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Abstract. A composite paleogeographic and plate kinematic spatiotemporal
reconstruction of the exhumed Neotethyan cross-lithospheric footwall amal-
gamation (Jastrebac dome) incorporates the two formerly underplating
oceanic entities, West Vardar- and East Vardar Zone. These ophiolite-bearing
agglomerations are unroofed within the accretionary Paleogene to Miocene
core-complex, beneath the Serbo-Macedonian overriding plate. The exposed
Neotethyan crustal amalgamation is comprised of: an (i) folded trench assem-
blage of uncertain Mesozoic? Paleogeographic affinity metamorphosed under
a greenschist-grade (West- vs. East Vardar Zone or Neotethyan crust- vs. its
back-arc system?) sandwiched beneath the overlying (ii) late Cretaceous - Pa-
leogene (meta)turbidites. To make matters more intricate, at the closest proxim-
ity of the dome (Mali Jastrebac Mountain) there is a similar (iii) greenschist-facies
amalgamation comprised of the Neoproterozoic - Lower Paleozoic ocean-floor
assembly (Supragetic basement).

The interpretations of this rather controversial cross-lithospheric structure
include a reassessment of the obduction sequence, and are underpinned by
the restoration of the near-trench microplate motions. The study addresses
the (1) local finite configuration (Serbo-Macedonian hanging wall vs. Neo-
tethyan intraoceanic arc) and the (2) spatiotemporal geometry of the principal
(micro)plate boundaries (Serbo-Macedonian Unit vs. Apulia/Adria). Unlike the

Key words: earlier proposal of the ophiolite obduction onto the Serbo-Macedonian Unit
Jastrebac metamorphic complex, onto the Apulia/Adria hinterland (or external segment of the “Dacia mega-ter-
East Vardar Zone, intraoceanic rane”), we here propose a west-vergent obduction of the East Vardar Zone
subduction, retreating collision, ophiolites onto the descending Neotethyan lithosphere (West Vardar ophio-
west-vergent nappe. lites) - a similar scenario to its continuation in Greece (Peonias subzone).

AncTpakT. BpeMeHCKO-IpOCTOpHA CTPYKTYPHO-Te0JI0MIKA U NTajleoreorpad-
CKa PEKOHCTPYKLUja HEOTETUCKOT JIUTOCPEPHOT OKEaHCKOI CHUCTeMa Ha
npuMepy JacTpe6aykor TEKTOHCKOT Npo3opa o6jesumbyje ABa JuTochepHa
YyjaHa NpeJCTaB/beHUX O0PUOJUTHMA Me3030jCKe CTAapOCTH: NepudepHe
Hctoune Bapaapcke 3oHe (MB3) u rnaBHe 3anaaHe Bapaapcke 30He (3B3).
Awmasramanuja fBe iuTochepcKe OKeaHCKe jeJUHHULe Ce OAUTpasa Ipe CTy-
nalba y KOHBepPreHTHe oZiHOoce AJIIICKOT HHAeHTepa (AMy/bCKO-jaApaHCKa
MHUKpoIJI04a) ¥ EBponcKor npoMOHTOpUjyMa Tj. 0f] FOPHs€ jype A0 JokbEe Kpe-
Je. OBaj 1uTochepHU arJioMepar je TOKOM, (U ocJie) KacCHOAJIIICKe KOHBep-
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KibyuyHe peyu:

Jacmpebauku noaumemamopgdHu
Komniekc, HcmovHa sapdapcka
30HA, UHMpPAOKeaHcKa cy6dykyuja,
»KOU3Uja cy60yKYUOHUM
nodssaverbem’; 3anadHo-8epeeHMHO
Hasaayerve.

reHIMje eKCXYMUPaH U pacKpoBJbeH Y BUAY JacTpebadke JjoMe. JacTpebadka
JloMa IMpeJICTaB/ba CETMEHT aKpeToBaHe KOpe Koja ce HaJla3u yHyTap HeKa-
Jlamme MapruHe HeoreTwuca Tj. y okBupy CprcKO-MaKe[JOHCKE jeIMHUILE
(CM]). Ekcxymanuja BesmkojacTpe6adykor Me3030jckor(?) KoMILIeKca YKasyje
Ha MMOAMHCKH OHOC MpeMa HeKa/jalmkoj CpricKo-MaKeJOHCKOj KOHTHHEHTAJ-
HOj MapruHu. BesnkojacTpe6ayky MOJUKPUCTAIACTUA CTEHCKH KOMILJIEKC je
cactaBJsbeH 0J1: (1) HabpaHUX jypCKUX 0QHUOJIUTCKUX aceMbiaka lepopMuU-
caHUX /10 dpanuje 3e/IeHUX IKPUJ/bALla YHYTap HeKaJallllbel OKEAaHCKOT I1aBa,
ca joll yBeK HEjaCHUM Me3030jCKUM naneoreorapckuM abUHUTETOM OBUX
creHa. U3Haz HaBeseHOT BesnkojacTpebadkor nakera yTBpheHu cy aHxuMe-
TaMOpQHHU (2) ropHOKPEeSHH J0 NajseoreHU (MeTa)TypOUAUTH (“CEHOHCKHU
¢snm” / “CaBcka 30Ha”). Jlasboj cTpaTUrpad CKo-CTPYKTYPHO-TIasieoreorpad-
CKOj KOHOY3HjU jacTpebayKUX 3eIeHUX MIKPU/balia JOMPHUHOCH CIMYHOCT €a
(3) damujom ucror HuBoa MetamopdusMma (CympareTvk), Koja MehyTum
NpUnaZa HeKaJalllbeM OKEeaHCKOM aceM6JIaKy HeOoNpOTePO30jCKO-J0Hbe
naJieo30jcKe cTapocTH (OTKpHUBEHA Ha MoApydjy Masior JacTpenua, UCTOYHH
Jleo).

TokoM KOHBepreHIyje NOMEHyTHX MUKPOILJIOYa Z,0JIa3UJI0 je 0 BUIIEKPATHOT
NoBJIaYea CyOAYyKIMOHOT pOBa M caMe MOJUHCKe auTocdepe (retreating
collision wm ‘Kosin3Hja CyOIyKIIMOHUM IOBJIaYyeheM’) IIITO je YTHULIA/IO Ha CUH-
KOJIN3MOHO HCTe3ale PUTHJHOT 0Jioka MoBsaTHe CpIICKO-MaKeJOHCKe
MapruHe. OCUM TEKTOHCKOT MO/IeJIa, U3HETH Cy 3aKJbY4IH O AY>KUHH Tpajarba
Y IpaBIUMa 06yKOBamba MOMeHyTHUX odrosMTa Ha CpIicKo-MaKeJ0HCKY je-
nuHuLy (mepopmarona ¢asa D1) Tj. Ha 3asehe Any/bcKo-jaipaHCKe MUKPO-
mo4e je: (1) MHUIMjaJIHA TPOCTOPHO OrPAHUYEHA, Ca TUMUTHPAHOM JIy>KUHOM
3ana/iHo-BepreHTHOr 06JyKoBama oduosura WB3 mpeko pomer- wim
HeoTeTuckor (3anagHo Bapgapckor Tj. 3B3) okeaHCKOT TMTOdEPHOT CerMeHTa
(cnuaHO Kao U y HacTaBKy Bapaapcke 3oHe y 'pukoj; [leoHunac 30Ha). Takobhe,
npejJioKeHUM retreating collision cuctreMoM ce o6jalikbaBa eKcXyMalyja Tj.
€KCTeH3Mja TOBJIATHOT 6J10Ka Y KOHBEPreHTHOM OJIHOCY U pe3y/ITyjyhuM cTBa-
pameM core-complex nome Besmkor Jactpenia (dpaza D4).

