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Abstract. The ongoing interest in the complex geology of the Dinaric orogen,
in particular, its immediate, post-orogenic evolution (post-Lutetian), has pro-
duced a number of the tectonic solutions, proposing either extensional stage
followed by the subsidence, extensional stage with immense lithospheric thin-
ning resulting in the regional uplift, or even pure uplift episode(s). The unclear
Late Oligocene-Miocene tectonic forces are often interpreted as interchange
of the crustal-scale driven extensional uplift episodes, presumably affecting
the formation of a number of the lacustrine mini-basins, often referred to as
the ,intra-montagne basins“A limited number of the available field-based
structural interpretations tend to explain the Miocene crustal-rooted exten-
sional episode(s). Despite lacking of the important subsurface data, such as
wells-derived thickness and other data, commonly used for the reconstruction
of the eventual subsidence stages, the available interpretations provide several
deep crustal-scale models of the extensional setting. In order to better under-
stand the timing and mechanism behind the onset of the Oligo-Miocene Di-
naride “intra-montagne” extensional episode(s), this study uses the available
information of the precursory oblique convergent margins, further proposing
the use of a combination of the crustal and the basin modeling tools that could
extract more information of the barely available subsurface data (subsidence
rate, source-to-sink patterns, etc). The assessment of the recently published
surface constraints, allowed the following discussion evaluating a set of the
recently proposed crustal-scale “intra-montagne” tectonic models.

AncTtpakT. UHTepecoBamwe 3a KOMILJIEKCHY I'eoJIolIKY rpaby JuHapusa, Hapo-
YUTO 32 MOCT-0pOreHy $asy Uid MOCT-JYTETCKY re0JMHAMHUYKY €BOJIYLH]Y,
MIPOU3BEJIO je HEKOJIMKO TUIIOBAa TEKTOHCKHUX MOJeJa: eKCTeH3Uja Koja je
pesyiaTupasa cyO6CHEHIIMjOM, eKcTeH3uja JuTocheprux pasMepa Koja je
JloBeJia 1o eKcxyMaluje caMux JlnHapu/ia, Kao ¥ YUCTO U3 M3ambe WU ,all-
audt" uHapuja kao uennHe. Hajuemhe uHTepnpeTalnyje 3acCHOBaHe Ha
rOpPH00JIMTOLLEHCKO-MHUOLIEHCKOj eKCTEH3HUjHU Cy JJ0BeJIe /10 CTBapara BeJid-
KOT 6poja MUHHU-6aceHa KOjU ce y IMTepaTypu Mory Hahu Kao ,MHTpa-IJa-
HUHCKU", PeJTaTUBHO MaJiv 6POj peruOHaTHO-TEPEHCKUX CTY/IUja ce TPYAH Ja
yKaxke U UHTellpeTHpa Ha Moryhe TeKTOHCKe Mo/ieJle INTOCPepHUX pa3Mepa.
HWaxo cy 3a uHTenpeTtanujy iutochepHux pasmepa NOTpe6GHU pasJIudUTH
HNOTHOBPIIMHCKU NMOZALM, KAo IITO Cy OYLIOTHHE, MOZE/I0Babe U Bepudu-
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K/by4He peumn:

20pHbU 01U20YEH,
,2UHMPAa-NJAAHUHCKU, He02€eH,
MpAaHcKypeHyuja, 6aceHcko
Mo0es108arbe.

KOBame THUIlOBa U ¢dasa cybcujieHIMje, Ny6JIMKOBAaHU PaJloBU YKa3yjy Ha
sutocdepHa KpeTamba U MO/ieJle, MaXOM 3aCHOBaHe Ha eKCTEH3U]H, 10K UMa
Y OHUX KOjU YKa3yjy Ha uaausamwe camux JuHapuja. [la 64 ce 06e36eau110
60/be pa3yMeBakbe CaMoOr MMOoYeTKa OJIMI0-MUOLleHCKe dase HacTaHKa TUX
JAHTpa-IJIaHUHCKUX" 6aceHa, y O0BOM paZly ce yKa3yje Ha 3Ha4aj HacaeheHux
KHHEeMAaTCKHUX yCJI0Ba AUKTUPAHUX PaHUjUM I'paHULlaMa JIUTOCHEePHHUX MI0Ya.
Y pany ce yka3yje notpeba 3a 60/pbUM pa3yMeBameM $asza cybcuieHIMje, Kao
Y MeXaHU3MOM CIIyLITama, Koje Ha KaJIoCT HUCY JOCTYIIHe, UJIU He TI0CTOoje, a
MOTY MOCJIYKUTH UCTPaKMBakbUMa OBUX OJINTO-MHOIEHCKUX 6aceHa (HIIp.,
6p3uHa cyO6CcuieHLIMje, IpOBeHaHIa ceauMeHaTa, uth). C Tora, y paay ce
JUCKYTYjy mocTojehu MoZieJ iU U lbUXOBe UHTeNpeTaldje OBUX OJIUT0-MHUO-
[[eHCKUX ,MHTpa-MJIAHUHCKUX" 6aceHa.

Introduction

Deciphering a mechanism behind intra-mountain
basins is an essential element for any reconstruction
of the post-collisional geodynamic evolution of a
mountain belt. Dinaric highlands (e.g., DIMITRIJEVIC,
1997; PicHa, 2002; ILi¢ & NEUBAUER, 2005 and refer-
ences therein; KorBAR, 2009; Fig. 1a, b, c), in particu-

Fig. 1. a. Position of the active and former subducting plates
around Dinarides. b. Relief map of the former Yugoslavia and suc-
cessor countries highlighting the position of Dinarides. c¢. Dinar-
ides and Vardar Zone, the position of the External and Inner
Dinarides within intra-montagne highlands, including the oppo-
site Serbo-Macedonian Unit.
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lar, its NE segment represents an ophiolite-decorated
continental cross-lithospheric footwall (MAFFIONE &
VAN HINSBERGEN, 2018) of the formerly subducting
Adria microplate and its accretionary margin (here-
inafter the Adria-Dinaria, Fig. 2). The composite
Adria-Dinaria plate of the Mesozoic age (SpaHIC &
GAUDENYI, 2020) was a segment of the foregoing oce-
anic subduction, descending in the oblique mode
(Sava Suture Zone; subsurface lineaments from Vu-
KASINOVIC, 1973; SpaHIC & GAUDENYI, 2022) underneath
the European microplates that were in a foreland po-
sition (Tisza- and the Serbo-Macedonian Unit; Kara-
MATA, 2006; ScHMID et al., 2020; vaN HINSBERGEN et al.,
2020). Namely, the northwestern-positioned South-
ern Alps, as a “retro-wedge” (VAN HINSBERGEN et al.,
2020), gradually transfer its kinematics to the domi-
nantly dextral shearing displacement of the Peri-Ad-
riatic lineament representing the boundary between
the Pannonian Basin and the Adria-Dinaria (Fig. 2).
The Alpine Dinaride bilateral orogen (DogLIoNI et al.,
2007), i.e. the Vardar Ocean underwent a terminal
closure during Jurassic with the formation of the nar-
row strike slip corridor separating Adria from Euro-
pean affinities (SpaHIC & GAUDENYI, 2022). An earlier
set of reports favor the prolongation of the Neotethys
as a “relic ocean”, having the final collision and related
compressional events that occurred during the Late
Cretaceous-Paleogene (PAmIC & Jurkovi¢, 2002; SCHMID
etal,, 2008; ToMLJENovIC et al., 2008; UsTASZEWSKI et al.,
2009; Tovji¢ et al., 2018; MARTO et al., 2022; SpaHIC &
GAUDENYI, 2022).

