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In Tunisia, five Bahloul spaced sections, Bargou, Jerisa, Guern Halfaya, Kherij and Gafsa were analysed for major and trace elements. These high-resolution chemostratigraphic integrated analyses for the Late Cenomanian-Early Turonian Bahloul Formation provide new insight on the palaeoceanographic evolution of the southern Tethyan margin. Relative low abundance of related terrigenous Ti/Al and K/Al ratios and enrichment of some productivity proxies such as Ba, Cu, and Ni (organic matter related trace elements) suggests that the Bahloul, deposited during a relative short period (400 kyr), was of relatively elevated primary productivity and minimal detrital input. While higher D* values concurrent with lower Ti/Al ratios are interpreted as caused by enhanced fluvial material contribution, due to more humid climate during the OAE-2. Enhanced humidity triggered probable fluvial influxes, resulted in a sluggish water circulation and consequent anoxic/euxinic conditions favouring the preservation of organic matter at the sea floor. Enrichments in redox-sensitive trace metals U, V, and Mo in the Bahloul Formation deposits and redox indices, such as V/(V+Ni), U/Th, V/Cr, and Ni/Co, indicate that oxygen-restricted conditions prevailed during the Late Cenomanianearliest Turonian times. High Ba xs values and U auth may indicate anoxic conditions at least at the water-sediment interface during the Bahloul Formation deposition and provide information about low to moderate sulphate-reduction reactions.

INTRODUCTION

Organic-rich deposits record a global geological event that took place during the Cenomanian-Turonian transition. This event is known by various names, including Oceanic Anoxic Event of the Cenomanian-Turonian boundary (OAE-2), Cenomanian-Turonian Boundary Event (CTBE), Bonarelli Event, Cenomanian Turonian Black Shale Horizon (CTBSH) (e.g. [START_REF] Arthur | Stratigraphy, geochemistry, and paleoceanography of organic carbon-rich Cretaceous sequences[END_REF][START_REF] Soua | Depositional model at the Cenomanian/Turonian boundary for the Bahloul Formation, Tunisia[END_REF]. Remarkably, deep basin deposits as well as those of shelf are marked by an enhanced preservation of organic matter (OM).

This OM is related to prevailing hypoxic/anoxic conditions, which occurred simultaneously in different paleogeographic locations (Fig. 1).

During this interval, a worldwide positive carbon isotope ( 13 C) excursion was noted and was related to the enhanced burial of OM which is enriched in 12 C; this could be a function of either enhanced global marine productivity and/or enhanced burial and preservation of OM due to anoxia [START_REF] Arthur | Stratigraphy, geochemistry, and paleoceanography of organic carbon-rich Cretaceous sequences[END_REF][START_REF] Calvert | Geochemistry of recent oxic and anoxic marine sediments: implications for the geological record[END_REF]Luning et al., 2004;[START_REF] Soua | Depositional model at the Cenomanian/Turonian boundary for the Bahloul Formation, Tunisia[END_REF]. Besides, the OAEs are commonly documented to be associated with active tectonic times and likely elevated carbon dioxide. Some of this excess carbon, buried in the sedimentary rocks was due to enhanced production of OM and/or enhanced preservation of OM. The increase in these parameters is probably due to warm, oxygenpoor deep waters and/or weak ocean ventilation.

In general, the OAE-2 is characterized by: (1) a global transgression (e.g. [START_REF] Maamouri | La Formation en Tunisie centroseptrentionale: variations latérales, nouvelle datation et nouvelle interprétation en terme de stratigraphie séquentielle[END_REF][START_REF] Abdallah | Stratigraphie séquentielle et paléogéographie à la limite Cénomanien-Turonien dans la région de Gafsa-Chotts (Tunisie centrale)[END_REF]; see Fig. 1) and a rapid sea level rise; (2) a high organic matter content, type II marine origin (e.g. [START_REF] Layeb | La formation Bahloul au Centre et au Nord de la Tunisie: un exemple de bonne Roche mère de pétrole à fort intérêt pétrolier[END_REF]Belayouni, 1989, Scopelliti et al., 2006); (3) a short duration: about 0.5 myr [START_REF] Soua | Time series (orbital cycles) analysis of the latest Cenomanian -Early Turonian sequence on the southern Tethyan margin using foraminifera[END_REF] ; (4) an enrichment in trace metals : V, U, Ba, Mo, Cr, Sr [START_REF] Bechtel | Role of organic matter and sulphatereducing bacteria for metal sulphide precipitation in the Bahloul Formation at the Bou Grine Zn/Pb deposit (Tunisia)[END_REF]; (5) possible radiolarian assemblage bloom [START_REF] Soua | Radiolarian biotic responses to the Latest Cenomanian global event across the southern Tethyan margin (Tunisia)[END_REF]; (6) a benthic faunal scarcity;

(7) a planktonic foraminiferal extinction and turnover, (8) a rapid sea level rise (transgression);

