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Abstract. This paper presents one of the significant results of the research ofProf. Dr. Milodrag Anđelković. The study underlines the first field record pro-viding the evidence of the Upper Cretaceous bimodal magmatism that evetu-ally led towards the definition of the Late Cretaceous “Sava–Vardar Zone” in2002 (PAMić, 2002). Currently, the 20-years old “Sava–Vardar Zone” i.e., theSava Suture Zone regarded as a crustal assembly formerly intervening theamalgamated Adria and south Eurasian affinities. The pioneering field map-ping-based observations contributing the debuted Sava Suture Zone, are inthe underestimated report of Prof. Dr. Milodrag Anđelković, presenting his ob-servations of the typifying Late Cretaceous bimodal magmatism (published in1973 in the regional XiX-century established journal „Annales geologiques de
la peninsule Balkanique”; Title: “Геологија мезозоика околине Београда”,translated: The geology of Mesozoic assembly: vicinity of the Belgrade area).in that time, during early 1970’s, the entire geoscience community of formerYugoslavia for a long time denying any Late Cretaceous magmatism within theVardar Zone, offering a counterargument grounded onto the geosyncline tec-tonic fra mework.The 1973 paper was published much prior the constraints on the Late Creta-ceous bimodal magmatic intrusions, discussed as the “Peri Adriatic Sava mag-matic arc” or Peri Adriatic Lineament, but only three decades later. TheAnđelković’s 1973 report represents the first published record, interpretinga number of the Late Cretaceous bimodal magmatic mini-occurrences distribu -ted in the modern-day Sava Suture Zone belt. Despite using the previous tec-tonic model, the often-neglected descriptions of the Jurassic–Late Cretaceousbiostratigraphy and their spatial relationship with the confined magmatic enti -ties, allow the important correlation of a number of Late Cretaceous small-scale basins, positioned to the northwest (Bosnia & Herzegovina, Croatia), andto the south of Belgrade (Central Serbia, North Macedonia). The understandingof this suture zone, bending in the vicinity of Belgrade, is of primary impor-tance, providing the characterization of the terminal Alpine collisional mecha -nism in the area.
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Апстракт. У овом прегледном раду, посебна пажња је посвећена једнојод најважнијих, али често занемарених регионално-геолошких достиг-нућа проф. др. Милодрага Анђелковића. У својој публикацији „Геологија
мезозоика околине Београда“ објављеној у Геолошким аналима Балкан-



introduction: vardar Zone
& its Sava Suture ZoneThe Vardar Zone s.s.represents a prominent yetmuch debated collisional paleosuture disconnectingAdria from Eurasian affinities (DiMiTriJEVić, 1997;

kArAMATA, 2006; PAMić, 2002; SCHMiD et al., 2008; To -LJić et al., 2018; Fig. 1). The Vardar Zone is a fossilcomposite Neotethyan accretionary agglomeration,comprising the Jurassic ophiolites and the Cretace -ous flysch-bearing sequences (DiMiTriJEVić, 1997;kArAMATA, 2006; see roBErTSoN et al., 2009, SPAHić &
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скога полустрва, ANđELkoVić (1973) истиче по први пут, на просторимабивше СФРЈ постојање горњокредног магматизма који је присутан увеома геолошки комлексној околини Београда. Аутор издваја два типадо тада неутврђених горњокредних догађаја, и дели их на базични и ан-дезитски магматизам. Тек двадесетак година касније, гоњокредну “Сава-вардар зону” издваја PAMić (2002), а преузима SCHMiD et al., (2008, 2020),стварајући нову концепцију геологије и тектонике Балканског полуос -трва, засновану на обједињеним кредним мега-теранима (геолошкиментитетима уобличеним током горњокредног сажимања ових простора).Узимајући у обзир да је давне 1973. године, целокупна геолошка зајед-ница одбацивала било какво постојање горњокредних догађаја, у овомраду се наглашавају ранија достигнућа о тзв. „бимодалном“ горњокред-ном магматизму околине Београда. На жалост, рад ANđELkoVić (1973) сеније узимао у разматрање, током настанка нове идеје о постојању овогкомплексног горњокредно-палеогеног сутурног асемблажа. Уз детаљанпреглед рада ANđELkoVić (1973), у овој публикацији се истиче и развој раз-личитих хипотеза и њихових интерпретација Сава Сутурне Зоне у по-следњих двадесет година. 
Кључне речи.
Сава Зона, Сава Сутурна Зона,
доња Сава Сутурна Зона,
горња Сава Сутурна Зона,
Анђелковић (1973).

Fig. 1. The position of the Sava Suture Zone, intervening the Adria and euroasian tectonic units (inset from Schmid et al., 2008, modi fied). 



