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Abstract

The study provides a deeper understanding of the early Mesozoic paleogeogeographic spatial-temporal
relationship by studying the two Adria-Europe intervening basement blocks. The Drina-Ivanjica and Pelagonian
crustal fragments play important role in the internal early Alpine oceanic constitution further controlling the
late Jurassic emplacement of Tethyan Dinaric-Hellenic ophiolites. The proposed paleogeographic reassessment
is driven by the new paleocontinental inheritance data associated with the Variscan — pre-Variscan basement
terranes. The recently published data suggest an Avalonian-type inheritance of the Pelagonian basement
block which indicates a different pre-Variscan plate-tectonic journey, including separate spatial arrangement
during Variscan amalgamation. In turn, Cadomian-type basement inheritance has been documented within
the sliced Adria microplate. Thus, the Avalonian inheritance place the Pelagonian block away from the Apulia/
Adria (Dinarides). In the investigated context of Paleozoic-Mesozoic paleogeographic transition, the Pelagonian
block may represent a segment of the Cimmerian ribbon continent or southernmost segment of the Variscan
Europe. With regards the nearby Adria microplate, a Triassic-Jurassic oceanic opening led to the decoupling
(spreading away from the main Adria microplate) of the Drina-Ivanjica block. The rifting is in line with the
simultaneous yet opposite or westward-directed drift of the Pelagonides. The breakup of south European
Variscan configuration eventually result in the spatial alignment of the two basement fragments referred to as
the “Drina-Pelagonide continental splinter”. By linking the paleogeographic pre-Jurassic-Jurassic relationship
between these continental units, the two landlocked Neotethyan Vardar s.l. basins are extrapolated, “Dinaric
Tethys” / Inner Dinaric-(Mirdita-Pindos) and the main Vardar Ocean (Western Vardar Zone).

Izvleéek

Studija prinasa globlje razumevanje zgodnjemezozojskih paleogeogeografskih prostorsko-éasovnih odnosov
s preucevanjem razlik v podlagi dveh kontinentalnih blokov med Jadransko in Evropsko ploS¢o. Fragmenta
skorje Drina-Ivanjica in Pelagonija sta igrala pomembno vlogo v notranji zgradbi zgodnjealpidskega oceana,
kar je vplivalo tudi na narivanje dinarsko-helenskih ofiolitov v zgornji juri. K ponovnemu razmisleku o
paleogeografiji so nas spodbudili novi podatki o znacilnostih variski¢ne in predvariski¢ne podlage. Nedavno
objavljeni podatki kazejo, da ima Pelagonijski blok podlago avalonijskega tipa, pri Jadranski mikroplos¢i in
njenih fragmentih pa je bil dokumentiran kadomijski tip podlage. Razlike kazejo na razli¢no predvariskicno
potovanje obeh kontinentalnih blokov in tudi lo¢eno prostorsko razporeditev med variski¢no amalgamacijo.
Avalonijska preteklost uvrsca Pelagonijski blok stran od Apulijske ali Jadranske plo$¢e oziroma Dinaridov.
Na prehodu iz paleozoika v mezozoik je bil Pelagonijski blok lahko del Kimerijskega kontinentalnega pasu ali
najjuznejsi del variski¢ne Evrope. Na bliznji Jadranski mikroplo$¢i je triasno-jursko odpiranje oceana privedlo
do locitve bloka Drina-Ivanjica in njegovega odmika na vzhod od glavne Jadranske mikroplosce. Rifting se
ujema s hkratnim drsenjem Pelagonidov v nasprotni smeri, proti zahodu. Razpad juznoevropske variski¢ne
konfiguracije je lahko privedel do prostorske poravnave obeh blokov s skupnim imenom Drina-Pelagonija. Z
upostevanjem medsebojnega paleogeografskega polozaja kontinentalnih enot pred juro in tekom jure lahko
sklepamo, da sta v Neotetidi obstajala dva Vardarska bazena — Dinarska Tetida (Notranji Dinaridi-Mirdita-
Pindos) in glavni Vardarski ocean (Zahodna Vardarska cona).
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Introduction

