V Bout-Roumazeilles 
  
N Combourieu Nebout 
  
O Peyron 
  
E Cortijo 
  
A Landais 
  
V Masson-Delmotte 
  
Connection between South Mediterranean climate and North African atmospheric circulation during the last 50,000 yr BP North Atlantic cold events

High-resolution clay mineralogical analyses were performed on sediment deposited during the last 50,000 yr in the Alboran sea (ODP Site 976). The clay mineral record is compared with pollen assemblages and with annual precipitation (Pann) and mean temperatures of the coldest month (MTCO) reconstructed with the modern analog technique (MAT). Enhanced contribution of palygorskite, a typical wind-blown clay mineral, characterizes the North Atlantic cold climatic events. Coeval development of the semi-arid vegetation (Artemisia rich) associated with a drastic fall of reconstructed precipitations and temperatures, suggest cold and arid continental conditions in the West Mediterranean area during North Atlantic cold events. The clay mineral association, especially the palygorskite content and the illite-to-kaolinite ratio, indicate western Morocco as one of the major source of the clay-size fraction during the North Atlantic cold events. The maximum abundance of Artemisia associated with the presence of Argania pollen both indicate Morocco as the main origin for pollen during these cold periods. The comparison of these pollen and clay mineralspecific features allows us to pinpoint western Morocco as the dominant source of wind-blown particles during North Atlantic cold events. These specific mineralogical composition and palynological assemblages reveal enhanced aridity over North Africa and intensification of winds favouring dust erosion and transport from North Africa toward the Alboran Sea during the North Atlantic cold events. According to atmospheric models, such a meridian transport (1) likely results from the development of strong and stable anticyclonic conditions over the tropical Atlantic and North Africa, similar to today's summer meteorological configuration and (2) implies a northward position of the westerly winds during North Atlantic cold events. Finally the synoptic situation over the West Mediterranean during the North Atlantic cold events is compared with the North Atlantic Oscillation (NAO), suggesting that during the cold Atlantic events, weather regimes over Europe and North Africa may have been systematically shifted towards a positive NAO situation.

Introduction

The Alboran Sea is a semi-enclosed basin situated in a climatic transitional area between the Atlantic Ocean and the Mediterranean Sea (Fig. 1). In the Mediterranean Sea, the formation of deep-water is mainly driven by seasonal climatic conditions: summer anticyclonic conditions favor evaporation over precipitation and dense water mass formation [START_REF] Béthoux | Mean water flux across sections in the Mediterranean sea, evaluated on the basis of water and salt budgets and of observed salinities[END_REF]. Moreover, the displacement of European depressions over the Mediterranean creates high climatic instability and allows frequent incursions of the westerly winds. These climatic changes strongly influence the Alboran sea sedimentation: several high-resolution records reveal a millennial climate variability similar to the Dansgaard-Oeschger events defined in Greenland ice cores [START_REF] Cacho | Evidence for enhanced Mediterranean thermohaline circulation during climatic coolings[END_REF][START_REF] Moreno | Saharan dust transport and high latitude glacial climatic variability: the Alboran sea record[END_REF][START_REF] Moreno | Links between marine and atmospheric processes oscillating on a millennial timescale. A multiproxy study of the last 50,000 yr from the Alboran sea[END_REF][START_REF] Sánchez-Goñi | Synchroneity between marine and terrestrial responses to millennial scale climatic variability during the last glacial period in the Mediterranean region[END_REF][START_REF] Combourieu Nebout | Enhanced aridity and atmospheric high-pressure stability over the western Mediterranean during the North Atlantic cold events of the past 50 ky[END_REF]. The more intense cold stadials favored the northern continental ice-sheet growth, which provoked ice-calving and major iceberg discharges in the North Atlantic ocean. These so-called Heinrich events (HE) are recorded in sediments by the abundance of coarse-grain detritus associated with a typical fresh meltwater supply. Isotopic records indicate that deep convection was more efficient during cold stadials and HE than during warm interstadials suggesting an intensification of the northwesterlies during North Atlantic cold climatic events [START_REF] Cacho | Evidence for enhanced Mediterranean thermohaline circulation during climatic coolings[END_REF]. Pollen analyses reveal that arid and cold conditions develop on the surrounding continents during the HE and some cold stadials [START_REF] Combourieu Nebout | Enhanced aridity and atmospheric high-pressure stability over the western Mediterranean during the North Atlantic cold events of the past 50 ky[END_REF][START_REF] Sánchez-Goñi | Synchroneity between marine and terrestrial responses to millennial scale climatic variability during the last glacial period in the Mediterranean region[END_REF].

Moreover, grain-size and elemental analyses also suggest enhanced eolian contribution to the Alboran sedimentation during North Atlantic cold events [START_REF] Moreno | Saharan dust transport and high latitude glacial climatic variability: the Alboran sea record[END_REF][START_REF] Moreno | Links between marine and atmospheric processes oscillating on a millennial timescale. A multiproxy study of the last 50,000 yr from the Alboran sea[END_REF]. The occurrence of such climatic conditions over the Mediterranean seems to be linked to the westerly regime over Europe and very similar to weather regime variations which characterize the North Atlantic Oscillation (NAO) [START_REF] Rohling | Abrupt cold spells in the NW Mediterranean[END_REF][START_REF] Cacho | Evidence for enhanced Mediterranean thermohaline circulation during climatic coolings[END_REF][START_REF] Combourieu Nebout | Enhanced aridity and atmospheric high-pressure stability over the western Mediterranean during the North Atlantic cold events of the past 50 ky[END_REF][START_REF] Sánchez-Goñi | Synchroneity between marine and terrestrial responses to millennial scale climatic variability during the last glacial period in the Mediterranean region[END_REF][START_REF] Moreno | Links between marine and atmospheric processes oscillating on a millennial timescale. A multiproxy study of the last 50,000 yr from the Alboran sea[END_REF]. Mechanisms, however, are still unclear. In order to understand the links between the cold climatic events recorded in Greenland ice core [START_REF] Johnsen | Irregular glacial interstadials recorded in a new Greenland ice core[END_REF] and the climatic changes over the Mediterranean area and North Africa, high-resolution mineralogical analyses of sediments from the ODP Site 976 (36112N, 4118W) were performed on the 0-50 ka interval. Indeed previous studies in the tropical Atlantic Ocean demonstrated that mineralogy could successfully be used to trace the source and transport of wind-blown particles [START_REF] Caquineau | Saharan dust: clay ratio as a relevant tracer to assess the origin of soil-derived aerosols[END_REF]. Our main objective is then to trace the variations of dust emission and transport over North Africa and South-West Mediterranean related to the North Atlantic Marine Isotopic Stage 3 cold events (Dansgaard-Oeschger stadials and HE). The composition of the clay mineral fraction is also compared to pollen assemblages in order to reconstruct the western Mediterranean oceanic and continental paleoenvironments and climate changes during the last 50,000 yr BP.

Eolian input, atmospheric scenario and clay mineral transport

The eolian supply contributes significantly to the terrigenous marine sedimentation and can then be used to trace the climatic evolution of continental areas [START_REF] Sarnthein | Atmospheric and oceanic circulation patterns off Northwest Africa during the past 25 million years[END_REF][START_REF] Ruddiman | Late Miocene to Pleistocene evolution of climate in Africa and the low-latitude Atlantic: overview of leg 108 results[END_REF]. But the dust transport shows strong seasonal variability in occurrence, origin, trajectories and composition [START_REF] Prospero | Atmospheric transport of soil dust from Africa to South America[END_REF][START_REF] Pye | Aeolian Dust and Dust Deposits[END_REF][START_REF] Chiapello | Origins of African dust transported over the north-eastern tropical Atlantic[END_REF][START_REF] Moulin | Control of atmospheric export of dust from north Africa by the north Atlantic Oscillation[END_REF][START_REF] Grousset | Saharan wind regimes traced by the Sr-Nd isotopic composition of subtropical Atlantic sediments: last glacial maximum vs. today[END_REF][START_REF] Ratmeyer | Lithogenic particle fluxes and grain-size distributions in the deep ocean off northwest Africa: implications for seasonal changes of aeolian dust input and downward transport[END_REF].

Eolian and riverine contribution to deep-sea sediments

Sedimentation in the Mediterranean Sea is mainly terrigenous due to the vicinity of the surrounding continents associated with important riverine and eolian supplies. At present-day a major part of detrital clays is supplied via rivers [START_REF] Milliman | World-wide delivery of river sediment to the oceans[END_REF][START_REF] Stanley | Nile delta[END_REF]. In the eastern Mediterranean, most particles (120.106 t/yr) are provided by the Nile River. The Rhone River with an annual discharge of 31.106 t/yr is the main contributor to sedimentation in the northwestern Mediterranean whereas the Po River (13.106 t/yr) and the Ebro River (18.106 t/yr) are of minor influence.

The eolian contribution to deep-sea sediments has been demonstrated in several studies (Prospero, 1981a, b;[START_REF] Pye | Aeolian Dust and Dust Deposits[END_REF] especially in Mediterranean fine-grained fraction [START_REF] Tomadin | Eolian dust over the Mediterranean and their contribution to the present sedimentation[END_REF][START_REF] Matthewson | A 300 kyr high-resolution aridity record of the north African continent[END_REF][START_REF] Guerzoni | The Impact of Desert Dust Across the Mediterranean[END_REF]. Because mineral aerosols can be long-range transported [START_REF] Rea | Geologic approach to the long-term history of atmospheric circulation[END_REF][START_REF] Guerzoni | The Impact of Desert Dust Across the Mediterranean[END_REF], massive plumes of desert dust are exported to the Atlantic Ocean and to the Mediterranean all year long. There is still a debate about the atmospheric contribution to deep-sea sediments with estimations ranging from 10% to 50% [START_REF] Loye-Pilot | Influence of Saharan dust on the rainfall acidity and atmospheric input to the Mediterranean[END_REF][START_REF] Guerzoni | Saharan dust inputs to the western Mediterranean sea: depositional patterns, geochemistry and sedimentological implications[END_REF]. In fact, the eolian supply is generally estimated to be one order of magnitude lower than fluvial supply at the scale of the whole Mediterranean basin (3.9.106 t/yr) (Bergametti et al., 1989c). This value probably underestimates the real contribution of eolian supply since an important part of river material may be trapped on the continental shelf on the West Mediterranean [START_REF] Sarnthein | Atmospheric and oceanic circulation patterns off Northwest Africa during the past 25 million years[END_REF][START_REF] Ratmeyer | Lithogenic particle fluxes and grain-size distributions in the deep ocean off northwest Africa: implications for seasonal changes of aeolian dust input and downward transport[END_REF]. Previous studies based on radionucleides [START_REF] Gascó | Distributions of Pu, Am and Cs in margin sediments from the western Mediterranean (Spanish coast)[END_REF] and trace metal budget [START_REF] Elbaz-Poulichet | A reassessment of trace metal budgets in the western Mediterranean sea[END_REF] concluded that sedimentation in the western Mediterranean and in the Alboran Sea is significantly fed by eolian particles compared to riverine inputs. This characteristic results both from a rather low fluvial discharge from the Ebro River compared to other peri-Mediterranean rivers and from extended desert areas (Sahara and Sahel) seasonally exposed to strong winds, which provide huge amounts of dust particles to the atmosphere (Prospero, 1981a;[START_REF] Coudé-Gaussen | Les poussières éoliennes sahariennes. Mise au point[END_REF][START_REF] Middleton | Effect of drought on dust production in the Sahel[END_REF][START_REF] Pye | Aeolian Dust and Dust Deposits[END_REF].

