MNamereHo: 2023-10-13 15:39:18

Tectono-sedimentary evolution of the NE Dinarides margin during the
Cretaceous Adria-Europe convergence

Uro$ Stojadinovi¢, Nemanja Krstekanic¢

AurutanHu peno3sutopujym Pyaapcko-reonolwkor ¢pakynrteta YHuBep3uTeta y beorpaay

[P Pro]

Tectono-sedimentary evolution of the NE Dinarides margin during the Cretaceous Adria-Europe convergence | Uro$
Stojadinovi¢, Nemanja Krstekani¢ | Geoloski anali Balkanskoga poluostrva | 2023 | |

10.2298/GABP230112001S

http://dr.rgf.bg.ac.rs/s/repo/item/0008014

JurutanHu penosutopujym Pyaapcko-reonolukor daxkynrera
Yuusepsuteta y beorpaay omoryhasa npucTtyn nsaassuma
dakynTeTa ¥ pagoBuma 3anocneHnx A0CTYNHUM y crno6oAHOM
npuctyny. - MNpeTpara peno3vTopujyma A0CTyNHa je Ha
www.dr.rgf.bg.ac.rs

The Digital repository of The University of Belgrade
Faculty of Mining and Geology archives faculty
publications available in open access, as well as the
employees' publications. - The Repository is available at:
www.dr.rgf.bg.ac.rs



GEOLOSKI ANALI BALKANSKOGA POLUOSTRVA
Volume 84 (1), July 2023, 65-74

https://doi.org/10.2298/GABP230112001S
Review paper
[lpernegHu pap

Tectono-sedimentary evolution of the NE
Dinarides margin during the Cretaceous

Adria-Europe convergence

URroS SToJADINOVIC! & NEMANJA KRSTEKANIC!

Key words:

Adria-Europe convergence,
Sava subduction system,
Cretaceous syntectonic
sedimentation.

Kiby4yHe peuu:

KoHeepzeHyuja Adpuje u Eepone,
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cedumenmayuja.

Abstract. The Cretaceous sedimentation along the NE Dinarides margin oc-
curred in basins above the Europe-dipping Neotethyan Sava subduction zone
positioned between Adria- and Europe-derived continental units. The Creta-
ceous sedimentation on the upper plate of the Sava subduction system took
place in a fore-arc basin, developed in frontal parts of the active European con-
tinental margin. The Cretaceous sedimentation in the lower Adria plate do-
main of the Sava subduction system includes sediments deposited in the basin
developed over the passive continental margin of the Internal Dinarides and
the sediments deposited in the Sava subduction trench. While the Cretaceous
sedimentation on the entire Adriatic continental margin was associated with
an overall contraction, which led to the progressive subsidence towards the
end of the Cretaceous, the fore-arc basin on the European continental margin
displays three depositional cycles during the Early Cretaceous-Cenomanian,
Turonian-Santonian, and Campanian-early Paleogene, reflecting three stages
of deformation, contraction, extension, and ultimately contraction again during
the Adria-Europe collision.

AncrpakT. KpesHa cequMeHTalMja ay» CeBepoUCTOYHOT 060aa JAuHapuaa
oJiBHjaJia ce y baceHMMa JIoLMpaHUM U3Ha/J CaBa Cy01yKIIMOHE 30He, Koja Ce
HaJla3uJia u3Mehy KOHTUHEeHTA/JIHUX jJe IUHUIA A[[PUJCKOT U eBPOIICKOT apu-
HUTeTa. KpeHa ceavMeHTalUja Ha TOpwo] o4y CaBa CyOGAYKIMOHOT
CUCTeMa oJjBUjaJia ce y UCIIpeJIYYHOM baceHy, Koje je popMUpaH Y GPOH-
TAJIHUM [JleJIOBMMA aKTUBHE eBPOIICKe KOHTUHEHTaJIHe MapruHe. KpeJHa
ceJMMeHTalM]ja y JOMeHYy Jiowe, aJpujcke, nuode CaBa CyOAYKIHMOHOT
CUCTEeMa YK/bY4Yyje KaKo JielioHaTe 6aceHa pa3BUjeHOT Ha MACUBHO] MAapruHu
JAvHapuza, Tako U genoHarte CaBa CcybAyKIMOHOT TpeHYa. /JJoK je KpeaHa
ceJMMeHTalM]ja y JIOMeHYy 4YUTaBe aJ/ipyujCKe KOHTHUHEHTAaJIHe MapruHe
KOHTPOJIUCAHA KOHTPAKI[KUJOM U KOHTUHYUPAHOM CYIICUJIEHIIU]OM, UCITpe/l-
JIy4HU GaceH Ha eBPOICKO] KOHTUHEHTAJIHO) MAapTrUHU MpPOoIIao je Kpo3 TPHU
J1eN03UIMOHA LIUKJIyCa TOKOM JI0OH-e KpeJe [0 lleHOMaHa, TYPOH—-CAaHTOHA U
KaMIlaHa [0 CTapujer IMaJjieoreHa, Koju Cy OMJIM KOHTPOJIMCAHU KOH-
TPaKIHUjOM, €KCTeH3UJOM W (PUHAJHOM KOHTPAKIU]JOM TOKOM KOJIM3H]e
EBpone u Agpuje.
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Introduction

