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Abstract. This paper addresses a Drina-Ivanjica basement member, Drina Formation, characterized by f
controversial Neoproterozoic to Carboniferous age. The Drina Formation is also informally referred to as the
“Lower Drina Formation” and the “Upper Drina Formation” including the Golija Formation as a conditional
analog unit of the latter. A review of the biostratigraphic, sedimentary and paleogeographic constraints iden-
tified Drina Formation (Inner Dinarides) as a migrated crustal segment derived from a marginal section of
northern Gondwana, being, however, of Neoproterozoic—Early Paleozoic age.

The presence of arenites, pelites, conglomerates, scarce limestones, basic (sub)volcanics and tuffs of the
volcano-sedimentary Drina Formation metamorphosed up to greenschist and locally up to amphibolite facies,
coupled with the absence of felsic volcanism implies a passive margin setting. Considering the age, such
environment was probably associated with the perplexed Lower Paleozoic Avalonian-Cadomian arc, situated
along the former north Gondwanan active margin. More precisely, the Drina Formation originated from a
depositional junction between the Gondwana sediment supplier (Sahara metacraton) and Cadomian arc. A
comparison with the regional Early Paleozoic succession of the “Kucaj Unit” (eastern Serbia) yields the
absence of typical anchimetamorphic Silurian to Lower Devonian deep-marine fossil-bearing succession. The
volcano-sedimentary passive margin system of Drina Formation is overlain by a late Variscan convergence-

related voluminous clastic sequence allocated as the Golija Formation.

Key words: Drina—Ivanjica, Neoproterozoic—Paleozoic, Drina Formation, Avalonian—Cadomian arc.

Ancrpakt. ®okyc oBor pana je JpuHcka ¢popmarija, 1eo JpruHCKO-UBAamBHYIKOT O¢jcMEeHTa KOHTPOBEP3HE
HEONpoTepo30jcko-KapOoHcke cTapocT. Kopemanmjom OuocTparurpad)ckux, naneoreorpad)CKux U Ireoju-
HAMWYKHX TI0JlaTaka M3BEAEHU Cy 3aKJbYYL O HEONPOTEPO30jCKO—PAHOIAIE030jCKoj cTapocTn JpuHCKe

dhopmarnuje, Kao aea HeKaIallhe CCBEPHOIOHIBAHCKE MaprHHE.

[TpucyctBo apeHuTa, resuTa, KOHIIoMmepara, 0a3ndHux (cy0)BynkaHUTa U Ty(QOBa Ka0 JJOMUHAHTHHX JINTO-
tumnoBa JlpuHcke Gopmarmje (y3 HemTo kapOoHaTa), MeTaMop(rCaHNX MPETEKHO Yy (aruju 3eNeHuX MIKpH-
Jbaria, a JIOKaIHO M Yy aM(uOONMnUTCKOj (baruju, MapKupa ClIoKeHe TEKTOHCKe noralaje MapruHaIHOT Jerna
cepepHe [onnBane. CpenuHa HacTaHka J[puHCKe (opmalmje je BepoBaTHO Omia MO3UIMOHHpaHa H3Mely
I1aBHE OOJIaCTH €po3Mje Tj. caXxapCKOI KpaToHa M OOOJHOT KaJOMCKOT JIyKa (TOH/IBAaHCKH CHUCTEM KOHTH-
HEHTAJIHUX W BYJIKAQHCKUX JIYKOBa). YIIOPEIHOM aHaJIM30M Ca PETHOHAIHO METaMOpP(UCAHOM JOH-OIajieo-
30jckoM cykiecujoM “Kydajcke jenuuuie” (ucrouna CpOuja) yoyaBa ce OICYCTBO (CPEHbe- U TOPH0-)0PI0-
BUITHjYMCKHX, CHJIYPCKHX M TOHOJCBOHCKMX TBOpPEBHHAa y MeTamopdutmma JpuHCKe (opmanuje, mTo
ynyhyje Ha HajBepOBaTHHjU IOHH OPAOBHUIMjYM Kao TEPMHUHAIHH Tepuof (Gopmupama mpotomuta. [Ipu-
CYCTBO M3MEH-CHUX 0a3MYHUX CTEHA, ca Jpyre CTpaHe, yKa3yje Ha PEIUKTe HEONPOTEPO30jCKO — TOHOIAIeo-
30jCKOT" BYJKaHOT€HO-CEJJMMEHTHOT JIyYHOT cHcTeMa. MaxoM KJIacTH4Ha JO0HOKapOOHCKA IOBJIATHA CYyK-
necuja T3B. [onujcke Gpopmaliije MapKupa KaCHOBApUCIH]CKY (HajBepoOBaTHUje KOHBEPreHTHY) a3y pa3Boja

OBOI' TCKTOHCKH O)IBOjeHOF CEIrMCHTA CECBEPHE TonnBane.