After the compressional amalgamation of the in-
tervening oceanic and continental crust, the sug-
gested process of the orogenic relaxation allowed a
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Fig. 2. Structural mega units in the Circum-Pannonian region (inset from Kovics et al,, 2011a, page 202, slightly modified). Per Adriatic

lineament after GRUBIC (2002), SPAHIC & GAUDENYI (2022).

tectonic decoupling of the Adria-Dinaria, and from
the European affinities, the Tisza- and the Serbo-Ma-
cedonian Units. These newly formed differentiated
basement units and its sedimentary cover underwent
Miocene rotation (e.g., Inner Dinarides, whereas the
External Dinarides were exposed to no Miocene ro-
tation) (Fopor et al., 1999; DE Leeuw et al, 2012;
ManbiC et al,, 2019). However, the onset of the crustal
extension along this previously elevated Adria-Di-
naria Tethyan footwall segment has been barerly con-
strained, in particular accounting the Oligo-Miocene
extensional episodes (Dt LEEuw et al., 2012 and ref-
erences therein; Fig. 3). To make matters more diffi-
cult, a recent study proposes the regional uplift of the
External Dinarides area (BALING et al.,, 2021). This
area, in turn, carries a lagest number of the Dinaride
intra-montagne mini-basins referred to as the Dinar-
ide Lake System (e.g., DE LEEUw et al., 2012).

Geol. an. Balk. poluos., 2022, 83 (1), 39-56

The goal of following disussion is to provide a
better overview of the post-collisional or post-Ru-
pelian (ScHETTINO & TURCO, 2010) Oligo-Miocene ex-
tensional phases, recorded within the Adria-Dinaria
highlands (DE LEeuw et al.,, 2012). The focal point of
this discussion are the reports providing the expla-
nation for the extensional crustal-scale mecha-
nisms. The most recent reports are discussing the
earlier proposed retreating Apulia/Adria lithos-
pheric-scale motions, which may have produced
Miocene extensional stage. Nevertheless, the main
reason for the precursory late Oligocene mini-ba-
sins formation - whether is it extensional stage, and
which mechisms lie underneath of Late Oligocene
mini-subsidence stage (Fig. 3), have had just re-
cently been under focus (e.g., ANDRIC et al., 2018; DE
LEEUw et al,, 2012). However, this mini-basin forma-
tion stage is considerably well-recorded across the
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Fig. 3. Simplified tectonic map of Dinaric-Hellenic region showing

the migrating extension accounting for the retreating subduction
zones (modified after BURCHFIEL et al.,, 2008). The map outlines
the retreating subduction zones (blue) and related areas of back
arc extension (vertical blue lines), including the advancing sub-
duction zones (red).The position of the presumed volcanic arcs of
Eocene-Oligocene age (Eo-Olig: red), Miocene (yellow), and

Pliocene to Recent (red) are shown.

several localities distributed within the Inner Dina-
rides, including the stratigraphically well-constrain-
ed coal-bearing Ugljevik location (Bosnia & Herzego-
vina; e.g., VRABAC et al., 1992; bE LEEUw et al.,, 2011).

Overview of the intra-montagne basin
formation models Late Oligocene
mini-basins

During the Late Eocene - Priabonian-Beloglinian,
Europe was an archipelago, whereas the western
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limb of the relic Tethys Ocean connected the Indo-
Pacific and the Atlantic Ocean (RoGL, 1999). Only in
early Oligocene - Early Kiscellian - Pshekian the
new intracontinental sea rose, engulfing the central
Adria-Dinaria land area (Fig. 2 of RoGL, 1999). In the
immediate vicinity of the Inner Dinarides, or the
border/former (paleo) northern shore of Adria/Di-
narian land or the “Dinaride-Anatolian land” (DE
LEeuw et al,, 2011), the documented deepwater
Miocene sequences (e.g., AvANIC et al., 2021) indicate
a continuity of an early Oligocene “Carpathian ba-
sin” (SACHSENHOFER et al., 2018, and references cited
therein) and its longevity throughout the Miocene
development of Central Paratethys. Despite some
earlier studies indicating a “Pyrenean stage”, and the
onset of the Late Oligocene extension in the nearby
southern Serbian Inner Dinarides, including the Var-
dar Zone (e.g., ANPELKOVIC et al., 1988), the origin of
the Late Oligocene intra-montagne mini-basins for-
mation remains unknown. Nevertheless, some re-
cent models prefer a retreating of Adria plate slab,
and/or delaminating crustal lithosphere (ANDRIC et
al,, 2018), extensional exhumation and the footwall
uplift (vaN UNEN et al., 2019). In the external realm
of Adria-Dinaria, or towards the ophiolite-bearing
Vardar Zone, there are several locations with docu-
mented record of the Late Oligocene, valleys-graben
and half-graben structures (OBraDOVIC et al.,, 1997).
Despite some of these mini-features cannot be
sorted to belong to the “intra-montagne” mini-
basins type, these mini-basins are characterized by
a dominant lacustrine deposition as well (Fig. 4):
Pranjani (western Serbia, Inner Dinarides; LAZAREVIC
etal., 2019; ANDRIC-TOMASEVIC et al., 2021; Fig. 4#1),
Ugljevik, Lopare, Tuzla of Inner Dinarides (Bosnia &
Herzegovina; DE LEEUW et al., 2011; MANDIC et al,,
2019; Fig. 4#2). These near-marginal extensional
features extent to the south to include a pre-Mio-
cene Lece massif at the contact between Vardar
Zone and Serbo-Macedonian Unit (southern Serbia,
to the east of the Kopaonik block; TanCIC et al., 2021;
Fig. 4#3). Of similar opinion are vAN UNEN et al.
(2019) indicating that the Late Oligocene-Miocene
extension has affected the internal part of Dinarides
and their contact with “Carpathians” or hinterland.
Internally, within the central and southern Adria-Di-
naria, there are several prominent basins, e.g., the
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Sarajevo-Zenica basin, Jablanica basin, and many
others (Fig. 4#7, Fig. 5). In addition, there are seve-
ral postdating principal Neogene basins, distributed
in the northern and southern part of the Inner Di-
narides (some with unconfirmed Oligocene succes-
sions; Fig. 4#4,5,6), including several locations with

Fig. 4. Sketch map of the ophiolite belts, and the overlapping Neogene basins (inset from
DimiTriEVIC et al., 2003, slightly modified). The approximate postion of the major strike-slip
faults taken from ILIC & NEUBAUER, (2005), including the dashed Lim fault, that is most likely
extension of the Busovaca fault (see Fig. 5); “Zvornik suture” taken from SPAHIC & GAUDENYI,
(2022), and references therein. The basement tectonic units are according DIMITRIJEVIC (1997).
Orange numbers designate some, not all locations with the proven or suspected Late
Oligocene sequences, whereas yellow color designate locations with the proven Miocene, and
not proven Oligocene successions. Red number #8 represents solemnly the magmatic intru-

sions of the Oligocene age. Some of the Neogene features are not represented on the sketch,

e.g. #1. Pranjani basin.

Geol. an. Balk. poluos., 2022, 83 (1), 39-56

the magmatic intrusions with no record of accom-
panied extension-related subsidence, Fig. 4#8,9).
One of the more prominent sites in Inner Dinar-
ides having the exposure of the oldest Late Oligocene
mini-basin deposition is the Ugljevik coal-bearing
site, in the vicinity of Bogutovo Selo (VRABAC et al,,
1995; pE LEEUw et al,, 2011;
PeZEL) et al.,, 2013). The Uglje-
vik Late Oligocene sequence
is positioned near the Sava
River at the southern margin
of the Pannonian Basin on top
of the Jadar and West Vardar
ophiolites or along the “Zvor-
nik suture” (for the “Zvornik
suture” see the map of GERzI-
Na, 2010; Fig. 4). The colli-
sional growth of northern
Adria-Dinaria is reflected by
Oligocene terrestrial and allu-
vial clays, sandstones, and
conglomerates (MANDIC et al.,
2019). In the late Oligocene,
rare lacustrine basins were
mainly distributed along the
northern Inner Dinardes, and
are often with a coal succes-
sion having small and large
mammal remains. This coal-
bearing succession is follow-
ed by perennial lacustrine
marl, with numerous ostra-
cods (Hrvatovi¢, 2006; DE LE-
Euw et al,, 2012). At the Uglje-
vik locality, the continental
basin infill ends with the late
Oligocene coal-bearing series,
separated from the overlying
middle Miocene marine Cen-
tral Paratethys sediments by
an angular unconformity (PE-
ZELjet al., 2013).The detailed
stratigraphic correlation pin-
points that the main lacus-
trine phase of the Banoviéi
basin started shortly after 24
Ma, lasted up to ~23 Ma, with
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a deposition rate of 0.2 m/kyr (pE LEEUW et al,,
2011).