GAUDENYi, 2020, for a discussion; Fig. 1). The VardarZone s.s. incorporates the West Vardar Zone (theophiolite-bearing system representing the principalJurassic-aged oceanic segment), and it’s anothercomposite ophiolite-decorated foreland sequence,referred to as the East Vardar Zone (GALLHoFEr et al.,2017; Fig. 1). The West Vardar Zone is separatedfrom the latter foreland by the “Sava-Vardar Zone”,“Sava Zone”, “North Bosnian Zone” (GrUBić, 1980),“Central Vardar Zone” (DiMiTriJEVić, 1997; ToLJić etal., 2019; MárTo et al., 2022) or Sava Suture Zone(SPAHić & GAUDENYi, 2022). The Sava Suture Zone isbest exposed in Bosnia and Herzegovina, Croatia,striking across northern Serbia, Belgrade, CentralSerbia, North Macedonia and Greece (Fig. 1). The 1000 km long Late Cretaceous Sava SutureZone of the composite Vardar Zone represents oneof the highly attractive Tethyan topics, often dis-cussed in the last 10–15 years. Thus, the compositeVardar Zone s.s. intervening the Dinarides/Hel-lenides and south Eurasia, established itself as apolygon for the Plate Tectonic theory, allowing theinterpretations of a number of subducting plates.The upper plate during this collision was the Euro-pean derived units of Tisza ”Dacia” super imposedonto the Adria derived units of the Dinarides. Themost debuted issue is the bimodal igneous UpperCretaceous succession that is unconformably over-lain by Maastrichtian to Paleocene siliciclastics,abundant with ophiolite and acidic rocks detritus.Such configuration suggests reworking of the domi -nantly Campanian magmatics. Another topic of theongoing debates is the tectonic setting itself. The Sava Suture Zone disconnects the Dinarides ofthe Apulia/Adria from the South European foreland,marked by the prominent syn-collisional tubidi te i.e.‘Gosau-type’ flysch-bearing sequence. The Upper Cre-taceous–Paleogene syn-collisional turbidites are char-acterized by the underlying, rather localized extens-ion-driven mini-magma Late Cretaceous system. Another tectonic concept is that the “Sava Zone”,“Central Vardar Zone” is a “relic ocean” of the Neote -thys (kArAMATA et al., 2000; USTASZEWSki et al., 2009,2010; GrUBić et al., 2010; ToLJić et al., 2018, 2021). Be-cause the latter has no documented oceanic crust ofCretaceous age, just recently a renewed oblique pull-apart tectonic model has been proposed (SPAHić &GAUDENYi, 2022). 

The interpretation of the investigated “ocean-re-lated” Late Cretaceous convergent system, evolvedinto the pull-apart system in the fore-arc position(connecting the Sava river, Central Serbia withNorth Macedonia; see SPAHić & GAUDENYi, 2022, andreferences therein), passing a long way from thekoSSMAT’S (1924) “transitional zone”. There are anumber of open issues related to the Vardar Zone,often either neglected or much debated across in-ternational studies:There is an obvious ambiguity revolving aroundthe exact historical moment when the bimodal mag-matics of the Upper Cretaceous age were mappedand outlined for the international inferences. De-spite PAMić (2002) coined the “Sava–Vardar Zone”,this study provides evidence that the bimodal mag-matism as key indicator for the Sava Suture Zone,was introduced much earlier (ANđELkoVić, 1973);The issue of the paleogeographic inheritance ofthe Jadar block: according to DiMiTriJEVić (1997) thisunit belongs to the Vardar Zone, whereas SCHMiD etal. (2008) attributed to“distal Adria plate”;• Number of Jurassic Peri Tethyan oceans andtheir closure times (DiMiTriJEVić, 2001; roBErTSoN etal., 2009; see SPAHić & GAUDENYi, 2020, 2022 for a dis-cussion);• The Alpine vergence of the western Serbo-Mace-donian realm, some authors indicate west-vergentthrusting of the latter onto the East Vardar Zone(rAkić et al., 1976), whereas others are of the opinionthat the East Vardar Zone is upthrusted onto theSerbo-Macedonian Unit during the Early Cretaceous(SCHMiD et al., 2008; MATENCo et al., 2011); • The debated tectonic origin of the hereininvesti gated near-Belgrade bimodal Late Cretaceous(Santonian) magmatism (e.g., ANđELkoVić, 1973; To -LJić et al., 2021);• The constraints on the Sava Suture Zone, i.e., itssubdivision into the “Lower Sava Suture Zone”, andthe “Upper Sava Suture Zone” (which will be alsohighlighted in this study).
A historical overview of the Sava
Suture Zone conceptkossmat’s (1924) “transitional zone” representsa tectonic feature situated between the “Šumadija”
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(modern-day the East Vardar Zone; segment in Ser-bia) and the Eastern Alps (koSSMAT, 1924, in PETkoVić,1958). The term “Vardar Zone” itself is coined bykoSSMAT (1924), working near Vardar river (NorthMacedonia; Fig. 2). The term “Šumadidi” (Central Ser-bia) is referring to a precursor of the modern-day sec-ond intraoceanic East Vardar Zone of the LateJurassic–Early Cretaceous age (Fig. 1), and wascoined by ANđELkoVić (1975a; Fig. 3). This “Šumadidi”zone belongs to the northern segment of the northAlpine segment (inclusive the “Neokomian flysch“;ANđELkoVić, 1975a) and comprises the “Gle dići zone”and the “rudnik zone” (ANđELkoVić, 1984), wherenear-Belgrade Lower Cretaceous facies are mappedas the “paraflysch” (DiMiTriJEVić & DiMiTri JEVić, 2009).The two Cretaceous turbidite belts are separated bythe west-vergent thrust emplacing the lowermost