The intriguing lithospheric elements of the
Jurassic-earliest Cretaceous paleoceanography
in the area of Western Balkan countries (Fig. 1a)
underwent final suturing and collisional thrust
stacking during the late Mesozoic - Paleogene (e.g.,
Picha, 2002; Csontos & Voros, 2004; Schmid et al.,
2008; Xypolias et al., 2008; Robertson, 2012; Jol-
ivet et al., 2016; Fig. 1b, c). Due to the exceptional
exposure of the Jurassic ophiolite belts, a consid-
erably large cluster of papers discusses important
aspects of the exhumed Neotethyan oceanic litho-
sphere and associated depositional environments
(e.g., Bernoulli & Jenkyns, 1974; Dilek et al., 2005,
2007; Saccani et al., 2015, 2017, Tremblay et al.,
2015; Dilek & Furnes, 2017; Spahi¢ & Gaudenyi,
2020c and many others). The opening pattern of
these landlocked oceans indicates the complex
Permian-Triassic architecture of the intervening
exotic Variscan peri-Gondwana terranes (includ-
ing Adria as a Paleozoic continuation of the Aus-
trian Alps; Pami¢ & Jurkovié, 2002). These poor-
ly understood continental lithosphere fragments
(e.g., Vavvasis et al., 2000; Spahi¢ & Gaudenyi,
2020a, 2020b) represent a segment of the remobi-
lized basement of the Alpine orogen.

The Permian-Triassic Pangea southern mar-
gin underwent extensional processes followed
by the dispersal of this segment of the Super-
continent (Pamié¢ & Jurkovié, 2002; Spahié¢ et al.,
2020 and references therein). During the Lad-
inian/Carnian, this southern margin (Greece)
was further affected by the poorly constrained
Eocimmerian or Minoan terrane low-magnitude
“docking” (Mountrakis, 1986; Zulauf et al., 2015;
see Neubauer et al., 2019, for a discussion). The
complicated processes of crustal weakening, dis-
memberment of the Triassic continental margin
(rollback, rifting, and sea - floor spreading) are
also documented within the considerably large
Permian-Triassic Adria microplate (e.g., Pamic et
al., 1998; Gorican et al., 1999; Dimitrijevié¢, 2001;
Dimitrijevié et al., 2003). The most complex area
is the northeastern tip of the Adria leading edge
referred to as the Drina-Ivanjica block (Pokovi¢,
1985; Spahi¢ et al., 2018). This block has a strik-
ing N-S alignment with the Pelagonian block of
the Hellenides (Figs. 1c and 2a). This elongated
seemingly amalgamated paleoceanic splinter as-
sembly comprises a dominantly Neoproterozo-
ic — Paleozoic crystalline continental crust that
separate the two Mesozoic ophiolite belts of Teth-
yan relevance. However, the definition of this
“Drina-Pelagonian continental splinter” and its
importance in the opening of Mesozoic Tethyan

oceans remains poorly constrained (Mountrakis,
1986; Anders et al., 2007; Zlatkin et al., 2014,
2017; Spahi¢ et al., 2019a and references there-
in; Figs. 1b, c). Although the majority of recent
publications advocate a ‘single ocean model’ (e.g.,
Schmid et al., 2008; see discussion in Robertson
et al,, 2009; Handy et al., 2015; Jolivet et al., 2016;
Maffione & van Hinsbergen, 2018), the past posi-
tion and the role of the “Drina-Pelagonian con-
tinental splinter” during the Triassic oceaniza-
tion and latest Jurassic — early Cretaceous Vardar
oceanic ophiolite obduction remains unanswered
(also in Ferriere et al., 2012).

With a goal to go step forward in contribut-
ing the still open issue of the number of Tethyan
oceans, the following study focuses on the Pelago-
nian (Fig. 2a) and Drina-Ivanjica role (Fig. 2b) in
the Neotethyan evolution. By applying the update
on the pre-Mesozoic paleogeographic inferences
(detrital zircon analyses of the Pelagonian block)
we pinpoint the principal differences between
two basement units (see Zak et al., 2020, for the
detrital zircon methodology). The two basement
entities are traced during theirs Paleozoic pale-
ogeographic journey that provided the input for
reconstructing their position during Neotethyan
Vardar Ocean opening and closure. The compari-
son shows that the Cadomian-type Adria terrane
(its NE margin, Drina-Ivanjica block; available
detrital zircon data from the nearby Austroal-
pine basement; Siegesmund et al., 2018) and Av-
alonian- (Zlatkin et al., 2014, 2017) Pelagonian
basement are two discrete microplates. We also
introduce the scarce Variscan - Eocimmerian
Paleotethyan inferences with a goal to separate
the two underlying continental crust segments
(prior to Late Jurassic-earliest Cretaceous ob-
duction-related oceanic closure events).