Kbyune peun: [[puna—lBamuia, HeompoTepo30uK—I0mBH MalIC030HK, JprHcka hopmMaimja, ABaIIOHCKO-

KaJOMCKH JIyK.
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Introduction

Positioned south of the European Variscides, base-
ment units of Southeast Europe (SEE) — Dinarides and
their lateral extension into Eastern Alps and Carpa-
thian-Balkan-Hellenic arc represent a highly compos-
ite aggregation of displaced contrasting continental
fragments derived from ancient plate boundaries. The
Variscan configuration of these units was entirely
reactivated during early and late Alpine tectonic pro-
cesses. Opposite to considerably well-explored Alpine
configuration, Variscan and pre-Variscan evolution of
Dinarides, i.e. Adria and Apulia microplates, just re-
cently draw certain attention by applying means of
paleo-continental dating or ancient paleo-positioning
(SIEGESMUND et al., 2018). However, differentiating
the Variscan- and pre-Variscan imprints across SEE
basement units requires much more effort in compar-
ison to the European Variscides, predominantely
because of the several thermal episodes which obliter-
ated early magmato-sedimentary record, contempora-
neous rapid exhumation and erosion of the Variscan
peripheral thickened crust (NEUBAUER & HANDLER,
1999), in addition to the terminal late-Alpine thrusting
and nappe stacking.

The Drina—Ivanjica Entity (DIE) of western Serbia
and eastern Bosnia and Herzegovina represent a high-
ly complex tectonometamorphic amalgamation of
Paleozoic and Mesozoic age units (sensu DOKOVIC,
1985; JURKOVIC, 2006). A recent discovery of Neopro-
terozoic palynomorphs within the Drina Formation
(baic¢, 2010; Banc et al., 2012) indicated that juve-
nile DIE is in fact a pre-Phanerozoic system which
probably underwent the peri-Gondwanan “rift-drift”
stage further implying Lower Paleozoic tectonic
transport and Variscan accretion. Considering the po-
lydeformational, protracted plate-tectonic evolution
of the SEE basement inliers, in this contribution we
rather focus on the multi-disciplinary factual base, in
particular we follow a limited set of Early and Late
Paleozoic paleogeography and plate-tectonic models.
By using the Drina Formation as the key spatio-tem-
poral marker, this review study provides a pioneering,
yet a crude reconstruction of the juvenile Neoprotero-
zoic — Early Paleozoic DIE.

Regional-tectonic framework

Considering the fact that the Central European ba-
sement is dominated by the ancient continental mass-
es of Gondwana, Baltica and Laurentia, the poorly
constrained SEE basement inliers (Fig. 1) seem to be
a cluster of pan-African fragments of the island and
volcanic arcs. This basement amalgamation consists
of fragments that tectonically migrated throughout
Paleozoic, Mesozoic and Cenozoic. Incipient by a
Mid-Cambrian accretion of the South American
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Fig. 1. Map of the basement systems of former Yugoslavia and the
Eastern Mediterranean (from ZLATKIN et al., 2014 and references
cited therein, modified and corrected). Ap, Apulia; Ap-AD, Apu-
lia-Adria; B-V, Bukulja-Vencac; Da, Danubian; DIE, Drina—Iva-
njica Entity; EH, External Hellenides; G, Geticum; JB, Jadar
Block; Mo, Moesia; PB (Ti), Pannonian basin (Tiszia); PrB, Pre-
balkan; SMM/SG, Serbo—Macedonian—Supragetic; S-U, Sa-
na—Una Palezoic; Va, Vardar Zone.

(Amazonian) Moesian microplate (BALINTONI &
BaLica, 2016), a set of Avalonian (Danubian base-
ment, sensu BALINTONI et al., 2014; PLISSART et al.,
2017) and Cadomian fragments (Getic/Supragetic
Unit, Serbo-Macedonian Unit, sensu e.g. HIMMERKUS
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et al., 2006, 2007, 2009; StamprLI & KozUR, 2006;
VON RAUMER & StAMPFLI, 2008; Vo0zARr, 2010;
STAMPFLI et al., 2013; ANTIC et al., 2016; BALINTONI et
al., 2014; SpaHIC & GAUDENYI, 2018) were drifted
towards the paleo-North until accreting throughout
mid-late Paleozoic with the SW Baltica promontory
i.e. the Moesian microplate. Outlying the Moesian
accretionary configuration, separated by the
Vardar—Axios Zone it appears that the lattermost far-
travelled Avalonian-Amazonian fragment (ZLATKIN et
al., 2014; ZLATKIN et al., 2017) incorporated within
SEE is the Pelagonic Massif. Together with the DIE,
these two pre-Variscan systems embody the Alpine
basement of the prominent Dinarides—Hellenides oro-
gen, positioned in the very center of the late Mesozoic
Alpine suture referred to as the Vardar Zone (e.g.,
DIMITRIIEVIC, 1999; ZELIC et al., 2010; SACCANI et al.,
2011 and references therein; SCHENKER et al., 2015).

