Sedimentology, diagenesis, sequential analysis and clay mineralogy of a phosphatic series in shallow marine environments of the Lower Eocene deposits in the Southern Tethysian margin: case study of the Gafsa Basin, Southern Tunisia.
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Abstract
Facies analysis based on microscopic investigation of limestones and the pick of washed clays led to the recognition of five main facies organized into 2 transgressive cycles. Lateral evolution of facies exhibits a gradual transition from intertidal to circatidal environments summarized in a carbonate ramp model: Homoclinal ramp under the control of synsedimentary faults and, episodically, swept by upwelling currents.
Phosphogenesis indicates that early diagenetic organic-matter degradation can be a source of authigenic phosphate during the first stage of transgression. The concentration of phosphate was under the control of hydrodynamic processes as testified by angular unconformities, erosive surfaces, current structures and reworked clasts. 
Clay paragnesis shows the presence of clinoptilolite and dolomites inferring to containment conditions. The richness of the Lower part in smectites advocates the transgressive trend of the Chouabine Formation. This transgression is associated to upwelling currents providing nutrients and permitting therefore the fauna blooming and phosphate genesis. On the other hand, the presence of igneous minerals advocates a volcanic activity during the Lower Eocene and suggests an additional phosphorous supply. 
Phosphate genesis seems under the control of sea level changes. It began with the Upper LST where diagenetic processes allow the dissolution of fauna remains (bones and fish teeth) and authorized a prelude precipitation of authigenic phosphates. During the TST stage, transgression was associated to upwelling currents, which enable fauna blooming and sedimentation of authigenic phosphate within the minimum oxic zone. During the HST, the sea level fall permitted a migration of the depositional environments. The occurrence of tidal currents sweeping the deposits allowed phosphate concentration and deposition in troughs.
Based on vertical evolution of facies, the Chouabine Formation is formed by the stacking of three term sequences composed of marls, phosphates and carbonates. This hierarchical organization suggests rhythmic oscillation of the sea level, at least, caused by cyclic perturbations of the Earth’s orbit.
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