Regional setting

The complex allochtonous configuration of
the Dinaric-Hellenic belt (e.g., Dimitrijevié,
1997; 2001; Karamata, 2006; Xypolias et al., 2008;
Schmid et al., 2008, 2020) underwent a long-term
history of oceanic embayment, terrane drifting,
accretion and collision since Neoproterozoic (e.g.,
"Paleo-Adria"; Franke et al., 2017; Spahié¢ et al.,
2018). In the Mesozoic framework, the Dinar-
ic- and Vardar Zone ophiolite-bearing N-NW to
S-SE-trending parallel crustal segments (Fig.
1b) representing the vestiges composed of high-
ly heterogeneous ophiolitic mélanges (Fig. 2).
The Dinaric-Hellenic mélanges are consisting
of magmatic blocks and a variety of associated
sedimentary rocks (Dimitrijevié¢ & Dimitrijevié,
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Fig. 1. a. Regional relief map including the countries of former Yugoslavia: SRB-Serbia, MNE-Montenegro, CRO-Croatia,
BiH-Bosnia & Herzegovina, MKD-North Macedonia, SLO-Slovenia, HUN-Hungary, ROM-Romania, BUL-Bulgaria, AL-
Albania; b. Tectonic sketch map of Serbia (according to concept of Dimitrijevié, 1992, map taken from Protié¢, 1995, also in
Dimitrijevié, 1997). The main tectonic units are written in the sketch. The Drina-Ivanjica block separating the two-ophiolite
belts: to the SW is the Inner Dinaric Ophiolite Belt and to the NE is the Vardar Zone. c. Sketch map of major tectonic ele-
ments in the southern Balkan Peninsula and northern Greece (modified after Xypolias et al. 2008 and references therein). The
Pelagonian block is thrust over the ophiolite-decorated External Hellenides. Red question mark emphasizes the investigated
connection between the Drina-Ivanjica and the Pelagonian block.
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1973). The deformation of the mélange belts how-
ever varies (Dimitrijevi¢ & Dimitrijevié, 1975).
The prominent ophiolite belt continues to the
east-southeast along the Mirdita, Subpelagoni-
an/Pelagonian - Inner Dinaridic Ophiolite Belt
zones of the Albanides (e.g., Nance, 1981; Robert-
son & Karamata, 1994; Dilek et al., 2005, 2007,
Saccani et al., 2008; 2011, 2017; Gaggero et al.,
2009; Tremblay et al., 2015). Another branch of
these ophiolite belts are extending towards to the
south in North Macedonia and Greece. Structur-
ally these southern ophiolite belts are belonging
to the external section of the Inner Hellenides
and most internal segment of the Inner Hel-
lenides (Fig. 1c).

Depending of the chosen paleogeographic
model (sensu Bernoulli & Laubcher, 1972; adopt-
ed by Schmid et al., 2008 among many others or
‘multiple oceans model’, see Spahi¢ & Gaudenyi,
2020, for a discussion; Fig. 3a), ophiolites of sim-
ilar age are distributed on both sides of the con-
tinental splinter: westwards of the intervening
the Drina-Ivanjica block and spreading across
the Vardar Zone s.s. and the Albanides-Hel-
lenides (Fig. 1c; see Fig. 1 of Faul et al., 2014). By
applying ‘single ocean model’, the oceanic crust
above the Drina-Ivanjica fragment is presuma-
bly offscraped after the out-of-sequence Creta-
ceous — Paleogene thrusting, further affected by
the protracted surface exposure (Schmid et al.,
2008, 2020; Figs. 3a, b). The compositions of these
outcropping oceanic massifs ranges from Juras-
sic SSZ type-ophiolites formed along the entire
length of the Dinarides towards in Albania, and
Greece (ranges from 1200 km). The subcontinen-
tal Inner Dinarides to depleted mid-ocean ridge/
arc compositions have often been documented
within the Vardar Zone s.s. (to the east of the
Drina-Ivanjica block; Fig. 1c).