Dust origin

Arid regions such as the Sahara and semi-arid regions such as northern North Africa or Sahel provide dust particles to the Atlantic Ocean and the Mediterranean Sea (Prospero et al., 1981;[START_REF] Coudé-Gaussen | Les poussières éoliennes sahariennes. Mise au point[END_REF][START_REF] Matthewson | A 300 kyr high-resolution aridity record of the north African continent[END_REF]. Grain-size analyses of windblown dust reveal two populations characterizing different source areas and transport mechanisms. Although major dust emission are generally situated in the subtropical desert belt and in semiarid regions [START_REF] Pye | Aeolian Dust and Dust Deposits[END_REF]Chamley, 1989 and references therein), grain-size distribution reveals that the coarsest fraction is remobilized from Saharan dunes whereas the finer size fraction originates from paleosols and little consolidated formations located on the southern and northern borders of the desert [START_REF] Rognon | Holocene Saharan dust deposition on the Cape Verde islands: sedimentological and Nd-Sr isotopic arguments[END_REF]. The largest particles are typical of dust storm and are generally transported by trade winds below 100km of altitude, being restricted to continental and adjacent marine areas [START_REF] Torres-Padrón | Variability of dust inputs to the CANIGO zone[END_REF]. By contrast, the fine-grained particles (o2 mm) move over long distances as high-altitude aerosols (Schu¨tz, 1980). Finally satellite-derived data as Infrared Dust Differencing Index (IDDI) and Total Ozone Mapping Spectrometer (TOMS) suggest that the Bodélédepression in Chad [START_REF] Brooks | Dust variability over northern Africa and rainfall in the Sahel[END_REF][START_REF] Washington | Atmospheric controls on mineral dust emission from the BodéléDepression, Chad: the role of the low level jet[END_REF] and West Sahara and more generally topographic lows are among the most present-day dust productive areas.

Wind systems

The modern atmospheric circulation (Fig. 1) over North Africa is mainly controlled by the northeast trade winds (TW) and by the mid-tropospheric Saharan Air Layer (SAL) [START_REF] Grousset | Saharan wind regimes traced by the Sr-Nd isotopic composition of subtropical Atlantic sediments: last glacial maximum vs. today[END_REF][START_REF] Matthewson | A 300 kyr high-resolution aridity record of the north African continent[END_REF]. The resulting southern Saharan winds are mono-directional with a general westward transport. The dust plume extension is seasonally modulated by the migration of the Inter-Tropical Convergence Zone (ITCZ) [START_REF] Prospero | Atmospheric transport of soil dust from Africa to South America[END_REF][START_REF] Pye | Aeolian Dust and Dust Deposits[END_REF][START_REF] Torres-Padrón | Variability of dust inputs to the CANIGO zone[END_REF]. In winter, when the ITCZ occupies its southernmost position at 81N [START_REF] Prospero | Atmospheric transport of soil dust from Africa to South America[END_REF][START_REF] Pye | Aeolian Dust and Dust Deposits[END_REF], Saharan dust originates from southern Sahara and Sahelian regions and is transported toward the tropical Atlantic Ocean by the northeast trade winds [START_REF] Schütz | Long-range transport of desert dust with special emphasis on the Sahara[END_REF][START_REF] Coudé-Gaussen | Saharan dust on Fuerteventura island (Canaries): chemical and mineralogical characteristics, air mass trajectories, and probable sources[END_REF]Bergametti et al., 1989b;[START_REF] Grousset | Saharan wind regimes traced by the Sr-Nd isotopic composition of subtropical Atlantic sediments: last glacial maximum vs. today[END_REF][START_REF] Grousset | Saharan wind regimes traced by the Sr-Nd isotopic composition of subtropical Atlantic sediments: last glacial maximum vs. today[END_REF][START_REF] Matthewson | A 300 kyr high-resolution aridity record of the north African continent[END_REF][START_REF] Chiapello | An additional low layer transport of Sahelian and Saharan dust transport over the north-eastern tropical Atlantic[END_REF][START_REF] Chiapello | Origins of African dust transported over the north-eastern tropical Atlantic[END_REF][START_REF] Moulin | Control of atmospheric export of dust from north Africa by the north Atlantic Oscillation[END_REF]. In summer, trade winds are geographically restricted due to the northern migration of the ITCZ (201N). Intensive insolation over Sahara creates strong surface winds and large-scale convection which lifts particles to the high atmosphere (5 km). Particles originating from western and central part of the Sahara (e.g. [START_REF] Torres-Padrón | Variability of dust inputs to the CANIGO zone[END_REF] are transported at high-altitude by the SAL (Fig. 1), above the trade wind inversion toward the tropical Atlantic [START_REF] Schütz | Long-range transport of desert dust with special emphasis on the Sahara[END_REF][START_REF] Coudé-Gaussen | Saharan dust on Fuerteventura island (Canaries): chemical and mineralogical characteristics, air mass trajectories, and probable sources[END_REF]. A north-turning part of the SAL moves (NSAL) into an anticyclonic gyre along the African coast (Fig. 1) and reaches the Mediterranean [START_REF] Prospero | Atmospheric transport of soil dust from Africa to South America[END_REF]Bergametti et al., 1989b).

By contrast, winds (Fig. 1) are pluri-directionnal in northern Sahara [START_REF] Coudé-Gaussen | Origine et évolution pédologique des fractions carbonatées dans les loess des Matmata (Sud-Tunisien) d'après leurs teneurs en 13C et 18O[END_REF]. Their trajectories depend on the relative position of both high and low-pressure systems over the Atlantic Ocean, the Mediterranean and on the westerly wind regime over Europe [START_REF] Coudé-Gaussen | Origine et évolution pédologique des fractions carbonatées dans les loess des Matmata (Sud-Tunisien) d'après leurs teneurs en 13C et 18O[END_REF]Bergametti et al., 1989c;[START_REF] Moulin | Control of atmospheric export of dust from north Africa by the north Atlantic Oscillation[END_REF][START_REF] Rodríguez | Saharan dust contributions to PM10 and TSP levels in Southern and Eastern Spain[END_REF]. Dust transport is sporadic in nature but a single event can account for more than 50% of the annual eolian flux [START_REF] Guerzoni | Saharan dust inputs to the western Mediterranean sea: depositional patterns, geochemistry and sedimentological implications[END_REF]. Such meridian transports occur when the westerly regime is weak or disrupted and are more frequent during summer [START_REF] Coudé-Gaussen | Origine et évolution pédologique des fractions carbonatées dans les loess des Matmata (Sud-Tunisien) d'après leurs teneurs en 13C et 18O[END_REF][START_REF] Guerzoni | Saharan dust inputs to the western Mediterranean sea: depositional patterns, geochemistry and sedimentological implications[END_REF][START_REF] Rodríguez | Saharan dust contributions to PM10 and TSP levels in Southern and Eastern Spain[END_REF][START_REF] Torres-Padrón | Variability of dust inputs to the CANIGO zone[END_REF][START_REF] Ginoux | Long-term simulation of global dust distribution with the GOCART model: correlation with North Atlantic Oscillation[END_REF]. Three main atmospheric configurations (Fig. 2) favor the transport of dust from North Africa toward the Mediterranean [START_REF] Coudé-Gaussen | Les poussières éoliennes sahariennes. Mise au point[END_REF][START_REF] Coudé-Gaussen | Saharan dust on Fuerteventura island (Canaries): chemical and mineralogical characteristics, air mass trajectories, and probable sources[END_REF]Bergametti et al., 1989c;[START_REF] Rodríguez | Saharan dust contributions to PM10 and TSP levels in Southern and Eastern Spain[END_REF]: (1) a SW-NE transport (Fig. 2a) toward the northern part of the Mediterranean occurs mostly in winter when a large depression system develops between Canary Islands and the Iberian Peninsula; (2) during interseason, a SE-NW transport (Fig. 2b) is initiated by the simultaneous occurrence of a strong central European anticyclone and of a depression off Portugal; (3) summer dust transport (Fig. 2c) mainly results from the westward shift of the North African anticyclone associated with the remoteness of the Azores high, which provides a SW-NE depression trench along the African coasts toward the Iberian Peninsula and western part of the Mediterranean.

Clay mineral sources

In order to understand the variations of the clay mineralogy in sediments from the Alboran Sea, the clay mineral assemblages of main source areas were reconstructed using previously published and unpublished data in the frame of the general fluvial, oceanic and atmospheric patterns (Fig. 3). The clay mineralogy of various Mediterranean marine sites has been studied in several marine cores (e.g. [START_REF] Chamley | Clay Sedimentology[END_REF][START_REF] Foucault | Palaeoclimatic cyclicity in central mediterranean Pliocene sediments: the mineralogical signal[END_REF]. On average sediments from the western Mediterranean are dominantly composed of 50% illite and 25% kaolinite, with lower amount of smectite (15%) and chlorite (10%) whereas fibrous clays (palygorskite) are present as trace amounts.

