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Abstract. The study represents a summary of the hitherto tectonic concepts
revolving around a peri-Gondwanan fragment referred to as the Serbo-
Macedonian Unit. The Serbo-Macedonian Unit as a gneiss-dominated
basement segment is positioned in the proximity of the Baltican craton
(peri-Moesian realm). This area represents a repository of the transferred
broadly similar thus highly complex, elongated polycrystalline vestiges of the
Pan-African inheritance. This peculiar far-travelled composite crustal fragment
of north Gondwana is amalgamated on top of the Supragetic unit during the
late Variscan peri-Moesian amalgamation. However, the original early Pa-
leozoic tectonostratigraphic configuration of these three intimate greenschist-
and medium- to high-grade gneiss-amphibolite basement vestiges (Serbo-Ma-
cedonian/Supragetic and Getic) is further perplexed by the presence of poorly
documented pre-Variscan (Ordovician?) lithospheric-scale event.

The Pan-African to Lower Paleozoic subduction/magmatic arc stage led to the
amalgamation, breakup and dispersal of a cluster of peri-Gondwanan conti-
nental and oceanic terranes. Breakup and dispersal from the northern shore
of the Gondwanan active margin triggered the development of the Paleozoic
deep-marine sedimentary cover (“Kucaj unit” or Getic unit). To make matter
more complex, prior the Lower Paleozoic terrane agglomeration and sub-
sequent dispersal, it appears that a Lower Paleozoic geodynamic linkage is
additionally marked by the poorly investigated cross-lithospheric event. This
event connects the outboard oceanic Supragetic/“Kucaj” succession with a
segment of the former north Gondwanan protobasin (juvenile Serbo-Ma-
cedonian Unit).

Ancrpakrt. ExcTrepHe 6ejcMeHT-jeJUHUIIE KOje ce Hasa3e y 6au3uHu bas-
TUYKOT KpaToOHA Tj. y lIoMeHy Me3ujcKor NPOMOHTOpPUjyMa MpeLCTaB/bajy
KOJIaXK, Ha IPBU NOIJIe/i, BeOMa CJIMYHUX, KOMIIJIEKCHUX, U3/[y>KEHUX IOJIN-
KpHUCTAJIACTUX TeJsa Koja cy MaxoM [laH-Adpuukor nopeksa. [lan-Adppuiko
MOPEeKJI0 yKa3yje Za cy 0€jCMEeHTCKH TepaHU HaCTa/d U HEIUITO KacHUje
TPaHCIOPTOBAaHU TOKOM HEONPOTEPO30UKa U JOHET NaJe0301Ka Ha l1eady
ceBepHe ['oH/iBaHe). JefjlaH 0/, HAjKOMIIJIEKCHUjUX O€jCMEHTCKUX €HTUTEeTa
CpeJiier- [10 BUCOKOI CcTeleHa MeTaMopdU3Ma ce HaJla3h y OKBUPY KacHO-
BapUCILIUjCKOT CyTypPHOT aceMbJ1aXka, CylepIo3UIIMOHO Y aJIICKOM CTPYKTYp-
HOM CKJIony U3Ha/ CynpareTruka UM HeKaZa T3B. “BiacMHCKOT KOMIIJIeKca",
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KibyuyHe peyu:
Cpncko-MakedoHcka jeduHuya,
LHoreu komnaekc’, Cynpazemcku
6ejcmenm/“BaacuHa komniaekc’,
2e0meKmMoHCKa pejoHusayuja,
Ilepu-T'oHdeaHcka kadomcka
MapauHa, doHona.1eo3ojcku
mekmoHcKu dozahaj.

OBaj caZia 3aBpLIHM HABJAYHO-HAGOPHU NMaKeT HEONpPOTePO30jCKO-J0H0-
najieo3ojcke crapocTtu je Cprcko-mMakeLoHCKa jejuHHULa, T3B. ,/lowmu
koMIiekc Cpricko-MakeJoHCKe Mace”, TeKTOHCKa MHTepaKIiyja usMe-hy oa
JiBa eHTUTEeTa TOKOM JIOHeT NaJe0301Ka je OBEPIPUHTOBAHA U NpepabheHa
KaCHUjUM BapUCLHUjCKUM U aJIIICKUM NOKpeTHUMa. [lopes BUCOKOr cTeneHa
TeKTOHCKe Ipepa)eHOCTH OBOI KPUCTAIACTOT eHTUTETA, CTYAHUjOM ce yKasyje
Ha [10CTOjabe cJ1abo JOKYMeHTOBAHOT TEKTOHCKOT Jjorahaja npeBapHUcIyjcke
Tj. OWOTANe030jcKe cTapocTh. OBaj Aomomaneo30jcku aorahaj, je moryhe
6H0 y CKJIOMY KaCHO Ka/IOMCKe- 10 I0H011aJIe030jCKe TEKTOHCKE aKTUBHOCTH
KOja je KyYJIMUHHpasa amaaraMmalyjoM nepudpepHux TEPAHCKUX aceMOIaxa,
HaKOH 4Yera je ycjaeJuo JATUTYJWHAJHU TEKTOHCKHU APUPT mpema Ipo-
MOHTOpUjyMy BanTuukor kpatoHa (Me3ujcku MUKPOKOHTUHEHT). TokoM
NaJsie030jcKOr TEKTOHCKOT JpudTa cykiecuja ucroune Cpoéuje (,Kyuaj“/Te-
THK) je JleIOHOBaHa y OKeaHCKUM ycjoBuMa. Cy61MManyja ny6JaMKOBaHUX
pe3ysTaTa yKa3syje Ha I0CTOjarbe JJ0HhOINale030jCKUX Fe0JMHAMUUYKHUX YCI0Ba
KOju moBe3yjy aceMbJiaxk OKeaHCKe Kope (6ejcMeHT CympareTuka) ca
HeJI0BOJbHO KOpeJMCaHUM NepU-TOHABAaHCKUM U3/y>KeHUM MapruHaJTHUM
6aceHoM (Cprcko-MaKeJOHCKA jeJMHMLA) U 1a60 JOKYMEHTOBAHOT J0H0-
najeo3ojckor sutocdepckor gorahaja.

Introduction

For 60 years now, the polycrystalline Neopro-
terozoic - Lower Paleozoic Serbo-Macedonian Unit
(sensu DiMITRIJEVIC, 1959, 1963, 1997) or “...Zwi-
schengebirge..” (“...intramontane...”; KossMAT, 1924)
remains to be the most intriguing tectonic unit(s)
distributed along the NNE-SSW-striking Alpine
Carpathian-Balkan fold-and-thrust belt (Fig. 1).
Despite a significant focus on the Alpine inferences
oflocal- (e.g., DIMITRIJEVIC, 1997; DIMITRIJEVIC & KRSTIC,
1999; GruBIC et al., 1999; KRAUTNER & KRsTI¢, 1992,
2002, 2006; KARAMATA & KRSTIC, 1996; KARAMATA,
2006; ZAGORCHEV et al,, 2018) and international
community (e.g., CARMINATTI et al., 2004; ScHmID et al.,
2008, 2020; vaN HINSBERGEN et al., 2020) it remains
unclear whether this basement unit belongs to the
Carpatho-Balkanides and/or South Carpathians or
not. In terms of the Alpine tectonics, to the west, the
“Lower Complex” of the Serbo-Macedonian Unit
(hereinafter LC SMU) represents a Neotethyan con-
tinental hinterland (former Cretaceous-Paleogene
active margin). However, its eastern realm (towards
the Supragetic Unit: sensu SpaHIC et al., 2019/“Lu-
znica Unit“; sensu KRAUTNER & KRsTIC, 1992, 2002,
2006) remains highly ambiguous, in both, the
Paleozoic- and the Alpine paleogeography and
tectonics (Fig. 1).
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Within the poorly investigated late Paleozoic/Va-
riscan context (with exceptions of contributions of
LIEGEOIS et al., 1996; Iancu et al., 2005; DECOURT et al.,
2002; ANTIC et al., 2017; PLissART et al., 2018), the
Serbo-Macedonian crystalline inlier belongs to the
reconfigured southeastern segment of the Central
European Variscan crust (Fig. 1). In the framework of
the pre-Variscan terrane amalgamation and dispersal
stage or in the Pan-African to Lower Paleo-
zoic sense, the scarce recent studies outlined the
Serbo-Macedonian Unit as a peri-Gondwanan Cado-
mian-type terrane (meaning that the protoliths of
these terranes originate from the vicinity of Ca-
domian orogen formerly accommodated along a
segment of the distant northern margin of Gon-
dwana, chapter 4.5., c.f, WINCHESTER et al., 2002;
CARMINATTI et al., 2004; sensu LINNEMANN et al., 2007;
OczLoN et al., 2007; HIMMERKUS et al., 2009; MEINHOLD
etal, 2010; ANTIC et al., 2016a,b; STEPHAN et al., 2018;
ABBO et al., 2020). Current ideas for the Neopro-
terozoic supercontinent crustal break-up (WILL &
FrRIMMEL, 2018) is that these inherited lithospheric-
scale structures (MurpHY et al, 2006) were the
predecessors marking the onset of the contrasting
Lower Paleozoic interplay. The Lower Paleozoic
cross-lithospheric interaction was between the di-
stant subduction/accretion terranes microplates
originating from the north Gondwana and south-

