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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.

AncrpakrT. EBonyuuja ByJIKaHOTreHO-ceJIMMEHTHUX OaceHa y 3ajiehy opore-
HHUX I10jaceBa, KOjU Ce Hajsla3e U3HA/J, CYOAYKIMOHUX 30HA, KOHTPOJIKUCAHA je
IpoMeHaMay perioHaJTHUM TEKTOHCKHUM PeKMMHUMA, 10 KOJUX [10J1a3U YCJIe/]
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K/by4yHe peuu:

Tumo4ku mazmamcku KOMNJEKC,
cybdykuuja Heomemuca,
2e00uUHAaMuKa 6aceHa,

AHA/102HO MOOEN08AME.

M3MeHa Y MeXxaHU3MHuMa CyoayKuuje. Y 6pojHUM nocTojehuM KBaJIUTa-
TUBHUM CTyJMjaMa, jOll YBeK HHUje HAa KBAHTUTATHBAH HAYUH [OKY-
MeHTOBaHa Be3a u3Mehy MexaHuszama cybayKuuje U eBoJIyiiMje baceHa
U3HaJ Cy6QYKIIMOHUX 30HA. Mehy 6pojHUM npyuMepUMa HIUPOM CBETA,
Tumouku marmaTcku koMmiiekc (TMK) y Cpbuju npeacraB/ba ONITUMAJIHY
MPUPOZHY JabopaTOpPHjy 3a IIpoyyaBawe NPeTX0JHO HaBeJleHUX QPeHo-
MeHa, ycJie[ CJ0KeHe, BUlllepa3He TeKTOHCKe eBOJIyI[H]e OBOT Cpe/iHO0-
JYPCKOT 10 nmajeoreHor cyoaykuuoHor cucrema. TMK npeacrassba fgeo
Beher ropwokpegHor AnyceHu-baHaT-Tumok-Cpeamweropje (AbBTC)
MarmaTCKOr I10jaca, KOJU je HaCTao TOKOM CyOJyKIlUje OKeaHCKe JIUTO-
cpepe Me3030jckor Heoreruca noa KaprnaTo-6asnkaHuje jJyroOUCTO4YHE
EBponie. TMK, ca npunagajyhuMm ByJIKAHOTE€HO-CeIUMEHTHUM CTEHCKUM
dopmMmanjama, npeacraB/ba BeomMa MNoOJieCHY 06JiaCT 3a Ipoy4YyaBame
UHTepaKluje TEKTOHUKE, ceJJUMeHTallMje U MarmMatusma y 6aceHUMa
U3HA/l aKTUBHUX CYyOAYKUMOHUX 30HA. ¥ LIU/bY peasiM3aliyje HeJlaBHO
zanodertor npojekra TMCmod, HoBa TepeHCKa U J1abopaToOpHjCKa KHUHe-
MaTCKa 4 MeTpoJIolIKa UCTpakuBama buhe cipoBesieHa ga 6u ce opMHu-
pa0 KOHUeNTyaJHUu wMojes reoauHamMmuyke esosaynuje TMK. OBaj
KOHLEITYaJHU MoJie he, 3aTUM, OUTU NIPpOBEPEH MeToaMa GU3UYKOT
aHAJIOTHOT MOJEeJIOBawa, Aa 6U UCXOAUIIHO 6UO UHTErpucaH y MpPBHU
[1eJIOBUTU TeoJUHAMHUYKU MOJIeJ, KOjU obOjallimkbaBa KaKO CYyOAyKIHja
KOHTPOJIUIIE TEKTOHCKY €BOJIYLU]Yy acouupaHux 6aceHa. HoBu moze
reogfuHaMuyke eBoJyldje 6aceHa TMK omoryhuhe kBaHTUTaTuUBHA
nmobospliaba y OyAyhoj cTpaTeruju MCTpaKUBamka M eKCIJjoaTaluje
NOpPUPCKUX JieKUIITA GakKpa U 3J1aTa, KOja Ce HAa OBOM IIPOCTOPY
eKCIJIoaTUINy Ay»Ke o[ jeaHor Beka. [lopexy Tora, peKoHCTpyUcaHa
peruoHaJiHa KMHeMaTCKa eBOJIylMja yHanpejaurhe OlleHY CeM3MHUYKOT
Xasap/ia TOKOM IJIaHUpawa U rpajitbeé UHAYCTPUjCKE U ApPYLUTBEHE

UHOPACTPYKTYpe.

Concept and objectives

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

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
(ScHMmID 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

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; Torjic et al., 2018, 2020).