The Paleozoic configuration of the amalga-
mated early Alpine Central European terranes
(southern Laurussia in the Late Paleozoic frame-
work and slightly postdating Eurasia) was con-
trolled by the recurring Neoproterozoic — Lower
to Middle Paleozoic plate-tectonic interplay be-
tween the fragmented peri-Gondwanan exotic
terrane agglomerations and a fragmented south
Euroasian foreland (e.g., Avigad et al., 2016; Zlat-
kin et al., 2014, 2017; Siegesmund et al., 2018;
Spahi¢ & Gaudenyi, 2019a). The early Pan-Afri-
can to Lower Paleozoic peri-Gondwanan arc in-
terval (Kearey et al., 2009 and references therein)
was followed by the late Variscan Paleotethyan
closure and assembly of the southern realm of
European Pangea (e.g., Stampfli & Kozur, 2006;

Kroner & Romer, 2013; Zulauf et al., 2018; Spa-
hi¢ et al., 2019a). The Middle Paleozoic spreading
culminated during Variscan crustal thickening
event best recorded along the western Moesian
microplate (Iancu et al., 2005; Plissart et al., 2018;
Spahié et al., 2019b; Soster et al., 2020). The Pale-
otethyan subduction outlived the Variscan event
(Pamié¢ & Jurkovié, 2002; Spahi¢ et al., 2019a),
whereas the closure of Paleotethys itself is at-
tributed to the poorly understood Triassic Eo-
cimmerian “docking” (Zulauf et al., 2015). The
Eocimmerian “docking” in the region seems to
be controlled by the Triassic tectonic interac-
tion among the North African ribbon continent
(Stampfli et al., 2001), involving predominantly
Cadomian-(Minoan) type crystalline fragments
(Zulauf et al., 2015; Spahié et al., 2018; Soster et
al., 2020).

Geology of Pelagonides and
Drina-Ivanjica block

The Pelagonian basement agglomeration is
characterized by several magmatic and sedi-
mentary sequences of different age displaced by
the Alpine convergence. The Pelagonian nappe-
stacked configuration is as follows (Anders et al.,
2007; Tremblay et al., 2015; Zlatkin et al., 2014,
2017 and references therein; Fig. 2a): (1) pre-Al-
pine continental basement, (2) Permo-Triassic
metaclastics and Mesozoic marbles, sealed by (3)
a Sub-Pelagonian section of Jurassic ophiolites
and Upper Cretaceous pelagic and neritic car-
bonates overlain by the Eocene flysch (Fig. 2a).
On the opposite or eastern side (Fig. 1c) is the
Vardar / Axios Zone of Inner Hellenides. This
ophiolite-bearing zone or eastern side of the Pel-
agonian block is aligned with the western margin
of the Serbo-Macedonian Unit. The Neoprotero-
zoic - Paleozoic framework of Pelagonide base-
ment (proto-Basement) comprises gneiss, grani-
toides and orthogneiss, schists (metasediments)
with early Mesozoic clastics (e.g. Zlatkin et al,,
2014, 2017; Fig. 2a). The northern gneiss-dom-
inating basement branch of the Pelagonides
(North Macedonia; see Spahié¢ et al., 2019a and
references therein) and those of Greece are of
mixed peri-Amazonian inheritance (i.e. Zlatkin
et al., 2017). The Variscan—Cimmerian markers
likewise Permo-Triassic metaclastics document
a Paleotethyan involvement (Mountrakis, 1986;
Vavvasis et al., 2000; Scherreiks et al., 2014; Zlat-
kin et al., 2014, 2017).

