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Abstract. Volcano-sedimentary basins located in the orogenic hinterland area
overlying subducted slabs are observed worldwide to be driven by the switch-
ing tectonic regimes induced by the changing mechanics of the slab. Despite
many qualitative studies, the quantitative link between the subducted slab’s
mechanics and the overlying basins’ evolution is less understood. Among the
many examples observed worldwide, the Timok Magmatic Complex (TMC) in
Serbia represents an optimal natural laboratory due to the complex tectonic
setting during the various stages of the Middle Jurassic-Paleogene evolution
of the subduction system. The TMC is a segment of the larger Late Cretaceous
Apuseni-Banat-Timok-Srednogorie (ABTS) magmatic belt, formed in response
to the evolution of the subducted Mesozoic Neotethys oceanic slab beneath
the Carpatho-Balkanides of south-eastern Europe. The TMC basin, with the
associated intrusive and extrusive magmatics and volcano-sedimentary de-
posits, represents an excellent area for a process-oriented study on the inter-
play between tectonics, sedimentation, and magmatism in the basins above
evolving subducted slabs. Within the scope of the newly funded TMCmod pro-
ject, coupled field and laboratory kinematic and petrological investigations
will be focused on creating a conceptual definition of the TMC geodynamic
evolution, by combining near-surface observations with the known evolution
of the subduction system. This definition will be subsequently validated
through analogue modelling and integrated into a coherent geodynamic model
of tectonic switching in basins driven by the evolution of subducted slabs. The
new model of the TMC basin’s geodynamic evolution will quantitatively ad-
vance the strategy of prospecting and exploration of world-class porphyry cop-
per-gold deposits, which have been actively exploited in this region for more
than a century. Furthermore, reconstructed regional kinematic evolution will
improve seismic hazard assessment during industrial and societal infrastruc-
ture planning and construction.

AncrpakT. EBosyiiuja BysKkaHOreHO-CeJUMEHTHHUX G6aceHa y 3ayehy opore-
HUX 110jaceBa, KOjU ce HaJla3e U3HAJ CyOJyKIMOHUX 30HA, KOHTPOJIMCAHA je
NpoMeHaMa y perHOHaJIHUM TEKTOHCKUM PEXXUMHMA, [10 KOjUX J10J1a3H YCIIe]
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K/by4He peumn:

Tumouku mMazmamcku KOMNJIEKC,
cy6dykyuja Heomemuca,
2e0duHaMuKa bacena,

aHa/102Ho Modeno8arse.