The Cretaceous sedimentation in basins situated
along the northeastern margin of the Dinarides Oro-
gen (Fig. 1) was controlled by the subduction of the
Europe-dipping (i.e., dipping towards Europe) Neo-
tethyan slab located between Adria- and Europe-de-
rived continental units (i.e., the Sava subduction
system, ScHMID et al., 2020). The Cretaceous sedi-
mentation on the upper plate of the Sava subduction
system took place in a fore-arc basin, which was de-
veloped in frontal parts of the active European con-
tinental margin (ToLji¢ et al., 2018). The Cretaceous
sedimentation in the lower Adria plate domain of
the Sava subduction system includes sediments de-
posited in the basin developed over the passive con-

tinental margin of the Internal Dinarides and the
sediments deposited in the Sava subduction trench
(StojapiNovic et al,, 2022). The early stages of the lat-
est Cretaceous-Paleogene Adria-Europe continental
collision along the Sava Zone (UsTAszEwskl et al.,
2010) resulted in large-scale WSW-wards (in pre-
sent-day coordinates) thrusting that inverted and
juxtaposed the former upper plate fore-arc and
lower plate basins along NE Dinarides margin. The
subsequent Middle to Late Eocene out-of-sequence
thrusting during the final moments of collision, fol-
lowed by the Oligocene-Miocene Pannonian Basin
extension caused the fragmentation of Cretaceous
basins along the NE Dinarides margin, which re-
sulted in a complex present-day architecture of the
former subduction/collision zone.
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Fig. 1. a) Topographic map of Central Mediterranean orogens, displaying suture zones, orogenic fronts, and retro-wedges (modified

after KRSTEKANIC et al., 2020). The red rectangle marks the position of Figure 1b; b) Geological map of the connection between the Di-

narides, South Carpathians, and Pannonian Basin, with the zoom-in view of the broader study area delimited by the black rectangle

(modified after Stojabinovic et al., 2022). Blue rectangles in the zoom-in indicate the location of local geological maps in Figures 3, 4,

and 5.
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This paper aims to define the criteria that can be
used to differentiate Cretaceous sedimentary se-
quences along the NE Dinarides margin, which were
initially deposited in different basins but were jux-
taposed by the subsequent contractional deforma-
tions. Along the entire northeastern margin of the
Internal Dinarides, the broader area of the Rudnik
Mts. in central Serbia (Fig. 1b) represents one of the
very few regions where Cretaceous sediments are
largely exposed and are less aftected by the post-col-
lisional deformations. Therefore, to correlate the
Cretaceous sedimentary sequences across the
Adria-Europe convergence zone in central Serbia,
we used the available data from several existing re-
gional publications in the broader area of the Rud-
nik Mts. (FiLipoviC et al., 1976; BrkoviC et al,, 1979;
OBRADOVIC, 1987; DIMITRIEVIC & DIMITRIJEVIC, 2009;
DJERIC & GERZINA, 2014: Touji¢c et al., 2018; BRAGINA et
al., 2020; Stojapinovic et al., 2022; BrADIC-MILINOVIC
etal, 2022).