Illite generally represents the relative contribution of physical weathering to sedimentation, because this mineral is resistant to degradation and to transport [START_REF] Chamley | Clay Sedimentology[END_REF]. In the northern Mediterranean (Fig. 3a) the Rhone River and the Po River receiving their detrital material from the Alps are particularly rich in illite associated with some chlorite. As a result, illite dominates the clay mineral association of sediments from the Gulf of Lion (80%) and from the Adriatic Sea (60%) [START_REF] Tomadin | Sedimentary fluxes and different dispersion mechanisms of the clay sediments in the Adriatic basin[END_REF]. Illite is also a major component (35%) of the Ionian Sea sediments [START_REF] Chamley | Clay Sedimentology[END_REF] and of the Ebro sedimentary system (35%) [START_REF] Alonso | Late Quaternary sedimentation patterns of the Ebro turbidite systems (northwestern Mediterranean): two styles of deep-sea deposition[END_REF]. On the North African continent, the relative abundance of illite displays a north-south gradient: illite constitutes 60% of the clay mineral assemblage in northern Algeria, 50% in central Sahara and less than 30% in the Sahelian zone [START_REF] Paquet | Etude minéralogique de poussières sahariennes le long d'un itinéraire entre 19° et 35° de latitude nord[END_REF]. As a result, dust-blown (Fig. 3b) particles originating from Western Sahara are richer in illite (60%) than the particles (30%) issued from central and southern Sahara [START_REF] Avila | Mineralogical composition of African dust delivered by red rains over northeastern Spain[END_REF].

Kaolinite mainly forms through hydrolysis processes and is typical of highly weathered environment (e.g. [START_REF] Chamley | Clay Sedimentology[END_REF]) such as well-drained lateritic soils characterizing equatorial regions (e.g. [START_REF] Chamley | Clay Sedimentology[END_REF]. Kaolinite (Fig. 3) is thus rare (10%) and reworked from ancient formations in the Rhone and Nile river sediments and even absent in the Po river (e.g. [START_REF] Chamley | Clay Sedimentology[END_REF], whereas it is much more abundant (30%) in the Ebro river which drains kaolinite rich deposits [START_REF] Alonso | Late Quaternary sedimentation patterns of the Ebro turbidite systems (northwestern Mediterranean): two styles of deep-sea deposition[END_REF]. In North Africa the distribution of kaolinite depends on the latitude [START_REF] Paquet | Etude minéralogique de poussières sahariennes le long d'un itinéraire entre 19° et 35° de latitude nord[END_REF]: trace amounts in the northern and westernmost part of North Africa, more common in central and South Sahara and abundant in Sahelian and equatorial regions [START_REF] Pastouret | Late Quaternary climatic changes in western tropical Africa deduced from deep-sea sedimentation of the Niger delta[END_REF][START_REF] Caquineau | Saharan dust: clay ratio as a relevant tracer to assess the origin of soil-derived aerosols[END_REF]. Moreover kaolinite (Fig. 3b) is more abundant in dust originating from eastern Sahara compare to western Sahara [START_REF] Guerzoni | The role of atmospheric deposition in the biogeochemistry of the Mediterranean sea[END_REF].

In a general way, smectite is not abundant in the western part of the Mediterranean (Fig. 3a) as a result of the increasing distance from the Nile River, which is the main contributor of smectite in the Mediterranean. The Po and Rhone Rivers do not transport more than 20% of smectite but small Italian coastal and Pyrenean rivers may, respectively, contribute to the supply of smectite in the Tyrrhenian Sea and in the Gulf of Lion (e.g. [START_REF] Chamley | Clay Sedimentology[END_REF][START_REF] Foucault | Palaeoclimatic cyclicity in central mediterranean Pliocene sediments: the mineralogical signal[END_REF]. Smectite is rare in the northern Sahara whereas it is abundant in southern Sahara and Sahel. In these areas, smectite may represent 70% of the clay mineral fraction and is associated with kaolinite issued from ancient lateritic profiles [START_REF] Sarnthein | Atmospheric and oceanic circulation patterns off Northwest Africa during the past 25 million years[END_REF][START_REF] Paquet | Etude minéralogique de poussières sahariennes le long d'un itinéraire entre 19° et 35° de latitude nord[END_REF][START_REF] Chamley | Clay Sedimentology[END_REF]. In agreement with this latitudinal distribution, dust originating (Fig. 3b) from western Sahara and Moroccan Atlas are depleted in smectite compared to dust originating from central Algeria and Sahelian sources [START_REF] Avila | Mineralogical composition of African dust delivered by red rains over northeastern Spain[END_REF].

Although chlorite is often associated with illite, it is far less resistant to weathering and transport. Chlorite thus mainly reflects the composition of nearby source area [START_REF] Chamley | Clay Sedimentology[END_REF]. In the northwestern part of the Mediterranean basin, the main source of chlorite is the Ebro sedimentary system (35%) [START_REF] Alonso | Late Quaternary sedimentation patterns of the Ebro turbidite systems (northwestern Mediterranean): two styles of deep-sea deposition[END_REF] whereas the respective contribution of the Rhone and the Po river is of minor importance (e.g. [START_REF] Chamley | Clay Sedimentology[END_REF].

Palygorskite is characteristic of the sub-arid belt of the northern hemisphere [START_REF] Singer | Palygorskite-Sepiolite. Occurences, Genesis and Uses. Developments in Sedimentology[END_REF][START_REF] Chamley | Mineralogical and geochemical investigations on latest Miocene deposits in the Tyrrhenian sea (ODP Leg 107)[END_REF] where its formation is favored by chemically restricted conditions [START_REF] Singer | Palygorskite-Sepiolite. Occurences, Genesis and Uses. Developments in Sedimentology[END_REF]. For instance, evaporation and chemical concentration provide the formation of palygorskite (Fig. 3a) on poorly drained carbonated rocks in the anti-Atlas [START_REF] El Mouden | Constraints on alluvial clay mineral assemblages in semiarid regions. The Souss Wadi Basin (Morocco, Northwestern Africa)[END_REF]. But elongated fibers of palygorskite are usually destroyed during fluvial transport [START_REF] Chamley | Clay Sedimentology[END_REF][START_REF] Snoussi | Flux de matières issues des bassins versants de zones semi-arides (bassin du Sebou et du Souss, Maroc). Importance dans le bilan global des apports d'origine continentale parvenant à l'océan mondial[END_REF]. As a result there are some discrepancies (Fig. 3a) between the composition of the source area and of the mineralogical assemblages recorded in the downstream alluvial sediment [START_REF] El Mouden | Constraints on alluvial clay mineral assemblages in semiarid regions. The Souss Wadi Basin (Morocco, Northwestern Africa)[END_REF]. Palygorskite from recent marine deposits off Africa is commonly considered to be dust-blown particles reworked from Neogene North African deposits (e.g. [START_REF] Chamley | Clay Sedimentology[END_REF].

Palygorskite can be distributed through eolian processes over long-range distance as far as Scotland and has been used to trace the Saharan origin of dust [START_REF] Coudé-Gaussen | Origine et évolution pédologique des fractions carbonatées dans les loess des Matmata (Sud-Tunisien) d'après leurs teneurs en 13C et 18O[END_REF][START_REF] Molinaroli | Mineralogical characterization of Saharan dust with a view to its final destination in Mediterranean sediments[END_REF]. At present-day, Sahara winds are reported to carry sporadically noticeable amounts of palygorskite over the whole Mediterranean basin [START_REF] Coudé-Gaussen | Présence de grains éolisés de palygorskite dans les poussières actuelles et les sédiments d'origine désertique[END_REF]. For example, some Tunisian loess's are composed of 45% of palygorskite [START_REF] Grousset | Saharan wind regimes traced by the Sr-Nd isotopic composition of subtropical Atlantic sediments: last glacial maximum vs. today[END_REF]. [START_REF] Robert | Origine autochtone et allochtone des argiles récentes de haute altitude en Corse[END_REF] identified up to 25% of African-derived palygorskite associated to kaolinite in sediments from a high-altitude lake in Corsica (Fig. 3b).

Palygorskite represents 10-15% of the clay mineral fraction in northern Algeria [START_REF] Paquet | Etude minéralogique de poussières sahariennes le long d'un itinéraire entre 19° et 35° de latitude nord[END_REF], 10-25% on the central Algeria and less than 10% in the southern Sahara [START_REF] Paquet | Etude minéralogique de poussières sahariennes le long d'un itinéraire entre 19° et 35° de latitude nord[END_REF]. Similarly, dust from central Algeria and western Sahara (10%) and Morocco Atlas (17%) contain lower amounts of palygorskite than dust deposited (Fig. 3b) in northern Morocco (up to 75%) [START_REF] Avila | Mineralogical composition of African dust delivered by red rains over northeastern Spain[END_REF].

Material and methods

Stratigraphy

ODP Site 976 (36°12N, 41°8W, 1108m depth) is located in the Alboran Sea, close to the Atlantic-Mediterranean gateway (Fig. 1). Chronology is first based on 17 AMS14C ages [START_REF] Combourieu Nebout | Enhanced aridity and atmospheric high-pressure stability over the western Mediterranean during the North Atlantic cold events of the past 50 ky[END_REF], and then on a correlation between the oxygen isotopes record of site 976 and core MD95-2042 [START_REF] Cacho | Evidence for enhanced Mediterranean thermohaline circulation during climatic coolings[END_REF] and secondly on correlation between the pollen temperate records of site 976 and δ 18 O of ice from the NorthGRIP ice core [START_REF] Northgrip Members | High resolution climate record of the northern hemisphere back to the last interglacial period[END_REF]. This age scale does not enable us to estimate precisely the vegetation response time compared with the ice-core record, occurring within a few decades to centuries [START_REF] Masson-Delmotte | Rapid climate variability during warm and cold periods in polar regions and Europe[END_REF]. Here, we present the uppermost 25m that span a time interval corresponding to the last 50,000 yr.

Clay mineralogy

All samples were first decalcified with 0.2N hydrochloric acid. The excess acid was removed by H2O washing and repeated centrifugations. The clay-sized fraction (o2mm) was isolated by settling, and oriented on glass slides (oriented mounts). Three X-ray diffraction (XRD) determinations were performed: (a) untreated sample; (b) glycolated sample (after saturation for 12 h in ethylene glycol); (c) sample heated at 49°C for 2 h. The analyses were run on a Philips PW 1710 X-ray diffractometer between 2.49 and 32.51°2theta Each clay mineral is then characterized by its layer plus interlayer interval as revealed by XRD analysis.

