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Introduction

Various types of clastic and mixed clastic-carbonate deposits represent the transition from the pre-Hercynian and Hercynian Palaeozoic formations and the marine Khuff carbonate in Saudi Arabia. Due to sedimentary and erosional hiatuses, the complexity of this sedimentation is particularly reinforced near the outcrop and on top of the Central Arabian Arch or of the Rayn Plate. Therefore, age and lithostratigraphic assignments of the litho-units resting underneath the Khuff carbonate are often uncertain or questionable. In order to avoid unconsidered assignments to a particular formation of these sediments prior to any critical analysis of the retained criteria, this study proposes a review of typical uncertainties and proposals of clarification. 

D. Vaslet and Y.-M. Le Nindre in Delfour et al. (1982) subdivided the Khuff Formation in outcrop into five litho-sequential members: Unayzah, Huqayl, Duhaysan, Midhnab and Khartam, from type localities in Central Arabia near the type section at Khuff. To avoid confusion with the “Unayzah Formation” (A, B, C members) previously defined in subsurface, this interval, also named “Basal Khuff Clastics” or “Khuff E” (Al-Jallal, 1995) was renamed Ash-Shiqqah Member by Senalp (Senalp and Duaiji, 1995). 
In the framework of the geological mapping of the cover-rock at a scale 1:250,000 (BRGM-DMMR, Figure 1), a set of lithostratigraphic sections along the outcrop belt from latitudes 20°N to 28°N show various modalities of contact between the marine Huqayl Member and the basement, or lower Palaeozoic formations through:

· A Lateritic paleosoil,

· The Ash-Shiqqah Member (former ‘Unayzah Member’),

· Khuff D and Mid Anhydrite,

· The Unayzah Formation,

·  Other formations, tentatively assigned to Saq Sandstone, to other Palaeozoic sandstones.

In fact, uncertainties affect these assignments in several points. Not all is known in outcrop about the transition between the Pre-Unayzah Unconformity (PUU), and the Pre-Khuf Unconformity (PKU) or the ‘Pre-Wasia’ unconformity (= Pre-Majmah Unconformity PMU, Le Nindre et al., 2008) where it rests directly on the Palaeozoic, in particular about existence of the Unayzah Formation. 

Lateritic Paleosoil

It was described by D. Vaslet in Delfour et al. (1982) in the Ad-Dawadimi Quadrangle, then generalised by Vaslet et al. (2005) with a certain extent between latitudes 23°45’N (Al-Mizal)  and 27°10’N (Jal al-Khuffiyat). As it has been mapped, the lateritic paleosoil, although at the base of the Khuff Formation was in fact observed on pre-Unayzah formations as parent rocks (Figure 1). Therefore, there is no certainty regarding its age, and, as it is, it reflects more a pedogenesis on the pre-Unayzah unconformity surface than the pre-Khuff unconformity.

Ash Shiqqah Member

The Ash Shiqqah Member (cf. Basal Khuff Clastics/E Member) has to be differentiated from the Unayzah Formation in outcrop. First of all, users are easily confused by the dual nomenclature “Unayzah Member” (now obsolete) defined in outcrop near the town Unayzah, and the underlying “Unayzah Formation”, defined in subsurface (e.g. Al-Laboun, 1987). The main point is that, the Unayzah Formation, rarely found or characterized, was not definitely identified in outcrop in spite of the assignment of the lower portion of the Unayzah section (bearing flora) to the Unayzah Formation sensu subsurface by Vaslet et al. (2005). This question needs a discussion based on field evidence, biostratigraphic results, and regional correlation. 

Khuff D and Mid Anhydrite

It is remarkable to observe the difference of facies between the former ‘Unayzah Member’ in the north and in the south of the Central Arabian Arch as shown by the mapping of the 1:250,000 quadrangles at the periphery of the shield. In the north (Ad-Dawadimi, Al-Faydah and Buraydah quadrangles), the basal member of the formation consists of red shale, pink/brown Mn dolomite and small-scale sandstone channels of marsh environments, similar to the definition of the Khuff E/Basal Khuff Clastics. In the south (Ar-Rayn and Al-Mulayh quadrangles), it consists of green shale and light grey dolomite with abundant gypsum, of playa/sabkha environment, similar to the description of the Khuff D/Mid Anhydrite, interpreted as on-lapping the shield (Vaslet et al., 2005).

Unayzah Formation

A map of the extent of the Unayzah Formation was published by Konert et al. (2001). Its correlation with the outcrop suggests very few exposed occurrences including the Unayzah type locality, already discussed, in the Qasim area. Based on several arguments, geometric, biostratigraphic, sedimentologic, geophysical, or on heavy minerals (Knox et al., 2010) new occurrences of this formation in outcrop could be demonstrated in scattered places all along the outcrop belt; in particular in the case of sandstone on sandstone contacts, so-far undifferentiated by accurate sedimentologic studies.

Basement Paleo-topography

Detailed surveys by Le Nindre et al. (1983) of the cover-rock basement contact in Central Saudi Arabia have shown various modalities of transition between the Upper Proterozoic basement and the Khuff carbonate. In particular, underlying the Mn dolomite of the Ash Shiqqah Member, sandstone bodies, fill the paleo-topographies. On the Ar-Rayn Quadrangle (Vaslet et al., 1983) they were assigned by default to the Saq Sandstone, assuming a continuous extent of the formation from the north up to the paleorelief (Figure 2). In fact, from Cambrian–Ordovician to Late Permian, several scenarios are theoretically possible.

Conclusions

Modes of contact between the Proterozoic basement in central Arabia, or pre-Unayzah Palaeozoic formation, and the transgressive Khuff formation are various, and complex in outcrop. This is due to multiple unconformities, hiatuses, palaeo-topographies, and stacking of mostly undated clastic deposits. Detailed sedimentologic studies, biostratigraphic analysis and accurate comparisons all along the outcrop belt, would be very fruitful to develop the knowledge of this interval, reduce uncertainties, and aid correlation for reservoir exploration and characterisation.
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Figure 1: Pre-Khuff unconformity in Central Saudi Arabia with an index map of the BRGM-DMMM1 1:250,000 mapping programme (Vaslet et al., 2005, reprinted by permission of GeoArabia). 
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Figure 2: Infra Khuff sandstones (brown) filling paleo-reliefs of volcanic rocks (black) of the Upper Preoterozoic basement. Ar-Rayn quadrangle (Vaslet et al., 1983). Photo Le Nindre (2010).