M3MeHa y MexaHU3MUMa cyoaykiuje. Y 6pojHuM nocrojehum kBanaura-
TUBHUM CTYy[HMjaMa, joll yBeK HHje HAa KBAaHTUTATHBAH HA4UH JOKY-
MeHTOBaHa Be3a U3Mely MexaHu3aMa CyOAyKILUje U eBoJyLiHje 6baceHa
W3HaJ, Cy6yKIIMOHUX 30Ha. Mehy 6pojHMM nmpuMepHMa LIKPOM CBETa,
Tumouku marmaTcku koMmiuieke (TMK) y Cp6uju nmpe/icTaB/ba ONTUMAJIHY
NpUpOJHY J1abopaTopujy 3a Npoy4yaBamwe NPeTX04HO HaBeJeHUX QpeHo-
MeHa, ycie]] c10xeHe, BUlledpasHe TeKTOHCKe eBOJIyLIMje 0BOI' CPeJIHhO0-
jypckor fo majseoreHor cy6aykuuonor cuctemMa. TMK npezcraBsba feo
Beher ropmwokpenHor AnyceHu-Banat-Tumok-Cpeamweropje (ABTC)
MarmMaTcKoOT Iojaca, KOjU je HacTao TOKOM CyOAyKIUje OKeaHCKe JINTO-
chepe mezo030jckor HeoreTuca nox KaprnaTto-6ankaHuzie jyroucToyHe
EBpomne. TMK, ca npunazsajyhyuM ByJIKAHOT'€HO-CEJUMEHTHUM CTEHCKUM
dopmanujaMa, npejcTaB/ba BeoMa IOJeCHy 06JiacT 3a IpoydyaBaibe
HWHTepaKlyje TeKTOHHKe, ceJUMeHTalyje U MarMaTU3Ma y 6aceHuMa
W3HaJ, aKTUBHUX CyOAYKLMOHUX 30HA. Y IIU/by peajusalije HeJlaBHO
3anoueTor npojekta TMCmod, HoBa TepeHcKa U JlabopaTopHjcKa KUHe-
MaTCKa U eTPOJIOIIKA HCTpakuBawa 6uhe cipoBezieHa Jja 6u ce popmu-
pao KOHLENTyaJHW Mojesn reofauHaMuyke esosynuje TMK. OBaj
KOHIeNTYaTHU MoJes he, 3aTUM, 6UTH TpoBepeH MeToZaMa GU3UUKOT
aHaJIOTHOT MO/JeJI0oBama, Aa OM HCXOAMIIHO GHMO MHTErpucaH y HPBU
1leJIOBUTH TeOJUHAaMHUUYKHU MOJeJs, KOjU objallillbaBa KaKo CyOGAyKLHja
KOHTpOJIMILIe TEKTOHCKY eBOJIyLMjy acouupaHux 6aceHa. HoBu mMogzen
reogjuHaMuuke eBosynuje 6aceHa TMK omoryhuhe KBaHTUTaTHBHA
no6osblllatba y 6yAyhoj cTpaTeruju MCTpakKMBamba U eKCIIoaTaluje
nopdupcKux JiexuuTa 6akpa M 3jaTa, Koja ce Ha OBOM INPOCTODPY
eKCIJIoaTHIly AyKe of, jefHor Beka. Ilopej Tora, pekoHCTpyHucaHa
pervoHajHa KMHeMaTCKa eBOJIyLiMja yHanpejuhe olieHy CeM3MUYKOT
Xa3apZia TOKOM IlJIJaHMpawma W rpajilbe UHAYCTPUjCKe U JpyLITBEeHe

HHPPACTPYKTYpeE.

Concept and objectives

QuabrT et al., 2005), situated in the Carpatho-Balka-
nides orogen of south-eastern Europe. The kinema-

The along-arc variability in the geodynamic evo-
lution of orogens is often related to the kinematics
of the subducted slab and the variable obliquity of
the subduction direction. These processes affect the
structural control of the back-arc basin formation
and deformation and its interplay with associated
sedimentation and subduction-related magmatism
(e.g., GALLHOFER et al., 2015; MENANT et al., 2018). The
Cretaceous convergence between Europe- and
Adria-derived continental units led to the subduc-
tion and closure of the intervening Neotethys Ocean
(Scamip et al., 2008, 2020; vaN HINSBERGEN et al.,
2020). As a result of the Neotethys subduction, an
elongated belt composed of magmatic rocks with a
calc-alkaline character was emplaced on the Euro-
pean continental margin (i.e., the Apuseni-Banat-
Timok-Srednogorie (ABTS) magmatic belt, e.g., voN
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tics of the back-arc deformation along the ABTS belt
is variable and less constrained, where the proposed
models vary from extension to transtensional pull-
apart basin opening for different back-arc segments
(DrEW, 2006; CHAMBERFORT & MORITZ, 2006; GALLHOFER
etal, 2015; KNaak et al,, 2016). The subsequent latest
Cretaceous-Paleogene Adria-Europe continental
collision (Ustaszewski et al., 2010; StojapiNoviC et al.,
2022), followed by complex post-orogenic deforma-
tions, facilitated the bending and clockwise rotation
of the upper European continental plate that de-
formed the entire Carpatho-Balkanides into a com-
plex orocline (KRSTEKANIC et al., 2020, 2022).