Introduction

flicting structural-tectonic and paleogeographic re-
constructions. The East Vardar Zone ophiolites can

The conflicting Jastrebac accretionary assembly
(central Serbia; Fig. 1a) have been interpreted either
as a tectonic window exposing formerly underplating
distal paleogeographic domains of the African Apu-
lia/Adria microplate (Erak et al., 2016) or an outcrop-
ping segment of the Sava-Vardar back system of the
main Neotethyan ocean (MaroviC et al., 2007). There
is also an opinion that the latter core-complex (sen-
su Brunet al., 2018) exposing the greenschist level
elements confirmed (GrusiC et al,, 1999) for the
nearby Supragetic basement. Moreover, the intri-
cacy multiplies because the nearby ophiolite-bear-
ing segment of the East Vardar Zone (including
Upper Cretaceous turbidites of western Veliki Jas-
trebac; Fig.1; Red question mark) has a set of con-
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either be identified as (i) oceanic system overlain by
a Serbo-Macedonian margin (gneiss-dominating
crystalline rocks; RAkIC et. al., 1969; DIMITRIJEVIC et. al.,
2001; PeTrOVIC et al,, 2015) or (ii) as ophiolite entity
which overrode the Serbo-Macedonian continental
margin. The latter concept is elaborated by the ophi-
olite obduction on top N-S to NW-SE trending sub-
duction zone (ScHMmID et al., 2008, 2019; Erak et al,,
2016; MAFFIONE & VAN HINSBERGEN, 2018). There is
also an opinion that this zone can be qualified as a
segment of mixed extensional and compressional
pull-apart systems (SoxoL et al,, 2019). Such uncer-
tainty of the reconstructed former cross-lithos-
pheric orientations makes the paleogeographic
inheritance of the exhumed Jastrebac agglomeration

Geol. an. Balk. poluos., 2019, 80 (2), 65-85
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Fig. 1. a. North Mediterranean including Alpine-Dinaride-Carpa-

thian mobile belt and Jastrebac location; b. Geographical map
showing position of the Jastrebac tectonic window protruding be-
tween the two arcuate morphotectonic systems (Dinarides and
Serbo-Macedonian as European foreland including the Carpatho-
Balkanides). The Vardar Zone includes its marginal system referred
to as the East Vardar Zone stretching into North Macedonia and

Greece.

and this segment of the East Vardar Zone (BoEv et
al,, 2018) highly ambiguous.

The Mediterranean crustal motions (e.g., OkAY &
TURYsUz, 2009; SENGOR, 2009; FACCENNA et al., 2014;
GURER et al., 2016; MENANT et al., 2016; LE BRETON et
al,, 2017) formerly controlling the complex geody-
namic processess of Neotethyan (=Vardar) ocean
are best revealed in an controversial geotectonic
setting of Western Balkan countries (W-SW-vergent
system of nappes; DIMITRIJEVIC, 1992, 1997, 1999,
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2001; KaramATaA, 2006; ScuMID et. al,, 2008, 2019;
Figs. 1, 2). Several essential outcrops allowing a bet-
ter understanding of highly complex Mesozoic pa-
leogeography (e.g., StampLi, 2001; CsoNTOS & VOROS,
2004; StaMPFLI & HocHARD, 2009; vAN HINSBERGEN et
al,, 2019) and associated cross-lithospheric config-
urations are those elevating the Neotethyan oceanic
crust (exhumation via post-accretionary core-com-
plex formation; e.g., MARovIC et al., 2007; STOJADINOVIC
et al, 2013). The lithospheric remnants of north-
western Vardar/Neotethyan Ocean are consisting of
the two elongated NNW-SSE-directed ophiolite-
belts: West Vardar Zone or the main Vardar/Neo-
tethys Ocean and the adjoining heavily disrupted
East Vardar Zone representing its marginal basin
(hereinafter EVZ; DiMITRIJEVIC & DIMITRIJEVIC, 1973,
1975; DIMITRIJEVIC, 2001; KARAMATA, 2006; SRECKOVIC-
BATOCANIN et. al,, 2012; Fig. 2).

The investigated cross-lithospheric segment
(vicinity of Jastrebac), in addition to these Upper
Cretaceous to Paleogene turbidites has the record
of late Jurassic - Lower Cretaceous shallow marine,
clastic sequence with some turbidite features re-
ferred to as the “paraflysch” (after DIMITRIJEVIC &
DiMITRIJEVIC, 2009).

The aims of this study are the (i) reassessment
of the conflicting cross-lithospheric orientations re-
porting the interaction between the Neotethyan-,
EVZ ophiolites and Serbo-Macedonian accretionary
margin, whereas we further propose (ii) a geodynamic
concept based on the intraoceanic subduction model
(main West Vadar plate beneath the back-arc sys-
tem). Importantly, the suggested cross-lithospheric
kinematic model is autonomous of the uncertain age
of the highly deformed Jastrebac greenschist pack-
age, which we moreover describe as the segment of
oceanic lithosphere belonging to the EVZ.

Regional geological framework

The Dinarides-Hellenides sector extends N-S
throughout former Yugoslavia, connecting Slovenia,
Croatia, Bosnia and Herzegovina, Serbia, North
Macedonia crossing over in Greece. This Alpine fold-
and-thrust belt emerged at the expense of Meso-
zoic-Tertiary convergence between south European
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nental arc opening and subse-
quent onset of this segment of
the Vardar Ocean (ZELIC et al.,

2005, 2010). The eastern mar-
] gin of the Vardar Zone is a (4)
Serbo-Macedonian Unit or
westernmost terrane of Dacia
mega-agglomeration. Essen-
tially, the Serbo-Macedonian

Segments of
continetal crust

Fig. 2. Simplified cross-section of central Serbia and Montenegro, modified from DIMITRIEVIC
(2001). The section includes the crustal faults taken from Vukasinovic (1973). The investigated

area of Jastrebac Mts. is within the central Serbo-Macedonian Unit.

foreland and Apulia/Adria indenter. Across the West
Balkan countries, a shortlived Neotethyan ocean left
several episodes of oceanic crust production and its
debatable emplacement on local continental mar-
gins (e.g., DIMITRIEVIC, 1997; KARAMATA, 2006; SCHMID
et al,, 2008). In addition, its unconstrained base-
ment remains to be a highly controversial topic (e.g.,
VAN HINSBERGEN et al., 2019; SpaHIC et al., 2019Db). The
evidence of a principal Mesozoic- Cenozoic shorten-
ing event is best exposed in what is now SE Europe
(SEE). The SEE is crosscut by a large mega-suture
referred to as the Vardar Zone (DiMiTRIJEVIC, 1997;
KARAMATA, 2006; CvETKOVIC et al., 2014). This contro-
versial suture is comprised of the remnants of the
Neotethys or West Vardar Zone, and EVZ or its back-
arc system (MARroviC et al., 2007; ToujiC et al.,, 2016;
Touji¢, 2018). The Vardar (suture) Zone is sand-
wiched between the four distinct Neoproterozoic to
Paleozoic-Mesozoic crystalline systems: (1) Drina-
Ivanjica block (segment of Adria/Apulia passive
margin; ScHMID et al.,, 2008) separated by the “Zvor-
nik suture’ (DIMITRIJEVIC, 1997; GERZINA, 2010) from
the peculiar (2) Jadar terrane (sensu FiLipoviC et al.,
2003). Towards the south, the Vardar Zone narrows
near the intriguing “continental ridge-like” Triassic
polymetamorphic entity referred to as the (3) “Ko-
paonik block” (KARAMATA et al.,, 1994; KARAMATA, 2006;
ROBERTSON et al., 2009; ZELIC et al., 2008). This entity
is characterized by Upper Triassic metalimestones,
metarenites, metapelites and metadolomites, basaltic
magmas connecting this area with the Alpine conti-
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Unit represents a segment of
the European foreland (Me-
sozoic accretionary wedge)
positioned in front of the
Carpathian-Balkan fold-and-
thrust belt (Fig. 1b). In its
central segment, this former
margin exposes a complex interplay of local Mesozoic
microplates (DIMITRIJEVIC, 2001; Bokv et al.,, 2018) later
displaced by the Alpine nappe stakjing (CsonTos et al.,
2004; Scumip et al., 2008; Fig. 2). The cross-lithos-
pheric agglomeration (Dinarides and Vardar Zone)
was unconformably sealed by the late Cretaceous su-
ture referred to as the “Sava Ocean” (sensu SCHMID et
al., 2008) or “senonian flysch” (DimiTRIEVIC, 1997; Fig.
4). The EVZ represents actually a marginal basin (e.g.
RESIMIC-SARIC et al,, 2005; Saccani et al., 2008), an in-
traoceanic arc (GALLHOFER et al., 2017) probably de-
veloped on top of formerly subducting West Vardar
plate. The EVZ or intraoceanic arc-related ophiolites
contain no metamorphic sole (MAFFIONE & VAN HINs-
BERGEN, 2018 and references therein). The geochem-
ical composition of the East Vardar Ophiolites varies
from Serbia to Greece, exhibiting Back-Arc-Basin,
mixture of Mid-Oceanic-Ridge- and Supra-Subduc-
tion-Zone-affinity including the confirmed presence
of boninites.

