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Abstract. U-Pb geochronology of zircon grains retrieved from magmatic
rocks intruding the Jadar block terrane in the central Balkans is used here to
add new constraints on the terrane accretion processes and the provenance
of crustal sources of this potentially exotic crustal block. Using an unorthodox
approach, we analyzed zircons extracted from the products of Cenozoic (Cer
and Boranja granitoid massifs) and Triassic magmatism (Bobija andesitic tuff
- Pietra Verde). In fourteen samples of granites and epiclastites, we analyzed
about 600 grains, and of these, about 30-40% were derived from the basement
and were used further for the geological interpretation.

Most samples show a similar Precambrian and Paleozoic age spectrum, in-
cluding ubiquitous Neoproterozoic and well-defined Silurian-Ordovician pop-
ulations. Only a few older zircons are present, composing minor populations
at c. 1.2 Ga and 3.2 Ga. The younger zircons represent a ubiquitous Triassic
population that is the strongest in all samples. This age population is most
likely associated with local Permo-Triassic magmatism generated due to the
opening of the Neotethys. In contrast to the magmatic rocks of Boranja and
Bobija, the zircon age spectrum of the Cer polyphase pluton shows a strong
Carboniferous peak, indicating a potentially important link to the Variscan
margin of Eurasia. This supports opposing interpretations that either this part
of the Jadar block terrane represents a southern continuation of the “Blikkium”
and Sana-Una terranes comprising displaced fragments of the southern Euro-
pean Variscan foreland, or, more likely, that it has an Adria affinity and that
these zircons are derived from Cretaceous sediments of the Sava Zone, i.e., the
suture that separates European and Adriatic domains, which were assimilated
during the intrusion of the Cer granitic magmas.

AncrtpakT. Y pany cy kopuurhenu U-Pb reoXpoHoO/IOIKY oAy J06UjeHN
MepemeM IIMPKOHA U3 MarMaTCKUX CTeHa Koje po6ujajy Jajapcku 6s10K. OBU
noJaly KopullheHu cy Jja 6MCMO LITO OJIMKe YTBPJUJIU NMOPEKJIO IUPKOHA,
Y o/laTJie IOHeJIU 3aK/byyKe 0 Ie0JIOIKOM Pa3Bojy OBOT ITIOTEHIIUjaIHO “erso-
TUYHOT” 6JI0Ka. AHAJIM3UPAHU CY LUPKOHU I'PAHUTOUJHUX MacuBa llepa u
Bopame kao u HUpPKOHA U3 eNUKJACTUTa pietra verde Ha JlaHUHU Bo6uja,
TpHjacKe CTApOCTH. Y YeTPHAECT y30paKa 'PaHUTA U eNUKIACTUTA aHaJIN-
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KibyuyHe peyu:
Ilopeks0 yupkoHa,
Adpuja niovua,

3upaHo je oko 600 3pHa, o kojux je oko 30-40% 3pHa umasno HacaeheHa
jesrpa Koja cy kopulrheHa 3a fja/by reoJIOMIKY UHTEPIIPETALH]Y.

Behuna y3opaka nokasyje mpekaM6pujCKU U MaJIe030jCKU CUTHAJI, YKJbY4Yjy-
hu cBenpucyTHe HeolIpoTepo30jcke U A06po AedUHUCAHE CUITYPCKO-OPLOBU-
LUjyMCKe nomyJanyje. [IpucyTHO je caMO HEeKOJIMKO CTapHUjUX LIMPKOHA, KOjU
nokasyjy ctapoctu oko 1,2 Ga u 3,2 Ga. Miiabu LUMpKOHU NpeJCcTaB/bajy TPU-
jacky momyJiallMjy Koja je Hajjadya U CBeNpUCYyTHA y CBUM y3opuuma. OBa
[omnyJialiyja [UPKOHA je HajBepOBaTHUje IT0Be3aHa ca JIOKaJIHUM [1epMO-TPH-
jacKMM MarmMaTHU3MOM, HacTaJIUuM ycies oTBapawa HeoteTuca. 3a pasnuky on
MarmaTckux creHa bopamwe 1 bo6uje, ciekTap cTapoCcTH [MPKOHA LepCKOT
noJsindasHoOr IUIyTOHA NT0Ka3yje CHaXKaH KapOOHCKY UMIIYJIC, IUITO yKa3yje Ha
MOTEHIMjaJIHO BaXKHY Be3y ca BAPUCLIUjCKUM MarMaTU3MOM KojH je Hajuelihe
Be3aH 3a jyHy MapruHy EBpoasuje y BpeMe XepLuHCKe oporeHese. OBu
LUPKOHU HajBepOBaTHHU]e BOJe NOPEKJIO U3 KpeJHUX ceiuMeHaTa CaBa 30He,

Biikkium 6.10k.

KOjH Cy aCHMHUJIOBAaHU NIPUJIMKOM UHTPY3Hje LiepCKe FPaHUTON/He Marme.

Introduction

The Alpine-Himalayan accretionary orogen rep-
resents a continent-scale diffuse and long-lived con-
vergent boundary between Eurasia and Gondwa-
na-derived plates that have been active since Per-
mian-Mesozoic times (e.g., DERCOURT et al.,, 1986;
Scumip et al., 2008; SENGOR & YiLMAZ, 1981). Long-lived
convergence involved the accretion of numerous con-
tinental slivers that mainly originated from late Per-
mian times onwards (e.g., PALINKAS et al, 2008;
ROBERTSON et al., 2009) by continental rifting and sub-
sequent seafloor spreading between Gondwana and
its northern promontory (Adria) and Eurasia. Pro-
gressive plate convergence associated with ophiolite
obduction eventually resulted in collision.

