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Introduction

A number of environmental factors such as temperature, salinity, density, oxygen availability, carbonate chemistry, food and nutrients and current velocity appear to control coral reef growth in tropical shallow-water zooxanthellate coral reefs (e.g. [START_REF] Veron | Corals of Australia and the Indo-Pacific[END_REF][START_REF] Dullo | Cold-water coral growth in relation to the hydrography of the Celtic and Nordic European continental margin[END_REF]. However, the specific factors that control growth and settlement of non-zooxanthellate cold water coral (CWC) reefs have yet to be fully understood [START_REF] Rüggeberg | Environmental changes and growth history of Propeller Mound, Porcupine Seabight: evidence from benthic foraminiferal assemblages[END_REF][START_REF] White | The hydrography of the Porcupine Bank and Sea Bight and associated carbonate mounds[END_REF]. These ecosystems were more recently discovered along the NW European continental margin [START_REF] Dons | Norges korallrev[END_REF][START_REF] Danois | Occurrences of Lophelia pertusa on the Atlantic margin[END_REF][START_REF] Teichert | Cold-and Deep-Water Coral Banks[END_REF][START_REF] Henriet | Gas hydrate crystals may help build reefs[END_REF]. Over the past decades of exploration it has become clear that CWC have a world-wide distribution and Lophelia pertusa is one of the most common and widespread of the reef framework-forming cold-water corals [START_REF] Roberts | Reefs of the deep: the biology and geology of cold-water coral ecosystems[END_REF]2009;Freiwald et al., 2004;2017). These CWC ecosystems play a key role in marine biodiversity as they provide habitats for many other species. CWC ecosystems occur over a wide range of depth and within a specific range of temperature, salinity, density and physico-chemical conditions [START_REF] Davies | Predicting suitable habitat for the cold-water coral Lophelia pertusa (Scleractinia)[END_REF][START_REF] Findlay | Fine-scale nutrient and carbonate system dynamics around cold-water coral reefs in the northeast Atlantic[END_REF][START_REF] Robinson | The geochemistry of deep-sea coral skeletons: A review of vital effects and applications for palaeoceanography[END_REF].

In the North-East Atlantic, CWC predominantly occur along the European continental margin, between ~100 and 1000 m water depth (Freiwald et al., 2004;2017;[START_REF] Frank | Northeastern Atlantic cold-water coral reefs and climate[END_REF][START_REF] Findlay | Fine-scale nutrient and carbonate system dynamics around cold-water coral reefs in the northeast Atlantic[END_REF][START_REF] Dullo | Cold-water coral growth in relation to the hydrography of the Celtic and Nordic European continental margin[END_REF]. Several environmental parameters are thought to be important for CWC reef growth in the NE Atlantic. Seawater temperatures commonly range from 4 to 12°C, density is in the range of 27.35 to 27.65 kg m-3 [START_REF] Dullo | Cold-water coral growth in relation to the hydrography of the Celtic and Nordic European continental margin[END_REF], and near bottom flow dynamics are energetic [START_REF] Frederiksen | The distribution of the scleractinian coral Lophelia pertusa around the Faeroe islands and the relation to internal tidal mixing[END_REF][START_REF] Freiwald | Reef-forming cold-water corals[END_REF][START_REF] Kenyon | Giant carbonate mud mounds in the southern Rockall Trough[END_REF]Roberts et al., 2009;[START_REF] Masson | The origin of deep-water, coral-topped mounds in the northern Rockall Trough, Northeast Atlantic[END_REF][START_REF] Findlay | Fine-scale nutrient and carbonate system dynamics around cold-water coral reefs in the northeast Atlantic[END_REF]. Finally, modern distributions of CWC seem to be strongly related to the supply of organic matter [START_REF] Roberts | Mingulay reef complex: an interdisciplinary study of coldwater coral habitat, hydrography and biodiversity[END_REF] and bottom currents that permit coral larvae dispersal, maintain (food) particles in suspension and prevent corals from being smothered by sediment [START_REF] Mienis | Hydrodynamic controls on cold-water coral growth and carbonate-mound development at the SW and SE Rockall Trough Margin, NE Atlantic Ocean[END_REF][START_REF] Mienis | Sediment accumulation on a coldwater carbonate mound at the Southwest Rockall Trough margin[END_REF][START_REF] Somoza | Detection and mapping of cold-water coral mounds and living Lophelia reefs in the Galicia Bank, Atlantic NW Iberia margin[END_REF]Sanchez et al., 2014).