(9) positive  13 C and negative  18 O excursions [START_REF] Soua | Depositional model at the Cenomanian/Turonian boundary for the Bahloul Formation, Tunisia[END_REF]. The Late Cenomanian-early Turonian Bahloul Formation is known as black, bituminous laminated marls and limestones, considered as black shales of ~ 20 meter-thick sequence relatively rich in carbonate (shale-limestone facies) (e.g. [START_REF] Burollet | Contribution a` l'étude stratigraphique de la Tunisie Centrale[END_REF][START_REF] Maamouri | La Formation en Tunisie centroseptrentionale: variations latérales, nouvelle datation et nouvelle interprétation en terme de stratigraphie séquentielle[END_REF][START_REF] Soua | Depositional model at the Cenomanian/Turonian boundary for the Bahloul Formation, Tunisia[END_REF][START_REF] Soua | Structural context of the palaeogeography of the Cenomanian -Turonian anoxic event in the eastern Atlas basins of the Maghreb[END_REF].

It is frequently interpreted as resulting from episodes of increased organic-matter (OM) preservation and burial (e.g., Luning et al., 2004;[START_REF] Soua | Depositional model at the Cenomanian/Turonian boundary for the Bahloul Formation, Tunisia[END_REF].

II. GEOLOGICAL SETTING

The Cenomanian-Turonian organic-rich deposits in onshore and offshore Tunisia are mainly found in the North-Central part (Fig. 1) of the country and the distribution of the organic content is strongly controlled by halfgraben systems and in some areas by Triassic salt diapiric movements during the Cretaceous (see [START_REF] Soua | Structural context of the palaeogeography of the Cenomanian -Turonian anoxic event in the eastern Atlas basins of the Maghreb[END_REF] for a structural review).

III.

MATERIAL & METHODS

Elemental geochemistry (major and trace element) analyses are performed using ICP-AES and ICP-MS, respectively, at the Laboratory of chemistry (University of Lille1) and Laboratory of analytical chemistry of the -Centre de Recherche et de Dévelopement Pétrolier (CRDP, ETAP)‖. From the five studied sections (Fig. 2), a total of 235 samples have been prepared by fusion with LiBO 2 and HNO 3 dissolution. Rock Eval measurements have also been carried out in order to evaluate the Total Organic Carbon in these samples from the Bahloul Formation and to evaluate the U/TOC ratio for four sections (Tab. 1).

Al-normalization of element concentrations in usual marine sediments is the best and valuable method to estimate element enrichment in relative to reference sediment. Since the reference shales have a diagenetic component, calculation of enrichment factors -EF‖ may be erroneous. So, the use of EF to evaluate limited enrichment and/or depletion may be delicate. In this paper we calculated the Trace Metal (TM) Enrichment Factor as follows: EF TM = (TM/Al) sample / (TM/Al) average shale .

If EF TM is greater than 1, then TM is enriched relative to average shales and, if EF TM is less than 1, it is depleted [START_REF] Tribovillard | ARMELLE RIBOULLEAU 2006 Trace metals as paleoredox and paleoproductivity proxies: An update[END_REF][START_REF] Shackleton | The trace metal content of recent organic carbon-rich sediments: Implications for Cretaceous black shale formation Palaeogeography[END_REF]. According to several authors (e.g. [START_REF] Brumsack | The inorganic geochemistry of Cretaceous black shales (DSDP leg 41) in comparison to modern upwelling sediments from the Gulf of California[END_REF][START_REF] Shackleton | The trace metal content of recent organic carbon-rich sediments: Implications for Cretaceous black shale formation Palaeogeography[END_REF][START_REF] Scopelliti | Highresolution geochemical and biotic records of the Tethyan ‗Bonarelli Level' (OAE2, latest Cenomanian) from the Calabianca-Guidaloca composite section, northwestern Sicily, Italy[END_REF][START_REF] Tribovillard | ARMELLE RIBOULLEAU 2006 Trace metals as paleoredox and paleoproductivity proxies: An update[END_REF], the sedimentary geochemical signal records the influence of three types of fractions.

IV. RESULTS

IV.1. Geochemistry

-A detrital fraction derived from terrigenous sources carried to the sea by rivers and winds, the main proxies of which are Al, Ti, Zr, Th and, to a lesser degree, Cr.

-A biogenic fraction composed of carbonate, silica or organic matter (OM), the main trace-element proxies of which are Ba, Ni and Cu.

-An authigenic fraction mainly composed of sulphides, organo-metallic complexes and insoluble oxyhydroxides, the main proxies of which are Mo, V and U.

Aluminium is used here as a proxy for the land-derived aluminosilicate fraction of the sediments. Most of the major elements (Si, Mg, Na, K and Ti) and some trace elements (Zr, Th and Cr) have a clastic origin and their fluctuations can be related to variations in the nature of the detrital influx. The stratigraphic distribution of some selected elements, which are normalized to Al (element/Al), is illustrated in Fig. 3 and4.

