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The Jurassic/Cretaceous boundary in Lebanon. Revision of the Salima Formation
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In Lebanon and neighbouring countries, the Jurassic/Cretaceous boundary was conventionally located at the boundary between "uppermost Jurassic" limestones, below, and "Neocomian" sandstones, above. A holostratigraphic approach based on micropalaeontology, macropaleontology, sedimentology, and sequence stratigraphy helps to redefine it more accurately. Due to the lack of any evidence for the occurrence of Berriasian strata, the hiatus related to erosion and non-deposition is there assumed to span the Berriasian, and possibly the upper Tithonian and the lower Valanginian.

The Salima Formation consists of a lower marly member of late Jurassic age and an upper oolitic member of early Cretaceous age. The upper member becomes a formation in its own right and keeps the name Salima. In turn, the lower member represents a new, still unnamed formation.

Introduction

In Lebanon, the Jurassic/Cretaceous boundary has long been regarded as the unconformity located at the base of the continental deposits represented by the Lebanese Sandstones that overly yellow-ochre marls and oolitic limestones, known as the Salima Limestones, or older grey limestones, known as the Bikfaya Limestones. However, recent investigations in the area [START_REF] Granier | Some steps toward a new story for the Jurassic -Cretaceous transition in Mount Lebanon[END_REF] have suggested that the system boundary could be found within the Salima Formation, on top of its lower marly member at the base of its upper oolitic member. Special attention is given here to this lithostratigraphic unit in terms of sedimentology and paleontology.

Stratigraphical background

The late Louis Dubertret (1904Dubertret ( -1979)), once the director of the "Asie" section of the "Lexique Stratigraphique International" published by the "Centre National de la Recherche Scientifique" on behalf of the "Sous-Commission du Lexique Stratigraphique" of the "Commission de Stratigraphie" of the "Union Internationale des Sciences Géologiques" and the main contributor to most geological maps of Lebanon (LaMoreaux, 1985), is undoubtedly the father of Levantine stratigraphy.

However, although his work remains the basis of any geological contribution in Lebanon, his stratigraphic concepts are outdated and his contribution requires consideration in a geohistorical context. Regarding the Jurassic-Cretaceous transition, [START_REF] Dubertret | Notice explicative de la Carte géologique du Liban au 200.000 e[END_REF][START_REF] Dubertret | A. Liban et Syrie. Chaîne des grands massifs côtiers et confins à l'Est[END_REF] and his followers [START_REF] Saint-Marc | Le passage Jurassique -Crétacé et le Crétacé inférieur de la région de Ghazir (Liban central). In: Stratigraphie du Mésozoïque[END_REF][START_REF] Walley | The lithostratigraphy of Lebanon[END_REF][START_REF] Nader | The geology of Lebanon[END_REF] identified an uppermost Jurassic, either as "Tithonique" (quoting [START_REF] Zumoffen | Géologie du Liban. Carte géologique au 200.000 e en couleurs[END_REF] or "Portlandien" (quoting [START_REF] Heybroek | La géologie d'une partie du Liban Sud. Thesis[END_REF], which corresponds to today's Tithonian-Berriasian, and a lowermost Cretaceous as "Néocomien" (quoting [START_REF] Douvillé | Études sur les rudistes : Rudistes de Sicile, d'Algérie, d'Égypte, du Liban et de la Perse[END_REF], which corresponds to today's Valanginian-Barremian, because those were the prevailing views of most French geologists at the time. In addition, the captions of the Lebanese geological maps refer to mappable units that he defined, which are mostly facies-driven units, but the ages of which were commonly ascribed without strong biostratigraphic evidence. For instance, at Bikfaya (Matn District, Mount Lebanon Governorate), the uppermost Jurassic interval comprises from base to top the "Niveau volcanique de Bhannès" [volcanic layers], labelled βj in all geological maps, which is overlain by the grey limestones of "Falaise de Bikfaya" [cliff], labelled J6, which are in turn overlain by the yellow-ochre "Calcaires de Salima" [limestones], labelled J7. J6 and J7 were respectively ascribed Kimmeridgian and "Portlandien" (i.e., Tithonian-Berriasian) ages. At Bikfaya, the lowermost Cretaceous interval supposedly started with the "Grès du Liban" [sandstones], labelled C1 in all geological maps, and ascribed a "Néocomien" age (i.e., Valanginian-Barremian; see Granier et al., 2016, and references therein). The next units upwards consisting of dominantly yellowish grainy limestones and white muddy limestones, known as "Falaise de Blanche", are respectively ascribed "Aptien inférieur" (i.e., early Aptian) and "Aptien supérieur" (i.e., late Aptian) ages, and labelled C2a and C2b. The C2 as a whole was recently revised [START_REF] Maksoud | Revision of "Falaise de Blanche" (Lower Cretaceous) in Lebanon, with the definition of a Jezzinian Regional Stage[END_REF][START_REF] Maksoud | Redéfinition de la Formation crétacée de Blanche au Liban par une étude taxinomique micropaléontologique[END_REF]. Most of it is now identified as a discrete unconformity-bounded unit and a regional stage, i.e., the Jezzinian, and it is ascribed a latest Barremian to early Bedoulian (i.e., the earliest Aptian) age.

