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Intertidal meanders developed on salt marshes are known to expand and produce inclined heterolithic stratification rich in fine-grained sediments and to bear evidence for rhythmic deposition in the upper part of the inner meander bend(i.e. the upper part of the point bar). This occurs because the lower point-bar deposits are washed by strong currents, which remove mud drapes and develop discontinuous record of tidal cycles.

Although these criteria are widely accepted, facies models for tidal point bars still lack a three-dimensional perspective and overlook the along-bend variability of sediment distribution. The present study focuses on a hypertidal point bar belonging to the upperintertidal domain of the Mont-Saint-Michel Bay (France), and it analyses the sedimentology of a 3D time-framed accretionary package formed between 28 March 2012 and 29 November 2012 by means of lidar topographic data, geomorphological field surveys and sedimentological core data. To define the 3D time-framed accretionary package, data from thirteen lidar topographic surveys were used to create the point-bar synthetic stratigraphy. Data shows that over the study period the point bar expanded alternating deposition along its seaward and landward sides, pointing out the occurrence of depositional patterns more complex than a simple progressive expansion of the bend.

The thickest deposits were accumulated in the point-bar-apex zone, where the largest amount of mud was also stored. High sediment accretion in the bend-apex zone is ascribed to the development of low-energy conditions due to flow and bed configuration.

High accretion rate of the point-bar-apex zone promoted also a better preservation of rhythmites, which are almost missing from deposits accumulated along the point-bar sides. This study remarks that preservation of mud and tidal rhythmites within intertidalpoint-bar deposits is controlled, not only by their elevation with respect to the tidal range, but also by their location along the point bar.

INTRODUCTION

Tidal meandering channels and related point-bar deposits have mainly been studied in modern coastal areas, both in microtidal (i.e. spring tidal range <2 m; Smith, 1987;[START_REF] Fruergaard | Punctuated sediment record resulting from channel migration in a shallow sand-dominated micro-tidal lagoon, Northern Wadden Sea, Denmark[END_REF][START_REF] Brivio | Aggradation and lateral migration shaping geometry of a tidal point bar: An example from salt marshes of the Northern Venice Lagoon (Italy)[END_REF]Ghinassi et al., 2018a;[START_REF] Cosma | Point-bar brink and channel thalweg trajectories depicting interaction between vertical and lateral shifts of microtidal channels in the Venice Lagoon (Italy)[END_REF][START_REF] Cosma | An integrated approach to determine three-dimensional accretion geometries of tidal point bars: Examples from the Venice Lagoon (Italy)[END_REF], mesotidal (i.e. spring tidal range between 2 m and 4 m; [START_REF] Barwis | Sedimentology of some South Carolina tidal-creek point bars, and a comparison with their fluvial counterparts[END_REF]Smith, 1987;[START_REF] Fenies | Facies and geometry of tidal channel-fill deposits (Arcachon Lagoon, SW France)[END_REF]Sisulak & Dashtgard, 2012;Johnson & Dashtgard, 2014), macrotidal (i.e. spring tidal range between 4 m and 6 m; Woodroffe et al., 1986;Knighton et al., 1991;Van den Berg et al., 1996) and hypertidal setting (i.e. spring tidal range >6 m; [START_REF] Bridges | Sedimentary model for intertidal mudflat channels, with examples from the Solway Firth, Scotland[END_REF][START_REF] De Mowbray | The genesis of lateral accretion deposits in recent intertidal mudflat channels, Solway Firth, Scotland[END_REF][START_REF] Lanier | Climbing-ripple bedding in the fluvio-estuarine transition: a common feature associated with tidal dynamics (modern and ancient analouges)[END_REF][START_REF] Pearson | An Ichnological and Sedimentological Facies Model for Muddy Point-Bar Deposits[END_REF][START_REF] Choi | Rhythmic Climbing-Ripple Cross-Lamination in Inclined Heterolithic Stratification (IHS) of a Macrotidal Estuarine Channel, Gomso Bay, West Coast of Accepted Article This article is protected by copyright[END_REF][START_REF] Choi | Tidal rhythmites in a mixed-energy, macrotidal estuarine channel, Gomso Bay, west coast of Korea[END_REF][START_REF] Choi | Morphodynamics of Tidal Channels in the Open Coast Macrotidal Flat, Southern Ganghwa Island in Gyeonggi Bay, West Coast of Korea[END_REF], as defined by [START_REF] Archer | World's highest tides: Hypertidal coastal systems in North America, South America and Europe[END_REF]. The main differentiation between tidal meandering channels is given by their location in the intertidal or subtidal zone, which cause them to be either periodically or permanently submerged, respectively [see [START_REF] Martinius | Atlas of sedimentary structures in estuarine and tidally-influenced river deposits of the Holocene Rhine-Meuse-Scheldt system: Their application to the interpretation of analogous outcrop and subsurface depositional systems[END_REF] for a review]. This work focuses on the intertidal setting, particularly in the upper intertidal zone. Migration and planform evolution of tidal bends are governed by a complex interaction between hydrodynamics (i.e. changes in tidal prism, tidal asymmetry, bidirectional behaviour of tidal currents, mutually evasive ebb and flood flow pathways), substrate composition and morphology, sediment grain size, and vegetation cover (Van Veen, 1950;[START_REF] Ahnert | Estuarine Meanders in the Chesapeake Bay Area[END_REF]Robinson, 1960;Van Straaten, 1964;[START_REF] Garofalo | The Influence of Wetland Vegetation on Tidal Stream Channel ISPRS[END_REF][START_REF] Leopold | Hydrology of some tidal channels in estuarine marshland near San Francisco[END_REF]Van den Berg et al., 1996;[START_REF] Gabet | Lateral Migration and Bank Erosion in a Saltmarsh[END_REF]Zeff, 1999;[START_REF] Cleveringa | The fractal geometry of tidal-channel systems in the Dutch Wadden Sea[END_REF][START_REF] Marani | Tidal meanders[END_REF]Solari et al., 2002;[START_REF] Fagherazzi | The effect of bidirectional flow on tidal channel planforms[END_REF]Garotta et al., 2007;[START_REF] Li | Geometry-induced residual eddies in estuaries with curved channels: Observations and modeling studies[END_REF][START_REF] Carling | Sedimentology of a tidal point-bar within the fluvial-tidal transition: River Severn Estuary, UK[END_REF][START_REF] D'alpaos | Tidal meander migration and dynamics: A case study from the Venice Lagoon[END_REF][START_REF] Finotello | Field migration rates of tidal meanders recapitulate fluvial morphodynamics[END_REF]. These processes interact at different spatial and temporal scales to shape the distribution of sedimentary facies and the stratigraphic architecture of tidal-point-bar deposits.

