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Review paper 
TipernenHu pan 

Tectono-sedimentary evolution of the NE 

Dinarides margin during the Cretaceous 

Adria-Europe convergence 

UROoš STOJADINOVIĆI & NEMANJA KRSTEKANIĆ! 
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KujbyuHe peuu: 

KoH6epozeHuuja Aopuje u Eapone, 

Casa cy00ykuuoHu cucmeM, 

KpeOHa cuHmekmoHcka 

cedueHmauuja. 

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 ofthe active European con- 

tinental margin. The Cretaceous sedimentation in the lower Adria plate do- 

main ofthe Sava subduction system includes sediments depositedin 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 

ofdeformation, contraction, extension, and ultimately contraction again during 

the Adria-Europe collision. 

AncrpakT. KpenHa cenHMeHranuja /yK ceBepoHcTouHor o0o/La /lHiHapnana 

o/BHjajta ce y OaceHHMa JIOLHpaHHM H3Ha/l CaBa cy0O/lyKILHOHe 30He, Koja ce 

Hajta3HJia H3Meby KOHTHHeHTaJIHHX jen[HHHIa a/lpHjCKOr H eBpOHCKOT ad)H- 
HHTeTa. KpeniHa cenHMeHTauHja Ha rOpMoj njioOuMH CaBa CyOJlyKUMOHOT 

cHcTeMa o/JiBHjajta ce y HcnpeyiIyuHOM OaceHy, Koje je popMHpaH y QbpoH- 

TaJIHHM /leJ!OBHMa aKTHBHe eBpOTIICKe KOHTHHeHTaJIHe MaprHHe. Kpe,nHa 

ce,\HMeHTauHja y J(OMeHy /IOM=e, a/ipHjcKe, njioMe CaBa cyO,lyKUHOHOT 
cHCTeMa yKJbyuyje KaKo nenoHaTe GaceHa pa3BHjeHor Ha TnacHBHOj MaprHHH 

/\HHapuaa, Tako H nenoHaTe CaBa cyO,lyKuHoHor TpeHua. /lok je KpejHa 

ce,MMeHTauHja y JOMeHy uHTaBe apHjCKe KOHTHHeHTaJIHe MaprHHe 

KOHTPpOJIHCaHa KOHTpaKIHjOM H KOHTHHyHPpaHOM CyTICH/leHIIHjOM, HcrIpe/i- 

JiyaHH OaceH Ha eBpOTICKOj KOHTHHeHTaJIHOj MaprHHH Iipolmao je Kp03 TpH 
neno3HuHoHa IHKJIyCa TOKOM /lOMb6 Kpe/ne /(0 leHOMaHa, TypoOH-CaHTOHa H 

KaMmaHa JO cTapHjer maeoreHa, KoOjH Cy OMHJIH KOHTpOJIHCaHH KOH- 

TpaKNHMHjOM, eKCTeH3HjOM H (Q)MHaJIHOM KOHTPpaKINMjOM TOKOM KOJIH3Hje 

Eppone H Aaptje. 

1University of Belgrade, Faculty of Mining and Geology, Djušina 7, 11000 Belgrade, Serbia. E-mail: uros.stojadinovicoorgf.bg.ac.rs 
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Introduction 

The Cretaceous sedimentation in basins situated 

along the northeastern margin ofthe Dinarides Oro- 

gen (Fig. 1) was controlled by the subduction ofthe 

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 ofthe Sava subduction 

system took place in a fore-arc basin, which was de- 

veloped in frontal parts of the active European con- 

tinental margin {ToLJjić et al.,. 2018). The Cretaceous 

sedimentation in the lower Adria plate domain of 

the Sava subduction system includes sediments de- 

positedin the basin developed over the passive con- 

tinental margin of the Internal Dinarides and the 

sediments deposited in the Sava subduction trench 

{STOJADINOVIC et al., 2022). The early stages ofthe lat- 

est Cretaceous-Paleogene Adria-Europe continental 

collision along the Sava Zone {USTASZEWSKI 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 KRSTEKANIĆ 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 STOJADINOVIC 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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Tectono-sedimentary evolution of the NE Dinarides margin during the Cretaceous Adria-Europe convergence 

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 ofthe 

very few regions where Cretaceous sediments are 

largely exposed and are less affected 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. (FiLIPoviIć et al., 1976; BRKković et al., 1979; 

OBRADOVIĆ, 1987; DIMITRIJEVIĆ & DIMITRIJEVIĆ, 2009; 

DJERIĆ & GERZINA, 2014; ToLJIć et al., 2018; BRAGINA et 

al., 2020; STOJADINOVIC et al., 2022; BRADIĆ-MILINOVIĆ 

et al., 2022). 