Similarly, J7 and C1 require some biostratigraphical clarifications.

The contribution of [START_REF] Ferry | Relations entre les marges septentrionale et méridionale de la Téthys au Crétacé [Relations between the northern and southern margins of the Tethys ocean during the Cretaceous period[END_REF] is noteworthy in the sense that it is the first to introduce unconformity bounded "formations" for the whole Lower Cretaceous and to provide a stratigraphic log rather close to our views. The Salima (both its lower and its upper members) is ascribed to the (? Berriasian -) Valanginian, and the "Chouf" Sandstones (i.e., the Lebanese Sandstones) to the Barremian, whereas the next two units, the "Jeita" and the "Jezzine" formations, are considered early Aptian in age. The only weakness of this model is that it was biostratigraphically poorly constrained.

Material and methods

This work involved analysing or revising tens of petrographic thin sections of limestones from some key localities presently preserved in various collections (see Supplementary Material): A) material collected by Toland, stored at Oolithica Geoscience Ltd., Cheltenham (United Kingdom), B) material collected by Azar, Gèze, Granier and Maksoud, which is stored at the Natural History Museum of the Lebanese University, Faculty of Science II, Fanar El-Matn (Lebanon), and C) material collected by the already named investigators, as well as by Dubertret and Vautrin, which is stored at the "Laboratoire de Paléontologie de Brest" of the "Université de Bretagne Occidentale", Brest (France): see Appendix. The key microfossils were systematically identified and photographed under an Olympus SZX7 stereo microscope with a 5.6X zoom magnification.

Three localities, all located in the Mount Lebanon Governorate, were revisited (Fig. 1). They consist of two historical sections: 1) Ain El Qach, near Bikfaya [START_REF] Wetzel | Notice explicative de la Carte géologique du Liban au 200.000 e[END_REF][START_REF] Toland | A sequence stratigraphic reference section for the Tithonian of Lebanon[END_REF][START_REF] Noujaim-Clark | Larger benthic foraminifera and calcareous algae of the Upper Kesrouane Limestone Formation (Middle/Upper Jurassic) in Central Lebanon: stratigraphy, sedimentology and regional synopsis[END_REF]: GPS coordinates 33°55'20"N, 35°42'40"E; 33°55'20.4"N, 35°42'29.1"E, and 2) Arsoun (Fig. 2): GPS coordinates 33°51'55.0"N 35°41'22.0"E; 33°51'54.0"N, 35°41'27.0"E, and 3) one site at Chouwaiya, near Bikfaya: GPS coordinates 33°55'14.52"N, 35°42'46.88"E, which was investigated for macrofossils (mostly brachiopods).

Microbiostratigraphy

Thin sections labelled Dubertret or Vautrin, one of his collaborators, are found in the Cuvillier Collection, which suggests that Dubertret sent some material for study to Cuvillier. However, Dubertret never quoted foraminifers identified by Cuvillier; he trusted the macrofossils much more than the microfossils.