Geodynamic evolution of the Sava subduc-
tion-collision system in
central Serbia

The convergence zone between Adria- and Euro-
pe-derived continental units were structured during
the Late Jurassic to Eocene closure of the northern
segment of the Neotethys Ocean (i.e., the Vardar
Ocean sensu DIMITRIJEVIC, 1997). Following the latest
Jurassic bi-vergent obduction of ophiolites over
both continental margins and associated thrusting
(the Western and Eastern Vardar Ophiolitic units of
ScHMID et al., 2008; Fig. 1b), the ongoing Cretaceous
convergence led to the E-ward subduction of the re-
maining oceanic part of the Adria lower plate be-
neath the overriding Europe-derived units. This
subduction was associated with the accumulation
of Lower Cretaceous turbidites in the Sava subduc-
tion trench (Fig. 2a). During the Late Cretaceous, the
retreating and steepening of the subducting lower
plate lithosphere triggered syn-subductional exten-
sion in the fore-arc basin on the European upper
plate (see ToujiC et al., 2018, 2020) and accelerated
subsidence in the Adriatic lower plate domain of the
Sava subduction system. This led to the W-ward mi-
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gration of the Sava subduction trench and continu-
ous deposition of the Upper Cretaceous deep-water
trench turbidites, while the Lower Cretaceous tur-
bidites were gradually accreted to the upper plate
as an accretionary wedge (Fig. 2b). The latest Cre-
taceous—Paleocene onset of the Adria-Europe con-
tinental collision along the Sava Zone led to the
large-scale WSW-wards thrusting of the European
fore-arc basin and Lower Cretaceous Sava trench
turbidites over the Upper Cretaceous Sava trench
turbidites and the Upper Cretaceous deposits on the
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Fig. 2. Conceptual sketch (not to scale) of the Adria-Europe con-
vergence zone evolution in central Serbia during Cretaceous-
Miocene times (modified after StojaApiNovic et al., 2022): a) The
Early Cretaceous E-ward subduction of the Adria lower plate be-
neath the overriding Europe-derived units, within the Sava sub-
duction system; b) The Late Cretaceous accelerated subsidence
in the Sava subduction system due to the Neotethyan slab roll-
back; c, d) Latest Cretaceous to Paleocene continental collision
and WSW-ward thrusting of the European fore-arc basin and
Lower Cretaceous Sava trench sediments over the Upper Creta-
ceous Sava trench turbidites and Internal Dinarides margin de-
posits; e) Middle to late Eocene out-of-sequence thrusting and
exhumation of the Upper Cretaceous Sava trench turbidites un-
derneath the overlying Lower Cretaceous Sava trench sediments;
f) Oligocene-Miocene extensional reactivation of segments of the

inherited thrusts and exhumation of the Adria lower plate.
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Internal Dinarides margin (Figs. 2¢c, d). During the
final stages of collision in the middle to late Eocene,
out-of-sequence thrusting in the innermost oro-
genic segments exhumed the Upper Cretaceous Sa-
va trench turbidites underneath the overlying
Lower Cretaceous deposits (Fig. 2e, see also ST0JADI-
Novic et al.,, 2022). The subsequent Oligocene-Mio-
cene extension reactivated segments of the inherited
thrusts and exhumed the lower Adria plate along a

series of extensional detachments (Fig. 2f, see also
MATENCO & RADIVOJEVIC. 2012).

Correlation of Cretaceous sedimentary
sequences across the Adria-Europe
convergence zone in central Serbia

Cretaceous sedimentation in the
Internal Dinarides margin basin

Cretaceous sedimentation across the entire dis-
tal continental margin of the Internal Dinarides was
associated with the overall Late Cretaceous trans-
gression, driven by the continuous shortening due
to the subduction of the Adriatic plate beneath the
overriding European plate (Fig. 2b). Following the
latest Jurassic obduction of ophiolites over the In-
ternal Dinarides margin (the Western Vardar Ophi-
olites Unit, Fig. 1b), the onset of Cretaceous overstep
sequence is marked by the Albian-Cenomanian tran-
gressive coarse-clastics that are gradually deepening
into the clastic-carbonatic shelf deposits (Figs. 3e,
6). The base of this sedimentation is made up of con-
glomerates, sandstones, and sandy limestones with
fragments of serpentinized peridotites (Fig. 3f). The
ongoing Late Cretaceous subsidence is indicated by
deposition of the distal shelf to proximal slope car-
bonates and clastics during the Turonian-Santonian
(see DJERIC & GERZINA, 2014), followed by the distal
slope deposition during the Santonian-Campanian
(i.e., the Struganik facies, Figs 3a-d, 6; BRAGINA et al,
2020; BraDIC-MILINOVIC et al,, 2022). The Struganik fa-
cies (Fig. 3a) are made up of thin-bedded marly
limestones, calc-rudites, and calcarenites that display
fine lamination and upward fining (Fig. 3b) and con-
volution (Fig. 3c), as well as limestones with chert