Cretaceous ‘paraflysch’ sediments in the easternhanging-wall over the typical uppermost Cretaceousturbidites of the Sava Zone (ToLJić et al., 2018). The ongoing rise of the Plate Tectonics theory in1970’s (see kEArEY et al., 2009, for a discussion) in-duced a global debate among geologists, in particular,for followers of the geosyncline framework. The in-triguing Vardar Zone s.l. (for a definition, see SPA Hić &GAUDENYi, 2020), and the Sava river valley itself (Fig.1), represented a vertically mobile system of a num-ber of the “geosynclines” (e.g, PETkoVić, 1958; Fig. 2).The geosyncline framework accepted no existence ofany “tectonic suture”, because the Earth crust or tec-tonic movements are interpreted exclusively by ap-plying vertical crustal motions and associatedprocesses. in former Yugoslavia, the discussion grewinto a “verbal battle” among different groups of geol-ogists, in particular these preferring the “geosyncline”,or vertical crustal movements vs. those few favoringthe new Global Tectonics model or Plate Tectonics.The latter model has been largely developed since
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Fig. 2. The geotectonic sketch map of former Yugoslavia, by ap-
plying geosyncline model, produced by PeTković (1958). The var-
dar Zone referring to the small area in the vicinity of vardar River
in north macedonia. other units are: “Budva cover” (Bc), “outer
ophiolites rocks”, “Autochton” or near-Adriatic Sea belt (AU),
“high-karst cover (hkc)”, “Zone of Paleozoic schsits and mesozoic
Limestones (PS-mL)”, “central Zone of ophiolitic rocks (coZ)”, “in-
ternal Paleozoic Zone” (iPZ),“internal dinaridic Zone of dinaric
horst (idZ)”, “Pannonian mass” (Pm), “vardar Zone” (vZ), “Bitolj-
Prilep mass” (BPm). iZ – “inner Zone”, STG – “Sava Tectonic
Graben”, Rm – “Rhodopean mass”, c-B – “carpathian-Balkan
Arch”, WT – “Walachian Table”.

Fig. 3. obsolete tectonic map of the central-east Serbia (slightly
modified after AnđeLković 1982). The Belgrade area is composed of
“Šumadides”, dominantly cretaceous, turbidite-bearing system. The
author spent the entire career working on the latest Jurassic to sev-
eral cretaceous turbidites-bearing system of the “Šumadides”.



1967, however, with many of those rejecting it up tolate 1970’s, and in the case of former Yugoslavia,denying it even throughout 1980’s. A new group of,so-called, “nappests”, or geologists favoring huge hor-izontal displacements of the Earth crust or thrusts,nappes (lead by Prof. Dr. Milodrag Anđel ković) was akind of “transitional solution” (e.g., large east-vergentthrusting of the eastern Serbian crustal slices; Fig. 4).Nevertheless, some of the geologists working in thegiven frameworks provided an important insight intothe modern-day tectonic solutions, in particular Prof.Dr. Milodrag Anđelković (Fig. 4).