Due to their critical role in modern marine ecosystems and the potential to use these archives for paleoenvironmental studies (e.g. [START_REF] Robinson | The geochemistry of deep-sea coral skeletons: A review of vital effects and applications for palaeoceanography[END_REF] a number of key papers have attempted to understand and reconstruct the growth history of CWC reefs and mounds. These studies mainly based on U-series dating of fossil coral fragments retrieved from carbonate mounds have permitted to establish the late-Quaternary spatial and temporal distribution of CWC in the North Atlantic [START_REF] Lutringer | Reconstitution de la variabilité des eaux intermédiaires par l'étude de la géochimie des coraux profonds[END_REF][START_REF] Dorschel | Growth and erosion of a cold-water coral covered carbonate mound in the Northeast Atlantic during the Late Pleistocene and Holocene[END_REF][START_REF] Frank | The Holocene occurrence of cold water corals in the NE Atlantic: implications for coral carbonate mound evolution[END_REF]2011;López Correa et al., 2012;[START_REF] Douarin | Growth of north-east Atlantic cold water coral reefs and mounds during the Holocene: A high resolution U-series and 14 C chronology[END_REF][START_REF] Victorero | Reconstruction of the formation history of the Darwin Mounds, N Rockall Trough: How the dynamics of a sandy contourite affected cold-water coral growth[END_REF][START_REF] Bonneau | Imprint of Holocene climate variability on cold-water coral reef growth at the SW Rockall Trough margin[END_REF]. A number of growth models of carbonate mounds and reefs have been proposed (Wilson et al., 1979;[START_REF] Kenyon | Giant carbonate mud mounds in the southern Rockall Trough[END_REF]De Mol et al.,2005;[START_REF] Dorschel | Growth and erosion of a cold-water coral covered carbonate mound in the Northeast Atlantic during the Late Pleistocene and Holocene[END_REF][START_REF] Roberts | Reefs of the deep: the biology and geology of cold-water coral ecosystems[END_REF][START_REF] Rüggeberg | Environmental changes and growth history of Propeller Mound, Porcupine Seabight: evidence from benthic foraminiferal assemblages[END_REF][START_REF] De Haas | Morphology and sedimentology of (clustered) cold-water coral mounds at the south Rockall Trough margins[END_REF][START_REF] Bonneau | Imprint of Holocene climate variability on cold-water coral reef growth at the SW Rockall Trough margin[END_REF][START_REF] Pirlet | The importance of the terrigenous fraction within a cold-water coral mound: A case study[END_REF]. In more detail, it has been demonstrated that interglacial climates were favourable for CWC growth and carbonate mound development, while until present no CWC from glacial periods have been discovered between 50°N and 70°N in the North Atlantic (Schröder-Ritzau et al., 2005;[START_REF] Van Der Land | Carbonate mound development in contrasting settings on the Irish margin. Deep-Sea Research Part I[END_REF][START_REF] Frank | The Holocene occurrence of cold water corals in the NE Atlantic: implications for coral carbonate mound evolution[END_REF]2011;[START_REF] Douarin | Growth of north-east Atlantic cold water coral reefs and mounds during the Holocene: A high resolution U-series and 14 C chronology[END_REF][START_REF] Bonneau | Imprint of Holocene climate variability on cold-water coral reef growth at the SW Rockall Trough margin[END_REF][START_REF] Matos | Interglacial occurrence of cold-water corals off Cape Lookout (NW Atlantic): first evidence of the Gulf Stream influence[END_REF] nor at 25°N in the Gulf of Mexico (Matos et al., 2018). On the contrary, at temperate latitudes between 20°N and 50°N in the NE Atlantic, glacial periods are associated with increased framework forming CWC reef growth. Lophelia pertusa reef growth is reported during glacial periods and cool events such as the Younger Dryas in the Gulf of Cádiz, Mediterranean Sea and off Mauritania [START_REF] Wienberg | Scleractinian cold-water corals in the Gulf of Cádiz-First clues about their spatial and temporal distribution[END_REF]2010;[START_REF] Mcculloch | Proliferation and demise of deep-sea corals in the Mediterranean during the Younger Dryas[END_REF][START_REF] Eisele | Productivity controlled cold-water coral growth periods during the last glacial off Mauritania[END_REF][START_REF] Frank | Northeastern Atlantic cold-water coral reefs and climate[END_REF]. [START_REF] Frank | Northeastern Atlantic cold-water coral reefs and climate[END_REF] has proposed that such glacial-interglacial changes in the distribution of CWC reefs in the North Atlantic could be linked to the North-South displacement of cold nutrient-rich intermediate waters and surface productivity driven by changes in the position of the polar front. However, other mechanisms could be involved in the emergence of this pattern, such as changes in the temperature and related pycnocline, which is associated with the development of nepheloid layers [START_REF] Raddatz | Environmental boundary conditions of cold-water coral mound growth over the last 3 million years in the Porcupine Seabight, Northeast Atlantic[END_REF][START_REF] Raddatz | Environmental constraints on Holocene cold-water coral reef growth off Norway: Insights from a multiproxy approach[END_REF] or changes in detrital input (e.g. ice-rafted debris) [START_REF] Pirlet | The importance of the terrigenous fraction within a cold-water coral mound: A case study[END_REF][START_REF] Thierens | Evidence for an ice-rafting British-Irish ice sheet since the earliest Pleistocene (2.6 million years ago) ): early mid-latitudinal glaciation around the North Atlantic Ocean[END_REF][START_REF] Bonneau | Imprint of Holocene climate variability on cold-water coral reef growth at the SW Rockall Trough margin[END_REF]. The effect of the carbonate chemistry changes and pH and calcium carbonate saturation conditions of the ocean has been shown to have an effect on CWC growth [START_REF] Hennige | Hidden impacts of ocean acidificationto live and dead coral framework[END_REF][START_REF] Raddatz | Environmental constraints on Holocene cold-water coral reef growth off Norway: Insights from a multiproxy approach[END_REF]. More recently, a compilation of U-series dating of CWC fragments collected in a restricted area of the SW Rockall Trough margin have shown that CWC growth was influenced by millennial-scale North Atlantic climate variability during the late Holocene with systematic lower CWC occurrence during cold events of the late Holocene [START_REF] Bonneau | Imprint of Holocene climate variability on cold-water coral reef growth at the SW Rockall Trough margin[END_REF]. A similar study in Mingulay CWC reef also showed that corals were sensitive to periods of rapid climate change [START_REF] Douarin | North Atlantic Ecosystem Sensitivity to Shifts in Meridional Overturning Circulation[END_REF][START_REF] Dubois-Dauphin | Holocene shifts in sub-surface water circulation of the North-East Atlantic inferred from Nd isotopic composition in cold-water corals[END_REF].

In this paper, we investigate a sedimentary record that provides new evidence for the environmental parameters that control the settlement of CWC reefs on the northern margin of the British continental shelf at the end of the last deglaciation.

A vibrocore was collected on the continental margin North of Scotland at 282 m water depth. We obtained numerous U/Th and 14 C dates on Lophelia pertusa (12 of which are paired), and 14 C dates on bivalves (Venus casima and other Venus sp.) and foraminifera (Cibicides refulgens). We also derived a stable isotope profile from planktonic species Globigerina bulloides. Clay mineralogical composition and laser grain-size distribution were measured in order to relate changes in sediment sources and dynamic of transport with the appearance of the CWC reef at this location.

Material and Methods

Sediment core location

The British Geological Survey (BGS) vibrocore +59-07/293VE was retrieved from the UK continental shelf, at the junction with the Wyville Thomson Ridge and the West Shetland shelf / Hebridean shelf (59°43.40N; 06°28.90W, 282 m water depth) during a regional mapping survey on board the MV British Enterprise Four (Long et al., 1999; (Figure 1)). Initial observations of CWC presence at the study site were obtained in the 19th century (e.g. [START_REF] Wyville-Thomson | The Depths of the Sea[END_REF]. More recently the area was surveyed and the distribution of CWC mapped (Long et al., 1999). Results from this survey showed the presence of living reefs of Lophelia pertusa down to a maximum water depth of 500 m with a maximum presence of living reefs centred between 300-400 m [START_REF] Roberts | The cold-water coral Lophelia pertusa (Scleractinia) and enigmatic seabed mounds along the north-east Atlantic margin: are they related?[END_REF]Long et al., 1999), but only dead CWC were observed at the study site.

Processes governing sedimentation in this area have been studied and show complex interactions between bathymetry and bottom-water currents (Howe et al., 2002).

The total recovery of vibrocore +59-07/293VE was 495 cm. Prior to subsampling, the core was cut frozen with a diamond saw, in order to keep the internal sedimentary structure intact. The top 300 cm of the core presented extremely abundant fragments of L. pertusa, up to 9 cm length. A one meter section of the core, between 61.5 to 161 cm, is highly disturbed with only small < 1 cm, highly fragmented and eroded L. pertusa samples. The bottom section, from 300-495 cm, presents no coral fragments. The biogenic fraction is composed of diverse bivalves, benthic and planktonic foraminifera and numerous well-rounded glaciomarine rock fragments. The coral-rich section of the core was sampled at 10 cm intervals, documenting the position and state of preservation of each coral fragment. The bottom 195 cm of the core were sampled at 5 cm intervals. Clay mineralogical analyses were performed on clay-sized fraction and laser grain-size analyses were conducted after removal of carbonate and organic matter. Stable isotopes (δ 18 O) of Globigerina bulloides were measured on sieved sediment samples. U/Th and 14 C analyses were done on selected fragments of corals sampled at specific depths down core.