The Timok Magmatic Complex (TMC) in Serbia
represents one of the successive segments of the
Late Cretaceous Apuseni-Banat-Timok-Sredno-
gorie (ABTS) magmatic belt (Fig. 1), where a system
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Fig. 1. Tectonic map of the Carpatho-Balkanides and surround-
ing area with the main tectonic units (modified after ScHmID et
al, 2020). Thick black lines delineate the suture zone between Eu-
rope- and Adria-derived units. TMC- Timok Magmatic Complex;
MF) Maritza Fault; CF) Cerna Fault; TF) Timok Fault. The red
rectangle indicates the location of Figure 3. Inset: Digital eleva-
tion model of Alps-Carpathians-Dinarides orogenic system of
south-eastern Europe with the first order tectonic features. The

blue rectangle indicates the location of the main figure.

of intrusive and extrusive magmatic products was
interlayered with sediments in a complex volcano-
sedimentary basin. Due to its location overlying the
subducted Neotethys slab, the evolution of the basin
was controlled by the changing slab kinematics.
This includes its changes from flat advancing to
steep retreating during subduction and collision,
controlling the tectonic inversion moments and lo-
calization of deformation and magmatism in the
fore-arc and back-arc system (Fig. 2; GALLHOFER et al.,
2015; Towji¢ et al., 2018, 2020).

Timok Magmatic Complex

decompressional >

roll-back direction

Fig. 2. Conceptual sketch of the Cretaceous Neotethys fore-arc to
back-arc subduction system (modified after Tojic et al., 2018).

The aforementioned observations define the vol-
cano-sedimentary basin hosting the TMC as an ex-
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cellent natural laboratory for a process-oriented
study on the interplay between tectonics, sedimenta-
tion, and magmatism in basins above evolving sub-
ducted slabs. This multi-disciplinary geoscientific
study will be realized within the framework of the
research project: GEODYNAMICS OF BASINS ABO-
VE SUBDUCTED SLABS: an integrated modelling
study of tectonics, sedimentation, and magmatism
in the Timok Magmatic Complex - TMCmod. The
main objective of the TMCmod project is to increase
understanding of the interplay between tectonics,
sedimentation, and magmatism in continental back-
arc basins located above subducting systems with
variable kinematics and to develop a first quantitative
model coupling the Timok Magmatic Complex (TMC)
basin with its Neotethys subduction driver.

Methodological approach

The TMCmod project will be realized through a
process-oriented multi-disciplinary geoscientific
study, focused on the structural control of TMC
basin evolution and its associated magmatic and
sedimentary processes. The full capacities of the
Laboratory for low-temperature thermochronology,
Laboratory for petrology of magmatic and meta-
morphic rocks, Laboratory for Paleontology and
Historical Geology, and Centre for Remote Sensing
and GIS of the Faculty of Mining and Geology, Uni-
versity of Belgrade (FMGUB), will be utilized to con-
duct this study. Coupled field and laboratory
kinematic analyses will be performed to constrain
the kinematics and age of activity along major fault
zones (Fig. 3), which controlled the opening and
subsequent inversion of the TMC sedimentary basin
and, therefore, affected its sediment deposition, mag-
matism, and associated ore-formation processes.
Furthermore, kinematic investigations will be com-
bined with detailed sedimentological analyses and
the new high-resolution petrological, geochronolo-
gical and thermochronological dating of key mag-
matic and sedimentary rock sequences.

A wide range of geological data will be collected
and generated during the implementation of the
TMCmod project. This includes structural, petrolo-
gical, and sedimentological data collected during
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Fig. 3. Tectonic map of the Timok Magmatic Complex basin and
the surrounding Carpatho-Balkanides orogen (modified after
KRsTEKANIC et al,, 2022). CF) Cerna Fault, TF) Timok Fault.

field campaigns and the data obtained by various
laboratory analyses including petrological, sedi-
mentological, syn-kinematic mineral dating, radio-
metric dating and fission-track analyses (Fig. 4).
Outcrop-scale data collected directly in the field will
include: field kinematic data of all significant defor-
mational structures, including their geometries, and
mapping data with geological columns of key sedi-
mentological sequences. Data from laboratory
analyses will be obtained by: petrological and sedi-
mentological thin-section analyses; syn-kinematic
minerals dating to determine the time of (re)activa-
tion of major deformational structures; geochro-
nological dating to define absolute ages of magmatic
emplacement at crucial sites; trace elements mine-
ral analysis and geochemical whole rock data; detri-
tal thermochronology dating for sedimentary pro-
venance analyses. Analyses and integration of col-
lected data will be conducted by using specialised
software such as TectonicsFP, WinTensor, HeFTy,
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Binomfit, etc (BRaNDON, 2002; DELVAUX & SPERNER,
2003; KercHAM, 2005; ORTNER et al., 2002). During
the project implementation, an internal GIS
database with collected and generated geological
data will be developed and accessible online.