nodules (Fig. 3d).
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Fig. 3. a) Local geological map of the Struganik area where the
Campanian-Maastrichtian Sava trench turbidites of the Ljig For-
mation are thrust on top of the Santonian-Campanian distal
slope of the Dinarides margin along the Rajac Thrust (modified
after BrRADIC-MILINovIC et al., 2022); b) Upward fining in the San-
tonian-Campanian calc-arenites and pelagic limestones at the
observation point P1 (coordinates 20°10°84"E, 44°18°78"N); c)
Turbiditic sedimentary textures in the Santonian-Campanian
calc-arenites. Observation point P1; d) Santonian-Campanian
limestones with chert nodules (outlined in black) at the observa-
tion point P1; e) Local geological map of the Rajac area where
the Campanian-Maastrichtian Sava trench turbidites of the Ljig
Formation are thrust on top of the Albian-Cenomanian Western
Vardar ophiolites overstep sequence along the Rajac Thrust
(modified after BraDIC-MILINovVIC et al,, 2022); f) Basal deposits of
the Cretaceous sedimentation over the Dinarides margin repre-
sented by the Albian-Cenomanian sandy limestones with centime-
ter-scale fragments of serpentinized peridotites, indicated by

arrows. Observation point P2 (coordinates 20°26°12"E,
44°12°41"N).
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Cretaceous sedimentation in the Sava subduc-
tion trench

The sedimentation in the Sava subduction zone is
represented by the Lower to Upper Cretaceous tur-
bidites deposited in the trench-accretionary wedge
system (Figs. 2a, b, 4, 53, e, and 6). The Lower Creta-
ceous trench sedimentation is represented by Bar-
remian-Aptian distal clastic turbidites, followed by
the Albian-Cenomanian laminated fine-grained clas-
tics and carbonates (i.e., the Boljkovci Formation,
Figs. 4a, d-j, and 6; StojaDINovVIC et al., 2022). These
sediments were gradually accreted to the upper plate
as an accretionary wedge (Fig. 2b). The Sava subduc-
tion trench sedimentation continues with the Turo-
nian distal mudstones that possibly derive from the
older, reworked material of the accretionary wedge.
These are overlain by the distal Coniacian-
Maastrichtian clastic-carbonatic turbidites of the Up-
per Cretaceous Rudnik Formation (Figs. 4f, k, 5a, e,
and 6). The accelerated subsidence during the Late
Cretaceous resulted in the westward migration of
trench sedimentation towards the Dinarides margin
and the deposition of the middle Campanian-late
Maastrichtian siliciclastic trench turbidites of the Ljig
Formation (Figs. 4a-c, and 6; StojapiNovic et al., 2022).
The process culminated during the late Maastrichtian
when the foredeep sediments of the Ljig Formation,
which indicate the final phases of the Sava subduc-
tion trench evolution, were deposited adjacent to the
passive continental margin of the Dinarides (i.e., the
Ljig flysch, OBrRADOVIC, 1987).

Cretaceous
sedimentation in the
European margin basin

The sedimentary facies in the fore-arc basin de-
veloped along the active continental margin of the
upper European plate of the Sava subduction system
indicate three deposition cycles during Early Creta-
ceous-Cenomanian, Turoni-an-Santonian, and Cam-
panian-Maastrichtian (see ToLji¢ et al,, 2018). An
important distinguishing feature of Early Cretaceous
sedimentation along the European continental mar-
gin is the presence of the “para-flysch” deposits