Smectite is characterized by a peak at 14Å on the untreated sample test, which expands to 17Å after saturation in ethylene glycol and retracts to 10Å after heating. Illite presents a basal peak at 10Å on the three tests (natural, glycolated and heated). Chlorite is characterized by peaks at 14, 7, 4.72 and 3.53Å on the three tests. Kaolinite is characterized by peaks at 7 and 3.57Å on the untreated sample and after saturation in ethylene glycol. Both peaks disappear or are strongly reduced after heating. Palygorskite presents a basal peak at 10.34Å accompanied by a weaker peak at 6.44Å, on both untreated and glycolated tests. The 10.34Å peak collapses at 10Å after heating [START_REF] Brindley | Crystal Structures of Clay Minerals and their X-ray Identification[END_REF]. The presence of palygorskite has been confirmed by MET observations of the palygorskite-rich samples. Semi-quantitative estimation of clay mineral abundances, based on the pseudo-Voigt deconvolution for the doublets illite-palygorskite (10-10.34Å) and kaolinite-chlorite (3.57-3.53Å), was performed using the software MacDiff developed by [START_REF] Petschick | MacDiff Freeware[END_REF].

Pollen analyses and quantitative climate reconstruction

Micropaleontological analyses were performed on the size fraction o125mm, and more than 300 specimens were counted per sample. Pollen methodology follows a classic protocol already developed by Combourieu [START_REF] Combourieu Nebout | Enhanced aridity and atmospheric high-pressure stability over the western Mediterranean during the North Atlantic cold events of the past 50 ky[END_REF]. More than a hundred pollen, excluding Pinus were counted per sample for paleoenvironmental interpretation.

Paleoenvironmental interpretation of the downcore pollen assemblage fluctuations is based on the assumption that the primary pollen contribution to Alboran Sea sediments comes from western Mediterranean borderlands. Modern environments range from a thermo-Mediterranean belt with Olea, Pistacia and some steppe or semi-desert representatives (Artemisia, Ephedra), to a meso-Mediterranean belt, represented by a sclerophyllous oak forest to a humid-temperate oak forest (mainly Quercus associated with Ericaceae), to a supra-Mediterranean belt, with a cold-temperate coniferous forest (Pinus, Abies, Cedrus) at the higher altitudes [START_REF] Ozenda | Sur les étages de végétation dans les montagnes du bassin Méditerranéen[END_REF][START_REF] Rivas-Martinez | Etages bioclimatiques, secteurs chronologiques et séries de végétation de l'Espagne méditerranéenne[END_REF].

Around 120 pollen taxa were identified ranging from semi-desert to mountain deciduous and coniferous forest. Their interpretation follows the modern climatic-plant relationships in Eurasia and northern Africa (e.g. [START_REF] Peyron | Climatic reconstruction in Europe for 18,000 yr BP from pollen data[END_REF]. Here we present the variations of pollen percentages of two main associations: (1) the temperate association composed of European-Siberian trees such as Quercus, Fagus, CarPinus, Corylus, Alnus, Betula, Tilia and Ulmus associated with Ericaceae, reflecting the warmer and moist climate characteristics of interstadials, and (2) the steppe to semi-desert association, composed of Artemisia and Ephedra, which marks the dry and cold climatic conditions of the stadials. The analog technique has been applied to the ODP 976 fossil pollen assemblages to provide quantitative estimates of temperatures and precipitation during the last 50,000 yr BP [START_REF] Guiot | Methodology of the last climatic cycle reconstruction in France from pollen data[END_REF]. First developed for continental pollen sequences, the MAT has been tested with success to marine pollen cores from the Mediterranean region [START_REF] Desprat | Is vegetation responsible for glacial inception during periods of muted insolation changes?[END_REF]. In this method, similarity between fossil and modern pollen assemblages is evaluated by a chord distance calculated as a µm of differences between log-transformed percentages of the taxa. Such method does not imply a direct analogy between modern and fossil assemblages, although the quality of the results depends on the size and diversification of the modern data set [START_REF] Peyron | Climatic reconstruction in Europe for 18,000 yr BP from pollen data[END_REF]. Here, this technique is based on a modern pollen database including 1510 modern pollen spectra mainly located in the Mediterranean basin (especially Spain and Morocco), Europe and Eurasia [START_REF] Peyron | Climatic reconstruction in Europe for 18,000 yr BP from pollen data[END_REF]. Since Pinus is overrepresented in marine sediments, this pollen type has been removed from the marine pollen counting as well as from the continental pollen database. The 10 modern spectra which have the smallest chord distance are considered as the best modern analogs of the given pollen spectrum, and used for the reconstruction. The climatic parameters of the 10 best modern analogs are averaged by a weighting inverse to the chord distance. Here, the climatic parameters reconstructed are the mean temperature of the coldest month (°C) and annual precipitation (mm/yr). The error is computed as lower and upper limits of positive and negative deviation of extreme analogs compared to the mean value.

Results

Clay minerals

The average composition of the clay mineral fraction (<2 µm) of the uppermost part of the ODP site 976 (0-25m composite depth), which records the last 50,000 yr, is composed of 33% illite, 31% smectite, 16% kaolinite, 15% chlorite and 5% palygorskite. All clay minerals show several oscillations during the last glacial period whereas their abundances are less variable during the Holocene (Fig. 4). This apparent weak variability may result from significantly lower sampling resolution within the Holocene (one sample per 500 yr) compared with the last glacial stage (one sample per 300 yr). These results are in good agreement with previous mineralogical studies in the Alboran sea (e.g. [START_REF] Chamley | Clay Sedimentology[END_REF][START_REF] Martínez-Ruiz | Mineral associations and geochemical indicators in upper Miocene to Pleistocene sediments in the Alboran basin (ODP leg 161, Sites 976 and 977)[END_REF].

Illite represents 28-40% of the total clay mineral fraction. The illite record is characterized by high frequency oscillations of moderate amplitude throughout the core, slightly lower during the Holocene (Fig. 4a). The illite content is maximum around 27 and 22.5 ka (H2) whereas it is minimum around 35 ka, 30 ka (H3), 23.5, 20.5, 18, 13.5, 10 and 7 ka.

The percentages of smectite range between 19% and 42%. The average smectite content decreases slightly between 50 and 22 ka. High-frequency variations are added to this general decreasing trend (Fig. 4b). The relative abundance of smectite is especially low around 38, 32.5, 26 and 20/22 ka (H2), and reaches minimum values around 15 ka (H1).

Smectite is abundant around 39, 27.5, 18 and 12 ka reaching maximum values around 36 ka.

The kaolinite record varies between 11% and 24%. The average content of kaolinite increases from last glacial (<15%) to the Holocene (<20%). There is no consistent evolution either during the North Atlantic cold events: an increase of kaolinite is associated with H1 whereas kaolinite is low during H2-H4 (Fig. 4c).

The abundance of chlorite varies between 10% and 22% throughout the core. The chlorite content is higher between 22 and 12 ka than over the rest of the core. High-frequency oscillations overwhelm a slightly increasing trend between 50 and 22 ka. Minimum percentages of chlorite are associated with the HE and with the Younger Dryas (Fig. 4d).

Palygorskite composes 3-11% of the clay mineral fraction. The record is characterized by the presence of several significant peaks, out of the standard deviation range (Fig. 4e).

Most of these peaks are associated with cold climatic events, YD and HE (Fig. 4e). H1 and H4 are especially enriched in palygorskite. Except these peaks the record is quite smooth and show very little variations. We can notice a reduce amount of palygorskite during the Holocene.

Pollen

Palynological records from ODP Site 976 document the classic climatic trend in the Mediterranean region from the glacial times to the Holocene (e.g. [START_REF] Reille | A re-evaluation of the vegetation history of the Eastern Pyrénées (France) from the end of the glacial to the present[END_REF][START_REF] Watts | Vegetation history and palaeoclimate of the last glacial period at Lago Grande di Monticchio, southern Italy[END_REF][START_REF] Allen | Rapid environmental changes in southern Europe during the last glacial period[END_REF][START_REF] Combourieu Nebout | Enhanced aridity and atmospheric high-pressure stability over the western Mediterranean during the North Atlantic cold events of the past 50 ky[END_REF][START_REF] Sánchez-Goñi | Synchroneity between marine and terrestrial responses to millennial scale climatic variability during the last glacial period in the Mediterranean region[END_REF][START_REF] Roucoux | The response of NW Iberian vegetation to North Atlantic climate oscillations during the last 65 kyr[END_REF][START_REF] Tzedakis | Towards an understanding of the response of southern European vegetation to orbital and suborbital climate variability[END_REF]. Variability of pollen assemblages reflects repetitive alternations between temperate forest (mainly Quercus), very similar to today's vegetation in the mountains of the western Mediterranean, and semi-desert vegetation as observed today in North African and South-Eastern Europe [START_REF] Walter | Climate-Diagram Maps[END_REF] (Fig. 5).

Elevated abundance of temperate pollen taxa occur during warm interstadials, indicating warm and humid climates on continents adjacent to the Alboran sea. Cold stadials correlate with increased Artemisia pollen relative abundance that is indicative of enhanced continental aridity (Fig. 5) [START_REF] Combourieu Nebout | Enhanced aridity and atmospheric high-pressure stability over the western Mediterranean during the North Atlantic cold events of the past 50 ky[END_REF]. Periods of maximum cooling in the North Atlantic, the HE H1 to H5, are reflected at Site 976 by coeval maxima of semi desert-rich Artemisia and minima of Quercus forest. Such associations are characteristic of cold steppe to cold desert [START_REF] Tarasov | A method to determine warm and cool steppe biomes from pollen data: application to the Mediterranean and Kazakhstan regions[END_REF] and suggest that the western Mediterranean borderlands experienced cold climates and enhanced severe aridity [START_REF] Combourieu Nebout | Enhanced aridity and atmospheric high-pressure stability over the western Mediterranean during the North Atlantic cold events of the past 50 ky[END_REF]. These changes in vegetation correlate with modifications in marine environments as revealed by coeval modifications of foraminiferal and dinocysts assemblages that mark cooling of the sea surface temperatures [START_REF] Combourieu Nebout | Enhanced aridity and atmospheric high-pressure stability over the western Mediterranean during the North Atlantic cold events of the past 50 ky[END_REF][START_REF] Sánchez-Goñi | Synchroneity between marine and terrestrial responses to millennial scale climatic variability during the last glacial period in the Mediterranean region[END_REF]. These episodes were immediately followed by increases of temperate pollen assemblage that document rapid warming and fast increasing humidity in the area.

These results are in agreement with the evidence of higher intensity of wind systems over the northern hemisphere during cold intervals (stadials and HE) revealed by the dust content in Greenland ice cores and other results on continents adjacent to the Alboran sea [START_REF] Mayewski | Major features and forcing of high latitude northern hemisphere atmospheric circulation using a 110,000-year-long glaciochemical series[END_REF][START_REF] Sánchez-Goñi | Synchroneity between marine and terrestrial responses to millennial scale climatic variability during the last glacial period in the Mediterranean region[END_REF][START_REF] Moreno | Links between marine and atmospheric processes oscillating on a millennial timescale. A multiproxy study of the last 50,000 yr from the Alboran sea[END_REF].