comprised of a northern flank or the Drina block and
a southern limb often referred to as the Ivanjica block
(Fig. 3). The Drina Formation is exposed in the vicin-
ity of the Drina River from where it extends towards
Southeast to Golija Mt. slopes and farther towards the
Ibar River where it reaches a thickness of 600—700 m.
The overlying Golija Formation has the thickness of
1000 m (bokovic, 1985).

The Drina Formation can be characterized by the
presence of various greenschists, phyllites, metasand-
stones, metapelites, metaconglomerates, occasionally
calcschists and marbles of ambiguous Paleozoic age
(bokovi¢, 1985; TriviC et al., 2010). Pioneering
authors, however, indicated a “pre-Devonian” (CIRIC &
VON GARTNER, 1962) or speculated “Vendian” — Early
Paleozoic age (PoroviC, 1984) for this formation. The
next unit, Golija Formation, is generally characterized
by a voluminous clastic input, general absence of

basic volcanism and sporadic

occurences of limestones. The
“Kovilje Conglomerates” ac-
cording to DPokovic (1985)
represent a marker formation
comprised of anchimetamor-
phosed conglomerates and co-
arse to very-coarse grained are-
nites (predominantly quartz-
arenites) found between Golija
and Bira¢ formations. Birac
Formation, the youngest unit
in the DIE Paleozoic succes-
sion, consists of slightly meta-
morphosed siliciclastics and
adjoining pelagic sediments
with rare goniatids and floral
fragments. The DIE as a seg-
ment of the SEE Variscan ba-
sement is unconformably over-
lain by an early Mesozoic
sequence.

Mesozoic configuration pla-
ces the Dinarides into a Late

Fig. 2. Main tectonic units of central-western Serbia, Bosnia and Herzegovina: SMCT, The
Serbian-Macedonian composite terrane; VZCT, The Vardar Zone composite terrane; JBT, The
Jadar Block terrane; DIT, The Drina—lvanjica terrane; DOBT, The Dinaric Ophiolite Belt ter-
rane; EBDT, The East Bosnian—Durmitor terrane; CBMT, The Central Bosnian Mts. terrane;
DHCT, The Dalmatian-Herzegovinian composite terrane. 1. Fault, 2. Thrust (nappe), 3. Tecto-

nic boundary, unspecified (redrawn from KARAMATA, 2006).

The perplexing DIE is an elongated ribbon-shaped
basement segment between the Vardar Zone on the
East, the Dinaride Ophiolite belt and External Dina-
rides on the West-Southwest. In the North, the Jadar
unit is situated within the Vardar Zone, along the
southern Pannonian basin margin (Fig. 2). The DIE is

and post-Late Jurassic South-
west-vergent fold-and-thrust
belt situated between the
Southern Alps in the North-
west and the Albanides/Helle-
nides in the Southeast (TARI-
Kovaci¢, 2002). The entire
Mesozoic sequence of the DIE
unconformably overlies Neo-
proterozoic—Late Paleozoic
basement formations. The earliest Triassic Kladnica
Formation comprises sandstones and conglomerates
and is succeeded by the Early Triassic “Seiss For-
mation” and Bioturbated Formation. The Middle
Triassic succession is comprised of shallow-water
calcareous Ravni Formation, ‘“Porphyrite-chert”
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Fig. 3. a. The geologic map positioning the Drina Formation within the Drina- and Ivanjica segments (after Pokovic, 1985). b. The con-
densed lithological column indicating the “Lower Drina Formation” and the “Upper Drina Formation” are actually the Drina Formation
(column modified after DIMITRUEVIC, 1997). Numbers indicate the raised issues associated with the proposed plate-tectonic solutions:
1, The unconformity represents hiatus between the Neoproterozoic-Cambrian “Lower Drina Formation” and the Carboniferous “Upper
Drina Formation”. It could actually represent two different formations; 2, Questionable occurrence of meta-basic rocks in both forma-
tions, missed in the lower section of the column; 3, There should be an unconformity between the Late Carboniferous and the Early
Triassic; 4, The interrelationships between the entire set of Paleozoic formations are ongoing work.
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Formation continuing into the Bulog Formation
(Ammonitico Rosso limestones). Middle to Late
Triassic is presented by Wetterstein and Dachstein
formations. Deep water Lower Jurassic cherty lime-
stones and Lower to Middle Jurassic cherts are distal
depositional sequences towards the Vardar Zone. For
a detailed review of the DIE Mesozoic formations see
PORKOLAB et al. (2018).