The uppermost Jurassic [START_REF] Saint-Marc | Étude géologique de la région d'Hermel (Liban septentrional)[END_REF], 1980), a former student of Cuvillier's school of micropaleontology at Sorbonne University ("Université Pierre et Marie Curie, Paris VI"), stated that "le Portlandien n'a pas pu être caractérisé au Liban" [the Portlandian stage was not identified in Lebanon]. Although he was the first micropaleontologist to pay attention to the uppermost Jurassic foraminifers of Lebanon, his specimens were not illustrated. [START_REF] Chatta | Jurassique supérieur du nord de l'Anti-Liban (Syrie), stratigraphie et sédimentologie[END_REF], who prepared and defended a thesis in another laboratory at Sorbonne University, was the first to illustrate some uppermost Jurassic microfossils from the Anti-Lebanon in Syria: foraminifers, e.g., Alveosepta sp. (Chatta, 1980: Pl. 9, fig. 2) and Kurnubia palastiniensis Henson (Chatta, 1980: Pl. 9, fig. 3;Pl. 10, fig. 2), and Dasycladalean algae, e.g., Aloisalthella sulcata (Alth) (Chatta, 1980: Pl. 10, fig. 1) and Otternstella lemmensis (Bernier) (Chatta, 1980: Pl. 9, fig. 5 pars). His microfossil assemblage is not younger than the Kimmeridgian, as is also the case for the Jurassic of the Syrian Coastal Chain [START_REF] Mouty | Le jurassique de la Chaîne côtière (Jibal As-Sahilyeh) de Syrie : Essai de biozonation par les grands foraminifères[END_REF]. [START_REF] Noujaim-Clark | Larger benthic foraminifera and calcareous algae of the Upper Kesrouane Limestone Formation (Middle/Upper Jurassic) in Central Lebanon: stratigraphy, sedimentology and regional synopsis[END_REF] document some upper Jurassic foraminifers from Mount Lebanon in Lebanon. However, many of their identifications proved either wrong, cautious, or biostratigraphically irrelevant (see [START_REF] Granier | Some steps toward a new story for the Jurassic -Cretaceous transition in Mount Lebanon[END_REF]Granier, 2019c). The most recent micropaleontological contributions to the uppermost Jurassic and lowermost Cretaceous of Lebanon can be found in [START_REF] Veltz | Le passage jurassique crétacé au Liban[END_REF] and [START_REF] Granier | Some steps toward a new story for the Jurassic -Cretaceous transition in Mount Lebanon[END_REF].

The micropaleontological characterization of the J6 and time-equivalent lithostratigraphic units and their ascription to the upper Kimmeridgian is easy due to the identification of an assemblage consisting of foraminifers, e.g., Alveosepta spp. (Chatta, 1980: Pl. 9, fig. 2;Veltz, 2008: Fig.97.f-g) and Kurnubia palastiniensis Henson (Chatta, 1980: Pl. 9, fig. 3;Pl. 10, fig. 2), and of Dasycladalean algae, e.g., Aloisalthella sulcata (Alth) (Chatta, 1980: Pl. 10, fig. 1), Campbelliella striata (Carozzi) (Granier et al., 2016: Pl. 3, figs. 1-2), Otternstella lemmensis (Bernier) (Veltz, 2008: Fig.97.i), Rajkaella laskarevi (Bernier) (Granier et al., 2016: Pl. 3, figs. 3-4), and Salpingoporella annulata Carozzi (Veltz, 2008: Fig. 97.c).