The Drina-Ivanjica block crops out exposing
two considerably large segments: the northwest-
ern flank or the Drina block and its southern
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limb referred to as the Ivanjica block (Figs. 1
and 2b). Stratigraphically, the oldest Neopro-
terozoic-lower Paleozoic segment is the Drina
Formation (Pokovié, 1985; Filipovi¢ & Sikosek,
1999). The complex depositional environment
of the Drina Formation belongs to the ancient
north Gondwanan margin (Spahié¢ et al., 2018).
The early/late Carboniferous and late Triassic
successions (i.e. Dimitrijevié, 1997; Trivi¢ et al.,
2010; Chiari et al., 2011) seal this basement unit.
The Drina Formation includes scarce paragneiss-
es, micaschists, amphibolites and minor marble
lenses of Neoproterozoic — Lower Paleozoic age.
The “Upper Drina Formation” (metasandstones
and metapelites and metacarbonates with a Vi-
sean/Namurian conodont fauna) conformably
overlies the “Lower Drina Formation”. There
is still an open issue of unproven Silurian that
is remarkably well developed in eastern Serbia
(e.g., Krsti¢ et al., 2005; Spahi¢ et al., 2019b). The
Golija Formation, represented by metasand-
stones, metasiltstone, succeeds the latter for-
mation. The Golija Formation is conformably
top-sealed by the Kovilje Formation carrying
early/late Carboniferous metaconglomerates and
metasandstones. The Kovilje Formation grades
into the late Carboniferous Bira¢ Formation con-
sisting of (Bashkirian/Moscovian) metasand-
stones, metalimestones and metapelites. The
Mesozoic sequence is well studied and is repre-
sented by the Triassic Kladnica and “Seissian”
Formations reaching Middle Jurassic with cherts
as the sealing member (Fig. 2b). Neither the mag-
matic occurrence of the Avalonian stage (ca. 700
Ma) nor the typifying Permian-Triassic imprints
of Eocimmerian relevance are recorded within
the Drina-Ivanjica block. To make things even
more perplexing, the Variscan involvement of the
Adria remains poorly constrained (Pokovié¢, 1985;
Xypolias et al., 2005; Okay et al., 2006; see Spahi¢
et al., 2019c¢, for a discussion). On the other hand,
the principal differences between the latter two
polycrystalline units, the Drina-Ivanjica block

and the Pelagonides (Fig. 1c) were suggested al-
most a century ago (e.g. Cviji¢, 1924).

Early development of the landlocked
northwestern PeriNeotethyan oceans

Prominent researchers of former Yugoslavia
(Dimitrijevié, 1992, also in Proti¢, 1995 p. 16;
Fig. 1b; Dimitrijevié, 1997; 2001; Dimitrijevié¢ et
al., 2003; Karamata, 2006; Fig. 2a) subdivide the
Vardar Zone (here referred to as the Vardar Zone
s.s.) into the Western Vardar Zone, Kopaonik
Block, and East Vardar Zone (note that the In-
ner Dinaric Ophiolite Belt is a separate entity;
Fig. 3a). The tectonic concepts of the investigated
area of eastern Bosnia and western Serbia, and
the proposed first-order units by the aforemen-
tioned researchers are almost identical. Dimi-
trijevié (e.g., Dimitrijevié, 1997) and Karamata
(e.g. Karamata & Krsti¢, 1996; Karamata, 2006)
share the same opinion about the position of the
main geotectonic units (Fig. 1b). However, with
regards to the adjoining Jadar Block (sensu Fil-
ipovié et al., 2003; Kolar-Jurkovsek et al., 2019;
Fig. 1b; Fig. 2), this rather isolated entity can be
considered either as a (1) footwall entity over-
ridden by the West Vardar ophiolite obduction
(Schmid et al., 2008, 2020; Fig. 3b), (2) segment of
the Vardar Zone (Dimitrijevié¢, 1997; Fig. 1b) or
a Paleozoic entity drifted into the Vardar Zone
during the Late Cretaceous (Karamata et al,
1994). Recently, a Paleotethyan involvement for
the Jadar Block is suggested (Spahi¢ & Gaude-
nyi, 2020a). The nearby Tisza Unit is the plate/
block is separated by the Vardar Zone s.s. from
the Jadar (Fig. 1b). The overlying sediments be-
longing the southern Pannonian Basin (Csontos
& Voros, 2004) hid the contact between the mi-
croplates. The southern edge of this underlying
Tisza crystalline basement is interfacing both,
Inner Dinarides and Vardar Zone. Such complex-
ity between a varieties of the Mesozoic sequences
is controlled by the structurally underlying base-
ment entities and their remobilization.

Fig. 3. a. Position of the eastern boundary of the Dinarides, i.e. Drina-Ivanjica block at more external positions towards the
Vardar Zone (modified after Dimitrijevi¢ & Dimitrijevié, 1973; Dimitrijevié, 2001). The Inner Dinaric Ophiolite belt is a sepa-
rate Jurassic ophiolite-bearing entity which spreading initially displaced Drina-Ivanjica into a separate ribbon shape crustal
fragment. The arrows indicate the ophiolite movements during the Jurassic Neotethyan closure. The blue arrows indicate a
‘single ocean’, green and light brown the ophiolite movements of the two discrete oceans.

