docking”. By examining the role of the Pa-
leotethys Ocean, and whether its subduction and closure influenced the open-
ing and development of the Neotethys Vardar Ocean, this study provides an
initial insight into the overlapping early Alpine and Eocimmerian tectonic
stages.

AncTpakT. AHa/1M3a Hay4HOT Hacseha v reoJiolike 3a0CTaBIITHHE TOKOJHUX
npod. ap Munopaga AumutpujeBuha (,KBakc“) u npod. ap CteBaHna Kapa-
MaTe, CTO IOIMHA HAaKOH HHUXOBOT pobema, NoKasyje Ja cy oba ayTopa
06jaBuJia 6pojHe cTyauje o HeoTeTucy, ca noce6HUM GpOKycOM Ha ME3030jCKHU
Bapgapcku okeaH. TepMuH ,Bapapcku okeaH" y caBpeMeHOM CMUCIY YBEO
je npod. AuMuTtpujeBuh, Koju je TOKOM CBOT U3y3€THO aKTUBHOT HAYYHOT
paZia IpeBacxo/JHO Npoy4YaBao TepeHe 3anagHe Cpbuje, ca Har1acKoM Ha opHo-
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K/by4He peum:
Heomemuc, [laneomemuc,
,8e/euka cepuja’;

JINTCKU Nojac YHyTpauwux JuHapuza. CivyHo weMy, npod. CreBaH Kapa-
MaTa ce yrJlaBHOM 6aBHO LleHTpaJHUM JlejjoBUMa Bapaapcke 30He, jlaHac
nosHaTe kao McTouHa BapZilapcka 30Ha. YIIPKOC FbUXOBOM JleTa/bHOM pajy
Ha TEKTOHCKH eKCXYMHUPAHUM U JOMUHAaHTHUM OPHOJUTCKHUM M0jaceBHMa
IIMPOM 3anaZHor JeJsa baskaHckor noJsyocTpsa, 06a ayTopa cy ocTaBuJIa
peJlaTHBHO MaJlo, a/li Hay4YHO BeoMa 3Ha4yajHUX 3aMakama Koja ce oZjHOoCce Ha
3aHeMapeHHU (3anazanu) [laneoTteTtuc. [laseoTeTHc, Kao NIPEKYPCOPCKU Najieo-
OKeaHCKU eHTUTeT, Ipe/icTaB/ba K/by4HY KOMIIOHEHTY YHja yJiora y pasBojy
HeoTeTHCKOT Bapaapckor okeaHa U Jjla/be HUje y MOTNYHOCTH pasjallilbeHa.
Y3 HEKOJIMKO U3y3eTaKa, TEKTOHCKH TEPMUHH Kao LITO Cy ,pPaHOKUMePHjCKHU
(mocT-BapucLUjcKU CyTYpPHU Aorabhaj moBe3aH ca ,JJOKOBakbeM" MPeoCcTanor
[TaneoTeTuca) u ,MaaokuMepujcku” (jypcku cyTypHH gorahaj moBesaH ca
,AIOKOBabeM " YHyTpallllhe IMHApU/ICKOT OKeaHa Y okBUpy HeoTeTuca) faHac
Ce peTKO KOPHUCTe y JIuTepaTypHu. Y 06a ciyyaja KapaKTepHUCTUYHO je ,,JJ0KO-
Bambe", 0/JHOCHO KOJIM3Hja cJ1abor uHTeH3uTeTa. OBa CTy/Uja ce mocebHO 6aBU
ysioroM [lasieoTeTrca, OJHOCHO MUTAWkEM Jia JIM Cy CYOAYKIMja U 3aTBaparbe
[lasieoTeTHca yTULQJIM Ha OTBapame U pa3BOj HeoTeTHUCKOT Bapnapckor
okeaHa. Ha Taj HauuH paj Zjaje NpBU YBU/, Y IpeKJIaakbe paHe ajlcKe U eOKH-

PAHOKUMPUjCKU, HEOKUMPUJCKU.

MEpPHjCKe TEKTOHCKe dase.

Introduction

Despite more than 50 years of research, the role
of Paleotethys in the opening and spreading of the
well-studied Vardar Ocean remains poorly under-
stood. The following review and synthesis of the scien-
tific legacy of the late Prof. Dr Milorad Dimitrijevi¢
and Prof. Dr Stevan Karamata demonstrate that both
scholars recognized Paleotethyan interactions with
the Vardar Ocean and its branches within the Dina-
ride and Carpathian-Balkan regions. Their contribu-
tions to the regional geology of the Carpathian-
Balkanides and Dinarides (including the Vardar Zo-
ne) are best illustrated by the geotectonic sketch
maps they produced (DimMITRIEVIC, 1995, 1997; KaRA-
MATA & KRsTIC, 1996; KaARAMATA, 2006; Supplementary
Figure 1a,b). Although both authors successfully out-
lined the principal Neotethyan-type suture zones and
several tectonically exhumed Jurassic oceanic fea-
tures (ophiolites), they only rarely discussed the su-
tures of older paleo-oceanic domains and their clo-
sure processes. Nevertheless, their work provides va-
luable insights into the location and development of
the Paleotethyan Ocean within the Western Balkans.
Subsequent reports dealing with configuration of
Paleotethys have remained scarce, and Paleotethys
itself is still commonly neglected as an important

precursor framework in Neotethyan studies.
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Neotethyan Vardar legacy

Although the role of Paleotethys in the Alpine
configuration of the Dinarides-Carpathians-Balkans
was discussed by Prof. Dr Milorad Dimitrijevi¢ and
Prof. Dr Stevan Karamata, as well as in several re-
cent Paleotethyan reconstructions (CSoNTOS & VOROS,
2004; ScHMID et al., 2008, 2022; ROBERTSON et al.,
2009; vaN HINSBERGEN et al., 2022), its influence on
the opening of the Neotethys remains largely spe-
culative. The main reason is not only the lack of
regional geological constraints on the Permian to
intra-Triassic evolution and closure of Paleotethys,
but also the prevailing interpretation of the latest
Jurassic “obduction stage” (e.g., ScHMID et al., 2008;
CHIARI et al,, 2011; GALLHOFER et al., 2017; MAFFIONE
& vAN HINSBERGEN, 2018).

Regarding the evolution of the successor Neo-
tethyan Ocean, KARAMATA et al. (2005) and KARAMATA
(2006) introduced the concept of the “Vardar relic
Sava Ocean”. This interpretation was widely accepted
by mainstream researchers (e.g., ScHmiDp et al., 2008,
2020; Ustaszewski et al., 2009, 2010; BoRTOLOTTI et
al., 2013; MAFFIONE & VAN HINSBERGEN, 2018; ToLji¢ et
al,, 2018, among many others). However, this single-
ocean model has recently been increasingly ques-
tioned and is often regarded as outdated, primarily
because no evidence of Cretaceous oceanic crust has
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yet been identified (e.g., CvETkovIC et al., 2014; SpaHIC
& GAUDENYI, 2022).