As for the J7, although [START_REF] Noujaim-Clark | Larger benthic foraminifera and calcareous algae of the Upper Kesrouane Limestone Formation (Middle/Upper Jurassic) in Central Lebanon: stratigraphy, sedimentology and regional synopsis[END_REF] claim that they date their Salima Formation to be Berriasian in its lower part and Valanginian in its upper part, which actually was not part of the original Salima Formation. Again many identifications proved either wrong or biostratigraphically irrelevant (see [START_REF] Granier | Some steps toward a new story for the Jurassic -Cretaceous transition in Mount Lebanon[END_REF]Granier, 2019c). For instance, they ascribe to the calcitic species "Neotrocholina valdensis Reichel" specimens of the formerly aragonitic genus Coscinoconus (Noujaim-Clark and BouDagher-Fadel, 2001: Pl. 2, figs. 12, 15). To a lesser degree, Granier et al. (2016: Pl. 4, figs. 15, 18-19, 42-45; herein Fig. 3.T) have also misidentified as Neotrocholina valdensis Reichel specimens that were reascribed with a question mark to ? Ichnusella infragranulata (Noth) in the recent reappraisal of the genus Neotrocholina Reichel [START_REF] Rigaud | The foraminiferal genus Neotrocholina Reichel, 1955 and its less known relatives: A reappraisal[END_REF]. The total ranges of Neotrocholina and Ichnusella species are still poorly constrained; both genera are known from Upper Jurassic and Lower Cretaceous strata [START_REF] Rigaud | The foraminiferal genus Neotrocholina Reichel, 1955 and its less known relatives: A reappraisal[END_REF]. The situation is not better with Coscinoconus and Frentzenella (Fig. 3.J-N) species [START_REF] Rigaud | Taxonomy and phylogeny of the Trocholinidae (Involutinina)[END_REF], and with Nodosarioidea species, cf. Cytharina sp. (Fig. 3.A-D) and cf.

Lenticulina sp. (Fig. 3.E-I). However, from the lower marly member [START_REF] Toland | A sequence stratigraphic reference section for the Tithonian of Lebanon[END_REF] identified Cylindrella insueta (Řehánek) (Granier et al., 2016: Fig. 2.A), a marker for the lower-middle Tithonian and the sole genuine identification of this stage in Lebanon. In addition, from the upper oolitic member, Granier et al. (2016: Pl. 4, figs. 5-7;herein Fig. 3.U-W) reported Protopeneroplis ultragranulata (Gorbatchik), a foraminifer ranging in age from the late Tithonian to the Barremian [START_REF] Bucur | Les représentants du genre Protopeneroplis Weynschenk dans les dépôts du Crétacé inférieur de la zone de Reşiţa-Moldova Nouă (Carpathes méridionales, Roumanie)[END_REF]Granier, 2019a).

In conclusion, the lower member of the Salima Formation is Tithonian in age whereas, on the sole basis of the microfossils, the upper member is late Tithonian or much younger (in any case, not younger than Barremian).

The lowermost Cretaceous

The continental Lebanese Sandstones are mostly barren red shales, sands and sandstones.

However, some calcareous and marly palustrine and lacustrine layers occur; they bear Ostracoda and Charophyta [START_REF] Grambast | Une flore de Charophytes du Crétacé inférieur du Proche-Orient. Naturalia monspeliensia[END_REF][START_REF] Granier | New fossiliferous sites with Barremian Charophyta in the "Grès du Liban " auct. (Lebanon), with a critical perspective regarding the nature of Munieria Deecke[END_REF], and Choffatella gr. decipiens Schlumberger (Fig. 3.O), which is restricted to the palustrine facies. The "Salpingella sp." of Veltz Considering the recent dating [START_REF] Maksoud | Revision of "Falaise de Blanche" (Lower Cretaceous) in Lebanon, with the definition of a Jezzinian Regional Stage[END_REF][START_REF] Maksoud | Redéfinition de la Formation crétacée de Blanche au Liban par une étude taxinomique micropaléontologique[END_REF] of the unconformitybounded unit that overlies the Lebanese Sandstones, i.e., the Jezzinian, the lowermost Cretaceous unit could not be younger than Barremian (and not older than late Tithonian-Berriasian). However, a significant breakthrough in the dating of the Lebanese Sandstones was the finding of a few marine limestones with Balkhania balkhanica Mamontova (Granier et al., 2016: Fig. 15;Pl. 6, figs. 1-7; herein Fig. 3.P-Q) and high-spired Coscinoconus sp. (Granier et al., 2016: Pl. 5, figs. 14-20; herein Fig. 3.R), near their base at Bkâatouta (Keserwan District, Mount Lebanon Governorate).

Subsequently, the Lebanese Sandstones are now ascribed a Barremian age.