The observational and analytical inferences will
be validated by physical analogue modelling, which
represents a powerful experimental tool to investi-
gate the interplay between processes in geodynamic
settings characterized by variable tectonic regimes,
strain rates, magmatic input, and sedimentation
rates (Fig. 4). The analogue modelling will test the
effects of strain rate, magmatic intrusion, and sedi-
mentation rate on the overall evolution of an exten-
sional/transtensional basin. The upper crustal- to
basin-scale models will be built and experiments
conducted in an external tectonic modelling labo-
ratory (TecLab) at the Faculty of Geosciences,
Utrecht University. The state-of-the-art equipment
(i.e., high-resolution digital cameras, CT scanner,
etc.) will be used to monitor the model evolution,
while the deformation of the models will be analysed
using particle image velocimetry techniques. Inte-
grated data on the kinematics of deformational
structures; time, volumes, and depths of magmatic
rocks emplacement; as well as the rates of basin de-
position will be used as input data during analogue
modelling. Furthermore, the analogue modelling
procedures will also yield novel data, which will be
analysed using strain analysis software such as
PIVlab and StrainMap (THIELICKE & STaAMHUIS, 2014;
BROERSE et al, 2021) in the final phases of project
implementation.

Expected outcome

The novelty of the TMCmod project lies in its
multi-disciplinary approach that, for the first time in
Serbia, combines modern field and laboratory analy-
ses of tectonic structures, absolute ages of rocks and
deformation, basin infill provenance analysis, re-
construction of depositional systems, and analogue
modelling of the segment of the upper plate back-arc
system where the TMC is developed. The results of
the kinematic study will enable a better understand-
ing of the mechanisms and timing of TMC back-arc
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Fig. 4. Multi-disciplinary approach: a) Field structural analysis (KrRSTEKANIC et al, 2022); b) U/Pb absolute dating (BANJESEVIC et al.,

2019, Verojic et al., 2020, 2023); ¢) - Provenance study using detrital thermochronology (Stojapinovic et al, 2017); d, e) Analogue model-

ling of complex fault systems (KRSTEKANIC et al., 2021).

basin opening and its subsequent moments of inver-
sion. The obtained petrological results will provide
new constraints on the age, volumes, and depths of
shallow sub-volcanic intrusions emplacement in the
TMC basin and define genetic links of magmatism and
associated ore-formation processes. In addition, we
will determine the provenance and deposition rates
of Cretaceous sedimentation in the TMC basin and re-
construct its depositional systems. The new analogue
geodynamic model of the TMC basin and its correla-
tion with other segments of the ABTS belt improve
the overall understanding of the interplay between
tectonics, magmatism, and sedimentation in the
back-arc settings. The new inferences can be used in
various geodynamic realms where similar controlling
mechanisms on basin(s) evolution can be recognized
(Fig. 5). The well-documented geodynamic model of
the TMC basin will be very useful for planning and re-
alization of all future geological studies and mining
of mineral resources in this area. The TMC represents
an important mining province, where world-class
porphyry copper-gold deposits (e.g., JELENKOVIC et al.,
2016; BanJESEVIC et al.,, 2019; VELOJIC et al,, 2020, 2023)
are actively exploited for more than a century. Since
large segments of these deposits were highly de-
formed, the reconstruction of deformational evolu-
tion of the TMC that will be conducted in this
project has a high potential impact on the prospect-
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ing and exploration of the aforementioned mineral
resources. The TMC represents a region with a mode-
rate level of recent seis-mic activity. Constraints on
kinematics and time of activity of major regional
faults will facilitate the detection of their seismo-tec-
tonically active segments. That, again, will improve
natural hazard assessment during the planning and
construction of industrial and private objects.

