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Introduction

The region of Kalaat Senam is located in the northwestern Tunisia, in which the geological evolution is strongly marked by the whole behavior of the north African Alpine Chain (Maghrebides) and the western Mediterranean (Fig. 1). Indeed, the central part of the country is marked by the existence of several NW-SE and WNW-ESE grabens (Burollet, 1991). Atlasic troughs are associated with strikeslips and evolve most often in pull-apart (Chihi, 1995). The study of Kalaat Senan area was performed within the framework of structural and geophysical analyses regarding the emplacement of troughs and associated structures. In fact, the major ultimate objective is to inspect the different interpretations and hypotheses considering the existence of geological conditions leading to the presence of hydrocarbons using geophysical techniques (2D seismic and gravimetric data). As a matter of fact, these methods allowed to (i) specify the deep structure of troughs, (ii) identify the major subsurface structures, and (iii) check the geometry borders of grabens. 

lithostratigraphy

The lithostratigraphic formations of the Kalaat Senam area extend and outcrop from the Triassic to the Quaternary. In a manner that some formations, such as those of the Jurassic and the Paleocene series, outcrop only outside the region. While those of the Lower Cretaceous have a weak occurrence. Moreover several specific geological formations show variations in facies and possibly in thicknesses. The Triassic formations are presented in the shape of a chaotic lithological mixture, often largely taken up by the folding in a manner that it is impossible to develop a clear stratigraphic sequence. The Cretaceous series outcrop widely in the northern Tunisia and along the Tunisian Atlas. Indeed, in the Kalaat Senam region, the Cretaceous formations will be described through their facies: Aptian-Albian (Hamaima, Serdj with limestones which appearing at the top of diapirs of Bou El Hanèche, Dj. Jerissa and Dj. Slata (Lehotsky and Bujnowsky, 1995) and M'Cherga Formations), Albo-Cenomanian (Fahdene Formation), Cenomanian-Turonian (Bahloul Formation), Turonian-Campanian (Aleg Formation), Campanian-Maastrichtian (Abiod Formation). In the Upper Maastrichtian-Paleocene, the El Haria Formation corresponds to a series of dark gray clays or blackish ones. Consequently, they turn out to be easily identifiable in the field due to the color and morphology which are distinguished from the massive carbonate of Abiod and Metlaoui. In the Lower Eocene, a set of mainly carbonated series encompassing in its basal part a phosphate term of terminal Paleocene-Ypresian age constitutes the Chouabine Formation. In its middle part, the Eocene is represented by dominant carbonate alternations. Its upper part is represented by a carbonated term with nummulites of Ypresian-Lutetian age corresponding to the El Gueria Formation.

At the Late Paleocene-Lower Ypresian, the Chouabine Formation lies on top of the El Haria Formation. In fact, it is represented by an alternation sequence of phosphorite marls, marls and carbonates. The Miocene Formation is characterized by an alternation of sandstones, conglomerates and marls, and variegated marls rich of gypsum alternating with silts and sandstones. The continental Mio-Pliocene Formations are composed of conglomerates with sub-angular elements that are cemented by sandstones, alternating with a set of sandstones and clays.

Geophysical data

The geophysical data represents the 2D seismic data which result from the database of ETAP. The seismic survey profiles were realized by ETAP in the graben of Kalaat Senam in 1970 (P1), 1981 (P2), 2011 (P3), 1945 (P4), 1967 (P5), and 1969 (P6). The oil wells, considered in this study, are among six from W1 to W6 (Fig. 2). The seismic lines were established further to several seismic surveys, with different parameters of acquisition and processing stages. Their processing allowed us to improve the seismic sections for a better interpretation. The acquisition of gravimetric data was made using a CG3 gravity-meter within the framework of the Tunisian gravimetric Atlas. A general gravity overview was first conducted using a Worden gravitymeter in the Kalaat Senam-Kalaa Khesba area. A correlation between the density of Nettleton and the measured densities gave a regional density of 2.4 g.cm -3 . 

Results and interpretation

The interpretation of the seismic lines, i.e. isochron, isovelocity and isobath maps allows to obtain a succession of tectonic events which succeeded one another between the Triassic and the Present day. Compressive phases of NW-SE direction appear to be responsible for block tilting and the creation of anticlinal and synclinal structures affected by many normal, reverse faults or strike-slips. The extension of the NE-SW direction guided the formation of structures in grabens, half-grabens and vast synclines. The seismic profiles show that the NW of Tunisia is characterized by lateral and deep variations of facies, unconformities, sedimentary gaps, and folded and faulted structures. This results in complex structures deduced from the superimposition of the compression phase during the Miocene. The interpretation of the gravimetric data (Bouguer, regional and residual anomaly maps, etc.) were made to better follow the behavior of the various accidents in the region and to follow their depths and dips (Spector and Grant, 1970;Thompson, 1982;Reid et al., 1990Reid et al., , 2003;;FitzGerald et al., 2004;Chen et al., 2014). These maps, based on several applied treatments (derivatives, Euler deconvolution, upward continuations, etc.), led to the definition of the lineaments related to the Atlasic tectonic regime (Figs. 3,4). The variation of anomalies on the maps indicates the depths of each structure. Within the Kalaa Khesba graben a negative anomaly at shallow depth, as well as a generally NW-SE fault direction bordering this graben, were identified. This anomaly reflects the existence of low density series compared to the basement density. At subsurface, well data located in the centre of the trough ensured the presence of Triassic material. Indeed, the gravimetric response in terms of anomaly presents the association of Triassic evaporites resulting in series of low density.

Conclusion

The study area belongs to an extended NW-SE domain that occupies a privileged place in the NW Paleogeography of Tunisia. Geological data analysis as well as the tectonic events of the Tunisian grabens of the central Atlas region that have been proposed (Ben Ayed, 1986;Chihi, 1995;Dlala, 2001), showed that the tackled series were presented from the Triassic to the Quaternary and helped us to explain the grabens border structure (Caire, 1971;Burollet and Rouvier, 1971;Ben Ayed, 1986;Chihi, 1995;Gabtni et al., 2016). The results were supported by seismic and gravimetric data interpretation. From seismic reflection, they show that (i) the horizons sequence within the grabens, (ii) the main faults orientations that have contributed to its current configuration, (iii) the activation of the bordering faults of the grabens as well as the large fault supporting fault branches leading to a flower structure. From gravimetry, they show (i) the faults activation and their movements, as well as (ii) the mobilization and raise of the Triassic material. Within the trough, a negative anomaly that reflects the existence of low density series, and an NW-SE fault direction bordering this graben were evidenced.
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 1 Fig. 1: Simplified geological map of the study area extracted from the map of Tunisia at 1/50,000, projected on a WGS84 UTM Z32 N system. 1. Quaternary, 2. Mio-Pliocene, 3. Upper Miocene, 4. Oligocene, 5. Ypresian-Lutetian, 6. Coniacian-Maastrichtian, 7. Turonian, 8. Cenomanian, 9. Early Cretaceous, 10. Triassic.
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 2 Fig. 2: Map showing locations of seismic lines in the NW study area of Tunisia. W1-W6: oil wells.
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 3 Fig. 3: Bouguer anomaly map of Kalaa Khesba and Kalaat Senam computed using a density of 2.4 g.cm -3
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