Generally, and consistently with the fact that most elements are strongly tied to Al abundance, the distribution of element/Al ratios are relatively uniform, but some variations are visible within the Bahloul Formation. In all the five studied sections (Fig. 1, Fig. 2), the stratigraphic profiles of all the selected redox-sensitive trace elements (U and V) and palaeoproductivity markers (Ba, Cu, Ni) exhibit moderate to high enrichments in both the lower and upper parts of the Bahloul Formation (Fig. 3), relative to the other parts of the sections, where the samples have element/Al ratios lower or near average shale values (Fig. 3 and4). Fig. 3 also shows that in all the studied sections, only the interval, near the suggested Cenomanian-Turonian boundary shows enrichment in redox and palaeoproductivity ratios. There are lateral variations in elemental concentrations and it is notable that the redoxsensitive metal/Al ratios in the Bahloul Formation at the Kherij section in northerneastern Tunisia and the Gafsa section in southern Tunisia are twice as low as those at the Jerissa and Bargou sections in central Tunisia (Fig. 3 and4). The Guern Halfaya section (in northern-central Tunisia) shows The other major and trace elements have less contrasting fluctuations during the Late Cenomanian-Early Turonian period. Ti and K generally indicate the detrital fraction of sediments. At the five studied sections, uniform related to opaline silica production and radiolariabearing sediments. Only the Gafsa section exhibits correlative increased values within the upper part of the Bahloul Formation. Potassium (K) shows similar behaviour within the lower part of the five studied sections, however, the upper part exhibits the opposite pattern (Fig. 3 and4). To summarize, in the five sections studied, the geochemical composition of the rocks is strongly influenced by the detrital supply, but some elements show more or less marked enrichment or depletion at several levels within the Bahloul Formation, (depleted in Ti and K, enriched in redox and productivity proxies such as U and V; see Fig. 3, 4 and5). This phenomenon is more accentuated at the Gafsa and Jerissa sections. Among the detrital proxies, Si is the only major element that shows a well-marked positive shift within the lower part of the Bahloul Formation mainly at the Bargou section.

In addition to element/Al ratios, some redox indices (U/Th, V/Cr, Ni/Co and V/(V +Ni)) have been calculated and illustrated as cross-plots in Fig. 6. Some authors (e.g. [START_REF] Hatch | Relationship between inferred redox potential of the depositional environment and geochemistry of the Upper Pennsylvanian (Missourian) Stark Shale Member of the Dennis Limestone[END_REF] suggest that these geochemical indices may be used to give information on the palaeo-oxygen level of the depositional environments. For all four indices, high values are recorded in both the lower and upper parts of the Bahloul Formation (see Fig. 6 and Fig. 7). Nevertheless, the contrast between the samples from the North-Central Tunisian sections and those from southern Tunisia varies according to the considered indices In each section from North-Central Tunisia, the samples picked in the black shales of the lower and upper part of the Bahloul Formation have mean values of the V/Cr and U/Th ratios above 1.9 and 1.16 respectively (Tab. 1), whereas the samples picked in the middle part of the Bahloul Formation have values that rarely exceed 0.6 and 0.7 respectively. For the V/(V+Ni) most of the Bahloul Formation samples are characterized by V/(V+Ni) >0.60. However, in southern Tunisia (i.e. Gafsa section) a mean reported value of V/(V+Ni) is 0.70 (Tab. 1; Fig. 5). The Ni/Co ratio is calculatedF only for the Guern Halfaya section and values through the Bahloul Formation black shales do not exceed 4, with a mean value of about 2.2 (Fig. 6).

IV.1.1. Interpretation Clastic input

In the five sections studied, the uniform stratigraphic distribution of K/Al and Ti/Al (Fig. 3; Fig. 4), suggest a rather homogeneous nature for the detrital supply. However, the Ti/Al and K/Al ratios show their lowest values within the middle part of the Bahloul Formation. Ti is generally enriched in the presence of some accessory minerals that are usually associated with the coarser-grained part of fine-grained siliciclastic sediments [START_REF] Brumsack | The inorganic geochemistry of Cretaceous black shales (DSDP leg 41) in comparison to modern upwelling sediments from the Gulf of California[END_REF][START_REF] Calvert | Sedimentary geochemistry of manganese: implications for the environment of formation of manganiferous black shales[END_REF]. The relatively low abundance of Ti levels in the Bahloul Formation could thus indicate a decrease in the grain size of the land-derived supply. This grain size reduction might accompany the contemporaneous sea-level rise suggested for the Bahloul Formation [START_REF] Soua | Depositional model at the Cenomanian/Turonian boundary for the Bahloul Formation, Tunisia[END_REF].

