Stratigraphic and structural data from the Ultra Tellian units of Medjez Sfa (Guelma, Algeria): palaeogeographic implications for the North African Margin.
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Abstract: The Medjez Sfa region in eastern Algeria consists of a reversed Cretaceous–Eocene Tellian series covered by the clay–sandstone series of the Numidian nappe. Towards the west, this Ultra Tellian series overlaps with the Triassic complex of Nador Souk Ahras. Towards the south, near Aïn Naffra, it lies uncomfortably on an Eocene Tellian unit. This allochthonous series from Medjez Sfa forms a part of the Ultra Tellian units found in the external zones of the Maghrebides chain. An analysis of the stratigraphic and structural data demonstrated the compressive nature of the Tellian basin at the end of the Eocene and the thrusting of the shoal Ultra Tellian units towards the Tellian basin located to the south. The reversal and stacking of these series were linked to two Tertiary compressive phases known to have occurred in the Maghrebides chain: the first occurred at the end of the Eocene and the second was post-Burdigalian in age. The lack of Lower Miocene deposits in the allochthonous units and the absence of the basement suggest early paroxysmal tectonics in the region compared with the tectonics seen in the southern zones.
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1. INTRODUCTION
The Maghrebides chain in eastern Algeria (Fig. 1) is the result of the superposition of east–west trending lithostructural units. This chain is subdivided from north to south into internal, flysch and external zones, also known as nappe zones. It is a complex region and is still evolving, not only from north to south, but also from east to west. Reference [16] described Ultra, Central and Southern Tellian units running from north to south on a para-autochthonous foreland.
There have been a number of previous studies on the Ultra Tellian units at Medjez Sfa (Fig. 2) and in other regions [17] [15] [16] [6] [13] [14] [3] [4] [12] [11] [18]. However, a proper model, showing how these units are defined in space and time, has not yet been proposed. We therefore mapped this zone and carried out a structural analysis to better understand these areas for the key period of their evolution from the Middle Eocene to the Burdigalian.
1.1. Ultra Tellian Units in eastern Algeria
The Ultra Tellian units in Djebel Bou Sba, north of Guelma were defined by [17] and those in the north of Kef Sidi Driss by [13]. The name Ultra Tellian was proposed by [6]. The Ultra Tellian series is similar to the Babors series found further west on the Bejaia meridian, but are differentiated by the presence of banks of light-coloured limestone in the Upper Cretaceous strata, whereas the sediments of this age in the Babors are dark marls. The Ultra Tellian units include a Lower Cretaceous marl on light micritic limestone beds, rich in pyritic ammonites; Turonian phtanites and thick Senonian sediments consisting of marl are present in the clearly defined Upper Cretaceous, with a few limestone beds rich in Globotruncana. Earlier work has recognised these Ultra Tellian units as overturned. The Ultra Tellian units extend eastwards to the Algerian–Tunisian border, while to the west they do not go beyond the Oued Kébir of El Milia (northwest of Constantine). The solid crystalline Edough Massif is considered by [17] as a part of the original basement of the unit.

Reference [12] distinguishes the following Ultra Tellian units (from bottom to top): the Ras El Akba (Palaeogene), the Oued Zénati (Senonian), the Ain ​​Guenour (Albian–Cenomanian), and Ain ​​Haddad (Barremian–Aptian).

To the west of the study zone, in the Djebel Sba region, a series of brown sandstone flysch is thrust on top of the Ultra Tellian units [16]. To the east, in the Ain ​​Kerma–Bou Hadjar sector, despite the lack of complex outcrops, there is an Ultra Tellian unit that only contains Lower Cretaceous cephalopod marl.
Ultra Tellian reversed series has been described in Djebel Sidi Driss [13]. In the Oued Zénati region, the Ultra Tellian unit is reversed and is made up of terranes from the Barremian to the Palaeocene eras [2].

In the current tectonic system, the Ultra Tellian units are always found on Tellian nappes, which themselves overlie the foreland series or neritic carbonates, as is the case in Djebel Debar (Guelma region) or the shales in the Sellaoua range (from Sédrata to Souk-Ahras).

1.2.
History of geological work in the study area
The Ultra Tellian formations of Medjez Sfa (Fig. 3) were studied by [8] during the preparation of the geological map of Bouchegouf at the 1:50,000 scale. In 1952, SIGAL dated the limestone–marl series as Albian to Upper Senonian. Reference [5] mapped the peaks of the high Medjerda at a scale of 1:200,000. Reference [9] studied the sector in the context of petroleum exploration around Bou Abed.
[16] dated the microfauna to identify the palaeogeographical significance of the various Tellian units. [12] considered that the Ultra Tellian units had not been overturned, but had been cut into units with the oldest units on top while travelling south. [4], in his study of the Tellian region between Guelma and Souk Ahras, showed that the Tellian nappes were established during the post-Burdigalian phase.
1.3.
Geological setting of the study area
The Medjez Sfa region is located 50 km south of the city of Annaba (Fig. 2). The Ultra Tellian unit of this sector appears as a window (Fig. 3) in the Numidian nappe. To the west, this unit overlaps the Triassic complex of Nador Souk Ahras and to the south thrust over the Eocene material of the Tellian nappe. The Ultra Tellian units in the region consist mainly of marl and calcareous marl from the Cretaceous–Eocene.