Revision of the Salima Formation

The Salima Formation was originally defined at Bikfaya [START_REF] Wetzel | Notice explicative de la Carte géologique du Liban au 200.000 e[END_REF]. The type area was subsequently revisited by [START_REF] Toland | A sequence stratigraphic reference section for the Tithonian of Lebanon[END_REF], [START_REF] Noujaim-Clark | Larger benthic foraminifera and calcareous algae of the Upper Kesrouane Limestone Formation (Middle/Upper Jurassic) in Central Lebanon: stratigraphy, sedimentology and regional synopsis[END_REF][START_REF] Noujaim-Clark | Larger benthic foraminifera and calcareous algae of the Upper Kesrouane Limestone Formation (Middle/Upper Jurassic) in Central Lebanon: stratigraphy, sedimentology and regional synopsis[END_REF][START_REF] Granier | Some steps toward a new story for the Jurassic -Cretaceous transition in Mount Lebanon[END_REF]. According to Noujaim-Clark and BouDagher-Fadel (2001: Fig. 5), the J7 Salima Formation, which lies between the J6 Bikfaya Limestones below and the C1 Lebanese Sandstones above, can be subdivided into 5 informal subunits, with from base to top: A) subunit 1 (43 m) made of chocolate shales, ochre-grey marls, and ochre grainy limestones, B) subunit 2 (29 m) comprised of some weathered basaltic intervals, C) subunit 3 (20m) made of ochre oolitic limestones, D) subunit 4 (~ 25 m) made of grey-green and red clays, which possibly result of the weathering of volcanic rocks, and E) subunit 5 (20 m) made of ochre oolitic limestones with sand-sized quartz grains. They ascribe their subunits 1-3 to the Berriasian, and their subunits 4-5 to the Berriasian-Valanginian. In contrast, most authors (e.g., [START_REF] Toland | A sequence stratigraphic reference section for the Tithonian of Lebanon[END_REF][START_REF] Granier | Some steps toward a new story for the Jurassic -Cretaceous transition in Mount Lebanon[END_REF] believe subunits 1-3 are equivalent to the Salima Formation whereas subunits 4-5 are parts of the Lebanese Sandstones. Toland (2000: Fig. 4, from 61.1 m to 123.85 m) considers the Salima Formation as a single transgressive-regressive cycle. However, he raises the possibility that its upper part (from 100 to 123.85 m) "could represent a forced regressive wedge systems tract, bounded below by a basal surface of forced regression" [START_REF] Toland | A sequence stratigraphic reference section for the Tithonian of Lebanon[END_REF].

In the lower part of the Salima sequence, microfacies are dominantly mudstones and bioclastic wackestones with sponge spicules and Permocalculus debris. By contrast, in the upper part of the Salima sequence, microfacies are dominantly well-sorted oolitic grainstones and macrofacies that display cross-bedding indicative of high-energy shallow-water environments. These ooids are calcitic with radial to concentric structures.

In the lower part of the Salima sequence, microfossils [e.g., Cylindrella insueta (Řehánek) (Granier et al., 2016: Fig. 2.A), cf. Gemeridella minuta Borza & Mišík [START_REF] Granier | Some steps toward a new story for the Jurassic -Cretaceous transition in Mount Lebanon[END_REF]: Fig.

2.E)]

, and macrofossils (i.e., Phylloceras salima [START_REF] Krumbeck | Die Brachiopoden-und Molluskenfauna des Glandarienkalkes[END_REF]; Nautilus turcicus [START_REF] Krumbeck | Die Brachiopoden-und Molluskenfauna des Glandarienkalkes[END_REF], originally collected by Zumoffen and later described by Krumbeck in his 1905 memoir on the brachiopods and mollusks of Lebanon) are indicative of open marine environments. Again, by contrast, in the upper part of the Salima sequence, microfossils (Coscinoconus, Frentzenella, Ichnusella, Cytharina, Lenticulina, undetermined Lituolidae, etc.) are indicative of shoal environments that correspond to a "significant downward shift of facies", hence "a huge relative sea-level fall followed by a transgression" [START_REF] Granier | Some steps toward a new story for the Jurassic -Cretaceous transition in Mount Lebanon[END_REF].