Geol. an. Balk. poluos., 2020, 81 (1), 41-66
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Fig. 1. Tectonic map of the investigated tectonic units
(modified after Kounov et al, 2010, 2017; Alpidic tectonic
concept after Scumip et al, 2008 and BErNouLI et al., 2001). Map
clearly exhibits the problem of the Serbo- Macedonian Unit to
the east of Belgrade or after the Vrsac settlement (question
mark and rectangle with the question mark). Map includes the
positions of the magmatic bodies of Pan-African and Alpine
relevance. Jas Jastrebac tectonic window (Marovic et al,, 2007;
Eraketal, 2016).

western boundary of the Baltican craton. The Ser-
bo-Macedonian Unit as a highly complex crystalline
basement inlier has documented controversies
revolving around its polyphase tectonometamor-
phic evolution (e.g., GRUBIC et al., 1999; Popovic,
1991; Porovi¢ & MiLjkovié, 2000; GERDJIKov et al.,
2014; ZAGoRCHEV et al., 2015; SpaHIC & GAUDENYI,
2018, 2019). The following issues pending the
answers:

(1) Is the gneiss-dominating L.C SMU also refer-
red to as the “Serbo-Macedonian Massif” discrete or
the same geotectonic unit (in both, Variscan and

Geol. an. Balk. poluos., 2020, 81 (1), 41-66
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Alpine configuration)? Is the LC SMU connected
with the adjoining greenschist-facies Supragetic
basement/”Vlasina Complex” (concept of DIMITRI-
JEVIC, 1959, 1963, 1995)7;

(2) What is the exact continuation of the LC SMU
to the north of the Danube River (i.e. is it the Sebes-
Lotru terrane/nappe)?;

(3) What was the original depositional-tectonic
environment “digesting” such a huge volume of
Cambrian clastic detritus (c.f. Avicap et al., 2017)?;

(4) What is the relationship of the latest Cam-
brian metamorphic imprint (numeric age by BALOGH
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etal.,, 1994) with the poorly documented Ordovician
event?;

(5) In addition to a documented repeated ana-
texis (ZAGORCHEV, 2015 and references therein),
during which tectonic event widespread Ordovician
tectonothermal imprints were produced (472-456
Ma, numeric age by ANTIC et al., 2016a; Sebes-Lotru
terrane, ca. 460 Ma; BALINTONI et al., 2010; Ograzh-
den Unit, 462 Ma; ZAGORCHEV et al., 2012, 2015;
MACHEVA et al.,, 2016)7;

(6) What is the LC SMU and Supragetic basement
Cadomian to Lower Paleozoic tectonic setting, and
what were the circumstances for such atypical late
imprints?

(7) What was the role of the LC SMU in the
Neotethyan Permian-Triassic opening (e.g., SPAHIC et
al, 2020), and an eventual relationship with the
Paleotethys (e.g., SPAHIC et al., 2019b)?

In order to obtain the outline of a Lower Paleo-
zoic geodynamic paleoenvironment, the study
incorporates the recent regional-geological constra-
ints (SpAHIC & GAUDENYI, 2018, 2019; SpaHIC et al.,
2018, 2019 a,b). Study also includes a scarce analy-
tical data repository (HiMMERKUS et al, 2009;
MEINHOLD et al., 2010; Kounov et al., 2012; ZAGORCHEV
etal, 2012, 2018; AnTIC et al., 2016a, 2017; ABBO et
al.,, 2020) focusing almost exclusively on the LC SMU.
We tune up the constraints on the regional pre-
Alpine ie. pre-Variscan configuration. By conso-
lidating earlier and recent data, we provide a
rejuvenated data platform, ultimately attempting to
outline the important Lower Paleozoic cross-litho-
spheric event connecting the pre-Variscan LC SMU
with the Supragetic basement.

Geographic-geologic outline

The westernmost edge Moesian microplate
(Euxinic craton; BALINTONI et al., 2011a and referen-
ces therein) represents the easternmost segment of
the orogen agglomerated with a set of elongated
basement units (LIEGEOIS et al.,, 1996 and references
therein; SEGHEDI et al., 2005; HaypouTov & YANEY, 1997;
BALINTONI & BaLica, 2012; Kounov et al., 2012; SEGHED],
2012; IaNcu & SEGHEDI, 2017). These basement units
are of the Avalonian (peri-Amazonian), Ganderian
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and Cadomian continental inheritance (BALINTONI et
al,, 2010, 2011b, 2014; ZAGoRCHEY, 2015; SpaHIC &
GAUDENYI, 2018 and references therein). The men-
tioned peri-Moesian basement systems are posi-
tioned at the southwestern edge of the Baltican
craton reconfigured by the Variscan, Eocimmerian
(cf- SpaHIC et al., 2019b) and Alpine interference.
The westernmost gneiss-dominating basement
inlier in Serbia referred to as the LC SMU has an
arcuate contour of a general NNW-SSE strike (Figs. 1,
2). This inlier outcrops starting from southern Banat
(Romania and Serbia). Crystalline blocks, including
gneiss-dominated LC SMU are accommodated under-
neath the southeastern Banat / southeastern Pan-
nonian realm (with the exception of the outcrops
exposed at the VrSacke Mts., KukiN et al., 1987).
Towards Central Serbia and the eastern edge of
Kosovo and Metohija, striking farther through
eastern North Macedonia, southwestern Bulgaria
and northern Greece (Chalkidiki peninsula; e.g.,
SAVEZNI GEOLOSKI zAvoD, 1970; MAHEL, 1974; AN-
DPELKOVIC, 1982; ALEKSIC et al., 1988; HIMMERKUS et al.,
2007, 2009; Fig. 1). South of Vrsac, the LC SMU
continues across the Danube (Serbia; Fig. 2), strik-
ing towards the Morava river system (Fig. 2),
crossing near Crni Vrh (mountain peak), Juhor Mt,,
Mojsinjske Mts, Poslonjske Mts, Jastrebac Mt., Stala¢
Hills, Selicevica Mt., Pasja¢a and farther across
Osogovo Mts. in North Macedonia, reaching the
Aegean coast in Greece (Fig. 1. In Bulgaria, it en-
copasses the most southwestern segment of the co-
untry (Fig. 1), the Kraishte, and Ograzhden Mt.
Depending on the applied tectonic concept (for
review see chapter 4.1 of this paper), the LC SMU
has ca. 50 to 100 km in width, with its regional
analog units, reaches the length of over 1000 km.
The western borderline of the LC SMU striking
NNW-SSE is referred to as the “Moravsko-Suma-
dijska dislokacija” (ANpPELKOVIC, 1982). This fault
system has the character of a strike-slip fault
(KRAUTNER & KRrsTi¢, 2002). This western border
zone of the LC SMU represents a junction with the
Mesozoic late Alpine Neotethyan suture referred to
as the Vardar Zone. This tectonic lineament can be
traced in Serbia from the river Danube in the north,
southwards, near Kragujevac, between Trstenik and
KruSevac, continuing between Jastrebac and

Geol. an. Balk. poluos., 2020, 81 (1), 41-66
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Fig. 2. Carpatho-Balkanides of eastern Serbia including the “Lower Complex” of the Serbo-
Macedonian Unit and Supragetic basement) (inlet from DIMITRYEVIC et al,, 1967, modified).
The question mark denotes the eventual uncertain extension of the Serbo-Macedonian Unit
(,Lower Complex”).

Kopaonik Mts., and crossing near Kumanovo in
North Macedonia.
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The eastern contact zone
of the Supragetic unit is the
tectonic lineament locally re-
ferred to as the “Moravska
dislokacija” (PETKOVIC 1930;
ANDPELKOVIC, 1982) or the Mo-
rava fault system. This nappe
system crops out near the
town of Golubac, Danube Ri-
ver (east Serbia) (Fig. 2),
striking along the Pek and
Mlava rivers, east of the set-
tlements Aleksinac, Niska
Banja, passing near Modra
Stena farther continues in
Bulgaria. Southwards, this
fault system separates the
Rhodope unit, crossing in
North Macedonia and north-
ern Greece. To the east of the
LC SMU is the Supragetic unit.
The two latter systems are
separated by the nappe of
Alpine age (KRAUTNER &
KrsTi¢, 2002; Fig. 1).

