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Abstract. The balancing exercise of the “single-ocean model” and reexa-
mination of Jurassic paleogeographic conditions and tectonic interaction
allowed the reconstruction of the mosaic of independent microplate margins
and sutured northwestern Tethyan realm (Vardar Ocean). The overprinted
Mesozoic convergent margin referred to as the “Zvornik suture’ was of special
interest in the reconstruction of the displaced ophiolite belts of Dinarides and
Vardar Zone. The surface-subsurface constraints of these mixed crustal units,
in particular the polyphase strike-slip character of the “Zvornik suture’ yields
the presence of at least two of Neotethyan basins extrapolated in the vicinity
of the northwestern segment of this paleosuture - related fault system. The
restoration and synopsis shows a limited capability for obduction-related
emplacement of the Vardar oceanic lithosphere (West Vardar Zone) accounting
the polyphased strike-slip tectonics. The balancing and the proposed
tectonic/paleogeographic reconstruction does not exclude obduction, but it
shows a limited capability with much shorter across-strike width of the highly-
deformed West Vardar ophiolite. The presence of the two distinct
autochthonous Tethyan oceans divided by this important dextral strike-slip
fault zone is suggested: The Inner Dinaric-(Mirdita-Pindos) Ocean or Dinaric
Tethys (identified by the Inner Dinaric Ophiolite Belt) and the Vardar Ocean
(identified by the West Vardar Zone). The West Vardar Zone remains to be a
subzone of the principal composite Neotethyan suture referred to as the
Vardar Zone s.s., whereas the Dinaric Tethys have been (re)incorporated to the
area of Dinarides (Adria microplate). The northern segments of these two
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faults. activity of the “Zvornik suture’.

Ancrpakt. EBanyanuja focajalikbyx pesy/TaTa M3 JOMeHa jypCKUX Ia-
JieoreorpaCKUX OJJHOCA, TEKTOHCKe HWHTepaKl{je Kao U MNpPOCTOPHE
MOBE3aHOCTU TEKTOHCKUX jeiMHHULIA oMoryhusa je peKOHCTPYKLHjy KHU-
HeMaTHKe MapruHa MUKpOILJoya Tj. JeJa cyType ceBepo3anagHor TeTuca.
3BOpHUYKHU 1L11aB KA0 MapKaHTHAa peruoHaiHa AUCjyHKTUBHA MeracTpyKTypa
npejcTaB/ba NosrdasHy OBEPIPUHTOBAHY KOHBEPTeHTHY 30HY Koja je of
noceGHOT 3HAYaja 3a PEKOHCTPYKILUjY U3MEIITEHUX jYPCKUX 0PUOTUTCKUX
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K/by4He peumn:

380pHUYKU Was, YHympawrsu
HAunapudu, 3anadHa eapdapcka
30Ha, Bapdapcka 30Ha y yxcem
cmucay, [lunapudcku Temuc,
nomnospwuHcKU aAumocgepcku
pacedu.

nojaca /luHapuja u Bapjapcke 30He. AHa/M3a NOBPUIMHCKUX U MOTIO-
BPIIMHCKUX OJHOCA JIOKAJHO HM3MELITEHUX PasJUYUTHUX JUTOCHEepHUX
jeAMHMIA YKa3yje Ha MPUCYCTBO HajMame /1Ba OKeaHCKa b6aceHa y MHUpeM
OKpY>Kemby naJjieocyType 3BOpHUUYKOT maBa. CymMapu3alujoM Jocafallbux
HCTpa)kKuBaka Ce yKa3yje Ha NPUCYCTBO JiBa caMOCTaJ/lHa Najeo0KeaHCKa
JloMeHa TeTUCKOT OKeaHa Koja cy pa3/iBojeHa 3BOPHUUKUM ILIaBOM. Je/IaH 0[]
TETUCKUX [aJIe00KeaHa je YHyTpalle AUHApUACKU- (MupauTta-Ilungoc)
nnu [lunapcku TeTHc (JJOKyMeHTOBAH Ha OCHOBY YHyTpallllber AUHAPHU/ICKOT
0bHOJMUTCKOT T0jaca); A0K APYTH, IJIaBHU jyPCKU TETUCKH JI0OMeH je Bap-
JlapCKU OKeaH (ZJ0KyMeHTOBaH Ha OCHOBY 3amna/iHe Bap/lapcKe 30He). 3anajiHa
Bap/apcKa 30Ha 03Ha4yaBa [10/I30Hy OCHOBHE KOMIIO3UTHE HEOTETHUCKE CYyType
Koja je *MeHOBaHa kao Bapamapcka 3oHa y yxem (Vardar Zone s.s.); oK je
JuHapcku Tetuc (pe)uHkopnopupad y ob6saact [uHapuga (Aapuja nium
JagpaHcke suTocdepHue jeaunue). CeBepHU CETMEHTH 0Ba /iBA O/|BOjeHa
faceHa cy OMBUYeHH (U pa3/iBOjeHH) YHyTpallibe JUHAPUIACKUM KOHTUHEH-
TaJIHUM 6JI0KOM (/[[pMHUCKO-UBakbUYKH 6J10K) U 3BOPHUYKHUM IIIaBOM. Y 30HU
3BOPHUUKOT 11aBa ycJe[ JyroTpajHe U BULIeKpaTHe JOMUHAHTHO TPaHC-
KypeHTHe aKTUBHOCTHU H3Mehy pa3inuuTux jeJuHUIa, 00y/lyKOBama Be-
JIMKUX pa3Mmepa (o npeko 150 kusoMeTapa) Cy UCK/bydyeHa Ha aHATU3U-
paHoM npocTtopy. O6yKoBame OKeaHCKe IPEKO KOHTUHEHTAJIHE INTocdhepe
TOKOM jype je ouurysenHo, mehytum, cam npornec o6ayknuje je 6uo orpa-
HUYEHe AY>KUHe U KPaTKOT Tpajaba.

Introduction

The lithosphere of independent expanding
oceans (150-200 km in width) bounded by the
continental crust often elevate the conveyed ophi-
olite slices on top of the bordering passive margins
(PEARCE et al., 1984; GARFUNKEL, 2006; DoGLIONI et al.,
2007; vaN HINSBERGEN et al.,, 2015). These overriding
segments of the oceanic crust have often been amal-
gamated (collisional orogens) with local continental
margins (BEccALUVA et al., 2004; PAarLAK, 2016). The
continental margin ophiolites (mafic/ultramafic and
sedimentary rock assemblages) are a continental
breakup product representing (i) embryonic ocea-
nic crust at ocean-continent transition zones (DILEK
& FurNES, 2011, 2014) further (ii) marking a subduc-
tion initiation process (VAN HINSBERGEN et al., 2015;
SEGVIC et al,, 2019). The archetypes of these rather
atypical cross-lithospheric thickening processes
(PEARCE, 2003; vAN HINSBERGEN et al., 2015) are expos-
ed within Dinaric-Hellenic orogen alongside the
sliced north-eastern Apulia/Adria margin (‘Greater
Adria’; sensu GAINA et al,, 2013; Fig. 1a, b, c). The
interface area between this north-eastern ophiolite-
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bearing Adria margin (Inner Dinarides Ophiolite
belt), the composite Vardar Zone and spatiotempo-
rally unconnected Jadar block is represented by the
complex fault system referred to as the Zvornicki Sav
or “Zvornik suture” (hereinafter the ‘Zvornik sutu-
re’; DIMITRIEVIC, 1972, 1997; DIMITRIEVIC & DIMITRIJEVIC,
1975, GeRrzINa, 2010; Figs. 1b, 1c, 2). The “Zvornik
suture’ represents an overprinted segment of the
larger “Periadriatic suture” (Grusi¢, 2002 and refe-
rences therein). This zone at north connects the
Eastern Alps with the exhumed Fruska Gora Mt.
assembly, at east, strikes from the East Vardar Zone
via comparable strike-slip / oblique crustal structu-
res into Greece (e.g., SMITH & SPRAY, 1984; SpAHIC et
al,, 2020 and references therein; Fig. 2).