In response to the increasingly obsolete “Sava
Ocean” concept, the “multiple Neotethyan ocean
model” proposed by DIMITRIJEVIC (2001) has recently
attracted renewed attention. This multiple-ocean
model was also initially rejected, although several
recent studies additionally emphasize the oblique
nature of the interactions between the developing
oceanic domains and their continental margins.
(e.g., GRuBIC, 2002; DiLEK et al., 2007; BazyLEv et al.,
2009; BoNEV & STAMPFLI, 2011; DILEK & FURNES, 2014;
KoppING et al., 2017; PRELEVIC et al., 2017; ARGNANI et
al.,, 2018; SoxoL et al., 2020; SpaHIC & GAUDENYI, 2022;
VERGELY & MERCIER, 2024; SpAHIC et al., 2025a).

Paleotethyan legacy. One of the key insights
into the evolution of the Paleotethyan Ocean
(Fig. 1a,b), provided by KaramATa et al. (1994), is
the initial interpretation of the limestone-bearing
“Veles Series”, formed within the southern part of
the Vardar Zone (Fig. 2a,b). This basement unit is
exposed only locally as a fragment of the southern
Vardar Zone in North Macedonia (KARAMATA et al.,
1994; GruBIC & ERrcEGovAc, 2002; KARAMATA, 2006).
While Stojanovi¢c (1980) and GRrRuBIC & ERCEGOVAC
(2002) initially dated the “Veles Series” to the Late
Devonian-Carboniferous interval (Fig. 2b), Kara-
MATA (2006) later proposed that Paleotethys develo-
ped alongside the Neotethyan Ocean (“Main Vardar
Ocean”) during its final Jurassic stage (also discus-
sed by Subar & Kovacs, 2006). This concept of a rem-
nant Paleotethyan Ocean (Fig. 1b, pinkish dashed
lines) has recently been supported by NEUBAUER et al.
(2019) and further indicated by evidence of Trias-
sic Anisian biotic changes and the oxygenation of
formerly restricted, rift-related oceanic segments
extending into the External Carpathians (Hips,
2022). In addition, marine sediments associated
with Triassic magmatic rocks, ranging in age from
the Permian to the Jurassic, have been documented
within the Jadar Block of the Vardar Zone (PESIC et
al,, 1988; FiLipoviC et al., 2003). With respect to the
more southern, or main, Paleotethys branch within
the Dinarides-Hellenides (Fig. 1b), Prof. Dimitrijevi¢
earlier proposed that the main Paleotethyan suture
was related to the External Dinarides and repre-
sented by the unresolved “Anisian flysch” (for details
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on the “Anisian flysch”, see DiMITRIJEVIC, 1995, 1997;
SMIRCIC et al., 2020).

The following synthesis examines the multistage
evolution of the western Paleotethys and provides
a brief overview of (i) late Paleozoic partial closure
of the Paleotethyan oceanic domain, (ii) the “Early
Cimmerian” events, and (iii) the Jurassic Neotethyan
closure. This closure is expressed through a weak
collision and obduction episode corresponding to
the “Neocimmerian” event, commonly associat-
ed with bauxite-bearing unconformities. Special at-
tention is given to the Triassic evolution of the Pa-
leo-tethys and to the late-stage closure of the Neo-
tethyan Vardar and Inner Dinaride oceanic domains.

Paleotethyan paleogeography, Variscan
and Early Cimmerian events

Regarding terminology, the “western Paleo-
tethys” refers to a paleogeographic region repre-
senting the oceanic fragment that likely surrounded
its westernmost pivot area, connecting the Alps,
Carpathian-Balkanides, Rhodope, and Dinaride-
Hellenides/Paleo-Adria systems (DORNSIEPEN et al.,
2001; RoBERTSON, 2012, 2021; SpaHIC, 2022a,b, 2024;
Fig. 1a,b). This also includes the concept of a “rem-
nant Paleotethys”, interpreted as an oceanic domain
that persisted after the Variscan collision at the end
of the early Carboniferous (c. 320 Ma) and conti-
nued into the Triassic (StampFLI & BOREL, 2002; Ro-
BERTSON, 2021; SpaHIC, 2022a,b, 2024; Fig. 1a,b).
The post-Variscan relic Paleotethyan Ocean is infer-
red through extrapolation of biostratigraphic, pa-
leogeographic, and, most importantly, tectonic data
(including missing stratigraphic intervals and rela-
ted nappes, reverse faults, and other discontinuit-
ies). In contrast, the eastern Paleotethyan realm-
characterized by much better exposed oceanic and
tectonic records—extends from eastern Moesia to
East Asia (see also SENGOR et al., 1985; Tari et al.,
1996, 2010; Okay et al., 2001, 2006; NIKISHIN et al.,
2006; NATAL'IN et al., 2012; BoNEv et al., 2019, 2022;
Cao etal., 2025; RATSCHBACHER et al., 2026; Fig. 1a).

Accounting for a west-to-east diachronous closu-
re of Paleotethys, the overall structure of the rapidly
diminishing post-Variscan “western Paleo-tethyan”
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(N umbers in wh ite-red)

1 - Moesia, including Dobrogea,
2 - Carpathian-Balkans, 3 - North
Qiangtang terrane, 4 - Indochina
terrane, 5 - South Qiangtang
terrane, 6 - Tarim, 7-QB, 8 -
Mongolia block, 9 - North China
block, 10 - South China block, 11
- Adria, 12 - Australia, 13 -
Arabia, 14 - North Africa, 15 -
Kazakhstan, 16 - Baltica, 17 -
Siberia.

Numbers in blue-red:

1. (Northem) PaleoTethys
2. (Southern) PaleoTethys
3. NeoTethys

4. (Western) Paleotethys
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Paleotethys
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Fig. 1. a. Paleogeographic reconstruction of the Paleotethys at 260 Ma (Upper Permian; modified after Cao et al, 2025). The recon-
struction highlights the principal structural elements of the Paleotethyan Ocean, including the Cimmerian ribbon continent and features
related to the western and eastern segments of Paleotethys. b. The latest Permian—earliest Triassic reconstruction of the westernmost

segment of Paleotethys suggests that a small gulf or bay remained active until the final Permian closure (modified after SPAHIC et al,
2025a).
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Devonian ly Carboniferous 'Veles Series' as a relic of Variscan Paleotethys

Lithostratigraphy
Serbo-Macedonian Unt Including
Western-Macedonian zpne granitoids
(External Hellenides, Mesozoic)

'Eastern Veles Series'

Vardar Zone
(Inner Hellenides, Mesozoic ophiolites)

Vardar Zone
'Veles Series' (Late Devonian-Carboniferous) o =&
S Paleotethyan Variscan suture

Serbo-Macedonian Unit CcCooo

including granitoids - =
(Inner Hellenides, Cambrian) Veles Series

P

-

'Eastern Veles Series' (Displaced gneiss of PalEaahiaR Uit
Serbo-Macedonian Unit; Cambrian) ‘_ 9

Western-Macedonian
zone (External Helenides)

Pelagonian Unit (Avalonian inheritance)

Upper section ca. 300 m

Greyish marbles and metalimestones

Green chlorite schists;

Dark green amphibolite schists;

Whitish marbles-metalimestones;

Quartz-mica schists;

Devonian - Lower Carboniferous

Middle section ca. 850 m

Quartz-graphite-sericite
schist; Fossil record:

Evidence of Paleotethyan oceanic crust?