In the frame of Alpine
tectonics and paleogeogra-
phy, the LC SMU is considered
as a marginal entity of the
northwestern Tethys i.e. the
eastern overridden margin of
the Mesozoic Vardar Zone
(e.g., DIMITRIJEVIC, 1997; DimiI-
TRIJEVIC & KRSTIC, 1999; DI-
MITRIJEVIC et al. 2003 CARMI-
NATTI et al., 2004; ScHMID et al.,
2008; VozAr, 2010 and re-
ferences therein; ROBERTSON et
al., 2013; SpaHIC & GAUDENY],
2019). There is a general ac-
ceptance that the Alpine
shortening and thrusting o-
ccurred during the Late
Jurassic and latest Cretaceous
in connection with the clo-

sure of the Severin oceanic basin (e.g., IaNcU et al,.
2005; PLissarT et al., 2017). From the east to the

45



DARKO SPAHIC & TIVADAR GAUDENYI

west, predominantly basement nappes are re-
configured during the Alpine rearrangement and
nappe stacking (KRAUTNER & KRrsTI¢, 2002, 2006): the
Lower Danubian, the Upper Danubian, the Severin
(Mid-Jurassic ophiolitic rocks), the Getic and the
Supragetic. The westernmost crustal sliver referred
to as the LC SMU (or SMU s.s., KARAMATA & KRSTIC,
1996) is outlined towards the Supragetic basement
in Serbia (ANDJELKOVIC, 1982; DIMITRIJEVIC, 1997;
KRAUTNER & KRsTIC, 2002, 2006; SpaHIC et al., 2019a)
and Morava nappe in Bulgaria (Haypoutov, 1989;
HaypouTtov & YANEv, 1997; BoNcHEvVA et al., 2010;
Kounov et al,, 2012). The (tentative) continuation of
the Getic Unit from Romania (Bulgaria-North Ma-
cedonia-Serbia) also referred to as the Struma Unit
(ZAGORCHEY, 1984, 2001; HaypouTtov & YANEV, 1997;
Kounov et al., 2012; Fig. 1). The (Crnook-) Osogovo-
Lisets Complex has recently been under consideration
to represent the core-complex exhumed underneath
the Struma and Supragetic basements (Kounov et al.,
2010; ANTIC et al,, 2017; position of the Fig. 1b and
Fig. 2).

Definition of the Serbo-Macedonian Unit

Initially, Cviji¢ (1901, 1902) attributed the crustal
fragment representing a modern-day Serbo-Ma-
cedonian Unit as a segment of the “Rhodopean
Mass”. After the definition of the Serbo-Macedonian
Unit, during last 60 years a plethora of local and
international geoscientists attempt to describe this
crystalline basement. The LC SMU represents a
member of essential Alpine- and pre-Alpine rele-
vance exposed within the hitherto Carpa-
thian-Balkan regional geotectonic charts. With a few
exceptions, the published studies discussing the
Alpine configuration in the frame of Tethyan
tectonics describing the South Carpathian/Car-
pathian-Balkan nappe stack (including LC SMU,
so-called “Lower Complex”). The recent studies of
the LC SMU segment in Serbia, though scarce,
attempt to integrate the knowledge on the Pan-
African and Variscan geodynamic evolution of the
cluster of displaced basement inliers of oceanic and
continental affinity (e.g., ANTIC et al., 2016, 2017;
SPAHIC & GAUDENYI, 2018; SpaHIC et al.,, 2019a).
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Historical overview

The SE European tectonics have been more than
150 years in the focus of several generations of
geologists, whereas each generation introduced a
different interpretation. The ideas about the struc-
tural positioning of the Rhodope s.I. (or Thracian
Massif) are in a function of considering the nature
and the evolution of the Tethys and subsequent
Alpine orogenic belt. Many ideas have been intu-
itively derived from a “rhodopocentrism” or the first
research performed in the 19th century by Bouk
(1840), PETERS (1863), Mojsisovics et al. (1880), SUESS
(1895) and Cvyji¢ (1900). The earliest authors assu-
med that the central parts of the Balkan Peninsula
are composed of the oldest (crystalline) mass. Cviji¢
(1901, 1903) designates this geologic entity as the
Rhodope Mass (in Serbian: Rodopska masa). The
Rhodope Mass is described by Cviji¢ (1924) as “the
great old core or the oldest mountain around which
were formed the smaller mountains later connect to
it". Cviic (1901, 1903) was the first explorer who
recognized that the “Central Crystalline Core” should
be a discrete unit relative to the Rhodope Mass (In
Serbian: Centralno kristalasto jezgro; see Table 1).
Cvyi¢, moreover, formulated a generic tectonic chart,
describing it as a “chessboard”, composed of cry-
stalline blocks displaced by the faults. MiHAILOVIC
(1955) pointed out that this crystalline entity has
“horst-type” structural fabric. According to MURATOV
(1949), the Macedonian Massif represents the core
of a single large, but destroyed anticline, whereas
PeETKOVIC (1957, 1960) the SMU landform still
interprets as the “anticlinorium” or a large-scale
anticline. SikKo$Ek (1971) and BoncHEvV (1971)
independently from each other stated that this mass
has features of a single mega anticline (ANDJELKOVIC,
1977; Grusi¢, 1999) (Table 1).

The Thracian Massif (Rhodope Mass s.I. accord-
ing to Cvyi¢, 1901) had often been used for a tectonic
entity that occupies the Rhodope Massif s.s. of
Bulgaria and Greece and the parts of the North
Macedonia and Serbia (“Serbo-Macedonian Mass”)
(at the beginning of the 20" century, after ZAGORCHEV,
1998).

KossMmAT (1924 p. 122, 125) concludes that the
Rhodope Mass for the Balkan Peninsula is the same

Geol. an. Balk. poluos., 2020, 81 (1), 41-66
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geologic entity as it is the Central Zone for the
Eastern Alps. KocH (1930 p. 3) supported this
opinion. Nevertheless, the KossMaT’s conclusion was
not further developed by other authors of that time
(Table 1). BoncHEV (1936) in his most detailed re-
port introduce the Kraishtides “the youngest
orogenic system on the Balkan Peninsula that is
accommodated obliquely to South Carpathians and
Balkanides, further associating these systems in a
form of a Balkan arc” (the tectonic unit accommo-
dated in the southwest Bulgaria). According to
BonCHEV (1936), the Kraishtides “escaped” from the
Balkanides. The Kraishtides were depicted as an
allochotonous system or as a , thrust land" (“Decken-
land"). According to the author, “the rocks are
considerably folded, having the fold axes trending
NNW-SSE, i.e. perpendicular to the principal stress
trend...“. ZAGORCHEV (2006) in the review of the
Kraishtides concludes “.only in Paleogene and
Neogene times, the Strouma (Kraishtid) lineament
played the role of a fault belt with considerable
dextral strike-slip movements, and repeated rifting in
transtensional conditions” (Table 1). JARANOFF (1938)
points that Rhodope Mass entity in the western
(and the eastern) parts have own shortening fold
and thrust episodes, whereas Murartov (1949 p. 18-
19) indicated that the ,Rhodope Mass has own
continuity in the Macedonian Massif‘. A similar
opinion had PETkovI¢ & MaksiMoviC (1976; p. 165). A
considerably different perspective on this subject
exhibited BoNcHEV (1940, 1943) pointing out that
the area between the Kraistides and Vardar Zone
represents an uniform old massif designating as the
“Macedonian-Pannonian Mass“ (Makedonsko-pa-
nonska masa). Later, similar opinions exhibited
MiHAILovIC (1955) and DimiTRyEVIC (1959, 1963)
(Table 1).

For an extended period of time, the prevailing
hypothesis between geologists was that the Rho-
dope Mass is an uniform tectonic unit. The results
of systematic, decades-long field-geological sur-
veying for the purpose of the Basic Geological Map
of Yugoslavia in scale 1: 100,000 exhibited that the
crystalline rocks of Serbia and Macedonia (North
Macedonia) differ in comparison with those in
Bulgaria (with an exception of its SW parts). The
following key features and discrepancies, DIMITRI-
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JEVIC (1959) emphasized in order to uncouple the
“Serbian Macedonian Mass” (Srpsko makedonska
masa) from Rhodope:

a) The marbles, a regular member of the Bulga-
rian Rhodope Mass, is absent in the “Serbian
Macedonian Mass” complex with an exception of the
“Vidojevica Series”.

b) Feldspar mica-schists and mica-rich gneisses
which are a constituent of the “Lower Complex”
(lowermost metamorphic unit) of the “Serbian Ma-
cedonian Mass’, in the Rhodope Mass have rather
poor mica content.

c) The “Serbian Macedonian Mass” can be cha-
racterized by the often interchange of lithofacies, as
horizontally, but also stratigraphically (vertically)
whereas the Rhodopean Mass has a prominent con-
sistency of the rock formations.

d) The “Serbian Macedonian Mass” can be chara-
cterized by the linear folds with gentle b axis rotation,
whilst the Rhodope Mass is abundant with, so-called
“brachi-form structures”. Additionally, linear features
are restricted to a few structurally unstable zones.

e) Another essential argument of DIMITRIEVIC
(1959) was that the Bulgarian structures of the
Rhodope Mass do not continue westwards directly
into the “Serbian Macedonian Mass”.