The reconstruction of the original size and shape
of the Neotethyan ophiolite-bearing basins nonethe-
less should incorporate a considerable sea-floor
spreading prior and during the accretion/obduction
onto the local margin (GARFUNKEL, 2006, SCHETTINO &
Turco, 2011; HAssiG et al., 2015). The preserved two
Neotethyan Dinaric-Hellenic oceanic seaways or
trench-like basins (StamprLi, 2000; GawLIcK & Mis-
SoNI, 2019) have been advocated by the modeling
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Fig. 1. a. Regional relief map including the position of the ‘Zvornik suture’ and the main tectonic units of the 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 of Dinarides according to the Model#2 (according to concept of KARAMATA,
2006, modified). The main tectonic units are as follows: DIT, Drina-Ivanjica Terrane; DOBT, Dinaridic Ophiolite Belt Terrane;
EBDT, East Bosnian-Durmitor Terrane; CBMT, Central Bosnian Mountains Terrane; VZC, Vardar Zone Composite Terrane;
SMCT, Serbian-Macedonian Composite terrane; JBT, Jadar Block Terrane and DHCT, Dalmatian-Herzegovinian composite Terrane. The
KBRU (blue dashed line, Kopaonik-block-and ridge Unit), Tisza and BV (Bukulja-Vencac crystalline) segment are also included. Question
mark denotes unknown geotectonic inheritance (see text for details); c. Drina-Ivanjica block separating the two ophiolite belts: to the
SW is Inner Dinaric Ophiolite Belt (I- Krivaja-Konjuh; I1I- Zlatibor; V- Bistrica) and to the NE-E is West Vardar- and East Vardar ophiolites
(1I- Maljen; IV- Troglav-1bar). To the south of Dinaric ophiolites is VI- north Mirdita which is out of scope of this paper (inset and age
data after MAFFIONE & VAN HINSBERGEN, 2018; slightly modified).

framework, which either does or does not consider “remote” Jadar block hence placing the ophiolite
the ‘Zvornik suture’ as a relevant interrelated roots to the north from the latter (Scumip et al., 2008,
evolving plate boundary. By disregarding the ‘Zvor- 2020; MAFFIONE & VAN HINSBERGEN, 2018; vAN UNEN et

nik suture’, the Adria microplate extents within the al,, 2019 and many others; Fig. 3). Consequently, the
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Drina-Ivanjica and Jadar blocks (separated by the
‘Zvornik suture’) are interpreted as having the
underthrusting position beneath the far-travelled
“Western Vardar Ophiolites”. By considering the
‘Zvornik suture’ exclusively as the Late Cretaceous
basal nappe (ScHmip et al., 2008; Tovji¢ et al., 2019),
the ‘single ocean’ model explains the Tethyan realm
derived from a landlocked Mesozoic ocean basin
located east of the Drina-Ivanjica block (Fig. 1c). A
widespread Permian-Triassic embayment involved
the Anisian breakup (Ricou, 1996) along the local
passive margin (CsoNTOS & VOROS, 2004; GAWLICK et
al,, 2017). The Late Triassic-born basins propagated
further involving magma extrusion, sea-floor spre-
ading (DJErIC & GERZINA, 2008; SCHETTINO & TURCO,
2011) and closure marked by a westwards-directed
far-reaching cross-lithospheric thrusting (Middle-
Late Jurassic, contemporaneously with eastern
Pelagonian margin; SCHERREIKS et al., 2014). As the
result, hanging wall far-travelled ophiolite obducted
onto this local continental margin over the lower
continental units (Jadar and Drina-Ivanjica blocks)
(sensu ScuMmiD et al., 2008; see details in chapter 1.1).
Second framework takes into account a similar
scenario from the pre-collisional stage, imple-
menting crustal geochemical properties with the
differences in the Jurassic mélanges and their
formation on both sides of the latter lithospheric
scale “suture” (DIMITRIJEVIC & DIMITRIEVIC, 1975;
DimITRIJEVIC et al, 2003, including many others
studying its southern counterparts). The two auto-
chthonous oceanic domains accommodated on both
sides of the “Zvornik suture’ - the main northwes-
tern Neotethys (Vardar Ocean or West Vardar Zone)
and a regional oceanic seaway Dinaric Tethys/ Inner
Dinaric Ophiolite belt (ROBERTSON & DixoN, 1984;
ROBERTSON & KARAMATA, 1994; GoRICAN et al.,, 1999;
DiMITRIEVIC, 2001; DIMITRIEVIC et al., 2003; KARAMATA
etal, 2000; KaramATa, 2006; DILEK et al., 2007).

The following report contributes the unresolved
Triassic-Jurassic paleogeographic and tectonics
issues (see e.g., StampFLI, 2000; DILEK et al., 2007;
SCHETTINO & Turco, 2011; GawLicK & Missoni, 2019,
for a discussion) related to the three seemingly
interlinked microplates intervened by a narrow
north-eastern segment of the ‘Zvornik suture’. The
‘Zvornik suture’ represents the overprinted relic of
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the principal cross-lithospheric boundary (fault
zone, connecting the NE Drina-Ivanjica passive
margin segment (Inner Dinarides) with the (West)
Vardar Zone and Jadar block (Fig. 1a-c). The study
emphasizes the kinematics and the interchanging
activity of the ‘“Zvornik suture’ affecting the
paleogeographic evolution of the two Neotethyan
marginal landlocked basins. We use observations
from and around the extrusive ophiolite sequences
in the West Vardar- and Inner Dinaric ophiolites and
theirs Western Balkan counterparts to demonstrate
the tectonic significance of the ‘Zvornik suture’.
Despite the close distance between the two basins
(Fig. 2), the dominantly oblique motions of the
‘“Zvornik suture’ provided no conditions for a rapid
far-reaching Middle-Late Jurassic obduction sequ-
encing over the entire Drina-Ivanjica segment.

Historical overview and definition of the
two NW Neotethyan oceanic concepts

The ophiolite occurrences of Neotethyan- (Var-
dar Zone s.s. positioned to the north of ‘Zvornik
suture’) and peri-Tethyan oceanic affinities (Vardar
Zone s.l), their plate-tectonic and paleogeogra-
phic/paleoceanographic evolution is elaborated
within the two competing solutions alleviating these
problematic lower crustal rock sequences: (1) wi-
dely accepted ‘two ophiolites - one ocean’ (Model#1)
and (2) ‘two ophiolites — two oceans i.e. multiple
oceans’ model (Model#2). The two contradictory
hypotheses galvanized a long-standing controversy
(see discussion in ScHMID et al., 2020) inspiring a
considerable international attention. A diversity of
the published review studies exhibited a number of
discussion points (e.g., ROBERTSON & DixoN, 1984;
ROBERTSON, 2002, 2012; BorToLOTTI et al., 2004, 2013;
BortoLoTTl & PRINCIPI, 2005; Jurkovi¢, 2006; Ro-
BERTSON & MOUNTRAKIS, 2006; DILEK et al., 2007;
SaccaNI et al., 2008; RoBERTSON et al., 2009; CHARVET,
2013; CvetkoviC et al., 2014; JoLIvET et al., 2016;
GawLICK & Misson1, 2019; ScHmiD et al., 2020).

The ‘two ophiolites zones-one ocean’ (coined by
BERNOULLI & LAUBSCHER, 1972; Model#1): According
to the “single ocean” concept, the across strike-
width of a preserved ophiolite is correlative with the
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distance over which the overriding oceanic crust
was underthrusted by a buoyant continental mar-
gin. The maximum estimated values are ca. 200 km
of throw (vaN HINSBERGEN et al., 2015 and references

Geol. an. Balk. poluos., 2020, 81 (2), 63-86

therein). The obduction either can be associated
with the Jurassic/Cretaceous boundary (ARGNANI,
2018) or Middle-Late Jurassic (178 Ma; SRECKoVIC-
BATOCANIN et al,, 2012; Fig. 1c). “Translated” into the
local terminology, this model implies a single West
Vardar Zone (WVZ at Fig. 1b, c) or “Western Vardar
Ophiolites” obduction on top of the crystalline
Paleozoic to carbonate platform Triassic sequence
of Drina-Ivanjica block (DIMITRIJEVIC & DIMITRIJEVIC,
1991; DIT at Fig. 1b; Fig. 3). Consequently, the
Model#1 interprets the (1) Inner Dinaridic Ophio-
lite Belt (DOBT at Fig. 1b) to be an external part of
the latest Jurassic-early Cretaceous west (south-
west)-verging suprasubduction sequence (SCHMID et
al.,, 2008).