In the western Serbian Inner Dinarides, the lo-
calized Pranjani Miocene basin contains little evi-
dence of the Late Oligocene fossilized paleoflora
(LazAREvIC et al.,, 2019). To the south, the Lece massif
exhibits the initial Late Oligocene volcanic activity,
occurring with the deposition of conglomerates,
sandstone, and marlstone (MALESEVIC et al., 1974).
The initial volcanism was succeeded by the em-
placement of the Miocene calc-alkaline volcanic
complex (also in TANCIC et al., 2021). Interestingly,
these occurrences are on top of the former Late
Mesozoic convergence front, or near the Sava Suture
Zone (see SpAHIC & GAUDENYI, 2022). The extensional
migration toward the central part of the Adria-Di-
naria (ANDRIC-TOMASEVIC et al., 2021 and references
therein), was accompanied by a voluminous Mio-
cene extension, recorded across both domains of the
post-Neotethyan overriding and descending plates
(Adria-Dinaria, Serbo-Macedonian Unit, Tisza; see
BLAGOJEVIC et al., 2019, for an overview). This repre-
sents another source of extension induced by the
Hellenic slab, which has been in the active ongoing
extension recorded across northern Greece, North
Macedonia (DumurDZANOV et al., 2005), and is asso-
ciated with the Aegean Hellenic arc (Fig. 3).

Miocene extension vs. uplift, a few
recent models of the Adria-Dinaria
“intra-montagne” stage

In their reconstruction, FACENNA et al. (2014)
argue that after 30-35 Ma tectonic regime changed
in all back-arc regions (relative to the Tethyan clo-
sure), and the extension took over the dominance.
The Tethyan trenches (Fig. 3) started to retreat at
rates of a few cm/yr, with the increased spreading
velocity throughout the Miocene. This extensional
setting led to the collapse of the previously thick-
ened orogenic wedges and the exhumation of high-
temperature metamorphic domes underneath the
shallow-dipping extensional shear zones. A few
most recent reports indicate that the Oligo-Mio-
cenecrustal-scale extensional events were affected
by the several mechanism related to the post-colli-
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sional events that occurred during Miocene: (i)
trench retreat or retreating plate boundaries (Roy-
DEN, 1993; WORTEL & SPAKMAN, 2000; FACENNA et al.,
2014; SpaHIC & GAUDENYI, 2020), (ii) Adria-Dinaria
and Carpathian slab rollback initiating at ca. 20 Ma
ago (MateNco & Rapivojevic, 2012; AnpriC et al., 2018;
vAN UNEN et al.,, 2019), and/or (iii) post collisional
mantle delamination beneath the Adria-Dinaria al-
lowing, in turn, the uplift of the entire Adria-Dinaria
(BALING et al., 2021). With regards to the most recent
concept of BALING et al. (2021), prior to the first
phase of the Adria-Dinaria intra-montagne basin de-
velopment, the underlying crustal plate underwent
tectonic thinning, i.e., crustal delamination, follow-
ing the early Oligocene slab detachment. The Early
Oligocene slab break-off below Dinarides led to the
Moho- and surface uplift (BALING et al., 2021). In the
costal region of the External Dinarides, marine ter-
races were uplifted in the Late Oligocene to Early
Miocene, while other regional studies (e.g. vAN UNEN
etal,, 2019) are suggesting thrusting followed by ex-
tension in that parts during the same period. In the
Internal Dinarides, according to BALING et al.(2021)
mantle delamination affected an Oligocene-Miocene
post-collisional magmatism. In other words, the
post-collisional mantle delamination underneath
the Adria-Dinaria began at 28 Ma and terminated
22 Ma ago uniformly lifting upwards the entire
Adria-Dinaria Miocene land (Fig. 5).

Another report, in turn, proposes a polyphase
footwall Adria-Dinaria slab extension driven by the
slab rollback, explaining the footwall uplift as the con-
sequence of the principal extensional geodynamic
driver (vaN UNEN et al., 2019). A bit earlier study pro-
poses a depositional-kinematic interplay that was
controlled by the formation of the principal exten-
sional detachments or normal fault systems, associ-
ated with a significant exhumation of the Adria-Dina-
ria footwalls (ANDRIC et al., 2018). Modeling study of
ANDRIC et al. (2018) showed that progressive slab re-
treat can control change from Eocene contraction to
Oligocene-Miocene eduction and extension. In that
sense, it is plausible model of extension in the Inter-
nal Dinarides and the former Sava Zone. USTASZEWSKI
etal. (2009) use the**Ar/3°Ar sericite and zircon and
apatite fission-track ages from the footwall rocks,
pinpointing the extensional unroofing between 25
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Fig. 5. Paleogeographic map of Miocene of the Adria-Dinaria and surroundings (inset from
GRruBICG, 1980, modified).

and 14 Ma. This extensional event is linked to the
Miocene rift related subsidence in the Pannonian
Basin, which represents a back arc basin, formed due
to subduction rollback in the Carpathians (Usta-
szewskl et al., 2009). The terminal stage of the Pan-
nonian basin development is also referred to as the
“Lake Pannon” (e.g., ANPELKOVIC & RADIVOJEVIC, 2021).

With regards to the recent surface observations,
VAN UNEN et al. (2019) reported a cluster of the Mio-
cene deformations across the majority of Adria-Di-
naria highlands, in particular, within the thin-skinned
successions belonging to the External Dinarides (Fig.
1c). The principal deformations accommodating the
extension are described as those developed on top of
the inherited rheological “weakzones”. The model
proposes that the Miocene extension of the Adria-Di-
naria highlands was interrupted by a continuous
shortening, showing a lower plate crustal accretion
mechanism that was spatially and temporally corre-
lated with a gradual slab retreat. However, by using
analogy from the precursory Late Cretaceous - Pale-
ogene core-complex exhumation event, it appears
that retreating motions affected solemnly the Tethy-
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an hinterland or Balkans, not
Adria-Dinaria (see later in the
text). Later on, a number of
dacite-andesite magmatic oc-
currences of the Neogene age,
were distributed in the vicin-
ity of the Vardar Zone (e.g.,
CvETKOVIC et al., 2004; GRUBIC,
1980; StojapinoviC et al., 2017;
see also in BALING et al., 2021;
Fig. 5). Accordingly, the Sava
Neogene depression was
formed as the result of this
back-arc extension of the Pan-
nonian Basin that was active
since ~18 Ma (the date pro-
vided by Manbi¢ et al,, 2012),
including the principal geody-
namic driver, propelled by the
Carapathian lithospheric roll-
back behavior (Fopor et al,,
1999). In the External Dinari-
des, vaN UNEN et al. (2019) re-
ported normal fault activity
that yielded a principal direction of the Miocene ex-
tension, the dominant NNE-SSW extension. The ob-
served large offset normal faults tend to define a
NE-SW oriented extension, whereas the smaller off-
set of the normal faults defines a NW-SE oriented. The
study emphasizes two successive episodes of the
Miocene extension which is obscured by the presence
of strike-slip geometry (late Miocene inversion). In
turn, across the Tethyan hinterland, a number of Neo-
gene depositional systems, in particular, within the
“Carpatho-Balkanides” underwent intensive horizon-
tal mobility, characterized by a differential clockwise
rotation (e.g., MAroviC et al,, 2001), including the pres-
ence of large-scale transcurrent motions (e.g.,
KRSTEKANIC et al., 2020).