b. Regional schematic cross section across the Dinarides and the Vardar Zone, up to the Serbo-Macedonian Unit (redrawn
from Csontos et al., 2004; also in Csontos & Voros, 2004). The interpreted cross section favors ’single ocean model’, explaining
far-travelled ophiolite obduction on top and beyond the Drina-Ivanjica block.
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The Paleozoic input for the early Vardar
developments

The differences between the NE Adria microplate
and the Pelagonian block as input for Variscan —
Eocimmerian — Neotethyan inferences

An Avalonian inheritance of the Pelagonian
basement has recently been documented (Zlatkin
et al., 2014, 2017). Such Neoproterozoic paleocon-
tinental inferences (ca. 600 Ma old orthogneisses
and overstepping late Ediacaran to earliest Cam-
brian metasedimentary rocks) indicated Avaloni-
an - Amazonian inheritance i.e a position that is
associated with a West African Gondwana prox-
imity, not North African (see Fig. 4 of Spahi¢ et al.,
2018 and references therein; Zlatkin et al., 2017).
The documented Amazonian paleocontinental
inheritance stresses a considerable difference in
the early Paleozoic paleoposition with respect to
the so-called Cadomian-type ‘Paleo-Adria’ (de-
trital zircon data by Siegesmund et al., 2018). The
‘Paleo-Adria’ was accommodated in front of the
early Paleozoic North Africa (Franke et al., 2017).

The ‘Paleo-Adria’ represents a crustal frag-
ment of the early Paleozoic North African prom-
ontory being a predecessor of the Apulia/Adria
microplate (Franke et al., 2017). This considera-
bly large microplate was disconnected from the
North African margin during the Silurian. Some
though earlier studies suggest the Permian or
Triassic detaching (e.g. Bernoulli, 2001 and refer-
ences therein; van Hinsbergen et al., 2020). Both
concepts nevertheless illustrate the Variscan in-
volvement of the Adria (Pamié¢ & Jurkovié, 2002)
that in turn has not been fully validated across
the Dinarides (Okay et al., 2006; Spahié¢ et al.,
2020c). The main problem of the eventual Var-
iscan interference revolves around the age of the
metamorphic overprint has often been dated as
of the dominant Alpine relevance i.e. of Juras-
sic age (e.g., Milovanovi¢, 1984; Porkolab et al.,
2018;). Scarce structural evidence of the tentative
Variscan involvement of these Neotethyan base-
ment units is identified earlier (sensu DPokovié,
1985; Borojevié-Sostarié et al., 2012). According
to the deformations (i.e. Dokovié, 1985), it ap-
pears that the Drina-Ivanjica block amalgamated
with the southwestern Euroasia during the pro-
tracted Variscan shortening (Pamié¢ & Jurkovié,
2002). The late Paleozoic Apulia/Adria occupied
westernmost corner of Pangea (see discussion
Maffione & van Hinsbergen, 2018; Avigad et al.,
2016 and references therein; Spahi¢ & Gaude-
nyi, 2020a; Fig. 4). Rare rock cooling fission track
measurements of the crystalline basement rocks
associated with the Apulia/Adria microplate

(External Dinarides, Croatia) occasionally ex-
hibit the Variscan exhumation age (or *°Ar/*Ar
plateau ages at 342.9+ 3.3 Ma and 332.8+ 3.1 Ma
in the Sana-Una Unit, Petrova- and Trgovska
Gora; Borojevié-Sostarié¢ et al., 2012 and refer-
ences therein). More frequent is the Alpine exhu-
mation framework having the cooling ages in the
range from 159-92 Ma and 50-37 Ma (Mid-Bos-
nian Schist; Borojevié—éoétarié et al., 2012 and
references therein). The issue of the Variscan in-
volvement is rather important as it validates i.e.,
rules out an eventual Eocimmerian involvement
of this microplate (see Stampli et al., 2001, for
a discussion). Unlike the Adria microplate, the
Pelagonian block has a documented evidence of
both Variscan and post-Variscan Paleotethyan
involvement (Vavvasis et al., 2000; Zulauf et al.,
2015). Earlier studies suggested that the Pelagon-
ian block is a fragment of Cimmerian ribbon con-
tinent (Mountrakis, 1986).