In the Balkan section of the Alpine-Himalayan
orogen, plate convergence was linked to the closure
of a branch of the Mesozoic Tethys located between
Eurasia and Adria, called ‘Vardar Tethys’ (CvETKOVIC
et al, 2016) or ‘Northern branch of Neotethys’
(Scumip et al., 2008). In the Dinarides fold-thrust
belt, the Late Cretaceous collision of Adria and Eura-
sia (Ustaszewski et al., 2010) and subsequent post-
collisional shortening until the Oligocene to
Miocene eventually formed a highly complex orogen
with several out-of-sequence thrusts (e.g., VAN UNEN
etal., 2019a, b; BALLING et al.,, 2021a). In combination
with the subsequent extension of the internal parts
of the thrust belt (e.g., MATENCO & RADIVOJEVIC, 2012),
this resulted in a complex relationship between dif-

ferent pre-Alpine crustal fragments mixed with
younger ones of various origins. Geological units
pre-dating the opening of the Neotethys are domi-
nantly represented by remnants of Adria and its dis-
tal parts, which are exposed within the Sava suture
zone (Fig. 1; Scumip et al.,, 2008). This complicates
and challenges a paleotectonic interpretation, espe-
cially without detailed provenance analyses. These
processes eventually formed an orogenic system
consisting of multiple belts during the late Meso-
zoic-Cenozoic times.

The Jadar block terrane of northern Serbia (Fig.
1) lies between the Neothethyan West Vardar zone
and the Drina-Ivanjica block that represents a de-
formed segment of the Adriatic microplate (SpaHIC
& GAUDENYI, 2020). The paleogeographic affinity of
the Jadar block terrane has been a matter of debate,
and two opposing models have been proposed:

1. The widely accepted opinion is that the Jadar
block terrane, together with the Kopaonik Block,
forms the Jadar-Kopaonik composite nappe that
was thrust onto the Drina-Ivanjica composite nappe
during the Late Cretaceous to Early Paleogene
shortening, postdating the latest Jurassic obduction
of the Western Vardar ophiolites (ScHMID et al,,
2020). The Jadar-Kopaonik composite nappe sensu
ScuMmiD et al. (2008) represents the most distal
nappe of the internal Dinarides situated on the Adri-
atic microplate (MATENCO & RADIVOJEVIC, 2012). In
more detail, this view suggests that the Jadar block
terrane, the Biikk unit or “Bilikkium terrane” (NE
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Fig. 1. Geological and tectonic sketch of the Balkan Peninsula. The two maps illustrate two opposing models of the origin of the Jadar

Block, which are discussed in more detail in the text. a) Tectonic sketch after Scumip et al. (2008) with the position of the study area (dark

polygon). b) Simplified tectonic map of the delineated area showing the major geotectonic units (modified from Karamara et al., 1997).

Hungary), and Sana-Una (NW Bosnia and Herze-
govina) represent displaced fragments of the inter-
nal Dinarides (KovAcs et al., 2011, 2000; ProTi¢ et al,,
2000), with the Medvednica Mountain and neigh-
boring inselbergs near Zagreb occupying an inter-
mediate position (ScHMID et al., 2008).

2.Based on similarities in the Variscan and Early
Alpine evolution with “Bilikkium” and Sana-Una ter-
ranes, it is proposed that the Jadar block terrane
was emplaced into the area of the Vardar Suture
Zone (Sava-Vardar suture zone sensu SCHMID et al.
2008) during the Late Cretaceous from the neigh-
borhood of the Sana-Una unit, where the original
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setting of the Bilikk unit of NE Hungary can also be
supposed (FiLipovic et al., 2003; KARAMATA et al.,
1997; ProTiC et al., 2000; SpaHIC & GAUDENYI, 2020).
According to this interpretation, these three blocks
share close similarities with the Carboniferous-Per-
mian succession of the Carnic Alps as well, implying
a close palaeogeographic affinity within the western
Paleotethyan domain and belonging to the southern
European Variscan foreland (FiLipovic et al,, 2003).
Based on the presence of Carboniferous magmatic
zircons, it was recently demonstrated that clastites
from the Biikk Mts. (the Biikk unit) might be par-
tially derived from Austroalpine and Southern
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Alpine rocks (ZajzoN et al., 2011), suggesting that
this block, and presumably also the Jadar block ter-
rane, was located in the foreground of the Alpine
units. In other words, the Jadar block terrane may
represent an exotic terrane whose geological differ-
ences from the neighboring blocks cannot be ex-
plained by lateral transitions in sedimentary facies,
metamorphic history, structure, etc. It may be ulti-
mately derived from the Gondwana-derived micro-
continents included in the Variscan and Alpine
collisional orogens (sensu voN RAUMER et al., 2003),
that is the post-Variscan European margin (sensu
SPAHIC & GAUDENYI, 2020).

In situ U-Pb dating of zircon grains has proven
to be a powerful tool in provenance studies, provid-
ing information about the timing of the origin of
lithologies in a source area, which has often been
destroyed and recycled during preceding plate tec-
tonic processes. Our pilot study aims to evaluate the
palaeogeographic affinity of the Jadar block terrane,
performing the very first provenance study of zircon
grains (older than Cenozoic) derived from the base-
ment of the most distal composite nappe of Adriatic
affinity, the Jadar-Kopaonik thrust sheet (sensu
Schmid et al., 2008), that is, the Jadar block terrane
(sensu FiLipovic et al., 2003). Instead of studying de-
trital zircons in clastic sedimentary rocks, we utilize
an unorthodox approach by analyzing zircons ex-
tracted from the products of Cenozoic and Triassic
magmatism of three localities: Bobija (Sokolske
Mts.), Boranja Mts. and Cer Mts. plutons. In the case
of two localities (Cer and Boranja plutons), zircon
xenocrysts that yielded ages older than the age of
intrusion of the granitoid magmas have been dis-
cussed and plotted. In contrast, in the case of the
third locality (volcaniclastics of Pietra Verde, Bo-
bija), the entire zircon population was processed.
This approach allows to obtain information on the
provenance of the basement below the Mesozo-
ic/Cenozoic sedimentary cover sequences, which
are in many cases unknown as their base is sel-
domly exposed, therefore casting a new light on the
origin of pre-Alpine basement units in the central
Balkans. This has important implications for our in-
depth understanding of the evolution of North
Gondwana-derived terranes and, consequently, for
Alpine plate-tectonic reconstructions.