Discussion: Lithospheric-scale
Adria-Dinaria footwall extension
- comparison with the Aegean

The “retreating plate boundaries” associated
with the pronounced Oligo-Miocene roll-back at the
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expense of the slab tear or “retreating collision”
were proposed earlier than the gradual rollback and
associated footwall uplift (RoyDEN, 1993; WORTEL &
SPAKMAN, 2000; SPAHIC & GAUDENYI, 2019). By compar-
ing the widespread Miocene extension with the
Aegean system, the Apulia/Adria was in the de-
scending position or in the footwall domain. This
means that the main extensional basins in the
Aegean were formed on top of the hanging wall, or
across the overriding plate (e.g., JOLIVET & BRUN,
2008; JoLveT et al., 2013; MENANT et al., 2016). Thus,
the Aegean overriding plate underwent the same
Miocene core-complex production episode, account-
ing for the substantial syn-orogenic extensional de-
formation. Retreating plate boundaries coupled
with the main phases of a pronounced roll-back
(WORTEL & SpAKMAN, 2000) in a low convergence rate
situation, commonly induce delamination and re-
gional extension within an overriding plate, affect-
ing the formation of the core complexes, likewise,
those widely recorded across the Balkan Peninsula
(e.g., MENANT et al., 2016). Nowadays, the retreating
African slab is coupled with the overriding plate, af-
fecting the upper plate apart as it retreats, breaking
the latter into numerous small plates with frequent
earthquakes along their boundaries (MENGL et al.,
2021). The African plate is subducting northwards
beneath Eurasia induced by the gravitational forces.
Thus the plate is causing the southwards-directed
retreat (MENGL et al., 2021). There, the slab remains
attached to the former Mesozoic - Paleogene Vardar
oceanic subduction, being confirmed by the several
2D visualization tomographic models. The models
interpreted a crustal connection of the Hellenic
slab,(East) Vardar- and deeper most Triassic- and
Jurassic Kure, [zmir-Ankara slabs (HosSEINPOUR et al.,
2016). Based on the deformation recorded in Hel-
lenic basement units (ductile stretching lineations),
the three distinct stages of post-orgenic extensional
stages are recognized in the Aegean region (WALCOTT
& WHITE, 1998). Initially, extension of the almost en-
tire Aegean region started in the Late Oligocene-
Early Miocene (ca. 36-25 Ma ago).This stage was
followed by the division of the Aegean crust into the
West Aegean Block (a coupled assemblage of small
blocks), reaching the Scutari-Pec Line and Mid-Cy-
cladic Lineament (fracture zones). The rotation con-
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tinued at 25 Ma and ca. 3 Ma, moving the West
Aegean Block that underwent ca. 302 clockwise ro-
tation, where, in turn, the eastern Aegean under-
went, ca. 192 anticlockwise rotation.

The late Eocene to Neogene tectonic evolution of
the Adria-Dinaria was under control of the domi-
nant shortening and orogen-parallel wrenching (ILi¢
& NEUBAUER, 2005). Such a structural kinematic
framework contributed to developing principal dex-
tral SE-trending strike-slip faults, which followed
the boundaries of the major tectonic units (dextral
orogen-parallel wrenching of the whole Central
Adria-Dinaria; ILIC & NEUBAUER, 2005). According to
this model, the strike-slip mode was also active dur-
ing the Neogene indentation of the Apulian micro-
plate, and its amalgamation into the Alps, followed
by the back-arc type extension of the Pannonian
Basin. Nevertheless, the intermittent extension of
the Late Cretaceous age appears to have occurred
within a regional convergent tectonic setting (pull-
apart; SPAHIC & GAUDENYI, 2022). Following an obli-
que diachronous complete closure alongside the
Vardar suture zone (lasting from the middle Eocene
to late Oligocene), the transition from a regionally
convergent, towards a regionally extensional tec-
tonic setting occurred accounting aforementioned
mechanisms. The early extensional subsidence was
associated with the abundant magmatism and for-
mation of the localized sedimentary basins, likewise
the Ugljevik and other Dinaride-related mini-basins
(Fig. 4, 5). The area with the most prominent Eo-
cene-0ligocene extension is recorded in the Balkans
(overriding plate), or on top of the Hellenic slab, and
its hinterland (DumurDZANOV et al.,, 2005; Fig. 3, light-
red area). Otherwise, considering that the mini-
basins occur along a rather narrow Adria-Dinaria
extensional corridor (Fig. 3, thin red-colored area
crossing northern Dinarides), this study speculates
that these Late Oligocene, mainly coal-bearing mini-
basins, are the result of the localized inversion of the
precursory oblique margin (as suggested by DuMURr-
DZANOV et al.,, 2005; ILIC & NEUBAUER, 2005). The loca-
lized extensional inversion or transtension, induced
the onset of the localized pull-apart releasing band
systems, a successor phenomenon inherited from
the precursory Upper Cretaceous to Paleogene plate
boundaries (ILi¢ & NEUBAUER, 2005; SpAHIC & GAU-
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DENYI, 2022). This is in line with the regional-scale
Neogene observations recorded in the Central Alps
(RING & GERDES, 2016), including the famous pull-
apart Vienna Basin (Fopor, 1995; SpaHiC et al.,, 2013),
further documented southwards in the Aegean-
western Anatolia region (e.g., DUMURDZANOV et al.,
2005; SozBILIR et al,, 2011). The palaeostress analy-
sis in the easternmost Alps and the westernmost
Carpathians revealed the existence of the Middle
and Late Miocene combination of extensional and
strike-slip faulting (Fopor, 1995).

To summarize, there are several principal mech-
anisms of the Neogene extension, and one of these
often proposed is extension that created large-scale
detachments with listric normal faults geometry
along the entire length of the Sava Suture Zone and
other Dinarides nappe contacts, indicating even re-
mote foreland as the Sarajevo-Zenica Basin (e.g., VAN
UNEN et al, 2019, and references therein). This
model introduces a process of Oligocene-Early Mio-
cene foreland flexural deposition over the Bosnian
Flysch in the footwall of the East Bosnian-Durmitor
thrusting (Figure 3a) and was affected by a large-
scale asymmetric extension. The formation of this
asymmetric fault system caused rheological weak-
ness of the NE dipping Bosnian Flysch turbidites
(van UNEN et al., 2019; Fig. 1c, 3). This invoked, ac-
cording to vaN UNEN et al. (2019), the Miocene iso-
static rebound, or the event that was associated
with the upward-directed elevation of the Adria-Di-
naria (mainly External Dinarides as a footwall). In
this manner, the Inner Dinarides and the main por-
tion of External Dinarides should elevate/lift up-
wards relative to the majority of the Inner Dinarides
(representing the foreland area of the former de-
scending plate). The footwall uplift presumably oc-
curred by the reactivation of the “rheologically
weak” Lower Cretaceous ‘Bosnian flysch’. However,
the occurrence of several contemporaneous mini-
Neogene systems to the south of Banovi¢i and Bu-
gojno basins (DE LEEuw et al., 2012; ANDRIC et al.,
2017) or the south of the strike-slip Lim fault (ILi¢
& NEUBAUER, 2005): Sarajevo-Zenica basin, Jablanica
basin, Livno basin, Sinj basin, Lake Gacko (GRUBIC,
1980; ManDIC et al.,, 2011; Fig.5) are not in line with
the suggested massive crustal-scale footwall uplift.
The basement faults have mainly a listric shape
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(PicHa, 2002), which could be in accordance with the
earlier proposed strike-slip wrenching pattern and
related flower structures (ILI¢ & NEUBAUER, 2005; Ko-
RBAR, 2009).

Another option is that the crustal extensional re-
activation of the principal faults (former thrusts,
likewise the Late Cretaceous East Bosnian-Durmitor
thrust) was guided by a slab-tear direction (WORTEL
& SpakMAN, 2000). With regards to the proposed
process of syn-orogenic exhumation (vAN UNEN et al,,
2019), this phenomenon is commonly formed at the
expense of the retreat of subducting margins, thus
accommodating the regional extension, but domi-
nantly within the hanging wall of overriding plate
(RoYDEN, 1993). The crustal-scale isostatic rebound
of the descending plate or footwall plate and its up-
lift is often accompanied by the extracted metamor-
phic core complexes. The metamorphic core
complexes formation has been occurring at the ex-
pense of the tectonic denudation of the crystalline
cores, and the activity along detachment faults that
bound them (for details see the model of WpowiNski
& AxEN, 1992, and references cited therein). Thus,
opposite to the Apulia/Adria, the accretionary com-
plex of the Vardar Zone (Bukulja Mt of the debatable
Bukulja-Vencac affinity), and the Serbo-Macedonian
Unit (Jastrebac Mt.) as a distant overriding hinter-
land, have experienced a significant extension-rela-
ted crustal delamination, allowing the emplacement
of several regionally distributed core complexes
(MaRroviC et al., 2007; EraK et al., 2016, STojaDINOVIC
etal., 2017; SpaHIC & GAUDENYI, 2019).