A high-elevated site in central Serbia (horst
structure of Jastrebac Mts.) is positioned just a few
kilometers from the interface of the EVZ and former
Serbo-Macedonian continental margin. The men-
tioned margin provides an exceptional exposure of
the former Neotethyan trench assemblage (MARoviC
etal,, 2007; Erak et al,, 2016; Fig. 1a, b). The Jastre-
bac tectonic window represents unique opportunity
to glimpse into the complex subsurface configura-
tion of the plate junction connecting NW Neote-
thyan lithosphere sandwiched between: (1) the

Geol. an. Balk. poluos., 2019, 80 (2), 65-85
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Fig. 3. Position of the Jastrebac Mts. relative to the main ophio-
lite-bearing and mélange zones in the central and western Serbia.
Towards the East Vardar zone, this oceanic entity is in a form of
the narrow belt making the plate boundary with the Serbo-Mace-
donian Unit (inlet modified after DIMITRYEVIC & DIMITRIJEVIC, 1973;
modified).
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lower positioned passive margin of the Apu-
lia/Adria microplate and (2) EVZ or former back-arc
to fore-arc system (GALLHOFER et al., 2017; Touji¢ et
al,, 2018), including the (3) Serbo-Macedonian Unit
(accretionary margin). The investigated cross-lithos-
pheric assembly is unroofed in the central portion of
the Serbo-Macedonian Unit (Figs. 2, 3) characterized
by a ~15 km-wide tectonic window (Fig. 4). An
array of extensional detachments (MARoviC et al.,
2007) and shear zones (SpaHi¢, 2006; Erak et al.,
2016) uplifted a Jurassic (?) to Paleogene crustal se-
quence of disputed paleogeographic inheritance.

Geology of the Jastrebac mountains

Jastrebac is a prominent mountain of Central Ser-
bia, positioned between the Dinarides and Serbo-
Macedonian/Carpatho-Balkanides (Fig. 1a,b). The
mountain ridge consists of the two discrete segments,
Veliki- and Mali Jastrebac (Fig. 1a). The most elevated
peaks (Velika Dulica and Tri sestrice; Fig. 5) reach an
elevation of 1.491 m and 1.482 m respectively.

The investigated system of Veliki Jastrebac com-
prises of rocks of Paleozoic, Jurassic, and Cretaceous-
Paleogene age (RakiC et al., 1969). A Miocene and
Pleistocene veneer covers the immediate surround-
ings of the mountain. The Eocene granodiorite core
of Veliki Jastrebac unroofed Serbo-Macedonian Unit
(Fig. 5, lithology#1) and several other formations. Ve-
liki Jastrebac granodiorite have a radiometric age
varying from 37 Ma (Rb-Sr; DivLjaN, 1979) to 47.59
Ma (LA-ICPMS U-Pb zircon age; EraK et al., 2016). The
dominant late Cretaceous - Paleogene metaturbidites
surrounding the core (Fig. 5, lithology #2) have an
unclear relationship with the greenschist-facies as-
sembly (Fig. 2; Fig. 5, lithologies #3,4,5; RakiC et al,,
1969). Greenschist assembly consists of actinolite-,
chlorite-, epidote schists, chlorite-sericite-, sericite
schists, calcschists, marbles, and metagabbro. The
smaller-scale granitoid intrusion of Mali Jastrebac
identified as Triassic age (229-192 Ma; Rb-St; DIVLjAN,
1979; Fig. 5, lithology#7). Eastern edge of Mali Jas-
trebac is another set of greenschist-facies rocks (Fig.
5, lithology#9; Supragetic) which is in the tectonic
contact (Erak et al,, 2016) with the Serbo-Macedon-
ian Unit (Fig. 5, lithology #10).
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Fig. 4. The Jastrebac segment of the map “Major tectonic units of
the Alps, Carpathians and Dinarides” (modified after Scumip et al,
2008).

Serbo-Macedonian Unit (Veliki- and
Mali Jastrebac)

The Serbo-Macedonian Unit (“Lower Complex”
of the Serbo-Macedonian Unit cf. DIMITRIJEVIC, 1997)
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consits of dominant mica schists, gneisses with local
migmatites, amphibolites and occasional marbles
(Raki¢ et al., 1969). Locally, this crystalline base-
ment unit overrides the entire Jastrebac system
bearing the record of the late Alpine shortening (D3
- deformation phase; Fig. 5). In addition to the
medium-to high-grade crystalline gneisses (Fig. 5,
lithology #10, light yellow) and mica schist’s (Fig. 5,
lithology #10, dark yellow) this unit is comprised of
amphibolites and graphitic schists (Raxi¢ et al.,
1969; ALEksIC, 1977; Fig. 5, lithology #14). The thick-
ness of this Neoproterozoic - early Paleozoic unit
(DELEON et al., 1972; BALoGH et al., 1994; ANTIC et al.,
2016) reaches max 1800 m (DiMITRIEVIC, 1997). The
mylonitized rocks near the village Vukanja (major
shear zone; SpaHi¢, 2006; Erak et al,, 2016; Fig. 5,
lithology #8) exposed in the southeastern realm of
the Veliki Jastrebac dome (Fig. 5) is abundant with
the following late Neoproterozoic (Ediacarian) flora:
Protoleosphaeridium conglutinaum TiM., Leiolig-
otriletum minutissimus (NAUMOVA) TIMOFEEV (ALEKSIC
& KaLeni¢, 1975). The Vukanja shear-zone is of
Miocene age (Erak et al., 2016).

Supragetic basement (Mali Jastrebac)

The Supragetic basement is a crystalline rock as-
sembly comprised of dominant greenschist-grade
metamorphics (sensu SpaHIC et al.,, 2019a and refer-
ences therein; Fig. 5, lithology#9). In eastern Serbia,
the lower part of this unit is comprised of chlorite-
muscovite-albite, chlorite-albite and biotite-chlorite-
mica-albite gneisses, which are transitioning into the
greenschist-facies rocks (actinolite, actinolite-epi-
dote, albite-chlorite schist etc.; PavLovic, 1975, 1977).
The vertical succession of the Supragetic basement
continues by a presence of quartzite layers and a
stratigraphically uppermost part, calcschist and mar-
bles. The following spora associations characterize
the younger stratigraphic sections of the Supragetic
basement: Trachyoligotrilletum magnetum TIMOFEEYV,
Stenozonoligotriletum sp., Stenozonoligotriletum so-
kolovi TIMOFEEY, Trachyoligotrilletum cf. laminarium
Timofeev. In the intervening part of the succession,
spores reflect a Middle Cambrian age: Stenozonolig-
otriletum cf. validum TIMOFEEV, Stenozonoligotriletum

Geol. an. Balk. poluos., 2019, 80 (2), 65-85



Intraoceanic subduction of the northwestern Neotethys and geodyamic interaction with Serbo-Macedonian foreland: ...

40 Dip-direction/dip E]]

% " - Ee{rbo—Macedonian Foliation
ni
} Back-arc basaltic
~ ; M di Fohat\on
8 andensites (Meta)turbidites Jastrebac tectonic window *40 V (overturned)
2 (pillow lava and Sheeted dykes dykes (berneath Serbo-Macedonain Unit)
@ pilllow brecia) and lava flows T Contact
S Isotropic gabbros metamorphic
= Fe-gabbros, changes
Fe-diorites Miocene
and
detachment

plagiogranite dykes

Layered mafic and Veliki Jastrebac Mt.

T

N / Shear zones
Fold axes of @

> East Vardar ophiolites

West Vardar \ % &\V late Alpine age

plate

9/ / 10 'i Uncertain character
7 0y o193 e ===~ ofthe contact
Volanic arc
P M \21 0 5km /b,—bv Napple
“5 | Mali Jastrebac Mt. Foliation
~ 40 )

\‘48 4

Tri sestrice ‘-

S \30 \Rlbarska Banja
75. - VR =

(1482m) vy Vukanja

\42

westem b 5 o i
outscirts - } . R/ bae
of Veliki o '\ \ : >

Jastrebac Mt. ) Y \ y i

Serbo-Macedonian Unit

j Supragetic

JM - Lithology #2; (mild domal layering of metaturbidites) VJG - Lithology # 3,4,5,8,9,13 (foliation, folded)