Nevertheless, with some exceptions (Choi et al., 2004[START_REF] Choi | Morphologic evolution of macrotidal estuarine channels in Gomso Bay, west coast of Korea: Implications for the architectural development of inclined heterolithic stratification[END_REF][START_REF] Choi | Morphodynamics of Tidal Channels in the Open Coast Macrotidal Flat, Southern Ganghwa Island in Gyeonggi Bay, West Coast of Korea[END_REF], most facies models do not acknowledge such a variability, and ascribe the accretion of intertidal point bars to a progressive increase of meander-bend sinuosity [START_REF] Bridges | Sedimentary model for intertidal mudflat channels, with examples from the Solway Firth, Scotland[END_REF][START_REF] De Mowbray | The genesis of lateral accretion deposits in recent intertidal mudflat channels, Solway Firth, Scotland[END_REF]. This incompleteness of facies models is reflected in the scarce documentation of tidal point bars in the stratigraphic record [START_REF] Nio | Sea-level fluctuations and the geometric variability of tide-dominated sandbodies[END_REF]Santos & Rossetti, 2006;[START_REF] Musial | Subsurface and outcrop characterization of large tidally influenced point bars of the Cretaceous McMurray Formation (Alberta, Canada)[END_REF][START_REF] Legler | Facies model of a finegrained, tide-dominated delta: Lower Dir Abu Lifa Member (Eocene), Western Desert, Egypt[END_REF][START_REF] Díez-Canseco | Tidal influence in redbeds: A palaeoenvironmental and biochronostratigraphic reconstruction of the Lower Tremp Formation (South-Central Pyrenees, Spain) around the Cretaceous/Paleogene boundary[END_REF][START_REF] Olariu | Facies and architecture of unusual fluvial-tidal channels with inclined heterolithic strata: Campanian Neslen Formation, Utah, USA[END_REF]Pelletier et al., 2016;[START_REF] Cosma | Piracy-controlled geometry of tide-dominated point bars: Combined evidence from ancient sedimentary successions and modern channel networks[END_REF], where these
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This article is protected by copyright. All rights reserved deposits are essentially detected on the basis of a number of criteria, including: abundance of mud, high degree of bioturbation (brackish to marine trace fossil), rhythmic deposition, reactivation surfaces and bidirectional flows [START_REF] Allen | Sedimentary Structures. Their Character and Physical Basis[END_REF]Smith, 1987;[START_REF] Cuevas Gonzalo | Tide-influenced fluvial deposits; Examples from the Eocene of the Southern Pyrenees, Spain[END_REF]Gingras et al., 2016).