Geol. an. Balk. poluos., 2023, 84 (1), 65-74
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Fig. 4. a) Local geological map of the Boljkovci area where the
Lower Cretaceous sediments of the Boljkovci Formation struc-
turally overlie the Upper Cretaceous Sava trench turbidites of the
Ljig Formation along the Boljkovci Thrust (modified after STojADI-
Novic et al., 2022); b) Southwest-vergent overturned fold in the
Campanian turbidites of the Ljig Formation. The overturned fold
limb is truncated by top-W reverse fault. Observation point P3
(coordinates 20°31'94"E, 44°19°07"N); ¢) Normal bedding with
cleavage in the Upper Cretaceous marls and mudstones of the Ljig
Formation at observation point P4 (coordinates 20°34°24"E,
44°18°63”N); d) Normal bedding with cleavage in the Albian-
Cenomanian mudstones and shales of the Boljkovci Formation.
Observation point P5 (coordinates 20°35°46"E, 44°18°35"N); e)
Tight southwest-vergent overturned fold in the Albian-Cenoma-
nian mudstones and shales of the Boljkovci Formation. Observa-
tion point P5; f) Local geological map of the Rudnik area where
the Upper Cretaceous Sava trench turbidites of the Rudnik For-
mation structurally overlie the Lower Cretaceous accretionary
wedge sediments along the Rudnik Thrust. The Boljkovci Forma-
tion sediments outcrop west of the Rudnik Thrust and in several
erosional windows; g-i) Bedding in the Albian-Cenomanian sed-
iments of the Boljkovci in the footwall of the Rudnik Thrust. Bed-
ding in g is observed at point P6 (coordinates 20°58°15"E,
44°09°40”N), while h and i are located tens of meters apart at
point P7 (coordinates 20°58°27"E, 44°09°33”N); j) Tight to iso-
clinal overturned SW-vergent fold in the Albian-Cenomanian sed-
iments of the Boljkovci Formation at observation point P8
(coordinates 20°59°69"E, 44°09°08"N); k) Top-SW reverse fault
with associated fault propagation fold in the Upper Cretaceous
Sava trench turbidites of the Rudnik Formation at observation
point P9 (coordinates 20°61°78"E, 44°08°37"N).
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Fig. 5. a) Local geological map of the Stragari area where the
Upper Cretaceous Sava trench turbidites are thrust by the Eastern
Vardar Ophiolites and their overlying Cretaceous fore-arc sedi-
ments along the Stragari Thrust (modified after StojAbiNovic et
al, 2022); b) The ~ENE-dipping Stragari Thrust fault zone jux-
taposing the Eastern Vardar ophiolites and the Sava Trench tur-
bidites at observation point P10 (coordinates 20°67°98"E,
44°12°35"N); c) Approximately 10 meters thick fault gouge zone
in the immediate footwall of the Eastern Vardar ophiolites, con-
taining large blocks of the Sava turbidites. Observation point P10;
d) Local geological map of the Kragujevac area with the segment
of the fore-arc basin along its eastern margin and contact with
the Miocene sediments of the Pannonian Basin; e) Vertical bed-
ding in the Upper Cretaceous Sava trench turbidites of the Rudnik
Formation in the immediate footwall of the Stragari Thrust. Ob-
servation point P10; f) Highly fractured Upper Jurassic mud-
stones at observation point P11 (coordinates 20°81°27"E,
44°07°01”N); g) Berriasian-Hauterivian sandstones and lime-
stones at observation point P12 (coordinates 20°80°97"E,
44°06'84"'N); h) Barremian-Aptian deep water “para-flysch” se-
quence at observation point P13 (coordinates 20°80°67"E,
44°06°82"N); i) Albian-Cenomanian sequence of the fore-arc
“para-flysch” at observation point P14 (coordinates 20°80°33"E,
44°06°53”N). Inset shows in detail the repeatable character of the
“para-flysch” lithological sequences; j) Turonian-Santonian lime-

stones of the fore-arc basin at observation point P15 (coordinates
20°80°38"E, 44°08°74"N).
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(DiMITRIJEVIC & DIMITRIJEVIC, 2009). The “para-flysch”
type of sedimentation is characterized by Lower Cre-
taceous to Cenomanian cyclic shelf and slope de-
posits (Figs. 5 and 6). The initial Berriasian-Ha-
uterivian coarse-clastic transgressive sequence (Fig.
5g) is deposited on the highly deformed Upper Juras-
sic mudstones (Fig. 5f). These are followed by the
Valanginian-Aptian distal shelf clastics and proximal
slope turbi-dites (Fig. 5h) indicating gradual deepen-
ing in the central parts of the basin, while the coeval
deposition in shallower parts, along the basin mar-
gins, is made-up of the Urgonian carbonate facies
(Fig. 6). The overlying Albian-Cenomanian sequence
is regressive, dominantly represented by shelf clastics
and shallow-water carbonates (Fig. 5i). The new
Upper Cretaceous transgressive cycle starts with Tur-
onian coarse clastics, which are overlain by platform
carbonates (Fig. 5j). The Campanian-Maastrichtian
deposition is represented by basal coarse clastics and
shallow water sequences, replaced upwards by the
distal turbidites (Fig. 6, see also ToujiC et al., 2018).