Fig. 2. a. Geological position of the ‘Veles Series’ within North Macedonia (inset modified after SpAHIC et al,, 2019). The ‘Veles Series’ rep-
resents a marker of the partial Variscan closure of Paleotethys. Variscan amalgamation with the Serbo-Macedonian gneiss is confirmed
by the occurence of Variscan granitic magmatism in the adjoining Pelagonian massif, as documented by Vavvasis et al. (2000). b. Detailed
local lithostratigraphic column of the Lower and Middle sections of the ‘Veles Series’ (slightly modified after Stojanovic, 1978).
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Ocean (Fig. 1a) remains uncertain. Some research-
ers emphasize the lack of evidence for a continuous
Cimmerian ribbon continent (e.g., Topuz etal.,, 2013;
Fig. 1b), whereas others propose alternative inter-
pretations, particularly based on evidence for more
internal Paleotethyan remnants (e.g., in the Alps;
NEUBAUER et al., 2019, 2022; Fig. 1b). To further com-
plicate the Carpathian-Balkan framework, the pre-
sence of Paleotethyan domains in the Rhodope-
Hellenides—especially within the Hellenides—is
relatively well documented (e.g., MEINHOLD et al,,
2010; VANGELOV et al., 2013; ZuLAurF et al., 2015, 2018;
PETRIK et al., 2016). Consequently, there is an in-
creasing need for a revised model to address the re-
maining uncertainties in the paleogeographic and
geodynamic evolution of the Carpathian-Balkan
segment.

Paleozoic opening and closure events
related to Paleotethys: from Gondwana to
the Early Cimmerian episode

Key controversies concerning the western Paleo-
tethys begin with the formation of this paleo-ocean,
likely initiated during Early Paleozoic N-S-directed
rifting and oceanic development (Fig. 3a), and its
subsequent evolution through spreading and sutur-
ing stages associated with Late Paleozoic Variscan
events (Vavvasis et al., 2000; Pami¢ & Jurkovic, 2002;
ZULAUF et al.,, 2015; SpaHiC et al., 2025a,b; Fig. 3b).
Remaining uncertainties include the distribution
and continuity of post-Variscan Paleotethyan rem-
nants across the Balkan-Hellenide region, which
may have persisted into the intra-Triassic (ZULAUF et
al., 2018; Spanic, 2022a,b; Fig. 3b,c). These issues
have so far been addressed in only a limited number
of studies.

Several paleogeographic and paleotectonic
models have been proposed to explain the mecha-
nisms responsible for the opening of Paleotethys
and the development of Paleozoic oceanic domains
(e.g., KRONER & ROMER, 2013; STAMPFLI et al., 2013;
NEUBAUER et al,, 2022). The “rift-drift” model of
StamprLI et al. (2013) places the onset of oceanic
opening in the Silurian-Devonian (ANTIC et al., 2016;
SpaHIC et al., 2019; NEUBAUER et al., 2022). This timing
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suggests that the Paleotethys Ocean likely formed
during the final stages of long-lasting rift-drift
processes along the northern margin of Gondwana,
corresponding to present-day North Africa (PamiC &
Jurkovi¢, 2002; EBNER et al., 2010; RoBERTSON, 2021;
Fig. 3a).

Slab-pull processes associated with pre- and
post-Variscan subduction beneath the northern
margin of Eurasia (Vizan etal,, 2017) are inferred to
have driven the northward motion of Paleotethyan
oceanic and continental crust. Detachment of conti-
nental fragments was, in turn, facilitated by back-
arc rifting related to subduction zones beneath the
northern Gondwanan margin, although the polarity
and geometry of these systems remain debated.
Along northern Africa, rifting and the formation of
the Cimmerian ribbon continent contributed to its
northward drift (StamprLi, 1996; Fig. 1b). As the
Neotethyan Ocean expanded, promoting separation
of the Cimmerian ribbon continent from Gondwana,
continued northward subduction pulled continental
fragments away from the northern Gondwanan
margin (Fig. 1b). This sequence of processes ulti-
mately led to the collision (“docking”) of the Cim-
merian ribbon continent with Eurasia and the
terminal closure of Paleotethys (SENGOR et al., 1985).
Processes such as Cimmerian docking, weak accre-
tion, and the closure of Paleotethys left a substantial
geological imprint in eastern Eurasia, with evidence
linking Moesian Paleotethyan influences (TarI et al.,
1996, 2010) to regions as far as East Asia (e.g., MET-
CALFE, 2000; SasHIDA et al., 2022; Fu et al., 2022; Er-
SHADINIA et al., 2023; Cao et al, 2025; Fig. 1a,b).
However, this is not the case for the investigated, yet
strongly overprinted, western part of the paleo-
ocean, where direct evidence of oceanic crust and
associated tectonic structures remains largely ob-
scured (RoBERTSON, 2021; SpaHI¢, 2022a,b).

Variscan closure

Despite the complex pre-Variscan configuration
(Figs. 1b, 3b), evidence for partial closure of Paleo-
tethys across the Carpathian-Balkan and Dinaride
regions during the Variscan event is substantial.
Northward-directed subduction of Paleotethyan

Geol. an. Balk. poluos., 2026, 87 (1), 57-81
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Fig. 3. a. Early Devonian opening of Paleotethys (modified after NEUBAUER et al, 2022; and SpaHIC et al, 2025b). b. Terminal pre-Variscan con-
figuration during the Late Devonian (after SraHIC et al, 2025b). c. Alpine configuration and exposed Variscan basement units (inset modified
after FAURE & FERRIERE, 2022), showing evidence of Triassic magmatism. Key: Ar: Ardenne, BM: Bohemia, S - Th: Saxo-Thuringian, TB: Tepla-
Barandian, MD: Moldanubian, Co: Corsica, AM: Armorican Massif, EA: Eastern Alps, MC: Massif Central, Q - Ph: “Quartz-Phyllites’, Ro: Rhodope,
S: Schwarzwald, Sa: Sardinia, St: Strandja, TESZ: Trans-European Suture Zone, WA: Western Alps, WCa: Western Carpathians, SCa - B: South
Carpathians-Balkans. Stars indicate the locations of scarce magmatism related to Paleotethys. Data sources are indicated in the figure.
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oceanic crust is recorded through Devonian, Car-
boniferous, and Permian activity beneath Eurasia
(ROBERTSON & USTAOMER, 2009; VizaN et al., 2017).
Until recently, this process was commonly expres-
sed mainly through granitic magmatism, as docu-
mented across the Balkans, Rhodope, and Helleni-
des (e.g., Vavvasis et al., 2000; TURPAUD & REISCHMANN,
2010; ZuLAUF et al.,, 2015; RoBERTSON, 2021).