The controversial Alpine evolution of the DIE dur-
ing Mesozoic is related to a number of ophiolite-bear-
ing systems and their emplacement onto marginal
crustal segments of the Dinarides. The concept of
“multiple-oceans” (DIMITRUEVIC & DIMITRIEVIC,
1973; DIMITRUEVIC, 1997) portrays a Middle Trias-
sic—uppermost Jurassic Intradinaridic ocean (DIMITRI-
JEVIC, 2001) lately also explained via Triassic sea-
paths between the isolated continental segments of the
Dinarides (ARGNANI, 2018). Another concept advocat-
ing the “single-ocean” model or “two ophiolites-sin-
gle ocean” places underthrusting Adriatic distal pas-
sive margin (including DIE) below the oceanic upper
plate (e.g., PORKOLAB et al., 2018; ScHMID et al.,
2008; ToLuc et al., 2018).

Discussion

The Phanerozoic evolution of the former Yugosla-
via and SEE can beyond question be qualified as one
of the most intricate in global scale, as it goes back to
(i) the Late Neoproterozoic Cadomian orogeny (e.g.,
ANTIC et al., 2016; AVIGAD et al., 2017), (ii) subse-
quent Neoproterozoic—Early Paleozoic peri-Gondwa-
nan wrenching (e.g., MERDITH et al., 2017) coupled
with the (iii) subduction-related back-arc extension
(NANCE & LINNEMANN, 2008). These Early Paleozoic
events are superseded by the two major orogenic
imprints — Variscan and Alpine. (iv) The Variscan im-
print was confirmed in earlier exploration stages
(Pokovi¢, 1985). This event aggregated previously
detached arc crustal segments of North Gondwana
margin with the already assembled Laurasia. (v)
Alpine orogenic cycle initially dismembered the
Pangean Supercontinent upon which (vi) far-travelled
SEE Mesozoic microplates (sensu SZEDERKENYI et al.,
2012 and references therein) accreted (Upper Creta-
ceous-Paleogene) into the Eurasian promontory (vii)
experiencing during syn- and post-orogenic collapse
(sensu CostA & REy, 1995) differential late Paleoge-
ne—Neogene extensional and rotational motions
(MARTON et al., 2007).

Coupling the Drina Formation with the
peri-Gondwanan framework

Further complications in reconstructing perplexing
history of the Drina Formation are associated with the

ambiguity whether this basement system was in-
volved within the Late Neoproterozoic Cadomian and
Late Paleozoic Variscan orogenic cycles. A structural
record of the Cadomian event (Late Proterozoic to
Early Cambrian, sensu D’LEMOS et al., 1990) is poor-
ly preserved outside the northern Armorican Massif,
Bohemian Massif, and southwestern Iberian Massif
(EGuiLuz et al., 2000 and references therein). Never-
theless, certain basement segments of the Central
European Variscides contain deformations of a minor
intensity governed by the Cadomian orogenic cycle
(BEHR, 1983). However, the eventual imprints of
Cadomian event have not been investigated within
SEE yet. The published paleo-tectonic models of the
Variscan orogenic cycle emphasize that the central
domain of North Africa was not involved in the
Variscan collision (e.g., NANCE & LINNEMANN, 2008;
STAMPELI et al., 2013). Instead, a limited number of
recent reconstructions propose that the former North
African segments of modern-day SEE originated from
the large-scale Hun arc complex (e.g., STAMPFLI et al.,
2002; StamprLl & Kozur, 2006) including the
Apulia/Adria microplate, a former member of the
North African promontory (FRANKE et al., 2017; CA-
SAS & MUuRrPHY, 2018). A member of this Early
Cambrian E-W-oriented Cadomian aggregation is the
Drina—Ivanjica entity, recently recognized as a sub-
sided passive margin devoid of the Variscan imprint
(EBNER et al., 2008) which is contrary to the previous
observations (Pokovic, 1985).