Hydrological setting

The site investigated is located on the path of the North Atlantic Current (NAC) (Figure 1). As the NAC flows northwards it mixes with the European Shelf Edge Current (SEC) [START_REF] Marsh | Large-scale forcing of the European Slope Current and associated inflows to the North[END_REF][START_REF] Inall | On the oceanographic variability of the North-West European Shelf to the West of Scotland[END_REF][START_REF] Mccartney | On the origin of the warm inflow to the Nordic Seas Progress in[END_REF]. The SEC forms a northward-flowing boundary current centered at 200 m depth that brings warm and saline upper water with Eastern North Atlantic Central Water (ENACW) characteristics along the European margin to the Faroe-Shetland Channel [START_REF] Holliday | Water mass properties and fluxes in the Rockall Trough, 1975 to 1998[END_REF][START_REF] White | The shelf-edge current north-west of Ireland[END_REF]Hill and Mitchelson-Jacob, 1992;[START_REF] Ellett | The hydrography of the Rockall Channel -An overview[END_REF][START_REF] Pollard | Pollard Water masses and circulation pathways through the Iceland Basin during Vivaldi 1996[END_REF] (Figure 1). In addition, the Scottish Coastal Current (SCC), which flows on the shelf margin, mixes with SEC potentially indirectly affecting flow patterns at our study site [START_REF] Inall | On the oceanographic variability of the North-West European Shelf to the West of Scotland[END_REF]Ellet et al. 1986Ellet et al. , 1979)). The Scottish Coastal Current (SCC) brings cooler and fresher waters from the Irish and Clyde Seas [START_REF] Ellett | Oceanography and inshore hydrography of the Inner Hebrides[END_REF]). In the deeper section of this channel colder waters flow: Arctic Intermediate Waters (AIW) and Norwegian Sea Arctic Intermediate Waters (NSAIW), which appear to control the lowest depth habitat of L. pertusa in this area [START_REF] Roberts | The cold-water coral Lophelia pertusa (Scleractinia) and enigmatic seabed mounds along the north-east Atlantic margin: are they related?[END_REF].

Sampling for U/Th and 14 C dates

In total, 43 downcore pristine fossils of L. pertusa were selected for U/Th dating (Table 1). A 3-4 g piece of each coral fragment was ultrasonically cleaned in MilliQ water 3 times, as done in [START_REF] Douarin | Growth of north-east Atlantic cold water coral reefs and mounds during the Holocene: A high resolution U-series and 14 C chronology[END_REF], to avoid contamination from sediment and surface deposit. Inner and outer surfaces of CWC samples were carefully cleaned using a small diamond blade to avoid contamination from iron and manganese oxides/hydroxides and surface sample re-crystallisation of aragonite into calcite. The coral fragments were then sub-sampled for X-ray diffraction (XRD) analysis for mineralogical analysis (aragonite content). The XRD analysis was performed at GEOPS and confirmed that the cleaned corals were made of 100% aragonite. Pristine coral samples were dated by 14 C and U-series methods. The amount of material for each coral was larger than required to account for potential duplicates or other analytic work.

AMS 14 C dates

Coral fragments are only present from the core top to 300 cm and thereafter bivalves and foraminifera were used for 14 C dates. A total of 26 radiocarbon Accelerator Mass Spectrometry (AMS) ages were obtained on a range of material : 17 CWC, 3 marine bivalve fragments, 6 foraminifera C. refulgens samples (Table 1). For each 14 C date about 10 mg of CaCO 3 is required. When possible we used the subsamples of the same L. pertusa coral fragments used for U/Th dates. For the foraminifera, specimens of benthic foraminifera C. refulgens were hand-picked from the 250-1000 µm fraction of the sediment. Fragments of marine bivalves (Venus casima and other Venus sp.) were selected and cleaned.

All 14 C ages were calibrated with CALIB 7 program using the calibration curve Marine13 and assuming a mean constant surface ocean reservoir age of 400 years (Stuiver et al., 2005;Reimer et al., 2013).

U/Th dates

The CWC fragments selected were U-series dated at the Laboratoire des Sciences du Climat et de l'Environnement (LSCE, CEA-CNRS-UVSQ, Gif-sur-Yvette). 43 L. pertusa samples were analysed for uranium and thorium isotopes using a Multi-Collector Inductively Coupled Plasma Mass Spectrometer MC-ICP-MS. Prior to analyses, all fragments were examined under a binocular microscope to ensure against the presence of bio-eroded zones and finally crushed into a coarse-grained powder with an agate mortar and pestle. The powders (~60-200 mg) were transferred to acid cleaned Teflon beakers, ultrasonicated in MilliQ water, leached with 0.01 N HCl for around 15 s and finally rinsed twice with MilliQ water. The U and Th separation and purification followed a procedure modified from [START_REF] Pons-Branchu | Early diagenesis impact on precise U-series dating of Deep-Sea corals. Example of a 100-200 years old Lophelia pertusa sample from NE Atlantic[END_REF] and [START_REF] Douville | Rapid and precise 230Th/U dating of ancient carbonates using Inductively Coupled Plasma -Quadrupole Mass Spectrometry[END_REF]. The physically and chemically cleaned samples were dissolved in 3-4 ml dilute HCl (~10%) and mixed with an internal triple spike with known concentrations of 229 Th, 233 U and 236 U, calibrated against a Harwell Uraninite solution (HU-1) assumed to be at secular equilibrium [START_REF] Frank | Eastern North Atlantic deep-sea corals: tracing upper intermediate water 14 C during the Holocene[END_REF]. After Fe-coprecipitation, the U and Th fractions were separated and purified on 600 l columns packed with U-TEVA and prefilter resins in nitric media. The U and Th isotope ratios were determined using a Thermo ScientificTM MC-ICP-MS fitted with a desolvating introduction system (aridus II) following the procedure described by [START_REF] Pons-Branchu | A geochemical perspective on Parisian urban history based on U-Th dating, laminae counting and yttrium and REE concentrations of recent carbonates in underground aqueducts[END_REF]. The 230Th/U ages were calculated from measured atomic ratios through iterative age estimation [START_REF] Ludwig | Calculation of 230Th/U isochrons, ages, and errors[END_REF], using the 230 Th, 234 U and 238 U decay constants of [START_REF] Cheng | Improvements in 230Th dating, 230Th and 234U half-life values, and U-Th isotopic measurements by multi-collector inductively coupled plasma mass spectrometry[END_REF] and [START_REF] Jaffey | Precision measurements of half-lives and specific activities of 235U and 238[END_REF].

2.6. Stable isotopes: G. bulloides δ 18 O and δ 13 C profiles About 10-20 specimens of G. bulloides (250-400 µm) were hand-picked at a 10 cm resolution from 0-300 cm and thereafter a 5 cm resolution. Samples were analysed at LSCE (CEA-CNRS-UVSQ, Gif-sur-Yvette) using an OPTIMA GV mass spectrometer with a common acid bath automatic preparation line. Shell oxygen isotope values are expressed relative to the isotopic ratio of the carbon dioxide gas derived from the Vienna Pee Dee Belemnite (VPDB) standard in conventional delta notation (δ). Ratios are reported in ‰ VPDB defined with respect to the NBS 19 (δ 18 O = -2.20‰ VPDB), limestone standard. The mean external reproducibility (1) of carbonate standard is ±0.06% for δ 18 O and ±0.04% for δ 13 C.