Kinematic data of Veliki Jastrebac from Rakic et al., (1969); Spahic (2006)
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after ALEksIC, 1975 and references therein). Metamorphic facies: 1. Granodiorite of the Eocene age; 2. Metaturbidites of Veliki Jastrebac
(please note that for simplification purposes we use the same color and hatching for western Veliki Jastrebac Upper Cretaceous flysch-
bearing system); 3. Calcschists and marbles; 4. Greenschists: Actinolite schists, phillites, marbles, calcschists, sericite schists, quartzites;
5. Metagabbro; 6. Amphibolite and amphibolitic schists; 7. Granitoid of Triassic age; 8. Mylonitic rocks; 9. Greenschists: chloritic schists;
10. Gneiss, mica schist with garnet and migmatite; 11. Minor faults; 12. Mica-rich quartzite; 13. Gneiss with staurolite and mica schists;
14. Graphite-bearing gneiss. Red rectangle white question mark denotes the issues of the paleogeographic inheritance of the
“V]G” - whether the latter belong to the EVZ or not. Lithologic column of East Vardar ophiolites (top left corner) modified from MAFFIONE
& VAN HINSBERGEN, (2018), for details see RESIMIC-SARIC et al,, (2005). The lithostratigraphic and kinematic data (the latter are exclusively
displayed for Veliki Jastrebac Mt.) depict four principal deformation phases: D1. Development of the ophiolites and mélange formation
(see Fig.6 for configuration details); D2. Tight folding of former oceanic segment (V]G); D3. Tight folding and E-W compression and
the formation a number of antoforms and synforms in Serbo-Macedonian; D4. Extension exhumation whereas the preserved layering
around granodiorite core (JM) delineates a domal emplacement (periclinal distributing of direction-dip measurements).

sp., Stenozonoligotriletum sokolovi TIMOFEEV., Protole-
iosphaeridium sp., Dyctiotidium sp (ALEKSIC & KALENIC,
1975). Biostratigraphic discoveries within sericite
schists (upper stratigraphic levels) of brachiopod
fauna, Obolus sp. and Lingulella sp. outlined an Or-
dovician age (PavLovi¢, 1975 and references therein).
Chlorite schists are a dominant lithology in the Mali
Jastrebac (Erak et al., 2016). It is to note that calc-
schist/marbles are a constitutive segment of both,
the Supragetic basement in eastern Serbia (SpaHIC et
al.,, 2019a) and greenschists-facies rocks of Veliki Jas-
trebac (Rakic et al., 1969; MaroviC et al., 2007).
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Upper Jurassic ophiolitic mélange and
Cretaceous turbidites (western and central
Veliki Jastrebac Mt.)

The western slopes of the Veliki Jastrebac (Fig.
5) expose a typical accretionary wedge assemblage
of the Middle-Upper Jurassic to late Cretaceous—Pa-
leogene age (Raki¢ et al., 1969). This Neotethyan ac-
cretionary assemblage is in the contact (farther to
the west) with late Jurassic-Lower Creatceous clays,
sandstones, marls, turbidites (RakiC et al., 1969).
This Lower Cretaceous affinity predates the Upper
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Cretaceous turbites (“paraflysch”, sensu DIMITRIJEVIC
& DIMITRIJEVIC, 2009).

The investigated portion of the Neotethyan mar-
gin is comprised of EVZ segment including a Jastre-
bac system. The EVZ in its central segment (to the
west of the Serbo-Macedonian Unit; Fig. 5) is com-
prised of:

(1) Heavily disrupted ophiolites and its mélange
(a section of the fossilized Jurassic back-arc system;
Fig. 5 and Fig. 6; D1 deformation phase) uncom-
formably overlain by the late Jurassic Tithonian reef
limestones (PETROVIC & JANKICEVIC, 1990) and late
Jurassic-Lower Cretaceous “paraflysch”. The Jastre-
bac segment of the EVZ is in a relationship with a
better-constrained crustal segment exposed near
Zdraljica (Fig. 2). The Zdraljica system is a metamor-
phosed tholeiitic suite (REsIMIG-SARIC et al., 2005) ex-
posing nearly a complete section of the EVZ oceanic
crust (serpentinized peridotites, gabbros, (meta)ba-
salts and quite rare plagiogranites embedded into
the matrix of the mélange, occasionally achieving
greenschist-facies). The Neothetyan oceanic crust is
characterized by Mid-Oceanic Ridge-basalts/Vol-
canic-Arc signatures. An emplaced quartz diorite
body within basic rocks reflects a Volcanic-Arc-affi-
nity magma signature. The age of quartz diorite is
168.4+6.7 Ma implying that the magmatic activity
within this part of the EVZ predates the Middle
Jurassic (before 168.4 Ma), even going in Triassic as
suggested by ZELIC et al. (2005). Similar tholeiitic
MOR-type ophiolite suite probably formed in a mar-
ginal basin (REsIMIC-SARIC et al., 2005) are extending
to south Apuseni Mountains (Romania; GALLHOFER et
al,, 2017).

(2) Late Cretaceous turbidites (Raki¢ et al.,, 1969)
incuding late Cretaceous-Paleogene black phyllites
(Marovi¢ et al., 2007) recently constrained as the
segment of the “Sava Zone” or Sava-Vardar zone
(Pami¢, 2002; ScuMip et al.,, 2008; also in PRELEVIC et
al,, 2017).

Central Veliki Jastrebac configuration consists of
the following anchizone to greenschist-facies forma-
tions:

(3) “Veliki Jastrebac greenschists’, (herein after
“V]JG”; Fig. 5, lithologies #3,4,5; Fig. 5) comprised
sericite-, actinolite-, chlorite-schists, calcschists, me-
tagabbros, marbles of unknown age (formerly re-
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ferred to as the “Boljevac” and “Vukanja subunits”).
V]G system is comprised of the following two pack-
ages (MaroviC et al., 2007): (1) lower sequence com-
prised of epidote-actinolite, albite-chlorite schists
with large and (ii) small lenses of metagabbro
(southern and southeastern parts of the Veliki Jas-
trebac dome). The upper part consists of albite-
sericite schists, calcschists and marbles. Heavily
deformed areas are associated with its interface
with the lower sequence. The age of this upper se-
quence remains ambiguous, though Marovic et al.
(2007) indicate presence of Paleogene paleopaly-
nomorphs. Based on calcschists, Erak et al. (2016)
indicate a similarity with the Triassic of Adria mi-
croplate. These rocks are intensely folded (D2 de-
formation phase). The exact age and geotectonic
inheritance of these rocks remains undocumented.
Thus, the “V]G” could either belong to a Neoprotero-
zoic-Lower Paleozoic Supragetic basement, or to be
a segment of the West Vardar Zone (Erak etal., 2016),
or to have the EVZ affinity (MaroviC et al., 2007). To
make this segment of Neotethyan margin more intri-
cate, there is a presence of the late Paleozoic poly-
metamorphic ‘Veles Series’ (SpaHIC et al., 2019b and
references therein) characterized by a lithological
similarity. This peculiar Paleotethyan assembly in-
clude amphibolites, greenschist-facies rocks, mar-
bles, metalimestones accommodated along this
segment of the EVZ in central North Macedonia.

(4) ‘Jastrebac metaturbidites’ (herein after “JM”;
Fig. 5, lithology #2; Fig. 5) of the Upper Cretaceous-
Paleogene age (probably a sutured flysch assemblage
of the EVZ), in literature referred to as the “Lomnica
subunit” (GRuUBIC et al,, 1999; EraK et al., 2016) or as
the “Sava Zone” (Scumip et al.,, 2008). Sedimentary to
low-grade metamorphic rocks abutting the granodi-
orite core of Veliki Jastrebac (Fig. 5; lithology#2). Ac-
cording to RAKIC et al. (1969), this unit has a mild
bending induced by the emplacement of the Jastrebac
granodiorite (Fig. 5). The dip direction measure-
ments clearly indicate periclinal distribution of strata
due to the granodiorite emplacement (D4 - deforma-
tion phase). The biostratigraphical record indicate
the late Cretaceous - Paleogene age for the anchizonal
turbidite succession reporting globotruncanids: Con-
tusotruncana cf- fornicata (Plummer), Globotruncana
arca (Cushman), Globotruncana linneiana (D’Or-
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bigny) and palynomorph association with Triporopol-
lenites coryloides (Pflug in Thomson and Pflug) and
Pityosporites cedroides (Thierg) (PANTIC et al.,, 1967;
ANDELKOVIC, 1975). These metaturbidites seem to be
some proximal trench equivalents (Erak etal,, 2016).

Interpretation results

In order to better understand the investigated
cross-lithospheric amalgamation exposed on Jastre-
bac Mts., the initial step is the review the structural-
tectonic relationship of the entire interface zone
(Romania to Greece) between the Neotethys and the
European margin (Fig. 1).