Although rivers with high suspended load and seasonal discharge can produce mud-rich and cyclically-organized deposits (Jablonski & Dalrymple, 2016;Johnston & Holbrook, 2019;Simon et al., 2019), the abundance of mud and the rhythmic deposition are commonly considered as a signature of tidal processes (e.g. [START_REF] Bridges | Sedimentary model for intertidal mudflat channels, with examples from the Solway Firth, Scotland[END_REF][START_REF] Barwis | Sedimentology of some South Carolina tidal-creek point bars, and a comparison with their fluvial counterparts[END_REF][START_REF] Boersma | Neap-spring tide sequences of intertidal shoal deposits in a mesotidal estuary[END_REF][START_REF] De Mowbray | The genesis of lateral accretion deposits in recent intertidal mudflat channels, Solway Firth, Scotland[END_REF]Terwindt, 1988;Tessier & Gigot, 1989;Kvale et al., 1989;Choi et al., 2004;[START_REF] Pearson | An Ichnological and Sedimentological Facies Model for Muddy Point-Bar Deposits[END_REF]Santos & Rossetti, 2006;[START_REF] Dalrymple | Morphologic and facies trends through the fluvial-marine transition in tide-dominated depositional systems: A schematic framework for environmental and sequence-stratigraphic interpretation[END_REF]Hubbard et al., 2011;[START_REF] Fustic | Recognition of down-valley translation in tidally influenced meandering fluvial deposits, Athabasca Oil Sands (Cretaceous), Alberta, Canada[END_REF]Kvale, 2012;La Croix & Dashtgard, 2014, 2015;Rossi et al., 2017). In tidal environments, mud can occur: (i) as laminae which define sedimentary structures (Van Straaten, 1954;Reineck, 1970;[START_REF] Dalrymple | Temporal and spatial patterns of rhythmite deposition on mud flats in the macrotidal Cobequid Bay-Salmon River estuary. Bay of Fundy, Canada[END_REF]Tessier, 1993;[START_REF] Choi | Rhythmic Climbing-Ripple Cross-Lamination in Inclined Heterolithic Stratification (IHS) of a Macrotidal Estuarine Channel, Gomso Bay, West Coast of Accepted Article This article is protected by copyright[END_REF][START_REF] Choi | Tidal rhythmites in a mixed-energy, macrotidal estuarine channel, Gomso Bay, west coast of Korea[END_REF][START_REF] Martinius | Atlas of sedimentary structures in estuarine and tidally-influenced river deposits of the Holocene Rhine-Meuse-Scheldt system: Their application to the interpretation of analogous outcrop and subsurface depositional systems[END_REF]; (ii) as layers (for example, fluid mud - Harris et al., 2004;Ichaso & Dalrymple, 2009;[START_REF] Longhitano | Tidal depositional systems in the rock record: A review and new insights[END_REF][START_REF] Chen | Palaeo-Orinoco (Pliocene) channels on the tide-dominated Morne L'Enfer delta lobes and estuaries, SW Trinidad[END_REF]; and (iii) as intervals within the inclined heterolithic stratification [START_REF] Bridges | Sedimentary model for intertidal mudflat channels, with examples from the Solway Firth, Scotland[END_REF][START_REF] Barwis | Sedimentology of some South Carolina tidal-creek point bars, and a comparison with their fluvial counterparts[END_REF][START_REF] De Mowbray | The genesis of lateral accretion deposits in recent intertidal mudflat channels, Solway Firth, Scotland[END_REF]Thomas et al., 1987;Choi et al., 2004[START_REF] Choi | Morphologic evolution of macrotidal estuarine channels in Gomso Bay, west coast of Korea: Implications for the architectural development of inclined heterolithic stratification[END_REF][START_REF] Fagherazzi | The effect of bidirectional flow on tidal channel planforms[END_REF]Rebata-H. et al., 2006;Hovikoski et al., 2008;Kleinhans et al., 2009;Sisulak & Dashtgard, 2012;Johnson & Dashtgard, 2014;La Croix & Dashtgard, 2014). In tidal point bars, mud is considered to be dominant in the upper-point-bar zone, and as mud-clast breccias mainly developed by failures of outer bank deposits (Reineck, 1970;Van den Berg, 1981;[START_REF] Musial | Subsurface and outcrop characterization of large tidally influenced point bars of the Cretaceous McMurray Formation (Alberta, Canada)[END_REF]Sisulak & Dashtgard, 2012;[START_REF] Broughton | Mudstone Clast Breccia in the Cretaceous Athabasca Oil Sands, Western Canada: Fluvial Debris-Flow Transitions into Traction Carpets[END_REF]Gugliotta et al., 2018). Rhythmites showing neap-spring cycles are the most reliable evidence for tidal processes (e.g. Tessier, 1993[START_REF] Lanier | Climbing-ripple bedding in the fluvio-estuarine