Geodynamic evolution ofthe 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 DIMITRIJEVIĆ, 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 ofthe 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 TonJIć et al.. 2018, 2020) and accelerated 

subsidence in the Adriatic lower plate domain ofthe 

Sava subduction system. This led to the W-ward mi- 

Geol. an. Balk. poluos., 2023, 84 (1), 65-74 

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 

pr W 
Eary Cretaceous. 
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Fig. 2. Conceptual sketch (not to scale) ofthe Adria-Europe con- 

vergence zone evolution in central Serbia during Cretaceous- 

Miocene times {modified after STOJADINOVIC et al., 2022): a) The 

Early Cretaceous E-ward subduction ofthe 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 ofsegments ofthe 

inherited thrusts and exhumation oftthe Adria lower plate. 
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Internal Dinarides margin (Figs. 2c, 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 STOJADI- 

NOVIC et al., 2022). The subsequent Oligocene-Mio- 

cene extension reactivated segments ofthe inherited 

thrusts and exhumed the lower Adria plate along a 

series of extensional detachments (Fig. 2f, see also 

MATENco & RAapivoJEvIĆ. 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 oftthe 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 ofthis 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 DJERIĆ & 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; BRADIĆ-MILINoVIĆ 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 ofthe Ljig For- 

mation are thrust on top of the Santonian-Campanian distal 

slope of the Dinarides margin along the Rajac Thrust (modified 

after BRADIĆ-MILINOVIĆ 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 BRADIć-MiniNovIĆ 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%6'2”E, 

44%2'1”N). 

Geol. an. Balk. poluos., 2023, 84 (1), 65–74.



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

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, 5a, 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; STOJADINOvIC et al., 2022). These 

sediments were gradually accreted to the upper plate 

asan 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 ofthe 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 ofthe Ljig 

Formation {Figs. 4a-c, and 6; STOJADINOvVIC et al., 2022). 

The process culminated duringthe 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, OBRApnović, 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 ofthe Sava subduction system 

indicate three deposition cycles during Early Creta- 

ceous-Cenomanian, Turoni-an-Santonian, and Cam- 

panian-Maastrichtian (see ToLJIĆ 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 

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 ofthe 

Ljig Formation along the Boljkovci Thrust {modified after STOJADI- 

NOVIC et al., 2022); b) Southwest-vergent overturned fold in the 

Campanian turbidites ofthe 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); c) Normal bedding with 

cleavage in the Upper Cretaceous marls and mudstones ofthe 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 ofthe Boljkovci in the footwall ofthe Rudnik Thrust. Bed- 

ding in g is observed at point P6 (coordinates 20%8'15”E, 

44%09'40”N), while h and i are located tens of meters apart at 

point P7 (coordinates 20%8'27”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%9'69"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%1'78”E, 44"08'37”"N). 
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oPEtropaan margin 
Eastom Varcar ophiohtosı 
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M normal fault 

late Crotacecust vis 

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 STOJADINOVIC 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%7'98”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 blochs ofthe Sava turbidites. Observation point P10; 

d) Local geological map ofthe 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 ofthe 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%1'27”E, 

44"%07'01”"N); g) Berriasian-Hauterivian sandstones and lime- 

stones at observation point P12 ({coordinates 20%0'97”E, 

44"06'84”"N); h) Barremian-Aptian deep water “para-flysch” se- 

quence at observation point P13 {coordinates 20%90'67”"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 ofthe 

“para-flysch” lithological sequences; j) Turonian-Santonian lime- 

stones ofthe fore-arc basin at observation point P15 (coordinates 

20%80'38”E, 44%08'74”N). 
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{DIMITRIJEVIĆ & DIMITRIJEVIĆ, 2009). The “para-flysch” 

type ofsedimentation 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 ToLJIć et al., 2018). 