From the “Sava-vardar Zone” towards the
Sava Suture Zone: newest cycle of researchThe new cycle of the Vardar Zone research startedwith the DiMiTriJEVić (1997), i.e., the PAMić’S report

from 2002 (Fig. 5). The latter author isolated severalcomposite sequences of the “Sava–Vardar Zone”: 1)Cretaceous to Lower Paleogene flysch at the base in-terlayered with subduction-related bimodal basaltsand rhyolites; 2) Upper Paleogene metamorphic se-quences, which originated from adjacent Mesozoicunits; 3) Paleogene tectonized ophiolite mélange; 4)Eocene syn-collisional granites; 5) oligocene post-syn-collisional granitoids and sho shonites with sub-ordinate andesite-dacites, and 6) post-collisionalNeogene volcanic associations. in his milestonepaper, PAMić (2002) despite indicating the importantgeological features of the Belgrade area, does not useor mention any of the previously reported (bimodal)magmatic occurrences underlined much earlier byANđELkoVić (1973).With a few exceptions (ToLJić et al.,2018, 2021), almost the same situation is with othermore recent publications dealing with the complexBelgrade area, and the “Sava Zone” as a whole.  Almost at the same time, GrUBić (2002) under-lines the importance of the oblique motions associ-ated with the Peri-Adriatic Lineament. Author’sfocal point is dextral transcurrent motions, empha-sized across the entire suture corridor. The com-pressional behavior affected the Lower Cretaceousshortening in the Carpathian-Balkan arc. 
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MILODRAG Ž. ANĐELKOVIĆ
МИЛОДРАГ Ж. АНЂЕЛКОВИЋ

1927 – 1998

Fig. 4. The photo of Prof. dr. milodrag Anđelković (photo taken
from PAvLović et al., 1998).

Fig. 5. Simplified paleogeographic and structural map of the di-
narides and hellénides (after Pamić, 2002, slightly modified).



A few years later, the milestone paper by SCHMiD etal. (2008), accepted the “Sava–Vardar Zone” conceptof PAMić (2002). The regional-scale report coveringalmost the entire former Yugoslavia, speculated thatin Santonian times (84 Ma) the two branches of the“Alpine Tethys” (or Valais and Pie mont-Liguriaoceans) connected to the Carpathian embayment bythe development of a Cretaceous-age limb of theNeotethyan future back-arc ocean. The authors em-phasize that some segments of Neote thys were con-sumed in the context of obduction during LateJurassic times, followed by the late opening occurringduring the Cretaceous (“Sava Back-Arc ophiolites”).These authors presented a kind of argumentation,proposing that the Cretaceous-age oceanic “branchesof Neotethys likewise the Sava Back-Arc ocean”, weredirectly in the contact with the Alpine Tethys alongthe present-day Sava-Zone.USTASZEWSki et al., (2009, 2010) reported the ex-tensive field-based study of the “Sava Zone” segmentstriking along northern Bosnia and Herzegovina.The reported concept is supporting the Cretaceoussubduction of the remnant of Meliata Vardar ocea -nic lithosphere, which further led to the formationof a suture. The authors suggested that the “SavaZone”, or “Sava ocean” or “Alpine Tethys” was a deepbasin, having oceanic lithosphere until the Campan-ian. The closure of this corridor occurred before theMaastrichtian to earliest Paleogene. This Late Cre-taceous oceanic domain probably represented aremnant of the Vardar ocean.GErZiNA (2010) in her PhD thesis, provided thegeological map of the wider “Zvornik suture” area,outlining the highly deformed area separating Adriaor the Drina–ivanjica block in western Serbia fromthe “Sava Zone” (for further details, see also DiMiTri -JEVić, 2001; SPAHić & GAUDENYi, 2020).GrUBić et al. (2009, 2010) investigated several out-crops of inter-lava calcareous pelagic sediments onkozara Mt., northern Bosnia. it is important to under-line that this prominent geologist of Serbia and formerYugoslavia (GrUBić, 1980) defined this zone much ear-lier as the “North Bosnian Zone”, whereas the “SavaZone” is outlined as another tectonic unit associatedwith the Slovenian Alps. According to 2009–2010study, the exposed crustal fragment contains in situplanktonic foraminifera of late Santonian–earliest