Discussion and
conclusions

During the latest Cretaceous-Paleogene Adria-
Europe continental collision, the Lower to Upper Cre-
taceous syn-contractional turbidites from the former
Sava subduction trench were highly deformed and in-
corporated into a system of WSW-vergent in- to- out-
of-sequence thrusts (Ustaszewskli et al., 2010). The
same pattern of deformations associated with the
collision can be recognized across the entire Adria-
Europe convergence zone in central Serbia, affecting
to a different extent all Cretaceous sedimentary
basins and their underlying basement on both conti-
nental margins (StojapiNovic et al., 2022). Therefore,
to highlight the differences between various Creta-
ceous sedimentary sequences across the Adria-Eu-
rope convergence zone, it is necessary to associate
the effects of earlier, pre-collisional tectonic events
with the evolution of Cretaceous basins developed on
the two converging continental margins. While the
Cretaceous sedimentation on the entire Adriatic con-
tinental margin was associated with an overall con-
traction, which led to the progressive subsidence

Geol. an. Balk. poluos., 2023, 84 (1), 65-74
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towards the end of the Cretaceous (Fig. 6), the fore-
arc basin on the European continental margin dis-
plays three depositional cycles during the Early
Cretace-ous-Cenomanian, Turonian-Santonian, and
Campanian-early Paleogene (see TouiC et al,, 2018),
reflecting three stages of deformation, contraction,
extension, and ultimately contraction again during
the Adria-Europe collision (Fig. 6).

The latest Jurassic—earliest Cretaceous obduction
of the Vardar Ocean resulted in the emplacement of
a ~180 km long, top-to-W oriented thrust sheet of
ophiolites over the pre-obductional Mesozoic sedi-
mentary basins in the Internal Dinarides (Fig. 6, the
Western Vardar Ophiolitic Unit, ScHmip et al.,, 2008,
see also PorkoLAB et al,, 2019). Contrarily, the effects
of the latest Jurassic—earliest Cretaceous obductional
event on the European continental margin are pre-
dominantly recognized in the top-to-E thrusting of
significantly smaller segments of Vardar ophiolites
over the Triassic-Jurassic sedimentary cover of the
Europe-derived continental basement (see MALES et
al.,, this issue). Consequently, since the Berriasian, the
fore-arc basin on the European margin displays con-
tinuous Lower Cretaceous deposition associated with
regional contraction, while the Western Vardar ophi-
olites overstepping sequence starts only in the Al-
bian-Cenomanian, marking the onset of Late Cre-
taceous transgressive depositional cycle over the dis-
tal margin of the Internal Dinarides (Fig. 6). Further-
more, the Albian-Cenomanian sequence over the
European margin is regressive (Fig. 6), marked by the
unconformity across the entire forearc basin, which
was driven by the shortening during the continental
collision in the neighbouring Carpathians (see
KRSTEKANIC et al., 2017).

Following the latest Jurassic-earliest Cretaceous
obduction of the Vardar ophiolites, the renewed
Early Cretaceous Europe-dipping subduction led to
the deposition of turbidites in the Sava subduction
trench (Figs. 2a and 6). The retreating and steepen-
ing of the subducting slab during the Turonian-San-
tonian times triggered syn-subductional extension
in the fore-arc on the European continental margin
(Tovji¢ et al.,, 2018) and accelerated subsidence
along the entire continental Adriatic margin, includ-
ing the Sava subduction trench and the basin in the
Internal Dinarides (Figs. 2b and 6). Furthermore,
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the Late Cretaceous extensional episode in the
upper plate of the Sava subduction system was as-
sociated with syn-depositional bimodal magmatism,
which was restricted in space to the fore-arc basin
and can be traced along the entire European conti-
nental margin (see ToujiC et al., 2020).
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Peszume

TeKTOHCKO-A€eno3uiiuoHa eBoJIyLiHja
CeBepouCTOYHe MapruHe /luHapuaa
TOKOM KpeJHe KOHBepreHiuje Aapuje
U EBpone