Discussion and 

conclusions 

During the latest Cretaceous-Paleogene Adria- 

Europe continental collision, the Lowerto Upper Cre- 

taceous syn-contractional turbidites from the former 

Sava subduction trench were highly deformed and in- 

corporated into a system of WSW-vergentin- to- out- 

of-sequence thrusts {USTASZEWSKI et al., 2010). The 

same pattern of deformations associated with the 

collision can be recognized across the entire Adria- 

Europe convergence zonein central Serbia, affecting 

to a different extent all Cretaceous sedimentary 

basins and their underlying basement on both conti- 

nental margins {STOJADINOVIC 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 ToLJIć 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 

ofthe 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, SCHMID et al., 2008, 

see also PORKOLAB et al., 2019). Contrarily, the effects 

ofthe 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 MALEŠ et 

al., thisissue). 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 marrgin 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 

KRSTEKANIĆ 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 ofthe subducting slab during the Turonian-San- 

tonian times triggered syn-subductional extension 

in the fore-arc on the European continental margin 

({Touić 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 ToLJIć et al., 2020). 

Acknowledgments 

This study was supported by the Ministry of Educa- 

tion, Science and Technological Development of the Re- 

public of Serbia (Contract no. 451-03-68/2022-14/ 

200126). The authors acknowledge the excellent com- 

ments and suggestions of HAZIM HRVATOVIĆ and IOAN 

MUNTEANU that significantly improved the original version 

ofthe manuscript. 

References 

BRAGINA, L.G., BRAGIN, N.YU., KoOPAEVICH, L.F., DJERIĆ, N. & 

GERZINA SPAJIĆ, N., 2020. Stratigraphy and Microfauna 

(Radiolarians and Foraminifera) of the Upper Creta- 

ceous (Upper Santonian-Lower Campanian) Carbon- 

ate Deposits in the Area of Struganik Village, Western 

Serbia). Stratigraphy and Geological Correlation 28 

(1): 65–87. 

BRKoVvić, T., RADOVANOVIĆ, Z. & PAVLović, Z. 1979. Osnovna ge- 

ološka karta SFRJ 1:100.000. List Kragujevac [Basic Ge- 

ological Map of Former Yugoslavia 1:100,000. Sheet 

Kragujevac – in Serbian]. Savezni geološki zavod, 

Beograd. 

DIMITRIJEVIĆ, M.D. 1997. Geology of Yugoslavia. Geological 

Institute Gemini, Special Publications, 1–187, Bel- 

grade. 

DIMITRIJEVIĆ, M.N. & DIMITRIJEVIĆ, M.D. 2009. The Lower Cre- 

taceous paraflysch of the Vardar zone: composition 

and fabric. Geološki anali Balkanskoga poluostrva, 70: 

9-21. 

DJERIĆ, N. & GERZINA, N. 2014. New data on the age of an 

Upper Cretaceous clastic-carbonate succession in 

Brežđe (Western Serbia). Geologia Croatica, 67 (3): 

163–—170. 

BRADIĆ-MILINOVIĆ, K., DJURIĆ, D., DJERIĆ, N., PETROVIĆ, 1., 

KRSTEKANIĆ, N. & STOJADINoVIĆ, U. 2022. First record of 

the fossil fish (Enchodontoidei Actinopterygii) in the 

Geol. an. Balk. poluos., 2023, 84 (1), 65–74



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

Struganik quarry in western Serbia. Geološki anali 

Balkanskoga poluostrva, 83 (2): 1–8. 

FILIPovIĆ, l., PAVLOVIĆ, Z., MARKović, B., RODIN, V., MARKOVIĆ, 

0., GAGIĆ, N., ATIN, B. & MILIĆEVIĆ, M. 1976. Osnovna ge- 

ološka karta SFRJ 1:100.000. List Gornji Milanovac 

[Basic Geological 

1:100,000. 

Savezni geološki zavod, Beograd. 

KRSTEKANIĆ, N., STOJADINOVIĆ, U., KosTić, B. & ToLJić, M. 2017. 

Internal structure ofthe Supragetic Unit basement in 

Map of Former Yugoslavia 

Sheet Gornji Milanovac – in Serbian]. 

the Serbian Carpathians and its significance for the 

late early cretaceous nappe-stacking. Geološki anali 

Balkanskoga poluostrva, 78: 1–15. 

KRSTEKANIĆ, N., MATENCO, L., ToLJIĆ, M., MANDIĆ, O., 

STOJADINOVIĆ, U. & WILLINGSHOFER, E. 2020. Understand- 

ing partitioning of deformation in highly arcuate oro- 

genic systems: Inferences from the evolution of the 

Serbian Carpathians. Global and Planetary Change, 

195: 10.1016/j.gloplacha.2020.103361. 