According to the International Stratigraphic Guide (Hedberg, ed., 1976), "the union of adjacent strata separated by regional unconformities or major hiatuses into a single lithostratigraphic unit should preferably be avoided". The Salima Formation as amended is restricted to the upper part of the former Salima Formation, whereas the lower part of the same former interval corresponds to an "unnamed formation".

Regarding the age of the amended Salima Formation and the duration of the hiatuses at its bounding unconformities, [START_REF] Granier | Some steps toward a new story for the Jurassic -Cretaceous transition in Mount Lebanon[END_REF] retained 3 hypotheses:

• A) the Salima is lower Valanginian (by analogy with the Vuache Formation in the Jura Mountains, see [START_REF] Strasky | Harmonising the Swiss lithostratigraphic nomenclature[END_REF]. The hiatus below corresponds to the upper Tithonian-Berriasian whereas the hiatus above is upper Valanginian-Hauterivian,

• B1) the Salima is upper Tithonian. The hiatus below is intra-Tithonian whereas the hiatus above is upper Berriasian-Hauterivian,

• B2) the Salima is Berriasian. The hiatus below is upper Tithonian whereas that above is

Valanginian-Hauterivian,

The option A was then the favourite, because it fits with a well-known transgressive episode in the Tethys area (Granier, 2019a(Granier, , 2019d)). However, in this case, micropaleontology could not help to definitely validate it.

The Salima Brachiopods

Brachiopods were collected in the oolitic limestones of the Salima Formation by Ferry at Faraya (Kesrouan District, Mount Lebanon Governorate) and studied by one of us (Alméras and Ferry, work in progress), as well as by people from our group at Chouwaiya, near Bikfaya (Matn District, Mount Lebanon Governorate). Our assemblage comprises Lamellaerhynchia hauteriviensis Burri (Fig. 4.A-B), Loriolithyris cf. latifrons (Pictet) (Fig. 4.C-F), and Terebratulina biauriculata Orbigny (Fig. 4.G-J). According to one of us (Y.A.), it is characteristic of the Valanginian more specifically of the upper Valanginian, e.g., a fauna found in the Grand Essert Formation of the Jura Mountains [START_REF] Strasky | Harmonising the Swiss lithostratigraphic nomenclature[END_REF]. This new dating invalidates all previous hypotheses.

Larger regional stratigraphic framework

The biostratigraphic resolution of the Upper Jurassic -Lower Cretaceous interval in the neighbouring countries (Syria, Jordan, Israel-Palestine, Egypt), if any, is not better constrained than it was for Lebanon before our team started investigating it [START_REF] Maksoud | Revision of "Falaise de Blanche" (Lower Cretaceous) in Lebanon, with the definition of a Jezzinian Regional Stage[END_REF][START_REF] Maksoud | Redéfinition de la Formation crétacée de Blanche au Liban par une étude taxinomique micropaléontologique[END_REF][START_REF] Granier | New fossiliferous sites with Barremian Charophyta in the "Grès du Liban " auct. (Lebanon), with a critical perspective regarding the nature of Munieria Deecke[END_REF][START_REF] Granier | Some steps toward a new story for the Jurassic -Cretaceous transition in Mount Lebanon[END_REF].

The uppermost Jurassic sediments immediately below the Cretaceous unconformity, dominantly limestones, dolostones and marls, are ascribed various ages depending on their location. However, they are never proven to be younger than the late Kimmeridgian, for instance: 1) in Israel-Palestine (e.g., "Upper Oxfordian/Pseudocyclammina jaccardi Zone", uppermost Halutsa Formation in Galilee: [START_REF] Maync | Microbiostratigraphy of the Jurassic of Israel[END_REF], they are actually late Kimmeridgian in age, 2) in Syria (e.g., Alveosepta jaccardi Zone, Nasirah Formation in the Coastal Chain: [START_REF] Mouty | Le jurassique de la Chaîne côtière (Jibal As-Sahilyeh) de Syrie : Essai de biozonation par les grands foraminifères[END_REF], and "Calcaire de Batroun" in the Mount Hermon area: [START_REF] Mouty | Le Jurassique du Mont Hermon (Anti-Liban) : Découverte de Trias et de Lias[END_REF] and in both cases they are late Oxfordian-Kimmeridgian in age.