Alternatively, [START_REF] Machhour | Formation of laminate deposits in anaerobicdysaerobic marine environments[END_REF] have determined and discussed the D* geochemical relationship (Tab. 1; Fig. 5B), that is expressed by Al/(Al + Fe + Mn), as a proxy for the detrital input into the sedimentary basins. At the Guern Halfaya section, the mean D* value is 0.64 in the lower part of the Bahloul limestones (Fig. 5) and increases through the upper Bahloul exceeding 0.71 (Tab. 1) against 0.55 in typical terrigenous shales [START_REF] Wedepohl | Environmental influences on the chemical composition of shales and clays[END_REF]). In the Gafsa section, increased D* in the organic-rich interval (a mean value of about 1.94) indicates an enhanced rate of terrigenous supply during Bahloul Formation deposition (Fig. 5). However, as mentioned above, the Ti/Al ratio shows a clear decline through the Bahloul Formation at all sections studied (Fig. 3: Fig. 4 and Fig. 5). These different behaviours can be explained by the fact that D* is generally related to fluvial influences, while Ti is regarded as a marker for airborne or aeolian detrital supply [START_REF] Rachold | Inorganic geochemistry of Albian sediments from the Lower Saxony Basin NW Germany: paleoenvironmental constraints and orbital cycles[END_REF]. The relative low abundance of both D* and Ti could reflect a decrease in eolian supply and probable enhanced fluvial influences during the deposition of the Bahloul Formation [START_REF] Soua | Riverine influxes, warm and humid climatic conditions during the latest Cenomanian-early Turonian Bahloul deposition[END_REF]. This second interpretation is plausible but it demands more data about the fluvial material, the dominant current patterns and the location of high-pressure cells potentially affecting global stagnant circulation during the Late Cenomanian -Early Turonian palaeogeography in the eastern Maghrebian domain. The Si/Al ratio shows relatively low values within the lower part of the Bahloul Formation at the Guern Halfaya, Gafsa and Jerissa sections. This is consistent with both hypotheses: decreased grain size of the detrital supply, including grains, or a decrease in the airborne quartz silt abundance during the early transgressive interval. However, this Si/Al decrease is not observed at the Kherij section (Fig. 4). In contrast, a strong Si/Al increase is marked in the lower part of the Bahloul Formation at the Bargou section (Tab. 1; Fig. 3). In this case, the increased presence of SiO 2 (see Tab. 1) could be explained by an increase in biogenic SiO 2 (silicasecreting organisms) recorded locally [START_REF] Soua | Radiolarian biotic responses to the Latest Cenomanian global event across the southern Tethyan margin (Tunisia)[END_REF] see discussion below about the increase in productivity).

Bottom Redox conditions

The Bahloul Formation is enriched in U, V, Cu, Cr, Ba, Ni in all sections, and slightly in Mo (some levels in each section) (Fig. 7). Among these elements U, V and Mo are alleged to be redox sensitive and/or sulphide forming [START_REF] Dean | Inorganic geochemical indicators of glacial-interglacial changes in productivity and anoxia on the California continental margin[END_REF][START_REF] Lyons | Contrasting sulfur geochemistry and Fe/Al and Mo/Al ratios across the last oxic-to-anoxic transition in the Cariaco Basin, Venezuela[END_REF][START_REF] Tribovillard | ARMELLE RIBOULLEAU 2006 Trace metals as paleoredox and paleoproductivity proxies: An update[END_REF]. The other elements are more indicative of the OM flux to the sediments: Ni and Cu can be fixed in high amounts in sediments under general reducing conditions [START_REF] Brumsack | The inorganic geochemistry of Cretaceous black shales (DSDP leg 41) in comparison to modern upwelling sediments from the Gulf of California[END_REF][START_REF] Hatch | Relationship between inferred redox potential of the depositional environment and geochemistry of the Upper Pennsylvanian (Missourian) Stark Shale Member of the Dennis Limestone[END_REF][START_REF] Calvert | Geochemistry of recent oxic and anoxic marine sediments: implications for the geological record[END_REF][START_REF] Kolonic | Geochemical characterization of Cenomanian/Turonian black shales from the Tarfaya Basin (SW Morocco)[END_REF][START_REF] Algeo | Trace-element behavior and redox facies in core shales of Upper Pennsylvanian Kansas-type cyclothems[END_REF][START_REF] Meyers | Organic carbon burial rate and the molybdenum proxy: theoretical framework and application to Cenomanian-Turonian oceanic event 2[END_REF]. At all the studied sections, V and U are among the most enriched elements compared to the average shale values (Fig. 7). The enrichment in Mo and U within the black shales of the Bahloul Formation (e.g. Jerissa and Guern Halfaya sections, see Fig. 7B) indicates that the sediments were most likely depleted in O 2 during Bahloul Formation deposition . Of the three redox-sensitive elements (V, U and Mo), enrichment in U is the highest (Fig. 7), suggesting that accumulation is at least partly mediated by bacterial sulphate reduction reactions [START_REF] Tribovillard | ARMELLE RIBOULLEAU 2006 Trace metals as paleoredox and paleoproductivity proxies: An update[END_REF].