MALEŠ, M., RANDJELOVIĆ, N., KRSTEKANIĆ, N., KosTIć, B., ĆIRIĆ. 

N. & STOJADINoOvIC, U. 2023. New insights into tectonic 

relations between the Eastern Vardar Ophiolites and 

Serbomacedonian Units: Inferences from a microtec- 

tonic study in central Serbia. Geološki anali Balkan- 

skoga poluostrva. Submitted. 

MATENco, L. & RADIVOJEVIĆ, D. 2012. On the formation and 

evolution of the Pannonian Basin: Constraints derived 

from the structure of the junction area between the 

Carpathians and Dinarides. Tectonics, 31: TC6007. 

OBRADoOVIĆ, J. 1987. Flysches of Šumadija. In: DIMITRIJEVIĆ, 

M.N. & DIMITRIJEVIĆ, M.D. (Eds.). The Turbiditic Basins 

of Serbia. Serbian Academy of Sciences and Arts 

Monographs, DLXXVI, Department of Natural and 

Mathematical Sciences, 61: 129-154. 

POoRKOLAB, K., KOvER, S., BENKO, Z., HEJA, G.H., FIALOWSKI, M., 

Soos, B., GERZINA SPAJIĆ, N., ĐERIĆ, N. & FopoR, L. 2019. 

Structural and geochronological constraints from the 

Drina-Ivanjica thrust sheet (Western Serbia): impli- 

cations for the Cretaceous-Paleogene tectonics of the 

Internal Dinarides. Swiss Journal of Geosciences, 112: 

217–34. 

SCHMID, S., BERNOULLI, D., FUGENSCHUH, B., MATENCO, L., 

SCHEFER, S., SCHUSTER, R., TISCHLER, M. & USTASZEWSKI, K. 

2008. The Alpine-Carpathian-Dinaridic orogenic sys- 

tem: correlation and evolution oftectonic units. Swiss 

Journal of Geosciences, 101 (1): 139-183. 

SCHMID, S.M., FUGENSCHUH, B., KouNov, A., MATENCO, L., NIEV- 

Geol. an. Balk. poluos., 2023, 84 (1), 65–-74 

ERGELT, P., OBERHANSLI, R., PLEUGER, J., SCHEFER, S., SCHUS- 

TER, R., TOMLJENOVIĆ, B., USTASZEWSKI, K. & VAN HINSBER- 

GEN, D.J.J. 2020. Tectonic units of the Alpine collision 

zone between Eastern Alps and western Turkey. 

Gondwana Research, 78: 308–374. 

STOJADINOVIC, U., KRSTEKANIĆ, N., MATENco, L. & BOGDANOoVIĆ, 

T. 2022. Towards resolving the kinematics of Creta- 

ceous Adria-Europe convergence in reconstructions: 

inferences from a structural study in a critical Dinar- 

ides area. Terra Nova, 34: 523-534. 

ToLJIć, M., MATENCO, L., STOJADINOVIĆ, U., WILLINSHOFER, E. & 

LJUBOVIĆ-OBRADOVIĆ, D. 2018. Understanding fossil fore- 

arc basins: Inferences from the Cretaceous Adria-Eu- 

rope convergence in the NE Dinarides. Global and 

Planetary Change, 171: 167–184. 

ToLJić, M., TRBIĆ-GLAVAŠ, B., STOJADINOVIC, U., KRSTEKANIĆ, N. 

& SREĆKOVIĆ-BATOĆANIN, D. 2020. Geodynamic interpre- 

tation of the Late Cretaceous syn-depositional mag- 

matism in central Serbia: inferences from biostrati- 

graphic and petrological investigations. Geologica 

Carpatica, 71 (6): 526–538. 

USTASZEWSKI, K., KOUNov, A., SCHMID, S.M., SCHALTEGGER, U., 

KRENN, E., FRANK, W. & FUGENScHUH, B. 2010. Evolution 

of the Adria-Europe plate boundary in the northern 

Dinarides: From continent-continent collision to 

back-arc extension. Tectonics, 29: TC6017. 