The initial tectonic model of the Western Balkans
is propounded by applying the geosyncline model
of former Yugoslavia (PETkovi¢, 1958). A bit later,
tectonic model was improved after the widespread
confirmation of the actualistic sea floor spreading
plate tectonics framework (AuBUIN et al., 1970,
BERNOULLI & LAUBSCHER, 1972). Recent (re)popula-
rization of the ‘single ocean’ concept begun by the
activity of Central European authors (CsonTos et al.,
2004) including those applying the experience col-

Fig. 2. Tectonic sketch of DiMITRyEVIC (1997 and references therein)
and the position of the eastern boundary of the Dinarides or the
‘Zvornik suture’ towards the Vardar Zone (modified after
DimiTryevIC et al, 2003). The dextral strike-slip ‘Zvornik suture’
separates the Inner Dinaridic Ophiolite belt as a discrete ophioli-
te-bearing entity from the West Vardar Zone. Numbers: 1.
Paleozoic entity with documented Permian marine sequence
(possible Paleotethys presence; SPAHIC & GAUDENYI, 2020a); 2. Drina-
Ivanjica block (no Permian sequence); 3. Serbo-Macedonian Unit
(segment of dismantled northern edge of western Eurasian
margin); 4. Tisza unit (segment of dismantled northern edge of
western Eurasian margin); 5. Displaced passive margin vestiges;
6. Ophiolites of the Inner Dinaric Ophiolite belt; 7. Ophiolites of
West Vardar Zone; 8. East Vardar Zone ophiolites; Red rectangle
with question mark indicates uncertainty of the Bukulja-Vencac
block; Violet rectangle with question mark indicates the
questionable inheritance of the Fruska Gora assembly and
uncertain position of the ‘Zvornik suture’

lected in the Alpine segment of the orogen (Swiss
Alps; e.g., ScuMip et al., 2004). The two ophiolite
belts (West Vardar Zone and Inner Dinaridic Ophi-
olite Belt) yield the island arc signatures what led
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Fig. 3. Tectonic model explaining the ‘two ophiolites — one ocean’ (location in Fig. 1a). The West Vardar Zone is obducted over Drina-
Ivanjica, which is upthrusted over the initially obducted western segment of West Vardar Zone positioned between Durmitor sheet and
Drina-Ivanjica (redrawn and modified after MIkes, 2008, concept of Scumip et al, 2008). The absence of rotation in the Dinarides during
post-closure phase (UstaszEwski et al.,, 2008; pE LEEuw et al, 2012) facilitated a simple semi-restoration. TS- Horizontal component (total
slip) of the West Vardar ophiolite obduction length is a sum of the former trench obduction plus the amount of shortening due to the
thrusting (early to mid-Cretaceous, ScHmMID et al, 2008) which is ca. 45 km (e.g., East Bosnian-Durmitor thrust sheet, DIMITRIEVIC, 1997).
The approximate amount of the ophiolite length i.e. obduction before is ca. 155 km. The value is based on the pure horizontal length, onto
which a descending angle (passive margin) should be added (implying higher obduction length values). Lithological columns of the West
Vardar Zone (“western domain’, #1) with the thickness ca. 2-3 km, and “eastern ophiolite domain” (Inner Dinaridic Ophiolite Belt, #2)
with the thickness of 10 km (corrected and modified from MAFFIONE & VAN HINSBERGEN, 2018). A crude estimation of the total estimated

erosion on top of Drina-Ivanjica (#3) and Jadar Paleozoic unit (#4) is ca. 5 km.
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to the idea of an intra-oceanic suprasubduction zone
(e.g., Mikes, 2008; ScHETTINO & Turco, 2011 and
references therein). To the widespread popularizati-
on of the Model#1 contributed a rapid emplacement
of the Omani ophiolites (cooling in 1-2 m.y; HACKER
etal.,, 1996). The latter authors (ScHMID et al., 2008)
consider (2) a composite ophiolite- and flysch-
bearing Vardar Zone (and their derivatives such as
the “Sava-Vardar Zone”; Fig. 1a) being an integral
part of Dinarides (HaAs et al., 1995; Scumip et al.,
2008; Saccant et al., 2011; BortoLoTT! et al., 2013).

‘Two ophiolite belts - two oceans model’. In
paleogeographic terms (Model#2), the Neotethys
(Vardar Zone) comprises of the three contrasting
Mesozoic affinities: (1) the Innerdinaric-(Mirdita-
Pindos) ocean or Dinaric Tethys, (2) the main Vardar
Ocean which later consumed/overlapped the
marginal (3) (Meliata) Maliac ocean (FERRIERE et al.,
2012, 2016). The dominant Vardar Ocean (VZCT at
Fig. 1b) includes the West Vardar Zone (WVZ at Fig.
1b) being the principal oceanic affinity, plus the East
Vardar Zone (EVZ at Fig. 1b) or its intraoceanic-arc
system (SpaHIC & GAUDENY], 2019; Fig. 1b). ROBERTSON
& KARAMATA (1994), CHANNEL & Kozur (1997), Dimi-
TRIEVIC (2001), KARAMATA (2006), DILEK et al., (2007)
propose a similar concept (herein referred to as the
Model#2). According to this concept, the cluster of
Late Jurassic - Early Cretaceous ophiolite-bearing
belts of Western Balkan countries is a derivation
originating from the two discrete Mesozoic oceanic
affinities. Located to the southwest is (1) the
Intradinaric-(Mirdita-Pindos)/Dinaric Tethys ocean
or Red-Sea type small ocean (ROBERTSON & KARAMATA,
1994); (2) to the east of the Drina-Ivanjica- and Jadar
Paleozoic crystalline blocks including the Jadar-
Kopaonik unit is the Vardar Ocean. Therefore, the
West Vardar Zone ophiolite belt has a limited extent
of the obduction sequence thrusted upon the
northeastern Drina-Ivanjica block (MojsiLovic et al.,
1975). Consequently, the Neotethyan Vardar Ocean
is a separate oceanic affinity relative to the ‘Dinaric
Tethys’ (Inner Dinaridic Ophiolite Belt of DIMITRIJEVIC,
2001 or Dinaridic Ophiolite Belt Terrane (DOBT) of
KARAMATA, 2006; Fig. 1b). The two oceanic domains
are considered as the northern- and southern
Tethyan strands divided by the Drina-Ivanjica block
(ROBERTSON & KARAMATA, 1994).

Geol. an. Balk. poluos., 2020, 81 (2), 63-86

Regional setting

The mountainous aggregations of the Western
Balkan countries and Southeast Europe (SEE)
represent a segment of Alpine-Himalayan mountain
chain. The Dinaridic- and Vardar Zone ophiolite-
bearing north-northwest-south-southeast-trending
parallel crustal segments represent the vestiges
composed of highly heterogeneous ophiolites and
ophiolitic mélanges. The polymictic mélanges are
consisting of magmatic blocks and a variety of
associated sedimentary rocks derived by the activity
of dominant tectonic or sedimentary mechanisms
(DIMITRIJEVIC & DIMITRIJEVIC, 1973; SCHERREIKS et al.,
2014; GawLick & Missoni, 2019). The Vardar Zone
and Inner Dinaric Ophiolite belt ultramafites and
mélanges are distributed across both domains
abutting the northwestern segment of the Zvornik
suture’ (Fig. 1c; Fig. 2). The “Zvornik suture’ as a
complex plates boundary can also be marked as the
Peri-Adriatic suture (Grusi¢, 2002).

The ‘Zvornik suture’ (originally Zvornik-PoZega-
Kosovska Mitrovica; DimiTRIJEVIC, 1972; Fig. 2) or
“Drinska geofraktura” (ANPELKoVIC, 1982 p. 309)
represents a complex “suture” (in Serbian: sav), an
active margin segment characterized by multiple
episodes of (re)activation. This zone is outcropping
on its western tip near the city of Zvornik (Bosnia
and Herzegovina), striking across Drina River into
a complex Paleozoic-Mesozoic amalgamation of
western Serbia (MojsiLoviC et al.,, 1975). In the Alpine
configuration, the “Zvornik suture’ represents the
basal thrust displacing ophiolites of the West Vardar
Zone over the Paleozoic crystalline units (MojsiLovIC
et al, 1975; Touic¢ et al., 2019). The important yet
poorly understood pre-collisional (pre-Cretaceous—
Paleogene) kinematic character was overprinted
during the terminal shortening whereas the Eocene
subsidence records a significant downlifting of the
area accumulating over 1200 m of the deposited
thickness (to the west of the fault zone, Bosnia &
Herzegovina). To the east of the ‘Zvornik suture’, the
Miocene deposition was of limited subsidence
producing a thin veneer overlying the Paleozoic-
Mesozoic basement segment of western Serbia
(ANPELKOVIC, 1982). Altogether, the syn- and post-
compressional movements obscured the behavior
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and interchanging character of this principal re-
gional plates boundary. Nevertheless, the oblique,
dextral crustal-scale motions are proposed by the
local pioneering geologists (DIMITRIJEVIC & DIMITRI-
JEVIC, 1975; GruBi¢, 2002; DimMITRIJEVIC et al., 2003).

The origin of Western Balkan ophiolites is in the
tight connection with a network of the Dinaric and
the Hellenic basement suites (DILEK et al., 2007; FauL
et al,, 2014). These ophiolite belts are extending
towards the external Inner Hellenides to the east-
southeast, and the Mirdita, Subpelagonian/Pelago-
nian - Inner Dinaridic Ophiolite Belt zones of the
Albanides (e.g., NANCE, 1981; ROBERTSON & KARAMATA,
1994; DILEK et al., 2005, 2007; Saccani et al., 2008;
2011, 2017; GaGGERO et al., 2009). External Inner
Hellenides and Dinarides (respectively) are po-
sitioned to the west (Fig. 1c) of the Pelagonian
block, whereas the Vardar/Axios Zone belongs to
the Inner Hellenides (distributed along with the
length of the western margin of the Serbo-Ma-
cedonian Unit). The compositions of these massifs
range from Jurassic SSZ type-ophiolites formed
along the entire length of the Dinarides towards
Albania, and Greece (>1200 km). The subcon-
tinental Inner Dinarides to depleted mid-ocean
ridge/arc compositions have often been document-
ed within the Vardar Zone (Fig. 1c).