20

Geological setting of the Jadar block
and its magmatism

The internal Dinarides, in particular, the most-
distal Jadar-Kopaonik nappe (sensu ScHMID et al.,
2008), occupy a significant part of northwestern
Serbia and, in terms of pre-Alpine paleogeography
represent the northeastern continuation of the
Drina-Ivanjica composite nappe (ScuMmID et al., 2008)
(Fig. 1). The pre-Permian succession of the Jadar-
Kopaonik thrust sheet comprises non- to low-grade
metamorphic Paleozoic clastic sediments (e.g.,
ScHEFER et al,, 2010; SupARr & KovAcs, 2006). Devonian
to Upper Carboniferous siliciclastic sediments and
shallow-marine carbonates are overlain by fusulinid
limestones and siltstones up to the earliest Permian.
Sedimentation continued in the mid-Permian with
the deposition of clastic sediments, passing into
gypsum, dolomite, and limestone. Triassic litholo-
gies include shallow-water carbonates often trans-
formed into marbles and intercalated with rift-re-
lated basaltic-intermediate volcanic rocks (PRrOTIC et
al, 2000). A presentation of the Jadar block’s
stratigraphy is beyond this study’s scope, and the
reader should refer to several detailed studies, (e.g.,
FiLipoviC et al., 2003 and references therein).

Two major magmatic episodes characterize the
internal Dinarides, Triassic rifting-related volcanism
and Cenozoic magmatism, dominantly represented
by plutonism (e.g., SCHEFER et al., 2011 and referen-
ces therein).

The Triassic volcanism in the terrains with Gond-
wana affinity in the Balkans is related to riftogenesis,
which led to forming a Red Sea-type basin (ROBERTSON
& KaraMATA, 1994). This type of magmatic product is
widespread in the Jadar block terrane. It is mainly
represented by remnants of lava flows and volcan-
oclastic and epiclastic deposits of the Pietra Verde
type (MAURER et al,, 2019). Bobija (Fig. 1) is located at
the southwestern edge of the Jadar block terrane.
However, its position needs to be clarified since it is
located on the very border with the Drina-Ivanjica
terrane to which it may also belong. The volcano-sed-
imentary succession in the Triassic strata comprises
coherent lavas and volcaniclastic sediments (Pietra
Verde) and also hosts stratabound sulphide mineral-
ization. The Triassic volcanism at Bobija is character-
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ized by an absolute U-Pb age of 239.4+1.4 Ma ob-
tained on zircon (MAURER et al., 2019).

Boranja mountain is located at the nappe contact
between the Jadar-Kopaonik thrust sheet (sensu
ScHMID et al., 2008) in the east that was thrust onto
the Drina-Ivanjica thrust sheet in the west and hosts
a granodioritic pluton of Oligocene age (DELALOYE et
al, 1989) (Fig. 1). This intrusion represents an
Oligo-Miocene phase of I-type granitoid magmatism
situated mainly along the Central Balkans. It is in-
terpreted to be related to the post-collisional tecton-
ics (CvetkoviC et al, 2000). More recent work
suggests a possible phase of mantle delamination
below the internal Dinarides to represent the trig-
ger for the magmatic activity (BALLING et al.,, 2021).
The Oligocene granodiorite pluton of Boranja in-
truded the basement, mainly composed of Triassic
limestones and Palaeozoic black phyllites. Pluton-
ism was accompanied by almost simultaneous in-
trusions of a swarm of dykes of dacitic and
lamprophyric composition (PRELEVIC et al., 2004).

Cer Mountain is located in a more internal posi-
tion with respect to Bobija and Boranja and hosts a
poly-phase pluton that intruded the Paleozoic base-
ment, comprising metapsammites and metapelites.
These metamorphic successions experienced in-
tense contact metamorphism and were exhumed as
a metamorphic core complex together with the plu-
tonic rocks along an extensional mylonitic shear
(Lowe et al., 2021; StojabiNoviC et al., 2017). The plu-
ton comprises an [-type Qz-monzonite to Qz-mon-
zodiorite, subsequently intruded and enveloped by
a peraluminous S-type granite (CvETkovIC et al.,
2002; KoronEos et al., 2011). U-Pb zircon ages of the
[-type intrusion constrain crystallization to Early
Oligocene times (31.36+0.49 Ma to 32.21+0.30 Ma)
(StojabiNoviC et al.,, 2017), whereas K-Ar and Ar-Ar
cooling ages from muscovite of the S-type granite
range between 15.96+0.64 Ma and 16.48+0.65 Ma
(KoroNEos et al., 2011; LOwe et al.,, 2021).

Sample selection and
analytical methods

Detailed maps with sampling locations are
shown in the electronic appendix (Supplementary
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Datasets 1-3). A complete dataset, including de-
tailed results of the zircon analyses for each site, can
also be accessed in the electronic appendix (Supple-
mentary Datasets 4-6). Kernel density estimation
(KDE) with the concordant measurements for each
location plotted in the diagrams are presented in the
electronic appendices (Supplementary Datasets 7-
11). Finally, a table with coordinates and descrip-
tions of sampling locations and the exact percentage
of inherited grains is presented (Supplementary
Dataset 12).

Supplementary Datasets 1-12

Samples were crushed to grain sizes below 500
um and elutriated to remove small particles (<63
um), except for samples representing the S-type in-
trusion in Cer, where zircons were almost exclu-
sively recovered from the fraction <63um. Zircon
grains were separated from the bulk samples using
standard techniques (jaw crusher, Frantz isody-
namic magnetic separator, heavy liquids). They
were finally handpicked under a binocular with the
help of UV light. Zircon grains were mounted in
epoxy resin, polished to their centers, carbon
coated, and imaged by cathodoluminescence (CL)
and back-scattered electron (BSE) using a scanning
electron microscope (SEM; JEOL JSM-6610LV with
an EDS analytical system) at the University of Bel-
grade.