PeaHMe 

TeKTOHcKo-Jreno3HIIHOHa eBojJIyIHja 
ceBepouHcTouHe MapruHe /luHapu/aa 
TOKOM KPpe/IHe KOHBepreHiiuje Ajipuje 
u EBpone 

IlJb oBor paja je nebiHHcaMbe KpHTepHjyMa 3a 

KopejtanuiHjy Kpe/(HHX ce/!HMeHTHHX CeKBeHII, Koje 

cy RnenoHoBaHe y GaceHHMa /y?)K CeBepoHCTOuHOF 

o0onna /laHapuiana. Ce/iMeHTanuja y Kpe/JHHM Gace- 

HHMa ceBepoHcTouHHx /luHapuH/la KoHTpojtHcaHa 

je cyOnyKuMHjoM oKeaHcke JıiHToOcQepe HeoreTuHca, 

Koja ce HaJta3Hy1a H3Meby KOHTHHeHTaJIHHX MaprH- 

Ha jenuHHuHia a,lpHjckor H eBponcKor abHHHTeTa 

(CaBa cyOlyKNHOHMH CHCTeM, SCHMID et al., 2020). 

KpenHa cenHMeHTanHja y OKBHpy ropbe njioue 

CaBa cyO,lyKnuMOHor cHcTeMa OJIBHjaJIa ce y HC- 

ripeyu!yuHOM OaceHy 0OpMHpaHOM y 0poHTaJIHHM 
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eJOBHMa aKTHBHe eBPpOHNCKe KOHTHHeHTaJIHe 

MapruHe [ToLjić et al., 2018). KpeniHa cenHMeHTa- 

uMja y OKBHPpy /lOMbe IInOdMe CaBa cyOyKNUHOHOFr 

cHcTeMa yKJbyuyje KaKko nenoHaTe Kpe/iHor OaceHa 

pa3BHtjeHor npeKo nacHBHe MaprHHe yHyTPpa1lIH5HX 

/l\uHapunna, Tako H cenHMeHTe JlemlOHOBaHe y CaBa 

CyOJlyKUHOHOM TpeHuy [STOJADINOVIC et al., 2022). 

TOKOM KaCHOKPe/IHO-IIaJIeOreHe KOHTHHeHTaJIHe 

KojmHaHje AJjpuje H EBpone, Kpe/lHH CHH-KOHTDpaK- 

uMOHH TypOMnMmHTH CaBa cyOlyKHMOHOrT TpeHua 

yKJIOIIUbeHH Cy y CHCTeM 3amajHoO-jyro3ama/Ho 

BepreHTHHXx peBepcHHXx pace/na H HaByueHH IIpeKO 

Kpe/iHor ce//HMeHTHOT IIOKpOBa IaCHBHe MaprHHe 

/lMHapunma. HcrH THn neQbopMauHja H3a3BaHHX 

KOJIH3HJOM 3acCTyIIJbeH je JIy)X uHTaBe 3OHe KOH- 

BepreHuuje Anpuje H EBpone y neHTpajiHoj CpOujH 

H MO)Ke ce, y pa3nHuHTOj MepuH, npenmo3HaTH y 

KpeJIHHM cej|lHMeHTHMa H jenHHHIlaMa y XOBOj 

THIO1HHH Ha 00e KOHTHHeHTaJIHe MaprHHe. Crora je, 

KaKo Ou ce HcTakKJte pa3J1HKe y Kpe/\IHHM Ce/|HMeHT- 

HHM CeKBeHIIaMa Ha KOHTHHeHTaJIHHM MaprHHaMa 

Eppone H Aanputje, Heonxo/iHo nebHHHcaTuH ebekTe 

paHHjHxX, npe-KoJIH3HOHHX TeKTOHCKHX JUorabaja Ha 

eBoj!y1uHjy KpenHHx GaceHa 0opMHpaHHx / J\Be 

cyueJbeHe KOHTHHeHTaJIHe MaprHHe. /lok je KpennHa 

cenuiMeHrTaliHja y JoMeHy uHTaBe a/lipHjCKe KOHTH- 

HeHTaJIHe MaprHHe KOHTPpOJIHCaHa KOHTPpaKIIHjOM 

H KOHTHHyHPpaHOM CyTICHJleHIIHjOM, HcIIpe/UIyuHH 

GaceH Ha eBDpOHNCKOj KOHTHHeHTaJIHOj MaprHHH 

nipomao je Kpo3 TpH neno3HHHOHa IHKJIyCa TOKOM 

noMe Kpe/ne J0 leHOMaHa, TypoH-CaHTOHa H KaM- 

naHa Jo crapHjer najteoreHa, KojH cy OHJ1IH KOHTpO- 

JIHCaHH KOHTDpaKIIHJOM, eKCTeH3HjOM H OHHaJIHOM 

KOHTPDaKIHJOM TOKOM KojiH3Hje EBpone H Ajipuje. 