transition: a common feature associated with tidal dynamics (modern and ancient analouges)[END_REF][START_REF] Lanier | Climbing-ripple bedding in the fluvio-estuarine transition: a common feature associated with tidal dynamics (modern and ancient analouges)[END_REF][START_REF] Choi | Late Pleistocene silty tidal rhythmites in the macrotidal flat between Youngjong and Yongyou Islands, west coast of Korea[END_REF]Choi & Dalrymple, 2004). However, with the exception of some uniquely preserved examples (Pelletier et al., 2016), distribution and preservation of these structures within tidal point bars are not ubiquitous [START_REF] Choi | Rhythmic Climbing-Ripple Cross-Lamination in Inclined Heterolithic Stratification (IHS) of a Macrotidal Estuarine Channel, Gomso Bay, West Coast of Accepted Article This article is protected by copyright[END_REF][START_REF] Choi | Tidal rhythmites in a mixed-energy, macrotidal estuarine channel, Gomso Bay, west coast of Korea[END_REF][START_REF] Choi | Morphologic evolution of macrotidal estuarine channels in Gomso Bay, west coast of Korea: Implications for the architectural development of inclined heterolithic stratification[END_REF]. Their occurrence has been investigated mainly in terms of the elevation of the point bar with respect to Mean Sea Level (MSL). In intertidal point bars (e.g. [START_REF] Choi | Tidal rhythmites in a mixed-energy, macrotidal estuarine channel, Gomso Bay, west coast of Korea[END_REF], rhythmites are preferentially formed above MSL and below Mean High Water Level (MHWL), and commonly recorded in the upper part of point-bar deposits (Tessier, 1993;[START_REF] Archer | Hierarchy of Controls on Cyclic Rhythmite Deposition: Carboniferous Basins of Eastern and Mid-Continental U.S.A. Tidalites Process[END_REF] 
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This article is protected by copyright. All rights reserved 2013; [START_REF] Choi | Rhythmic Climbing-Ripple Cross-Lamination in Inclined Heterolithic Stratification (IHS) of a Macrotidal Estuarine Channel, Gomso Bay, West Coast of Accepted Article This article is protected by copyright[END_REF][START_REF] Choi | Tidal rhythmites in a mixed-energy, macrotidal estuarine channel, Gomso Bay, west coast of Korea[END_REF][START_REF] Choi | Morphologic evolution of macrotidal estuarine channels in Gomso Bay, west coast of Korea: Implications for the architectural development of inclined heterolithic stratification[END_REF]Pelletier et al., 2016). Nevertheless, if the upper part of the point bar is situated in the uppermost intertidal zone, the limited number of flooding events (i.e. higher flood spring tides) prevents the development of a clear rhythmic signal (Tessier, 1993[START_REF] Lanier | Climbing-ripple bedding in the fluvio-estuarine transition: a common feature associated with tidal dynamics (modern and ancient analouges)[END_REF][START_REF] Choi | Tidal rhythmites in a mixed-energy, macrotidal estuarine channel, Gomso Bay, west coast of Korea[END_REF][START_REF] Martinius | Atlas of sedimentary structures in estuarine and tidally-influenced river deposits of the Holocene Rhine-Meuse-Scheldt system: Their application to the interpretation of analogous outcrop and subsurface depositional systems[END_REF]Pelletier et al., 2016). Whereas high energy conditions occurring in the lower part of the point bar prevent preservation of a rhythmic deposition there [START_REF] Lanier | Climbing-ripple bedding in the fluvio-estuarine transition: a common feature associated with tidal dynamics (modern and ancient analouges)[END_REF]Choi et al., 2004). Pervasive bioturbation, both by rootlets and organisms, can furtherly decrease conservation of tidal rhythmites [START_REF] Allen | Sedimentary Structures. Their Character and Physical Basis[END_REF][START_REF] Choi | Tidal rhythmites in a mixed-energy, macrotidal estuarine channel, Gomso Bay, west coast of Korea[END_REF]. In summary, distribution of mud deposits and rhythmites within tidal-point-bar deposits has been commonly discussed in terms of their elevation within the point-bar body, disregarding both the effects of tidal currents in the planform evolution of meander bends, and the along-bend variability of sedimentary processes. Furthermore, mechanisms of tidal-point-bar growth are still simplistically linked with a progressive increase of bend sinuosity, lacking a more comprehensive 3D perspective and complexity.