2. STRATIGRAPHIC AND STRUCTURAL DATA FOR THE ULTRA-TELLIAN UNIT OF MEDJEZ SFA
Our presentation of the stratigraphy and structure of the Medjez Sfa unit divides the study area into two sectors: Meguesmia and Djebel Rosfa. Two sections and a 1:20,000 map were prepared. The micropalaeontological analyses were carried out by J. Magné.

2.1. Meguesmia sector
The Meguesmia outcrop (Fig. 4.a) is represented by a limestone–marl band running clearly NE–SW. It is over 5 km long and 1 km wide in the southwest and spread across more than 2 km in the northeast, running from the intersection of the RN 16 linking Annaba with Souk Ahras and the road from Bouhadjar to the forest station passing through the village of Meguesmia.
Section A-A’ (Fig. 4.b) was mapped from the intersection to the Medjez Sfa railway station. This section is oriented NNW–SSE, perpendicular to the limestone–marl layers. Running from top to bottom and from north to south the followings are seen:
1 A clayey sandstone series attributed to the Numidian nappe.

2 Around 50 m of black marl, rich in pyritic ammonites. The ammonites include Phyllopachyceras baborense, P. rouyi (of Orb), Hyporbulites betieri, Silesites sp., Melchioriets nabdalsa, Leptoceratoides sp., Astieridiscus menglonensis, Tetragonites sp. and Subpulchellia sauvageani (found by Busnardo) belonging to the Barremian (n4).

3 Greenish blue marl alternating with banks of blue limestone (around 10 cm thick) to a thickness of more than 200 m. The marl is rich in foraminifera that can be dated to the mid- to Late Cenomanian. This level is clearly later than the Vraconnian.

4 Black to greenish marls alternating with light micritic limestone banks containing Biticinella breggiensis, Ticinella roberti, T. bejaouensis, Hedbergella planispira, H. sp. and Trista sp. from the Albian.
5 Sample 611 contained Vraconian age microfauna, including Planomalina buxtorfi, Rotalipora appenninica and Praeglobotruncana stephani. Hedbergella were abundant, including H. simplex, H. planispira and H. delrioensis. The layer is >50 m thick.
Discontinuous limestone–marl outcrops were sampled from below Mio-Pliocene formations along the road between the railway station and the village of Medjez Sfa and also from under the bridge on the RN 16 that crosses the Oued Sfa. They provided Globotruncana concavata, G. angusticarinata and G. stuartiformis, indicating a Santonian age. These levels complement those found in the previous section.
It should be noted that the Turonian–Coniacian boundary, which is missing in this section, is found further to the east at Mechetet el Aouda (2 km to the east of the village of Meguesmia) with Marginotruncana coronate, M. renzi and M. paraconcavata.
In summary, in this section we found a Cretaceous series running from the Barremian to the Santonian in reverse order. The Hauterivian, with Hoplites and Belemnites subsiformis, reported by [8], was not confirmed in these new samples.

2.2.

Djebel Rosfa sector
This sector is located 5 km northeast of the railway station at Medjez Sfa (Fig.5.b) and represents the easternmost Cretaceous–Eocene formations of the Medjez Sfa window (Fig. 3). Running from northwest to southeast (Fig 5.a) we found:

1 A greenish marl series over 400 m thick. Sample 77 contained Globotruncana stuartiformis, G. fornicata, G. cf. ventricosa and G. gr. Stuarti, indicating a Late Campanian age.

2 A light-coloured limestone–marl series containing (sample 76) G. stuartiformis, G. fornicate, G. contuse and G. linneiana, indicating a Maastrichtian age.

3 Around 50 m of brownish marl containing (sample 75) Truncorotalia cf. rex, Tr. cf. aequa and Globorotalia cf. biodermanni of Late Palaeocene to the Early Ypresia age.
4 Under these marl outcrops, a chalky limestone series into which was inserted a 10 m thick slab of flintly limestone with Truncorotalia velascoensis, T. aequa and T. gr. angulata (sample Rs1) from the Early Ypresian.
5 A highly folded marl and limestone–marl series aged between the Campanian and Maastrichtian based on the association of foraminifera in sample 74: Globotruncana contusa, G. linneiana, G. stuartiformis, G. fornicate and Pseudotextularia cf. varians.
6 Once again we encountered brownish to blackish marl from the Palaeocene (sample 73) with Globorotalia pseudomenardii, Truncorotalia velascoensis, T. aequa and T. gr. angulata.
7 Marl (100 m thick) with occasional limestone levels. The marl contained (sample 72) Globotruncana linneiana, G. fornicata, G. bulloides, G. stuartiformis and Stensioina pommerana. This association indicates a Maastrichtian age.