In addition, some redox markers, such as U/Th, V/Cr, Ni/Co and V/(V+Ni) (see Fig. 6) were used. According to Jones and Manning (1994) and [START_REF] Hatch | Relationship between inferred redox potential of the depositional environment and geochemistry of the Upper Pennsylvanian (Missourian) Stark Shale Member of the Dennis Limestone[END_REF], these various ratios cannot be used reliably individually, however, they can be considered collectively. In the present study, these proxies behave consistently and show their highest values in samples coming from the lower part of the Bahloul Formation (Fig. 6). Alternatively, it is observed that oxygen-restricted conditions are recorded from this lower part of the Bahloul Formation (Fig. 7B.). According to the considered ratios, the values suggest dysoxic to oxic (Ni/Co, V/Cr) or anoxic (U/Th) conditions. U/Th and V/ (V+Ni) are the most and least discriminating proxies respectively (Fig. 6).

Like V/(V+Ni) ratios, Cr could indicate redox conditions during Bahloul Formation deposition. The V/(V + Ni) values ranging from 0.36 to 0.80 at the Guern Halfaya and Jerissa sections, from 0.37 to 0.93 at the Bargou section and from 0.33 to 0.70 at the Gafsa section (Fig. 5). However, [START_REF] Hatch | Relationship between inferred redox potential of the depositional environment and geochemistry of the Upper Pennsylvanian (Missourian) Stark Shale Member of the Dennis Limestone[END_REF] assumed that the 0.54-0.80 interval indicates anoxic conditions. Some higher values (> 0.80) suggest euxinic conditions, while values situated beneath 0.54, are interpreted as indicating oxic conditions at the seafloor. In addition, the enrichment of the Cr/Al average in shale indicates an algal source for the organic matter, which concentrates Cr in higher redox potential conditions and the consequent availability of reduced Cr 3+ to react with organic matter [START_REF] Hatch | Relationship between inferred redox potential of the depositional environment and geochemistry of the Upper Pennsylvanian (Missourian) Stark Shale Member of the Dennis Limestone[END_REF]. This is in agreement with rock Eval data recorded from Bahloul Formation samples [START_REF] Montacer | Etude préliminaire de la matière organique de la formation Bahloul dans l'environment sédimentaire du gisement Zn-Pb de Bou Grine (Tunisie)[END_REF].

In short, through the Bahloul Formation our Al-normalized geochemical data (trace metal abundance and redox ratios) indicate two main pulses of dysoxic to anoxic conditions in the bottom water interrupted by dysoxic to oxic conditions (i.e. through the middle part of the formation).

Primary productivity conditions

According to some authors, barium (Ba) is considered as a primary productivity proxy when it is brought to the sediment as barite (e.g., Dymond et al., 1997;[START_REF] Mcmanus | Geochemistry of barium in marine sediments: implications for its use as a paleoproxy[END_REF][START_REF] Tribovillard | ARMELLE RIBOULLEAU 2006 Trace metals as paleoredox and paleoproductivity proxies: An update[END_REF]), whilst McManus et al., (1998) assumed that barite (BaSO 4 ) may be sensitive to severe sulphate-reducing conditions. In our material, Ba shows slight enrichment in samples from the Bahloul Formation. These levels of enrichment correlate with those of Cu and Ni. These observations suggest some increased productivity at the time of the Bahloul Formation deposition.

Two main Cu/Al and Ni/Al ratio shifts are observed at all the studied sections (Fig. 3 and4). According to Brumsack (1989) and to [START_REF] Calvert | Geochemistry of recent oxic and anoxic marine sediments: implications for the geological record[END_REF], these elements are usually enriched in reduced sediments. Other authors (e.g. [START_REF] Algeo | Trace-element behavior and redox facies in core shales of Upper Pennsylvanian Kansas-type cyclothems[END_REF][START_REF] Tribovillard | ARMELLE RIBOULLEAU 2006 Trace metals as paleoredox and paleoproductivity proxies: An update[END_REF] assumed that these elements are mainly brought to the sediment in association with OM and are considered to be reliable markers of OM delivery into the sediment. Thus, the positive excursion of the Ni/Al and Cu/Al ratios recorded here indicate that deposition of the Bahloul Formation is interpreted as corresponding to episodes of increased OM influx and also possibly records increased primary productivity, as confirmed by the abundance of radiolaria, at least at the Bargou section.

This Ba enrichment could indicate barite dissolution and Ba remobilization within moderate reducing conditions below the water/sediment interface. This interpretation is in agreement with the very low Mn enrichment (Fig. 7; Tab. 1), indicating that no oxidizing conditions occured close to the sediment-water interface. Consequently, the sporadic low Ba concentrations are therefore interpreted as the result of moderate productivity increases. The slight increases in productivity resulted in increased delivery of OM and consequently Ni and Cu. The reducing conditions and sulphide precipitation may have helped in trapping these elements.