Following a limited factual base of the earlier
investigations of the Drina Formation (CIRIC & VON
GARTNER, 1962; ERCEGOVAC, 1974; FILIPOVIC et al.,
1979; MILOVANOVIC, 1984; Pokovi¢, 1985; FILIPOVIC
& SIKOSEK, 1999; TRIVIC et al., 2010; Banc, 2010;
baic¢ et al., 2012), we initially correlate the sedimen-
tary record (protoliths) with the existing sedimentary,
metamorphic (Pokovi¢, 1985) paleogeographic and
paleo-tectonic reconstructions (STAMPFLI et al., 2002;
VON RAUMER et al., 2003; VON RAUMER & STAMPFLI,
2008; Korn et al., 2010;FRANKE et al., 2017; L1 et al.,
2017).

The Drina Formation: Reassessing the age and
primeval deposition

The entire Neoproterozoic—Paleozoic evolution of
the DIE remains to be a somewhat underexplored and
controversial topic. A pioneering study of the Drina
Formation described the DIE basement as a set of the
Paleozoic formations ranging in age from the Early
Paleozoic to the Carboniferous (Pokovic, 1985).
However, the age of the Drina Formation and a set of
succeding formations are poorly constrained (Dimi-
TRUEVIC, 2001) and even nowadays remains to be a
contradiction. Namely, a recent discovery of the Neo-
proterozoic palinomorph record (Paji¢, 2010; PBanc
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et al., 2010) indicated a Neoproterozoic age, some-
what complementary with earlier dating (ERCEGOVAC,
1974) which pointed Cambrian to Ordovician age.
bokovic (1985), however, extended the age of the
metamorphic Drina Formation from the confirmed
Cambrian up to the Silurian, Devonian, and reaching
Early Carboniferous. In this description, the “Upper
Drina Formation” is to some extent a synonymous
term for the Golija Formation (Fig. 3). Regionally, in
SEE (eastern Serbia), typifying Silurian has, however,
a distinctive set of graptolite facies (KRSTIC et al.,
2005) embedded into the Late Ordovician to Early
Carboniferous “Kucaj Unit”. Furthermore, basement
greenschist-facies rocks of the Supragetic basement
(Vlasina Complex, adjoining the “Kucaj Unit”) con-
tain a set of remarkable fossil remnants of the Ordo-
vician inarticulate brachiopod fauna (PAvLoviC,
1962). An absence of the phytoplankton: Sphaeromor-
phitae, Mirchystridium sp., Veryhachium sp., Balite-
sphaeridium sp., rather indicates a missing part of the
Ordovician, Silurian and Early Devonian column (ERr-
CEGOVAC, 1974) within the Drina Formation. In addi-
tion to the inconclusive Silurian and Devonian age,
another highly ambiguous issue is a continuation of
the Drina Formation into the Lower Carboniferous,
represented by a clastic sequence with fragments,
blocks and autochonous levels of metalimestones with
Early Carboniferous conodonts of Gnathodus bilinea-
tus and Lochrieia nodosa zones (DJORDJIEVSKI-KA-
LAMBOKIS et al., 1990; FiLipoviC & SIKOSEK, 1999 and
references therein). These Early Carboniferous rocks
are ambiguously considered as the “Upper Drina For-
mation”, a spatio-temporal continuation of the
“Lower Drina” (DIMITRUEVIC, 1997; Fig. 3). For a
comparison, the Early Carboniferous of the adjacent
Jadar block (in Alpine configuration) is marked by the
abundance of the provincial ammonoid faunas (KORN
et al., 2010) indicating autonomous developments of
the DIE and Jadar system (Pokovi¢ & PESIC, 1985).
While a group of authors indicated a complete suc-
cession from Cambrian to Lower Carboniferous, in-
cluding the embedded metabasic rocks (e.g. POKOVIC,
1985; Trivi¢, 2010; Fig. 3), FiLirovic & SIKOSEK
(1999) limited a “pre-Variscan succession” (Drina
Formation) to Cambrian—-Lower Ordovician. After Si-
lurian hiatus, FiLIPOVIC & SIKOSEK (1999) describe a
siliciclastic succession of Variscan age, locally with
Devonian—Early Carboniferous olistoliths, ending
with the Early to Middle Carboniferous flysch (a ten-
tative analogue of the Culm flysch) further implying
another occurrence of metamorphic basic rocks.
Extensive field-work covering the entire DIE indi-
cates that orthobasic rocks and their tuffs occur with-
in the (“Lower”) Drina Formation, while a limited
evidence of basic tuffs within the, so-called, “Upper
Drina Formation” or “siliciclastic Variscan succes-
sion” (Fig. 3) was reported by DIJORDIUEVSKI-KA-
LAMBOKIS et al. (1990), FiLIPOVIC & SIKOSEK (1999).