Zircon U-Pb age determination was performed
using the LA-ICPMS at the Department of Geo-
sciences, University of Mainz, with an ESI NWR193
ArF 193 nm excimer laser system equipped with a
TwoVol2 ablation cell coupled to an Agilent 7500ce
quadrupole ICPMS. lon intensities for the following
isotopes were measured by LA-ICPMS applying a
pulse repetition rate of 10 Hz and an energy density
of about 3 ] cm2: 2°2Hg, 204(Pb, Hg), 2°°Pb, 2°7Pb, 2°¢Pb,
232Th and #3%U. Background measurements of 15 s
were followed by 30 s ablation and 20 s wash-out
time. The laser was operated at a repetition rate of
10 Hz and a nominal energy output of 40%, corre-
sponding to a laser energy of 0.006 m] and a laser
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fluency of 0.8 ] cm=. All data were acquired with
single-spot analyses on individual zircon grains
using a 20-30 um spot size. Helium gas was used
for flushing the sample cell and was mixed down-
stream with the Ar sample gas of the mass-spec-
trometer. The washout time for this configuration
is\ 15 s. The total acquisition time for each analysis
was 60 s, with the first 30 s used to measure the gas
blank. The instrument was tuned to give large, sta-
ble signals for the 2°°Pb and 238U peaks, low back-
ground count rates (typically around 150 counts per
second for 2°7Pb), and low oxide production rates
(238060 /?38U generally below 0.2%). Single spot
measurements with a diameter of 30 um were ar-
ranged along transects through the zircon crystals,
emphasizing sampling rim and core regions (all
analysis spot locations are marked in Online Re-
source 4). Ablation locations were selected based on
CL images. For calibration of the LA-ICP-MS mea-
surements, either 91500 or GJ1 zircon was used,
while Plesovice zircons were used as QCM to moni-
tor the accuracy and precision of the measurements.

Data reduction was performed using lolite in
combination with the Isoplot (4.15) add-in for Excel
(Lubwig, 2003) and IsoplotR (VERMEESCH, 2018). Ob-
tained data for the zircon age standard 91500 and
GJ1 agree with published ages (see QAQC data in
Supplementary Datasets 4-6).

Results of zircon dating

About 210 zircon grains were analyzed from the
three investigated localities, but the largest number
of zircons was retrieved from the Cer pluton (both I
and S types). The results of the U-Pb zircon analyses
are provided in Figures 2-4, and a more detailed pre-
sentation of the data, including concordia diagrams
and Kernel Density Estimations, is presented as elec-
tronic appendices (Supplementary Datasets 4-6).

In all three localities, the age spectrum (Kernel
density estimation, KDE) of the basement zircons is
dominated by Permo-Triassic ages, ranging between
259 and 220 Ma with significant peaks at 220 and
239 Ma (Figs. 2-4). A considerably smaller amount
of the analysed zircons yielded Ordovician Late Neo-
proterozoic ages covering Cryogenian, Ediacaran,
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Fig. 2. KDE plot (kernel density estimation) and concordia dia-
gram illustrating the results of U-Pb dating of zircon from Bobija.

Bottom: CL immages of representative polygenetic zircons.

Triasssic

Fig. 3. KDE plot (kernel density estimattion) and concordia plots
illustrating the results of U-Pb dating of zircons from Cer. Bottom:
CL images of representative polygenetic zircones. Note in the os-
cillatory zoning.
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and Tonian, with significant peaks at 424-468,
550-650, and 750 Ma. Interestingly, zircons from
Cer additionally yield Carboniferous and Jurassic
ages with peaks at 338 and 153.

(n=19/21)

_Boranja

Triassic
2

000

Neoproterozoig

1
0 500 1000 1500
age [Ma]

Q¥
260 Ma

ame
675 Ma

32 Ma 32 Ma

Fig. 4. KDE plot (kernel density estimation) and concordia dia-
gram illustrating the results of U-Pb datinf of zircins from Bo-
ranja. Bottom: CL images of representatice polygenetic zircons.

Note the oscillatory zoning.

Analyses indicated U contents of 100-1000 ppm
and Th contents of 30-550 ppm (Supplementary
Datasets 4-6). They dominantly plot within the field
of magmatic zircons (Fig. 5) and are most likely the
result of crystallization from felsic melt composition
with minor mafic influences.

Discussion

Pre-Mesozoic formations occur as basement
units throughout the entire Alpine-Himalayan belt.
Most of these Paleozoic units were dismembered as
thrust sheets due to the breakup of Pangea and the
following convergence between Eurasia and Africa
(PamI¢ & Jurkovi¢, 2002). Within the Gondwana-
affinity terrains in the Balkans (e.g. Dinarides),
mainly Devonian to Permian successions are found

Geol. an. Balk. poluos., 2023, 84 (1), 17-31
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Fig. 5. Th and U concentrations of different zircon age group, mo-
dified after MEINHOLD et al. (2008).

that are usually overlain by Triassic sedimentary
rocks (Hrvatovi¢ & Pamic, 2005).

In the following, our data on zircon age distribu-
tions are compared to regional studies of the litho-
stratigraphic development during a similar age
span. This helps to constrain the provenance, em-
placement, and geodynamic evolution of the base-
ment that constitutes the most internal Dinarides.

Geodynamic provenance of the
investigated zircons

Our study’s earliest concordant zircon ages can
be reduced to late Neoproterozoic ages, followed by
Ordovician and Triassic ages. These age spectra are
typical for all three locations. However, only zircon
grains retrieved from the Cer poly-phase pluton
yielded Carboniferous and Jurassic ages.