Configuration of the Vardar Zone s.s.

The Vardar Zone s.s. (coined by KossmMAT 1924) is
a composite Neotethyan suture comprised of both,
ophiolite- and flysch-bearing sequences of Meso-
zoic-early Cenozoic age. The Vardar Zone s.s.
occupies the areas to the east-northeast of the
external most Apulia/Adria microplate or from the
‘Zvornik suture’ up to the Serbo-Macedonian Unit
(“Serbomacedonian Massif”; SMCT at Fig. 1b). This
composite Neotethyan vestige is comprised of the
Middle-Late Triassic assembly which occasionally
includes metabasic crust of questionable paleogeo-
graphic inheritance (Kopaonik, DiMITRIJEVIC, 1997;
ZELIC et al,, 2005). The Middle-Late Triassic passive
margin setting (DERIC & GERZINA, 2008; GawLIcK et al.,
2017; GawLick & Missoni, 2019) is succeeded by the
developing Middle-Late Jurassic sedimentary mé-
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lange, ophiolites. Eventually, the interaction of local
lithospheres is recorded by the Cretaceous flysch-
bearing sequences (VZCT in Fig. 1b). The Vardar
Zone s.s. combines the West Vardar Zone (the
central oceanic segment), its back-arc to fore-arc
composite ophiolite-bearing sequence referred to
as the East Vardar Zone (GALLHOFER et al., 2017; Touji¢
et al, 2019; sensu SpaHIC & GAUDENYI, 2019 and
references therein; Fig. 1b).

The West Vardar Zone of KarRaMATA (2006) is
equivalent of the External Vardar Zone of DIMITRIJEVIC
which includes the Jadar block (1997; Figs. 1b, 2).
This zone is exposed between the Drina-Ivanjica
Unit, Kopaonik and the Jadar crystalline entities
(Serbia). The West Vardar Zone plus the Sava-Var-
dar Zone is bounded by the ‘Zvornik suture’ at
northwest. This disjunctive ‘Zvornik suture’ disap-
pears underneath the Jadar block and beneath a
younger sedimentary cover in Mac¢va and Srem (e.g.,
Srem block, Fruska Gora Mt.; DIMITRJEVIC, 1972;
1997; Fig. 1b). The Jadar block has often been
considered as a segment of the Biikk Terrane that
crops out in northern Hungary (FiLipovi¢ et al., 2003;
Fig. 1a). In Serbia, the Jadar block is thrusted over
the eastern realm of the West Vardar Zone (Fig. 1b).
Its southeastern boundary has an inverted struc-
tural configuration (FiLipoviC et al., 2003). To the
north, the Neogene veneer being further truncated
by the N-S striking normal fault of the Neoalpine age
(Figs. 1b, 2) overlies this peculiar block. North of
Belgrade, poorly exposed Vardar Zone (Fruska Gora
Mts) beneath the Pannonian basin is composed of
Triassic limestones, greenschist-facies rocks of the
same age exposed (DimMITRIEVIC, 1997; Fig. 2).

West Vardar Zone further towards northwest is
in the contact with the “Sava- or Sava-Vardar Zone”
in Bosnia and Herzegovina, Croatia (sensu PAMIC,
2002; Scumip et al., 2008; Ustaszewsk1 et al., 2009;
MEszAros et al,, 2019; Fig.1a) or “Central Vardar
Zone” (Toujc et al., 2019). This recently reintr-
oduced zone represents the relic of a subduction
trench thus juxtaposing the West Vardar ophiolites
(footwall) with the East Vardar Ophiolites in the
hanging wall position (contact is in the form of
thrust fault). As mentioned, the relationship of the
‘Zvornik suture’ with the Sava-Vardar Zone to the
west of Drina River is obscured by the thick se-
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dimentary veneer. This zone is characterized by a
set of subduction related bimodal volcanics of Late
Cretaceous to earliest Paleocene age i.e. 110 to 62
Ma (Pamic, 1998; Pamic et al.,, 2000). The presence of
Late Cretaceous ophiolites in the Kozara Mountains
(northern Bosnia and Herzegovina; KARAMATA et al.
2000; Ustaszewski et al. 2009, 2010) indicates the
latest Cretaceous-Paleocene collision (onset during
Late Cretaceous).

The East Vardar Zone in North Macedonia,
Serbia, and the “Vardar-Mures Zone” in Romania
marks a northeastern branch, a continuation of this
convergent margin (Fig.1b). In Apuseni Mts. (Ro-
mania), the Jurassic ophiolites interfingered with
acidic synmagmatics are remnants of the East
Vardar ophiolites of island arc affinity (GALLHOFER et
al, 2017). The assembly exposes the Lower Cre-
taceous “paraflysch” (DIMITRIJEVIC & DIMITRIJEVIC,
2009), Upper Cretaceous rudites, marine, limnic and
brackish strata of the Maastrihtian age including the
late Cretaceous Senonian flysch. This zone strikes
alongside the Serbo-Macedonian crystalline entity
depicted also by a deep-seated crustal fault (Vuka-
SiNoviC, 1973; Fig. 4). The subsurface configuration
of the cross-lithospheric margin is visualized within
a 3D model (PETROVIC et al,, 2015; PETROVIC, 2015).
The 3D subsurface model remarkably well depicted
the underplating configuration of a descending
oceanic slab positioned underneath the crystalline
Serbo-Macedonian (former) continental margin
(Fig. 1c; also in SpaHIC & GAUDENYI, 2019).

Moving southeastwards from the important
‘Zvornik suture’ (Fig. 1b), the West Vardar Zone
stretches farther into the highly complex Kopaonik
block (sensu ZeLI¢ et al.,, 2010). (Fig.1b). To the south
of Kopaonik block, the Vardar Zone stretches farther
in Albania, North Macedonia (e.g., ROBERTSON et al.,
2013; SpaHIC et al.,, 2019), continuing towards the
Hellenides in Greece (Vardar-Axios Zone; e.g.,
MENANT et al., 2016). A branch of this southern
extension of the Vardar Zone s.s. is squeezed
between the Pelagonian Massif and the Paikon unit
(e.g., ROBERTSON et al.,, 1991, 2013). For details, see
Fig. 2 of ROBERTSON & KARAMATA (1994). In Greece,
this zone is bending towards the east evolving into
the Izmir-Ankara-Erzincan suture zone (GURER& VAN
HINSBERGEN, 2019).
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Dinarides

The term ‘Adriatic plate’ often refers to the
undeformed lithospheric plate or “subplate” (CHa-
NNELL & HORVATH, 1976). It includes the present day
undeformed areas of the Istria and the Apulian
carbonate platform framed by the external thrust
belts of Southern Alps, Dinarides and Apennines.
The original “Adria” term refers to a considerably
large fragment of continental crust connecting the
continental masses of Africa and Europe in the
central Mediterranean (RosENBAUM et al., 2004 and
references therein). The south of the Adria micro-
plate or the Apulia/Adria microplate is the contact
with the Nubian plate and the Aegean domain. This
contact is aligned with the Apulian Escarpment and
the Kefallinia fault (BArTAGLIA et al., 2004). The
northern margin of Apulia/Adria microplate acted
as arigid indenter during its collision with the Alpine
and Dinaridic orogen to the north and east. The term
“Adria” has often been used for: (i) the broader
contexts of accommodated terranes southward of the
“Alpine Tethys” (ScHmID et al., 2008) or the Penninic-
Wah-Magura Ocean (e.g., CHANNEL & Kozur, 1997).
“Adria” also represents (ii) the name of the plate
undethrusted below the Adriatic Sea (CHANNEL &
HorvaTH, 1976; BENNET et al., 2008). The same term
refers to the (iii) “Periadriatic orogenic belt” (CHANNEL
etal, 1979). In order to avoid confusion, we will use
the Apulia/Adria microplate to refer to the Dinarides
in a broader sense.