Geol. an. Balk. poluos., 2018, 79 (2), 57-68.

The basic/metabasic rocks as conditional markers
of crustal extension and the subsequent oceanization
are in modern-day Central Europe and SEE, neverthe-
less, distributed on the both sides of Early Paleozoic
Gondwana and formerly juxtaposed Laurasia. These
occurrences of (meta)basic rocks are often referred to
as “Variscan ophiolites” (e.g., [VAN & MERES, 2012;
PLissArT et al., 2017). The presence of early Paleozoic
(meta)basic rocks in Central Europe and SEE can be
recognized either as a remnant of the formerly accret-
ed Cadomian arc which was in turn developed in a
back-arc position during Neoproterozoic to Ordovici-
an times (opening of the proto-Rheic Ocean), or as the
result of Devonian back-arc plate divergence of inter-
nal parts of the orogen. Development of basaltic mag-
matism along the outskirts of Laurasia (sensu FRANKE,
2006) was probably induced by the shrinking Rheic
Ocean and the effect of the descending plate beneath
mainland Laurasia or by the interchanging episodes of
transpression and transtension between neighboring
microcontinents (FRANKE et al., 2017). Here are some
of the examples of the recognized Cadomian arc rem-
nants in Central and Southeastern Europe: the Roth-
stein Formation (LINNEMANN, 2007), the Neukirchen
metabasic complex of the Bohemian Massif (BEHR,
1983 and references therein), the Brno Massif (FINGER
et al., 2000), the Sandikly basement metasandstones
(Menderes Massif) with flattened clasts of basic vol-
canic rocks (GURSU & GONCUGLU, 2006). Devonian
development of a within-plate (meta)basic rock sys-
tem is documented across Central Europe (e.g.,
SCHLAEGEL-BLAUT & HEINISCH, 1991). In SEE, in the
Western Greywacke zone (Austria), the greenschists
are intercalated within calcareous phyllites with a
presence of mafic tuff of 384.5+1.9 Ma U-Pb zircon
age. This age indicates rudimentary development of
oceanic systems at the Middle to Upper Devonian
boundary (DuMm et al., 2012). Metabasites of the Ge-
meric Superunit (Western Carpathians) display transi-
tional character exhibiting N-MORB, E-MORB and
BABB types (IvAN & MERES, 2012).

Early to Late Paleozoic geodynamic reconstruction

In general, the Drina Formation can be character-
ized as a greenschist (locally amphibolite, TRIVIC et
al., 2010) rock system of the mixed volcano-sedimen-
tary protolith - rudites, arenites, pelites, basic (sub)vol-
canics and tuffs, sporadically limestones (POKOVIC,
1985) resembling to a passive margin assembly
(VRABEC et al., 2009) juxtaposed to an ancient exten-
sional system.

Mid-Edicarian deposition along the extended mar-
gin of northern Gondwana (Fig. 5) is dominated by an
intensive weathering of the Cadomian orogen and
protracted sediment transport into the former (GAR-
FUNKEL, 2015). The available Cambrian paleo-conti-
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“Paleo-Adria”, accommodated between North African- i.e. north Gondwanan margin and Cadomian terranes. Sources of detrital zircon
ages (white circles): *1 — Detrital zircon ages from the compilation of NANCE & MURPHY (1994 and references therein). *2 — Detrital zir-

con ages from AVIGAD et al. (2003).
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tive proposition of the Drina—Ivanjica, “Lower Drina Formation™ (inlet from GARFUNKEL, 2015, modified).

nental- and paleogeographic reconstructions place the
“paleo-Dinarides” either as a crustal segment being
already shifted away of the West African (Saharan)
craton (L1 et al., 2017) or as a segment still attached to
the Ordovician north Gondwana (SIEGESMUND et al.,
2018). The Late Ordovician location of the Adria
microplate, on the basis of the age of the Cambrian-