Climatic parameters reconstructed from pollen analyses reveal repetitive oscillations of mean annual precipitation and mean temperature of the coldest month. During the HE, the pollen-based climatic estimates indicates a decrease of at least 200-400mm in mean annual precipitation and of 5-15°C in mean temperature of the coldest month. The decrease in precipitation is consistent with the elevated abundance of semi-desert taxa. By contrast the reconstructed temperature may appear surprisingly low considering the dominance of Artemisia pollen. At present day, the local species Artemisia herba-alba is usually associated with MTCO of 0-4°C. More generally, Artemisia is today a major component of steppe ad desert environments. Nevertheless, as pollen grains do not permit the determination at species level, it remains difficult to separate hot and warm steppe or desert in the database because of similar associations. This may induce an accentuation of cold temperatures in our samples, but our results remain generally in accordance with other data in marine and continental records [START_REF] Allen | Rapid environmental changes in southern Europe during the last glacial period[END_REF][START_REF] Sánchez-Goñi | Synchroneity between marine and terrestrial responses to millennial scale climatic variability during the last glacial period in the Mediterranean region[END_REF]. The database is periodically amended in order to solve this problem and better discriminate these two biomes.

When compared to pollen data the variations of some clay minerals appear to vary together with those of temperate, altitudinal and semi-desert groups (Fig. 5). The variations of palygorskite are positively correlated to semi-arid pollen abundances. As a result, palygorskite and precipitation records exhibit a negative correlation index (-0.41). Although their correlation index is low (r =0.34) chlorite and altitudinal vegetation are somehow linked to each other. By contrast, the kaolinite record appears to be inversely correlated to semi-arid vegetation (r =-0.40) and to the oxygen isotopic ratio (r =-0.40). Illite and smectite do not show any significant correlation with pollen data. Principal Component Analysis of this data set indicates a dominant factor (>80%) retracing the variations of pollen, palygorskite and δ 18 O of ice from the NorthGRIP ice core whereas the second factor (<10%) corresponds to the smectite record.

Discussion

Clay mineral supply

All clay minerals records show oscillations during the last glacial, but the increase of palygorskite specifically characterizes the North Atlantic cold events whereas the proportions of illite, kaolinite and smectite do not show consistent variations during these climatic events.

The illite and chlorite primarily discharged by the Rhone River can be further transported from the Gulf of Lion to the Alboran Sea by the oceanic gyre [START_REF] Millot | Circulation in the western Mediterranean Sea[END_REF]. This current is characterized by important seasonal variations [START_REF] Albérola | Circulation in the French Mediterranean coastal zone near Marseille: influence of the wind and of the northern current[END_REF]. It is more active during winter than in summer when stratification prevents any convective activity (Durrieu de [START_REF] Durrieu De Madron | Role of the climatological and current variability on shelf-slope exchanges of particulate matter: evidence from the Rhoˆ ne continental margin (NW Mediterranean)[END_REF]. The chemical composition and morphology of both illite and chlorite indicate proximal sources from, respectively, Betic Cordilleras and Nevado-Filaboride complexes [START_REF] Martínez-Ruiz | Mineral associations and geochemical indicators in upper Miocene to Pleistocene sediments in the Alboran basin (ODP leg 161, Sites 976 and 977)[END_REF]. Similarly morphological analyses of smectite suggest a soil-derived provenance [START_REF] Martínez-Ruiz | A comparative study of the geochemical and mineralogical characteristics of the S1 sapropel in the western and eastern Mediterranean[END_REF]. By contrast, the occurrence of elongated fibers of palygorskite within sediments is characteristic of a wind-driven transport. Indeed, there are several evidences that rivers only represent a minor contribution compared to atmosphere at the basin scale [START_REF] Elbaz-Poulichet | A reassessment of trace metal budgets in the western Mediterranean sea[END_REF], These results indicate that illite, chlorite and smectite are partly transported via rivers toward the Alboran Sea but may also be supplied through eolian processes together with palygorskite. Clay minerals, except palygorskite, are likely to be transported to the Alboran Sea through oceanic, riverine or eolian processes. As a result their variations are less informative than palygorskite ones in terms of global atmospheric configurations.

Nevertheless the increase of some of these clay minerals (i.e. illite during H2, kaolinite during H1) or their decrease (i.e. smectite during H3, kaolinite during H2) suggests that regional specific configurations are likely to modify the clay mineral association.

Provenance of palygorskite

The presence of palygorskite (Fig. 4e) and the increase in semi-desert taxa (Fig. 5a and b) characterizing sediments deposited during the cold intervals confirm that arid conditions prevailed on the continent during the North Atlantic cold climatic events [START_REF] Cacho | Evidence for enhanced Mediterranean thermohaline circulation during climatic coolings[END_REF][START_REF] Combourieu Nebout | Enhanced aridity and atmospheric high-pressure stability over the western Mediterranean during the North Atlantic cold events of the past 50 ky[END_REF][START_REF] Moreno | Saharan dust transport and high latitude glacial climatic variability: the Alboran sea record[END_REF][START_REF] Sánchez-Goñi | Synchroneity between marine and terrestrial responses to millennial scale climatic variability during the last glacial period in the Mediterranean region[END_REF].

Because palygorskite is typical of arid and semi-arid climate, it mainly records the North African contribution to sedimentation. Palygorskite is also reported in several formations over the Iberian Peninsula. Although such proximal supply from the Iberian Peninsula has to be taken in account, it is not a major contributor to Alboran deep-sea sedimentation since (1) palygorskite is easily destroyed while transported by rivers and (2) only trace amounts of palygorskite have been detected in proximal sediments. Western Morocco, northern Algeria, central Algeria and southern Sahara [START_REF] Paquet | Etude minéralogique de poussières sahariennes le long d'un itinéraire entre 19° et 35° de latitude nord[END_REF][START_REF] El Mouden | Constraints on alluvial clay mineral assemblages in semiarid regions. The Souss Wadi Basin (Morocco, Northwestern Africa)[END_REF], as well as reworked Neogene North African deposits (e.g. [START_REF] Chamley | Clay Sedimentology[END_REF], are potential palygorskite source areas.

In order to pinpoint its origin, the palygorskite content was compared with the illite-tokaolinite (I/K) ratio (Fig. 6) which remains unchanged after long-term transport [START_REF] Caquineau | Saharan dust: clay ratio as a relevant tracer to assess the origin of soil-derived aerosols[END_REF]. This comparison gives a rough estimation of the respective contribution of eolian vs. riverine supplies. The I/K ratio (Fig. 6) is also a relevant fingerprint of the regional origin of Saharan dust [START_REF] Caquineau | Saharan dust: clay ratio as a relevant tracer to assess the origin of soil-derived aerosols[END_REF]: dust from North and West Sahara is enriched in illite (I/K =2) whereas kaolinite (I/K =0.1) becomes dominant when the dust has a Sahelian origin [START_REF] Paquet | Etude minéralogique de poussières sahariennes le long d'un itinéraire entre 19° et 35° de latitude nord[END_REF]. South and central Sahara are characterized by intermediate values (I/K =0.4) [START_REF] Caquineau | Saharan dust: clay ratio as a relevant tracer to assess the origin of soil-derived aerosols[END_REF]. This latitudinal evolution is consistent with the mineralogy of Atlantic sediments and dust collected over the Atlantic Ocean (e.g. [START_REF] Chamley | Clay Sedimentology[END_REF]. The content in kaolinite of dust also varies with the longitude. The I/K ratio decreases from the northwestern Africa (I/K =2-1.1 in northern Algeria) to northeastern Africa (I/K =0.5-0.7) (e.g. [START_REF] Guerzoni | The Impact of Desert Dust Across the Mediterranean[END_REF][START_REF] Caquineau | Saharan dust: clay ratio as a relevant tracer to assess the origin of soil-derived aerosols[END_REF]. In the studied samples the I/K ratio ranges from 1.35 to 3 with an average value of 2.1, and does not significantly change during the old events (Fig. 6). Our data indicate that the eolian contribution should be important in the Alboran Sea since the I/K ratio of proximal riverine supply is rather low (I/ K =1.38) [START_REF] Alonso | Late Quaternary sedimentation patterns of the Ebro turbidite systems (northwestern Mediterranean): two styles of deep-sea deposition[END_REF]). When compared with data from [START_REF] Caquineau | Saharan dust: clay ratio as a relevant tracer to assess the origin of soil-derived aerosols[END_REF] this ratio suggests sources from the North and West Sahara (I/ K =1.3-2.6) and rules out any contribution from Sahel (I/ Ko0.25) or South and central Sahara (I/K =0.4-0.7).

During the North Atlantic cold events, the I/K remains stable while the palygorskite content increases. This result indicates larger contribution of an eolian source characterized by a high palygorskite content and I/K ratio around 2, such as western Morocco [START_REF] El Mouden | Constraints on alluvial clay mineral assemblages in semiarid regions. The Souss Wadi Basin (Morocco, Northwestern Africa)[END_REF]. Furthermore, the presence of Argania pollen, typical of southern Morocco, associated with the palygorskite within the HE, HE1 and HE4, supports the southern origin of dust. The presence of Argania pollen suggests low precipitation (200-400 mm) and positive temperatures. This result is not contradictory with the reconstructed MTCO because this pollen was not used in the MAT modeling and because the occurrence of Argania is here interpreted as an evidence of intense eolian transport from southern areas during these HE.

Argania pollen were probably transported together with palygorskite from southern areas which were not so cold but arid. The sediments from the ODP 976 seem to result from the mixing between riverine supply (possibly the Ebro River) and eolian contributions from North and West Sahara (Fig. 6).