Campanian age. Assuming that these lavas form partof the extrusive sequence of an ophiolite, authors areof opinion that such configuration establishes thatMesozoic oceanic crust still existed within the Vardarzone (its western belt in northern Bosnia), prior to thefinal closure of Tethys (in this region by the end of lat-est Cretaceous time).  These studies also indicate theage of the turbidite matrix (by using palinomoph)which goes from Late Jurassic to Late Cretaceous.  DUNčić et al. (2014) provided the deep subsurfacebiostratigraphic inferences beneath the Pannonianbasin. The study focal points are Late Cretaceousdeep-water complexes that represent an oceanic is-land arc and foredeep systems. The drilled ophiolitesintercalated with hemipelagic and pelagic limestonesare interpreted to belong to the “Sava Zone”.MiLošEVić et al. (2017) describes a peculiar meta-morphic succession of the Prosara Mt. (northernBo snia & Herzegovina), having the mineral compo-sition that is mostly comprised of sericite, withsmaller amounts of quartz and feldspar. The authoris of opinion that the Upper Cretaceous and/or pre-Upper Cretaceous Mesozoic clastic and carbonatesediments comprise the protolith of these metamor-phic rocks, further interpreting that the Prosara Mt.represents an integral part of the Cretaceous sub-duction complex.PrELEVić et al. (2017), SokoL et al. (2019), boost -ed the excellent idea of the oblique convergent mar-gin, indicating that the sigmoid-shaped UpperCretaceous klepa Mt. basalt is a product of thecrustal extension, developed on the nearby conti-nental margin. köPPiNG et al. (2019) documented atranstensional pull-apart system developed to ac-commodate the klepa basalts in North Macedonia.ToLJić et al. (2018, 2021), accepted the “Sava relicocean” of kArAMATA et al. (2000), SCHMiD et al. (2008),further suggesting that the “Sava Zone” representsa fossil fore-arc basins. The authors introduced theTopola bimodal magmatics (Central Serbia), andbased on planktonic foraminiferal assemblages, theage constraints are Coniacian to Santonian.BrAGiN et al. (2019) emphasize that the formercontinental margin was rather at the proximity ofthe Avala Mt., thus shifting the contact line (pro-posed slightly earlier by ToLJić et al., 2018) to theeast of the Bela reka fault/nappe.
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BALEN et al. (2020) provide constraints on thePožeška Gora granite (Croatia) that is mainly com-posed of alkali feldspar (perthite) and quartz. The em-placement constraints derived from 206Pb/238U versus207Pb/235U concordia age determined on zircon, fitsthis event for 83.6±1.5 Ma (Santonian–Campanian).ToLJić et al. (2019), and MárTo et al. (2022) rein-troduced the “Central Vardar Zone” of DiMiTriJEVić(1997) explaining the geotectonic subunit of theVardar Zone s.l., striking from the west towards thecentral part of Serbia. According to the sketch map(ToLJić et al., 2019), the geotectonic units are: West-ern Vardar Zone, Central Vardar Zone, and EasternVardar Zone. Lithostratigraphy of these zones is afunction of the tectonic domain: the subductiontrench belongs to the basin of the Adriatic passivemargin, and the forearc basin is a segment of the Eu-ropean active margin.SPAHić & GAUDENYi (2022), SPAHić et al. (2022), arereintroducing the oblique Neotethyan Vardar boun -dary proposed earlier by DiMiTriJEVić & DiMiTriJEVić(1975) and GrUBić (2002). The authors furthermoreprovided the explanation of the magma-source forthe debuted kozara Mt. Upper Cretaceous ophiolite-like crustal segment in Bosnia and Herzegovina (fordetails see GrUBić et al., 2009, 2010, CVETkoVić et al.,2014). The Sava Suture Zone is actually a narrowingcorridor formed after the Jurassic closure of Neote -thys, subdivided into the “Lower Sava Suture Zone”,and the “Upper Sava Suture Zone”. The “Lower SavaSuture Zone” represents the relics of the Santonian-Campanian bimodal volcanism, occurring rather lo-cally along the entire exhumed subduction trench,whereas the “Upper Sava Suture Zone” is composedof the top-sealing turbidites. The “Lower Sava Su-ture Zone” may often occur as a debris flow system,or as pyroclastic entities (ANđELkoVić, 1973; kArA-MATA et al., 1997).
Anđelković’s contribution to the
geology of the Sava Suture Zone,
essential achievementsAs described, a number of interpretations duringthe last 20 years, discussing the regional geology,petrology, geophysics, tectonics, paleontology, paleo-

geography, yielded several different interpretations ofthe Belgrade area that seems to be an important seg-ment of the elongated Sava Suture Zone (Fig. 1). Thesepapers are dealing with its tectonics, kinematics, pa-leogeography and Late Cretaceous regional geologicalcontext. However, in many pioneering papers, the de-scription of the Late Cretaceous magmatism (ANđEL -koVić, 1973) reported for the Belgrade area was veryoften rejected or neglected (e.g., DiMiTriJEVić, 1997;PAMić, 2002; GrUBić, 2002).Prof. Dr. Milodrag Anđelković is a well-known sci-entist of former Yugoslavia, with a lot of achieve-ments in biostratigraphy and tectonical importancein geology of highly complex Western Balkan Penin-sula, in particular the complex Belgrade area: (i) theMesozoic stratigraphic (Fig. 6), magmatism and tec-tonic problems, including bimodal magmatism (e.g.,the position and the age of near-Belgrade spilites and
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Fig. 6. Sketch representing the outcrops of Lower cretaceous age
(AnđeLković, 1975b)