Partial closure of the (western segment of the)
Paleozoic Paleotethys began during the highly
complex, two-stage Variscan event (Vavvasis et al.,
2000; PamIC & Jurkovi¢, 2002; ZULAUF et al., 2015;
SpaHIC et al., 2019; SosTER et al., 2020; CRINITI et al.,
2023; ARENAS et al., 2024; SpaHi¢, 2024; Fig. 3b).
The first stage of Variscan evolution involved clo-
sure of Paleotethys and affected both the Dinarides
and the Carpathian-Balkan-Hellenide domains.
Variscan Paleotethyan interaction and associated
two-stage unconformities are particularly well ex-
pressed in the External Dinarides (PAMIC & JURKOVIC,
2002; AvjiNnoviC & Kozur, 2003; ROBERTSON, 2021;
SpaHIC, 2024). Within the Dinarides, two groups of
Variscan magmatic imprints can be distinguished:
a “late Variscan” phase (ca. 290-325 Ma) and an
“early Variscan” phase (ca. 353-390 Ma) (see SPAHIC,
2024, and references therein). In addition to magma-
tism and tectonic exhumation, most Dinaride base-
ment units lack Permian marine sediments (e.g., the
Drina-Ivanjica Block and the Mid-Bosnian schistose
basement unit). The Drina-Ivanjica Block contains
Carboniferous metasediments with no Permian
record (Pokovi¢, 1985), whereas other basement
units—representing the northern Gondwanan pas-
sive margin, the Paleotethyan oceanic domain, and
the consuming Eurasian margin—exhibit distinct
Late Variscan to Permian evolutionary histories
(PAMIC & JurkoviC, 2002). Importantly, the Variscan
unconformity is recorded across Paleotethyan do-
mains. In contrast to the External Dinarides, the
presence of Paleotethys has been confirmed closer
to the Inner Dinarides, within the Vardar Zone and
its Jadar Block (Supplementary Figure 1a).

The second stage, representing the post-Varis-
can relic western Paleotethys, is evidenced by map-
ped Permian-Triassic marine successions within the
Jadar Block (PESIC et al., 1988; SpaHIC & GAUDENY]I,
2020; KoLAR-JURKOVSEK et al., 2021). These succes-
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sions display a clearly marine character with a con-
tinuous transition into the Triassic (FiLipovic et al.,
2003) and are marked by the absence of a post-
Carboniferous unconformity. The western Serbian
segment of the Jadar Block contains seven biostrati-
graphic levels within Upper Permian limestone suc-
cessions, including the Edmondia permiana beds,
“Productiis” limestones, richthofenian bioherms,
calcisponge beds, the Waagenophyllum indicum hori-
zon, and Notothyris beds, which collectively indicate
a carbonate platform environment within western
Paleotethys (PESIC et al., 1988).

This second branch of the Variscan Paleotethys
likely extends from Mt. Kopaonik (Subar & Kovacs,
2006) to the southernmost Vardar Zone in North
Macedonia (Fig. 2a). The southern Vardar Zone con-
tains the Late Devonian-Early Carboniferous “Veles
Series” (KARAMATA et al., 1994; KARAMATA, 2006; SUDAR
& Kovacs, 2006; EBNER et al,, 2010; Figs. 2a,b, 3b,c).
Only recently has the Late Paleozoic “Veles Series”,
including remnants of possible Paleotethyan ocea-
nic crust, been interpreted within a Variscan Paleo-
tethyan framework (Subar & Kovacs, 2006; SpaHIC et
al,, 2019, 2020; SosTER et al., 2020; see lithostrati-
graphic column in Fig. 2b, for magmatic remnants).
Pre-Alpine magmato-tectonic overprinting is sup-
ported by the Late Devonian-Early Carboniferous
age of the “Veles Series”, which is difficult to recon-
cile with a purely rift-related origin, as no rifting
event of this age is documented in the studied region.
The presence of greenschist-facies rocks, (ortho)-
amphibolites, marbles, and serpentinite relics inter-
preted as fragments of oceanic crust further sup-
ports former subduction-related underplating.
In addition, Paleozoic oceanic closure, as indicat-
ed by Variscan post-collisional magmatism, is record-
ed in the Stip magmatic complex (biotite-rich gra-
nites dated by LA-ICP-MS U-Pb at 304 + 3 Ma; Ser-
bo-Macedo-nian Unit / “Eastern Veles Series”; ANTIC
et al.,, 2016), as well as in the more southern Ver-
tiskos Unit (Spa-HiC et al., 2020; Mposkos et al., 2021).

Further east, beneath southern Moesia, some
authors propose dual subduction of Paleotethys
from the Early Carboniferous to the Late Permian
(e.g., ROBERTSON & USTAOMER, 2009; CANDAN et al.,
2016). In this framework, the southern Paleote-
thyan branch, related to subduction beneath Gond-
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wana, influenced Neotethyan rifting and the sepa-
ration of the Cimmerian ribbon continent at ca. 285
Ma (e.g., WEI et al., 2023, 2025).

Early Cimmerian closure of relic Paleotethys
(“docking” episode)

The Early Cimmerian orogeny refers to an event
that occurred approximately 210-200 Ma (VANGELOV
etal, 2013). On a regional scale, “Early Cimmerian”
tectonic interference is best documented in the
North Dobrogea region, i.e., the northern domain
of Moesia (HippoLyTE, 2002). In addition, within
the subsurface of Moesia—represented by a thick
(>10 km) sedimentary succession—Early and Neo-
cimmerian structures are identified in seismic data
(Tar1 et al., 1997, 2010; Fig. 4). At the broader Bal-
kan scale, “Early Cimmerian” compressional defor-
mation is represented by only a few well-documen-
ted examples:

(i) Rarely documented intra-Triassic ultrahigh-
pressure (UHP) metamorphism at ca. 200 Ma in the
central Rhodopes (U-Pb-Th dating of monazite in
diamond-bearing gneisses; PETRIK et al., 2016);

(ii) Absence of Upper Triassic sedimentation
(e.g., eastern Serbia; Fig. 5), expressed by the re-
cently defined “Cimmerian unconformity” (obser-
ved mainly in Moesia, but rarely mapped at the sur-
face; SpaHiC, 2022b, 2024; Fig. 6a,b). As noted above,
at the regional scale this unconformity is most
clearly expressed in the North Dobrogea orogen
(HippoLyTE, 2002).

(iii) Broad north-vergent folding, mainly observed
within the Moesian sedimentary succession (TARI et
al,, 1996, 2010), with fold structures interpreted as
Late Triassic (Norian?-Rhaetian) in age (Fig. 4).

Deformation affecting transitional Permian-Trias-
sic successions and attributed to the “Early Cimme-
rian” phase is rarely reported. In the External Dina-
rides, evidence of intra-Triassic truncation is well
documented; however, its tectonic origin is often not

Permian-Tiassic B Middle Fiassic
unconformity? unconformity?

NNW 2D seismic section from Moesian sedimentary pile

(length)

— "%m«w

-~

From Tari et al. (2011), modified

Fig. 4. 2D seismic line showing the intra-Triassic and Jurassic truncations in the Romanian sector of the Moesian platform (inset modified
after TArl et al, 2010). Number 1 (white rectangle with a pinkish frame) marks the absence of a Permian-Triassic unconformity within
the Moesian sedimentary succession. The reflector anomaly located beneath the top of the “Middle Triassic” formation is interpreted as
the position of the Middle-Upper Triassic truncation (Number 2, white rectangle with a reddish frame; see explanation in SPAHIC, 2022b).
The Early Cimmerian unconformity truncates the Upper Triassic strata. In addition, gentle folding of the sequence is visible, with fold
axes trending N-S, as also suggested by TSCHOUMATCHENKo et al., 2006).
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Central part of east Serbian Carpathian-Balkan belt, Getic/Kucaj nappe, characterized

by the absence of Upper Triassic-Lower Jurassic sediments (see Fig. 5, for location)

Period | Column ‘Thickness Lithology
0 ‘
% o o 8. Sandy limestones, sandtones,
Unconformity | [ B 8 < and cherts
| Erosional | | £ 3 8 8
truncation: | |/ LAANAAA
U“:'::r"fr?i:;‘:irce o 7. Layered limestones and marlstones
and Lower Jurassic! Q7 with Daonella-zone with
% S Paraceratites trinodosus
§ E E 6 6. Thin-layered limestones
po and marlstones with Daonella-zone
L 40] 5 5. Thick-bedded limestone
| —|60[ 4 = with Rhinconella decurtata
$——a0 3 4. Dolomitic limestones and
8 dolomites
______ ,L, WJ 7[7 50| 2 3. Mica-rich sandstones
< | 1 2. Quartzitic whitish limestones
€ % 1. Permian red sandstones (terrestrial)
e A}
[7] i
e Gradual transition from terrestrial sediments

to basin development (no unconformity)

2D cross-section near Zdrelo, see Fig. 5, for location

Regional
unconformity:
Missing entire
Upper Triassic

and Lower Jurassic!