Palygorskite transport-atmospheric configuration

As palygorskite represents the eolian contribution to deep-sea sedimentation, its abundance suggests that the continental aridity was associated with specific atmospheric configurations favoring dust transport from the source area to the Alboran sea. The different atmospheric scenario leading to palygorskite-rich dust transport issued from Sahara toward Europe are described by specific air-masses trajectories. Several studies (e.g. [START_REF] Avila | Mineralogical composition of African dust delivered by red rains over northeastern Spain[END_REF][START_REF] Rodríguez | Saharan dust contributions to PM10 and TSP levels in Southern and Eastern Spain[END_REF], based on decennial observations, attempt to reconstruct the main trajectories of dust outbreaks reaching Europe and their associated atmospheric configurations (Fig. 7). These dust events are clearly controlled by the intensity of the westerly winds regime over Europe. The migration of both anticyclone and depression cells over the tropical Atlantic, the Mediterranean, the European and North African continents seasonally modulates these situations. According to the potential sources of palygorskite and to the regional wind system, the potential atmospheric configuration resulting in enhanced palygorskite supply during the North Atlantic cold events can then be discussed (Fig. 7).

During summer the thermal convective activity over central and southern Sahara desert lifts dust particles to high atmosphere (Prospero, 1981a, b). This Saharan air mass flows westward at high-altitude. A part of this air mass is further redistributed over longrange distance toward the Mediterranean (pathway 4) by the northern branch of the SAL (Prospero, 1981a, b). This scenario would favor an increased contribution of dust originating from the Lake Chad area. But even if the Bodélé depression is considered to be one of the main dust sources at present-day, there is so far no clear evidence of palygorskite occurrence in dust originating from this area. But few mineralogical studies have attempted to identify fibrous clays so far. The average level of the Lake Chad has dropped during the late Holocene while dustiness increases continuously. These conditions are likely to favor an enhanced production and export of palygorskite toward the Mediterranean if considering Lake Chad as a potential source area. According to our data, there is no significant increase in palygorskite input in the Alboran Sea during the Holocene. The clay mineral fraction composition remains stable over the Holocene. This observation suggests that the Bodélé depression and Lake Chad were probably not the main sources of dust during the North Atlantic cold climatic events.

In the lower trades, below the SAL (850 hPa, 1500 m) the northward transport of desert dust (Fig. 2b) is also seasonally modulated (Bergametti et al., 1989a;[START_REF] Chiapello | An additional low layer transport of Sahelian and Saharan dust transport over the north-eastern tropical Atlantic[END_REF][START_REF] Guerzoni | Saharan dust inputs to the western Mediterranean sea: depositional patterns, geochemistry and sedimentological implications[END_REF][START_REF] Moulin | Control of atmospheric export of dust from north Africa by the north Atlantic Oscillation[END_REF][START_REF] Rodríguez | Saharan dust contributions to PM10 and TSP levels in Southern and Eastern Spain[END_REF]. During summer the remoteness of the Azores high and the displacement of the North African anticyclone over Algeria favor the incursion of a depression trench between these two anticyclones gyres [START_REF] Coudé-Gaussen | Les poussières éoliennes sahariennes. Mise au point[END_REF]Bergametti et al., 1989a;[START_REF] Moulin | Control of atmospheric export of dust from north Africa by the north Atlantic Oscillation[END_REF][START_REF] Rodríguez | Saharan dust contributions to PM10 and TSP levels in Southern and Eastern Spain[END_REF][START_REF] Torres-Padrón | Variability of dust inputs to the CANIGO zone[END_REF]. Dust particles originating from western and central part of the Sahara [START_REF] Guerzoni | Saharan dust inputs to the western Mediterranean sea: depositional patterns, geochemistry and sedimentological implications[END_REF] are transported toward the western and central part of the Mediterranean (Figs. 2c and7, pathway 3) [START_REF] Moulin | Control of atmospheric export of dust from north Africa by the north Atlantic Oscillation[END_REF]. The atmospheric backtrajectories associated with such events indicate that the main dust emission is located in the western part of Morocco, where important source of palygorskite have been identified [START_REF] Avila | Mineralogical composition of African dust delivered by red rains over northeastern Spain[END_REF][START_REF] El Mouden | Constraints on alluvial clay mineral assemblages in semiarid regions. The Souss Wadi Basin (Morocco, Northwestern Africa)[END_REF]. The increase of palygorskite associated with the North Atlantic cold events could then be tentatively attributed to dominant summer atmospheric configurations. Such meridian circulation of air masses occurs when the westerly regime is weak or disrupted [START_REF] Coudé-Gaussen | Les poussières éoliennes sahariennes. Mise au point[END_REF]. It would then imply that the North Atlantic cold climatic events are associated with a reduction or a northward shift of the westerlies over Europe. Our results confirm the previous studies in the Alboran sea sediments suggesting a link between the North Atlantic cold events (stadials and HE) and the westerly regime over Europe [START_REF] Cacho | Evidence for enhanced Mediterranean thermohaline circulation during climatic coolings[END_REF][START_REF] Combourieu Nebout | Enhanced aridity and atmospheric high-pressure stability over the western Mediterranean during the North Atlantic cold events of the past 50 ky[END_REF][START_REF] Moreno | Saharan dust transport and high latitude glacial climatic variability: the Alboran sea record[END_REF][START_REF] Sánchez-Goñi | Synchroneity between marine and terrestrial responses to millennial scale climatic variability during the last glacial period in the Mediterranean region[END_REF] In winter (Figs. 2b and7) African dust outbreaks mainly reach Europe through meridian circulation across the Mediterranean [START_REF] Coudé-Gaussen | Les poussières éoliennes sahariennes. Mise au point[END_REF]. A NS depression trench (Fig. 7) is created between the Azores high (pathway 1) and the high-pressure located over central Mediterranean or over North Africa [START_REF] Rodríguez | Saharan dust contributions to PM10 and TSP levels in Southern and Eastern Spain[END_REF][START_REF] Torres-Padrón | Variability of dust inputs to the CANIGO zone[END_REF]. Saharan air masses move northward along the western edge of the high-pressure cell [START_REF] Coudé-Gaussen | Les poussières éoliennes sahariennes. Mise au point[END_REF][START_REF] Rodríguez | Saharan dust contributions to PM10 and TSP levels in Southern and Eastern Spain[END_REF]. The trajectory of such meridian transport is constrained both by the position and the high-pressure cell and the Atlas Mountains (Fig. 7), mainly providing dust and pollen to the northwestern and central Mediterranean. A recent study of southern Europe sedimentary records suggest that this pattern is responsible for the presence of Cedrus pollen originating from northwest Africa and flowering in winter [START_REF] Magri | Late Quaternary western Mediterranean pollen records and African winds[END_REF]. But the reconstructed trajectories indicate that dust particles were not able to reach the Alboran Sea. This eastern pattern is not likely to influence significantly the sedimentation in the Alboran Sea.

Inter-season Saharan dust outbreaks represent less than 30% of the total dust emission [START_REF] Guerzoni | Saharan dust inputs to the western Mediterranean sea: depositional patterns, geochemistry and sedimentological implications[END_REF][START_REF] Rodríguez | Saharan dust contributions to PM10 and TSP levels in Southern and Eastern Spain[END_REF]. Spring and early summer dust events represent 20% of total annual events [START_REF] Rodríguez | Saharan dust contributions to PM10 and TSP levels in Southern and Eastern Spain[END_REF]. They are linked to the position of cyclones which favors the air masses crossing the Mediterranean between Tunisia and Egypt toward eastern and central Mediterranean basins [START_REF] Moulin | Control of atmospheric export of dust from north Africa by the north Atlantic Oscillation[END_REF]. Such wind trajectories would not be able to transport fine-dust particles toward the Alboran Sea. At the end of summer the dust main routes are shifted westward because most cyclones originate from the Balearic region. The dust outbreaks have a general NE trajectory toward Corsica and Italy (Bergametti et al., 1989c) (Fig. 7, pathway 1b). Nevertheless the presence of the Atlas mountain (Fig. 7) shift to the East the main direction of dominant winds, preventing any significant contribution to the Alboran Sea sedimentation.

Saharan intrusions occurring during fall represent less than 10% of the total annual events [START_REF] Rodríguez | Saharan dust contributions to PM10 and TSP levels in Southern and Eastern Spain[END_REF]. These events are generally induced by the simultaneous occurrence of a depression off the southwest Iberian Peninsula and of a high-pressure cell over Algeria (Fig. 7, pathway 2) [START_REF] Rodríguez | Saharan dust contributions to PM10 and TSP levels in Southern and Eastern Spain[END_REF]. The dominant direction of associated winds is likely to transport Saharan dust to the Iberian Peninsula and to the Alboran Sea. Moreover, the dust produced by this synoptic situation probably originates from one of the potential source area of palygorskite [START_REF] Paquet | Etude minéralogique de poussières sahariennes le long d'un itinéraire entre 19° et 35° de latitude nord[END_REF]. But the rare occurrence of such events and their low contribution to the annual dust export suggest they are not the main mechanism leading to palygorskite input in the Alboran Sea. But synoptic situations were different during the last glacial. The enhanced supply associated with the North Atlantic cold events may then indicate that the modern meteorological situation leading to fall Saharan intrusions was much more frequent than today.

In summary, according to the provenance of palygorskite and to the atmospheric backtrajectories, the pathways 2 and 3 are the most probable patterns followed by western Moroccan dust-blown particles which characterize the North Atlantic cold events.