In addition, several Si/Al ratio peaks mark the Bahloul Formation at the Bargou, Gafsa and Guern Halfaya sections (Fig. 4), without corresponding peaks in the clastic proxies (Ti and K). In this case, the increased Si abundance must be linked to the echo of local increased biogenic productivity by silica-secreting organisms (mainly radiolarian and maybe diatoms,consistent with the coeval enrichment in the abundance of the productivity proxies (Ni, Cu and Ba). In general the Bahloul Formation shows moderate to high Ba/Al ratios with an average value between 31 and 41 at the Guern Halfaya, Jerissa, Kherij and Gafsa sections compared to a mean of 193 measured at the Bargou section, located in north central Tunisia (Fig. 3, Tab. 1). Deposition of the Bahloul Formation, i.e. organic-rich sediments coinciding with the oxygen minimum zone -OMZ‖ [START_REF] Soua | Depositional model at the Cenomanian/Turonian boundary for the Bahloul Formation, Tunisia[END_REF], is consistent with results from redox-sensitive elements. This implies a moderate to high degree of barite saturation. In addition, excess barium (Ba xs ) has been interpreted as a palaeoproxy for bio-productivity [START_REF] Shackleton | The trace metal content of recent organic carbon-rich sediments: Implications for Cretaceous black shale formation Palaeogeography[END_REF][START_REF] Scopelliti | Highresolution geochemical and biotic records of the Tethyan ‗Bonarelli Level' (OAE2, latest Cenomanian) from the Calabianca-Guidaloca composite section, northwestern Sicily, Italy[END_REF]. [START_REF] Dymond | Can the aluminium and titanium contents of ocean sediments be used to determine the paleoproductivity of the oceans?[END_REF] noted that enhanced surface productivity could be predicted by the Ba exc (Tab. 1), while Ba xs = Ba sample -[Al sample * (Ba shale /Al shale )] and while Ba shale and Al shale are as given by [START_REF] Gromet | The ‗‗North American Shale Composite'': its compilation, major and trace elements characteristics[END_REF]. Ba xs for the Bahloul Formation in the five studied sections shows high values, particularly at the Bargou and Gafsa sections(648.7 ppm and 387.51 ppm respectively), with a mean value of about 150 ppm (Fig. 5A) compared to 70 to 90 ppm in above and below (i.e. in the Fahdene and Kef Formations). Basically, Ba xs indicates genesis of biogenic barite which could be released during phytoplankton necromass decay and could then be precipitated as barite in microenvironments where Ba-sulphate reaches supersaturation [START_REF] Dehairs | Discrete suspended particles of barite and barium cycle in the open ocean[END_REF][START_REF] Dymond | Can the aluminium and titanium contents of ocean sediments be used to determine the paleoproductivity of the oceans?[END_REF]Kenison Falkner et al., 1993;[START_REF] Mcmanus | Authigenic uranium: relationship to oxygen penetration depth and organic carbon rain[END_REF][START_REF] Gingele | Discrete barite particles and barium as tracers of paleoproductivity in South Atlantic sediments[END_REF][START_REF] Tribovillard | ARMELLE RIBOULLEAU 2006 Trace metals as paleoredox and paleoproductivity proxies: An update[END_REF]. Such values could indicate some preservation of barite in the Bahloul Formation implying the existence of a moderate rate of sulphate reduction at the water-sediment interface. [START_REF] Mcmanus | Geochemistry of barium in marine sediments: implications for its use as a paleoproxy[END_REF] have combined Ba xs and U auth in order to evaluate the palaeoredox conditions at the bottom water where U auth =U total -(Th total /5) [START_REF] Myers | Understanding Jurassic organic-rich mudrocks-new concepts using gamma ray spectrometry and palaeocology: examples from the Kimmeridge Clay of Dorset and the Jet Rock of Yorkshire[END_REF]. Basically, uranium is removed from seawater and migrates into organic-rich sediments [START_REF] Anderson | Concentration, oxidation state and particulate flux of uranium in the Black Sea[END_REF][START_REF] Barnes | Uranium removal in oceanic sediments and the oceanic U balance[END_REF][START_REF] Klinkhammer | Uranium in the oceans: where it goes and why[END_REF]. According to some authors (e.g. [START_REF] Algeo | Trace-element behavior and redox facies in core shales of Upper Pennsylvanian Kansas-type cyclothems[END_REF][START_REF] Mcmanus | Authigenic uranium: relationship to oxygen penetration depth and organic carbon rain[END_REF][START_REF] Tribovillard | ARMELLE RIBOULLEAU 2006 Trace metals as paleoredox and paleoproductivity proxies: An update[END_REF]) U auth enrichment does not occur in the water column, but takes place mainly in the sediment, while U auth may occur by the combination of iron and sulphate reduction (see [START_REF] Tribovillard | ARMELLE RIBOULLEAU 2006 Trace metals as paleoredox and paleoproductivity proxies: An update[END_REF], for a synthesis).

Tab 1. Major and trace elements normalized to Al, average shale calculated from [START_REF] Wedepohl | Environmental influences on the chemical composition of shales and clays[END_REF]Wedepohl ( , 1991) ) and [START_REF] Tribovillard | ARMELLE RIBOULLEAU 2006 Trace metals as paleoredox and paleoproductivity proxies: An update[END_REF]; and their average values.