Late Neoproterozoic, Ordovician, and
Triassic age spectra typical for all three
locations

The Late Neoproterozoic ages are most likely
to the Cadomian-Pan-African orogeny that is gen-
erally manifested by a series of tectonic events,
which took place along the northern margin of
Gondwana from ca. 750 to 540 Ma, leading to the
formation of the Avalonian-Cadomian belt (NANCE &
MurpHy, 1994) and to the opening of the lapetus
Ocean (Grunow et al., 1996; NANCE et al., 2010; LiN-
NEMANN et al., 2008). The origin of many European
basement units lay in the lateral alignment of seve-
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ral microcontinents at the northern margin of Gond-
wana from the Late Neoproterozoic to the Ordovi-
cian (voN RAUMER et al.,, 2002). The separation of the
Avalonian terrane from the northern margin of
Gondwana started in the Early Ordovician and was
induced by a subduction zone within the Pro-
totethys (StaMPFLI & BOREL, 2002; vON RAUMER et al.,
2002, 2003; MEINHOLD et al., 2010). As a result of this
active continental margin, a back-arc basin opened,
creating the Rheic Ocean (MEINHOLD et al,, 2010). The
northern drift of Avalonia and its subsequent dock-
ing with Laurentia and Baltica induced the forma-
tion of Laurussia (STaMPFLI & BOREL, 2002), and the
southward subduction of Rheic ultimately caused
the opening of Palaeotethys.

U-Pb analyses on zircons of all samples yielded
several zircon grains demonstrating concordant
ages with Ordovician to Early Silurian peaks that
coincide with the opening of the Paleotethys. Due to
the renewed subduction and slab roll-back of the
Rheic Ocean under Gondwana, the Paleotethys was
opening (410-380 Ma) as a back-arc and forming
the Hun terrain that comprised parts of Europe and
Asia (sensu STAMPFLI & BOREL, 2002; voN RAUMER et al.,
2002), that is Galatia superterrane (sensu STAMPFLI
etal, 2013), resulting in the generation of a volcanic
arc. Late Ordovician peraluminous granitoids from
the Alpine domain most probably originated within
the European Hun terrane. They accreted onto the
southern margin of Laurussia in the Devonian, re-
sulting in the Variscan orogeny in Europe (STAMPFLI
& BOREL, 2002).

The Ordovician peak of concordant zircon ages
obtained on our samples coincides with Ordovician-
Silurian thermal events reported in several regional
provenance studies. CARRIGAN et al. (2005) investi-
gated inherited cores of Variscan zircons (metagran-
ites) in central Bulgaria that show Ordovician ages
(445-467 Ma). TITORENKOVA et al. (2003) present the
ages of metagranites from the Serbo-Macedonian
Massif from 459.9+7.6 Ma. HIMMERKUS et al. (2002,
2009) reported zircons of igneous origin of Silurian
age (428.2+1.2 Ma and 433+4.2 Ma) within the
Serbo-Macedonian Massif. A zircon age of 462 Ma
from orthogneisses is reported by OzMEN & REIs-
CHMANN (1999) in NW Turkey. MEINHOLD et al. (2007)
analysed olistostrome blocks of cherts, carbonates,
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and fossiliferous siliciclastic rocks in eastern Greece
(Chios Island); the olistolith formations implied sev-
eral ages, including the Silurian. The Ordovician ages
record the opening of the Rheic Ocean in the Early
Ordovician by separating several arc terranes (Aval-
onia) from the north-western margin of Gondwana
(NANCE et al., 2010) and the subsequent opening of
the Paleotethyan Ocean by the detachment of peri-
Gondwanan terranes (Hun terrane) in the eastern di-
rection (STAMPFL & BorEL, 2002).

Bearing in mind the paleogeographic develop-
ment of the terranes that make up the Balkan Penin-
sula, it was expectable that the two age sequences
mentioned above occur universally in all parts of its
continental crust. This has been confirmed recently
in the basement of Adria-derived units below the
ophiolites (The Mid-Bosnian Schist Mountains),
where similar igneous and detrital ages have been
reported (GARASIC et al., 2015; Hrvatovi¢, 2022) as
well as by previous provenance studies (ANTIC et al.,
2016a,b, 2017; MEINHOLD et al., 2010, 2007). Unpub-
lished data (PRELEVIC et al.) also show these two sig-
nificant peaks for the eastern parts of Serbia
(Cretaceous sediments from the Timocka eruptive
area) (Supplementary Dataset 10).

The Permotriassic age signal represents the
strongest basement signature in all investigated
samples. These zircons demonstrate the magmatic
activity associated with the break-up of Pangea after
the convergence between Eurasia and Africa (PamiC
& Jurkovi¢, 2002), which is ubiquitous in the Gond-
wana-affinity terrains of the Balkans. These Permo-
triassic ages are generally either absent in the
Europe-affinity terrains (Supplementary Dataset
10) or quite rare (ANTIC et al., 2016a).

Carboniferous and Jurassic ages recorded
in the zircons from Cer: their significance
and presumed origin

Carboniferous thermal events are frequently
encountered within the Circum-Mediterranean re-
gion (Fig. 6). These events signify the collision be-
tween Gondwana and Laurussia that started in the
Late Carboniferous, which eventually led to the for-
mation of Pangaea. In contrast, the Paleotethys was
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furthermore replaced by the Neotethys later on
(StamprLl & BoRreL, 2002). Carboniferous arc-type
granites (350-320 Ma) are reported in the terrains
that belong to the southern margin of the Laurussia
and are dominantly distributed within the European
Variscan and Alpine mountain chains of Circum-
Mediterranean area, which represent collisional oro-
gens built up of pre-Variscan “building blocks” which,
in most cases, originated from the Gondwana margin
(CanNDAN et al., 2016, voN RAUMER et al., 2003). In the
Balkans, these units are related to the European
Variscan basement, which originated during Variscan
orogeny (Supplementary Dataset 10; ANTIC et al.,
2016a). The Variscan sequences include the Slavo-
nian Mountains in northern Croatia, where the Bar-
rovian-type metamorphics, as well as I- and S-type
granites and migmatites, are reported (PaMIC & LAN-
PHERE, 1991, PamIC et al,, 1996). Similarly, slightly per-
aluminous Variscan granitoid plutons intrude the
Getic and the Danubian units of the East Serbian
Carpatho-Balkanides (Jovanovic et al., 2019). They
are dominantly formed under post-collisional con-
ditions ranging between 323 and 290 Ma. On the

Geol. an. Balk. poluos., 2023, 84 (1), 17-31

EAST EUROPE PLATFORM

Jlstiranca

other hand, in the Dinarides,
only a significant thermal in-
fluence of Variscan deforma-
tion has been reported (ILIC et
al, 2005), as well as a rela-
tively weak signal recorded in
the Bosnian flysch (MIkEs et al.,
2008). In contrast, magma-
tism is not reported (Fig. 6).