EERNN

1-Permian redbeds, 2 - mica-rich sandstones, sandy limestones (Lower Triassic), 3 -Dolomites,
dolomitic limestones (Lower Triassic), 4 - greyish slighly sandy limestones with krinoides (Middle
Triassic), 5 - Black bitumenous limestones with interbeds of marls, rich in ammonoides from
ceratitie-group (Middle Triassic), (UNCONFORMITY), 6 - sandy-marly sequence of Middle Jurassic
(Bajocian, Bathonian), 7 - Callovian, 8 - Cherts of Upper Jurassic age, 9 - Thick-nedded limestones

with chert nodules (Upper Jurasssic), 10 - Massive limestones (Tithonian), 77 - Neogene.

Fig. 6. a. Regional synthetic stratigraphic column of the Gornjak area (modified after ANpELKOVIC & UROSEVIC, 1975). The Lower-Middle
Triassic “Gornjak” sequence is approximately 400 m thick and is truncated by a hiatus extending into the Middle Jurassic. The transition
from the Permian to the Triassic is gradual, without the unconformity observed elsewhere on the Moesian platform. The column clearly
demonstrates a major regional-scale erosional truncation. b. Local cross section near Zdrelo showing the Upper Triassic unconformity
(after ANTONIJEVIC, 1954, in ANPELKoVIC & UROSEVIC, 1975, modified). The inclination and spatial arrangement of the bedding below and
above the unconformity suggest a compressional event that caused erosional truncation at the end of the Middle Triassic. This event
did not significantly affect the overall structural arrangement, which explains why the Middle Jurassic sequence displays a similar dip

and dip direction.

fully discussed (e.g., CADJENOVIC et al., 2008; SUDAR et ROBERTSON, 2021; SpaHIC, 2024), these numerous
al,, 2013, 2014; Gori¢aN et al., 2022; GawLIcK et al., intra-Triassic unconformities across the Dinarides
2023). With a few exceptions providing regional- have not been systematically interpreted in terms
scale syntheses (STAMPFLI, 1996; KrysTyN et al.,, 2019; of Early Cimmerian collisional tectonic interferen-
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ce. The tectonic origin of some of these Dinaride
intra-Triassic hiatuses, often expressed as missing
stratigraphic sections, therefore requires further in-
vestigation (see SpaHIC, 2024, and references cited
therein).

In the Carpathian-Balkan region, rare reports in-
dicate the presence of post-Middle Triassic hiatuses
or erosional unconformities, marked by the absence
of Upper Triassic and Lower Jurassic successions.
In the eastern Serbian inner belt of the Kucaj Nappe
(SpaHIC, 20223a,b) and the Louda Kamchia area of the
eastern Stara Planina Mountains in western Bul-
garia (TSCHOUMATCHENKO et al.,, 2004), subsurface
folding has been documented on the Moesian Plat-
form (Fig. 4).

In contrast, in the neighboring Hellenides, recent
studies confirm the presence of all three Paleo-
tethyan signatures: a Variscan stage, continuous
Variscan to Triassic sedimentation, and a still-de-
bated presence of Cimmerian continental fragments
(e.g., Crete; ZuLAur et al.,, 2015, 2018). Variscan inter-
ference with Paleotethyan evolution is documented
in the Pelagonian Massif (U-Pb zircon ages of 308
and 319 Ma, and 40Ar/39Ar mica ages of 288-297
Ma; Vavvasis et al., 2000), while similar Variscan ages
are also reported from Crete (321 Ma, 310 * 3 Ma,
and 300 Ma; ZuLAur et al., 2015). The Tyros Unit of
Crete further records post-Variscan Paleotethyan-
Cimmerian separation of a future ribbon continent,
indicated by Early Triassic felsic volcanic activity
and detrital zircon ages around 240 Ma (ZULAUF et
al.,, 2015). At the same time, the Variscan oroge-
nic belt was exhumed and eroded, as reflected by
detrital input into Lower to Middle Triassic sedi-
ments. Notably, Tyros beds are almost devoid of
Variscan-age detritus (ZuLAUF et al., 2015), support-
ing the existence of a Cimmerian continental do-
main in the Hellenides. The terminal closure of
the post-Variscan remnant western Paleotethys in
this broader region is therefore consistent with a
Ladinian age (ZuLAUF et al., 2015), which correlates
with the truncation events observed in the Carpa-
thian-Balkan region, particularly eastern Serbia
(SpaHIC, 2022D).

Other studies focusing on the Carpathian-Balkan-
Rhodope region have mainly relied on interpreta-
tions of (Late) Carboniferous-Permian and Triassic
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magmatic events (BoNEV & DiLEK, 2009; MEINHOLD et
al,, 2010; ZLATKINA et al., 2014; ZuLAUF et al., 2014,
2018; NEUBAUER et al., 2019; PETRIK et al., 2022;
ROBERTSON, 2022; SpAHIC, 2022a,b, 2024). Geochemi-
cal data from metamafic rocks or “proto-ophiolites”
in the Serbo-Macedonian and western Rhodope
massifs indicate an ocean-floor affinity for high-Ti
groups, consistent with mid-ocean ridge and within-
plate settings (based on immobile trace elements
and rare earth elements), whereas low-Ti rocks sug-
gest arc-related tectonic environments (BoNEV &
DiLEK, 2010). Similarly, the Skrut granitoid in the
western Belasitsa Mountain (Serbo-Macedonian
Unit) yields a U-Pb age of 248 Ma (Triassic), while
Rb-Sr whole-rock isochron data indicate a later
overprint age of 167.3 + 8.1 Ma (Ziparov et al,, 2007).
In addition, within the intervening Rhodope Mas-
sif (MutToNI et al., 2000), evidence for intra-Trias-
sic metamorphism at ca. 200 Ma has been reported
from the central Rhodope Massif (U-Pb-Th dating of
monazite in diamond-bearing gneisses; PETRIK et al.,
2024). The recently compiled datasets suggest a more
complex paleogeographic configuration than previ-
ously assumed (e.g., NEUBAUER et al., 2019; SpaHIC,
2024), which cannot be restricted solely to the Crete-
External Hellenides suture zone (ZULAUF et al., 2018,
2024). Consequently, the available evidence points
to the need for a revised Paleotethyan model that
accounts for the interaction between westernmost
Cimmerian ribbon-shaped continental fragments
and Triassic deformation events (e.g., STAMPFLI, 1996;
NEUBAUER et al., 2019; SpaHIC, 2024; Fig. 7).