Configuration of the northern Neotethyan
margin with its European foreland
(Apulia/Adria hinterland), short review

The Vardar megasuture zone arose at the ex-
pense of N-S-directed (in Mesozoic reference) con-
vergence between the Apulia/Adria microplate and
the former Eurasian margin (locally, Eurasian mar-
gin is represented by the Serbo-Macedonian Unit
and Tisza microplate). The pre-convergence highly
complex Neotethyan paleogeography (e.g., MENANT
etal, 2016; ARGNANI, 2018; SpaHIC et al.,, 2020) is best
illustrated by a conceptual debate revolving around
the Mediterranean geodynamics: one ophiolite -
one ocean (e.g., CSONTOS & VOROS, 2004; ScHMID et al.,
2008; BortoLoTTI et al., 2013) vs. two ophiolites -
one ocean model (ROBERTSON et al., 1996; DIMITRIJEVIC,
2001; StamprLI & Kozugr, 2006). Similarly, the com-
plex Neotethyan plate motions towards the inter-
vening EVZ and Serbo-Macedonian Unit including
the interaction of the West Vardar ophiolites and
Drina-Ivanjica block remain to be another topic of
discussions.

The Vardar Zone as a cryptic Neotethyan mega-
suture traverses SEE, extending over 1000 km (Fig.
1). In SEE, the suture emerges from Aegean Sea in
Greece, strikes towards North Macedonia, crossing in
Serbia and splitting near Belgrade. NW limb strikes
further towards Bosnia and Herzegovina/Croatia,
and at north towards Romania. The NW limb (Fig.
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1) is bounded by the Peri-Adriatic dextral strike-slip
fault (Grusi¢, 2002) including a complex fault sys-
tem in western Serbia referred to as the ‘Zvornik su-
ture’ (Serbia; DiMITRIEVIC, 1997; GERZINA, 2010). To
remind, NE limb is referred to as the referred to as
the Vardar-Mures zone in Romania, central and
southern parts are referred to as the Vardar Zone in
Serbia, North Macedonia and Greece continuing into
the Izmir-Ankara suture in Turkey (AMRI et al., 1996;
ANDERS et al., 2005; STAMPFLI & HOCHARD, 2009). Its pe-
culiar nortwestern segment is the “Sava” or Sava-Var-
dar Zone (Pami¢, 2002; ScHmiD et al.,, 2008) or the
western belt of the Vardar Zone (ROBERTSON et al.,
2009).

Along-strike configuration of the East Vardar
Zone (Romania-Greece)

The EVZ interface with the Serbo-Macedonian
Unit and its analogue basement units is in the form
of a principal fault zone striking from SW Romania
crossing into Central Serbia, extending farther to-
wards south, reaching the Inner Hellenides. In the
Apuseni Mts. (Romania; Fig. 1b), the basement of
the Transylvanian Depression is comprised of the
East Vardar Zone obducted onto the Biharia nappe
system during the Upper Cretaceous (SANDULESCU,
1984; loNEscu & Hock, 2004; Saccani et al,, 2011). The
obducted South Apuseni ophiolites show the trace
element signatures typifying a subduction-enrich-
ment and no contamination from the local continen-
tal crust (GALLHOFER et al., 2017).

An underplating position of the EVZ (Central Ser-
bia) beneath the Serbo-Macedonian Unit is pre-
ferred interpretation of some early and a majority
of recent authors (Rakic¢ et al., 1969; MALESEVIC et al.,
1974; KarRAMATA et al., 1994; PETRoVIC et al., 2015;
Bokev et al,, 2019). DIMITRIJEVIC & DIMITRIJEVIC (1975),
moreover, indicated that a highly-tectonized mélan-
ge reflects the strike-slip nature of this suture. A
northern segment of the Vardar Zone (vicinity of the
Belgrade; Tovji¢ et al., 2018; Fig. 1b) is outlined hav-
ing an overriding position relative to the Serbo-Mace-
donian Unit.

Meager late Jurassic peraluminous granite mag-
mas were emplaced into the ophiolitic mélange near
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Zdraljica (REsiMIC-SARIC et al., 2005). This granite em-
placement in the vicinity of the Serbo-Macedonian
Unit describes the magma origin as a derivation of
parental magma from the local gneiss (meaning that
the magma interfered with a local Serbo-Macedon-
ian crust). Towards the south, the slab polarity di-
verts having here a descending configuration,
positioned underneath the Rhodopean unit (BurcH-
FIEL & Nakov, 2015). Recently, by the inference of the
two “allochthony levels”, the two positions of a sin-
gle convergence zone are outlined by using the two
different slab angles (FroiTzHEIM et al., 2014). De-
spite the documented high-pressure-high-tempera-
ture conditions, another recent study imposes a
Jurassic East Vardar ophiolites obduction onto the
Rhodopean passive margin (MAFFIONE & VAN HINSBER-
GEN, 2018). RoBERTSON et al. (2009, 2013) explain
that the EVZ ophiolites were originally thrusted
eastwards over the Serbo-Macedonian Unit and that
both initiall thrusts were displaced once again to-
wards the west in a course of late Jurassic.

The discussion further continues as DILEK & FLo-
WER (2003) indicated that the Jurassic Vardar Zone
ophiolites and the volcanic-arc complexes in North
Macedonia and Greece arose above a subduction
zone. This zone, according to the authors, disap-
pears towards NNE, beneath the Eurasian continen-
tal margin. However, here there is another neglected,
this time a Paleotethyan system, referred to as the
‘Veles Series’ (sensu SpAHIC et al., 2019b and refer-
ences therein). Another good illustration of the com-
plexity of the alternating plate-tectonic stages
within the Tethyan trench-type collision is the
Guevgueli-Demir Kapija ophiolite in North Macedo-
nia (Middle-Upper Jurassic, Kukoc et al.,, 2013). This
entity is interpreted as both, a thrust sheet overrid-
ing the Serbo-Macedonian Unit (LEpITKOVA, 2002)
and as an assembly tectonically overlaid by the
Serbo-Macedonian Unit (HIMMERKUS et al., 2006).
However, a recent study nicely elaborated the em-
placement of the Fanos granite into the intraocanic
arc (MicHALL et al,, 2016). Towards the eastern seg-
ment of Inner Hellenides (northern Greece), the EVZ
ophiolites include the Oraeokastro, Thessaloniki
and Chalkidiki massifs (Fig.1b). The Oraeokastro
ophiolites belong to the back-arc setting, whereas
Chalkidiki characterizes a supra-subduction setting
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(ZAcHARIADIS et al., 2006; ZAcHARIADIS, 2007). This is
correlative with the opinion of vaN HINSBERGEN et al.
(2005) who concluded that the EVZ oceanic litho-
sphere subducted beneath the European units.

Scrutinizing the conflicting configurations
and peculiar paleogeographic affinities

A regional-scale tectonic model emphasizes the
east-vergent ophiolite emplacement (overriding po-
sition) above the Serbo-Macedonian margin/#Dacia
terrane” (Scumip et al.,, 2008, Plate #3, profile 5; Fig.
4). This solution become a widely adopted explana-
tion of the East Vardar ophiolite emplacement in
this segment of Neotethyan suture (ScHMID et al.,
2019; EraKk et al.,, 2016; MAFFIONE & VAN HINSBERGEN,
2018; Fig. 4). Later, Erak et al., (2016) attept to au-
thenticate an eastward-directed obduction by intro-
ducing a horizontal emplacement of over 70 km.
This concept interprets a Jastrebac phenomenon as
an isolated tectonic window of the “Sava Zone”
which represents a late Cretaceous-Paleogene su-
ture. Moreover, according to this concept, green-
schist-facies rocks of Veliki Jastrebac (“V]G”) are
interpreted to be of a Western Vardar Zone affinity
(not EVZ), suggesting an exposure of the main Var-
dar slab (Erak et al., 2016; Scumip et al.,, 2019).

In contrary to the configuration proposed by
Erak et al, (2016), the segments of central Veliki Jas-
trebac Mt. (Fig.5), were, however, interpreted to be
overlain by the Serbo-Macedonian Unit (RAKIC et al.
1969). The same configuration is imposed for a
more southern extension of European foreland, to-
wards Balkanides and Hellenides (e.g., BURCHFIEL &
Nakov, 2015; MENANT et al,, 2016).

Veliki Jastrebac greenschists:
Supragetic-, West Vardar- or East Vardar
paleogeographic affinity?