SuUEss (1880) separated the three tectonic units
coined the name Dinarides: Dinarides s.s., Hellenides
and Taurides. Modern-day Dinarides are referring
to the Dinarides s.s. (the focus of this study is the
eastern domain of the Dinarides s.s.). Dinarides s.s.
as a southern limb of the Alpine orogenics span the
far northwestern segment in Slovenia, crossing
Croatia, Bosnia and Herzegovina, Montenegro and
cropping out in western Serbia, altogether reaching
up to ~1000 km in length (Fig. 1a). A widely
accepted geotectonic subdivision of Dinarides is
division in the Inner- (or Internal, e.g., HrvaTOVIC &
Pami¢, 2005) and the External Dinarides (e.g., ROYDEN,
1988; Pami¢, 1998, 2002; DimITRIEVIC, 1997, 1999).
Dinarides are comprised of the several thrust
systems (PicHA, 2002; CsonTos et al., 2004; Fig. 1b)
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occupying eastern segment of the Apulia/Adria
microplate (e.g., ToMLJENoVIC et al., 2008). The fol-
lowing imbricated systems are stacked farther
towards the southern Pannonian Basin (Fig. 1b):

(1) Adriatic-Dinaridic carbonate platform for-
mations (External Dinarides), (2) Carbonate-clastic
units of the passive continental margin referred to
as the Bosnian Flysch, (3) (Inner) Dinaridic Ophio-
lite Zone and overstepping Late Jurassic to
Cretaceous cover sequences (CsonTos et al., 2004),
(4) Active continental margin units represented by
the Upper Cretaceous-Paleogene trench sediments
with blueschists, tectonized ophiolite mélange,
medium-grade metamorphic rocks originated from
the Upper Cretaceous-Paleogene sediments inclu-
ding the granitoids of the late Alpine age, (5) The
nappe consisting of the allochtonous Paleozoic-
Triassic formations which is thrust onto the
ophiolites and genetically related sedimentary
formations. The exhumation times of the Dinaridic
crystalline units records the both cycles, Variscan
and Jurassic (MILOVANOVIC, 1984; BOROJEVIC SOSTARIC et
al,, 2012).

The Drina-Ivanjica segment positioned as the
southern boundary of the ‘Zvornik suture’ com-
prises the complex Paleozoic meta-sequences (no
Permian recorded; Pokovi¢ & PESi¢, 1985; CHIARI et
al,, 2011; SpaniC & GAUDENYI, 2020) and early Alpine
sedimentary successions (Pokovi¢, 1985; SPaHIC et
al,, 2018). This crystalline unit in the sliced Alpine
configuration (Fig. 1b) separates the Inner Dinaric
Ophiolite belt - the vestiges of the “Western Vardar
Ophiolitic Belt”, its remote segment (Model#1;
ScHMmID et al., 2008) or “Dinaric Tethys” (Model#2;
DimITRIJEVIC, 2001).

The investigated plates margin and
alternative models for the geodynamic
evolution of Tethyan realm

Oblique kinematics of the ‘Zvornik suture’vs.
far-travelled Late Jurassic ophiolite obduction

The two stages of (oblique) convergence are

recorded by the Jurassic and Upper Cretaceous
mélanges of the Vardar Zone s.s. The intensive
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oblique motions (likely transpressive; GRuBIC, 2002
and references therein; RoOBERTSON, 2012 and refe-
rences therein) are well-documented across and
beneath western Mediterranean and, locally, in the
vicinity of the investigated Neotethyan amalgamation
(DiMITRIEVIC & DIiMITRIEVIC, 1975 and references
therein; Ricou, 1996; Ricou et al.,1998; ILIC & NEUBAUER,
2005; KorBAR, 2009; SCHETTINO & TuRrco, 2011; SPaHIC
etal, 2020). The onset of Vardar oceanic subduction
with a dominant transpressive-component is likely
linked with the ENE-WSW-directed spreading of the
Alpine Tethys relative to the laterally positioned
trench. The squeezed crustal segments of Adria
(continental crust) were pushed by the northward-
positioned Alpine Tethys (spreading) moving
towards the north-south striking trench. The latter
short-lived plate boundary changed the kinematics
from oceanic spreading, evolving from a mid-
oceanic ridge to become an east-dipping subduction
arc-trench (transition occurred somewhere during
Middle-Late Jurassic; see SCHETTINO & Turco, 2011).
The oceanic lithosphere production stage of a such
nascent arc-forearc crust was presumably short ca.
10-15 m.y. (DiLEK et al., 2007). Moreover, there is no
evidence supporting similar-type motions within
the Inner Dinaric Ophiolites (DiMITRIJEVIC & Dimi-
TRIEVIC, 1975). The principal difference is imprinted
within the ophiolite matrixes, barely preserved
within West Vardar ophiolites (DiMITRIJEVIC et al.,
2003; DiLex et al., 2007). The poorly preserved
matrix bears the evidence of intensive transcurrent
(transtensive) motions.

The second, well-exposed stage of undethrusting
within the Vardar Zone s.s (Cretaceous) was driven
by the oblique motions resulting in the intensive
deformations recoded within the western segment
of the “Central Vardar Zone” (Neotethyan foredeep;
DIMITRIJEVIC et al.,, 2003). These oblique motions are
in line with the Adriatic lower plate position in this
segment of double-vergent Alpine orogen (DoGLIONI
et al, 2007), directed to the northeast in Late
Cretaceous reference (SCHETTINO & Turco, 2011). The
upper plate position is associated with the tip of the
Alpine indenter during its collision with European
margin. The oblique / transpressional kinematics
kept the same character lasting up to the Eocene
(DiMiTRyEVIC & DiMITRIEVIC, 1975). The highly
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complex two-staged undethrusting, including the
precursory Jurassic mélanges are considerably well-
exposed near the ‘Zvornik suture’ and at Povlen and
Kopaonik Mts. (see DIMITRIJEVIC et al., 2003, for a
discussion).

The (i) slow-spreading West Vardar Zone-type
ophiolites, (ii) oblique underthrusting and (iii)
limited oceanic crustal production stages are not in
line with the far-travelled scenario placing the latter
ophiolites over the Zvornik suture’ (or the Model#1).
The strike-slip faulting is excluded as the mean
driver capable to derive all the ophiolites from a
single basin (ROBERSON & DixoN, 1984). Despite the
hindering kinematics, a limited obduction with much
shorter thrusting would be plausible. A good
example is the ophiolite record observed in the field
i.e. to the northeast of Drina-Ivanjica block (the
narrow segment of ‘Zvornik suture’; MojsiLovic et al.,
1975; GerzINa, 2010 (Figs. 1c, 2).

Geochemistry of ophiolites

There is a considerably large geochemistry
database used for tectonic fitting of data collected
from ophiolites along both sides of the ‘Zvornik
suture’ (e.g., ROBERTSON & KARAMATA, 1994; DiLEK et al.,
2005, 2007; GAGGERO et al., 2009; BazyLEv et al., 2009;
Suica et al,, 2009; FauL et al., 2014; Saccani et al,, 2015,
2017). Often used geochemical fingerprinting de-
rived from different tectonic settings has turned into
irreplaceable tool in geodynamic studies (e.g., KEAREY
et al,, 2009; Saccani et al,, 2015). However, these
subcrustal interferences of the original magma-
mantle structure may often generate confusion in the
estimates of lithospheric conditions (cf. SAFONOVA et
al, 2016). Geochemical fingerprinting fitted into
petrogenetic-geodynamic models barely focus on the
important paleogeographic constraints.

Inner Dinaridic Ophiolite Belt and West Vardar
Zone comprise a sub-ophiolite mélange overlain by
the separate ophiolite units with a metamorphic sole
in between (SRECKOVIC-BATOCANIN et al., 2012; GAWLICK
& Missoni, 2019; SEGvIC et al,, 2019). According to the
geochemical data analyzed across the both ophiolite
systems, these ultramafic massifs, however, belong
to crustal systems produced by the different
geodynamic settings (e.g., ROBERTSON, 2002; BAZYLEV
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et al, 2009; FauL et al, 2014; MAFFIONE & VAN
HINSBERGEN, 2018; Fig. 1c). The West Vardar ophio-
lites positioned to the north of the “Zvornik suture’
have a suprasubduction zone geochemical signature
(Fig.1c) whereas those belonging to the Inner Di-
naridic Ophiolite Belt have also a continental rift
setting (BAzyLEV et al,, 2009) or within-plate (Kara-
MATA, 2006). Therefore, as mentioned earlier, it could
be concluded that the difference in the geochemical
signature of the ophiolitic fragments could not be
used to distinguish separate Tethyan oceans.

The most external segment referred to as the
Krivaja-Konjuh massif (Fig. 1c, massif #I) has
similarities to those of the Inner Dinaridic Ophiolite
Belt (subcontinental; FauL et al., 2014). To the south
(Albanide-Hellenide ophiolites), the development of
sub-continental heterogeneous mantle sources in
alkaline basalts, alkaline basalts, normal- and en-
riched-type midocean ridge magmatities ended by
the end of Triassic (Saccani et al., 2015). The suc-
cessor Jurassic oceanic crust has normal-type
midocean ridge basalt character developed in
response to interference of sub-oceanic primitive
mantle. Outcropping ophiolite succession does
include upper mantle peridotites.