Ordovician magmatism, the detrital zircon signature
and other stratigraphic criteria also suggest a proxi-
mity of northern Gondwana (Casis & MURPHY, 2018
and references therein). Rare detrital zircon age spec-
tra results of modern-day remnants of the “Paleo-
Adria”, e.g. Austroalpine basement (Tauern Window,
paragneisses) exhibit Ediacaran sources, with lesser
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input of Cryogenian, Tonian and Stenian sources and
subordinate Paleoproterozoic and Neoarchean ages
(SiEGESMUND et al., 2018). Such detrital mixture of
sources points to the northeastern Saharan Metacraton
and the Northern Arabian—Nubian Shield (Sinai)
excluding Baltican inheritance. The volcano-sedimen-
tary protolith record of Neoproterozoic age (PAJIC,
2010, bBaJi¢ et al., 2012) was under influence of mate-
rial eroded and transported from the pre-Pan-African
basement (SIEGESMUND et al., 2018). Consequently,
we place a juvenile environment in which the Drina
Formation originated as a proto-segment of the Apu-
lia/Adria (Casis & MurpHY, 2018) or the “Paleo-
Adria” (FRANKE et al., 2018) as a crustal segment still
connected to north Gondwana during Neoproterozoic
to Early Paleozoic times (Fig. 4). According to sever-
al models, “Paleo-Adria” aggregation was detached
from the Gondwana somewhere between Late Siluri-
an and Late Carboniferous (von RAUMER & STAMPELI,
2008) or was accreted onto Laurasia together with
north Gondwana (FRANKE et al., 2017).

The suggested position of juvenile Drina—Ivanjica
Entity implies, that during Late Ordovician, Silurian
and Early Devonian, this marginal system of North
Africa was a continental fragment outboard the mod-
ern-day North African coast. Another argument for the
passive margin setting is lack of typifying felsic vol-
canism of the Cadomian age. A tentative paleo-loca-
tion of the juvenile Drina succession was in a vicinity
of the continental Cadomian arc which was affected
by the Neoproterozoic—Cambrian epicontinental sedi-
mentation (sensu GARFUNKEL, 2016; Fig. 5). The Dri-
na Formation was probably juxtaposed next to the
contemporaneous Cadomian peri-Gondwanan active
margin system (VON RAUMER & STAMPFLI, 2008).

According to some recent reconstructions the
“Paleo-Adria” travelled over 6500 km between the
Silurian (opening of the Palaeotethys) and the Devon-
ian (360 Ma) prior to the Variscan accretion (FRANKE
et al., 2017). However, the presence of metabasic
rocks intermixed with Neoproterozoic sedimentary
succession of the Drina Formation rather indicates a
vicinity of precursory proto-Rheic Ocean further
implying a pre-Silurian detaching or different paleo-
geographic location of “Paleo-Adria” in particular
Adria/Apulia. Tentatively, the location was more to
the west in Ordovician reference relative to the the
location reference proposed by FRANKE et al. (2017;
Fig. 10a).

The “Paleo-Adria” arrival and Pangea assembly are
either interpreted as Late Devonian—Carboniferous
dextral shearing (FRANKE et al., 2017) or are often
associated with Late Carboniferous and earliest
Permian collision (WINCHESTER & PAce TMR
NETWORK TEAM, 2002; e.g. KRONER & ROMER, 2013).
Regionally, in the Northwestern Dinarides (Croatia,
Figs. 1, 2) the 40Ar/39Ar extracted from detrital white
mica of the very low-grade basement rocks of the

Geol. an. Balk. poluos., 2018, 79 (2), 57-68.

Paleozoic Sana-Una Unit (‘“Paleo-Adria”) gave the
inferior Variscan age of ~335 Ma (ILIC et al., 2005)
relative to a predominant younger Alpine overprint
time span (e.g. Late Jurassic—Lower Cretaceous, POR-
KOLAB et al., 2018; Lower—Upper Cretaceous, BOro-
JEVIC-SOSTARIC et al., 2012).

The subsequent Carboniferous accretion with SE
Laurussia should be marked by a set of ductile fabric
documented within the Drina Formation (POKoOVIC,
1985). However, recent dating of samples taken from
metamorphic Paleozoic units in Serbia by applying
the Illite crystallinity and K/Ar methods, indicate the
latest Jurassic—earliest Cretaceous timing of metamor-
phism (130-145 Ma, PORKOLAB et al., 2018). Never-
theless, the Early Carboniferous siliciclastic system
(FiLipovi¢ & SIKOSEK, 1999) should mark a descend-
ing plate position of the Drina—Ivanjica during a Late
Paleozoic convergence. To summarize, it is obvious
that further investigations of the Paleozoic evolution
of “Paleo-Adria”, particularly of the Drina—Ivanjica
are necessary.