The “V]G have a dominant metagabbro body in-
terfingered with epidote-actinolite, albite-chlorite-
sericite rocks (Raki¢ et al., 1969; ALEksI¢, 1977;
MaroviC et al.,, 2007; Fig. 5). Given the unknown age
of the “V]G”, there is neither radiometric dating/geo-
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chemistry of orthobasites nor detrital zircon spectra
study of local parametamorphic sequences. On the
other hand, there is an analogy of the occurrence of
calcschists in the Veliki Jastrebac (Fig. 5; lithology
#3) and FruSka Gora Mts. (southern Pannonian
Basin, Serbia; Fig. 1b). ErAK et al. (2016) indicated a
similarity of those uncovered in Jastrebac with those
documented within the meta-Triassic sequence be-
longing to the Apulia/Adria microplate. Neverthe-
less, there is also an analogy with a set of much older
calcschists belonging to the Supragetic basement.
MaroviC et al. (2007) indicated a lithological similar-
ity of the Jastrebac late Alpine sequences with cer-
tain parts of the Vardar Zone or Vardar-Sava
island-arc-back-arc-basin system of northern Bosnia
and Croatia (PaMIC et al.,, 1992; PaMiC et al. 2000;
Pami¢, 2002). A more conclusive discriminating
marker is the transgressive- to tectonic-type inter-
face between the “JM” and “V]G” (RAKIC et al., 1969).
The western outskirts of Veliki Jastrebac contain a
frontal segment of the west-vergent nappe (partially
eroded) which overlies the EVZ ophiolites, mélange
and turbidites (RAkiC et al., 1969; Fig. 5 and Fig. 6).
MaroviC et al. (2007) furthermore indicated that the
recorded ductile folds on the eastern slopes of the
Veliki Jastrebac have the west-vergence, implying
that the principal stress tensor was from the east (in
modern-day reference). Sericite schists, calcschists
and marbles appear in the cores of synforms (imply-
ing the youngest age, opposite to the oldest Triassic
age suggested by EraK et al. (2016). Consequently,
epidote-actinolite and albite-chlorite schists develop
in the central parts of the local antiforms.

Finite Veliki Jastrebac configuration:
Serbo-Macedonian margin over East Vardar
ophiolites or vice-versa?

The complex local configuration of the investi-
gated (former) cross-lithosperic plates boundary
(western Veliki Jastrebac; Fig. 5) is reconstructed by
removing a surrounding Neogene cover (basement
map from RaAKIC et al.,, 1969; Fig. 6).

(1) The contrasting geological /geotectonic config-
uration is as follows: (i) There is structural (kinematic)
disagreement between the EVZ ophiolites/late-Creta-
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ceous flysch-bearing sediments (western Veliki Jastre-
bac) and the (ii) formerly down-warped trench analogs
exposed in the Veliki Jastrebac itself (Fig. 5). The EVZ
ophiolites/late-Cretaceous flysch-bearing sediments
of western Veliki Jastrebac are interpreted as the upper
plate, and at the same time, these Upper Cretaceous
turbidites belonging to a lower plate are exposed
within the Veliki jastrebac dome. In contrary to this in-
terpretation, our reconstruction (pre-Neogene config-
uration map; Fig. 6) illustrates the contact (and
kinematics) between the (antithetic, westward di-
rected; probably late D3 phase) Serbo-Macedonian
thrust (overriding plate) and the underlying EVZ as-
semblage (RakIC et al., 1969; Fig. 6). The explanation
is as follows: initially, the westernmost Serbo-Mace-
donian Unit characterized by the elongated NNW-SSE
antiforms/synforms and shallow-dipping N-directed
b-axes attest the proposed E-W shortening (Figs. 5, 6).
Secondly, the Jurassic ophiolites/late-Cretaceous tur-
bidites are exposed within an erosional window be-
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Fig. 6. Reconstruction of the pre-Neogene geological configura-
tion of western Veliki Jastrebac erosional window and its sur-
rounding (inlet from RAKIC et al,, 1969; position also in Fig. 5). The
construction is based upon the geometry of the surface geological
boundaries. The map exhibits the configuration of local Paleozoic
and Mesozoic formations positioned underneath the Neogene

cover (pale shadowed area).
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neath crystalline Serbo-Macedonian rocks; (light red
rectangle, Fig. 6). The underlying position of the mem-
bers of the EVZ can be corroborated by the along-mar-
gin regional geology. Approximately 50 Km to the
north (vicinity of Rekovac) diabase is exposed within
the erosional window beneath the westernmost edge
of Serbo-Macedonian Unit (Doli¢ et al.,, 1980). This
mechanism of foreland-directed thrusting of weak con-
tinental crust is well-known in fully decoupled collision
zones (Faccenpa et al,, 2009);

(2) Thus, the western Jastrebac and other ophiolite
complexes distributed along the contact with the
Serbo-Macedonian margin appear almost perfectly
“trimmed” along the strike of the EVZ in Serbia (Fig. 3).
Such sharp boundary towards the (former) margin
outlines rather a westward-directed thrusting placing
a Serbo-Macedonian in an overriding position (Fig. 6).

(3) Otherwise, if the EVZ ophiolites were presum-
ably thrusted on top of the western Serbo-Macedo-
nian, whereas the late Cretaceous flysch (K,3 Fig. 5
and Fig. 6) has transgressive relationship (RakiC et
al,, 2016) (in both cases these units should overlie a
western Serbo-Macedonian margin), it remains an
issue in what manner the adjoining “JG” (metamor-
phosed oceanic crust assembly) and proximal tur-
bidites (“]M”) are exhumed as the Serbo-Macedonian
footwall within the Veliki Jastrebac tectonic window;

(4) In general, obducted suprasubduction setting
ophiolites can often be characterized by a well pre-
served, solid-body configuration (e.g. RoBERTSON, 2012),
unlike those exposed along western Veliki Jastrebac
(Fig. 5). These ultramafics distributed in the contact
zone with the Serbo-Macedonian gneisses (Fig. 6), in-
cluding those of the Zdraljica complex (Fig. 3) experi-
enced a substantial syntectonic reworking (sensu
DIMITRIEVIC & DIMITRJEVIC, 1975; RESIMIC-SARIC et al,,
2005; Boev et al,, 2018). As mentioned earlier, there is
no metamorphic sole underneath the EVZ ophiolites;

(5) The geophysical 3D model surveyed along this
segment of the investigated convergent margin (PE-
TROVIC et al., 2015) captured the subsurface configura-
tion of the plate boundary. The 3D model illustrated a
downwraping configuration of the rock complex po-
sitioned underneath the Serbo-Macedonian Unit.

To summarize, the two completely different struc-
tural imprints outline the “JM” and “V]G” of the Veliki
Jastrebac:
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1. “VJG” underwent a ductile reworking (presence
of the sigma- and delta-clasts, stretching lineation;
SpaHIC, 2006) including the isocline folding and cleav-
age formation subsequently exposed to the transpo-
sition (see pictures with interpretations in SpaHIC,
2006; MaroviC et al., 2007); GrusiC et al. (1999) indi-
cated at least two phases of folding. Accordingly, the
older phase is characterized by the intense folding
accompanied by transposition and formation of
axial-plane cleavage, therefore the primary sedimen-
tary fabric can only be assumed in hinges of the in-
trafolial rootles folds (cm-dm, rarely of meter scale).
The hinges of these folds plunge top to the NNW,
which is in accordance with the observed Alpine de-
formations in the lower plate (Drina-Ivanjica block;
boxkovi¢, 1985). The cleavage planes became the
dominant S-surfaces that were subsequently de-
formed in the course of the reactivated shortening.
The emplacement of the Jastrebac granitoid re-
shaped the folded succession into a symmetrical
dome (GRruBIC et al., 1999; Fig. 5).

2.“IM” have only mild, domal bending of the layers
produced by the Eocene granodiorite emplacement
(Rakic et al., 1969; SpaHIC, 2006; MaroviC et al., 2007;
Erak et al,, 2016; Fig. 5). Black phyllites have the same
foliation pattern (MaroviC et al., 2007; Fig. 5).

Briefly, the main deformation of (former) oceanic
crust assembly occurred at least before the late Cre-
taceous, more likely before Lower Cretaceous
“paraflysch” depicting a tentative Jurassic- to earliest
Lower Cretaceous age of the V]G.

Assuming the derived Jurassic to early Lower Cre-
taceous age of the V]G which somewhat fits with the
age of the Zdraljica complex (sensu REsiMIC-SARIC et
al,, 2005), it needs to be answered by what tectonic
means an intraoceanic arc sunk together with the
late Cretaceous - Paleogene (meta)turbidites (JM). A
recent study proposes a subduction zone activity since
the Middle Triassic accommodating the closure of the
Paleo-Tethys and the back-arc opening of Neo-Tethys
(MAFFIONE & VAN HINSBERGEN, 2018). The onset of the
EVZ (atleast in the investigated region) is dated to the
Middle Jurassic (intraoceanic arc) according to the
Zdraljica complex (numeric age by REsiMI¢-SaARIC et al,,
2005). In addition, there is no any documented Trias-
sic record within the central segment EVZ. The onset
of the back-arc spreading was followed by the
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melange formation outlining the formation of the
EVZ intraoceanic trench. This stage is most probably
followed by the formation of, so-called, “Tithonian-
Beriassic flysch” (Rakic¢ et al., 1969; ANDJELKOVIC, 1982;
Fig. 6) and/or Lower Cretaceous “paraflysch” of
DIMITRIJEVIC & DIMITRIEVIC (2009).