The crystalline base has asymmetric structures
which are composed of numerous rather complex
synforms and antiforms (according to DIMITRIJEVIC,
1995; Marovi¢, 2001). After that time, the “Serbian
Macedonian Mass” was established and accepted
within a scientific community as a tectonic unit
crosscutting Southeast Europe (Table 1). Some early
researchers, e.g. KoBer (1952), “the crystalline belt
between the Carpatho-Balkanides and the Vardar Zone
does not represent any kind of “mass” even is not an
“old” and a “middle” mass. Kober this unit entitled to
“Moravides thrust over the Carpatho-Balkanides".
Later, a similar perspective had CoDARCEA (1964),
ANDJELKOVIC (1963, 1965, 1976) and ANDJELKOVIC &
Lupu (1967) (after GruBIC etal.,, 1999) (Table 1). With
the acceptance of the plate tectonics, the mobilistic
concepts have exhibited broadly different stand-
points relative to the “Serbian Macedonian Mass”.
DEWEY et al (1974) described the “Serbian Mace-
donian Mass” as the Rhodope Mass, CHANELL et al.
(1976) pointed out that the “Serbian Macedonian
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Table. 1. Historical overview of the SMU and associated tectonic hypotheses.

Reference (s)

Position and descriptionnof the SMU

Notes

PETERS, 1863

“old land”

Descriptive denomination.

Mojsisovics et al., 1880

“Eastern Land”

Descriptive denomination.

Cviji¢, 1900, 1903

Rhodope Mass (Rodopska Masa - RM)

Rhodope Mass (s.1) it encompass RM+SMU.

Cvijic, 1924

“big crystalline core”, “the oldest
mountain”

Descriptive denomination.

Thracian Massif

In the first decades of 20" century adopted
the term from Boue (1840). Encompass
RM+SMU.

BONCHEV, 1940

Macedonian-Pannonian Mass

MURATOV, 1949

Macedonian Mass (Makedonski masiv);
Macedonian-Rhodope
intrageosyclinale

KOBER, 1952

Moravides (Moravidi)

DIMITRIJEVIC, 1953, 1963

Serbo-Macedonian Mass
(Srpsko-makedonska masa - SMU)

Also in English some other translations (from
Serbo-Croatian) are known:

Serbo-Macedonian Massif, Serbian-Macedonian
Massif, Serbian-Macedonian Mass,

SMU subdivided to Lower Comple (LC SMU)
and Upper Complex (UC SMU)

ANDELKOVIC, 1965; Vujisi¢ et al., 1980

Morava Zones (Moravska zona)

PETKOVIC, 1969

Serbo-Macedonian Mass

The “Upper Complex” renamed to “Vlasina
Complex” (VC) whereas the LC SMU keep its
original name.

BONCHEV, 1971

Dardan Mass (Dardanska masa)

MaksIMoVIC, 1974

Serbian crystalline core
(Srpsko kristalasto jezgro)

VESELINOVIC et al., 1978

Morava nappe (Moravska navlaka)

MALESEVIC et al., 1980;
KALENIC et al,, 1975

Morava structural unit
(Moravska strukturna jedinica)

ANDELKOVIC, 1982

Dardanides (Dardanidi)

JACOBSHAGEN, 1968

SMU is assignated as separate tectonic
unit of Greece

Later under names Pirgadikia-, Kerdilion-and
Vertiskos Units stated that belongs to the SMU
(e.g. After HIMMERKUS et al.,, 2006).

HaypouTov, 1980, 1991, 1997

Thracian terrane (SMU+RM) + western
parts of the Balkan terrane

After Yanev et al. (2005):The Balkan terrane
subdivided to West Balkan Mts and Kraishte
region.
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Table. 1. Continued.

Reference(s)

Position and descriptionnof the SMU

Notes

CIric, 1996

Serbian Median Mass
(Srpsko medugorje)

GRUBIC et al.,, 1999

Moravicum (Moravikum) and
Jastrebicum (Jastrebikum)

The SMU defined as Inner Charpato-Balkanides

KRSTIC & KARAMATA, 1992

SMU + Ranovac-Vlasina terrane

The UC SMU/VC renamed to Ranovac-Vlasina
terrane (RVT) which belong to the Carpatho-
Balkanides - Carpatho-Balkanides

KARAMATA & KRSTIC, 1996

SMU + Vlasina Unit

RVT renamed to Vlasina Unit belongs to the
East Serbian Carpatho-Balkanides

KARAMATA, 1996

Composite terrane of SMU + Ranovac-
Vlasina-Osogovo Terrane

“Ranovac-Vlasina Terrane” renamed to
“Ranovac-Vlasina-Osogovo - Terrane” which
is separated from the SMU and included into
the east Serbian Carpatho-Balkan Composite
Terrane within the Carpatho-Balkanides

IANCU et al.,, 2005

The Romanian Supragetic unit is
a same tectono-depositional complex
as the SMU.

On the tectonic analysis of the Romanian South
Carpathians shows that the Supragetic units
has a same provenance as the SMU (UC SMU).

ScHMID et al., 2008

SMU + Supragetic nappe
(or Suprageticum)

“Ranovac-Vlasina-Osogovo Terrane” renamed
to Suprageticum. Following the map of
SANDULESCU (1984) the SMU and Suprageticum
represented as a segment of the Carpatho-
Balkanides/Dacia Mega-Unit.

ZAGORCHEV et al., 2015

SMU + and W segment of the Morava
Rhodope Alpine Collage (MRAC)

The “Upper Complex” is in the western part of
the MRAC

ANTIC et al, 2016a

Paleozoic Galatian supra-terrane
(Eastern Veles Series + SMU)

The SMU (within Carpatho-Balkanides)
contains: LC SMU and “Vlasina Unit” (syn. VC)

ANTIC et al., 2016b

SMU is an eastern part of the Galatian
super-terrane

ANTIC et al, 2017

The ‘Eastern Veles Series’
incorporated to the SMU

The SMU (within Carpatho-Balkanides)
contains: EVS, LC SMU and “Vlasina Unit”
(syn. “Vlasina Complex”)

SpAHIC & GAUDENYI, 2018

Indicate problematic name “Serbo-
Macedonian Massif” including the
issue of the southern realm in Greece
(difference in the age)

Accepted that LC SMU and Supragetic
basement could two different entities

ABBO et al., 2020

Indicated the problems in the age
determination of the southern realm
in Greece

Highlighted the dominant magmatic protolith

Geol. an. Balk. poluos., 2020, 81 (1), 41-66

49




DARKO SPAHIC & TIVADAR GAUDENYI

Mass” is an individual part of the Rhodope Mass, Di-
MITRIJEVIC (1974, 1995) and Grusi¢ (1980) described
the “Serbian Macedonian Mass” as an independent
tectonic unit. ZAGORCHEV (1976) introduced the poly-
cyclic Ograzhden complex in a SW Bulgarian part of
the “Serbian Macedonian Mass”. Later in 1996 (Za-
GORCHEV, 1996) gives more details about the Og-
razhdean Supergroup (Table 1).