Concluding remarks

Following the analysis of the recently published
ideas, there are three scenarios, that probably led to
the Late Oligocene mini-basins, and limited Miocene
“intra-montagne” extension-related basin forma-
tion: (i) the mechanism of the Adria-Dinaria lower
plate retreat,(ii) the tectonic thinning and the early
Oligocene slab detachment followed by the uplift of
the entire Adria-Dinaria (BaLiNGet al., 2021), and
(iii) here underlined, the earlier proposed strike-
slip inheritance (ILi¢ & NEUBAUER, 2005; KORBAR,
2009). The new review-based constraints are that
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the strike-slip transtensional reactivation model
may explain the Late Oligocene “intra-montagne”
pull-apart mini-basin formation (similar to the San-
tonian episode of the collisional Sava Vardar Zone;
SpAHIC & GAUDENYI, 2022). It fits with the assymetrical
opening of intra-montagne basins suggested by
OBRrADOVIC et al. (1997), vaN UNEN et al. (2019).

In addition to the earlier opinion that slab tear
in the central part of Adria-Dinaria could be a source
of the crustal extension (WORTEL&SPAKMAN, 2000)
pronounced rollback during Miocene is expected in
a similar low convergence rate situation. Neverthe-
less, having a large-size orogenic accretion with the
paroxysm occurred during Eocene, there is a high
likelihood of the crustal-scale flexural isostatic lith-
osphere downwrapping (accounting for the magni-
tude of its load, along with a temporal lithospheric
polarity inversion; see the point #3 and #4 below).
The tectonic thinning and the early Oligocene slab
detachment, causing a widespread uplift (BALING et
al,, 2021) provide tentively the explanation for the
unconformity, recorded after the deposition of the
Ugljevik coal-bearing sequence (see VRABAC et al.,
1995, for details). According to BALING et al. (2021),
Adria-Dinaria was during the late Oligocene par-
tially under the marine environment and partially a
landmass of the European archipelago (e.g., RoGL,
1999; SACHSENHOFER et al., 2018). The Neogene ba-
sins underwent vertical uplift, without any signifi-
cant deformation. However, the uplift does not
provide the explanation of the formation of the
Adria-Dinaria intra-montagne basins lacustrine sys-
tems (as per ANDRIC et al., 2017,2021). Thus, the tec-
tonic origin of the subsidence and formation of a
number of Late Oligocene and Adria-Dinaria Mioce-
ne lakes remains not fully understood (Fig. 5).

The discussion incorporates further remarks on
the methodology largely used for the subsurface
subsidence vs. tectonic constraints and proposes a
quantification of the several tentative lithospheric-
scale scenarios/processes inducing the Miocene ex-
tension. The Miocene extension is just superficially
outlined within the Adria-Dinaria, in particular the
occurrence of the Late Oligocene mini-basins. Thus,
this discussion imposes the set of methodology-
based remarks that could be of use for future study
of intra-montagne extension:
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In the case of the lower plate retreat during
Miocene, what was the behavior of Apulian tensor
(Adriatic foreland)? It is to note that Apulian plate
started with the retreat in the early Miocene (for ex-
ample in Greece; JoLIVET et al., 2013). See also dis-
cussion in LE BRETON et al. (2017);

- Is there a possibility for the forward modeling
and creation of subsidence (mini) basin models
(well data piercing the Oligo-Miocene i.e. Neogen
base)? The results (subsidence curves) would
largely facilitate the eventual thick-skinned involve-
ment. A successful model must predict not only
differences between a footwall/foredeep fill vs. fore-
land stratigraphy, it must also include the exhuma-
tion, topography, and crustal thickness (ToTH et al.,
1996; for crustal thickness see MiLvojeviC, 1993);

Because even subsidence models do not account
for flexural-isostatic responses of the lithosphere, it
does not exclude this possibility for the Late Oligo-
cene extension of Adria-Dinaria. As this Late Oligo-
cene event has mild character, having a deposition
rate of 0.2 m/kyr, thus it also could be explained by
a short crustal dowlifting of previously thickened
crust. In either case, this topic requires further
study. This issue is rather important because the
pre-Miocene shortening result in a significant sheet
emplacement and crustal thickening;

- What are the differences/similarities with the
reconstructions of the Aegean early Miocene slab re-
treat and associated back-arc extension model (e.g.,
JoLIVET & BRruN, 2008; there is no (former) lower
plate extension, likewise suggested for Adria-Di-
naria (VAN UNEN et al,, 2020))?

Finally, review and discussion provide a hint, that
both, the central Adriatic transform zone as a com-
plex active transform microplate boundary (KORBAR,
2009; SusASiC et al,, 2017), including the external or
Inner Dinaride/Vardar Zone former oblique bound-
ary, could have been reactivated (transtension) dur-
ing a very limited period of the Upper Oligocene or
Miocene times. In that manner, a short episode (DE
LEEUW et al., 2011) of a localized coal-bearing, dom-
inantly lacustrine paleoenvironment could be ex-
plained.To this hypothesis, contributes the fact that
the investigated basins are mainly formed by sedi-
mentation in hangingwall dipslope setting, which
was localized in the form of half-grabens (OBraDOVIC
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et al, 1997). Moreover, by overlapping the two fea-
tures, the Upper Oligocene-Miocene “intra-mon-
tagne” mini-basins were developed mainly on top of
the former plate boundaries.
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Pe3ume

HamomeHe 0 0JIMT0-MHUOLLEHCKUM
€KCTeH3MOHHUM eNu3o04ama y
YHyTpallbuM JuHapuguMma:
TEKTOHCKa OrpaHN4YeHha HacTaHKa
HHTpPA-IVIAHUHCKHUX 6aceHa

Y nocnefbUxX HEKOJMKO TOJMHA pacTe UHTepe-
coBame 32 MOCT-KOMpecHuoHy a3y pasBoja /luHa-
pHU/Jia Koja OTIIOYH e TOKOM OJIMIOLIeHa, M KapaKTe-
puiiie ce popMUpPaAKEM T3B. ,MHTPA-MJIAHUHCKHX"
6aceHa. CeZlUMeHTU TOPH-ET OJIUTOLIeHa CY IPOHa-
beHu Ha BuIlle JioKauuja mupom JluHapuaa: Yribe-
BUK, Jlonape, Ty3sa MuHu-6acenu, CapajeBo-3e-
HUIIQ, Ka0 U 6POjHU MUHU-6ACEHU Y CIIO/bAllllbUM
JuHapuauma. Y3 cam o060j yHyTpawwux /[u-
Hapu/a, npeMa Bapaapckoj 30HH, Takohe cy pa-
3BHjE€HHU OJIMTOLIEHCKHU [JeNOHAaTH, ajld Y BYJKa-
HO-ceuMeHTHO] ¢a3u, Hrp. Jleue (TANCIC et al,
2021), a1 ce OHY HE MOT'Y TpeTUpPATH Kao ,MHTpa-
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IJIAaHUHCKU . 3Ha4aj peKOHCTPYKLUje dopMupama
OBHUX ,MHTpa-IJIaHUHCKUX" GaceHa JiexxH y 60/beM
pa3yMeBamy caMe NOCT-KOJU3UOHE UCTOpHje, Tj.
reo/JMHaMUYKe eBOJIyI[1je HOBOHACTA/IUX MJIaHUH-
CKHUX BeHalla Kao 1To cy JJuHapuIu.