"Neocimmerian” configuration of the
western Neotethys and its seaways

The latest Jurassic “obduction stage” corres-
ponds to an intra-Mesozoic collisional phase com-
monly referred to as the Neocimmerian stage. This
latest Jurassic-earliest Cretaceous interval is gener-
ally interpreted as a closure-related phase charac-
terized by weak accretion during the final evolu-
tion of Jurassic oceanic domains. In this context,
the Neotethyan Ocean and its associated seaways,
such as the Intradinaride Ocean (DimiTRIJEVIC, 2001),
underwent deformation during the so-called “Neo-
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Fig. 7. Sketch map illustrating the position of the westernmost segment of the Cimmerian ribbon continent within the Dinaride-Hellenic
sector (inset modified after SpAHIC, 2022b). The tectonic model highlights the role of the Apulian Plate during the Eocimmerian “docking”

event (“Eocimmerian welding of Apulia and Adria”; see also Figure 8
tially closed either during the Variscan event/Permian or during a la

cimmerian stage” (e.g., BONEV & STaMPFLI, 2011; Spa-
HIC et al,, 2023, 2024, 2025a; Mposkos et al., 2024).

Latest Jurassic Paleogeography and the
Neocimmerian unconformity

The latest Jurassic “obduction stage” corresponds

to an intra-Mesozoic collisional phase commonly
referred to as the Neocimmerian stage. This latest
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and the model of RoBERTSON et al., 2009). The second bay was par-
ter tectonic event (red arrows) (see SPaHIC, 2024, for discussion).

Jurassic-earliest Cretaceous interval is generally
interpreted as a closure-related phase characteri-
zed by weak accretion during the final evolution of
Jurassic oceanic domains. In this context, the Neo-
tethyan Ocean and its associated seaways, such
as the Intradinaride Ocean (DiMITRIEVIC, 2001), un-
derwent deformation during the so-called “Neo-
cimmerian stage” (e.g.,, BONEV & STAMPFLI, 2011; SPAHIC
etal, 2023, 2024, 2025a; Mposkos et al., 2024).
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Fig. 8. Paleotectonic model of northward subduction and back-arc rifting (modified after ROBERTSON et al., 2009, and references therein).
The model proposes the existence of a still-open Late Paleozoic Ocean (Paleotethys) beyond the northern margin of Adria (see Fig. 1a).
During the Triassic, this ocean subducted northwards, leading to the opening of a back-arc basin along the northern continental margin
of Eurasia/Serbo-Macedonian Unit. The back-arc extension influenced the inicial development of the Intradinaric and Vardar oceans.

In paleogeographic and paleotectonic terms, as
suggested by both DiMITRIJEVIC (1995, 1997) and
KARAMATA (2006), the Neotethyan Vardar Ocean con-
sists of Jurassic oceanic fragments located east of
the Drina-Ivanjica Block (Fig. 8; Supplementary Fi-
gure 1a,b). The Inner Dinaride Ocean, as proposed
by DimiTRIJEVIC (2001), comprises oceanic fragments
situated west of the Drina-Ivanjica Block (Supple-
mentary Figures 1a,b). The Late (Neo-)Cimmerian
stage is associated with an intra-Jurassic deforma-
tion event dated at ~165-145 Ma in the Carpa-
thian-Balkan region (VANGELOV et al., 2013). Other
authors propose a broader temporal range extend-
ing from the Late Triassic to the Early Cretaceous
(ca. 208-100 Ma), lasting approximately 100 Myr
(CarTo et al., 2017). Within the Carpathian-Balkan
region, Neocimmerian deformation is only locally
documented, mainly as north-vergent, pre-Late
Cretaceous (and most likely pre-Callovian) W-E-
trending folds (TSCHOUMATCHENKO et al., 2004; SPAHIC,
2022b, 2024). This interpretation is further compli-
cated by its overlap with the Triassic-Jurassic evo-
lution of the Circum-Rhodope Belt and associated
ophiolites, which are predominantly Triassic in age
(e.g., FERRIERE et al., 2012, 2016; BonEv et al., 2019;
SpaHIC et al., 2020).

If the inferred Jurassic oceans (Vardar and Inner
Dinaride/Dinaric oceans) formed between 174-160
Ma (MAFFIONE & VAN HINSBERGEN, 2018; VERGELY & MER-
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CIER, 2024; SpaHIC et al., 2025a) and had already
closed by the latest Jurassic, then collisional defor-
mation features such as folding and unconformities
would be expected. Indeed, earlier and more recent
studies have reported indications of Neocimmerian
deformation, including Late Jurassic nappe em-
placement (e.g., GRuBIC, 1980; RoBERTSON et al., 2009;
BONEV & STAaMPFLI, 2011; LuZAR-OBERITER et al., 2012;
ROBERTSON, 2012; SpaHIC et al., 2025a). The “Neocim-
merian stage”, in addition to ophiolite obduction,
also includes less-studied compressional deforma-
tion and metamorphism, such as Jurassic subduc-
tion-accretion complex nappes preserved beneath
the Serbo-Macedonian margin (BoNEV & STAMPFLI,
2011). Available age constraints from the Vardar
Zone are largely based on metamorphic soles inter-
preted as markers of ophiolite obduction, with
ages clustering around ca. 160 Ma, while the Inner
Dinaride Ophiolite Belt yields Jurassic ages ranging
from 176 to 157 Ma (K-Ar on hornblende; Pamic¢
etal.,, 2002). ScHEFER (2012) summarized metamor-
phic sole ages at the base of obducted ophiolites,
showing slightly older values (174-157 Ma; Aale-
nian-Oxfordian) compared to the ophiolitic ultra-
mafic and mafic plutonic rocks of both belts, which
are mainly Middle to early Late Jurassic in age (163-
148 Ma; Callovian-early Tithonian). However, com-
prehensive structural studies remain scarce, with
most evidence limited to unconformities widely
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Table 1. A number of selected bauxite locations within the main tectonic entities of the Dinarides and the Carpathian-Balkan belt sensu
lato (or the Serbo-Macedonian, Getic/Supragetic/Danubian; see the caption of Fig. 1 for explanations and the main text for further de-
tails). Abbreviations: OR-ore region; OD-ore deposit; MAJ-major minerals; MIN-minor and/or accessory minerals; References:
DBorojEVIC SOSTARIC et al. (2022); DCvETKovIC & TANCIC (2019); I Dancic (1985); YDanGic (1988); Y Maksimovic & Panto (1991); OMaksimovic

& RADOICIC (1996); 7RapusinoviC et al. (2017); ¥ Timotyevic (1995); P Timoryevic (2001); and *BILIC et al. (2023).