The term “Serbian Macedonian Mass” coined by
DIMITRIEVIC (e.g., DIMITRIJEVIC 1959, 1963), describes a
discrete unit in the classical subdivision of the
geology of northern Greece (e.g., JACOBSHAGEN, 1986).
Later it was recognized as Pirgadikia-, Kerdilion- and
Vertiskos Units that belong to the “Serbian Mace-
donian Massif” (after HIMMERKUS et al., 2006) (Table
1). Havpoutov (HaypouTov, 1989, 1991; HaybouTtov &
YaNEY, 1997) from the Thracian Massif (“Serbian
Macedonian Massif” and Rhodopean Mass) diffe-
rentiate the Balkan Terrane or its westernmost parts
as a segment of the “Serbian Macedonian Massif”
(def. after DIMITRIJEVIC, 1959). The easternmost parts
in Serbia are later referred to as the “Ranovac-Vla-
sina-Osogovo Terrane” (Table 1). Popovi¢ (1991) use
lithostratigraphical and metallogenic reasons to
subdivide the “Serbian Macedonian Massif” into the
two units: Morava Massif in the north and Pelagonia
Rhodope on the south. Ciri¢ (1996 p. 17) in his
monography, criticized the “Serbian Macedonian
Massif” as a ,mass* because it can be characterized
by a series of different mophostructures, horsts and
faults, having differentiated geological formations”,
The author underlines that the “Serbian Macedonian
Massif” cannot be described as a “uniform mass“
(Table 1). Krsti¢ & KARAMATA (1992) subdivided the
SMU (defined by DiMITRIEVIC, 1959 of “Serbian
Macedonian Mass” s.I.) into “Serbian Macedonian
Massif” s.s. and “Ranovac-Vlasina Terrane”. The “Ra-
novac-Vlasina Terrane” was incorporated into the
Carpatho-Balkanides. Same year, similarly, KARAMATA
& KRrsTIC (1996) subdivided the Serbian Macedonian
Massif” s.I into ,,Serbian Macedonian Massif” s.s. and
“Vlasina Unit”, according to the mentioned subdi-
vision the “Vlasina Unit” belongs to the Car-
patho-Balkanides. One year later, KARAMATA (1997)
subdivided the “Serbian Macedonian Massif” (coined
by Dimitrijevi¢, 1959) into the two subunits: "the west
composite terrane of “Serbian Macedonian Massif” and
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»~Ranovac-Vlasina-Osogovo terrane”. The west com-
posite terrane kept its original name (“Serbian
Macedonian Massif” s.s.), whereas the “Ranovac-Vla-
sina-Osogovo terrane” was assigned to the Car-
patho-Balkanides. Similar attempts were in the past
ALEKSIC et al. (1974) and Bocbanovic (1976) pointing
out that the eastern parts of the “Serbian Macedonian
Massif” belong to a system of the inner napes of the
Carpatho-Balkanides. Following the “Serbian Mace-
donian Massif” concept of KARAMATA (1997), in the
paper of KRAUTNER & KRrsTI¢C (2002) for the “Serbian
Macedonian Massif” s.s. and Supragetic units has
been introduced: "both units derived from the same
Bucovino-Getic microplate, the western, Serbo-Ma-
cedonian part overthrust towards the west the
ophiolitic Vardar zone, whereas the eastern, Supragetic
part obviously belongs to the east-vergent Carpathian
nappe system”. The two units are differentiated by a
prominent (probably dextral) shear zone, extending
a few hundreds of meters in width. The zone is of
post-Upper Cretaceous age being mostly covered by
younger sediments. The shear zone is exposed at
Vrsac, between Veliki- and Mali-Jastrebac, north of
Leskovac (DuSanovo mylonite zone). The aforemen-
tioned report introduced a new structural framework
of the Carpatho-Balkanides (Oravita, Ni§, and Sofia),
whereas the Serbo-Macedonian Unit and the Vardar
Zone were introduced as a segment of Carpatho-
Balkanides. A few recent authors (e.g., VozArova et al.,
2009) mentioned that the “Ranovac-Vlasina-Osogovo
Terrane” and the Supragetic are synonymous (Table
1). The authors published in the colored tectonic
sketch of the Carpatho-Balkanides within the
geological map of Carpatho-Balkanides (KRAUTNER &
KRrsTi¢, 2006). However, this new map is more-less
the same as it is the version published previously by
KRAUTNER & KRsTIC (2002). The aforementioned map
along with the earlier map (“Harta geneto-tectonica
a Europei Alpine central si de sud-est”) introduced by
SANDULESCU (1984) seems to be a groundwork for the
paper and associated map “The major tectonic units
Alps, Carpathians and Dinarides" introduced a bit
later by ScHMID et al. (2008). This paper contains
rather ambiguous observations of the “Serbian Ma-
cedonian Massif”: “...the south, in Serbia and western
Bulgaria, we also included the structurally highest
unit, referred to as Serbo-Macedonian “Massif” (e.g.
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DimiTriEvVIC 1959, 1997), into this nappe sequence.
However, we do not imply that this also applies to a
unit that carries the same name in Greece and which
experienced a severe Alpine metamorphic overprint
(Kilias et al, 1999)”. The authors ambiguously
proposed that the northern parts of the same
tectonic unit (“Serbian Macedonian Massif”) are
incorporated into the Carpatho-Balkanides as the
part of the “Dacia Mega-Unit”, whereas for its
southern limb authors provide no comment con-
sidering the tectonic configuration. On the basis of
this paper of ScHmID et al. (2008), CveTKovIC et al.
(2015) introduced the Serbo-Macedonian Massif as
the structural uppermost part of “Dacia terrane” and
a more internal unit relative to the above-described
Carpatho-Balkanides (comparable to the Supragetic
nappe of Romania).

GRUBIC et al. (1999) stated that the “Serbian Ma-
cedonian Massif” is “neither unique, nor old nor
middle unit”. This system, according to the authors,
is comprised of the two tectonic layers: the “Upper
Complex” - Moravicum, and the “Lower Complex” -
Jastrebicum (Jastrebac tectonic window, western
margin of the LC SMU). The Moravicum is consisting
of the Juhor-Jablanica composite terrane and the
“Ranovac-Vlasina-Osogovo terrane” (terranes de-
fined after KARAMATA & KRSTIC, 1996). The most recent
paper of GRUBIC et al. (1999, 2005) suggests that the
Moravicum and Jastrebicum should be a part of the
Carpatho-Balkanides denominated as the “Inner
Carpatho-Balkanides” (Table 1).

With regards to the southern extension of the LC
SMU in Bulgaria, North Macedonia and Greece, there
is a separate ongoing discussion. Ricou et al. (1998)
according to the analysis of the metamorphism and
some rather unclear observations classified the
“Serbian Macedonian Massif” as a part of the Rho-
dope Massif (Table 1). ZAGoRCHEV (in CARMINATI et al.,
2004) concluded that the “Serbian Macedonian
Massif” was initially a discrete entity - a peri-Gon-
dwanan fragment “Dardania“ A bit later (ZAGORCHEV
& MiLovanovic, 2006) still kept the “Serbian Mace-
donian Massif” as an open question because the
“Serbian Macedonian Massif” is a peri-Gondwanan
fragment or the relict of the pre-Cadomian continent.
The latest analytics of PEyTcHEvVA et al. (2015) cor-
roborates that the “Serbian Macedonian Massif” is a
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peri-Gondwanan fragment (Table 1). Iancu et al.
(2005) recognized the tectonic similarities in the
Banat Mts. (Suprageticum) and the SMU (Table 1).
ANTIC et al. (2016a,b) defined a Paleozoic “Galatian
supra-terrane“ whereas the author incorporated the
‘Eastern Veles Series’ and the “Serbian Macedonian
Massif” s.s. suggested earlier by DiMITRIJEVIC (1995,
1997), RoBERTSON et al., (2013) (Table 1). ABBo et al.
(2020) just recently indicated an orthobasic origin
of the Greek segment indicating a pre-Silurian age
instead Silurian that was pointed out by some earlier
authors (HIMMERKUS et al., 2009).

Discussion

Overview of the hitherto geodynamic
concepts

The LC SMU and Supragetic basement as the
metamorphic inliers have been considered within
several, rather contrasting tectonic concepts with an
abundance of discrepancies (see also discussion in
SpaHIC et al., 2019a):

(1) The tectonic concept of DIMITRIJEVIC (1959,
1963, 1992, 1997, 1999) which configured the SMU
(LC SMU and Supragetic/“Upper Complex”) as a
discrete first-order tectonic unit. SMU is comprised
of the two subunits: the low- grade metamorphic
complex (“Upper Complex”), and the medium- to
high-grade metamorphic complex (LC SMU);

(2) The tectonic concept of the Moravides which
explains a set of the four nappes within the first-
order entity (interpreting also as the southern
extension of the Romanian Supragetic) introduced
by ANPELKOVIC (1982);

(3) Milestone of the Alpine concept in the
Southern Carpathians portrayed the SMU as a seg-
ment of the Getic/Supragetic Unit (sensu SANDULESCU,
1984). This configuration is comprised of several
basement terranes interfingered by a network of
Variscan and Alpine thrusts (see also Iancu et al,,
2005 and references therein);