Conclusions

The presented results show that the Drina For-
mation was a segment of the stabilized peripheral
Cadomian platform or the pre-Variscan basement of
“Paleo-Adria” (Apulia/Adria microplate in Alpine
configuration). This subsided continental margin was
filled with the mixture of flat-lying sediments. The
biostratigraphic comparison with the paleogeographi-
cally similar “Kucaj Unit”, yields that the Drina For-
mation is exclusivelly of Neoproterozoic—Early Ordo-
vician age, consequently ruling out any connection
with the Lower Carboniferous flysch system of the
Drina-Ivanjica basement (informally called “Upper
Drina Formation™). The overall reconstruction places
the juvenile Drina Formation into the, so-called,
North African depositional domain, passive margin in
the West and North African (Saharan) meta-craton and
peri-Gondwanan Cadomian magmatic-arc system.
This significantly differs from the older, ca. 700 Ma
felsic magmatic intrusions of peri-Amazonian Pela-
gonian micro-fragment.
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Pe3ume

Heonporepo3ojcko—mnaJieo3ojcka
eposiynuja /Ipuncke ¢popmanmuje
(lpyHCKO-UBAKLUYKH 0€jCMEHT)

AmHanmmza dnoctparurpadCKux mojaaTaka, kao 1 ma-
neoreorpa)CKUX M MajeoTEKTOHCKUX PEKOHCTPYKIIH-
ja y OBOM pady ycMepeHa je y TpaBIly pellaBama
OTBOPCHUX THTamka Be3aHUX 3a JIPUHCKO-UBAFUYKH
OejcMeHT Koju u3rpaljyje HEKOIMKO HETOBOJHHO jaCHO
neduHMcaHnX MeTamoppHHX (opmarmja. JpuHCKa
(hopmarmja mpeacTaBiba HajCTAPH]y HEOMPOTEPO30j-
CKO-/IOF0TIaJIe030jCKy jeqUHHIY JpHHCKO-NBamUY-
Kor OejcMeHTa W TIpe/CTaBJbeHa je apeHUTHMA,
MEeJIMTHMA, KOHIJIOMEpaTuMa, Mambe Kpeumaluma, 0a-
3UYHUM (Cy0)ByJTKaHUTHMA M Ty(hOBHMa PETHOHAIHO
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MeTamopucanuM 10 (daruje 3eNeHUX MIKPHIbala
OJTHOCHO JIOKAJTHO 10 am¢ubdonuTcke daruje.

buoctparurpadckn nmorepheHa HeompoTeposojcka
crapoct JpuHcke popmanuje ynyhyje Ha maneoreo-
rpadcku 1monoXkaj oBe jeIMHUIIE KOjH je OMO Y CKIOMy
HEeKaJalllhe CeBepHE MapruHe CynepKoHTHHEHTa [oH-
nBaHe. JlaJboM MAllCOTEKTOHCKOM M TIETPOJIOIIKOM
aHaJM30M U TperyienoM Beh myOomnkoBaHUX MaIeOKOH-
TUHEHTAIHUX TO03WIMja, Kopuctehu mpe cBera, mpu-
CYCTBO U3MEH-CHUX 0a3WYHMX KOMIUIEKCA, yKa3aHo je
Ha moryhHocT na je [lpmHcka dopmarmja unHMIA
packpurhe m3mel)y yHyTpamimer jaena CylepKOHTH-
HeHTa (meo m3Han CaxapcKor KpaToHa) M OOOTHOT
IeJa akTHBHE MapruHe (ceBepHa [oHmgBaHa) - T3B.
KaJIOMCKOT' OCTPBCKOT JIyKa KOjH je OMO aKTHBaH OfI
HEOMPOTEPO30UKA.

[ManeonannHOMNOIIKA HUCTPaXKHBaka PaHHUjer JaTy-
Ma yKa3yjy Ha MOTyhHOCT J1a TOpE-0O0PIOBHIIA]YMCKE,
CUITypCKE W JICBOHCKE TBOPEBUHE HHCY MPUCYTHE Y
Metamopdutnma Jpuncke dhopmarnuje. Komnaparus-
Ha Tayieoreorpadcka aHanHM3a ca JOHOIAIe030jCKOM
“Kygajckom jemmuuriom” (ucrouna CpOwuja) ykasyje
Ha OJICYCTBO CHJIYPCKHX U JIOFbOJICBOHCKUX TBOPEBU-
Ha KOje Cy y TIOMEHYTO] jeIUHHIIA pa3BHjeHe Kao
nyOokoBogHE (alrje TPaNTONUTCKUX IINKPHUIbAIA.
[Tocrojame KUCEMX MarMaruTa KaJiOMCKE CTapoCTH
(700 Ma) y oxBupy Ilenaronujckor MacuBa jacHO yKa-
3yje Ma He MOCTOju maneoreorpadcka CIMIHOCT
u3Mel)y OBOT TepHaMa3oOHCKOT CErMEHTa CEBEepHE
lonaBane m HajcTapujux nenoBa JpUHCKO-MBamUY-
KOT' CHTUTETA.
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