As in the case of the Lebanese occurrence of Anchispirocyclina lusitanica (Egger), a marker of the Tithonian-early Berriasian (Granier, 2019a), its record in Syria (Kuznetsova et al., 1996: Pl. IX, fig. 1;Pl. XXI, fig. 3) probably consists of a misidentification as already pointed out by [START_REF] Mouty | Le jurassique de la Chaîne côtière (Jibal As-Sahilyeh) de Syrie : Essai de biozonation par les grands foraminifères[END_REF][START_REF] Mouty | Le Jurassique du Mont Hermon (Anti-Liban) : Découverte de Trias et de Lias[END_REF].

The Lower Cretaceous sediments immediately below an unconformity, dominantly sands, sandstones and shales, but comprising locally some limestones, correspond to the Kurnub Group, the lower part of which is ascribed various ages depending on the authors and the countries.

However these age ascriptions are never well constrained. For instance, according to Amireh (1997), the Kurnub Group "apparently spans the entire Early Cretaceous Epoch due to its stratigraphic position between the Jurassic and Late Cretaceous carbonates". This situation results from the scarcity of paleontologic information from these facies characteristic of fluvial, estuarine, and coastal environments, including palynological information. As for Israel, for instance, [START_REF] Brenner | Palynology and age of the Lower Cretaceous basal Kurnub Group from the Coastal Plain to the northern Negev of Israel[END_REF] introduced a new palynological zone based on Bullasporis bifidum n.sp. and Klukisporites scaberis Cookson et Dettmann, which was then ascribed a late Valanginian-late Hauterivian range. This ascription, which was very tentative, is unreliable because the first form was newly described and the second form is a long-ranging one. Amireh (1997: Table 2) suggests that the base of the Kurnub Group or its equivalent are Barremian in Egypt (Sinai) and Israel-Palestine (Negev-Naqab), Hauterivian in N Jordan, and Valanginian in Lebanon, with hiatuses of the Berriasian-Hauterivian, Berriasian-lower Hauterivian, and Berriasian respectively for the "Cretaceous", but none of these ascriptions comes with reliable biostratigraphic data supporting it.

Note that, in Jordan, strata below the Cretaceous unconformity can be Jurassic or much older, even Cambrian in age (Amireh, 2000: Figs. 1-2).

As regards the Salima Formation, on the basis of lithostratigraphy and paleogeography, it is suggested here that its oolitic facies is probably restricted to the western side of the Arabian plate.

Accordingly, the newly revised Lebanese unconformity bounded unit could correspond to the "oolitic limestones" of the Unit L.Cr.II in Israel (Heletz field in Reiss' diagram, 1961) or Mash'en Limestone (Kokhav 2 well in [START_REF] Brenner | Palynology and age of the Lower Cretaceous basal Kurnub Group from the Coastal Plain to the northern Negev of Israel[END_REF], a subsurface unit also labelled "Problematic zone" [START_REF] Maync | Microbiostratigraphy of the Jurassic of Israel[END_REF][START_REF] Derin | Jurassic microfacies of Israel[END_REF]. 

Conclusions

The amended Salima Formation, the Lebanese Sandstones, and the Jezzinian are the first three unconformity bounded units of the Lower Cretaceous in Lebanon:

• the hiatus at the unconformity at the base of the amended Salima Formation (at the lower boundary of the amended oolitic Salima Formation and the unnamed marly unit below it, i.e., at the boundary of the former oolitic upper member and the former marly lower member of the original Salima Formation), encompasses the Berriasian, and possibly both the late Tithonian and the early Valanginian;

• the hiatus at the unconformity between the Salima Formation and the Lebanese Sandstones was rather long, spanning at least the Hauterivian;

• the hiatus at the unconformity between the Lebanese Sandstones and the Jezzinian, which occurs in the late Barremian, was probably the shortest.