Across-strike width variations of the obducted
ophiolites

The total obduction length or the across strike-
width proposed by the Model#1 is over 70 km,
completely overlaying the “Zvornik suture’. 70 km is
the difference between the West Vardar- and Inner
Dinaridic Ophiolite Belt (ScumiD et al, 2008;
Model#1). In the Hellenides, finite obduction length
reaches up to 200 km distancing the Budva-Pindos
(Argolis) Zone and the Vardar-Axios Zone (Borto-
LoTTI et al., 2013). If so, there is a considerable
difference in the displacement that supposable
occurred during the same crustal shortening episode
(also in ARGNANI, 2018). Another issue is whether the
proposed obduction length could reach 200 km. The
continuous outcrops (with no record of any signi-
ficant km-scale ophiolite-clippen) connecting the
Drina-Ivanjica-, the Jadar- and the (Korab-) Pela-
gonian block are often elaborated within the
Model#1 as the large-scale tectonic windows ex-
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posed beneath the Neotethyan- or the West Vardar
ophiolites (Fig. 3). In the case that the ophiolites
travelled in such subhorizontal distances, it is to
expect, at least, a minor presence of ophiolite clippen
on top of the former continental margin. Several
detail field-mapping campaigns covering these areas
provided no evidence of clippen (SAVEZNI GEOLOSKI
Zavop, 1970; Fig. 2 of DiLEK et al., 2007; Plate. 1 of
Scumip et al, 2008; Fig. 2 of MAFFIONE & VAN
HINSBERGEN, 2018; Fig. 2). Smaller in size clippen
recorded on the top of the Pelagonian zone
(ScHERREIKS et al., 2014) belonged to the Pindos
Ocean (sensu ANDERS et al,, 2005). This zone cannot
be identified as a continuation of the West Vardar
ophiolites.

On the ground of unresolved (geo)tectonic
inheritance of the structures accommodated within
the wider ‘“Zvornik suture’, the Bukulja-Vencac
crystalline complex stands out (TriviC et al., 2010;
Figs. 1b, 2). This block has some similarities with the
Drina-Ivanjica system, not with the Jadar block (Figs.
1, 2). These three Paleozoic-Mesozoic systems are
positioned near the presumed ophiolite roots (West
Vardar Zone). The West Vardar Zone containing no
evidence of any significant ophiolite clippen on top
of the eroded massifs (with exception of the
aforementioned accommodated within the narrow
segment of the Zvornik suture’; Figs. 1b, c, 2). If to
consider that the Drina-Ivanjica block is out-of-
sequence thrust (ScuMmiD et al., 2008), the essential
issue pending the explanation from those imposing
the Model#1 is why there are no any ophiolite
evidence left on top of Jadar- (only at its southwest-
ern edge; DIMITRIJEVIC et al., 2003) and Bukulja-Vencac
crystallines? There is a complete absence of the post-
Liassic deposition, ultramafites, ophiolitic mélange
within the Jadar block (FiLipovic et al.,, 2003).

In some segments of Inner Dinarides, the mid-
Jurassic metamorphic sole formation should mark a
geodynamic change and the initiation of the ob-
duction processes (SEGviC et al, 2019). However,
there is an absence of the metamorphic sole and
associated metamorphic imprints near the south-
western edge of the Drina-Ivanjica block or a
northern realm of the Zlatibor massif (in the vicinity
of Uzice; SAVEZNI GEOLOSKI ZAvoD, 1970; DIMITRIEVIC &
DIMITRIJEVIC, 1979; Fig. 1c). Model#1 offers solution
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that this area should represent the early stage in
which ophiolites crossed over the top of continental
margin segment. The absence of the metamorphic
sole and the presence of a Triassic succession (even
accounting km-thick strongly differentiated weather-
ing and erosion processes) are not in line with the
suggested ophiolite emplacement path, suggesting
that these have not surpassed the south-western
edge of the Drina-Ivanjica block. Moreover, the
extensive structural study of the metamorphic sole
beneath the Zlatibor ophiolite massif (Inner Dina-
ridic Ophiolite Belt) pointed out the NE-directed
movement (in the ductile conditions), whereas the
entire ophiolite massif subsequently “slided” to-
wards the south. This second event occurred in the
cooler upper crustal conditions (DIMITRIJEVIC &
DIMITRIJEVIC, 1979).

Buoyancy of continental lithosphere vs.
obducted oceanic crust

Model#1 proposes a single ophiolite obduction
sequence (latest Jurassic to the early Cretaceous)
explained to be developed either above the intra-
oceanic arc (e.g., MIkes, 2008; ScHETTINO & TURCO,
2011 and references therein; MAFFIONE & VAN HIN-
SBERGEN, 2018) or above the underthrusting passive
margin (ScHMID et al.,, 2008, 2020; vAN HINSBERGEN et
al,, 2020). A downgoing position of the entire Inner
Dinarides (Drina-Ivanjica crystalline block including
its Triassic succession) is required for under-
thrusting. This configuration involves a large portion
of buoyant continental plate (in this case Inner
Dinarides). Buoyant crustal segment should be
beneath a developing oceanic trench. This trench
took over the role of the former mid-oceanic ridge
(ScHeTTINO & TuURCO, 2011) moving in front and
towards the Sava-Vardar (back-arc position; PAMIC,
2002) / East Vardar Zone (SpaHIC & GAUDENYI, 2019).
However, the relative feasibility study of emplacing
oceanic lithospheres (in the most favorable fore-arc
scenario) suggests that subduction of a buoyant
material commonly leads to failure of the subduction
zone. Once the subduction zone fails, isostatic
rebound lifts the oceanic crust on top of continental
segment (STERN et al., 2012). The ophiolites mapped
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on top of the continental margin (Drina-Ivanjica
block) have a limited extent, thrusted to a few km
above northeastern edge of the block (Figs. 1c, 2).
In addition, there is no evidence of the Jurassic
magmatic arc-associated volcanism recorded within
the Drina-Ivanjica crystalline entity (for a detail
review of the geology of Drina-Ivanjica block see
SAVEZNI GEOLOSKI ZAvoD, 1970; Dokovi¢, 1985; GERZINA,
2010; SpaHIC et al.,, 2019).

Subsurface configuration beneath the
interface of the Dinarides and Vardar Zone

Configuration and crust structure beneath
the investigated plate margins

One of the pioneering geophysical endeavors to
decipher the complex subsurface crustal configu-
ration beneath former Yugoslavia countries was of
VukaSiNovi¢ (1973; Fig. 4). Magnetic susceptibility
depicted several large-scale crustal faults separating
the Dinarides from the Vardar Zone s.s. (this holds
particularly for the northwestern subsurface seg-
ment of the ‘Zvornik suture’, Fig. 4). 2D deep seismic
data corroborated the south-north crustal thinning
towards the Pannonian Basin System margin
indicated by the shallower position of the Moho-
(boundary lower crust-upper mantle) and the
Conrad (boundary between lower - the upper
crust) discontinuities (Pami¢, 1998 and references
therein). The high-resolution subsurface crustal
models of the Moho depth outlined the new im-
mersed plate referred to the “Pannonia” occupying
the Moho depth range 26 to ca. 38 km (BrockL et al.,
2000) thickened circum-Mediterranean crust
matched with the surface topography (Facenna et al.,
2014). The negative anomalies of the P-wave models
at depth of 300 km depicts considerably well at the
Adria/Apulia microplate subsided underneath the
Adriatic Sea. The analog of the negative fields of the
P-waves at the same depth conditionally mark the
previously descended slab inside the crust of the
Pannonian region (Li et al., 2008; FAcENNA et al., 2014).

Seismic tomography identifies a WNW-ESE strik-
ing high-velocity zone underneath the Central- and
Southern Dinarides (reaching the depth of 160 km)
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Fig. 4. The position of deep, crustal- scale fault separating the
Dinarides of the Vardar Zone (modified after Vukasinovic, 1973).
It is obvious that the curved lineament follows the geometry of
the separating fault line juxtaposing the Drina-Ivanjica and
Vardar Zone. Tentatively we placed the other lineaments within
the Vardar Zone as relics of Paleotethys suture.

described over the subducted Adriatic lithosphere
(BywaARD & SpakmaN, 2000; Ustaszewskl et al., 2008;
BELINIC et al., 2018b). The low-velocity increment
observed underneath the Dinarides and central
Greece fits the high-velocity anomalies associated
with the Aegean subduction (BIjWAARD & SPAKMAN,
2000), thus interpreted as the descending Ad-
ria/Apulia slab. The tomography further reveals a
large low-velocity anomaly beneath the northern
Dinarides (Croatia), marking the “slab gap” between
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the Eastern Alps (Slovenia) and the central part of
the External Dinarides (Bosnia and Herzegovina). In
addition, the most recent geophysical study depicts
the “transition zone” splitting the Dinaric (probably
referring to the Adria/Apulia microplate) and the
“Pannonian crust” (probably referring to the Tisza
microplate; KApuraLIC et al., 2019). The low-velocities
anomaly is interpreted to reflect the thermally
eroded Adriatic slab and lithosphere delaminated
under the Dinarides and the southern parts of the
Pannonian Basin System (Ustaszewski et al., 2010,
Hanpy et al., 2014; MATENCO & RADIVOJEVIC, 2012).