Reconsidering the Jurassic-early Cretaceous
position of the Drina-Ivanjica- and Pelagonian
blocks

The western Pelagonian basement is overrid-
den by the stacked ophiolite-bearing slices of
Tethyan relevance referred to as the Mirdita-Pin-
dos-Vourinos (Tremblay et al., 2015 and refer-
ences therein). Eastern side is characterized by
the Early Permian to Early/Middle Triassic rift
stage followed by the Middle Triassic Maliac oce-
anization (De Bono et al., 2001). The majority of
the reconstructions illustrate the Drina-Ivanjica
block plus Pelagonian basement as a continental
segment onto which the Late Jurassic — early Cre-
taceous Neotethyan or Western Vardar ophiolites
were obducted (e.g., Hrvatovi¢ & Pamié, 2005;
Schmid et al., 2008). However, several new infer-
ences imply a different unaligned position of the
two basement units.

The Pelagonian block had two different po-
sitions throughout the Paleozoic that unambig-
uously affected its Jurassic location. The paleo-
continental inheritance data indicate the two
different locations throughout the late Paleozoic:
(i). Pelagonian block may represent a segment of
the Euroasian margin directed towards the Sa-
karaya segment positioned to the east of Pale-
otethyan pivot point (e.g., Vavvasis et al., 2000;
Fig. 4). Meaning that the Pelagonian block may
represent a crustal fragment or as a crustal frag-
ment separately involved in the Variscan amal-
gamation of southern Variscan belt (see Zulauf
et al,, 2015, for a discussion; Spahi¢ et al., 2019b).
This marginal crustal fragment underwent
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immediate early Permian exhumation (ages are
295-280 Ma; Vavassis et al., 2000), which is not
the case for the Adria/Apulia. Consequently, both
positions proposed for the Pelagonian fragment
have a different early Alpinei.e. pre-rift locations
relative to the Apulia/Adria. In other words, the
Pelagonian block cannot to be aligned with the
Drina-Ivanjica block as the northeastern most
Adria tip which was more to the west. This pale-
ogeographic situation lasted during the Permi-
an-Triassic (Fig. 4), probably continuing during
the Jurassic (Stampfli & Kozur, 2006). The early
Alpine extension and interference of the termi-
nal Paleotethyan rollback stage (Vavvasis et al.,
2000; Stampfli & Borel, 2002: see reconstructions
of Moix et al., 2008) induced the embayment of
the intervening Maliac Ocean (between Pelagon-
ian block and Serbo-Macedonian Unit; De Bono
et al., 2001; Ferriere et al., 2012, 2016; Spahié et
al., 2020). The opening of the Maliac produced by
the Permian extension (Fig. 4), triggered a rift-
ing off the Pelagonide block, moving it slightly
away from the South Euroasian margin or away
from the southern Serbo-Macedonian Unit, and
its hinterland (also referred to as the "Transdan-
ubian", Moix et al., 2008). Thus, the Pelagonian
microplate was sandwiched between the Pin-
dos (to the west) and Maliac Ocean (to the east)

Early Permian
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Fig. 4. The position of the Pelagonian block relative to Apulia
microplate during Early Permian (inset from Vavvasis et al.,,
2000, slightly modified). The figure pinpoints the position of
the Pelagonian block (to the east, adjoining the Sakaraya
block), relative to the Apulia, which was more towards the
westernmost pivot point of Paleotethys.

during Late Triassic (see reconstruction of Vav-
vasis et al., 2000; Stampfli & Kozur, 2006; Moix
et al., 2008; Zulauf et al., 2015). The modern-day
stacked architecture of the pre-Neogene nap-
pes of the External Hellenides is response of the
northward Cenozoic subduction (Pindos Ocean)
and collision between the Apulia and the Pelago-
nian microcontinent (Mountrakis 1986; Xypolias
et al., 2005).

Considering the separate position of the Dri-
na-Ivanjica block (and entire Apulia/Adria) from
the Pelagonian microplate, such a relationship
suggests that the early Pindos Ocean could have
been in connection with the “Dinaric Tethys”.
This paleocean was to the west of the Pelago-
nides and to the southeast of the Drina-Ivanji-
ca block (similar as in Channel & Kozur, 1997,
Fig. 5). To the north, the “Dinaric Tethys” as
an Upper Triassic — Upper Jurassic segment of
a separate Neotethyan mini-ocean was already
closed by the early Cretaceous (Pamié¢, 1998; Faul
et al,, 2014; Fig. 5). The “Pindos — Mirdita - Di-
naric Tethys” oceanic entity (not seaway as there
is a documented evidence of separate Jurassic
oceanic crust) had no direct link with the more
internal Triassic Maliac Ocean (as proposed by
Faul et al., 2014). On the other hand, being in the
intervening position, the issue of the inheritance
of the Adria-derived Kopaonik system (Zeli¢ et
al., 2005, 2010; Schefer et al., 2010) remains open
for another set of future inferences.