The Bahloul Formation in all the five studied sections shows a U auth mean value of 1.22 with maxima reaching 4.54, 4.37 ppm and 4.14 at the Guern Halfaya, Bargou and Gafsa sections respectively (Tab. 1). U auth enrichment, when compared to the average shale value of 0.2 ppm [START_REF] Gromet | The ‗‗North American Shale Composite'': its compilation, major and trace elements characteristics[END_REF], may indicate a tendency towards anoxia at the water-sediment interface during Bahloul Formation deposition. However, at the Gafsa section, in southern Tunisia, this enrichment in U auth (up to 4.14 ppm) coincides with that of Ba xs (up to 387.51 ppm). In general, the results obtained for the five sections studied provide information suggesting low to moderate sulphate-reduction reactions at the watersediment interface.

V. DISCUSSION

V.1. The influence of primary productivity

Based on the geochemical indices used herein, it appears that the conditions during accumulation of the Bahloul Formation were most likely dysoxic to anoxic, inferred from V/(V+Ni) (Fig. 5), with possible intermittent periods of euxinic conditions. In addition, the Bahloul Formation is characterized by periods of relatively increased productivity. Generally, the -productivity‖ model of [START_REF] Pedersen | Anoxia vs. productivity: what controls the formation of organic-carbon-rich sediments and sedimentary rocks?[END_REF] can be applied where positive peaks of redox-sensitive (U and V) and productivity (Ba, Cu and Ni) markers are recorded. Increased surface water productivity causes bottom water anoxia by driving benthic oxygen demand to exceed supply through water column mixing. According to Algeo and Lyons (2005), [START_REF] Scopelliti | Highresolution geochemical and biotic records of the Tethyan ‗Bonarelli Level' (OAE2, latest Cenomanian) from the Calabianca-Guidaloca composite section, northwestern Sicily, Italy[END_REF] and [START_REF] Soua | Riverine influxes, warm and humid climatic conditions during the latest Cenomanian-early Turonian Bahloul deposition[END_REF], the primary productivity increase may have been induced by enhanced fluvial contribution. Eutrophication would occur in more proximal environments (see discussion in [START_REF] Shackleton | The trace metal content of recent organic carbon-rich sediments: Implications for Cretaceous black shale formation Palaeogeography[END_REF], such as North Africa (see Luning et al., 2004). The relative high concentration of terrigenous material in distal settings should have been enhanced by the marine transgression. Besides, the onset of anoxic conditions, recorded in the lower part of the Bahloul Formation, was not caused by surface productivity. So, it could be predicted that surface water productivity was not only triggering factor for reducing conditions during Bahloul Formation deposition. At Guern Halfaya and Kherij sections, the second productivity peak is recorded before the C/T boundary. Peaks of oxygen depleted conditions (Fig. 7B), inferred from Mo/Al ratio are as significant as those recorded in other sections and are observed a few centimeters above the C/T boundary at Jerissa and a few centimeters below the C/T boundary at Guern Halfaya. For distal and deeper parts of basins, the terrestrial influence is minimal and the concentration of terrigenous nutrients should be low. The source of nutrients has to be autochthonous and thus, most likely results from nutrients released from organic matter decomposition under reducing conditions. The anoxic conditions established during the latest Cenomanian (deposition of the lower part of the Bahloul Formation) would be triggered by a sudden primary productivity increase, coupled with sea-level rise. These anoxic conditions were probably the main cause for the initiation of reducing conditions and the productivity increase assumed for the remainder of the Bahloul Formation, which would have followed the onset of anoxic conditions in bottom water. Clastic influx proxies (mainly Ti and K) give information on nutrients released from emergent land areas that could be associated with the organic matter [START_REF] Kolonic | Geochemical characterization of Cenomanian/Turonian black shales from the Tarfaya Basin (SW Morocco)[END_REF][START_REF] Shackleton | The trace metal content of recent organic carbon-rich sediments: Implications for Cretaceous black shale formation Palaeogeography[END_REF].

V.2. Oxygen depletion

Oxygen depletion in bottom waters, recorded at some levels of the Bahloul Formation, could have been generated by increased productivity and high fluvial input, inducing better organic carbon (C org ) preservation, as indicated by high values of the V/(V + Ni) ratio and high Cr/Al values. Oxygen depletion at the water-sediment interface during the deposition of the Bahloul is also indicated by significant values of Mo/Al (Fig. 7B). Alternatively, the occasional occurrences of Oxygen Minimum Zone (OMZ) foraminiferal tracers in the lower and upper parts of the Bahloul Formation are observed within an interval of low V/(V + Ni). In this case, some authors [START_REF] Algeo | Trace-element behavior and redox facies in core shales of Upper Pennsylvanian Kansas-type cyclothems[END_REF][START_REF] Tribovillard | ARMELLE RIBOULLEAU 2006 Trace metals as paleoredox and paleoproductivity proxies: An update[END_REF] distinguished redox gradations in some sedimentary systems. Basically, through the Bahloul Formation the U and V enrichment and the absence of any Mo enrichment, cause suboxic/anoxic deposition without free H 2 S.. On the other hand, sediments exhibiting concurrent enrichment in U, V and Mo reflect euxinic conditions at the sediment-water interface [START_REF] Tribovillard | ARMELLE RIBOULLEAU 2006 Trace metals as paleoredox and paleoproductivity proxies: An update[END_REF].