Bauxite External Inner (Internal) Carpathian-Balkan belt
/ . Dinarides Dinarides sensu lato
Laterite
1. Grebnik OR (Metohija, Serbia;
Turonian®)).
« MAJ: diaspore, boehmite, hematite (Al-
3 type 2)). MIN: kaolinite, quartz, goethite,
§ rutile, hydrohematite, pyrite, chromite,
° anatase, brookite, ilmenite, garnet. 2).5).9)
5 2. Central Bosnia (Jajce) OR (BeSpelj,
b Crvene stijene, Poljana, Skakavac OD;
= B&H).
] MAJ: boehmite, hematite, diaspore. MIN:
kaolinite, goethite, calcite, anatase, rutile,
zircon. 1).10)
3. Vlasenica OR (Palez, Podbracan, 7. Babusnica OR (Eastern Serbia).
Sumarnica, Stedra, Crvene stijene, MAJ: boehmite, hematite, kaolinite.
Kosturi, Gerovi, Drago$nica, Zedanjsko, MIN: limonite, goethite, calcite,
Pribojevi¢i, Kutuzero OD; B&H). quartz, illite, rutile.”)
3 MA]J: boehmite, diaspore, hematite. MIN:
§ kaolinite, anatase, rutile, brookite.1).3).4).
8 %
8 4. Poéuta OR (Petrovi¢i, Baki¢a Brdo and
= Jasike OD), 5. Tara OR (Aluge OD) and 6.
°§ Mackat OR (Trafostanica, Bjelaci and
S Vezirov Potok OD) (Western Serbia).
MAJ: boehmite, hematite, kaolinite. MIN:
limonite, goethite, magnetite, pyrite,
chlorite, quartz, calcite, illite, anatase,
sphene, opal, spinel.8).9)
8. Vojnik-Maganik OR
o (Zagrad OD; Niksic¢,
@ Montenegro).
i MAJ: boehmite, hematite. MIN:
% kaolinite, anatase, rutile,
g } quartz.”)
S- Stitovo OD.
MAJ: boehmite, hematite. MIN:
kaolinite.5)

observed across the region (e.g., CHIARI et al,, 2011;
NIrTA et al., 2020; SpaHIC et al., 2023, 2025a). The
most prominent indicator of Neocimmerian defor-
mation in the Dinarides is the widespread occur-
rence of bauxites, whereas other structures such as
brittle reverse faults are difficult to document due
to strong late Alpine overprinting (SPAHIC et al.,
2025a).

Mesozoic bauxites as markers of
unconformities

A growing number of studies on intra-Mesozoic
(bauxite-bearing) unconformities indicate that,
regardless of the extent of latest Jurassic obduc-
tion, there is strong evidence for weak collision be-
tween oceanic domains and their continental mar-
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gins, particularly well documented in the East
Vardar Zone and its contact with the Serbo-Mace-
donian Unit (BoNEV & STaMPFLI, 2011; SpaHIC et al.,
2024, 2025a; Mposkos et al., 2024). This evidence is
mainly expressed by tectonically controlled intra-
Mesozoic unconformities, which are frequently as-
sociated with bauxite deposits (see SpaHIC et al,,
202543, and references therein).

Using additional data on intra-Mesozoic bauxi-
tes, we further provide evidence supporting a latest
Jurassic-earliest Cretaceous Neocimmerian tecto-
nic overprint and subaerial exposure of Mesozoic
ophiolites (which represent primary source areas
for bauxite formation; Fig. 9a,b; Table 1). Analysis of
the binary Th/Sc versus Cr/Th diagram (Fig. 9a;
Table 2) and the ternary V-Ni-Thx10 plot (Fig. 9b;
Table 2) indicates that the studied bauxites were
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derived from different weathering sources, dis-
tinct from their parental rocks, which are predo-
minantly of Upper Jurassic to Upper Cretaceous
age. Specifically, Babu$nica in the Carpathian-Bal-
kan region (Lower Cretaceous; Fig. 3b, blue hexa-
gon #1), Jajce (Upper Cretaceous; Fig. 3b, blue hexa-
gon #2), and Niksi¢ (Upper Jurassic; Fig. 3b, blue
hexagon #3) from the External Dinarides show the
strongest contribution from felsic source rocks,
approaching upper continental crust (UCC) compo-

sition. In contrast, bauxites from the Inner Dina-
rides, such as Mackat (Lower Cretaceous; Fig. 3b,
blue hexagon #4) and Grebnik (Upper Cretace-
ous; Fig. 3b, blue hexagon #5), reflect a stronger
influence of ultramafic source rocks. These results
confirm the presence of a dominant Upper Juras-
sic (to Upper Cretaceous) unconformity surface,
indicating Neocimmerian tectonic overprinting,
consistent with the interpretations of SpaHIC et al.
(2025a).
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Fig. 9. The studied Poc¢uta, Tara, Mackat, Grebnik, Babus$nica, Jajce, and Niksi¢ bauxites (represented by blue, yellow, green, red, orange,
cyan, and pink circles, respectively) plotted on: a. the binary Th/Sc vs. Cr/Th diagram (modified after BracciALi et al., 2007 and references
therein); and b. the ternary V-Ni-Thx10 diagram (after BrAccIALI et al., 2007). The purple star in both figures represents the UCC (upper

crust composition; after PLANK & LANGMUIR, 1998).
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Table 2. Selected trace-elements contents (ppm) of the studied bauxites (Spahic¢ et al, 2025a; and references therein).
Legend: n.d. - not determined; n.c. - not calculated; * - calculated in this paper.

Element | Po¢uta | Tara Mackat | Grebnik | Babusnica | Vlasenica | Jajce Niksi¢

Cr 368 1195 3200 5387 257 425 800 600

La 29 75 79 65 92 47 112.1 153.1

Ni 477 691 2140 1211 279 540 128 115

Sc 52 18 25 59 34 18 63 64

Th 27.67 26.81 20.42 35.56 38.70 n.d. 61.3 48.3

\Y% 43 159 225 501 487 225 324 284

Th/Sc* 0.53 1.49 0.82 0.60 1.14 n.c. 0.97 0.75

Cr/Th* 13.30 44.57 156.71 | 151.49 | 6.64 n.c. 13.05 12.42

\'A 540% | 14.22% | 8.76% | 24.23% | 42.24% n.c. 30.42% | 32.20%

Ni* 59.87% | 61.80% | 83.29% | 58.57% | 24.20% n.c. 12.02% | 13.04%

Thx10* | 34.73% | 23.98% | 7.95% | 17.20% | 33.56% n.c. 57.56% | 54.76%

La* 26.69% | 62.60% | 63.49% | 40.74% | 55.86% n.c. 47.42% | 57.69%

Sc” 47.85% | 15.02% | 20.09% | 36.98% | 20.64% n.c. 26.65% | 24.11%

Th* 25.46% | 22.38% | 16.41% | 22.29% | 23.50% n.c. 25.93% | 18.20%
From the ternary La-Th-Sc diagram used for tec- Conclusions

tonic discrimination (Fig. 10; Table 2), it is evident
that all studied bauxites plot within the continental
island arc field, except for Poéuta (Lower Creta-
ceous), which plots closer to the oceanic island arc
field. Because both oceanic and continental island
arc settings represent convergent plate margins
(BHATIA & CROOK, 1986), the inferred exposure of
oceanic crust is consistent with a compressional
Neocimmerian tectonic regime and with the obser-
vations of SpaHIC et al. (2025a; their Fig. 17a).