Clay mineralogical analyses

A total of 69 sediment samples collected from the vibrocore +59-07/293VE were used for clay mineralogical analyses. The clay minerals were identified by XRD using a PANalytical diffractometer at the GEOPS laboratory (Université Paris-Saclay, France) on oriented mounts of non-calcareous clay-sized (< 2 µm) particles. Briefly, deflocculation was accomplished by successive washing with distilled water after removing carbonate and organic matter by treating with acetic acid (25%) and hydrogen peroxide (15%), respectively. The particles smaller than 2 m were separated by sedimentation and centrifugation. Three XRD runs were performed, following air-drying, ethylene-glycol solvation for 24 hours, and heating at 490°C for 2 hours. The clay minerals were identified according to the position of the (001) series of basal reflections on the three XRD diagrams. Mixed layers composed mainly of smectite-illite (15-17 √Ö) were included in the "smectite" category. Semi-quantitative estimates of peak areas of the basal reflections for the main clay mineral groups of smectite (15-17 √Ö), illite (10 √Ö), and kaolinite/chlorite (7 √Ö) were performed on the glycolated curve using the MacDiff software. The relative proportions of kaolinite and chlorite were determined based on the ratio from the 3.57/3.54 √Ö peak areas. The replicate analyses of a few selected samples gave a precision of ¬±2% (2 ). Based on the XRD method, the semi-quantitative evaluation of each clay mineral had an accuracy of ~4%.

Laser grain-size analyses

Grain-size distribution measurements in the range of 0.02 to 2000 OEºm were carried out on a Malvern Mastersizer 2000 Particle Size Analyzer on the same samples as those analysed by XRD. Prior to the analyses, bulk sediment was pretreated with acetic acid (25%) and hydrogen peroxide (15%) to remove carbonates and organic matter. The mixture was then rinsed several times with deionized water and gently shaken to achieve disaggregation. The suspension was then poured into the fluid module of the particle size analyser.

The total set of grain-size distributions (n=69) has been summarized by an unmixing algorithm in order to estimate sediment sub-populations representing different sources or dispersal processes. This approach has been significantly improved by the last generation of unsupervised linear unmixing under positivity and sum-to-one constraints [START_REF] Weltje | End-member modeling of compositional data: numericalstatistical algorithms for solving the explicit mixing problem[END_REF]. We used the Bayesian Positive Source Separation (BPSS) algorithm that has the main advantage of having robust convergence properties [START_REF] Moussaoui | Separation of Non-Negative Mixture of Non-Negative Sources Using a Bayesian Approach and MCMC Sampling[END_REF][START_REF] Dobigeon | Bayesian separation of spectral sources under non-negativity and full additivity constraints[END_REF][START_REF] Schmidt | Implementation Strategies for Hyperspectral Unmixing Using Bayesian Source Separation[END_REF]. We estimate both the grain-size distributions of each sub-population (end-members) and the proportion of each end-member through time. The number of end-members is estimated by the best trade-off between variance reconstruction and end-member significance.

Results

Chronology and age model

All U/Th and 14 C dates are plotted against sediment core depth (Figure 2, (see also Figure 4), Table 1,Table 2). A total of 43 U/Th and 17 14 C dates were obtained on L. pertusa samples from this sediment core. Additional 14 C dates were obtained from 6 benthic foraminifera samples (Cibicides refulgens) and on 3 bivalves.

Results show that L. pertusa U/Th dates are spread more or less evenly downcore and regularly increase from 2 to 8 ka BP down to 272 cm (Table 2). However, after 272 cm U/Th dates start decreasing again to 5.6 ka at 306 cm (Table 2,Figure 2). Similarly, L. pertusa 14 C dates regularly increase from the core top to 310 cm ranging from 2.5 to 8.45 cal ka BP. The C. refulgens 14 C dates also regularly increase from 40 to 306 cm ranging from 5.4 to 10.3 cal ka BP. In the bottom section of the core, from 385-480 cm, 14 C dates are much older 23-40.7 cal ka BP (Table 1,Table 2,Figure 2). Finally, three 14 C dates were obtained from selected samples of marine bivalves, Venus casima and Venus sp. The ages also increase with depth from 10.7 at 308 cm to 27.4 at 425 cm. The sample selected at 480 cm has an age older than 50 cal ka BP. We firstly observed an absence of wellpreserved coral fragments in the core from 61.5 to 160.5 cm and we were unable to obtained reliable U/Th or 14 C dates. Secondly, we observed very significant age offsets between the U/Th and the 14 C dates (Figure 2, Table 1,Table 2,Figure 4).

We conducted multiple analyses to test for any geochemical or physical alteration.

All the samples presented in this work have passed the standard checks for U/Th and 14 C quality. Each sample was analysed for XRD and underwent thorough cleaning and leaching procedures. Replicate analysis were conducted on several samples for U/Th (Table 2), and we analysed twice the same solution (tests for analytical reproducibility) and obtained similar ages. For the replicates at 293 cm and 306 cm (Table 2), the U/Th analyses were done on different pieces of the same coral. A little age difference around 140 years for the sample at 293 cm, or more important around 400 years for sample 306 cm (5.20 ± 0.04 and 5.59 ± 0.03 ka BP, Table 2) is found for U/Th dating (Table 1). Similarly, the 14 C analyses were run in two separate batches (starred and non-starred samples on Table 1). Comparable results are found at similar depth: for example 4.8 cal ka BP at 38.5cm and 4.7 cal ka BP at 39 cm; 8.4 cal ka BP at 268 cm and 8.4 cal ka BP at 272 cm. Similar ages are also obtained for coral, foraminifera and bivalve samples from the same sediment depth (for example C. refulgens at 250 cm at 8.2 cal ka BP and L. pertusa at 247cm at 8.4 cal ka BP). Based on all available data and results, we conclude that there is no clear evidence for any geochemical or physical alteration which may have explained the observed offset between U/Th ages and 14 C ages.

Given that there appears to be an unexplainable significant discrepancy between the U/Th ages and the 14 C ages, we decided to use the δ 18 O profile as a guide to build an age model. δ 18 O values range from 2.5 to 1‰ from the base of the core to the top (see Figure 4). These data are compared to a well-dated sediment core from the North Atlantic (Na87-22, see Figure 5).

Siliciclastic grain size

Grain size of siliciclastic particles in vibrocore +59-07/293VE ranges from 0.6 to 800 µm and the mean grain size varies from 19 to 100 µm (average ~42 µm) (Figure 3). In general, the mean grain size presents higher values in the core section 300-485 cm (Figure 3). The inversion algorithm for end-member modelling of composition data for core +59-07/293VE displays a three endmember model that explains more than 80% of the variance. The coarse end member EM3 varies within the size range 0.6 to 800 µm (bi-modal grain size of ~5 and 110 µm) (Figure 3). The intermediate end member EM1 varies in the size range 2-141 µm, with a modal grain size of ~20 µm. The fine end-member EM2 varies in the size range 1-141 µm, and its modal grain size is ~6 µm.

These last two end-members (EM1 and EM2) present a clearly defined unimodal distribution. Relative contributions of the three end-members are plotted against age in Figure 3. Proportions of the coarser end-member (EM3) display a large range of variation, between 0 and 87%, with an average value of ~31%.

Proportions of the intermediate end-member (EM1) vary in a range, from 0 to 65% (average ~27%). The last end-member (EM2), which represents the finer particles, varies between 0 and 80% (average 41%). The intermediate EM1 presents a higher percentage variability with no systematic change downcore.

The mean grain size is strongly influenced by the proportions of the coarse EM3 (Figure 3). The evolution of the proportion of EM1 and EM3 shows a significant shift at around 300 cm. The coarser EM1 presents a higher percentage (from 20 to 87%, with an average value of ~48%) below 300 cm than in the upper part of the core (from 0 to 20%, with an average value of ~9%). In contrast, proportions of EM2 are lower (from 0 to 54%, with an average value of ~29%) below 300 cm than thereafter (from 16 to 79%, with an average value of ~58%).