The present study focuses on a hypertidal point bar formed by a tidal bend situated in the upper-intertidal domain of the Mont-Saint-Michel Bay (France), and aims at better understanding the mechanisms of tide-dominated point-bar sedimentation over a timescale of several months. Sedimentary features and depositional dynamics of a timeframed accretionary package are analysed in a 3D perspective, by means of: (i) repeated lidar topographic data; (ii) geomorphological field surveys; and (iii) core data. This short timescale analysis is framed within the evolution of the meander at the decennial timescale, highlighting its role in distributing sediments and preserving tidal signature along the point bar. The along-bend distribution of sedimentary features, including grain size, thickness and preservation of tidal signature are illustrated and discussed.

STUDY AREA AND GEOLOGICAL SETTING The Bay of Mont Saint Michel

The Mont-Saint-Michel Bay is located in the north-western coast of France along the English Channel (Fig. 1A). It is an hypertidal environment, with a tidal range reaching up to 15.3 m during the highest spring tides [START_REF] Larsonneur | La Baie du Mont-Saint-Michel[END_REF]Tessier, 1993;[START_REF] Larsonneur | The Bay of Mont-Saint-Michel: A sedimentation model in a temperate macrotidal environment[END_REF][START_REF] Levoy | The morphodynamics of megatidal beaches in Normandy, France[END_REF] and 8.5 m for mean tides [START_REF] Levoy | Shortterm to Decadal-scale Sand Flat Morphodynamics and Sediment Balance of a Megatidal Bay: Insight from Multiple LiDAR Datasets[END_REF]. The tidal regime is semi-diurnal with slight periodical diurnal inequality. The bay is a wide (500
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This article is protected by copyright. All rights reserved km 2 ) and shallow (<20 m) embayment gently dipping towards the north-west, and incised into a Precambrian substrate, belonging to the Armorican Massif. The basement rocks include variably metamorphosed folded schist intruded by granitic rocks (L'Homer et al., 1999), of which the 92 m high circular outcrop of the Mont-Saint-Michel is the most famous thanks to the overlying Middle Age monastery. The present-day configuration of the Mont-Saint-Michel Bay is the result of the combined action of Plio-Pleistocene glacioeustatic fluctuations and negligible regional subsidence: the morphology of the substrate was modelled by river incision, particularly during lowstand phases; whereas the sedimentary infill of the bay was highly reworked and, nowadays, it records only the last post-glacial transgression, with only few remnants of Pleistocene fluvial terraces [START_REF] Larsonneur | The Bay of Mont-Saint-Michel: A sedimentation model in a temperate macrotidal environment[END_REF]L'Homer et al., 1999;[START_REF] Billeaud | Preservation potential of highstand coastal sedimentary bodies in a macrotidal basin: Example from the Bay of Mont-Saint-Michel, NW France[END_REF][START_REF] Billeaud | Impacts of late Holocene rapid climate changes as recorded in a macrotidal coastal setting (Mont-Saint-Michel Bay, France)[END_REF]Tessier et al., 2010). Three main morpho-sedimentary domains are identified in the present-day bay [START_REF] Caline | La baie du Mont-Saint-Michel: principaux environnements sédimentaires[END_REF]: (i) a wide sheltered embayment characterized by tidal flats towards the west; (ii) a narrow wave dominated barrier system towards the north-east; and (iii) a huge tide-dominated estuarine system toward the south-east, where the study site is located. The Bay of Mont Saint