TOKOM o0ayKuuje cerMeHaTa Bapnnapckor okea- 

Ha Ha npejta3y H3 jype y Kpe/ly, oko 180 KM Anyra, 

3ana/Ho-BepreHTHa, HaBJIaKa oQbuHojiHTa njiacHpa- 

Ha je ripeKko ripe-00/lyKIHOHHX Me3030jcKHxX ce/lH- 

MeHTHHX OaceHa y yHyTPpaHIMbHM /laHapH/,uHMa 

(3ananHo-BapnapckH oQuHoHTH, SCHMID et al. 

2008, PORKOLAB et al., 2019). HacynpoT ToMe, 
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eQekTu o0nyKnuuje BapnapcKkor oKeaHa Ha eBporm- 

CKy KOHTHHeHTaJIHy MaprHHy yrJ1aBHOM Ce Iipeno- 

3Hajy y (opMMpaMbby HCTOUMHO-BepreHTHHX pe- 

BepcHHX paceđna, /|yxxX KojHX Cy 3HauajHO MaMH 

cerMeHTH OQbHouIHTa IacHpaHH IIpeKo TpHjacKO- 

jypcKor cenzHMeHTHOr IOKpOBa KOHTHHEeHTaJIHHX 

jenHHHme eBpomcKor abpHHHTeTa [MALEŠ et al. 

2023). Y cKnmany ca THMe, noueB OJL OepuHjaca, 

ucripeyuiyuHH GaceH Ha eBpoOTIcKoj MaprHHH O/UIH- 

Kyje KoHTHHyHpaHa Jeno3HHHja TOKOM /|OMbe Kpe- 

ne, noK “over-step' cekBeHIa 3ana/Ho-Bap/lapcKkHX 

odQuojnra, Koja oaHauaBa noueTaK roOpbbe-Kpe/IHOr 

TpaHcrpecHBHOr IIHKJIyCa y yHyTpalıtbHM /laHapH- 

mMa, HacTaje TeK IOueB OJ aJ10-leHOMaHa. IIope/i 

Tora, aJıO-neHOMaHcKa CceKBeHIIa Ha PeBDOTCKOj 

KOHTHHeHTaJIHOj MaprHHH je perpecHBHa, Kapa- 

KTepHcaHa /iHCKOp/laHIIHjOM y uHTaBOM Hcrnpe/I- 

JydHOM OaceHy, Koja je KOHTpOJIHCaHa KOHTH- 

HeHTaJIHOM KOJIH3HjJOM y CyceMHHMM KapnaTHMa 

{KRSTEKANIĆ et al., 2017). 

HakoH o0nyKnuuje Ha npejta3y H3 jype y KpeJMy, 

OOGHoBJbeHa cyOyKmMja Anpuje nom EpBpomy y 

noMbo0j Kpe/liH pe3yarrHpaja je neno3HIMHjOM Typ- 

OunBrTa y CaBa cyOlyKLHOHOM TpeHuy. IlloBynauebbe 

cyOnyKyjyhe njtoue TOKOM TypOH-CaHTOHa /lOBeJIO 

je no cHH-cyOmyKuMHoHe eKcTeH3Hje y MHcnpe/m- 

JyaHOM DaceHy Ha eBDpOTHNCKOj KOHTHHeHTajJIHOj 

MapruHu [ToLjić et al.. 2018) u no yGp3aHe cyn- 

cHaneHnuje Jly)x uHTaBe aJ|pHjCKe KOHTHHeHTaJIHe 

MapruHe, yKujbyuyjyhu CaBa cyOnyKnMOHH TpeHu H 

OaceH y yHyTpaHmIbHM /lMHapHnHMa. TaKobe, 

ropbbe-Kpe/iHa eKcTeH3HOHa eH30O/la y OKBHpy 

ropMe njtoue CaBa cyOnyKnuHOoHor cHcTeMa JlOBeJIa 

je H no nojaBe CHH-JemnO3HHHOHOT OHMOJIaJIHOT 

MarMaTH3Ma, KojH je IpOCTOpHO orpaHHueH Ha 

Mn\oMeH HcripeyunyuHor OaceHa, H Mo:Ke ce IIpaTHTH 

y uHTaBe eBDpOHCCKe KOHTHHeHTaJIHe MaprHHe 

{Toujić et al., 2020). 
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