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Prisustvo ofiolita na Balkanu jedan je od najznacajnijih pokazatelja procesa zatvaranja
vardarskog dela Tetisa. Obdukcija stena okeanskog porekla na africku plocu zapocela je pre konacnih
faza zatvaranja vardarskog dela Tetisa u gornjoj juri, §to se moze zakljuciti na osnovu starosti ofiolita.
U ovom radu prikazani su rezultati numerickog modelovanja procesa gornjojurskog zatvaranja
vardarskog Tetisa, sa fokusom na obdukciju ofiolita na marginu africke ploce. Termomehanickim
numeri¢kim modelovanjem ispituju se uslovi koji diktiraju proces navlacenja ofiolita u toku ovog
geodinamickog dogadaja. U te svrhe primenjen je numericki termomehanicki kod I2VIS (Gerya i Yuen,
2003), koji koristi pristup markera u ¢eliji na zateturanoj numeri¢koj mrezi, pri ¢emu su jednacine
diskretizovane metodom konzervativnih kona¢nih razlika.

U simulacijama se pretpostavlja da zatvaranje Tetisa pocinje intraokeanskom subdukcijom prema
istoku. Istrazivana su dva nacina iniciranja subdukcije: 1) iniciranje na srednjeokeanskom grebenu
(starosti 1 milion godina) sa asimetri¢nim starostima okeanskih litosfera i 2) iniciranje po predefinisanoj
slaboj zoni sa padom prema istoku. Konvergentni rezim je izazvan guranjem ploc¢a. PloCe se guraju
pripisivanjem uslova za brzinu na dovoljno velikoj udaljenosti od zna¢ajnog dela modela. Simulacije su
razvijene u dve faze. U prvoj fazi se odrzavaju brzine koje definisu konvergentni rezim, dok se u drugoj
fazi brzinama menja znak (smer). Pocetni model se sastoji od kontinentalne litosfere (kore i litosfernog
dela omotaca) na zapadu, prelaznog pojasa i okeanske litosfere na istoku, kao i astenosferskog omotaca
ispod. Zbog jednostavnosti i fokusiranja na obdukciju na Afriku, evroazijska kontinentalna litosfera se
ne pojavljuje u ovim simulacijama, ve¢ se okean Tetis prostire na istok do samog kraja domena modela
(~2000 km). Debljina okeanske litosfere kontinuirano varira u zavisnosti od njene starosti. Izracunato
je vise numerickih simulacija procesa navlaCenja ofiolita na africku plocu preko subdukujuceg
(zapadnog) dela okeanske ploce. Pri tome su primenjeni razliciti scenariji. U modelima je menjana:
pripisana brzina konvergencije, starost okeanske litosfere, pocetni ugao subdukcije, udaljenost
srednjeokeanskog grebena tj. polozaj pocetne slabe zone od margine Afrike i reoloska svojstva
kontinentalne kore africke ploce. Reoloska svojstva kontinentalne kore su od znacaja za deformacione
procese koji prate obdukciju. U prikazanim simulacijama ispitano je nekoliko razli¢itih reoloskih
postavki kore Afrike.

Model uspesno razvija intraokeansku subdukciju sa kretanjem rova ka zapadu i skrac¢enjem okeanskog
podrucja za 100-500 km, kao i kasniju obdukciju stena okeanskog porekla na africku plocu. Ukupno
vreme od pocetka intraokeanske subdukcije koje je potrebno za navlacenje ofiolita zavisi od pripisanih
brzina konvergencije i od udaljenosti zone inicijacije od africke margine. Dobijeni rezultati sugeri$u da
je prisustvo reoloski jace kontinentalne kore povoljno za razvoj ofiolitskih kompleksa, Sto je u
saglasnosti sa prethodnim istrazivanjima drugih obdukcionih procesa u Omanu i Malom Kavkazu.
Rezultati, takode, pokazuju da razvoj plitke subdukcije ide u prilog uspe$nom navlacenju ofiolitskog
materijala na ve¢im udaljenostima od margine. Sa druge strane, povecanje starosti zapadnog dela
okeanske litosfere, kao i povecanje ukupne dubine subdukcije te litosfere, negativno uti¢u na uspesno i
trajno navlacenje ofiolita.
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Occurrence of the Balkan ophiolites is one of the most important indicators of the process of
closure of Vardar Tethys. Obduction of rocks of oceanic origin onto African plate started considerably
prior to the final phases of closure of Vardar branch of the Tethys ocean in upper Jurassic, which can be
inferred from the ages of the remaining ophiolites. In this paper, the results of numerical modelling of
process of Upper Jurassic closure of Tethys are presented, with the focus on the ophiolite obduction
onto the African margin. Conditions that dictate the obduction during this geodynamic event are
investigated by applying thermomechanical numerical modelling. To this end we use numerical
thermomechanical code I2VIS (Gerya and Yuen, 2003) which utilizes the marker-in-cell approach on a
staggered grid while equations are discretized by conservative finite differences method. In the
simulations it is assumed that the closure of Tethys is initiated by an eastward intraoceanic subduction.
Two modes of subduction initiation are investigated: 1) the initiation at the mid-oceanic ridge (assigned
age of 1 million years) with asymmetrical ages of plates, and 2) the initiation along an eastward-dipping
predefined weak zone. The convergent regime is achieved by plate push. Plates are pushed by assigning
conditions for the velocity at a sufficiently large distance from the important section of the model.
Simulations are developed in two phases. In the first phase, the convergent velocities are maintained,
while in the second phase the sign (direction) is reversed. The initial model consists of continental
lithosphere (both crust and mantle parts) in the west, the transition belt and oceanic lithosphere in the
east as well as the underlying asthenospheric mantle. Due to simplicity and focusing on the obduction
onto the African plate, the Eurasian continental lithosphere is not present in our models. Instead, the
Tethys oceanic realm in the east is present until the end of the model domain (~2000 km). The thickness
of the oceanic lithosphere varies continuously based on its age. A number of numerical simulations of
ophiolite emplacement onto the African plate above the subducting (western) part of the ocean are
calculated. To that end, different scenarios are investigated. The convergence rate is varied in the models
as well as ages of the oceanic lithospheres, initial subduction angle, distance of the mid-oceanic ridge
or initial weak zone to the African margin, and rheological parameters of the continental crust of the
African plate. Rheological properties of the continental crust are important for the deformation processes
accompanying the obduction. In the presented simulations a few rheological setups of the African crust
are investigated. The model successfully develops the intraoceanic subduction with the westward
movement of the trench and the shortening of the oceanic realm for some 100-500 km, as well as
subsequent obduction of rocks of oceanic origin onto the African plate. The total time needed from the
onset of the intraoceanic subduction to the emplacement of ophiolites depends on the assigned
convergence rates as well as on the distance of the initiation zone from the African margin. The results
suggest that the presence of a rheologically stronger continental crust is preferable for development of
ophiolite complexes, which is in accordance with the previous research of other obduction processes,
namely in Oman and Lesser Caucasus. The results also show that the development of flat subduction
positively influences the successful emplacement of the ophiolites at greater distances from the margin.
On the other hand, the increase in age of the western part of the ocean as well as the increase of its total
subduction depth inhibit the permanent development and emplacement of ophiolites.
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