Fig. 5. Superimposed crustal fault (Vukasinovic, 1973), with the asthenosphere thickness
beneath the Dinarides and Vardar Zone (modified after BELINIC et al,, 2018a). Position of the
crustal fault corresponds to the western-north-western edge of the Vardar Zone or the
‘Zvornik suture’ Despite the orogenic configuration, the thinned lithosphere indicates a

significant change in the crustal lithosphere. The thick segment represents the Dinarides

whereas the thin belongs to the Vardar Zone.
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However, the same low-velocity area is attested by
numerical means (2D finite difference approach and
a marker in cell technique; ANDRIC et al., 2018),
explaining a retreated slab scenario imposed a while
ago by RoyDeN (1993; Fig. 5). The 70 km of thickness
in comparison to 40 km beneath Serbo-Macedonian
Unit corroborates a displaced or retreated Vardar slab
(Fig. 5). Farther towards the south, the active Hellenic
subduction remains attached to the former Vardar
oceanic subduction, being confirmed by the several 2D
visualization tomographic models. The models in-
terpreted a crustal connection of the Hellenic slab,
(East) Vardar- and deeper
most Triassic- and Jurassic
Kure, Izmir-Ankara slabs (Hos-
SEINPOUR et al,, 2016).

Subsurface lineaments as
conspicuous markers
separating the Vardar Zone
from the Dinarides

The along-strike geometry
of the subsurface crustal fault
(Vukasinovi¢, 1973; Fig. 4) fol-
lows the surface truncations,
thus outlining the interface
between the Drina-Ivanjica
block and Apulia/Adria as
whole and the West Vardar
Zone (beneath ‘Zvornik sutu-
re’; compare Figs.1b,c, 2, 5).
This subsurface fault system
probably marks the tapering
sliced continental ridge. The
subsurface fault system preci-
sely outlines a western
boundary of the (West) Var-
dar Zone (towards the Inner
Dinarides, ‘Zvornik suture’;
Fig. 1a,b). Farther towards
the east, another subsurface
crustal lineament (Central
Serbia) outlines the interface
towards the Serbo-Macedo-
nian Uniti.e. former Euroasian
foreland.
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A comparison of the lithospheric thicknesses:
Dinarides vs. Vardar Zone

The 2D and 3D tomography reveals a consi-
derable low-velocity anomaly beneath northern
Dinarides (Croatia, Bosnia and Herzegovina, and
Serbia). This anomaly depicted a “slab gap”, in-
terpreted as thermal erosion of the local lithosphere
(e.g., Hanpy et al, 2014; BELINIC et al, 2018a).
Thinned lithosphere (lithosphere-asthenosphere
boundary is at ca.70 km) underneath the north-
western edge of Dinarides (BELINIC et al.,, 2018a; Fig.
5) is however, complementary with the surface area
occupied by the Vardar Zone. The transition from a
thick- towards a thin lithospheric segment marks
the “Zvornik suture’, the difference between the
remnants of a sunken oceanic- (northwestern Neo-
tethys, Vardar Ocean) and sliced continental crust
(Inner Dinarides). It though remains unclear
whether the anomaly in the central segment
(hatched ellipse) delineates a subsurface configu-
ration of the former microbasin or Dinaric Tethys.

Conclusions

By building on in-depth composite Neotethyan
geological constraints, the study filtered out im-
portant arguments aiding the hitherto recon-
structions of the complex Tethyan Mesozoic pa-
leogeographic and tectonic configuration in the area
of Western Balkans. The competing tectonic and
paleogeographic models are tested further im-
posing the role of the relevant principal plate
boundary referred to as the ‘Zvornik suture’. The
study emphasizes the role of the ‘Zvornik suture’ in
the configuration between the main Vardar Zone
(West Vardar Zone), Drina-Ivanjica continental
block (including its southern extension, Pelagonian
basement) and the segment of Dinaric-Hellenic
ophiolite belts.

e The ‘Zvornik suture’ marks a fossil lithospheric-
scale plates boundary, it represents at least two
principal Mesozoic convergent margins juxtaposed
on top each other, (i) Middle-Late Jurassic over-
printed by that of the (ii) Cretaceous-Paleogene age.
The “Zvornik suture’ disconnected the Apulia/Adria

Geol. an. Balk. poluos., 2020, 81 (2), 63-86

microplate (its passive margin) from the Neo-
tethyan oceanic lithosphere (West Vardar Zone) and
the peculiar Jadar block;

e As the strike-slip faulting was excluded as a
mean capable to derive all the ophiolites from a
single basin, the solution proposing a number of
inter-connected basins seems to be a more effective
solution (similar as in Greece and Turkey, ROBERSON
& DixoN, 1984). The oblique, dextral crustal-scale
motions proposed earlier are in accord with the late
Alpine (indenting) movements of, in this case, the
Adriatic lower plate of the double-vergent behaviour
(DogLiont et al.,, 2007);

e The distance over which the overriding West
Vardar ophiolites were transported over a buoyant
Apulia/Adria continental margin (vicinity of the
Jurassic “Zvornik suture’) is of much shorter extent;

e The important set of differences between the
Drina-Ivanjica- and Jadar block, as well as the
tectonic inheritance of the Bukulja-Vencac block are
not profoundly included into the “single-ocean”
reconstruction (Model#1). It appears that a signi-
ficantly different Jadar system has a cluster of
pre-Alpine Variscan to Eocimmerian features (e.g.,
mild metamorphic overprint, Permian-Triassic
sequence) relative to the Drina-Ivanjica block. The
latter carrying the metamorphic Carboniferous but
not Permian-Triassic (SpaHIC & GAUDENY], 2020). The
complex Bukulja-Vencac crystalline may be of same
geotectonic inheritance as the Drina-Ivanjica block,
however further study seems to be a valid option;

e The Dinarides including the Inner Dinaridic
Ophiolite Belt (with its Cretaceous overstepping
sequence; SAVEZNI GEOLOSKI ZAvop, 1970) represent a
discrete (sub)zone of the Apulia/Adria microplate.
These thick skinned units are distinctively separated
from the West Vardar Zone and Cretaceous
(Sava)Vardar Zone by the Drina-Ivanjica block and
“Zvornik suture’. The Inner Dinaridic Ophiolite Belt
corresponds to a segment of the Inner Dinaride-
(Mirdita-Pindos) oceanic system (as proposed earlier
by BazyLev et al., 2009; RoBERTSON et al., 2009), or
Dinaric Tethys (sensu DimiTryEvVIC, 2001) i.e. its
northwestern domain. This subzone represents a
vestige of a short-lived and narrow landlocked ocean
(Upper Triassic - latest Jurassic, ROBERTSON &
KARAMATA, 1994; Pami¢, 1998; DiMITRIEVIC, 2001)

77



DARKO SPAHIC & TIVADAR GAUDENYI

positioned to the southwest of the Drina-Ivanjica
block or on top of the Apulia/Adria crustal micro-
plate. Any application of the term Dinarides in the
context of the Vardar Zone (as adopted recently)
inflates an unnecessary confusion (see DIMITRIJEVIC &
DiMITRIEVIC, 2009, for a discussion). Thus, such ter-
minological inconsistency should be omitted in the
future investigations of the NW Neotethyan/Vardar
oceanic realm. This particularly holds for the Vardar
Zone, as this principal convergence margin stretches
far-beyond the Dinarides into the Vardar-Izmir-
Ankara-Erzincan suture of the eastern Neotethys.
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Pe3ume

3Ha4yaj 3BOPHUYKOT LIaBa NpU
oapebhuBamy 6poja HEOTETUCKUX
NnaJie00KeaHCKMX eHTUTEeTa:
[loBpIIMHCKA U IOTHOBPIIMHCKA
KapakKTepu3anuja aesa GpocuiaHe
MapruHe JUTOCPepHUX MUKPOILJIOYA
(koHTaKT Bapgapcke 30He U
YuyTpamwux luHapujaa)