Paleoclimatic implications

Glacial periods are characterized by dust fluxes 1.5 to 6 times higher than today especially in tropical oceans [START_REF] Kolla | Distribution of quartz in late Quaternary Atlantic sediments in relation to climate[END_REF][START_REF] Chamley | Mineralogical and geochemical investigations on latest Miocene deposits in the Tyrrhenian sea (ODP Leg 107)[END_REF][START_REF] Ruddiman | Tropical Atlantic terrigenous fluxes since 25,000 yr[END_REF][START_REF] Hoogakker | Variations in terrigenous dilution in western Mediterranean sea pelagic sediments in response to climate change during the last glacial cycle[END_REF]. This enhanced supply was attributed to an aridification of the continents [START_REF] Kolla | Distribution of quartz in late Quaternary Atlantic sediments in relation to climate[END_REF][START_REF] Rea | The paleoclimatic record provided by eolian deposition in the deep ocean: the geologic history of wind[END_REF] and/or to strengthening of the winds [START_REF] Ruddiman | Tropical Atlantic terrigenous fluxes since 25,000 yr[END_REF]. During glacial intervals, cold and dry conditions develop over the Mediterranean as a result of colder sea surface temperatures associated with the stability of the northern highpressure cell and with an increased seasonality of precipitations [START_REF] Prentice | A global biome model based on plant physiology and dominance, soil properties and climate[END_REF][START_REF] Pérez-Folgado | Western Mediterranean planktonic foraminifera events and millennial climatic variability during the last 70 kyr[END_REF]. There is a strong relationship between rainfall and dust storm occurrence [START_REF] Middleton | Effect of drought on dust production in the Sahel[END_REF]. Low precipitations limit the expansion of vegetation, favoring the erosion of unconsolidated fine-grained soil particles [START_REF] Middleton | Effect of drought on dust production in the Sahel[END_REF][START_REF] Balsam | Modern and last glacial maximum eolian sedimentation patterns in the Atlantic Ocean interpreted from sediment iron oxide content[END_REF]. As a consequence the aridification is thought to become one of the main factor controlling the production of dust during glacial periods [START_REF] Kolla | Distribution of quartz in late Quaternary Atlantic sediments in relation to climate[END_REF][START_REF] Middleton | Effect of drought on dust production in the Sahel[END_REF][START_REF] Rea | The paleoclimatic record provided by eolian deposition in the deep ocean: the geologic history of wind[END_REF]. But other studies evidenced the influence of wind intensity on the enhanced glacial dust fluxes. Previous studies mainly based on pollen and sediment analyses suggest the intensification of winds, favoring the northward transport of dust across the Mediterranean during the last glacial period. This enhanced eolian input from North Africa was evidenced in lacustrine sediments from central Italy [START_REF] Narcisi | Late Quaternary eolian deposition in central Italy[END_REF] and in terrestrial deposits from a Mediterranean island (Lampedusa) located between Tunisia and Sicily [START_REF] Giraudi | The upper Pleistocene to Holocene sediments on the Mediterranean island of Lampedusa (Italy)[END_REF]. The presence of Cedrus pollen, a modern maker of northwest African provenance, in several sites from southern Europe, also supports this hypothesis [START_REF] Magri | Late Quaternary western Mediterranean pollen records and African winds[END_REF]. Several studies argued that winter transport over the Atlantic ocean should be enhanced during glacial because the most intense present-day dust events originating from the southern Sahelian region typically occur during winter [START_REF] Chiapello | Origins of African dust transported over the north-eastern tropical Atlantic[END_REF][START_REF] Ratmeyer | Lithogenic particle fluxes and grain-size distributions in the deep ocean off northwest Africa: implications for seasonal changes of aeolian dust input and downward transport[END_REF][START_REF] Hoogakker | Variations in terrigenous dilution in western Mediterranean sea pelagic sediments in response to climate change during the last glacial cycle[END_REF][START_REF] Washington | Atmospheric controls on mineral dust emission from the BodéléDepression, Chad: the role of the low level jet[END_REF]. But major dust outbreaks originating from West and North Sahara also occur during summer [START_REF] Moulin | Control of atmospheric export of dust from north Africa by the north Atlantic Oscillation[END_REF][START_REF] Rodríguez | Saharan dust contributions to PM10 and TSP levels in Southern and Eastern Spain[END_REF][START_REF] Ginoux | Long-term simulation of global dust distribution with the GOCART model: correlation with North Atlantic Oscillation[END_REF]. This mechanism should be considered to explain the increased dust fluxes during glacial [START_REF] Balsam | Modern and last glacial maximum eolian sedimentation patterns in the Atlantic Ocean interpreted from sediment iron oxide content[END_REF]. [START_REF] Grousset | Saharan wind regimes traced by the Sr-Nd isotopic composition of subtropical Atlantic sediments: last glacial maximum vs. today[END_REF] then suggested that both aridity and wind strength should be involved to explain the high glacial dust input. In the frame of the recent studies in the Alboran Sea, our results allow to highlight the importance of eolian processes during the North Atlantic cold events.

In West Mediterranean, cold events as HE and Dansgaard/Oeschger stadials are evidenced by the increase of deep oceanic convection and by the development of arid and cold conditions on the surrounding continents. Locally these cold events seem to be related to changes in atmospheric circulation and intensification of westerly winds [START_REF] Rohling | Abrupt cold spells in the NW Mediterranean[END_REF][START_REF] Sánchez-Goñi | Synchroneity between marine and terrestrial responses to millennial scale climatic variability during the last glacial period in the Mediterranean region[END_REF]. The increase of steppic plants in Alboran sea sediments associated with low paleoprecipitation estimations indicates that HE were dry and cold [START_REF] Combourieu Nebout | Enhanced aridity and atmospheric high-pressure stability over the western Mediterranean during the North Atlantic cold events of the past 50 ky[END_REF][START_REF] Sánchez-Goñi | Synchroneity between marine and terrestrial responses to millennial scale climatic variability during the last glacial period in the Mediterranean region[END_REF]. Such a decrease has already been observed in other records in Alboran Sea and off Portugal for HE 3 to 5 [START_REF] Sánchez-Goñi | Synchroneity between marine and terrestrial responses to millennial scale climatic variability during the last glacial period in the Mediterranean region[END_REF] and in continental series in Lago Grande di Monticchio, Italy [START_REF] Allen | Rapid environmental changes in southern Europe during the last glacial period[END_REF]. It remains slightly higher than the sea surface temperature changes (5-10°C) obtained from alkenones in the Alboran Sea [START_REF] Cacho | Evidence for enhanced Mediterranean thermohaline circulation during climatic coolings[END_REF] and the temperature of the coldest month deduced from the Monticchio record for the studied period [START_REF] Allen | Rapid environmental changes in southern Europe during the last glacial period[END_REF]. As already mentioned in Section 4.2, the small discrepancies between the MTCO at site ODP 976 (Alboran sea) and in Monticchio record may result both from the use of different methods of reconstruction and database. High eolian fluxes based on grain-size measurements, resulting from increased aridity and wind strength, were also evidenced in the Alboran Sea sediments during H3, H4 and H5 [START_REF] Moreno | Saharan dust transport and high latitude glacial climatic variability: the Alboran sea record[END_REF]. Our data also suggest that aridity was enhanced during the North Atlantic cold events, as revealed by steppic vegetation, precipitation estimation and clay minerals (Fig. 5). The presence of palygorskite indicates that peri-Mediterranean areas were dry with sparse vegetation cover, allowing the erosion of unconsolidated soils. As palygorskite is wind transported, its increase suggests a significant wind strengthening over northern North Africa and allows the reconstruction of the dominant synoptic conditions over the Mediterranean during the North Atlantic cold events. The meridian transport of palygorskite to the Alboran Sea during the North Atlantic cold events implies not only that strong high-pressure cells develop over the tropical Atlantic (Azores High) and over the North African continent (North African High) but also that the westerlies, probably shifted northward, would not prevent the incursion of the Saharan masses toward Europe.

Relation with the NAO

According to the identification of the main clay sources and to atmospheric back trajectories, the increase of palygorskite during the North Atlantic cold events indicates the stability of two high-pressure cells, the Azores high over the tropical Atlantic Ocean and the North African anticyclone over Algeria. During the North Atlantic cold climatic events, these two high-pressure systems were associated with the existence of a depression over western Europe. The meridian transport of the palygorskite implies that the westerly regime was weak, disrupted or displaced northward. Such synoptic situations are very similar with positive phases of the so-called NAO [START_REF] Hurrell | Decadal trend in the North Atlantic Oscillation: regional temperatures and precipitations[END_REF]. [START_REF] Moulin | Control of atmospheric export of dust from north Africa by the north Atlantic Oscillation[END_REF] evidenced the role of the NAO in controlling the desert dust transport. The NAO is responsible for much of the climate variability observed in the Mediterranean region (Fig. 8) at present-day and possibly during the last glacial [START_REF] Cacho | Evidence for enhanced Mediterranean thermohaline circulation during climatic coolings[END_REF][START_REF] Combourieu Nebout | Enhanced aridity and atmospheric high-pressure stability over the western Mediterranean during the North Atlantic cold events of the past 50 ky[END_REF][START_REF] Moreno | Saharan dust transport and high latitude glacial climatic variability: the Alboran sea record[END_REF][START_REF] Sánchez-Goñi | Synchroneity between marine and terrestrial responses to millennial scale climatic variability during the last glacial period in the Mediterranean region[END_REF]. During positive phase of the NAO, the high-pressure gradient between the strong Azores anticyclone and the Icelandic depression results in a northward shift and an increase strength of the westerlies [START_REF] Hurrell | Decadal trend in the North Atlantic Oscillation: regional temperatures and precipitations[END_REF]. When the NAO is high, dry conditions develop over southern Europe and North Africa [START_REF] Pittalwala | Simulation of the North Atlantic Oscillation in a general circulation model[END_REF] and the northeast trade winds intensity increases, leading to the enhanced westward transport of desert dust [START_REF] Moulin | Control of atmospheric export of dust from north Africa by the north Atlantic Oscillation[END_REF]. As a result, severe decennial time-scale droughts in Sahel are correlated to low surface temperature in the North Atlantic Ocean [START_REF] Moulin | Control of atmospheric export of dust from north Africa by the north Atlantic Oscillation[END_REF]. Conversely, when the NAO is negative, the pressure gradient between the Azores high and the Iceland low decreases [START_REF] Hurrell | Decadal trend in the North Atlantic Oscillation: regional temperatures and precipitations[END_REF]. The westerlies are shifted to the South providing precipitations over the Mediterranean and the North African continent.

Negative phases of the NAO thus prevent dust uptake and transport [START_REF] Moulin | Control of atmospheric export of dust from north Africa by the north Atlantic Oscillation[END_REF].

Several studies in the West Mediterranean and in the Alboran Sea highlight the influence of northwesterly and Saharan winds in the low sea surface temperatures, in high continental aridity, and in the enhanced dust transport associated with the HE and D/ O stadials.