JAuHapuau unu JuHapcku opored (HOp., DiMi-
TRIJEVIC, 1997; PicHA, 2002; ILIC & NEUBAUER, Kao U
nojeauHe nutupaHe pedepenue; Korear, 2009; Fig.
1a,b,c), a HapouuTO eroB CHU cermeHT, KOju je HO-
cusal, opUOJIUTA jypCcKe CTAapOCTH (YHYTpallkbU
JUHAPCKU 10jac), YUHU KOHTUHEHTAJTHU CETMEHT
auTtochepHUX pazMepa, HeKa Cy6ayKoBaHe Apuj-
CKe MUKPOILJIOYE U hbeHe aKpelMoHe MapriHe /mpu-
3me (KARAMATA, 2006; MAFFIONE & VAN HINSBERGEN,
2018; Scumip et al.,, 2020; vaN HINSBERGEN et al.,
2020). ¥ TekcTy ce y3uMa MojeJa ca cjluKe 2, Koja
OBy JiuTOoCchepHy aMasramanujy HasuBa ,Adria-
Dinaria“ nsu ,Anpuja-IlnHapuja“. OBa KOMIO3UTHA
MUKpOIJIOYA Ce HeKaJ MojABayuja y TpaHC-
KYPEHTHOM KMHEMATCKOM MOJY, UCIOJ, 060JHUX
EBpOINCKUX eHTHUTEeTa, Kao 1To cy Tuca mio4a, u
Cpncko-MakeJjoHCKa jeguHuna. Kao HenocpenaH
JlOKa3 KOHBepreHlMje OBUX €HTUTAa OCTaJia je T3B.
CaBa cyTypHa 30Ha (SPAHIC & GAUDENYI, 2022). OBa
CyTypa je BU/I/bHBA U Y MOTNOBPIIUHCKUM YCJIO-
BuMa (VUKASINOVIC, 1973). MehyTumMm, Anncku 6ua-
TepaHu guHapcku oporeH (DocGLIoNI et al.,, 2007),
npe cBera Bapzapcku okeaH, ce 3aTBOPUO TOKOM
jype, rAe je HAaKOH jype mpeocTasd ,KOopujaop“
YIJIABHOM MMAOo TPAHCKYPEHTHU KapakTep (SPAHIC
& GAUDENYI, 2022). IlojeauHe ny6auKaLyje U Aajbe
¢daBopu3yjy KpeZiHO 3aTBapame Bapapckor okea-
Ha, o6jalbaBajyhu aa je To ,pestuKT okeaH" Heo-
TEeTHUC, KOje Ce 3aTBOPUO TOKOM TOpH€e KpeJe U
nasneoreHa (PAaMmI¢C & Jurkovi¢, 2002; ScHMID et al.,
2008; ToMmLJENOVIC et al.,, 2008; UsSTASZEWSKI et al.,
2009; Toujic¢ et al., 2018; MArTo et al., 2022).

HakoH 3aBpieTKa KOHBEPTEHTHHUX OJHOCA U
CTBapamwa BUCOKOT IJIAHUCKOT JIaHL13, Tj caMux JJu-
Hapu/a, 0J1a3M 10 eKCTeH3Hje U CTBapamwa 0JIUro-
MUOIEHCKUX MUHHU-0aceHa. MehyTHUM, eKCTeH3HUO-
He eNn30/e WJIM je[lHa el130/a, Koje Cy oBeJie 10
CTBapama MOMeHyTUX 6aceHa, TeK HeJIaBHO 00U~
jajy 3acay»keHy naxkwy (Hop., DE LEEuw et al.,, 2012;
VAN UNEN et al., 2019; Fig. 3). [la ctBapu 6yay joul
KOMIIJINKOBaHHUje, jefHa oJ, MOCAe[bUx CTyAUja
yKa3dyje Ha KOHTUHYHUPAHO U3/IM3ahe CII0J/balllbUX
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JuHapupa (BALING et al.,, 2021).

O mocseAbUX TEKTOHCKUX Mojiesia Koju 06-
janrmaBajy HaCTaHAK UHTPA-TJIAHUHCKUX" GaceHa
cy: (i) ekcTeH3Hja Koja je pe3ysaTaT JeJlaMUHaIUje
auTtocdepHe miaoye (ANDRIC et al., 2018), (ii) exc-
TeH3Uja JuTochepux pa3Mepa Koja je moBesa 10
ekcxymanuje camux JluHapuza (VAN UNEN et al,
2019), kao u (iii) yHudopmMHO uU3gU3aE WU
LammudT” J/luHapuaa Kao 1eIMHe, Ipe CBera CIo-
Jpalimux Jlnnapuza (BALING et al., 2021). Hako cy
3a MHTEepIpeTaLH]jy TOKpeTa JUTOCPEePHUX pa3Me-
pa noTpe6GHU Pa3IMYMTU NOTHOBPLIMHCKY [TOAALH,
Kao IITO Cy OYIIOTHHE U Aeb/bUHE C0jeBa/CTpa-
TUrpadCKUX XOPU30HATA, UM BepuPUKOBae M-
opekJia paza cybcuaeHvje, MyOGJIMKOBAHU PaJlOBU
yKasyjy Ha IuTocepHa KpeTamwa U Mo/ieJie, MaXoM
3aCHOBaHe HAa €KCTEeH3UjH, JOK UMa U OHUX KOjU
yKa3yjy Ha usausame caMmux JluHapuja. [la 6u ce
06e36eusi0 60/be pasyMeBame CaMOT MOYeTKa
OJIUTO-MHOLIeHCKe ¢a3e HACTaHKA THUX ,MHTpa-
MJIAHUHCKUX" 6aceHa, y OBOM pajy ce yKa3yje Ha
3Ha4aj HacieheHUX KUHEMATCKUX yCI0Ba IUKTHU-
paHUX paHUjUM rpaHULiaMa JUToCchepHUX IJI0Ya.

OcBpT Ha TEKTOHCKe MoOJeJIe KOjHU YKa3yjy Ha
HaCTaHaK ,MHTPa-MJIAHUHCKUX" MUHHU-6aceHa

a) lopwooIUroneHcKa eKCcTeH3uja

TokoM kacHOTr eolieHa, NPUAGOHUjCKOT MU Oe-
JIOTJIMHUjCKOT KaTa, EBpomna je 6usa apxumnesar y
KoMe je 3amaJIHO KpuJio HeoTeTurca 6UI0 y KOHEK-
nuju ca Uag0-nanudprkoM U ATJIAaHCKUM OKEAHOM.
Tek y paHOM OJIMTOLeHY — KHCLeJIMCjKOM WJIM TIIle-
KHjCKOM KaTy, JOLLJIO je 0 HOBOT NI0AY3ama UHTpa-
KOHTHMHEHTAJIHOT MOpa Koje je OKpPY»XUBaJIO Taja-
e Aapuja-luHapuja octpso (Fig. 2 of RoGL, 1999).
PaHuju pasioBU yKasyjy Ha ,IMpUHeEjcKy pasy” ,oT-
Bapamwa“ ropHhO0JIMIOLleHCKUX 6aceHa (HIp., ANDEL-
KoviC et al., 1988). Te cTpyKType cy npeacTaB/beHe
MaxoM ,IoJy-poB“ cTpykTypama (,half-graben) u
TEKTOHCKUM Najieo-yaosirHaMma (,half-valley“) (OBRraA-
poviC et al., 1997). JeiHa o1 UCTpAXKEHUjUX JIOKALIHWja
je YribeBUK, MUHH-6aceH Y KOMe je IPUCYTaH yrab
ropmoosiuroneHcke crapoctu (VRABAC et al., 1995;
DE LEEUW et al,, 2011; PEZEL) et al,, 2013).
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6) MHoneHcKa eKCTeH3HMja WM MNaK ,4YucTo”
U3Au3ame ,UHTPaA-IJIAHUMHCKUX" MUHU-6aceHa?

[llTo ce MUOILIEHCKE eKCTeH3Uje THUYe, 0bjall-
HeHa je 0Jf CTpaHe HEKOJIMKO ayTopa Ha pa3JINuUTe
HaylHe. Y MaJIeOTEeKTOHCKOj PEKOHCTPYKUMUjH,
FACENNA et al. (2014) cy mull/bewa /1A je Ipe 0KO
30-35 Ma ponuio 0 mMpoMeHe y TEKTOHCKOM pe-
kuMmy [luHapuJa, Kajla Jloya3u [0 AOMHUHAIHje
eKCTEH3UOHHUX NOoKpeTa. TeTHCKe HeKaJjalllkbe Cy-
Type ce ,IIOBJIaYe” HEKOJIMKO cm/roJulliie, ca
noBehaHoM 6pP3WHOM TOKOM caMor MuoleHa. /Jlo-
MHWHaHTHA €KCTeH3Hja Y peruoOHaJIHUM OKBUPUMA,
JIOBOJIM /10 KoJIallca OPOTEeHOr TeJsa (ca KapakTe-
PUCTUYHUM 33/1e6/batbeM caMe JUTOoCchepe), MTO
JIOBOJIM 10 eKCXyMalkje BUCOKO-TeMIlepaTypPHUX
MeTaMOp(dHUX 0MA, KOje ce YTUCKY]y KpOo3 30He
HIMPUHTA WJIM 30He UCTe3ama T3B. ,shear zones".
W3mebhy ocTanux Mmojena, npejJioxeHa cy ciegeha
peliema KoOja ykKa3yjy Ha MexXxaHM3aM HacTaHKa
JAHTPA-TJIAHUHCKUX" 6aceHa:

»Irench retreat” uiu ,moBsavewe” camor cy6-
aykiuoHor cucteMa (RoYDEN, 1993; WORTEL & Spak-
MAN, 2000; FAcENNA et al., 2014; SpaHIC & GAUDENY],
2020),

Anpujcko-/lunapcku uau Kapnatcku ,rollback”
KOjU je oTroyveo npe ornpuiauke ca. 20 Ma (MATENCO
& R ADIVOJEVIC, 2012; ANDRIC et al., 2018; vaN UNEN et
al, 2019),

Kao 1 nocT-Ko/M3MoHa JeslaMAHaLMja MaHTIa
vcno/j, caMe Axpujcko-/luHapcke mio4de Koja comn-
CTBEHUM HCTalbUBakbeM OMOFyhaBa nu3agnusame
koMIieTHUX JluHapuja (BALING et al,, 2021).