Pe3y/siTaTh KOMIIJIEKCHUX PETMOHA/IHO-TEKTOH-
CKUX U NaJjieoreorpadpcKux UCTpakKHUBamba yKasyjy
Ha 3Hayaj 3BOPHUUKOT LI1aBa Kao HeKaJallikbe Me30-
30jcKe MapruHe ca 1nojMu$pasHoM TPaHCKYPEHTHOM
aKTUBHOCTHU. Hajyxu neo 3BOpHHUYKOT IIaBa ce
Hasa3u u3Meby 3ana/jHe BapJapcke 30He U Jajap-
cKor 6J10Ka ca je/jHe CTpaHe, U JIpuHCKO-UBakbUYKOT
6J10Ka ca CYNpoTHe Tj. jyro3amnajiHe ctpaHe. OBaj
BeoMa KOMJIEKCAaH CHMCTEM MapKHUpa HeKaJallby
IpPaHULY JUTOCPEPCHUX MUKPOILJIoYa (YHYTpallby
JVHapuu Kao HeKaJallba MacuBHA MapruHa U
oduosuTH 3anaZHe BapapcKe 30He) Koje Cy TOKOM
cpelitbe- U KacHe jype OBepNpPUHTOBAHE [0HO0-
KpeJHO-IaJleOrTeHOM KOJIU3HjOM M HaBJlaueHeM.
CamMuM TUM 3BOPHUYKHU IIAB NpeJCTaB/ba BUIlE-
KpaTHY 30HY Cy4e/baBatba JUTOCHEPHUX JIOKATHUX
MUKPOILJIOYA Tj. 0/|Baja MaCUBHY MapruHy AmnyJsb-
CKO-jaipaHCKe IIJIoYe O HEOTETUCKE OKeaHCKe
autocdepe (3amajHa BapAapcka 30HA) U CaMo-
CTaJIHOT JaJlapCKor 6JI0Ka.

Kao Bu1iekpaTHo (pe)akTUBHpaHa pace/jHa 30Ha
ca ZJOMMHAHTHO TPAHCKYPEHTHHM KHHEMAaTCKHUM
KapaKTepHUCTUKaMa, 3BOPHUYKHU IlaB HUCK/bYyYyje
MOryNHOCT HaBJlauema Tj. 06/lyKoBamka OKeaHCKe
suTocdepe ca BEJTUKOM Iy>KMHOM CKOKa OKeaHCKe
autocdepe. Y3umajyhu y 063up JOMHUHAHTHA
TpPaHCKYpeHTHa KpeTamwa, TEKTOHCKO IOpPeKJIOo
oduoMTa KOjU CY ce 06[YKOBAIU U3 jeTHOT 6aceHa
nocrtaje ynutHo. C Tora HaB/laueke 0J] BUILE Of
CTOTHUHY KHJIOMeTapa je Makbe BepoBaTHO. CaMuM
TUM WHULUjAJHO IMpeJJOoKeHa CoJyLuja Koja
JebuHHUIlle BUIle NMOBe3aHUX OaceHa y OKBUPY
jelHOT cHMCTeMa Ce YMHU MJ1ay3UOUIHU]OM (CIUYHU
npumepu nocroje y I'pukoj u Typckoj mpema
ROBERTSON & Dix0N, 1984). [IpesicTaB/beHU TOKPETH
JleKCTpaJIHe TPaHCKYpeHLUje Cy y caryIaCHOCTH ca
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KapaKTepoM JIBOBEPTreHTHOTI OporeHa rje je KOH-
TAKT Ha UCTPAXKUBAHOM NIPOCTOPY y noApeheHoM
M0JI02Kajy Ha AJIIICKU MHJEHTEeP KOjU je KpeTaH Ka
ceBepo3zanaay (DocLioni et al,,2007). ¥ ckaaay ca
npeaJoKEHOM KHHEMAaTUKOM 3BOPHUYKOT 11aBa,
Kao W nojanuMma ca TepeHa (npema kaptama Moj-
siLoviC et al., 1975, GERZINA, 2010), Ay>kKrHa HaBJa-
Yyemwa 3anaZHOBaApAAPCKUX 0QHUOJIUTA U HHUXOBO
TPaHCIIOPTOBake NpeKko ANy/bCKO-jaJipaHCKe KOH-
THHEHTa/IHe MapTUHe (y OKpyKewy jypckor 3Bop-
HUYKOT I11aBa) je 6usia MHOTO Kpaha of] BpeHOCTH
HMCKa3aHUX npeMa Mozeny #1. Y3 3BOpHUYKH L1aB
jaBJbajy ce U APYTU apryMeHTH KOjU OCIOpaBajy
HaBJlayeme Tj. 06/I[yKOBame 0/ BHLIe CTOTUHA KU-
JoMeTrapa. W3meby ocranux, uctude ce CcKyn
OUTHHUX pas/ivKa usMmeby JIpMHCKO-UBakbUYKOT- U
Jagapckor 6/10Ka, Kao U TEKTOHCKO nopekso by-
Ky/bCKO-BEHYAUKor 6y10Ka (OBe pa3JiuKe HUCY 06-
jammeHe y mogesay #1). [locTojarbe 3HayajHUX
passuka usMebhy Jajapckor cuctema, HoyeB oj npe-
aJINCKUX/BAapUCLUjCKUX [0 €0-KUMEPUjCKHX Jlora-
baja (6s1ar MeTaMOopdHU OBEPNPUHT, MEPMCKO-
TpUjacke ceKBeHIle) Y 04HOCY Ha JpUHCKO-UBaKbUYKU
6JI0K ce Mopa y3eTd y pa3MaTpame. KoMiiekcHU
KpuctaJuH DbykKy/ba-BeHual, HajBepoBaTHHje je
npunazao JIpuHCKO-MBabUYKOM 6J10KY, MehyTuM
MOTBp/la OBe KOHCTaTaljyje 3axTeBa Jlaba UCTpa-
KM Bakba.

Y cacrtaB /luHapuja yjiasu ¥ YHyTpallwkbOU-
HapU/CKU nojac opuosuta (ca KpeJHUM OBepCTen
CeKBeHI[aMa; MpeMa SAVEZNI GEOLOSKI zAvoD, 1970) u
npejicTaBba (MoA)jeAHULY ANy/bCKO-jaJipaHCKe
MUKpoOIJIoue Yy wmupeM cmucay. OduosnuTcke
jesrHMIe UCTPaXMBaAHOI MOApyYja Cy OLBOjeHe
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3BOPHUYKHUM IIaBOM U /JpUHCKO-UBAHUYKUM
6/10kOM of, 3amajZijHe BapAapcke 30He U KpeJHe
(CaBcko-)Bappapcke 30He. YHyTpalltbeJUHAPHU /-
CKHU mojac opuoiMTa o[iroBapa JieJly YHyTpallbhe
Jdunapupackor-(MupauTta-IluHA0C) OKeaHCKOT CU-
ctrema (mpema mnpezJiory BazyLev et al, 2009;
ROBERTSON et al., 2009) T1j. JuHapckom TeTucy
(npema DiMmITRIJEVIC, 2001) miu ceBepo3anajHOM
neny HeoteTtuca. OBa najseoreorpadcka jejuHuLa
Tj. /lunapcku TeTuc npeacraB/ba peJlaTUBHO KpaT-
KOTPajHO (Y reoJIOIKOM CMHUCJ/IY) KOTHOM OMBUYEH
Y3aHU OKEeaHCKHU NPOCTOP KOjH je erM3UCTOBAO0 Of
KacHOT Tpujaca fo Kpaja jype (npemMa KARAMATA &
ROBERTSON, 1994; Pami¢, 1998; DimiTRIJEVIC, 2001).
JuHapcku TeTuc ce Hanmasuo jyrosamagHo Of
JpUHCKO-HMBabHUYKOT 6JI0KA UJIU CEBEPHO O AlyJb-
CKO-jaZjpaHCKe MUKpPOILJI0Ye.

3akJ/by4yHO, 6MJIO KaKBa HUMILJIEMeHTaLuja Tj.
JIpUK/bydere” Bap/iapcke 30He y /luHapu/ie yHOCH
Jla/by HenoTpeb6Hy KOoHQY3Ujy npu Beh MHoro-
OpOjHUM HCTpPaXUBakUMa HOHAKO KOMILJIEKCHE
reoJioTuje mpocTtopa OUBIIe JyrocjaBuje (BUAU
koMeHTape of DIMITRIEVIC & DiMITRIEVIC, 2009).
Bapgapcky 30Hy u /[luHapujie moTpe6GHO je pas-
JIBOjUTH Kao moceGHe TeoJIOLIKE EHTHUTETE,
HapouuTo y 6yayhum ucrtpaxubawuma. OBo ce
NIPBEHCTBEHO OJHOCU Ha Bapaapcky 30Hy, ydja ce
[JlJaBHa MapruHa KOHBepreHIyje NMpoTeXe M3BaH
JuHapuza u XesieHUa (mpeMa UCTOKY) Kao Bapzap-
N3mup-AHkapa-Ep3nkaH cyTypHa 30Ha UCTOYHOT
JAesia HeoreTtuca.
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