andesites; Fig. 7) as a summary that was firstly re-ported in 1973 (ANđELkoVić, 1973), (ii) the Lower Cre-taceous stratigraphic problems with a number ofspecies (ANđELkoVić, 1975b), (iii) the Upper Creta-ceous stratigraphy with a number of localities withspecies giving the age (ANđELkoVić, 1975b). in hismain career achievements, dating from the se condhalf of the 20th century, referred to as the “Геологија
Србије, Стратиграфија” (translated: Geology of Ser-
bia, Stratigraphy) was published in the ten books,that are subdivided according to geologi cal age, e.g.“Precambrian and Paleozoic Stratigraphy”, “MesozoicStratigraphy”, etc. (1975–1977). The work also in-cludes the here underlined and discussed report„Геологија мезозоика околине Бео града“ (trans-lated: “mesozoic Geology of the vicinity of Belgrade
area”), another book related to Dinarides “Tectonics
of dinarides”, and over 300 scientific papers, 20monographies, and 10 university books (see the en-tire publication list in PAVLoVić et al., 1998). During early career, already in the 1950’s, Dr Milo-drag Anđelković attempted to decipher the individualflysch-bearing systems in the Belgrade area. Anđel -ković recognized the two different turbidite system(ANđELkoVić, 1954), that are in the field rather similar,almost indecipherable. These sediments are many

years documented as belonging the three differentLate Cretaceous paleogeographic provinces, the Eu-ropean or hanging wall (presumably East VardarZone; SPAHić & GAUDENYi, 2022), Adriatic (presumableits margin) and subduction-collisional trench, whichrepresent the same basin or were separated in indi-vidual subbasins during their evolution (see ToLJić etal., 2018, for a discussion). in these extremely com-plicated terrains of the Belgrade area, Anđelkovićmanaged to separate several previously undifferen-tiated stratigraphic horizons, yielding the UpperJurassic ophiolite mélange up to the Upper Creta-ceous turbidite sequences. in the associated kosmaj– Babe area (southern Belgrade outskirts; Fig. 6), heemphasized the presence of the “Golt” of modern-dayAlbian sequence (Fig. 8).

Dr Milodrag Anđelković did a huge work startingin early career, up to his late professorship stage.Among extremely difficult stratigraphic tasks, his ac-
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Fig. 7. Bela Reka location of spillites (AnđeLković, 1973)

Fig. 8. The graphical distribution of some of ammonoidea species
indicating “Golt” or modern-day Albian in the vicinity of Babe -
Guberevac area (inset partially translated from the original
paper AnđeLković, 1954).



tivity was mainly directed onto often sterile clasticsequences southern of Belgrade (Fig. 9) where heseparated several turbidite sequences: “Avala flysch”,“Barajevo flysch”, and “ostružnica flysch” (Fig. 10).Among his activity to decipher complex Upper Cre-taceous turbidites was the separation of the (i) “Avalaflysch” (which is subdivided into purely clastic andmarly sequences, with a larger presence of carbonateminerals). importantly, Anđelković highlighted thatthree turbidite sequences were develo ped in differ-ent Late Cretaceous times, and in different paleogeo-graphic domains (ANđELkoVić, 1975b).  According toAnđelković, the highly deformed “Avala flysch“ iscomposed mainly of dominant sandstone, marl, clay-stone and limestone lenses. This turbidite belt strikestowards the south near the kosmaj Mt. The authorclassified the following fauna (globotruncana,foraminiphera), lar gely facilitating the age con-straints of the turbidites, further facilitating the in-

coming tectonic investigations (ANđELkoVić, 1975b,page 286-287): Globotruncana lapparenti Boll., G. lap-
parenti tricarinata Quer., G. lapparenti lapparentiBoll., G. reicheli Morn., Glo botruncana rosetta Gras., G.
arca Cuch., marsonella oxigona reuss., Stensioina cf.
excultagradata keller, Texturella turris d’orb., T. pi-
ramidalis ras., cristelaria orbiculis d’orb., Globigerina
bulloides d’orb. The vertically next subsequence ismarlstone-abundant system, with inoceramus andforaminiphera, gradually transforming into the sand-stone-bearing flysch sequence. (ii) “Barajevo flysch” has a different clastic-to-car-bonate content (ANđELkoVić, 1975b). This sequence iscomprised of dominant marlstones, sandy marl-stones, breccia and brecciated limestones, calcaren-ites. The occasionally discovered limestones are
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Fig. 9. Sketch representing the outcrops of Upper cretaceous age
(AnđeLković, 1975b)

Fig. 10. The stratigraphic columns of the near-Belgrade turbidite
belts. The inset from AnđeLković (1975b), modified. The “Avala fly-
sch”, ostružnica” and “Barajevo flysch” are now segments of the
Sava Suture Zone and east vardar foreland. The blue and green
rectangles represent the basic and acidic magmatic imprints, re-
spectively.