An important observation
from our study is that both I-
and S-type granitoids of the
Cer composite pluton contain
zircons of Carboniferous age.
In contrast, this age signal is
absent in other localities. Our
data in this group (370-330
Ma) can be correlated with
the zircons mentioned above
from the Southern and East-
ern Alps. The concordant zir-
con age obtained from the
inherited grains from the Cer
granitoid of 338 Ma (Supple-
mentary Dataset 8) is in good agreement to the
above mentioned data and therefore indicates an as-
sociation with post-Variscan formations originating
in the Late Carboniferous.

At first glance, this could point to an apparent
affinity of the Jadar Block to Variscan (Alpine) Eu-
rope, as Field SpaHIC & GAUDENYI (2020) suggested.
However, the absence of Variscan zircons in the
other two localities excludes such a possibility.

A much more likely explanation is that the zir-
cons are retrieved from the metasediments consid-
ered to be of the Paleozoic age with which the
granites have intensively interacted during their
emplacement (LOWE et al.,, 2021). These lithologies
were metamorphosed under up to amphibolite-fa-
cies grade conditions and subsequently exhumed in
response to the opening of the northerly adjacent
Pannonian Basin during Miocene times, giving rise
to the Cer metamorphic core complex (LOWE et al,,
2021; StojapiNoviC et al., 2017) and other core com-
plexes of the internal Dinarides (Marovic et al.,
2007a,b; Ustaszewskl et al.,, 2010; SCHEFER et al.,
2011; Tovjic et al.,, 2013; Erak et al., 2017). Inherited

!
- _patfor®
an/¥
SEytnid
Caucasusg

BLACK SEA

\,\\0\\\ \

ARABIAN
PLATE

25



GEORG LOWE, DEJAN PRELEVIC & KAMIL USTASZEWSKI

zircon grains in the Cer granites that most likely
originate from these sediments yield ages as young
as the Cretaceous. An additional sample targeting
the metamorphic basement of Cer yielded Mesozoic
to Neoproterozoic ages, with Jurassic ages repre-
senting the youngest one, indicating the timing of
deposition (Supplementary Dataset 11). Therefore,
the basement of Cer that was previously mapped to
represent Devonian to Carboniferous strata could
be much younger and needs to be reevaluated, as
speculated (StojapiNoviC et al., 2017). This is also in-
dicated by the presence of Jurassic zircons (Supple-
mentary Dataset 11).

The scarcity of geochronological studies from the
areas in the Dinarides below the ophiolites greatly
hinders provenance studies. Therefore, at this point
of our research, the preliminary nature of our data
prohibits ample understanding of the origin and sig-
nificance of the obtained age spectra, and future
more thorough research, primarily on the metased-
iments in the vicinity of the Cer pluton, will un-
doubtedly provide more details and comprehensive
insights.

Conclusions

In this study, we applied in situ U-Pb dating of
zircons by laser ablation inductively-coupled
plasma mass spectrometry (LA-ICP-MS) to analyze
zircons extracted from magmatic products of Ceno-
zoic and Triassic age that intruded the Jadar block
terrane in northwestern Serbia. In this unorthodox
approach, we used data from the xenocrystic zircon
grains derived from basement lithologies to add
new constraints on the terrane accretion processes
and the provenance of crustal sources of this poten-
tially exotic crustal block.

The main findings are as follows.

1. Neoproterozoic, Ordovician, and Triassic age
signals are common in all three studied locations. In
contrast, Carboniferous, and further Jurassic age zir-
cons, were encountered only among grains re-
trieved from the Cer poly-phase pluton.

2. Although, at first glance, the Carboniferous sig-
nal obtained from the Cer samples could point to an
affinity of the Jadar Block to Variscan (Alpine) Eu-
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rope, a much more likely explanation is that the zir-
cons originate from sedimentary sequences that
were assimilated by the granitic magma.

3. In summary, our preliminary data suggest an
Adriatic- affinity for the Jadar Block Terrane.

4. Although with a small number of data and a
relatively restricted spatial coverage, this pilot study
demonstrates the great potential that provenance
studies have in providing information about the ori-
gin of different crustal blocks in complex areas such
as the Balkans and ultimately improving our in-
depth understanding of the evolution of North
Gondwana-derived terranes.
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Supporting Information, including Sup-
plementary Datasets 1-12, is available at
https://figshare.com/s/e6a86950af2e6a4d0089
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Pe3ume

[lopekJ/io BUPKOHA U3 JaAapcKoOr 6JIOKA,
Cpouja

Jagapcku 6s10K y ceBepo3anajHoj Cpouju Jiexu
n3Mehy HeOTeTHCKe 3amaJHOBap/lapCKe 30HE U
JpUHCKO-UBambUUYKOT 6JI0KA KOjU MpeiCTaBs/ba Jle-
dbopMHUCcaHU CErMeHT JafipaHCKe MUKpoIioye. [1a-
Jieoreorpadpcku apUHUTET U TeoJI0lIKa UCTOPHja
Jazapckor 6J10Ka IpeiMeT Cy AyroroJjuiie ebarTe,
a mpeJJioKeHa Cy iBa CypoTCTaB/beHa MoJea:

1. lllupoko npuxBaheHo MUllJbEHE je /1A Jagap-
CKH 6JI0K 33jeiHO ca KomaoHUYKUM 6JIOKOM YMHU
JaiapCKo-KONaOHUYKY KOMIIO3UTHY HaBJIAKY KoOja

30

je HaBydeHa Ha /IpUHCKO-UBabHUYKHU GJIOK TOKOM
ropme kpege (ScHMID et al,, 2020). Jagapcko-komna-
OHMYKA KOMIIO3UTHA HaBJakKa (sensu ScHMID et al.,
2008) npeacTtaB/ba HajAUCTAJTHUjU [0 YHYTpa-
WbUX [JMHApUAA KOjU, OlleT, NpeACcTaB/bajy Leo
JagpaHncke mMukporiode (MATENCO & RADIVOJEVIC,
2012).