Michel is dominated by tidal dynamics. Tidal-current speeds show high spatio-temporal variations, with maximum flood currents at the entrance of the bay of about 1 m/s (for mean high spring tides), which decrease towards the inner part of the bay to 0.3 to 0.7 m/s on the tidal flats. The highest speeds are recorded within intertidal channels, where currents can reach up to 2.5 m/s [START_REF] Larsonneur | La Baie du Mont-Saint-Michel[END_REF][START_REF] Leroux | Chenaux tidaux et dynamique des prés-salés en régime méga-tidal: approche multi-temporelle du siècle à l'évènement de marée[END_REF]. The wave energy is relatively low because wave propagation is hindered by shoreface bathymetry and by the presence of the Saint Malo peninsula and the Chausey Archipelago (Fig. 1A), which protect the bay from the prevailing western and northern storms. However, severe storm waves can sometimes affect the whole bay [START_REF] Larsonneur | The Bay of Mont-Saint-Michel: A sedimentation model in a temperate macrotidal environment[END_REF], enhancing suspension and thus active sediment transport [START_REF] Desguée | Contribution of hydrodynamic conditions during shallow water stages to the sediment balance on a tidal flat: Mont-Saint-Michel Bay, Normandy, France[END_REF]. Furthermore, tidal bores are observed during spring tides in the estuarine domain, contributing to sediment resuspension and transport [START_REF] Furgerot | Suspended sediment concentration in relation to the passage of a tidal bore (See River)[END_REF]Tessier et al., 2017). Three rivers (Sée, Sélune and Couesnon) flow into the eastern bay (Fig. 1A) and are characterized by low mean annual discharge [START_REF] Larsonneur | La Baie du Mont-Saint-Michel[END_REF], which ranges between ca 10 m 3 /s (Sélune and Couesnon) and 8 m 3 /s (Sée), representing 1.5% of the oscillating volume of water in the bay on an annual basis [START_REF] Migniot | Rétablissement du caractère maritime du Mont-Saint-Michel. Synthèse des connaissances hydro-sédimentaires de la baie[END_REF]. The annual sediment supply of these rivers is considered as negligible
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This article is protected by copyright. All rights reserved [START_REF] Larsonneur | The Bay of Mont-Saint-Michel: A sedimentation model in a temperate macrotidal environment[END_REF][START_REF] Bonnot-Courtois | Bay of Mont-Saint-Michel and the Rance Estuary: Recent Development and Evolution of the Depositional Environments[END_REF]. Vice versa, there is a positive sediment supply from marine sources, causing a net sediment transport towards the inner part of the bay [START_REF] Desguée | Contribution of hydrodynamic conditions during shallow water stages to the sediment balance on a tidal flat: Mont-Saint-Michel Bay, Normandy, France[END_REF]. Sediment grain size progressively decreases from the outer to the inner part of the estuarine domain. In the upper-intertidal zone of the estuarine domain, mean grain size ranges from very-fine sand (0.09 mm) to silt (0.03 mm - [START_REF] Bourcart | The tangue: A "nonconforming" sediment[END_REF][START_REF] Larsonneur | The Bay of Mont-Saint-Michel: A sedimentation model in a temperate macrotidal environment[END_REF][START_REF] Larsonneur | La Baie du Mont-Saint-Michel[END_REF] and consists of both a bioclastic (up to 50%) and a mineral fraction [START_REF] Larsonneur | La Baie du Mont-Saint-Michel[END_REF]Tessier, 1993;[START_REF] Billeaud | Preservation potential of highstand coastal sedimentary bodies in a macrotidal basin: Example from the Bay of Mont-Saint-Michel, NW France[END_REF].