(4) The concept of the SMU s.s. which is exclu-
sively the LC SMU which means a discrete first-order
terrane, accommodated to the west of the contem-
porary “Ranovac-Vlasina-Osogovo Terrane” or the
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Supragetic in Serbia (sensu KRrsTi¢ & KARAMATA, 1992;
KARAMATA & KRsTIC, 1996; KRAUTNER & KRSTIC, 2002;
Fig. 3a). The authors divided the Supragetic basement
into the “Upper Supragetic” (“Bosca-Bukovik Vlasina
nappe”) and the “Lower Supragetic” (“Locva-Ranovac-
PoruZnica nappe”) excluding a non-differentiated
Serbo-Macedonian Unit or the LC SMU. Despite a
significant contribution to the Alpine configuration
(KRAUTNER & KRsTIC, 2002, 2006), it remains unclear
which unit or terrane makes the northern extension
of the LC SMU in Romania;

(5) The recent tectonic synthesis enclosing the
central part of SEE (including the LC SMU and Su-
pragetic), excludes the correlation with its basement
analogs in North Macedonia and Greece (ScHMID et
al,, 2008, 2020). This attempt synthesizes a regional

a

'

Turnu Severin

Mesozoic configuration favoring the interpretation
of the Alpine-Carpathian-Balkan fold-and-thrust
belt as an aggregation of the lithotectonic units
referred to as of Mesozoic aggregated “terranes” -
“Major tectonic units” (ScHmip et al, 2008). Ac-
cordingly, to the Alpine basement “terranes” (Su-
pragetic basement and LC SMU) are the members of
the “Dacia Mega-Unit”. This terrane represents an
agglomerated terrane (probably depicted by the
similar exhumation times) connecting the pre-
Mesozoic exotic- and local Alpine allochthones;

(6) The pioneering pre-Alpine or the Variscan-
based reconstruction explaining the Variscan or
“Thracian suture” (Haypoutov, 1989) of Southern
Carpathians, E Serbia, NW Bulgaria. The definition of
the Balkan terrane (includes the Supragetic base-

b

Fig. 3. a. Terranes of eastern Serbia (inlet from KrsTic et al,, 2005; position on Fig.1b): VCM, “Vrska Cuka - Miro¢” (Lower Danubian),
SPP, “Stara Planina - Pore¢” (Upper Danubian), KU, “Kucaj” (Getic), RV, “Ranovac - Vlasina” (Supragetic), LU, “LuZnica Unit” (West

Kraishte), SM, Serbo-Macedonian Unit. Question mark denotes the correlation problem between segments in Serbia and those in Ro-

mania; b. Map of lithospheric thickness (km) for Serbia and North Macedonia. 1, Isolines of lithospheric thickness, 2, zone of Neogene

magmatic activation (modified after MiLivojevic, 1993). The map of the crustal thickness indicated the areas experienced the (upper)

crustal extension. The minimum crustal thickness of ca. 20 km is associated with the surface SMU slivers.
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ment) and Thracian terrane (includes the L.C SMU)
of Pan-African inheritance (e.g., HaypouTtov, 1989;
HaypouTov & YANEV, 1997; YANEV et al., 2005; WIN-
CHESTER et al., 2002, 2006);

(7) A recent attempt of the reconstruction of
early Paleozoic tectonics based on the detrital
zircon analyses of the LC SMU and Supragetic
basement (ANTIC et al., 2016b) was driven by a
Paleozoic paleogeographic reconstruction favoring
the “Galatian Superterrane” proposed by STAMPFLI et
al. (2013 and referenced therein). A set of samples
(with sedimentary protolith) collected from the
Supragetic basement, LC SMU and its regional
analogs (Ograzhden unit). The diagrams exhibited
the two main source systems of the recycled grains.
The dominant ages are: (i) Supragetic basement has
distinctive peak of 540 Ma (lowermost Cambrian),
(ii) within the LC SMU there are two peaks - 560 Ma
and the distinctive peak of 460 Ma.

Despite a significant effort of regional authors
(Iancu et al., 2005; KRAUTNER & KRsTIC, 2002; BALIN-
TONI et al., 2010, 2012, 2014; ANTIC et al.,, 2016b,
2017; ZacorcHEV, 2015 and references therein;
Kyponakis et al., 2016; Iancu & SEGHEDI, 2017; SpaHIC
& GAUDENYI, 2018; SpaHIC et al., 2019a), it is still
difficult to even infer the complete Alpine archi-
tecture and displaced Variscan imprints. Thus, a
proper definition and outlining the original LC SMU
includes the connection with the Supragetic Unit
and its basement is of vital importance (Fig. 1, 3a).
To make matters more complex, the southern
continuation of the LC SMU (North Macedonia,
Greece) has indeed another set of peculiarities: a
presence of the “Eastern Veles Series” (DIMITRIJEVIC,
1997; ANTIC et al., 2016b; SpraHIC et al., 2019b;
position in Fig. 1); the Vertiskos unit of northern
Greece (southern extension of the LC SMU) is of
Silurian- (HiMMERKUS et al., 2009) or still of pre-
Silurian age (ABBO et al, 2020), whereas the
Supragetic basement is absent in Greece.

The modern ultra-thin slivered crustal configu-
ration of the LC SMU is largely depicted by the
deep-crustal geophysical data beneath the inve-
stigated basement inlier (MiLivojevi¢, 1993; Fig. 3b).
With regards, the Alpine structural configuration or
boundaries of the inlier, the overprinted interface
between the Supragetic and Getic is in the form of the
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east-vergent nappe (Serbia; Fig. 3a). The LC SMU is
positioned to the west, on top of the documented
Mesozoic suture referred to as the (East) Vardar Zone
(SpaHIC & GAUDENYI, 2019 and references therein; Fig.
1). Towards the eastern boundary i.e. towards the
Supragetic Unit, the interface is represented by an
east-verging nappe (Fig. 3a). Nevertheless, the very
character of the boundary varies along the strike. In
the vicinity of Mali Jastrebac Mt. (see Fig. 1 for
position) interface is in the form of the shear zone
(EraK et al., 2016; SpaHIC & GAUDENYI, 2019). The
apatite fission track ages derived from the samples
collected across the central-southern L.C SMU (Serbia)
point to the Late Cretaceous cooling (97+21 and
73413 Ma; ANTIC et al,, 2016a). Similar age and the
low-temperature thermochronology (zircon and
apatite fission-track from gneisses and mica schists
of the “Morava unit” or the LC SMU (chlorite-sericite
schists of the “Boljevac-Vukanja sub-unit”) indicated
the late early to early late Cretaceous exhumation
times (~110-90Ma; Erak et al,, 2016). Similar Eocene
to the Oligocene extensional core-complex event
exhumed the Osogovo-Lisets Metamorphic Complex
(ANTIC et al, 2016a; Fig. 4). However, the Alpine
criteria (nappe stacking architecture and its ver-
gence), does not provide a satisfactory correlation
level between these basement units tectonically
displaced within the region. One of the prominent
examples is the greenshist-facies Minis unit in
Romania (Iancu et al., 2005). At the first glance, this
unit which requires further correlation with the
“LuZnica Unit” in eastern Serbia (Fig. 3a).

Serbo-Macedonian Unit within the
pre-Alpine context

The LC SMU is comprised of the metamorphic
rocks of the Neoproterozoic to Cambro-Ordovician
age (DELEON et al, 1972) of late Cadomian paleo-
continental inheritance (ANTIC et al,, 2016b). The wes-
tern segment of the LC SMU is comprised of medium-
to high-grade predominantly gneiss, mica-schist,
quartzite, amphibolite-facies system with the sporadic
occurrence of marbles and migmatites (KALENIC et al.,
1975; ANPELKOVIC, 1982; DIMITRIEVIC, 1995, 1997; Spa-
HIC, 2006; MaroviC et al.,, 2007; Erak et al., 2016).
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Fig. 4. The sketch representing the eastern Supragetic contact zone towards the Carpatho-
Balkanides and Rhodope Unit - Serbia, Bulgaria and Republic of North Macedonia (simplified
after Harpoutov & Yaney, 1997; Kounov et al., 2012 and references therein).The geotectonic
inheritance of the greenschist-facies rocks remains unclear: Supragetic (Morava nappe) or

“Kucaj Unit”/Getic? Segment of the “Thracian suture’, and its tentative continuation in Serbia.

480 Ma to 550 Ma. The age of
the Ograzhden Unit is re-
ported as ~462-451 Ma
(ortho- and parametamorph-
ic rocks are dated with a
combination of LA-ICP-MS
and ID-TIMS U/Pb zircon
methods, ZAGORCHEV et al.,
2012, 2015; MAcHEvA et al.,
2016) whereas PEYTCHEVA et al.
(2015) in the Ograzhden and
Belasitsa Mountains use ID-
TIMS with the in-situ
LA-ICP-MS U-Pb zircon dating
suggesting the 450-455 Ma
age of the Ograzhden ortho-
gneisses. A segment with the
Silurian age of LC SMU is
documented within the au-
gengneisses (orthogneisses)
of the Vertiskos Unit in Greece
(HmvMmERKUS et al., 2009).