Clay mineralogy

In core +59-07/293VE, smectite (15-97%) and illite (1.5-49%) are the dominant clay minerals while chlorite (1.5-26%) and kaolinite (1-19%) are present in lesser quantities (Figure 4). In general, illite, chlorite and kaolinite contents display relatively similar distributions and are inversely correlated to smectite contents.

In the bottom section of the core (corresponding to the interval depth from 480 to 300 cm) the clay fraction is characterized by higher proportions of smectite (from 96 to 35%) and lower contents of illite (from 0.5 to 35%), chlorite (from 0.5 to 25%) and kaolinite (from 0.5 to 13%) when compared to the upper 300 cm.

In detail, between 485-410 cm, smectite content displays higher values (from around 92 to 96%), before rapidly decreasing to 54% at 410 cm. This decrease in smectite content is associated with an increase in illite and chlorite content, from 0.5 to 25% and 0.5 to 14%, respectively. In the core section from 390 cm to the core top, the proportions of smectite continue to decrease rapidly from 54% to 35 % followed by a maximum of smectite (57%) around 315 cm. Thereafter the smectite content decreases again around 300 cm, when the CWC appear, and decreases progressively from 35 to 10 % to the core top. This general decrease in smectite content in two steps with sharp transitions centred at 300 and 380 cm is associated with an increase in illite, chlorite and kaolinite contents. The comparison of U/Th and 14 C data sets reveals significant differences in the age depth relationships, particularly between 160-306 cm (Figures 2,4 and Tables 1,2) where differences in age of up to 2500-1500 years can be observed. A total of 12 paired U/Th and 14 C dates enable to estimate reservoir ages following similar approach as in previous studies [START_REF] Frank | Eastern North Atlantic deep-sea corals: tracing upper intermediate water 14 C during the Holocene[END_REF][START_REF] Douarin | North Atlantic Ecosystem Sensitivity to Shifts in Meridional Overturning Circulation[END_REF].

Values range from 530 to >3000 years. Most of these reservoir age estimates are outside the natural range in the modern ocean and unexpected in surface waters so close to the area of formation of deep waters in the North Atlantic. In the section between 0-60 cm, above the interval with highly altered corals, three reservoir age estimates are between 530-1050 years, which is closer to the expected values, yet still significantly higher than recent estimates for the Holocene (Cage et al., 2006). We consider that our results attest of an of a diagenetic process that standard quality tests have failed to highlight. We further hypothesise that there could be a relationship between the diagenesis processes and the reworked section of the core between 60-160cm, there are signs of dissolution and no well-preserved CWC fragments were found in this interval.

We observe the largest age offsets between 14 C and U/Th ages in the core section 160-306 cm, which is just below the reworked layer (Figure 4). Diagenetic processes in CWC environments have first been observed by [START_REF] Foubert | X-ray imagery and physical core logging as a proxy of the content sediment cores in cold-water coral mound provinces: a case study from Porcupine Seabight, SW of Ireland[END_REF] who proposed that the rapid accumulation (commonly between 50-100 cm/ka) rates in these environments was associated with an elevated oxidation of organic matter, which led to dissolution of aragonitic corals. Early diagenesis observed in sub-modern samples showed significant offsets between recent and older sections of the same coral fragment. However, these age offsets were of smaller magnitude and there was a coherent offset for 14 C ages [START_REF] Pons-Branchu | Early diagenesis impact on precise U-series dating of Deep-Sea corals. Example of a 100-200 years old Lophelia pertusa sample from NE Atlantic[END_REF]. More recently, other studies have described similar diagenetic processes [START_REF] Pirlet | Diagenetic formation of gypsum and dolomite in a cold'Äêwater coral mound in the Porcupine Seabight, off Ireland[END_REF][START_REF] Raddatz | Environmental boundary conditions of cold-water coral mound growth over the last 3 million years in the Porcupine Seabight, Northeast Atlantic[END_REF]. [START_REF] Pirlet | Diagenetic formation of gypsum and dolomite in a cold'Äêwater coral mound in the Porcupine Seabight, off Ireland[END_REF] highlights the formation of gypsum associated to the oxidation of sedimentary sulphide minerals such as pyrite and the dissolution of carbonates. These authors explained the oxidation by a phase of increased bottom currents which caused erosion and enhanced inflow of oxidizing fluids into the mound sediments. We did not observe any presence of gypsum in our sediment core but further analyses would be required to exclude this possibility. However, both 14 C and U/Th dates were performed on the same sediment core as the one used by [START_REF] Pirlet | Diagenetic formation of gypsum and dolomite in a cold'Äêwater coral mound in the Porcupine Seabight, off Ireland[END_REF] and results do not show such large age offsets [START_REF] Frank | The Holocene occurrence of cold water corals in the NE Atlantic: implications for coral carbonate mound evolution[END_REF]. It is thus unclear if the oxidation of organic matter can cause modifications of the U/Th or 14 C ages. Such a dissolution event may have occurred and could explain the absence of well-preserved CWC in the interval 60-160 cm (Figure 4). However, there are no signs of dissolution of the planktonic and benthic foraminifera which could indicate that if there was dissolution, this would have affected mainly aragonite and not calcite. This diagenetic imprint appears to have affected sediments up to 150 cm below the altered zone which was previously observed in the Challenger mound (Pirlet et al., 2010). The absence of any alterations of the planktonic and benthic foraminifera seems to indicate that this dissolution event may have affected mainly aragonite and not calcite. Interestingly, several studies have previously shown the presence of meter thick sediment layers with similar characteristics and in similar settings. within sedimentary sequences similar to that observed here between 60-160 cm (Figure 4) One of these sites is located with abundant pyrite and dolomite on the Challenger Mound, a meter thick sedimentary layer was enriched in pyrite and dolomite [START_REF] Raddatz | Environmental boundary conditions of cold-water coral mound growth over the last 3 million years in the Porcupine Seabight, Northeast Atlantic[END_REF] .

Similarly, in a sediment core collected offshore Norway there was an absence of well-preserved coral in a meter-long section [START_REF] Raddatz | Environmental constraints on Holocene cold-water coral reef growth off Norway: Insights from a multiproxy approach[END_REF]. This later study showed suggested evidence for changes in ocean pH which the authors associated with post-glacial meltwater inputs. However, the timing of the observed shift in ocean pH around is older, 5-6 ka BP (determined by U/Th dates) when compared to results from our study site. Further analyses will be required to fully explain the U/Th -14 C offsets presented in this study and any links with sedimentary processes we are observing. 4.2. Chronology of sedimentary deposits on the Wyville Thomson Ridge.

Our strategy has thus been to use the G. bulloides δ 18 O profiles to build an independent age model for this site based on the principles of isotope stratigraphy.

The stable isotope profile of vibrocore +59-07/293VE is compared to the G. bulloides δ 18 O profile of sediment core Na87-22 (Figure 5), which is a well-dated sediment core located on the Rockall Plateau (Figure 1) [START_REF] Waelbroeck | The timing of the last deglaciation in North Atlantic climate records[END_REF].