[lITo ce TMYe NOBPLIMHCKUX OlCepBalLiydja Ha
MUOIEHCKUM JlenoHaTUMa, VAN UNEN et al . (2019),
yKasaJli Cy Ha [0CTojambe LiesIor KJaactepa gedop-
Mall4ja, @ HAPOYUTO Y CIO/bAlIKBUM JUHapUuUMa.
[J1aBHU MeXaHH3aM eKCTeH3H]e je 06jalllbeH TPEKo
peakTHBalije PEOJIOIIKH ,C/abuX 30HA" Tj. 30HA
Koje cy 61/le aKkTUBHE y paHUjeM NepUOAY, Kao LITO
je ,bocancku ¢auim‘. OBaj Mojies1 ce 3aCHUBA Ha
eKCTeH3Uju Koja je NpeKUHyTa ykasyjyhy Ha
MexXaHu3aM aKpeluje [ome IJIoYe, KOja je KAaKo
IPOCTOPHO, TAKO U BPEMEHCKHM KOpeslaTHBHA ca
NIOCTENEeHUM ,lIoBIadeeM” ucte (,slab retreat”). ¥
ckJomy cnospalitbux JluHapupa, vaN UNEN et al.
(2019), yxasyjy Ha [yIaBHe IIpaBlie MUOLEHCKe eKC-
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TeH3uje CCU-]]3. OncepBupaHu pervoHasHU pace-
I UMajy npyxamwe C3-JU, rae ce Harnamanajy JiBe
dba3e MUOLEHCKE eKCTeH3Hje Koje Cy OBepIpHUH-
TOBaHe NMPUCYCTBOM TPAaHCKYpPEHTHUX pace/ia Hac-
TaJUX TOKOM KaCHOMMOLEHCKe UHBep3Hje OBHUX
pocTopa. Y Mojesy KOjU UCTUYE PAHO OJIUTOLEeH-
CKO Ienakbe caMe iutochepHe mioue (,slab break-
off“) wmcnon camux /[luHapuja, ykasyje ce Ha
NoC/AeIUYHO U3/M3ame caMor Moxo JUCKYHTHU-
HyTeTa, U U3/u3ame lieje NoBpuirHe JuHapuja
(BaLING et al,, 2021).

[Ipu ynopehuBamwy eKCTeH3MOHHUX Ipoleca y
XesleHHMMa Ca OHHMMA KOjU Cy Ce OJABHjaU Y
JuHapuiMMa TOKOM MHUOLEHA, youaBa ce [JIaBHa
pasJiMKa Koja je npeacTaB/beHa CaMOM MMO3ULUjOM
JuToCPepHUX eHTUTETA, UIU 6JI0KOBA, y OJHOCY Ha
eKCTeH3UOHe JedopMalivje U caMy apXUTEKTypy
cy6aykuuoHor poBa. Haume, y XenuHuguma, Tj.
ErejckoM cy6AyKLIMOHOM CUCTEMY, eKCTEH3Hja ce
MaxoM pa3BHjajia TOKOM eolleHa U MHOLeHa, ca
KOHTUHYUTETOM (JaHallllba aKTUBHOCT) Ha MOB-
JIATHOM 6JIOKY, UJIM cCaMUM XeJieHUuJuMa (Cy4daj
,II0BJIadYeha“ MOJAMHCKE OKeaHCKe inTochepe) (e.g.,
JOLIVET & BRUN, 2008; JoLIVET et al., 2013; MENANT et
al, 2016). lowa sutochepHa miaova XejseHUa je
ocTaJla IoBe3aHa ca HeKaJlallllbOM Me3030jKo-(e-
JIOM) TIaJIeoreHOM JINToCchepoM, TaBHO 3aTBOPEHOT
jypckor Bappapckor okeana. OBakBa MHTenpeTa-
1jMja je 3aCHOBaHa Ha MOTIOBPLIMHCKUM reodu-
3MYKUM [10Z, AL MMa, Tj. IoJlalliMa BU3yaJIM30BaHUM
2D TomorpadckuM MoziesnMa, a KOju IOBe3yjy
Jomy IIo4yy XesieHUJa ca BapmapckoM 30HOM,
Takohe ca pa3BuheM Tpujaca u jype Kupe okeaHa,
kao U Usmup u AHkKapa okeaHHWMa, U HUXOBOM
JlomkoM suTochepHoM miaouoM (HOSSEINPOUR et al.,
2016). C Tora, nopehewe edekaTa MHOLEHCKE
eKCTeH3Uje ca eKCTEH3UOHOM eTaloM pa3BUjeHOM
Ha /luHapcKoj MUKpO-IJIOYH UJIHU Afpwuja-/luHa-
pUjU, HUje LeJIMCX0HO, jep ce paZji O NIOJUHCKOM,
a He NOBJIATHOM JiuTOocPepHOM 6JI0KY. [asbe, yi-
opehuBameM ropwmUX JUTOCHEPHUX eEHTUTeTa
(moBJ1aTHHX 6JI0KOBA) MOXe Ce 3alla3UTH 110jaBJ/bU-
Bale HCTOBpeMeHHUX ,core-complex” enusona,
HacTa/JIMX TOKOM caMe KOHBepreHuuje (,Syn-oro-
genic extensional deformation). JlutrocdepHe rpa-
HUIle HACTaJIe ,lI0BJaYemeM"” WK retreating plate
boundaries”, HapouHuTO Kaja ce jaB/ba U U3PaAXKEH
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Jrollback” okeancke sutocdepe, yTudy Ha HacTa-
HaK eKCTeH3MOHOI MeXaHU3Ma, a/ld Y TOPH0] UJIH
nossaTHoj maoyu (WORTEL & SpPAKMAN, 2000).
Besnvku 6poj ,core complex” cucremMa UM nojaBa
3abeJiexkeH je Ha YUTAaBOM basikaHCKOM MOJIYOCTBY
(Hmp., MENANT et al., 2016), mehyTuUM HuUCy 3abeJie-
)KeHU y [luHapuauma. ['opwoeoneHcka A0 MHUO-
I[eHCKA TEeKTOHCKA eBoJsynyja JluHapuaa 6uJa je
[0/, yTULIajeM TPAHCKYPEHTHUX KpeTamwa Koja Cy
6uJsia mapasiejieHa ca caMUM oporeHoMm (ILiC &
NEUBAUER, 2005). TakaB KHHEMATCKH OKBHP je J10-
NpUHEO Pa3BOjy TJIaBHUX JEeKCTPaJHUX TPaHKY-
peHTHUX paceja ca TpeHAoM Ka JU. Uctu cy
NOAYyJlapHHU Ca rpaHHLlaMa IVIaBHUX TEKTOHCKHX
jenuHuna. [I[peMa oBOM MoJesy, TpaKypeHLHja je
61J1a aKTMBHA U TOKOM HEOT'€HOTI' YTHCKHBaka T3B.
JAHJleHTaluuje" Any/vjcke MUKpOIIJIOYe, U HeHe
amasramanyje ca Annuma. Hakon tora, fosasu o
eKkcTeH3uje ,back-arc” Tuna, v paBoja camor [laHOH-
ckor 6acena. [loBpeMeHa eKCTeH3Mja Koja MpaTH
TPAHCKypEeHLUjy je youeHa y JOMUHAHTHO KOHBep-
reHTHOM TOpHOKpenHOM cuctemy (pull-apart;
SpaHIC & GAUDENYI, 2022). Ako ce y3Mme y pa3Mart-
pame KOMIJIETHO 3aTBapamwe Bapapckor cyTyp-
HOr' Kopujopa uau ¢opmupamwe CaBa cyTypHe
30He, [I0CT-OPOTeHH NpeJia3 Ka JOMUHAHTHOM €K-
TEH3UOHOM Y OJIMTOMUOLEHY je HajBepoBaTHHUje 3a-
CHOBaH Ha HaBeJleHOM IIPeKyrcopy.