[ln/b oBOT pajaje fedpMHUCAKE KPUTEPHUjYMa 3a
KopeJslalyjy KpeAHUX CeJUMEHTHHUX CEKBEHIIH, Koje
Cy JlellIOHOBaHe y 6aceHWMa YK CEBEPOUCTOYHOT
o6oaa [luHapuaa. CeauMmeHTanvja y KpeHUM bGace-
HUMa CEBEPOMCTOYHUX JIlMHApUAa KOHTPOJIHMCaHa
je cyo4yKILIMjOM OKeaHCKe siuTocpepe HeoTeTuca,
KOja ce Hajla3uJia u3Mehy KOHTUHEHTAaJ/JIHUX Mapru-
Ha jeJMHULA aJIPHUJCKOT U eBPOIICKOT apMHUTETA
(CaBa cyOayKLMOHU cucTeM, SCHMID et al., 2020).
KpeaHa ceguMeHTaldja y OKBUPY TOpH€ MJoye
CaBa CyOAyKLMOHOI CHMCTeMa O/iBUjaJjia Ce y HC-
npeaJiydHoM 6aceHy pOpMUPAHOM Y PPOHTAJIHUM
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JleJIOBUMa aKTHBHE €eBPOIICKE KOHTHHEHTAJIHe
mapruHe (ToLji€ et al., 2018). KpeagHa cegumeHTa-
[IUja Y OKBUDPY Aomwe 1oye CaBa CyOAYKIIMOHOT
CUCTEeMa YKJ/by4yje KaKo JlelloHaTe KpeJAHOoTr baceHa
pPa3BHjEHOT MIPEKO MaCUBHE MapruHe YHYTPallIlbUX
JAuHapuga, Tako U cefUMeHTe AennoHoBaHe y CaBa
CyOAYKIIMOHOM TpeHYy (STOoJADINoVIC et al., 2022).
TokOM KacHOKpeagHO-MaJieoreHe KOHTUHEHTAaJIHe
KoJsin3Uje Afgpuje U EBpone, KpeHU CUH-KOHTpPaK-
HUOHU TypouauTHU CaBa CYyOAYKLMOHOI TpeHYa
YKJOIJbEHU Cy Yy CUCTEM 3amnajiHOo-jyro3amnajgHo
BEPreHTHUX PeBEePCHUX pacesa U HAaBY4YeHH PEKOo
KpeJJHOT CEJUMEHTHOT MTOKPOBA MaCUBHE MapruHe
HAuHapuga. Uctu tun gedopmaiidja M3a3BaHHUX
KOJIU3U)OM 3aCTYIJbeH je Ay YUTaBe 30He KOH-
BepreHiuje Aapuje v EBporne y ieHTpa/iHOj CpOuUjH
U MOXe Ce, Y pa3JIM4YUTO] MepH, NMpPeno3HaTH y
KpeJHUM CeJUMEHTHUMA U JeJUHHULlaMa ¥ HbUXO0BO]
[MOJAWHU Ha 00e KOHTUHEHTaJIHe MapruHe. Ctora je,
KaKo OM ce UCTaKJie pa3JjiuKe y KpeJJHUM CeJUMEHT-
HHUM CeKBeHLlaMa Ha KOHTUHEHTaJIHUM MapruHama
EBpornie u Afpuje, HEONXOAHO JiePUHHUCATH ePeKTe
PaHUjUX, IPe-KOJIU3UOHUX TEKTOHCKHUX Jorahaja Ha
eBOJIYLIU]y KpeJHUX 6baceHa GOpMUPAHUX YK [Be
Cydye/beHe KOHTHUHEeHTa/IHe MapryuHe. /oK je KpeaHa
ceiIUMeHTalM]ay JOMeHY YATaBe a/IpH)CKe KOHTH-
HeHTaJ/IHe MapruHe KOHTPOJIMCaHa KOHTPAKLHU]OM
U KOHTUHYUPAHOM CYNCHUAEHIIU]OM, UCTIPpeAJIyYHHU
baceH Ha eBPOINCKO] KOHTHHEHTAJIHO] MapruHU
IPOILIA0 je KPOo3 TPH [AeN0o3UILlMOHAa UKJIyCa TOKOM
JI0Kbe Kpee 0 LleHOMaHa, TYPOH-CaHTOHAa U KaM-
MaHa A0 CTapujer najeoreHa, Koju cy 0MJiki KOHTPO-
JIACAHU KOHTPAKILHJOM, EKCTEH3U]OM U PUHAJIHOM
KOHTPAaKI[MjOM TOKOM KoJiM3Hje EBporie u Afpuje.