2. Ha 0CHOBY C/IMYHOCTY BapUCLIMjCKOT U paHO-
QJITICKOT I'e0JIOUIKOT pa3Boja ca ,, Bukkium” 6;10kom
(ceBepouctoyHa Mabapcka), npejJaxe ce Ja je
Jajapcku 6JI0K CMelITeH y mojpy4yje Bapmapcke
30He TOKOM Tropme KpeZie, U3 okosiiHe CaHCKoO-
YHCKOT 6JI0K3, I/ie je MPBOOUTHO 6MO0 CMEILITEH U
,Bukkium“ Tepan (FiLipovi¢ et al., 2003; KARAMATA et
al,, 1997; Protic¢ et al., 2000; SpaHi¢ & GAUDENI, 2020).
[IpeMa 0OBOM TyMauemy, OBa TPU 6Ji0Ka MOKa3yjy
CJIMYHOCTH U €a Kap6OHCKO-NIepMCKOM CYKLeCHjOM
KapHUjCKUX AJNa, LITO UMILJIMLMpPa Najieoreorpad-
CKy MO3UIMjy YHYTap 3amaJHOr MaJe0TeTUCKOT
JloMeHa U TNPUIAJHOCT jY>KHOEBPOIICKOM Bapu-
cuukymy (FiLipovic et al,, 2003). Kao nogpuika oBoj
Te3H, HeJJaBHO je IOTBPheHo, Ha OCHOBY NPUCYCTBA
KapbOHCKUX LIMPKOHA, Ja KJACTUTH ca MJaHUHe
Biikk (,Bikkium“ Tepan) y Mahbapckoj e IMMHUYHO
BO/le MOPEKJIO U3 [leJIOBa CTEHA ayCTPOAJICKUX U
jykHoannckux popmanuja (ZAjzoN et al,, 2011).

OCHOBHM MOTHUB OBe MUJIOT CTYyJHje jecTe Aa
MpoIleHH najieoreorpadcku abuHUTET JalapCKOT
6s10ka. [Io npBu nyT cy kopuithenu U-Pb reoxpo-
HOJIOUIKY MO Al [UPKOHA ca 3a4aTKoM ofpehu-
Bakba HbHUXO0BOTI IOPEKJIA, a €A LIMJbeM Jla IPUMEHOM
HOBE METO/0JI0THje JoNIpUHeceMo AebaTH o Iope-
KJIy Jajapckor 6s10Ka. AHaJIM3UpaHU Cy LUPKOHHU
KOje CMO cernlapyca/ld U3 MarMaTCKHX CTeHa: IpaHo-
auoputa bopame, rpanutounsa Llepa u enukiactu-
ta bob6uje (Pietra Verde). Ox oko 600 aHasu-
3MpaHUX 3pHA, TPUJeceTak NpoleHaTa NoTHYe U3
cTapujux popmaiyja Koje ce MOTY CMaTpPaTH MO/~
JIOTOM JajiapcKor 6J10Ka.

Behuna y3opaka mnokasyje npekaMOpHjcKU U
Nase030jCKU CUTHaJ, YK/bYy4yjyhu cBenmpucyTHe
HEOMNpPOTEePO30jCcKe U A006pPO JlebUHUCAHE CUIYP-
CKO-OpAOBULIMjyMCKe nonyanyje. [IpucyTHo je ca-
MO HEKOJIMKO CTAapUjUX LUPKOHA, KOjU IMOKa3yjy
crtapocty oko 1,2 Gawu 3,2 Ga.

HeonpoTepo30jcky IUPKOHU Cy HajBepoBaTHUje
HacTaJld TOKOM KaJIoMCKo-nnaHadppHUyKe oporeHese
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Koja ce MaHUdeCTyje HU30M TEKTOHOMAarMaTCKUX
Jorabaja koju cy ce ofurpasu Jiy:k ceBepHe rpa-
Hune longBaHe ox oxko 750 go 540 Ma. OBu
norabaju cy gosesu 10 dopMupama ABaJIOHCKO-
kaZoMmujckor nojaca (NANCE & MurpHI, 1994) u o
oTBapamwa okeaHa Janeryc (GRUNov et al., 1996;
NANCE et al., 2010; LINNEMANN et al., 2008).

CuypCcKo-OpOBULUjYMCKHU LIUPKOHU HACTaIU
Cy TOKOM TEKTOHO-MarMaTCKUX Jiorahaja Be3aHuX
3a orBapame [laneoreTuca. OBaj oKeaH je HacTao
Kao nocjeauna cyoaykuuje Peuykor okeaHa ucnog,
lonaBane (410-380 Ma) TokoMm dyera je y u3a-
JIYY4HOM GaceHy HAacTao YUTaB HU3 OJIOKOBA KOjU
o6yxBaTajy aesoBe EBporne u A3uje (sensu STAMPFLI
& BOREL, 2002; voN RAUMER et al., 2002), ogHOCHO
lanaTtua cyneprtepad (sensu STAMPFLI et al., 2013).
CuypCcKo-OpAOBULIUjYMCKHU NTepaJyMUHUjCKU rpa-
HUTOUJHU U3 AJIIICKOT JOMEHa HajBepoBaTHHUje Cy
HaCTaJIU YHyTap TUX 6J10koBa. OBa CTapoCT LUP-
KOHa NOTBpheHa je U TOKOM HEKOJIMKO peruoHal-
HUX cTyauja. Tako cy CARRIGAN et al. (2005) Hauim
y BApPUCUUjCKUM MeTarpaHUTHUMaA Yy LeHTPaJIHOj
Byrapckoj qUpKoHe KOjU MOKa3yjy OpJLOBULIUjyM-
cKy crtapocT (445-467 Ma). C/iMyHUM Cy HaJa3u
TITORENKOVE et al. (2003), HIMMERKUS et al. (2002,
2009) u OzMEN & REISCHMANN (1999) y Byrapckoj
OJH. y ceBepo3anazgHoj Typckoj.