Summary and conclusions

Intraoceanic subduction with the
retreating collision elements

The retreating collision convergence boundaries
or zones of the crustal shortening characterized by
the retreating subduction have the gravity as the
principal tool for pulling a dense subducting slab
(slab pull) ultimately escaping into an oceanic do-
main (RoyDeN, 1993). This tectonic model was cred-
ited to the Carpathians, the Apennines, the Dinarides,
and the Hellenicdes (RoypeN, 1993; FaccenDA et al.,
2009; FACENNA et al., 2014; BURcHFIEL et al., 2018). Es-
sentially, this convergence model occurs within the
regions with the incomplete continent-continent
collision (RoyDEN, 1993).

The inference of the continent-continent colli-
sion, trench migration and proper discrimination of
the retreating plate motions is initially dependent
of the proper reference frame (FACCENNA et al., 2018)
or stable reference points for motion trajectories (LE
BRETON et al., 2017). Here we use the Serbo-Mace-
donian (a segment of Apulia/Adria hinterland) as
the stable reference point.

The investigated segment of even now active Af-
rica-Europe convergence system has had been con-
trolled by the interaction of several microplates.
Essentialy, the investigated area was shaped by the
interaction of the (Inner) Dinarides (African pro-
montory, Apulia/Adria indenter or double-vergent
orogen, DoGLIONI et al., 2007) and a leading edge seg-
ment of the European foreland; Serbo-Macedonian
Unit; Fig. 1b). Importantly, the (micro)plates veloc-
ity associated with similar oblique plate junctions
(DIMITRIJEVIC & DIMITRIJEVIC, 1975; ScHMID et al., 1991;
Riccou et al., 1998; BURCHFIEL & NAKov, 2015; PRELEVIC
et al., 2017) has a slow convergence rate. A slow-
paced Vardar Ocean (West Vardar Zone) underplat-
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ing started beneath (i) short-lived early Middle
Jurassic (ca. 180 Ma) intraoceanic arc, connecting
the “Kopaonik block” (ZeLiC et al., 2005) of uncertain
inheritance with the Serbo-Macedonian margin (Fig.
7a). A marginal/back-arc origin is documented for the
Apuseni section (MOR-type affinities slightly enriched
in Th and U, and depleted in Nb; cf. GALLHOFER et al.,
2017). The West Vardar oceanic lithosphere or Neote-
tyhan plate continue with underplating inducing the
production and emplacement of the quartz-diorite
Zdraljica complex (ca. 168 Ma; Fig. 7b). Ongoing
shortening and narrowing of the Neotethys led to the
obduction of a peripheral East Vardar lithosphere on
top of the West Vardar plate (similar to the Peonias
zone in northern Greece; Fig. 7b; MicHAIL et al., 2016;
see also the position of the interfacing mélange; Fig.
3). The E-directed subduction of the two stacked
plates eventually sutured carrying the two clastic
Cretaceous sequences: (1) Lower Cretaceous “pa-
raflysch” (distal position) and (2) the posdating late
Cretaceous-Paleogene turbidites. During the termi-
nal Alpine convergence, these turbidite sequences
were displaced by the thick-skinned thrusting (Fig.
2). The suggested cross-lithospheric configuration
(intraoceanic arc) of the two, now thrusted oceanic
plates may help in the explanation why the Apuseni
ophiolites have no contamination of continental
crust as suggested recently (GALLHOFER et al., 2017).

A protracted lithospheric warming (at the ex-
pense of a slow oblique subduction) sourced from
the underlying mantle may cause a weakening slab
rheology. The weakened slabs are feeble for the ef-
fective stress transfer, however, resistant for a sig-
nificant down-dip tension (BOUTELIER & CRUDEN,
2016). The associated trench retreat (the initial sub-
duction hinge retreat; Fig. 7b) probably started in
the course of the ongoing subduction inducing a
limited across-strike width obduction of the West
Vardar ophiolites on top of the Drina-Ivanjica. Con-
tinuous late Mesozoic regional-scale compression at
the expense of approaching Apulia/Adria mi-
croplate motions (D3, Fig 7), once again slowed
down, but on this occasion compensating a trench
clogging caused by a buoyant continental segment
(Drina-lvanjica; Inner Dinarides, Fig. 7c). Onset of
the retreating crustal motion, followed by the West
Vadar slab breakoff (Fig. 7c) caused the already ad-
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Fig. 7. Simplified reconstruction of the Jurassic intraoceanic arc
formation. Explanation in the main text. a) Intraoceanic-arc set-
ting of the East Vardar ophiolites, very close to the Serbo-Mace-
donian margin. Black question mark denotes uncertainties
associated with the juvenile contact between West Vardar Zone
and NE Apulia/Adria margin. Recent authors propose Triassic
subduction and the motions of West Vardar plate and its sinking
into E-vergent subduction zone drove rollback (MAFFIONE & VAN
HINSBERGEN, 2018). b) Along with the obducted East Vardar in-
traoceanic-arc sequence, this system sink. The model emphasizes
the intraoceanic obduction with the two terminal slabs. c) After
the trench retreated, early-subducted crust was metamorphically
overprinted reaching the anchizone (JM) to greenschist-facies
level (V]G). The ongomning lithospric shortening was accompa-
nied by the delamination and thinining of the Serbo-Macedonian
upper plate (MiLivojevic, 1993) continue into the Miocene.

vanced segment of the E-directed slab to invert a
down going polarity of subducting lithospheric mo-
tions so-called eduction (corroborated by the meta-
morphic changes affecting both, V]G and JM).

In the overriding plate, the process of syn-colli-
sional hanging wall decoupling (e.g., GURER et al,, 2016)
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led to an efficient rheological weakening and the onset
of bimodal stress regime (sensu FAcCENDA et al.,, 2009).
A degree of extension efficiency is high; in particular
in a thin crustal wedge likewise Serbo-Macedonian
Unit. Density inversion lead the lower-crust extrusion
(sensu MARTINEZ et al., 2001) triggering the repetitive
uplift and core-complex emplacement including those
of Jastrebac Mts. The proposed extensional exhuma-
tion dynamics of buried Tethyan lithosphere are com-
parable to those proposed for the Balkan-Aegean
region (JoLIVET et al., 2013; MENANT et al., 2016; BUrcH-
FIEL et al., 2018). Early pre-continent-continent conver-
gence retreating motions and subsequent lithospheric
delamination accommodated the late Cretaceous ex-
humation of Mali Jastrebac block (ca. 90 Ma) and ex-
humation post-dating Miocene (20 Ma; fission-track
numeric age by Erak et al,, 2016).

Key developments:

The proposed intraoceanic subduction model, ex-
plains a limited time obduction of the East Vardar
ophiolites onto the underplating West Vardar oceanic
plate. This model is very similar to those of the Var-
dar-Axios zone in Greece, proposed by MIcHAIL et al.
(2016) and is in line with observations of RESIMIC-SARIC
etal. (2005), Bogv et al. (2019), PETrovIC et al. (2015);

The interaction of northern Neotethyan/Vardar
Ocean with its bordering basin and antithetic west
vergent Eurasian margin can be characterized by a
convergence style controlled by the oblique cross-
lithosperic thrusting . Oblique motions are in accor-
dance with the NW Apulia/Adria Alpine indentation
(overriding plate segment) whereas its NE segment
(investigated region) underplate beneath a segment
of European margin (LE BRETON et al., 2017);

Locally at Jastrebac, the Serbo-Macedonian Unit is
in an overriding position overlying the both, ‘Jastrebac
greenschists’ (VJG); and ‘Jastrebac Metaturbidites’
(JM). The latter two successions were exposed by the
extensional exhumation and subsequent erosion;

‘V]G’are likely to have a Mezozoic paleogeograhic
affinity belonging to the oceanic crust of the East Var-
dar Zone;

'IM' are proximal sutured turbidite equivalent
which entered the foredeep along with the 'V]G'.