The comparison of the two G. bulloides δ 18 O profiles enabled to build an independent age model based on matching of the isotope profiles (Figure 5). The age depth relationship of this stratigraphic age model can be compared with the U/Th and 14 C dates (Figure 5D). On Figure 5D, we consider the 60-160 cm zone to be either a reworked altered mixed sedimentary layer. This first order stratigraphic age model, built by matching G. bulloides δ 18 O profiles, is based on 5 tie-points. T between the age core top 0 cm in modern or close to modern with and is estimated age around 1.5 cal ka BP . This was the 'best fit' through both the U/Th and 14 C dates. At 400 cm we estimated the age at around 13 cal ka BP based on the match between the G. bulloides δ 18 O profiles (Figure 5). The Finally, the base of the sediment core is considered of glacial age (Figure 5). The accuracy of the age model is variable downcore. The δ 18 O transition observed between 300-400 cm enables a more robust age estimate compared to the core top 0-300 cm where a δ 18 O plateau is observed. As a result we do not attempt to interpret millennial-scale trends in our data at millennial-scale level, as done in previous studies (e.g. [START_REF] Bonneau | Imprint of Holocene climate variability on cold-water coral reef growth at the SW Rockall Trough margin[END_REF], Colin et al., 2019).

Using this stratigraphic age model, the results of mineralogy and grain-size data highlight three phases in sediment deposition, associated with significant shifts in sedimentation rate. Firstly, glacial age sediment deposits between 400-495 cm (Figure 5), with ages > 50-13 cal ka BP. Secondly, the deglacial sediments accumulate between 306-400 cm (Figure 5), with ages between 13-9 cal ka BP.

Thirdly, Holocene sediments are deposited (the past 9 cal ka BP), corresponding to the period of settlement of CWC, between 0-306 cm (Figure 5).

Glacial age sediments (40-13 cal ka BP)

The age of the base of the core, from 495-400 cm (Figure 5), is constrained by four 14 C ages derived from marine bivalve fragments and foraminifera (from 22.91 to 40.66 cal ka BP and one age >50 cal ka BP). It dates back to the glacial period. Sedimentation rates are low around 2-3 cm/ka with potential periods of non-deposition or even erosion (Figure 5). During this period, the British ice sheet extended northwards and covered large areas of the continental shelf (Clark et al., 2010). The core site would have been shallower and closer to the shoreline and potentially ice covered. The nearby continental ice sheets covered Scotland (Clark et al., 2010) and the Faroe Islands to the North (Figure 1). Episodes of ice-rafted debris deposits are possible during this period which would explain the presence of well-rounded large rock fragments and low content of biogenic fraction.

Deglacial sediments (13-9 cal ka BP)

The section between 400-306 cm corresponds to the end of the deglaciation/early Holocene and range approximately from 13 to 9 cal ka BP (Figure 5). Mean sedimentation rates increase to around 24 cm/ka. There are no L. pertusa fragments indicating that conditions were not yet suitable for CWC reef settlement during this interval. The age of this section of the core is mainly based on correlation of the G. bulloides δ 18 O profile with core Na-87-22. Several 14 C dates are, however, coherent with this stratigraphic age model: a sample of a fossil bivalve at 308 cm (10.65 cal ka BP) and a C. refulgens 14 C sample at 300 cm (10.27 cal ka BP). However, one 14 C sample at 385 cm around 22 cal ka BP is too old and not coherent with the proposed age model. We suggest that this could be due to mixing or bioturbation of older sediments. This period correspond to the end of the Younger Dryas event and the following warm event at the end of this rapid climate cooling.

Settlement of CWC during the Holocene around 9 ka BP

The first well-preserved fossil fragments of L. pertusa appear at 306 cm with a clear increase observed after 300 cm (Figure 4). Using the stratigraphic age model the age of this transition is around 9 cal ka BP (Figure 5). The ages obtained from U/Th and 14 C on fossil coral samples during this interval differ by several thousand years (Figure 4 and5). The ages derived from the first dated samples at 306 cm are much younger, at around 5.2-5.6 cal ka BP for U/Th dates, whereas the L. pertusa 14 C dates are within error of this age estimate around 8.3 cal ka BP.

As a result estimated mean sedimentation rates are variable (70-34 cm/ka) and depend on which age model or which data set is used, particularly during the 9-4 cal ka BP interval (Figure 2). In the top 60 cm, both U/Th and 14 C show a drop in sedimentation rate after 4-5 cal ka BP to around 7 cm/ka (Figure 5).

The important difference between the 14 C and U/Th ages raises some uncertainty on the ages obtained in this section of the core. The chronology proposed based on stable isotope stratigraphy provides an age around 9 cal ka BP for the settlement of the CWC reef. This age is, however, supported by 14 C dates 1-L. pertusa 14 C date at 306 cm of 8.4 cal ka BP, 2-the C. refulgens 14 C date at 300 cm around 10.3 cal ka BP and 3-the Venus casima 14 C date at 308 cm is around 10.6 cal ka BP (Table 1). Furthermore, in a nearby site, but in a deeper setting at around 900 m water depth, a slightly older age has been found for the first occurrence of L. pertusa at around 10.3 cal ka BP (Victoreo et al., 2016). We consider that these 14 C ages are consistent and support the stratigraphic age model proposed here.

Transition from glacial to deglaciation on the Wyville Thomson Ridge

The glacial age sediment deposits are characterised by high values of mean grain size (Figure 5). Grain-size distributions of the siliciclastic fraction can be used to infer the hydrographic conditions at the time of deposition (e.g. Ballini et al., 2006;[START_REF] Prins | Ocean circulation and iceberg discharge in the glacial North Atlantic: Inferences from unmixing of sediment size distributions[END_REF] and have already been used to establish past current intensity and the presence of IRD deposits in CWC mound records (e.g. Pirlet et al., 2011;[START_REF] Thierens | Evidence for an ice-rafting British-Irish ice sheet since the earliest Pleistocene (2.6 million years ago) ): early mid-latitudinal glaciation around the North Atlantic Ocean[END_REF]. The grain-size distribution indicates strong variations in agreement with lithological description and glacial and interglacial changes. Glacial age sediments show a poorly-sorted bimodal grain-size distribution associated with sediments enriched in coarse (>150 m) lithic particles which points towards ice-rafting as a likely transport and sedimentation mechanism (Figure 3). The presence of dropstones (rock fragments up to several centimeters) below 400 cm, confirm that these sediments are of glaciomarine origin.

The grain-size distribution of EM3 characterizes poorly sorted sediments, enriched in the coarser size fractions of up to 800 m, which can be attributed to sediments transported by icebergs (e.g. [START_REF] Prins | Ocean circulation and iceberg discharge in the glacial North Atlantic: Inferences from unmixing of sediment size distributions[END_REF][START_REF] Pirlet | The importance of the terrigenous fraction within a cold-water coral mound: A case study[END_REF][START_REF] Thierens | Evidence for an ice-rafting British-Irish ice sheet since the earliest Pleistocene (2.6 million years ago) ): early mid-latitudinal glaciation around the North Atlantic Ocean[END_REF] (Figure 3). EM3 dominates the glacial period indicating a predominance of coarse sediments transported by icebergs most probably from the BIS in agreement with the maximum extent of the continental ice sheets during this period (Figure 1) [START_REF] Golledge | High-resolution numerical simulation of Younger Dryas glaciation in Scotland[END_REF]Clark et al., 2010). In addition, such poorly sorted grain-size distribution during glacial times suggests that the coastal current was sluggish in the studied area and was unable to sort coarse glaciomarine deposits as it was also observed for glacial sediments of CWC mounds of the Porcupine Seabight [START_REF] Pirlet | The importance of the terrigenous fraction within a cold-water coral mound: A case study[END_REF].