The modification of the northwesterly regime was compared to the present-day NAO [START_REF] Cacho | Evidence for enhanced Mediterranean thermohaline circulation during climatic coolings[END_REF][START_REF] Combourieu Nebout | Enhanced aridity and atmospheric high-pressure stability over the western Mediterranean during the North Atlantic cold events of the past 50 ky[END_REF][START_REF] Moreno | Saharan dust transport and high latitude glacial climatic variability: the Alboran sea record[END_REF][START_REF] Moreno | Links between marine and atmospheric processes oscillating on a millennial timescale. A multiproxy study of the last 50,000 yr from the Alboran sea[END_REF][START_REF] Sánchez-Goñi | Synchroneity between marine and terrestrial responses to millennial scale climatic variability during the last glacial period in the Mediterranean region[END_REF], but oscillating with a lower frequency than the decennial one [START_REF] Hurrell | Decadal trend in the North Atlantic Oscillation: regional temperatures and precipitations[END_REF]. High NAO index and increased intensity of the northwesterlies were also invoked to explain the active deep-water convection which occurs in the Mediterranean during HE and stadials [START_REF] Rohling | Abrupt cold spells in the NW Mediterranean[END_REF][START_REF] Cacho | Evidence for enhanced Mediterranean thermohaline circulation during climatic coolings[END_REF]. Furthermore, modeling data indicate high correlation between the winter NAO index and the dust emission from the Bodélé region-Lake Chad area. But this model does not take in account the impact of vegetation reduction on the erodability of soils. Moreover, since no palygorskite was reported so far in dust-blown particles from the Bodélé region, this area cannot be considered as the main dust contributor toward the Alboran sea during the North Atlantic cold events. Our results suggest that palygorskite-rich events are favored by specific atmospheric configurations. A depression corridor is created between the Azores high and the North African anticyclone, leading to the transport of dust particles from western Morocco to the Alboran Sea. Such meridian transfer is efficient only if westerlies are weak, disrupted or displaced northward. But recent studies suggest that the northwesterlies were intense during D/O stadials [START_REF] Rohling | Abrupt cold spells in the NW Mediterranean[END_REF][START_REF] Cacho | Evidence for enhanced Mediterranean thermohaline circulation during climatic coolings[END_REF][START_REF] Moreno | Saharan dust transport and high latitude glacial climatic variability: the Alboran sea record[END_REF][START_REF] Sánchez-Goñi | Synchroneity between marine and terrestrial responses to millennial scale climatic variability during the last glacial period in the Mediterranean region[END_REF]. Our data indicate that northwesterlies should be shifted to the North during the North Atlantic cold events in order to allow the intrusion of Saharan air masses toward Europe. This interpretation is not contradictory with previous studies suggesting intensification of the westerly winds, but may explain the singular feature of the amplified aridity signal characterizing the HE compared to other D/O stadials by shifting the westerly winds toward a more northerly position [START_REF] Combourieu Nebout | Enhanced aridity and atmospheric high-pressure stability over the western Mediterranean during the North Atlantic cold events of the past 50 ky[END_REF][START_REF] Sánchez-Goñi | Synchroneity between marine and terrestrial responses to millennial scale climatic variability during the last glacial period in the Mediterranean region[END_REF].

Conclusions

The Alboran core ODP 976 provides a combined mineralogical and palynological data set that illustrates connection between climatic and atmospheric system on West Mediterranean throughout the last glacial cycle. Our results provide new insights on the atmospheric configuration in the Alboran Sea during last glacial, especially during the North Atlantic cold events.

The increase of palygorskite-a typical wind-blown clay mineral-during these cold episodes suggests the intensification of dust events across the Mediterranean during the North Atlantic cold events. The peculiar mineralogical composition of the clay-size fraction evidences western Morocco as a potential source of dust during the North Atlantic cold events. This hypothesis is supported by the abundance of semi-desert taxa and the presence of Argania pollen associated with palygorskite. Coeval palygorskite supply and development of the semi-arid vegetation during the North Atlantic cold events suggest severe droughts on peri-Mediterranean areas, as evidenced by estimated annual precipitations. The enhanced Saharan dust export toward the Alboran Sea during the North Atlantic cold events also implies a strengthening of dominant winds. According to the different air mass trajectories resulting from various atmospheric configurations, summer-type dust events are the best candidate to explain the important transport of fine-particles from western Morocco to the Alboran Sea. According to atmospheric models, such a meridian transport (1) results from the development of strong and stable anticyclonic conditions over the tropical Atlantic and North Africa, similar to today's summer meteorological configuration and (2) implies a northward position of the westerly winds during the North Atlantic cold events.

The reconstructed synoptic situation over the West Mediterranean during the North Atlantic cold events was compared with meteorological configurations characterizing the NAO. This observation reveals that the prevailing weather regime over North Africa and western Europe during the North Atlantic cold events was very similar to the one described for positive phases of the NAO, suggesting a systematic shift towards a positive NAO situation.

Further geochemical analyses will help to estimate the contribution of the Moroccan source versus other sources such as the Bodélé region during the North Atlantic cold events. Moreover high-resolution mineralogical and palynological studies of sediments deposited during the Marine Isotopic Stage 5 and the Holocene in the Alboran sea will give essential informations on the links between North Atlantic climate and Mediterranean weather regimes. dust and aerosols [START_REF] Pastouret | Late Quaternary climatic changes in western tropical Africa deduced from deep-sea sedimentation of the Niger delta[END_REF][START_REF] Coudé-Gaussen | Les poussières éoliennes sahariennes. Mise au point[END_REF][START_REF] Paquet | Etude minéralogique de poussières sahariennes le long d'un itinéraire entre 19° et 35° de latitude nord[END_REF][START_REF] Robert | Origine autochtone et allochtone des argiles récentes de haute altitude en Corse[END_REF][START_REF] Chamley | Clay Sedimentology[END_REF][START_REF] Alonso | Late Quaternary sedimentation patterns of the Ebro turbidite systems (northwestern Mediterranean): two styles of deep-sea deposition[END_REF][START_REF] Grousset | Saharan wind regimes traced by the Sr-Nd isotopic composition of subtropical Atlantic sediments: last glacial maximum vs. today[END_REF][START_REF] Avila | Mineralogical composition of African dust delivered by red rains over northeastern Spain[END_REF][START_REF] Guerzoni | The role of atmospheric deposition in the biogeochemistry of the Mediterranean sea[END_REF][START_REF] El Mouden | Constraints on alluvial clay mineral assemblages in semiarid regions. The Souss Wadi Basin (Morocco, Northwestern Africa)[END_REF]. 1: Gibraltar, 2: Morocco; 3: Cape blanc, [START_REF] Avila | Mineralogical composition of African dust delivered by red rains over northeastern Spain[END_REF][START_REF] Rodríguez | Saharan dust contributions to PM10 and TSP levels in Southern and Eastern Spain[END_REF][START_REF] Luck | Trace element and Pb isotope variability during rainy events in the NW Mediterranean: constraints on anthropogenic and natural sources[END_REF], (b) main average dust trajectories reaching Europe. [START_REF] Hurrell | Decadal trend in the North Atlantic Oscillation: regional temperatures and precipitations[END_REF].

Figure captions

Fig. 1 .

 1 Fig. 1. Geographical settings. Main wind trajectories (black arrow) and rivers supply (gray arrow) in the Mediterranean area. The geographical boundary between Sahara and Sahel is reported. SAL: Saharan air layer, TW: northeast trade winds, NSAL: northern branch of the SAL, ITCZ July: position of the Inter-Tropical Convergence Zone in July.

Fig. 2 .

 2 Fig. 2. Three main atmospheric configurations favouring the meridian transport of Saharan dust toward Europe during winter (a) strong low pressure (L) over the Iberian peninsula, during fall (b) strong high pressure (H) over central Mediterranean combined with a low pressure off Portugal, and during summer (c) strong low pressure over North Africa and tropical Atlantic and low pressure over North Atlantic. Modified from (Coudé-Gaussen, 1982;[START_REF] Rodríguez | Saharan dust contributions to PM10 and TSP levels in Southern and Eastern Spain[END_REF].

Fig. 3 .

 3 Fig. 3. Clay mineralogy of (a) peri-Mediterranean river particles and sediments (in %) and (b)

4:

  Cape Verde, 5: Tanezrouft, 6: Tamanrasset, 7: In Salah, 8: northern Algeria, 9: Algerian shelf, 10: Ebro river, 11: western Mediterranean sediments, 12: Sardinia, 13: Corsica, 14: Tyrrhenian sea, 15: Malta, 16: Ionian sea, 17: central Mediterranean sediments, 18: eastern Mediterranean sediments, 19: Aegean sea, 20: Florence rise, 21: Nile river, 22: Rhone river, 23: Po river, 24 eastern Mediterranean aerosols, 25: central Mediterranean aerosols, 26: western Mediterranean aerosols, 27: Tunisian loess, 28: dust from central Algeria, 29: dust from Moroccan Atlas, 30: Moroccan dust, 31: dust from central Sahara.

Fig. 4 .

 4 Fig. 4. Clay minerals variations (%) with time (ka): (a) illite, (b) smectite, (c) kaolinite, (d) chlorite and (e) palygorskite. Time-slices corresponding to the Younger Dryas (YD) and to Heinrich events 1 to 5 (H1 to H5) are delimited by gray rectangle.

Fig. 5 .

 5 Fig. 5. (a) Palygorskite content (%), (b) semi-desert vegetation abundance (%), (c) annual precipitation (Pann in mm) and (d) mean temperature of the coldest month (MTCO) based on the modern analog technique (see text for explanation) with sigma errors, (e) temperate pollen (%) and (f) oxygen isotopic ratio at NorthGRIP (%). Time-slices corresponding to the Younger Dryas (YD) and to Heinrich events 1 to 5 (H1 to H5) are delimited by gray rectangle. A black circle marks the presence of Argania pollen.

Fig. 6 .

 6 Fig. 6. (a) Palygorskite content (%) versus illite-to-kaolinite ratio (I/K) of ODP 976 sediments (diamonds) and of main end-members: rivers (circle), dust and aerosols (star), and sediments (square). Black diamonds correspond to Younger Dryas and Heinrich events samples. Mixing lines between end members are suggested (dotted lines), (b) enlarged view of (a). CMED: central Mediterranean, EMED: eastern Mediterranean, WMED: western Mediterranean.

Fig. 7 .

 7 Fig. 7. Main potential sources of palygorskite with gradient ranging from >25% (dark orange) to 10% (light orange) and (a) main air masses trajectories for different dust events ending at Montpellier, France (blue lines), Montseny station, Spain (red lines), and Monanegra station, Spain (pink lines) with respect to their respective origin: thin dotted-line for Moroccan Atlas provenance; medium dotted-line for central Algeria provenance and thick dotted-line for western Sahara provenance[START_REF] Avila | Mineralogical composition of African dust delivered by red rains over northeastern Spain[END_REF][START_REF] Rodríguez | Saharan dust contributions to PM10 and TSP levels in Southern and Eastern Spain[END_REF][START_REF] Luck | Trace element and Pb isotope variability during rainy events in the NW Mediterranean: constraints on anthropogenic and natural sources[END_REF] 

Fig. 8 .

 8 Fig. 8. Synoptic atmospheric configurations over the Mediterranean and the North Atlantic Ocean (a) during the north Atlantic cold events and (b) associated with positive phase of the North Atlantic Oscillation[START_REF] Hurrell | Decadal trend in the North Atlantic Oscillation: regional temperatures and precipitations[END_REF].
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