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Mechanical Constraints on the Development of the Zagros Folded Belt (Fars) F. Mouthereau · O. Lacombe · J. Tensi · N. Bellahsen · S. Kargar · K. Amrouch



Abstract. We synthesize available structural, seismotectonics and microtectonics studies, mechanical modelling of the topography as well as stratigraphic constraints on the timing of Plio-Pleistocene folding and Zagros basin evolution in order to examine which mechanical behaviour would explain the development of the Zagros Folded Belt at both local and regional scale. At the local scale we focus on the mechanism of cover folding and internal deformation of cover rocks. At the regional scale we focus on crustal rheology that led to the observed regional topography. Recent mechanical constraints derived from a critical wedge modelling of the regional topography together with available structural studies and seismotectonic studies confirm that the basement is necessarily involved in the deformation. Additionally, crustal rheology should involve a sufficiently strong lower crust to maintain the topography. Stratigraphic data on the basin scale suggests that the deformation in the Zagros Folded Belt initiated by inversion of the inherited N-S and NW-SE-trending marginal structures in the early Miocene. At 5–3 Ma, the intraplate stresses have increased sufficiently in response to ongoing convergence to exceed the brittle strength of the pre-fractured basement and then to produce the initiation of the Zagros uplift. This event occurred simultaneously with the rapid development of cover folding until the Bakhtyari conglomerates were deposited unconformably on these structures as the fold growth decreased. The Hormuz salts at the base of the pile allowed the upper sedimentary cover to be decoupled from the basement but there is no evidence of independent development through time. This is confirmed by the kinematical consistency of the Mio-Pliocene small-scale faulting in the cover and seismogenic faulting reflecting the internal deformation of basement and cover, despite the occurrence of the thick Hormuz salt layer. Buckling of the cover rocks, rather than thinskinned propagation of the Zagros Folded Belt, is proposed to be a more reliable mechanism to account for stratigraphic data, field observations, structural studies, microtectonic data and mechanical modelling. We finally conclude that the overall thick-skinned deformation that followed the initial margin inversion was probably coeval with cover folding (buckling). The way basement and cover deform is thus remarkably different; the basement is pre-fractured so it shortens preferentially by faulting. In



contrast, the folding (buckling) of the sedimentary cover developed with the assistance of plastic-viscous processes.
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Introduction



The Zagros Mountains form a broad orogenic domain in Iran, approximately 2000 km long and 100–200 km wide in front of the Turkish-Iranian plateau (Fig. 1). The mountain range results from the accommodation of the convergence between the rifted continental margin of the Arabian plate and the Iranian continental block, which followed the closure of the neo-Tethys ocean during the Tertiary [Stocklin, 1968; Berberian and King, 1981; Koop and Stoneley, 1982]. The present-day convergence between Arabia and Eurasia is ~3 cm/yr and about 7 mm/yr is currently accommodated across the Zagros collision belt [Vernant et al., 2004]. The collision suture zone is outlined by the Main Zagros Thrust that separates the Sanandaj-Sirjan domain to the North from the Imbricate Zone and the Zagros Folded Belt (ZFB) to the South. The SanandajSirjan belt is a broad tectono-metamorphic belt which represents the former active margin of the Iranian microplate (Fig. 2). To the South, the Imbricate Zone and the Zagros Folded Belt, separated by the High Zagros Fault, form a large folded domain within the rifted Arabian continental margin. The Imbricate Zone is mainly composed of folded Mesozoic strata (Fig. 2) but locally along the Main Zagros Thrust, ophiolitic rocks, remnants of the obducted ocean or one of its derivatives (e.g., back-arc or fore-arc oceans) are preserved [Stoneley, 1990; Ziegler, 2001]. In this paper we focus on the Central Fars province of the ZFB (Fig. 2). This area is located between the Dezful-Izeh domain to the northwest recently documented by several studies [e.g. Blanc et al., 2003; Sherkati and Letouzey, 2004], and the Bandar-Abbas province at the southeastern extremity of the Fars area investigated by Molinaro et al. [2005]. The Central Fars is a 200 km-wide arcuate folded belt, which results from folding of a thick pile of sedimentary rocks up to 12 km in thickness [Stocklin, 1968] including Paleozoic, Meso-Cenozoic strata and Neogene syno-
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F. Mouthereau · O. Lacombe · J. Tensi · N. Bellahsen · S. Kargar · K. Amrouch Fig. 1. Geodynamic framework of the Zagros Folded Belt. Black arrows show the present-day convergence between the Arabian plate and stable Eurasia deduced from current global plate motion Nuvel 1A [De Mets et al., 1994]. It predicts a present-day convergence of ~3±0.5 cm/yr oriented N-S on average at the front of the Zagros Mountains. The grey rectangle indicates the study area of the Fars province. The inset shows the distribution of earthquakes (2.4 
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