La
A - Oceanic island arc @ Pocuta
B - Continental island O Tara
& :r?_ o @ Mackat
- Active continenta )
margins @ Grebnik
D - Passive @ Babusnica
margins @ Jajce
© Niksi¢c

Th 5¢

Fig. 10. The studied Pocuta, Tara, Mackat, Grebnik, Babusnica,
Jajce, and Niksi¢ bauxites (represented by blue, yellow, green, red,
orange, cyan, and pink circles, respectively) plotted on the ternary
La-Th-Sc diagram for tectonic-setting discrimination (after BHA-
114 & CROOK, 1986).
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This study shows that several paleogeographic
and paleotectonic events are recorded within the
post-Variscan to late Alpine Carpathian-Balkan-Di-
naride framework. Most of these events remain in-
sufficiently investigated, despite earlier contributions
by authors such as DIMITRIEVIC (1995, 1997) and
KARAMATA et al. (1994), who provided important foun-
dations for further research. Although the Early Cim-
merian stage was defined long ago (e.g., GRUBIC,
1980), the Carpathian-Balkan region remains largely
understudied in this context;

A similar situation applies to the latest Jurassic
Neocimmerian stage. Despite evidence for meta-
morphism and deformation, this stage is commonly
interpreted in recent literature solely as an “obduc-
tion stage”;

The results of this study clearly highlight the need
for a new transnational research initiative focused
on these two intra-Mesozoic deformation stages.
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Pe3ume

IIpena3s [laneoreTnca Ha Heoretuc:
pa3iuke usMmelhy paHoaJinckor,
paHOKUMepHjCcKor (cpeAlbU-TOPHU
TpHUjac) U HeoKMMepHjcKor (Hajmuiabha
jypa) aedpopmanmoHOr cragujyma
(,c/1a6a akpenuja”)

Ynpkoc fieTa/bHUM CTy[iMjaMa U3J10KeHUX 0UO-
JIMTCKUX Il0jaceBa IIMPOM 3anagHor baskaHckor
[I0JIyOCTpPBa, 06a HaBeJieHa ayTopa (npod. JuMuT-
pujeBuh u npod. Kapamara) usHesa cy caMmo HeKo-
JIUKO, aJIM HAy4YHO BeOMa 3HauyajHUX 3aMa)kamwa o
3aHeMapeHoM (3anajHoM) [laseoTeTHCy, Kao mpeT-
XOJHOM OKEaHCKOM eHTHUTeTy. M nmopes lbUXOBUX
JOIpHUHOC], yaora [laseoreTuca y pa3sojy HeoTe-
TUCKOT Bapzapa u fa/be ocTaje HeZJOBOJbHO pasja-
HitbeHa. Y TEPMUHOJIOLIKOM CMUCIY, ,3alaJiHu
[TaneoteTuc” ce ogHOCH Ha nasieoreorpadcky 06-
JIACT KOja mpe/JICTaB/ba OKEAHCKU PpparMeHT KOjH je
BEPOBATHO OKPY>KUBAO CBOjy Haj3alaJHUjy 30HY
NoBe3UBama, cnajajyhu Anne, Kapnatcko-6aikaH-
cku BeHall, Pogone u /lunapune-Xenenuze/Ianeo-
Apnpujy (DornsIEPEN et al., 2001; RoBERTSON, 2012,
2021; SpaHi¢, 2022a,b, 2024). OBaj nojam ob6yxBaTa
U ,peqUKTHU [lasieoTeTHC” Kao Najle00KeaHCKU eH-
TUTET KOjH je OIICTAa0 HAKOH BapHUCLHjCKe KOJIU3Uje
KpajeM Jower kap6oHa (oko 320 Ma) u HacTaBHO
CBOj pa3Boj y Tpujacy 4 jypu (STAMPFLI & BOREL,
2002; RoBERTSON, 2021; SpaHIC, 2022a,b, 2024).

Y norneny eBosyiyje Heoretuca, KARAMATA et al.
(2005), KARAMATA (2006) cy mpeaJIoKUIA KOHLIENT
»BapJapckor peJukTHOT CaBa okeaHa”, KOjU je Kac-
HUje 610 IHPOKO NpuxBaheH y inTepaTypH (SCHMID
etal., 2008, 2020; Ustaszewski et al., 2009, 2010; Bor-
TOLOTTI et al., 2013; MAFFIONE & VAN HINSBERGEN, 2018;
ToLjic et al,, 2018, u gpyru). Mehytum, oBaj jesHo-
OKeaHCKU MO/ieJ1 y TIoC/Ie/iibe BpeMe CBe BHLIIE Ce JI0-
BOAW Yy IUTakb€ KU 4EeCTO Ce CMaTpa HpeBa3I/Il'—)6HI/IM.
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Kao oarosop Ha 0Baj KOHLENT, ,MO/eJI BULLIE HEO-
TETHUCKHUX OKeaHa”, KOjU Cy NpeJjJioKuau DIMITRI-
JEVIC (2001) u KARAMATA & KRsTIC (1996), a koju je y
Mo4YeTKy 610 of0adyeH, IOHOBO Z06Uja Ha 3HAYajy.
CaBpeMeHHM HUCTpPa)KUBAYM CBe BHIIe pa3MaTpajy
MoJieJie KOjU YKJ/by4yjy I0CTOjame BUIlle TETUjCKUX
OKeaHCKHX JloMeHa.

PaHokuMepujcka oporeHa ¢pasa 04HOCH ce Ha Jj0-
rahaj koju ce ogurpao npubamkHo npe 210-200 Mu-
JiioHa roguHa (VANGELoV et al., 2013). Komnpecronu
Jlorabhaj ce MOXe yOYHUTH MPeEKO ciaenehux ciabo us-
pakeHUX U €1ab0 UCTpakeHUX JedpopManuja:

(i) peTkoO AOKyMEHTOBaH UHTpa-TPHUjacKH MeTa-
Mopduszam (PETRIK et al., 2016);

(ii) ofcycTBO TrOpPHOTpPHjaCKUX ceJUMeHaTa
(Hmp. ucrouyHa Cp6uja), WITO je UHTEPNPETHUPAHO
Kao ,paHOKHUMepPHjCKa AUCKOPAAHIMja”, YTJIABHOM
npenosHara y noguHu Mesuje, ald peTKo AU-
PEeKTHO y TepeHCKUM ycaoBuMa (SPAHIC, 2022b,
2024).

IlITo ce TU4e HEOKMMepHUjcKe oporeHe ¢dase, OHa
ce y BehuHU pajijoBa nHTepnpeTupa kao ¢pasa 06-
JlyKIiMje, aJlu ce Y 0BOM KOHTEKCTY pa3MaTpa Kao
MOCT-NaJe0TETHUjCKa KOJIU3UOHA eNU30/a, OZLHOCHO
Jipyra MHTpa-Me3030jcka ¢das3a ciabe akpeluje
(,docking”). HeokuMepHjcKy TEKTOHCKU HHTEPBaJI,
KOjU 00yxBaTa KacHY jypy [l0 HajpaHUjy KpeJy, Ty-
MayH ce Kao 3aBpIlHa pa3a KOHBepreHLUje, TOKOM
Koje J10J1a34 J10 cJ1abor 3aTBapama jypcKUX OKeaH-
CKHUX JlIOMeHa. Y peruoHaIHO-Te0I0IKOM CMUCIY,
HeoTeTUCKHU OKeaH U KeroBU OKeaHCKH IpoJiasH,
Kao mto je UaTpaguHapuacku okeaH (DIMITRIJEVIC,
2001), mpouin cy Kpo3 TaK03BaHYy ,HEOKHMe-
pujcky ¢dasy” koHBepreHiuje (Hop. BoNEV &
StamprLl, 2011; SpaHIC et al, 2023, 2024, 2025a;
Mposkos et al., 2024).
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