abundant with “siderolites” (ANđELkoVić (1975b,288), e.g., Siderolites vidali Douv., S. calcitrapoidesLam., orbidoides: orbitoides media Schlumb., o. api -
culata Schlumb., Simblobitoides gensacicus Leym.,
Lepidorbitoides sp. The sequence with marls and clay-stone is abundant with Globotruncana’s: Globo -
truncana lapparenti lapparenti Boll., G. arca Cush., G.
stuarti Lapp., G. rosetta Gar., G. linnei d’orb., Gyrdina
globose Hag., Textularia turris d’orb., T. flabeliformisGomb., Pseudotextularia elegans rzch., Globigerina
cretacea d’orb., Gümbelina globulosa Ehrcemb. (iii) “ostružnica flysch” is the third type of theUpper Cretaceous turbidites, characterized exclu-sively by clastic rocks (ANđELkoVić, 1975b). This se-quence contains sandstone and claystone withscarce fauna. There are though some inoceramusspecies listed in the ANđELkoVić’S (1975b, page 289)study: inoceramus balticus Bohm., Siderolites vidaliDouv., orbitoides cf. apiculata Schlumb., orbitoides
sp. The most important observation of ANđELkoVić(1975b), is that the “ostružnica flysch” is barely dis-turbed in tectonic sense. With regards the debuted Upper Cretaceousmagmatic event that has often been debuted duringthe last 20 years, ANđELkoVić (1973) separated anumber of smaller-scale basic and acidic rocks (Fig.7). The author separated several magmatic episo -des, occurred during the Mesozoic time (ANđELkoVić,1973): (i) magmatic stage occurred prior to the Up -per Jurassic, (ii) Upper Jurassic stage, (iii) Tithoni -an–Berriasian stage, and (iv) Upper Cretaceous. TheUpper Cretaceous magmatic imprints are near Pino -sava (andesite-type pyroclastics), the „Bela reka–rušanj–resnik belt“ is the location characterized bythe outcropping basic rocks, mainly spillites, includ-ing pillow occurrences. This location is described as„syn-depositional“ basalts of ToLJić et al. (2021). The„Bela reka–rušanj–resnikbelt“ crosscut the Albianmarls and marly limestones. However its concor-dant position with the „Neocomian flysch“ or „para -flysch“ indicates Lower Cretaceous age orBerriasian, Valan ginian, and Hauterivian ages. Theexception is a „ripanj kersantite“, the exposurewhich is described as a member of the „spilitegroup“ by ANđELkoVić (1973), and is recently datedon Ar-Ar ages by 86.80±0.5 Ma and 86.90±0.5 Ma(SokoL et al., 2020). This further implies that there
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Fig. 11. The first interpretation of the Late cretaceous bimodal
magmatism by AnđeLković (1973). Translation from Serbian of
the essential page of the paper AnđeLković (1973):
“The fourth phase of basic magmatism is related to the older
Upper cretaceous. Spilites of duboke jaruge (location translated
to deep ravines) anear the Resnik Train Station with »pillow
lava« with “mandollar texture” (melaphyres per m. PRoTić) pene-
trated the Albian sediments. Spilites in older Upper cretaceous -
the Avala flysch (the Avala flysch is precursory analogue of the
east vardar Zone turbidites, see SPAhić et al., submitted) near ki-
jevo - belongs this stage. 
Subsect magmatism around Belgra de belongs to andesites and
their pyroclastic equivalents. This magma tism was first singled
out by AnđeL ković & miLoJevic (1964). The authors attributed the
age to Upper cretaceous as products of the subhercine stage. We
find these rocks in the up per part of the complex near Resnik, as
well as along the Belgrade-Bar railroad at 3.2 km. Petrologically
these rocks were processed m. Terzić – S. karamata (1968) and
in the conclusion stated: “Finding andesite debris in these Upper
cretaceous conglomerates, indicates that these rocks hardened
before the formation of at least one part of the Upper cretaceous
series. There are two assumptions possible, or they represent the
upper, early products of magmatic activity later, the main masses
of Avala mt. magmas, or it is the product of a special, until now
very little-known volcanism whose age is difficult to determine”.
nevertheless, the age of andesitic volcanism in the debris flow is
constrained later, to be of the Turonian age (kARAmATA et al.,
1997), recently dated as of the Santonian age (ToLJić et al., 2021).