These coarse glacial sediments are associated with high content of smectite that reach up to 96%. Clay mineral assemblages of the high latitude of the North Atlantic can reveal information on the palaeo-environmental conditions that governed continental weathering processes on adjacent landmasses and/or sedimentary sources (e.g. [START_REF] Chamley | Clay Sedimentology[END_REF][START_REF] Fagel | Clay mineral signature of the NW Atlantic Boundary Undercurrent[END_REF][START_REF] Bout-Roumazeilles | Latitudinal control of astronomical forcing parameters on the high-resolution clay mineral distribution in the 45°-60° N range in the North Atlantic Ocean during the past 300,000 years[END_REF]Ballini et al., 2006;[START_REF] Pirlet | The importance of the terrigenous fraction within a cold-water coral mound: A case study[END_REF]. Sediment distributions and sources in the NE Atlantic have been established in several previous studies [START_REF] Biscaye | Mineralogy and sedimentation of the Recent Deep-Sea Clay in the Atlantic Ocean and Adjacent Seas and Oceans[END_REF][START_REF] Latouche | Les minéraux argileux des sediments actuels de l'Atlantique Nord Oriental et du Sud de la mer de Norvége[END_REF][START_REF] Windom | Lithogenous material in marine sediments[END_REF]Grousset et al., 1982;Grousset and Para, 1982;Latouche and Para, 1976;[START_REF] Pirlet | The importance of the terrigenous fraction within a cold-water coral mound: A case study[END_REF][START_REF] Thierens | Evidence for an ice-rafting British-Irish ice sheet since the earliest Pleistocene (2.6 million years ago) ): early mid-latitudinal glaciation around the North Atlantic Ocean[END_REF].

Clay mineralogical composition of surface sediments of the NE Atlantic (between the Faroe and Shetland Islands and the northern margin of North Scotland) is mainly controlled by the petrology of the eroded source area. The clay fraction of sediments north of the Wyville Thomson Ridge and south of Iceland is characterized by abundant smectites (50-100%) compared to illite (0-30%) deriving from the weathering of basaltic rocks from the Iceland and the Faroe-Shetland ridge area (e.g. [START_REF] Latouche | Les minéraux argileux des sediments actuels de l'Atlantique Nord Oriental et du Sud de la mer de Norvége[END_REF]Grousset et al., 1982). The weathering of these volcanic rocks provides large quantities of smectite transported southward by oceanic currents and smectite composes up to 90% of the clay fraction in the sediments surrounding the Iceland and Faroe Islands (Grousset et al., 1982) and on the pathway of deep-current circulating along this volcanic province (e.g. Iceland Scotland Overflow Water; [START_REF] Fagel | Clay mineral signature of the NW Atlantic Boundary Undercurrent[END_REF]Ballini et al., 2006 ;Fagel et al., 2006). On the contrary, the clay fraction in sediments from the Scottish and Irish continental shelves has high content in illite (> 50% illite) [START_REF] Latouche | Les minéraux argileux des sediments actuels de l'Atlantique Nord Oriental et du Sud de la mer de Norvége[END_REF][START_REF] Windom | Lithogenous material in marine sediments[END_REF] and low smectite concentrations (<20 %) sourced from physical erosion of soils of northern Europe, which developed on crustal rock formations under cold and intermediate climates.

Consequently, the smectite/illite (Sm/I) ratio reported in Figure 5 can be used here to track clay minerals deriving from the weathering of the northern Iceland-Scotland Ridge basalts (smectite) and the more local sources of clay derived from soils developed on crustal rock formations from North Scotland which are transported via river flow and then coastal currents. Similar studies have used this proxy to separate the Icelandic source of the clay fraction from sediments in the North Atlantic at different times scales (e.g. [START_REF] Fagel | Clay mineral signature of the NW Atlantic Boundary Undercurrent[END_REF][START_REF] Bout-Roumazeilles | Latitudinal control of astronomical forcing parameters on the high-resolution clay mineral distribution in the 45°-60° N range in the North Atlantic Ocean during the past 300,000 years[END_REF]Ballini et al., 2006 ;Fagel et al., 2006). In core +59-07/293VE, this mineralogical ratio ranges from 0.2 to 33, with last deglacial sediment values being higher than those for the late Holocene (Figure 5), and is characterized by two abrupt decrease around 13 and 9 ka BP.

The high concentration of smectite in the glacial deposits at the study site implies that clay minerals are mainly sourced from a northern volcanic source such as the Iceland-Scotland Ridge basalts [START_REF] Ziska | Palaeogene evolution of the Ymir and Wyville Thomson ridges[END_REF]. This contrasts significantly with the grain-size data which imply a local source of ice-rafted material most probably from the BIS. A possible explanation is that the ice-rafted material transported small quantities of the illite and chlorite and mainly coarser material as shown by the high values of EM3. This can be explained by a lack of soil produced over the ice covered Scottish continent during glacial periods. The fine sized clay material would be primarily produced during warm interglacial periods and would be rapidly exported during the initial glacial phase in agreement with results obtained by [START_REF] Pirlet | The importance of the terrigenous fraction within a cold-water coral mound: A case study[END_REF] and [START_REF] Thierens | Evidence for an ice-rafting British-Irish ice sheet since the earliest Pleistocene (2.6 million years ago) ): early mid-latitudinal glaciation around the North Atlantic Ocean[END_REF] in the Porcupine Seabight. The high values of smectite also imply significant modifications of ocean circulation with possible southward flow of surface waters during glacial periods. This is in agreement with a map of reconstructed surface currents for this area obtained by [START_REF] Sarnthein | Variations in Atlantic surface ocean paleoceanography, 50° -80°N: A time-slice record of the last 30,000 years[END_REF] indicating that surface currents were flowing southward during the glacial and northward flowing during the Holocene.

At around 13 cal ka BP, there is a sharp transition marked by a reduction of smectite whereas the mean grain size does not change significantly until around 9 cal ka BP (Figure 5). The proportion of EM3 remains high and sediments are still poorly sorted, which means that currents in the study area remained sluggish during this period. The opposing signals observed in the clay mineralogy and grain-size data imply sources and transports of different sedimentary size fractions as described during the glacial periods. During the interval 9-13 cal ka BP, towards the end of the deglaciation, smectite concentrations remain high around 30-40% corresponding to a mixed volcanic northern source and sedimentary material from a southern source. This period 13-9 cal ka BP thus marks a shift in oceanic currents occurs which is at the study site at the end of the deglaciation, and associated with the initiation of shelf currents (SCC and SEC), which flow northwards along the west coast of Scotland and transport the sedimentary material to the study area via (Simson and Hill 1986). In addition, at 9-9 13 cal ka BP, the northern regions of the Scottish mainland were became progressively ice free [START_REF] Golledge | High-resolution numerical simulation of Younger Dryas glaciation in Scotland[END_REF]. The soils that developed during the warmer climatic conditions of the early Holocene Such a configuration would have permitted the production and transport by river runoff of a larger quantities of illite and chlorite from soils that developed during the warmer climatic conditions of the early Holocene.