[IupKOHU NepMOTpHUjacKe CTAPOCTHU YUHE HAj-
ja‘{I/I reOXpOHOJIOIKH CUTHaJ1 Yy CBUM UCIIMTHBAHUM
y30pLMMa KOjU je BepOBaTHO CBEIPUCYTaH Y CBUM
reoJIONIKUM jefiluHUIlaMa ca apuHuTeToM [OH/1BaHe
Ha bankaHy. OBU LMPKOHM HACTaJU Cy TOKOM
TEKTOHOMarMaTCcKUX Ziorabaja BesaHUX 3a pacmaj
[laHree HaKOH KOHBepreHIyje uamehy Jlaypasuje u
[ongBane (Pami¢ & Jurkovié, 2002). LupkoHu
epMOTpHjacKe CTapOCTHU Cy FeHepaJHO WUJIU Of-
CYyTHH Ha T€paHHMa Ca T3B. €EBPOIICKNM a(l)I/IHI/ITe-
TOM UJIU Ccy NpuandHo peTkH (ANTIC et al., 2016a).

Kap60oHCKHU TEKTOHO-MarMaTcKu gorahaju o3Ha-
yaBajy KoHBepreHuujy usmehy l'onaBane u Jlaypa-
3Uje, Koja je 3amoyeJsia y KACHOM Kap6oHY, IITO je Ha
Kpajy foBeJsio 1o dopmupama [lanree, 10k je Ila-
JIeOTeTUC KacHUje 3aMeeH HeoTeTrcoM (STAMPFLI
& BoRrEL, 2002). Kazga je peu o Llupkym-menuTepas-
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CKOM MO pYy4jy, Kap6oHCKU rpaHuTH (350-320 Ma)
HabheHU Ccy Ha TepaHHUMa KOjU NPUNAAAjY jyKHOM
0604y Jlaypasuje U JOMHUHAHTHO Cy pacnpocTpa-
-Eb€HU YHYTap eBPOICKUX BAPUCLHjCKUX U aJIlICKUX
oporenux TepeHa (CANDAN et al., 2016; vON RAUMER
et al, 2003). Ha basikaHy kap60HCKU I'PaHUTH Cce
npoydaBaHU y C/1aBOHCKUM IJIAHWHAMa y CeBEPHO)]
XpBatckoj (Pami¢ & LANPHERE, 1991; Pami¢ et al,,
1996), y Kapnarto-bankanuguma y Cp6uju (Jo-
vaNoviC et al,, 2019). ¥V [lunapuauma je 3abesiexeH
CaMo 3Ha4ajaHUju TEPMUYKHU YTULAQ] BAPUCLU)CKUX
nedopmanuonux ¢asa (ILi¢ et al., 2005), kao u pe-
JIATUBHO €/1ab curHas y 6ocanckoM ¢uuiy (MIKES
et al., 2008) mpucycTBOM LHUpPKOHA KapOOHCKe
CTapOCTH, 0K MarMaTH3aM HUje KOHCTaTOBaH.

PesystaTu Hamer ucTpakubBamwa ykKasyjy [na
WCNUTUBAHU y30pLUU U3 [- ¥ S-Tuna rpaHuToOu/a
llepa cazpre [UPKOHE Kap6OHCKe CTApOCTH, /10K je
0Baj CUT'HaJ/l y MOTHYHOCTHU OJCYyTaH Ha JpyruM
JlokasnuTeTuMa. JlobujeHe crapoctu (370-330 Ma)
MOTY Ce [I0Be3aTH ca rope HaBeJeHUM LIUPKOHUMA
Y3 jy’)KHUX U UCTOYHUX Anna. OBU LUPKOHU Haj-
BEpPOBAaTHHU]je BOJle TOPEKJIO U3 KPeJHUX CeiuMe-
HaTa CaBa 30HE, KOjU Cy aCUMHUJIOBAaHU IPUIUKOM
WHTpYy3HUje LiepcKe rpaHUTOWJHe Marme. Y 3a-
KJbYUKYy MOXEMO Ja KaXKeMo Jia He I0CToje He-
JIBOCMHUCJIEHU I'€OXPOHOJIOIIKHU J0Ka3u KOju 66U
MoIJIM Aa ynyhyjy Ha najeoreorpadcky no3unujy
Jagapckor 6s10Ka yHyTap 3anaZHor NaJe0TeTUCKOT
JloOMeHa U NpUNAJHOCT jy>KHOEBPOIICKOM Bapuc-
LUKy MY.

HepocTtaTak reoXpoHOJIOIIKUX CTYAHja y [luHa-
puauMa vcnoJ, opuoJIMTa Y BEJIMKO] MEpPU OMeTa
npoy4yaBame Nopek/a IupKoHa. [IpesiuMuHapHa
NpUpoJa HallKX NojaTaka oHeMoryhaBa J0BOJbHO
pa3yMeBakbe [opekKJia M 3Hayaja Jo61jeHuX cTapo-
cHux curHasa. Ouekyjemo Aa he 6yayha getasmbHuja
HCTpakKMBama, [Ipe CBera MeTace/jMMeHaTa y OKO-
JIMHU LepCKOT IJIyTOHA, CBaKaKo JlaTH CBeobyXBaT-
HUjU YBUJ, Y TOPEKJIO JafapcKor 6J10Ka.
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