Contrary to our earlier hypotheses [START_REF] Granier | Some steps toward a new story for the Jurassic -Cretaceous transition in Mount Lebanon[END_REF], the Salima transgression is not early, but late Valanginian in age. That suggests that the motor for this transgression was not global eustasy, but more probably local subsidence at the same time as a period of rest in the regional volcanic activity (as already proposed by [START_REF] Ferry | Relations entre les marges septentrionale et méridionale de la Téthys au Crétacé [Relations between the northern and southern margins of the Tethys ocean during the Cretaceous period[END_REF].

In Lebanon, regardless of the selected option for the Jurassic/Cretaceous boundary (Oppel's Berriasian/Valanginian or Kilian's Tithonian/Berriasian, see Granier, 2019b;[START_REF] Énay | The Jurassic/Cretaceous System Boundary is at an impasse[END_REF], it unambiguously fits into the discontinuity at the base of the amended Salima Formation (i.e., the formation restricted to its former oolitic upper member on top of an unnamed marly unit that was once its former marly lower member). The Lebanese Sandstones and their equivalents in Jordan and in the onshore of Egypt, Israel-Palestine, and Syria, are probably restricted to the sole Barremian.

The Upper Jurassic interval requires further investigations. 

  (2008: Fig. 108.b-c, 113.g, 144.g, .i, .k) was recently ascribed to the Charophyta as Charaxis martinclosasiGranier et al. (Fig. 3.S).

Figure 5

 5 Figure 5 tentatively summarizes the chrono-and lithostratigraphic frameworks that still requires a strong biostratigraphic consolidation in most countries surrounding Lebanon and in Lebanon itself.

Fig. 1 .

 1 Fig. 1. Location of the areas studied in the Mount Lebanon Governorate.

Fig. 2 .

 2 Fig. 2. The Salima section at Arsoun displaying bioturbated mudstones and bioclastic wackestones of the "unnamed unit" (former lower member of the Salima Formation) overlain by the oolitic grainstones of the amended Salima Formation (former upper member of the Salima Formation). A. top of the Salima with cross bedding; B. coarsely grained intervals at the bottom of sand waves; C. oolitic grainstone, sample Ain El Qach J7.2 (graphical scale bar: 500 µm); D. bioturbated limestones of the "unnamed unit".

Fig. 3 .

 3 Fig. 3. Microfossils from the Salima Formation: A-D. cf. Cytharina sp., A) Arsoun C, B) Arsoun D, C-D) Arsoun 8; E-I. cf. Lenticulina sp., E) Bikfaya 122, F) Arsoun D, G) Arsoun 10, H) Arsoun 8, I) Arsoun 7; J-N. Frentzenella sp., J-L, N) Arsoun E, M) Ain El Qach J7.6; T. Ichnusella infragranulata (Noth), Ain El Qach J7.7; U-W. Protopeneroplis ultragranulata (Gorbatchik), U) Ain El Qach J7.7, V) Ain El Qach J7.2, W) Ain El Qach J7.13. Microfossils from the Lebanese Sandstones: O. Choffatella gr. decipiens Schlumberger, Homsiyeh BEK 1; P-Q. Balkhania balkhanica Mamontova, P) Bkâatouta BR1461, Q) Bkâatouta BR1453; R. high-spired

Fig. 4 .

 4 Fig. 4. Brachiopods of the Salima Formation near Chouwaiya (Mount Lebanon Governorate): A-B. Lamellaerhynchia hauteriviensis Burri, A: F-22764/1, B: F-22764/2; C-F. Loriolithyris cf. latifrons (Pictet) , C: F-22764/3, D: F-22764/4, E: F-22764/5, F: F-22764/6; G-J. Terebratulina biauriculata Orbigny, G: F-22764/7, H: F-22764/8, I: F-22764/9, J: F-22764/10 (graphical scale bar = 5 mm).

Fig. 5 .

 5 Fig. 5. Lithostratigraphic framework of the Upper Jurassic-Lower Cretaceous of Lebanon, Israel-Palestine, Jordan, and Syria (all onshore areas), tentatively correlated to the international chronostratigraphic scale.
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