Fig. 5. Worldwide examples of basins with similar geometry as
the TMC. a) Salina del Fraile basin above the Andean subduction
zone (REys & McCray, 2003). b) Glynn Wye depression, New
Zealand (modified after DooLEY & ScHREURS, 2012). c¢) Various pull-
apart sigmoidal basins along the Sumatran fault zone in the

back-arc region of the Sunda subduction zone (Mann, 2007).
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Summary

A process-oriented multi-disciplinary geoscien-
tific study will be realized in the basin hosting
the Timok Magmatic Complex (TMC), within the
scope of the TMCmod project. The project activities
will consist of field investigations and sampling,
followed by various laboratory investigations, which
will include analyses of tectonic structures, and
geochronological, petrological, and sedimentolo-
gical analyses. The results of all preceding activi-
ties will be used to create the integral conceptual
model of the geodynamic evolution of the TMC basin
(Fig. 6). The conceptual model will be subsequently
validated by a series of analogue modelling experi-
ments. Process-wise, the main project feedback will
be a better understanding of the interplay between
tectonics, sedimentation, and magmatism in back-
arc basins, while for the case study of the TMC, the
novel, well-documented integrated model of its geo-
dynamical evolution in the context of the larger
ABTS belt will be developed.

WP1 - Deformational evolution

xisling data analyses

1 Kinematic model
WP2 - Magmatic activity and depositional systems

WP4 - Project communication

Fieldwork}»{Detrital thermochronolog andinAiEzEl
x
WWWWQmahsm I J
E Reconstruction of USQOS”IOH and sediment provenance

WP3 - Analogue modelling

p mod
Running experiments
Analysing deformation

Validating conceptual models

Final TMCmod feedback
Integrated model of TMC
geodynamic evolution

Fig. 6. TMCmod project implementation scheme.
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Pe3ume

FeogHaMUKa 6aceHa U3HA/,
CyGAYKIIMOHMX 30HA: UHTErpaJHa
MO/J€eJICKA CTyAHja 0 TEKTOHHUIH,
ceAUMEHTAIUjU U MarMaTU3My Y
OKBUPY TUMOYKOT MarMaTCcKor
KOMILJIEKCA

MynTuauCHUIIMHAPHA CTYMja U3 JOMeHa reo-
Hayka 6uhe peasnszoBaHa y 6aceHy TuMo4kor
Marmartckor komiiekca (TMK), y okBupy npojekTta
TMCmod. [IpojeKTHe aKTUBHOCTHU cacTojahe ce oj
TEepPeHCKUX UCTPaKMBakha U Y30pKOBama, Koja he
6uTH npaheHa U J1JabopaTOPHjCKUM UCTPAKUBAU-
Ma, YK/by4yjyhu aHa/M3e TEKTOHCKUX CTPYKTYDPa,
Kao U re0XpOHOJIOLIKE, IETPOJIOLIKE U CEIUMEHTO-
JIOLIKe aHasu3e. Pe3y/ITaTh CBUX NPETXOJHO HaBe-
JleHUX aKTUBHOCTHU 6uhe yKJ/byuYeHU Y L eJIOBUTH
KOHLeNTYyaJH!U MOJeJ reojuHaMHU4yKe eBOJyLuje
6aceHa TuMoukor MmarmMaTtckor komiiekca (TMK).
OBaj KOoHIleNTyaJlHU MO/ieJ1 he, 3aTUM, GUTH TPOBe-
peH Kpo3 cepujy eKClepUMeHTaJHUX aHaJOlrHUX
MoJiesa. Y KOHTEKCTY reoJUHaMHYKHX IpOLieca,
[JIaBHU HAay4YHU JONPHUHOC IpojekTa 6uhe 60sbe
pasyMeBame UHTepaKIije TEKTOHUKE, ce/JUMeHTa-
[jMje ¥ MarMaTru3Ma y 6aceHuMa JIOLUPaHUM U3Ha/
AKTHUBHUX CyOAYKIMOHUX 30HA. Takobhe, 6uhe pas-
BUjeH HOBHY, L1eJIOBUTH KBAaHTUTATUBHU MOJeJl reo-
JMHaMHU4Ke eBoJsyLdje 6aceHa TMK.
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