The peculiar medium-
grade Variscan metamor-
phism of the LC SMU was
recently dated according to
the overprint of the Silurian

In the outcrops of Juhor-Stala¢ Mts., the age of
granite dated by the Rb-Sr yields the lowermost
Cambrian to Lower Ordovician age (541 to 475 Ma;
DELEON et al., 1972). Gneisses of the Mojsinje Mt. have
the Neoproterozoic (Ediacarian) age (547 Ma;
DELEON et al,, 1972). The post-metamorphic granite
plutons are dated at ~450 and 347 Ma, respectively
(MiLovaNovi¢, 1989; MiLovanoviC et al., 1998 and refe-
rences therein). The presence of the Vucje granitoid
of magmatic protolith marks the late Cadomian po-
sition of the LC SMU, as well as the rocks of
Juhor-Stala¢ system (central part of the LC SMU). In
general, clastic protolith (psephites-psammites) domi-
nates the entire LC SMU (DiMITRIJEVIC, 1997).

The LC SMU and the analog Ograzhden Unit
(sensu ZAGORCHEV, 1967; Kounov et al. 2012; Fig. 4)
have the two prominent synoptic density peaking of
the magmatic and metamorphic zircon spectra of
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igneous rocks (ANTIC et al,

2016b). The earlier results
indicated the Early Paleozoic or late Cambrian event
(BALOGH et al., 1994; ZAGORCHEV & MiLovaNoviC, 2006),
whereas the amphibolite facies overprint is
attributed to a Variscan orogenic event (DIMITRIJEVIC
etal, 1967; MEDARIS et al., 2003). However, as the LC
SMU is positioned far from the Variscan Carpathian-
Balkan front (location of the late Paleozoic suture at
SpaHIC et al., 2019), it remains unclear in which
manner the LC SMU was overprinted reaching the
medium- to high-grade level (similar to some of the
basement units of the Getic basement; Fig. 3a)
whereas the more internal proximate Supragetic
basement has a greenschist-facies imprint. Thus, the
original tectonostratigraphic relationship between
the LC SMU and the Supragetic basement is the vital
criterion for successful deciphering of the modern
tectonic framework.
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Scarce Variscan and pre-Variscan
early Paleozoic imprints

As a segment of Alpine orogeny; it is obvious that
the Variscan, pre-Variscan imprints or original tec-
tono-stratigraphic relationship between the LC SMU
and Supragetic suffered from the repeated tectonic
reworking (ALEKSIC et al., 1988; also in DIMITRIJEVIC,
1997). However, the pre-Alpine kinematic markers
or tectonic indicators of the Neoproterozoic-Lower
Paleozoic magmatic episodes (ANTIC et al., 2016b)
imprinted into the Carpatho-Balkanides/South Car-
pathian “terrane” assemblage are:

Late Paleozoic suture (“Thracian suture”; sensu
Haypoutov, 1989; PLissArT et al.,, 2018). The late
Paleozoic suture connecting the “Protomoesian”,
“Balkan Terrane” and the “Thracian microconti-
nents” (the “Thracian suture”) placing the obducted
ophiolite-bearing volcanic arc (Struma Diorite/Fro-
losh assembly of the Neoproterozoic age; HaybouToy,
1989) (Fig. 4). The zone is later characterized as a
pre-Mesozoic west-verging thrust, positioning the
Supragetic basement over the LC SMU (KrsTi¢ &
KARAMATA., 1996). In terms of paleogeography, the
presence of the major Carpathian-Balkan Paleozoic
suture just recently was proposed at the expense of
closing Rheic Ocean (BoNCHEVA et al., 2010; SpaHIC et
al,, 2019). Moreover, the back-arc ophiolites of the
Devonian age accommodated within the opposed
Danubian basement (ZAKARIADZE et al., 2012; PLISSART
et al, 2017). It includes the cluster of the Variscan
and late Variscan granitoids within the Getic unit
(JovanoviC et al., 2019 and references therein). The
Carboniferous to Permian age by the *°Ar/3%Ar
plateau results (ca. 351 Ma to 284 Ma, in mica- and
chlorite schists, respectively; numeric age by ANTIC
et al, 2017) for the Vrvi Kobila shear zone (south-
east Serbia; LC SMU) identified a late Variscan
involvement of the LC SMU.

Recently, in a more external position (near the
interface of the LC SMU, Sebes-Lotru terrane and
Supragetic basement) another still enigmatic pre-
Variscan suture is depicted (IaNcu & SEGHEDI, 2017).
In this context, as pointed in the previous chapters,
there is a high likelihood that the majority of the
Neoproterozoic - Lower Cambrian to Lower Ordovi-
cian depositional or tectonic structures underwent
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several deformational events. More precisely,
Exactly in the case of the LC SMU and the Supragetic
basement (exhumed) crustal contact or the shear-
zone of the Mali Jastrebac Mt. (Central Serbia, see
Fig. 1 for position) (ErAK et al., 2016).

Pan-African to Lower Paleozoic
paleocontinental inferences and a peculiar
Ordovician imprint

A typifying Cadomian section include the asso-
ciated basement units of ca 2.0-2.2 Ga West African
crust (NANCE et al., 2008; MurHy et al., 2012; Fig. 5):
(i) the oldest segments are of the Palaeoproterozoic
age (Icartian gneisses, ca. 2 Ga), followed by (ii) the
Cryogenian plutonic complex of ca. 750 Ma. (iii) The
Ediacaran turbidites with the presence of mafic
volcanics, conglomerates, inclusions of acid vol-
canics (ca. 650) (iv) the Cambrian redbeds (ca. 542
Ma), (v) the Cambro-Ordovician clastic series with
involvement of acidic volcanics (granites). The early
Paleozoic clastic rocks in Cadomian segments yield
age clusters of ca. 0.60-0.65 Ga, 2.0-2.2 Ga, 2.4 Ga and
2.6 Ga (MurpHy et al,, 2012 and references therein).

The evident cluster of ca. 550 Ma within the Su-
pragetic basement indicates minimum depositional
age with the abundance of 2.2 to 2.4 Ga old grains
(zircon spectra from ANTIC et al.,, 2016b). The LC SMU
distinguished in the vicinity of the Paleoproterozoic
West African basement source is fitting with the Ava-
lonian minimum zone (sensu SaMsoN et al,, 2005).
Low number of late Mesoproterozoic zircons
(1.6-1.0 Ga) determined in the Ograzhden Unit
(samples by ANTIC et al.,, 2016b) does not exclude the
influence by an Avalonian source.

It appears that juvenile LC SMU was a kind of
Neoproterozoic marginal basin associated with the
north Gondwanan foredeep (including the Avalonian-
Cadomian magmatic arc stage; ANTIC etal., 2016). The
Neoproterozoic relationship with the Supragetic
basement is still ambiguous, despite a widespread
Neoproterozoic to early Cambrian magmatism (ANTIC
et al,, 2016) connecting these two basement units.
The perplexing relationship is further marked by the
presence of Lower Ordovician brachiopods (PavLovic,
1977). To make matters more complex, the presence
of a widespread Middle Ordovician magmatic event
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Fig. 5. Synoptic stratigraphic chart of the Cadomian continent
(after MurpHy et al,. 2012, simplified). The comparison with the
LC SMU: LC SMU is fitting with the uppermost Cadomian events,

a segment of Cadomian continental platform i.e. margin basin.

(472-456 Ma, emplacement of mafic dykes; ANTIC et
al,, 2016) with almost identical age is documented
within the Sebes-Lotru terrane, ca. 460 Ma; BALINTONI
et al,, 2010; Ograzhden unit; ZAGORCHEV et al., 2012,
2015; MacHEvA et al., 2016). Such early Paleozoic
imprint pattern suggests a more complex “intra-
Ordovician” lithospheric-scale episode (see STEPHAN
etal, 2019, for a discussion). Extension and the onset
of the Paleozoic latitudinal drift of these peri-
Gondwanan terranes begun after this peculiar stage.
This stage can tentatively be marked by the contact
between latter terranes (Fig.4). The separation from
the northern Gondwana mainland enabled the
oceanic spreading and drift that produced deep-
marine conditions and the formation of the

56

sedimentary cover belonging to the “Kucaj/Getic
Unit” (latest Ordovician - Silurian; sensu KrsTiC et al.,
2005; c.f. SpaHIC et al.,, 2019a and references therein).