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

The aforementioned observations define the vol-
cano-sedimentary basin hosting the TMC as an ex-

cellent natural laboratory for a process-oriented
study on the interplay between tectonics, sedimen-
tation, and magmatism in basins above evolving
subducted slabs. This multi-disciplinary geoscien-
tific study will be realized within the framework of
the research project: GEODYNAMICS OF BASINS
ABOVE SUBDUCTED SLABS: an integrated mod-
elling study of tectonics, sedimentation, and mag-
matism in the Timok Magmatic Complex - TMCmod.
The main objective of the TMCmod project is to in-
crease understanding of the interplay between tec-
tonics, sedimentation, and magmatism in continental
back-arc basins located above subducting systems
with variable kinematics and to develop a first quan-
titative 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,
magmatism, and associated ore-formation pro-
cesses. Furthermore, kinematic investigations will
be combined with detailed sedimentological analy-
ses and the new high-resolution petrological,
geochronological and thermochronological dating
of key magmatic 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, petrolog-
ical, and sedimentological data collected during field
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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.

campaigns and the data obtained by various labora-
tory analyses including petrological, sedimentolo-
gical, syn-kinematic mineral dating, radiometric
dating and fission-track analyses (Fig. 4). Outcrop-
scale data collected directly in the field will include:
field kinematic data of all significant deformational
structures, including their geometries, and mapping
data with geological columns of key sedimentologi-
cal sequences. Data from laboratory analyses will be
obtained by: petrological and sedimentological thin-
section analyses; syn-kinematic minerals dating to
determine the time of (re)activation of major defor-
mational structures; geochronological dating to de-
fine absolute ages of magmatic emplacement at
crucial sites; trace elements mineral analysis and
geochemical whole rock data; detrital thermo-
chronology dating for sedimentary provenance
analyses. Analyses and integration of collected data
will be conducted by using specialised software
such as TectonicsFP, WinTensor, HeFTy, Binomfit,

etc (BRANDON, 2002; DEwvaux & SPERNER, 2003;
KeETcHAM, 2005; ORTNER et al,, 2002). During the pro-
ject implementation, an internal GIS database with
collected and generated geological data will be de-
veloped 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 labora-
tory (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-
orated 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 im-
plementation.

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, recon-
struction of depositional systems, and analogue mod-
elling 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 (KRSTEKANIC et al., 2022); b) U/Pb absolute dating (BANJESEVIC et al,

2019, VELojicet 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 reconstruct its depositional systems. The new
analogue geodynamic model of the TMC basin and its
correlation with other segments of the ABTS belt im-
prove the overall understanding of the interplay be-
tween tectonics, magmatism, and sedimentation in
the back-arc settings. The new inferences can be used
in various geodynamic realms where similar control-
ling mechanisms on basin(s) evolution can be recog-
nized (Fig. 5). The well-documented geodynamic
model of the TMC basin will be very useful for plan-
ning and realization 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 deformed, the reconstruction of
deformational evolution of the TMC that will be con-

ducted in this project has a high potential impact on
the prospecting and exploration of the aforemen-
tioned mineral resources. The TMC represents a re-
gion with a moderate level of recent seismic activity.
Constraints on kinematics and time of activity of
major regional faults will facilitate the detection of
their seismo-tectonically active segments. That,

C
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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). ¢) 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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again, will improve natural hazard assessment during
the planning and construction of industrial and pri-
vate objects.

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, fol-
lowed by various laboratory investigations, which
will include analyses of tectonic structures, and
geochronological, petrological, and sedimentologi-
cal analyses. The results of all preceding activities
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 val-
idated 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.
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PezumMe

leopnHaMKMKa 6aceHa U3HA/
CyOAYKIIMOHUX 30HA: MHTErpaJiHa
MOJeJICKa CTyAHja 0 TEKTOHHUIIH,
ceMUMEHTAalliju U MarMaTu3my y
OKBHPY THUMOYKOTI MarMaTcKor
KOMILJIEKCa

MyanTuaucuunjvHapHa CTy[guja W3 JO0MeHa
reoHayka ouhe peasiizoBaHa y 6aceHy THUMOYKOT
MarmMaTtckor koMmiiekca (TMK), y okBUpy IIpojeKTa
TMCmod. [IpojeKTHe akTUBHOCTHU cacTojahe ce of
TEPEHCKUX UCTPAXKHMBaWa U Y30pPKOBamwa, Koja he
OuTH nNpaheHa ¥ 1abopaTOPUjCKUM UCTPAKUBAHH-
Ma, YK/bY4YjyRNU aHa/IM3e TEKTOHCKUX CTPYKTYpa,
Kao U IFe0XPOHOJIOLIKE, IeTPOJIOLIKE U CeJUMEHTO-
JIOLIIKe aHaJsiu3e. Pe3yiTaTU CBUX PETXOHO HaBe-
JIEHUX aKTUBHOCTHU OUhe YK/bYYEHHU Yy eJIOBUTH
KOHLIENTYaJJHU Mo eJsl TeoJMHaMUYKe eBOJIyIHje
baceHa TuMmouykor marmatckor kommnJsekca (TMK).
OBaj KOHLeNTYyaJHU MojieJ1 he, 3aTUM, OUTHU ITPOBe-
pPeH Kp03 CepHUjy eKClIepuMeHTA/JIHUX aHaJ0rHUX
MoJeJia. ¥ KOHTEKCTY reoJMHaMHUUYKUX IpolLeca,
[MIAaBHU HAY4YHU [ONPUHOC MNpojeKTa 6uhe 6oJsbe
pasyMeBambe UHTEpaKIHje TEKTOHHKE, CeJUMEeHTa-
[[Mje ¥ MarMaTu3Ma y 6aceHuMa JIOLIUPaHUM U3Ha[
AKTUBHUX CYOAYKIMOHUX 30HA. Takobhe, 6uhe
pa3BUjeH HOBH, LIeJIOBUTU KBAHTUTATUBHHU MO/ el
reoJMHaMu4Ke eBoaylHje baceHa TMK.
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