8 A greenish marl containing (sample 71) Globotruncana contusa, G. stuartiformis, G. fornicata, G. linneiana, G. cf. gansseri and Pseudotextularia cf. varians of the Late Senonian.
This section has an antiform structure. Levels 1 to 4 of the northwestern flank in the reverse series were continuous from the Campanian to the Ypresian. Levels 1 to 3, again in a reverse series, were found on the southeastern flank. Level 4 did not appear on this flank, probably as a result of tectonic activity. Overall, these levels lie on Maastrichtian marls (Level 5) similar to the Level 2 marls. It must therefore be assumed that there was an unconformity between Levels 4 and 5, potentially indicative of an overlapping reverse series on these Maastrichtian levels, where it is unknown whether these sediments are also a reverse series. The Upper Campanian to Lower Eocene formations found at Djebel Rosfa are absent in the Meuguesmia region.

3. INTERPRETATION AND DISCUSSION 
These data show that the Ultra Tellian unit is of between Barremian and Early Eocene age. The unit contains a set of light-coloured facies, rich in banks of fine micritic limestone and layers very rich in foraminifera. This facies association is similar to the previously reported Ultra Tellian formations of Djebel Sba [17]. The formations thinner than other formations in the southern Tellian domain, especially in the Eocene.

This situation corresponds to shoal sedimentation throughout the Cretaceous and at the beginning of the Eocene, with sedimentation ending in the Middle Ypresian. On the other hands, in the Tellian domain, the Ypresian is characterized by the deposition of a large limestone slab (>400 m thick) overlain by >1000 m of black marl with carbonated yellow balls of Lutetian age.

These three sections, together with the mapping of the study area, showed that the Ultra Tellian formations are reversed in this area. The Aïn Tahamamine section shows an Ultra Tellian nappe of reversed Senonian to Middle Eocene material on the Eocene Tellian nappe, the latter being in a normal position.

During the Eocene, the Tellian domain [16] [4] [12] [1] [10] experienced rapid deepening that allowed the accumulation of several hundred metres of limestone and marl deposits. There is a sharp decrease in the thickness of the sediments in the Ultra Tellian domain – from 50 m of marl during the Palaeocene to about 10 m of limestone and flints during the Ypresian. We can therefore assume a major uplift of the Ultra Tellian domain.
It is highly probable that the reversal of the Ultra Tellian units occurred at the beginning of the Eocene as the result of a geometry that favoured a gravitational shift from north to south, linked to the birth of a slope between Ultra Tellian shoal sediments and a shallower Tellian domain, especially in the central area. The heterogeneity of the Cretaceous–Eocene formations of the Ultra Tellian domain, the presence of a south-facing slope and the beginning of the shortening of the Maghreb chain may explain the mechanism for the reversal of these units.

From west to east, i.e. from the Oued Zénati region to the Tunisian border passing through Djebel Sba and Medjez Sfa, all of the Ultra Tellian series are structurally reversed. However, this reversal does not affect either the allochthonous Tellian or the flysch units, the basement rocks and the covering Ultra Tellian units of the external zones of the Maghrebides chain.
The flysch, Ultra Tellian and Tellian units are overlain by a Numidian nappe of Lower Oligo-Miocene material. This Numidian series was only slightly involved in the tectonic activity that affected the strata in the rest of this region. The thicker sandstones of this series and its later deposition, at a time equivalent to the Priabonian stage, is sufficient to explain this independent behaviour.

4. CONCLUSION
This stratigraphic and structural study of the Cretaceous–Eocene limestone–marl formations of the Medjez Sfa region has shown that this is a complex stack of several reverse-thrust units. This superposition supports the regional model of a set of thrust units in which the oldest unit occupies the highest structural position. The movement of the Ultra Tellian units towards the south occurred between the Late Eocene and Middle Oligocene, before the first deposits in the Numidian basin. A much later post-Burdigalian phase caused the thrust faults and the establishment of the Tellian nappes on the para-autochthonous foreland.
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Fig. 1: General sketch of the Maghrebian Chain
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Fig.2: Map of localisation of study area.
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 Fig. 3: Geological map of study area.
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 Fig. 4: (a) N-S Geological and structural cross section through the study area. (b) Geological map of Meguesmia.
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Fig. 5: (a) ESE-WNW Geological and structural cross section through the study area. (b) Geological map of Djebel Rosfa.