O TeKTOHCKHX KOHILelaTa pa3BUjaHUX y CKO-
puje BpeMe, Moryhe je U3/1BOjUTH HEKOJIMKO CLieHa-
pyja pa3Buha TropHOOJUTOLEHCKO-MHUOLIEHCKE
€KCTeH3H4je, a KOjU Cy JOBeJIU 10 CTBapama ,MHTpa-
JIAHUHCKUX" 6aceHa: ,trench retreat” wau ,mossa-
yemwe" camor cyoaykiuoHor cucrteMa (ROYDEN,
1993; WORTEL & SPAKMAN, 2000; FACENNA et al., 2014;
SPAHIC & GAUDENYI, 2020), Agpujcko-JMHApCKU UK
Kapnartcku ,rollback” koju je oTnoyeo npe oTnpu-
auke ca. 20 Ma (Fopor et al,, 1999; MATENCO &
Rap1vojEVIC, 2012; ANDRIC et al.,, 2018; van UNEN et al.,
2019), kao 1 MOCT-KOJIM3UOHA JleJlaMUHaIlMja MaH-
TJ1a ucno/ came Aspujcko-/IuHapcke miode (BALING
et al., 2021). Takobe, TokoM aHa/su3e HaBeJeHUX
Mo/Ziesla, y OBOM pajly yKasaHa je U MoryhHocT
peakTHBalLUje TPAHCKYPEHTHUX KpeTamwa Koja cy
JedurHucaHa Hewto paHyje (ILIC & NEUBAUER, 2005;
KorBAR, 2009). HauMe, npe/ii03keHU MoJieJ1 TpaH-
TeH3HMOHe peaKTHBallyje ce CaZ[p>KU Yy TOMe, Jla Ha
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HeKajalbuM “pull-apart” MUHU-6aceHHMa KpeJjHe
cTapocTu (caHTOH; SPAHIC & GAUDENYI, 2022), mocT-
OpOTreHH UJIU OCT-KOMIIPECUOHU JIUTOCHEPHHU T0-
KpeTH cy Moryhe foBesid 10 bUXOBe JeIMMUYHE
eKCTeH3UOHe peakTuBanyje. [[peaoxeHu ropswo-
OJIMTOLEHCKH MOJieJl eKCTeH3Hje ce MOXe ycarJia-
CUTH Ca aCMMETPUYHOM €eKCTeH3UjoM MpeaJso-
’)KeHOM Takobhe HewTo paHuje OBRADOVIC et al.
(1997). Ho noTpe6HoO je fa/be UCTPAKUBALE.

Y oBOM Hper/jefHOM pajly ce Jasbe MpeJaxy
MeTOJie, Kao U NMpaBLU KOjU MOTy Ja YKaxKy Ha
TEKTOHCKA pellieha, a Koja Mory GUTH 0/ BeJIMKe
noMmohu 3a Ja/be UCTpaKMBakbe ,MHTPa-IJaHUH-
ckux" 6aceHa:

YTBpAUTH KaKO je LOLLJIO [0 eKCTeH3Uje TOLAUH-
ckor 6J0ka ([luHapu/y) TOKOM MUOILLEHA, aKo ce
y3Me y pa3MaTparbe KOMIPEeCHOHO HAlOHCKO CTa-
e caMor AnyJaujckor TeHsopa? Tpeba umatu y
BU/AY [ia je ANyJIMjCKU TEH30p KPEHYO ca ,M0BJa-
YyemeM" OKeaHCKe JIMTocpepe TEK Y TOPHEM MHO-
neHy (morsiematu mozes of JOLIVET et al., 2013;
Juckycujy ox LE BRETON et al,, 2017)?

Y cny4ajy Aa noctoju MOryhHOCT Tj. /1a ce MOTY
KOPUCTUTH MOAALM U3 OYIIOTHHA KOje Mpobujajy
TOPHOOJIMTOLEHCKY NOAHHY, 6110 61 HEONXOJHO
0/paJiUTU GAaCEHCKO MO/Ie/I0Bakbe, Hajllpe CBAKOT
nojeIMHAYHOT 6aceHa, a KaCHUje /1a ce ypaJiu MOKY-
maj 3D MozesioBamka YMTABE LEJINHE, Tj. LIEJIOT FOp-
HOOJIUTOLIEHCKOT apxumesara, Tj. TaJalllbUX
JuHapuza. Kao pesysrat, Morjie 64 ce UHTepIpe-
THUPATU CyOCUIEHLIMOHE KPUBE Koje 6U YBEJIUKO
OJIaKIlIaJie UHTIPeTalUjy, HAPOYUTO Y CIy4ajy eKC-
TeH3uje came sutocoepe (,thick-skinned”). Kom-
nJieKcaH 6aceHCKU MoJiesl Mopao 6 YK/bYy4HMBaTH
He caMO pas/iMKe Yy KHHeMaTULU MOJUHCKOT Y
0J/IHOCY Ha IOBJIATHU 6JI0K, IPUHOC Y JIAKYCTPUYHE
MHUHHU-0ACeHe U HUXOBY cTapTurpadujy, Beh 6u
MOpao YK/by4MBaTU U dase eKcxyMmalUje, najaeo-
Tonorpadujy, u camy Jie6/bUHY JUTOCPEpHUX 6J10-
koBa (ToTH et al., 1996; 3a 1e6/bUHY KOpE BUJETH
MiLivojevi¢, 1993);

Y MmozmenuMa cybcuieHliMje Tpeb6a BOJUTH pa-
yyHa 0 (GJIeKCYPHO-U30CTATUYKHUM JIUTOCHEPHUM
KpeTamHMa Koja cy ce Moryhe jforojusaa TOKOM
ropwer osuroiieHa. 063upom Ja je cybcugeHuja
6uJia 6Jiara, ca cnywtakbeM oko 0.2 m/kyr, TakaB
cueHapuo Moxe ynyhnBaTH Ha KpaTKOTpajHO Bep-
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THUKaJIHO CIyliTawe caMe JuTochepe, a Moj Te-
KMHOM HapacJIoT TOPHOKPEJHO - OJIMTOLLeHCKOT
OpOreHa;

Ha kpajy, kpo3 ny6/iMKOBaHe pajJioBe MOXe ce
MpeJJMMUHAPHO 3aKJ/bYYNUTH Jia Cy NOCTOjase iBe
rJlaBHe TpaHcopMHe/TpaHCKypeHTHe 30He (KORr-
BAR, 2009; SuBASIC et al.,, 2017) Koje cy moBe3aHe U
ca CroJballllbUM U Ca YHYTpallkbuM JlnHapuguMa.
Takobe, y pajsy je ykazaHo Ha TpaHCIpPECHOHO 3a-
TBapame HeKaJallka /JiBa I[JIaBHA eHTuTeTa, Ju-
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HapuJa U jy>KHOEBPOIICKHX MapruHaJHUX €HTHU-
TeTa. AKO je TakaB CLeHAapHO jaCHO O6jallleH y
NPETXOAHUM TEKTOHCKUM aKTUBHOCTHMA, BPJIO je
Moryhe Jia je TOKOM rOpHer 0JIUToLeHa 010 [0
KpaTKOTpajHe TpaHcTeH3Uje (DE LEEUW et al., 2011)
Y cTBapaka Beher 6poja Majvx, MaxoM yI/bOHO-
CHUX MUHH-6aceHa JIAKYCTPUYHOT THUIIA.
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