In the early Mesozoic paleogeographic con-
text, during a limited Jurassic interval, several
oceans (oceanic lithosphere developed) were iden-
tified in the area of the Western Balkan countries
(Fig. 5; also, in Dimitrijevié, 2001; Karamata,
2006; Stampfli & Kozur, 2006; Spahi¢ & Gaude-
nyi, 2020c). The developments of the NW Neote-
thys or Vardar Ocean corresponds to the crustal
extension of the Adria microplate and the for-
mation of, at least, two marginal micro-oceans:
the “Dinaric Tethys” seems to be a kind of “Red
Sea-type” narrow landlocked ocean (Robertson
& Karamata, 1994). This rather confined oceanic
tract was in the proximity of the advancing Ju-
rassic Vardar Ocean divided by the “Drina — Pel-
agonide continental splinter”, yet in connection
with the latter (to the west of Jadar block; Fig. 5).
The two oceanic entities can be easily traced by
the central-positioned Jurassic continental splin-
ter Drina-Ivanjica continental block (Figs. 1b
and 5). The Pelagonian microplate was presum-
ably a segment of the early Alpine south Euroa-
sian margin, a crystalline block which inherit-
ed its position after the Variscan amalgamation,
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spatially overridden only after the final emplace-
ment of the Vardar ophiolite during Valanginian
time (initiated at latest Bathonian to Early Call-
ovian; Scherreiks et al., 2014), i.e. Early Jurassic
consummation of the precursory Maliac Ocean.
During the terminal late Jurassic stage and
the closure of the main Neotethys, the Vardar oce-
anic lithosphere underthrusted the intra-ocean-

ic system (East Vardar Zone) positioned in front
of the Serbo-Macedonian Unit (e.g., Boev et al.,
2018; Spahi¢ & Gaudenyi, 2019; Figs. 3a and 4).
Across the opposite side of the Jurassic ‘Zvornik
suture’, in line with the closure of the Neotethys
or Vardar Ocean, the West Vardar were ophiolites
obducted onto the Adria passive margin (Spahié
and Gaudenyi, 2020c). The East Vardar Zone in
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North Macedonia was at the back of the Pelago-
nian basement block, whereas the late Paleocene
— Lower Miocene shortening (underthrusting of
Apulia beneath Pelagonian block) closed the Pin-
dos Ocean (Xypolias et al., 2008 and references
therein). Consequently, there were at least two
discrete Triassic-early Jurassic marginal oceanic
entities accommodated on both sides of the Pel-
agonian microplate (Pindos- and Maliac oceans;
cf. Ferriere et al., 2012). With regards to the post-
dating Late Cretaceous — Paleogene “Sava(-Vard-
ar) Zone” (sensu Pami¢, 2002; Schmid et al., 2008)
as the principal “oceanic” or Neotethyan suture
(Fig. 5), there is no solid evidence of the existence
of the post-Jurassic oceanic crust (see Cvetkovié
et al., 2016, for a discussion; Spahi¢ & Gaudenyi,
2021).

Conclusions

The study emphasizes the Triassic — Jurassic
paleogeography of the seemingly interlinked re-
gional microplates: Adria/Apulia with the Dri-
na-Ivanjica block and Inner Dinaric Ophiolite
belt, from Pelagonides and Western Vardar oce-
anic lithosphere. The results show the presence
of the two probably subduction-driven distinct
Jurassic Tethyan oceans abutting Drina-Ivanjica
and Pelagonian block (“Drina-Pelagonide con-
tinental splinter”): The Inner Dinaric-(Mirdi-
ta-Pindos) Ocean / “Dinaric Tethys” (identified
by the Inner Dinaric Ophiolite Belt) and the Var-
dar Ocean (identified by the West Vardar Zone of
Karamata, 2006). The “Dinaric Tethys” / Inner
Dinaric-(Mirdita-Pindos) ocean was situated to
the southwest of the “Drina-Pelagonian splinter”
or Drina-Ivanjica block and to the west of the
Pelagonides, whereas the main Neotethys was to-
wards the east.
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