Tokom 006ayKLMje cerMeHaTa BapgapcKor okea-
Ha Ha npeJsa3y U3 jype y Kpeay, oko 180 km ayra,
3amna/iHO-BepreHTHA, HaBJaKa 0 U OJIUTA IJIacUupa-
Ha je MpeKo npe-o6YKIUMOHUX Me3030jCKHUX CeH-
MEHTHUX 06aceHa y yHyTpallwkbuM JlMHapuauma
(3amagHO-BapAapCcKu O@QHOJMMTHU, SCHMID et al,
2008, PorkoLAB et al., 2019). HacympoT ToMe,

74

epeKTH 00yKLMje BapJapcKor oKeaHa Ha eBpOIl-
CKY KOHTUHEHTAJ/IHY MapruHy yrJlaBHOM Ce Mpemno-
3HA)y Y QOpMHUpawy UCTOYHO-BEPreHTHHUX pe-
BEpPCHUX pacena, AYX KOJUX Cy 3HA4YajHO MambH
CerMeHTHU OPHOJIMTA IJIACUPAHU IPEKO TPHUJACKO-
JYPCKOT CeAUMEHTHOT IMOKPOBA KOHTHUHEHTAJIHUX
jequHULle eBpoIlickor apuHuTeTa (MALES et al,
2023). ¥ ckJyaay ca TUMe, MMo4YeB 0f Oepujaca,
UCIIpeaJIYYHH 6aceH Ha eBPOIICKOj MAPTUHHU O/JIU-
Kyje KOHTUHYHpaHa [el03Ul[HMja TOKOM JOHe Kpe-
Jie, oK ‘over-step’ cekBeHl1la 3anagHo-BapgapCcKUX
0(UOJIMTA, KOja 03HAa4YaBa [104YeTaK rOpHe-KpeJHOor
TPaHCTPECUBHOT LIUKJIyCa y YHYTpallkbuMm JluHapu-
JIMMa, HacTaje TeK I1o4YeB 0/] a/10-1jeHoMaHa. [lopen
TOra, aJb-LleHOMaHCKa CeKBeHIla Ha €eBPOIICKO]
KOHTUHEHTAJ/JIHO] MapruHU je perpecuBHa, Kapa-
KTepUucaHa JUCKOPJAAHIIU]OM ¥ YATABOM UCOpE/-
JIyYY4HOM 0OaceHy, KoOja je KOHTpPOJIMCaHa KOHTH-
HEHTAJHOM KOJIM3UjOM Yy cyceaHUM KapnaTtuma
(KRSTEKANIC et al., 2017).

HakoH o0 yKIMje Ha npeJia3y U3 jype Yy Kpeay,
0OHOBJbEHA CYyOAYKIMja Aapuje noxa Espony y
A0H0] Kpeau pe3y/aTUpasia je AelOo3ULlUjOM TYp-
ouauTa y CaBa cyoAyKIIUOHOM TpeHYy. [loB/1ayewe
Cyo6ayKyjyhe njioye TOKOM TYPOH—-CAaHTOHA JJOBEJIO
je 0O CUH-CYOAYKLHMOHE EeKCTeH3Wje y HCIpe/-
JIyYY4HOM 0OaceHy Ha eBPOIICKOj] KOHTHUHEHTAJIHO]
mapruHy (ToujiC et al., 2018) u go ybp3aHe cyii-
CULEHLH]e Ay YATAaBe a[|pUJCKe KOHTHUHEHTa/He
MapryuHe, ykpydyjyhu CaBa cyOayKILMOHU TPEHY U
baceH y yHyTpalwiwkuM JuHapuauma. Takobe,
ropwe-KpeiHa eKCTeH3M0Ha enu3oZia y OKBUPY
ropwe nioye CaBa CyoAyKIIMOHOT CUCTEMA A0BeJIa
je U 40 IojaBe CHUH-AeNo3UIMOHOTI OMMOJAaJJIHOT
MarmMaTu3Ma, KOJjU je IMPOCTOPHO OrpaHU4YeH Ha
JIOMEH UCIpeAJIyYHOT 6aceHa, U MOKe Ce MPaTUTH

Ay 4MTaBe eBPOINCKe KOHTUHEHTA/IHe MapruHe
(Touji¢ et al,, 2020).
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