is a high probability that the entire „spilite group“could be of the Upper Cretaceous age. This issuesneeds further study as Anđelković (1973) describesa spilite occurring in Hajdučki potok as „interca-lated“ into the lower Cretaceous neocomian tur-bidite system.With regards the acidic andesite-type volcanism(Fig. 11), Anđelković & Milojević (1964) describe forthe first time this Upper Cretaceous event. Thisevent is confined between turbidite claystones andlayered limestone with the presence of Globotrun-cans (section of the Belgrade–Bar railway). The an-desites are with mica biotite, biotite-augite, havinga higher presence of na, which is actually more tra-chyte-type andesite (Anđelković, 1973).
Summary and conclusionsThe report underlines that the birth of the lateCretaceous “Sava Zone” or the Sava Suture i.e., the

first record of the late Cretaceous bimodal magma-tism was actually in 1973. A review of published sci-entific papers (especially in the last 15–20 years),shows that the results of a number of previous re-searchers from the former Yugoslavia, are not ade-quately evaluated. The pioneering observationscontributing the debuted Sava Suture Zone, are inthe underestimated report of Prof. Dr. MilodragAnđel ković, presenting his observations of the typ-ifying late Cretaceous bimodal magmatism. How-ever, the paper from Anđelković (1973) was usedjust in a few occasions, mainly for stratigraphic in-ferences, e.g., Toljić et al (2018, 2021). other pio-neers, (e.g., PAMić, 2002; SCHMiD et al., 2008)neglected the important observations near Belgradesummarized in the paper of Anđelković (1973).The study shows that the near-Belgrade Creta-ceous volcanic activity is clearly overlapping in themodern-day configuration. The study also providesinferences for the “lower and Upper Sava SutureZone” (Fig. 12). The “lower Sava Suture Zone” rep-

The birth of the Sava Suture Zone: The early geological observations and the context of bimodal magmatism (southern Belgrade outsirts; Anđelković,1973)

Geol. an. Balk. poluos., 2022, 83 (1), 23–37 33

Fig. 12. The Sava Suture Zone, subdivided into the “Lower Sava Suture Zone” and “Upper Sava Suture Zone”. The locations with “Lower
Sava Suture Zone” are in blue rectangle, whereas the Upper Cretaceous “Upper Sava Suture Zone” turbidites are in green color (inset
from SChmid et al., 2008, modified).



resents area with the exposed Santonian-Campan-ian magmatism, whereas the turbidite-bearing“Upper Sava Suture Zone” overlays either magmaticbodies or debris flow with magmatic rocks.  Thereis a number of locations exposing both zones, yet,these subzones need a clear, field-based separationone from another. This is of particular importancefor the ongoing mapping campaigns of Serbia (e.g.,BLAGoJEVić, 2019).The two main problems remain for future infer-ences: (i) The absolute age constraints on the“spillite group”, as according to ANđELkoVić (1973) isof the post-Early Cretaceous or the post-“Neoco-mian age”. This is partially in line with the recentfindings of SokoL et al., (2020), and the Santonianrušanj peperi tes described in ToLJić et al. (2021).importantly, the age of andesite-type volcanism hasthe proven Late Cretaceous age (kArAMATA et al.,1997) or the Santonian age of resnik trachyan-desites (ToLJić et al., 2021).
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Резиме

Рађање Сава сутуре зоне: рана
геолошка разматрања и контекст
бимодалног магматизма (јужна
периферија Београда;
Анђелковић, 1973)Прве идеје о кредној “Сава зони”, као и равојукредног бимодалног магматизма познате су јошод 1973. године. Преглед објављених научнихрадова (нарочито у последњих 15–20 година)указује да резултати претходних истраживача(из бивше Југославије) нису адекватно оцењени.Пионирска запажања која су допринела из-двајању Сава Сутурне Зоне, се могу наћи у јед-ном, благо речено потцењеном извештају проф.др Милодрага Анђелковића. У овом раду дат јепреглед његових запажања о горњокредном би-модалном магматизму околине Београда. Требаистаћи да је рад ANđELkoVić (1973) цитиран самоу неколико наврата, углавном за стратиграфскезакључке, нпр. ToLJić et al. (2018, 2021).Ова студија показује да се вулканска актив-ност у близини Београда јасно преклапа са да-нашњом конфигурацијом Сава Сутурне Зонe.Студија такође даје закључке за две подзоне:„Доња Сава Сутурна Зона“ и „Горња Сава СутурнаЗона“ (Слика 12). „Доња Сава Сутурна Зона“представља област са изложеним сантонско-
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кампанским магматизмом, док турбидитска„Горња Сава Сутурна Зона“ покрива наведенамагматска тела. Постоји низ локација за обезоне, али, овим подзонама је потребно јасно од-вајање једне од друге. Тачно дефинисање наве-дене зоне и подзона је од посебног значаја за
текућу кампању геолошког картирања РеубликеСрбије, 1: 50,000 (нпр., BLA GoJEVić, 2019).
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