Conclusions

A short summary after 60 years of working in the
complex Serbo-Macedonian basement entity is as
follows:

- The LC SMU represents a segment of wider
continental margin of Neoproterozoic-Lower Ordo-
vician age imprinted with a set of Cadomian and
early Paleozoic isotopic characteristics. This setting
reflects a protracted Pan-African to Lower Paleozoic
setting of peri-Gondwanan nappes;

- LC SMU is a highly complex crustal amalga-
mation (no evidence of cratonic crust; Fig. 5) with
the documented repeated anatexis (ZAGORCHEY,
2015). The Supragetic basement is an ocean floor
assembly of the similar age (ANTIC et al., 2016b;
SpaHIC et al., 2019 and references therein);

- In a broader tectonic context, we suggest that
these peri-Gondwanan systems (in the configura-
tion of Alpine nappes) with distinctly different
basements were under direct control of the south-
ward subduction of an early Paleozoic ocean. This
terrane assembly LC SMU-Supragetic initially
amalgamated along the north Gondwanan - Ca-
domian continental margin involving an unknown
event that occurred sometime during post-Cam-
brian. In paleogeographical terms, both peri-Gon-
dwanan systems (the LC SMU and the Supra-
getic/Getic) were situated in an outer flank of the
Pan-African margin;

- Post-Lower Paleozoic events significantly dis-
rupted the original configuration of the two
adjoining systems: LC SMU and Supragetic base-
ment. Despite significant tectonodepositional
discrepancies, both systems can be regarded as
discrete entities in the Alpine structural plan as
suggested by the KARAMATA & KRsTIC (1996).
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Pe3ume

60 roguHa koHuenta Cprcko-
MaKeJOHCKe jeguHuue: 04 KagoMcKke
A0 aJINCKe TEKTOHCKe KOHpUrypauuje

Hakon 60 roguna ox kaza je DIMITRIEVIC (1959)
yKa3ao Ha pasJiuke usmeby ,Pomorncke mace“ u
HEeHOT Taja ,3anaaHor aena“ (PETkovic, 1958), join
yBeK [I0CTOje HeJIOyMHULle OKO CAMOTI' HACTaHKa Kao U
roToBO Iiesie GpaHepO30jCKe eBOTYIIH]je, TaJ[a HOBO-
uzaBojeHe ,Cprcko-makenoHcke Mace“ (,/lomu
koMmiekc” v, lopwu kommiekc”/Cynparetuk/“Bia-
cuHa koMmIiekc“). OBaj kpuctasactu 6Jiok (Cpm-
CKO-MaKeJJOHCKa jeJMHHIa) HeolpOTep030jCKo-
Jowornasneo3ojcke ctapoctu (KALENIC et al., 1975;
ANTIC et al, 2016b) nHa 3amaay ce rpaHUYH ca
BapzpapckoM 30HOM, a npeMa UCTOKY ca CynpareTuk
jenvHUnOM (Hekaza ,BiacuHCKU KoMILIekc") U
HeHUM Me3030jCKUM ce/JUMEHTHUMA.

Y ropmomnajie030jCKOM CMHUCJY, OHO LITO Ce 3a
ca/jla MOXe 3aK/by4UTH jecTe Jia je 0Baj KpUCTAJIACTH
TepaH HeKaZla 610 J1e0 BapUCLUjCKe eBPOIICKe Kope
KOja je HaKHaZJHO npepaheHa a/ilcKOM TEKTOHUKOM
(ANTIC et al., 2017). MehyTuM, y J0H011a/1€030jCKOM
najieoreorpaCKoOM U Najie0TEKTOHCKOM CMHUCJY je
JOKYMEHTOBAHO MPUCYCTBO Nepu-I'oHBAHCKOT Te-
paHa Ka/loMCKe CTapoCTH KOju MOTHYe Ca yAa/beHe
ceBepHe KOHTUHEHTaJIHe MapruHe [oH/iBaHe (e.g.,
ALEKSIC et al., 1988; CARMINATI et al., 2004; HIMMERKUS
etal, 2009; MEINHOLD et al., 2010; ANTIC et al., 2016Db;
ABBoO et al., 2020).

[lopesn oGHOBJ/bEHOI HHTepeca 3a OBy KpHU-
CTasacTy jeAuHUILY, 6pojHe Hepoymuiie (e.g., GRUBIC
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etal., 1999; GErDJIKoV et al., 2014; SpaHIC & GAUDENY],
2019) orexaBajy peliaBakbe nojavdasHe mnaJieo-
reorpadcke U TEKTOHCKE eBOJIyLHje MOMEHYTOT
KpHCTa/IacTor 6JI0Ka:

(1) CymTrHCKHY, jOIll YBEK je HejaCHO KoMe MPUIa/ia
y AJITICKOM CTPYKTYPHOM ILIaHy CpIICKO- MaKelOHCKa
jenuauna (,Jomu koMmiekc Cprcko-MakeJOHCKa
jenuuuna“)? /Jla siv je TO caMOCTa/IHU KPCTaJIaCTU
6J10K HeKa/lallllbe eBPOIICKe MapruHe (reoTeKTOHCKa
jeMHWLA NPBOT pe/ia), Wiy pulaja NakeTy KpeJHo-
NaJleOreHyX HaBJIaKa Koje ce KapaKTepyLly UICTOYHOM
BEpreHL oM AJIIICKOT HaBJlayera?

(2) KakaB je opUruHa/IHU [ OHeIaIe030jCKU
opHoc Cprncko-MakeoHCKe jeguHuLe ca Cympa-
reTHK je/JUHUIIOM U 6ejcMeHTOM?

(3) Koja TekToHCKa jeiHULIA TPE/ICTAB/bA HAC-
TaBak Cpricko-MakenoHcke jenuHuie (,/lowmer
KOMILJIeKca") peMa CeBepY, Tj. Y PYMYHCKOM [y
Jyxknux Kapnara?

(4) Koja je npuMapHa naJieoZiefno3uIioHa U TeK-
TOHCKa CpeJjMHa Koja je MoIJia [ja IPUXBAaTU TaKO
3HayajHy KOJIMYMHY KJACTUYHOT AeTpuTyca (e.g.,
AviGaDp et al., 2017)7;

(5) Koju niutochepuu porabhaj je y3pokoBao Ha-
CTaHaK HeJJ0BOJbHO UCTPAXKEHOT OP/A0BULUjYMCKOT
TepMaJIHOT oBepHnpuHTa (472-456 Ma, HyMepU4KU
nojanu crapoctu oJ ANTIC et al,, 2016a ,b; ,Cebemr-
Jlotpy Tepan‘, ca. 460 Ma; BALINTONI et al,, 2010;
Orpax/eH jenuuuna, 462 Ma; ZAGORCHEV et al., 2012,
2015; MacHEvA et al., 2016)?

(6) Koja je 6usia ysora Cprcko-Make/JoHCKe je-
nuHuie (,Jomer koMIiekca”) y nepMo-TpHjackoM
oTBapawy HeoreTuca, 1 Koju je 610 oHOC ca Ta-
JlalibuM 3anaHuM [laseoreTrcom?

OBaj paj, npejcTaB/ba HacTaBaK peruoHaJHO-
reoJiomkux cryauja (SpaHiC & GAUDENYI, 2018, 2019;
SpaHIC et al., 2019 a,b; SpaHIC et al.,, 2020) v 3acHuBa
ce Ha nojauyMa Be3aHuM 3a CprcKo-MaKeJOHCKY
jenuuuny (,Jomwu xommaekc”) (HIMMERKUS et al.,
2009; MEINHOLD et al., 2010; ANTIC et al., 20164,
2017, ABgo et al.,, 2020). Kpo3 noky1iaj ja yKaXkeMo
Ha Heke oJf Moryhux pelierwa Ha rope-NoMeHyTe
npobseme, paja ce ¢okycupa Ha Cprcko-Make-
JNoHCKY jenuuuny (,Jomu kommiaekc”). Y pagy cy
pas3IMYUTH paHuje Ny6JIMKOBaHU NOJALU CTaBJbe-
HU y MojepaH najieoreorpadCku U TEeKTOHCKH
KOHTeKCT. Kao 3ak/by4ak 06HUMHOT JIMTEPATYPHOT
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UCTpaXKMBamwa, Ka0 U KPO3 aHAJIN3y aHAJIMTHYKUX
nojaTaka, yKa3aHo je Ha IoCTojame mnpe-Bapuc-
nujckor sutochepHor jgorahaja HajBepoBaTHHUje
OpAOBHULIMjYMCKe CTApOCTU. MCK/bYyYUBO Kaja ce
Oyze YTBPAUO AUPEKTAH OPUTMHAJIHU OJHOC W3-
Mebhy Cpricko-MaKeJOHCKe je/JMHUIIE U yIpareTUKa
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6uhe omoryheHo peliaBawe npobJjemMa Kako Ba-
pucuujcke koHGUrypaLuje Tako ajlicke U Kope-
JlalFje OBUX O€jCMEHTCKUX jeTUHUIIA.
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