Cold water reef settlement and sedimentary environment during the early

Holocene

The final transition in sediment properties occurs during the early Holocene around 9 cal ka BP when a second significant change in clay mineralogy is associated with a change in mean grain size and a significant increase in sedimentation rates (Figure 5). This transition is coeval with the CWC reef settlement at the study site. There is a strong reduction of the smectite (around 35%, decreasing thereafter to 15%), and a significant increase of both illite (35%, increasing thereafter to 50%) and chlorite (25%) (Figure 5) . These observations attest of a reduction of the northern-sourced smectite and an increase of Scottishsourced illite and chlorite. The grain-size data shows a sharp reduction of EM3 and an increase of EM2 which implies more energetic bottom-water flow able to sort sediment and the source of the clay sized fraction. We interpret this data as evidence for a sudden change in energy and possibly direction of bottom-water currents around 9 cal ka BP, which we interpret as reflecting an increase in southern sourced oceanic currents (mainly the SEC and the SCC) that bring clay minerals from the coastal areas and the continental shelves surrounding the Scottish mainland. At 9 cal ka BP, the northern regions of the Scottish mainland are ice free [START_REF] Golledge | High-resolution numerical simulation of Younger Dryas glaciation in Scotland[END_REF]. Such a configuration would have permitted the production and transport by river runoff of a larger quantity of illite and chlorite from soils .

The meltwater produced by the final decay of the large continental ice sheets has been shown to affect ocean circulation patterns in the North Atlantic, reducing the salinity and the vigour of the North Atlantic Current (and AMOC) until around 8 cal ka BP [START_REF] Thornalley | Longterm variations in Iceland-Scotland overflow strength during the Holocene[END_REF]Mjell et al., 2013;[START_REF] Hoogakker | Dynamics of North Atlantic Deep Water masses during the Holocene[END_REF][START_REF] Gherardi | Glacial-interglacial circulation changes inferred from Pa-231/Th-230 sedimentary record in the North Atlantic region[END_REF][START_REF] Kissel | Variations in the strength of the North Atlantic bottom water during Holocene Earth and[END_REF]. These changes in salinity are known to have affected the strength of the NAC, which could also have affected the flow regimes of the SCC and SEC in this area. Consequently, the settlement of CWC at 9 cal ka BP seems related to a major shift in North Atlantic circulation patterns.

Sortable silt records form sediment cores located south of Iceland show a gradual increase in deep-water circulation observed around 8-6 cal ka BP on the Scotland Iceland overflow water (Mjell et al., 2013;[START_REF] Hoogakker | Dynamics of North Atlantic Deep Water masses during the Holocene[END_REF][START_REF] Thornalley | Longterm variations in Iceland-Scotland overflow strength during the Holocene[END_REF] associated to an intensification and eastward extension of the sub-polar gyre (e.g. [START_REF] Thornalley | Holocene oscillations in temperature and salinity of the surface subpolar North Atlantic[END_REF]Colin et al., in press2019). This transition centred around 8 cal ka BP has been associated with the final decay of the northern hemisphere ice sheets.

Conclusions

Results from a vibrocore located on the Wyville Thomson Ridge North of the Scottish continental shelf at 300 m water depth enables to estimate the age of the onset of cold water coral reef growth in this area. Multiple U/Th and 14 C dates were derived from fossil Lophelia pertusa, marine bivalves and foraminifera. The oldest cold water coral, L. pertusa, fragments dated by 14 C and U/Th dates are 8.4 and 7.9 cal ka BP, respectively. However, we observe significant and unexplained differences between paired samples of 14 C and U/Th dates, which appear to be affected by a diagenetic effect which we do not yet fully explain. We thus derived an independent age model based on isotope stratigraphy using profiles of δ 18 O derived from planktonic species G. bulloides. The reconstructed age model enables to provide an independent estimate of the date the onset of reef growth to around 9 cal ka BP, which is coherent with the 14 C dates of the oldest CWC sample.

Grain size and clay mineralogy provide information about the evolution of the flow patterns and direction of water currents in this area. These records show 2 marked transitions at around 13 and 9 cal ka BP. We thus identify 3 periods characterised by different clay mineralogy and grain size: a glacial period (prior de 13ka BP), an end of deglaciation (13-9 cal ka BP) and a Holocene section (9 to modern cal ka BP).

The first transition at 13 cal ka BP, is characterized by a shift of smectite-rich, poorly sorted sediments to a mixed clay mineralogy of smectites and illites. This transition marks the end of the glacial period, when clay mineralogy was dominated by smectite (75 to 96%) to the deglaciation when the % smectite reduces to 50%. Such mineralogical changes that can be observed between 13 and 9 cal ka BP indicate large variations of sediment sources from the volcanic province of the Iceland-Faroe Ridge (smectite) to a crustal province of the north of Scotland (illite and chlorite). This period is also associated with a strong decrease of the siliciclastic grain size. Sediments become better sorted which reflects an increase of bottom-current velocity. There is a decrease of IRD deposits linked to the retreat of the northern glacial ice sheet and.

The second transition is clearly associated with the appearance of CWC, Lophelia pertusa, at this site. At around 9 cal ka BP, illite and chlorite increase to 49% and 25%, respectively, and the mean grain size reduces and the sediments become well sorted. Our results show that the onset of CWC growth on the Wyville Thomson Ridge occurred around 9 cal ka BP and was associated with changes in ocean circulation patterns in this area. This age corresponds to the final phases of the post glacial sea level rise and final melting of continental ice sheets. The clay mineralogy enables to identify a sudden changes in the flow patterns of bottomwater currents that induces favourable sedimentological and hydrological conditions for coral growth. from the French National Research Agency "Investissement d'Avenir" (n¬∞ANR-10-LABX-0018), the HAMOC project ANR-13-BS06-0003, and the Region Pays de Loire (New Research Group initiative). We thank the Andres Rüggeberg and one anonymous reviewer for their constructive comments which helped improve the quality of the paper. We also thank Marc de Batist for his editorial handling of the manuscript. SCC : Scottish Coastal Current as shown in [START_REF] Inall | On the oceanographic variability of the North-West European Shelf to the West of Scotland[END_REF]. The position of the maximum extent on the British Ice Sheet is show dashed line modified from Clarck et al., (2010).

Figure 2 : Vibrocore 59-07/293VE detailed plot of U/Th and 14 C dates from 0-300 cm. U/Th L. pertusa dates (empty circles) and 14 C L. pertusa dates (full circles) and 14 C benthic foraminifera C. refulgen dates (full squares).

Sedimentation rates are estimated using 14 C data are (indicated on the right side of the plot (black)) and U/Th data are indicated (on the left side of the plot (bold red). Mean sedimentation rates are estimated from 160-290 cm (brown full and empty circles) and from 0-60 cm (red full and empty circles). Significant differences of sedimentation rates are observed between the U/Th and 14 C ages are observed in the section 160-290 cm (34.8 cm/ka for U/Th data and 70.9 cm/ka for the 14 C data). Similar sedimentation rates are observed in the section 0-60 cm (9.1 cm/ka for U/Th and 6.9 cm/ka for 14 C data). (Stuiver et al., 2005;Reimer et al., 2013). A mean reservoir effect of ~400 years has been used. 
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Table 1 :

 1 Calibrated AMS 14 C age. 14 C ages were converted into calendar years (cal. yr BP, BP = AD 1950) by using the Marine13 calibration data set and the CALIB 7.04 program

Table 2 :

 2 230 Th/ 234 U ages for CWC: U and Th content, uranium isotopic initial ratio (expressed as δ 234 Uo =([ 234 U/ 238 U] 0 -1) x 1000) and corrected ages for detrital fraction using ( 230 Th/ 232 Th) = 10 ± 4. Ages are expressed as ka before 1950.
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