V.3. Variation of detrital flux concentration

Variations in terrigenous material can be inferred from changes in the concentration of detrital flux -sensitive elements. [START_REF] Scopelliti | Highresolution geochemical and biotic records of the Tethyan ‗Bonarelli Level' (OAE2, latest Cenomanian) from the Calabianca-Guidaloca composite section, northwestern Sicily, Italy[END_REF] suggested that lower Ti/Al ratios concurrent with higher D* values reflect enhanced Ti-depleted fluvial contribution, during which aeolian dust, reflecting Ti-enriched contribution, diminished. In these conditions, enhanced humidity triggered increased fluvial input, induced sluggish circulation and consequently, reduced bottom-water ventilation that promoted a higher preservation rate of organic matter within the Bahloul Formation [START_REF] Soua | Riverine influxes, warm and humid climatic conditions during the latest Cenomanian-early Turonian Bahloul deposition[END_REF].

Using this model, one must point to the high V/(V +Ni), Cr and D* values with corresponding low Ti/Al in some levels of the Bahloul Formation (Fig. 5). As a consequence of the suggested circulation model, recycling of nutrients from deeper waters could coincide with enhanced siliceous, carbonate and organic matter production as inferred from relative high Si/Al ratio (mainly in the Bargou section) and CaCO 3 content (in the other locations). In addition, lower V/(V + Ni) ratios associated with Cr concentrations may infer an increase in the supply of oxygen to deep waters. This may correspond to times of relatively higher productivity, normal salinity and higher oxygenation. Thus, our results indicate that bottom-water oxygen depletion was periodic rather than continuous during Bahloul Formation deposition.

VI.

CONCLUSIONS Depth profiles of selected geochemical tracers for the Bahloul Formation are presented and interpreted. The following results have been highlighted:

-Geochemical tracers are used in terms of changes in detrital delivery to the sediment, primary productivity and basinbottom redox conditions during the time of Bahloul Formation deposition. -Selected crossplots, V/Cr, U/Th, V/(V+Ni) and Ni/Co are used to evaluate the oxic, dysoxic and anoxic levels within the Bahloul. Alternatively, V/(V+Ni) was used to determine the dysoxic, anoxic and even euxinic levels -Ba xs and U auth may indicate anoxic conditions at the water-sediment interface during the Bahloul Formation deposition and provide information about low to moderate sulphate-reduction reactions at the sediment-water interface, -Higher D* values concurrent with lower Ti/Al ratios are interpreted as being caused by enhanced fluvial run off, due to more humid climate during the OAE-2. -As a consequence of the efficient circulation model, recycling of nutrients from deeper waters could have been more marked and coincide with enhanced biogenic siliceous, carbonate and organic matter production as testified by relatively higher Si/Al in the lower part of the Bahloul Formation in several localities.

-Associated lower V/(V + Ni) ratios and Cr concentrations could reflect an increase in the oxygen supply to deep waters resulting in enhanced sinking organic matter to be oxidized.
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 1 Fig. 1. Facies and thickness of the organic-rich Late Cenomanian-Early Turonian and age of equivalent units in Tunisia and eastern Algeria.
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 2 Fig.2. Lithology, foraminiferal biozonation and biostratigraphical correlations between the studied three sections. Lithology legend 1. Black shales, 2. Shaly limestone, 3. Limestone, 4. Siliceous limestone to black shales, 5. Clayey limestone, 6. Shales.
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 3 Fig. 3. Evolution of normalized metal concentrations across the Bahloul Formation in the Bargou, Gafsa, Guern Halfaya, Khrij and Jerissa sections.
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 4 Fig. 4. continued
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 56 Fig. 5. A. Distribution of Ba xs and U auth at three sections interpreted as indicating anoxic conditions at the water-sediment interface during the Bahloul Fm deposition. B. Distribution and correlation of values of geochemical proxies (D*, V/(V+Ni), Cr, Ba and Ti/Al) throughout two distant Bahloul sections. Fig. 6. Crossplots of redox indices. V/(V+Ni) vs. U/Th, V/Cr vs. U/Th, Ni/Co vs. U/Th, and V/Cr vs. Ni/Co.
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 7 Fig. 7. A. Comparison of enrichment factor of some trace metals (V, U, Cu, Ni, Ba, Cr, Mo and Mn) for the Bahloul Fm of the five studied sections. B. Correlation of the Mo/Al ratio values between Guern Halfaya and Jerissa sections.
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