The Jastrebac study clearly indicates that further
study of the complex regional geology, precise age
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and paleocontinental affinities of these controver-
sial Neotethyan entities is a must.
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Pe3ume

HHTpaokeaHCKa CyOoAyKIHja
ceBepo3sanaaHor Heoreruca (jypcku
o¢uosmTu 3anagHe- u UcrouHe
BapAapcKe 30He) M reoJUHaAMUYKa
UHTepaKuuja ca Cpncko-Make JOHCKOM
KOHTUHEHTA/IHOM MapruHoM:
Penedunucame ogHOCa NOAMHCKOT UJIHA
MOBJIATHOT JINTOC)EPCKOr 6JI0Ka Ha
npumepy Jacrpenua

Y pajay je nata KMHeMaTCKa PeKOHCTPYKLYja U
TEeKTOHCKA UHTepIpeTanvja HeoteTrnckor noguH-
CKOT 6JI0Ka Ha OCHOBY aHaJIU3e PerMoHaJHO-Treo-
JIOILIKMX KapaKTePUCTHUKA JacTpe6auKkor TEKTOHCKOT
nposopa. Jlocazalma UCTpaXXKuBawa yKasyjy Ja ce
HeOTeTHUCKU aQUHUTET Ha UCTPaKUBAHOM IOJ-
pyuujy Moxe UAeHTUPUKOBATH Kao CUCTEM KOjU
npunaza JBeMa TeKTOHCKUM jeJuHULaMa: McTo-
4YHOj- U 3anajHo] BapAapckoj 30HU. [Ipersesom
CTPYKTYPHO-TEKTOHCKHUX pellekha NpeJI0KeHUX
3a UCTPaXKUBaHU MPOCTOp (IpHUMeHa aHaJIOTHje ca
JesioBuMa HeoTeTurca 1 eroBe MapruHe y I'pukoj),
YKJbYy4yjyhu NeTpoJIOIKY cacTaB, NaJUHCIACTUKY
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Kao U npobJieMaTHYHy nasieoreorpadujy v cTapocT
HaBeJleHUX JIUTOCPEepHUX jeIUHULIA:

YTBpheHo je na ce Cpricko-MaKea0HCKA jeAHUIIA
(CM]) Has1a3u y 3ana/iHO-BEPIEHTHO CTPYKTYPHOM
MOJIOXAjy, Tj. /1a je HaBy4YeHa MpeKo Cy6yKOoBaHe
OKeaHCKe JuTocdepe Koja HajBepoBaTHHje MpHU-
naza McrouyHoj Bapgapckoj 3ouu (MB3). IlpeaJsio-
»KeHa KOHUTypalyja je y CynpoTHOCTU Ca HEKUM
MUI/beHUMA KOjU TO3UILMOHUPAjy opuosnTe NUB3
Kao cucteM o6aykoBaH npeko CM] ca gyxuHoM
o6aykiuje u on npeko 70 km (Erak et al,, 2016).
Haume, mpema OT'K COPJ, nuct KpyuieBar (RAKIC et
al, 1969), ayTopu yKasyjy Ha 3alaJHO-BepreHTHO
HaBJiauere CpICcKO-MaKeJOHCKOT KpUCTalMHa Ipe-
Ko BestnkojacTpebaukor koMIjieKca (3eJ1eHH LKPU-
JbIU U TOPHOKpEeJHO-NajJeoreHu TYypOUIUTH).
WHunMjaHa ropmojypcka nHTepakuuja ca CMJ kao
KOHTUHeHTasiHOM MapruHoM (D1 ¢aza) ce moxe
JIOKYMeHTOBaTH cTapouihy MesaH:xa. MebhyTuwm,
oBa koHurypauuja je npepaheHa HaKHaJHUM
CTPYKTYPHO-TEKTOHCKUM jorabajuma. HakoH oBe
WHULMjaJHe HHTepaKLuuje naMehy ropwojypcko-
JIOlOKpeIHE OKeaHCKe iuTochepe U popMUpama
3asiy4Hor 6aceHa, RAKIC et al, (1969) unTepmpe-
THUPaAjy rOpHOKpeHe QJinIleBe CTaB/bajyhu ux y
TpaHCTPecUBHU KOHTAKT npema CM]. ScHMID et al.
(2008), Erak et al. (2016) uctudy cynpoTHY WU
HMCTOYHO-BEPreHTHY no3uuujy opuosauta UB3 npe-
Ma CM], ykasyjyhu za JacTpebayka joMa U CUCTEM
3esieHux Wkpusbana (‘VJG') npunaza riiaBHoM Bap-
JapckoM/HeoTeTuckoM okeaHy. MehyTum, sietasb-
Ha aHa/IM3a reoJiolike KOHQUrypaluje Ha OTe3y
3anajHu o6poHLM BestuKor JacTpeniia- ieHTpaJlHU
JeJsloBU Besikor Jactpenua, ykasyje a 0Baj U3y-
3eTHO KOMIIJINKOBAaHU HEOTETUCKHU JIUTOCHEepHHU
OKeaHCKHU CErMeHT Ce MOXKe HHTepIpeTUPaTH U Kao
neo MB3 dopmupan kao (i) mocnenuna UHTpa-
OKeaHCKe Cy6AyKLMje ca UCTOYHO-BEpPreHTOM 3a-
najHoM BapjapckoM 3oHoM (3B3) koja je (ii)
KaCHUje Mo/iBy4eHa 0/l KOHTUHEeHTa/IHy MapTrUHy
(CM));

(ii) Ha ocHOBY npejJioXkeHe TeoJIolIKe KOHDU-
rypayyje UCTpaKMBaHOT TepeHa (IOr0TOBY JieTab-
HO MCIIMTHUBAHOT 3aMaJHor JeJsa Besukor Jactpenua
ca LIMPOM OKOJIMHOM, Tj. KOHTaKT CM] 1 UB3) kao u
PEKOHCTPYKIIMje TeKTOHCKe eBouyiuje 3B3/UB3
yTBpheHo je na ‘V]G' HajBepoBaTHHje Npunazjajy
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WB3. PeunTepnpeTranyja CTpyKTYPHO-TEKTOHCKOT
CKJIOTA UCKJ/bYyYyje AUCTaJHU apUHUTET NacUBHe
MapruHe AnyJ/bCKO-jaZlpaHCKe MMKpOIJIo4e Kao
eKCXYMUPaHU Jleo BesJuKojacTpebauke gome. Tako-
be, o6aykoBame odpuosuta UB3 je 3anagHo-Bep-
reHTHo (npeko 3B3) 1 HajBepoBaTHHUje ce 0/iBUjaJIO
[0/, CINYHUM OKOJIHOCTHMMA Kao LUTO je yTBphHeHOo
HEUITO jy>KHHUje, Tj. Ha npuMepy [leoHnac noxsoxHe
y 'pukoj. HakHagHuM nokpeTrMa (HacTaBak cy-
»kewba HeoteTtuca u cy6aykiuje 3B3/UB3 mox CMJ)
Y TEPMUHAJTHUM HaBJlauyeweM (Kosu3uja AnysbCKO-
jagpaHcke Mukpormiode u CMJ]), oBaj opunuTcku
KOIUJIEKC je mojBy4eH ucnoj CMJ. CxomHOo ToMe,
3esieHd wWKpubLH (‘V]G') koju cy nokpruBenu CMJ
Ha BesimkoMm Jactpenuy umajy maseoreorpadcky
NpUNAJHOCT Koja yKasyje Ha feo UB3 nan cpeg-
H0]yPCKO-TOPH-0jyPCKOT UHTPAOKEAHCKOT CUCTEMA
y 3asy4yHoj nosuuuju (back-arc) caja Hectajor
HeoTeTHcKor 0KeaHa, IpeKo Kora cy ropmkOoKpeHO-
najeoreHu (Merta)typougutu (JM’). Ha oBakBy
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koHUrypauujy takohe ynyhyje u MmetamopdHHU
Tpujac KomaoHuyke 06J1acTH Koje ce HajBepoBa-
THUje pa3Bujao y back-arc uiau 3ajy4yHUM ycCJio-
BUMa, rZie ra Hacsehyjy Beh onucanu autocepHU
forabaju jypcke crapocTd yk/bydyjyhu u ,na-
padaum”. Jlocta KacHHUjY, NMOBJATHU MeTaTyp-
6uguty (‘M) Benukor JacTpenua cy eKBUBaJI€HT
FOPHOKPEeJHUX TYpPOUJUTA KOjU cy 6J1aro MeTa-
MopducaHu TOKOM cyTypHe ¢a3se (y/n1asak y
cy6aykuroHu poB). EkcxyManuja ‘JM’ je ycnenuia
nyTeM eKcTeH3Wje nosaTHe CM] (moBsiaTHU JiU-
TochepHU 6JIOK) U €0I[eHCKOT T'PaHOJHOPHUTCKOT
emiuiejcMenTa (D4). Y KacHOa/NNCKOM KOHTEKCTY
(meta)Typbuautu (‘JM’) noTBphyjy HacTaBak cy6-
nykuuje 3B3 (v nocsie o6aykoBara MB3) y nctodHo-
BEPreHTHU CyOJyKIMOHHU POB KOjU Ce HaJa3ho
ucnoy, CM] TokoM Me3030UKa U naJieoreHa.
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