The study site

The study site is located at the fringe of the salt marshes in the surrounding of Mont Saint Michel and about 500 m east of the Couesnon mouth (Fig 1). The salt marshes of this area developed in the last five decades and progressively colonized the surrounding tidal flats [START_REF] Larsonneur | La Baie du Mont-Saint-Michel[END_REF][START_REF] Bonnot-Courtois | Bay of Mont-Saint-Michel and the Rance Estuary: Recent Development and Evolution of the Depositional Environments[END_REF][START_REF] Desguée | Contribution of hydrodynamic conditions during shallow water stages to the sediment balance on a tidal flat: Mont-Saint-Michel Bay, Normandy, France[END_REF][START_REF] Bonnot-Courtois | Dynamique sédimentaire intertidale en baie du Mont-Saint-Michel entre évolution naturelle et aménagements[END_REF][START_REF] Bonnot-Courtois | Intertidal sedimentary dynamics in Mont-Saint-Michel bay, a study of its natural evolution and man-made modifications[END_REF][START_REF] Bonnot-Courtois | Organisation générale de la végétation Accepted Article This article is protected by copyright. All rights reserved littorale des estrans vaseux[END_REF]. Salt marsh progradation, caused by the natural infilling of the bay and enhanced by anthropic intervention (see Bonnot-Courtois, (2020) for a detailed summary), was rapid and it threatened the maritime character of the Mont Saint Michel. Therefore, between 2006 and 2017, a series of engineering works took place, including: the substitution of the older dam, the separation of the Couesnon into two main channels downstream of the dam, the relocation of the car park on the mainland, and the installation of a footbridge allowing the access to the Mont Saint Michel without blocking the tidal flow and the Couesnon divagation (http://www.projetmontsaintmichel.com/pourquoi_agir/objectifs.html). The study site was not directly affected by these major engineering works [START_REF] Leroux | Chenaux tidaux et dynamique des prés-salés en régime méga-tidal: approche multi-temporelle du siècle à l'évènement de marée[END_REF]. Up until 2015, the dam, which stores water at high tide and release it at low tide, was mostly affecting the area located on the west side of the Mont Saint Michel. Only after 2015, with the opening of the second channel on the east side of Mont Saint Michel (Fig. 1), the dam could have started to influence flow patterns and tidal channel migration further seaward than the study site. Furthermore, the dam releases water six hours after high tide, at a time when our study channel is already completely emptied and therefore not affected by the dam operation.

The study channel during the last two decades progressively increased its sinuosity and mainly migrated seaward, as it is evident from the analysis of the channel thalweg
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This article is protected by copyright. All rights reserved movements (Fig. 2A flowing towards south-west (Fig. 1). Data derived from lidar surveys acquired between 2011 and 2017 [START_REF] Leroux | Chenaux tidaux et dynamique des prés-salés en régime méga-tidal: approche multi-temporelle du siècle à l'évènement de marée[END_REF](Fig. 2B, C and D -see relative high tide elevation in Fig. 3A) show that elevation in the study area ranges between 4.0 (in the channel thalweg) to 7.0 (in the high marsh zone) Metres Above Mean Sea Level (MAMSL), which approximates French ordinance datum (IGN69; vertical reference is implied henceforth).

The study bend is located in the upper-intertidal domain, implying that during spring tides, the channel empties out twice per day, while around neap tides, the whole channel is dry for about one week. The point-bar-top zone exhibits a clear vegetation zonation typical of the Mont-Saint-Michel Bay (Tessier et al., 2000;[START_REF] Bonnot-Courtois | Bay of Mont-Saint-Michel and the Rance Estuary: Recent Development and Evolution of the Depositional Environments[END_REF][START_REF] Langlois | Sediment and plant dynamics in saltmarshes pioneer zone: Puccinellia maritima as a key species? Estuar[END_REF][START_REF] Détriché | Accepted Article This article is protected by copyright. All rights reserved Interannual (1999-2005) morphodynamic evolution of macro-tidal salt marshes in Mont-Saint-Michel Bay (France)[END_REF], with a permanent vegetation cover of Halimione portulacoides and Festuca rubra in the middle (ca 6.2 -7.0 MAMSL, in the study site)

and high (>7.0 MAMSL ca, in the study site) marsh (Fig. 2B), and a progressively less dense cover in the low marsh going from ca 6.2 to 4.5 MAMSL ca, with the presence of Suaeda maritima, Salicornia fragilis, Pulcinella maritima and Spartina anglica. Pioneer vegetation started to develop on the study meander in 2009 [START_REF] Leroux | Chenaux tidaux et dynamique des prés-salés en régime méga-tidal: approche multi-temporelle du siècle à l'évènement de marée[END_REF], and progressively colonized the point-bar top (Fig. 1B,C andD). Specifically, between 2011 to 2013 vegetation cover mainly expanded towards the north-east, whereas between 2013 and 2017 it grew mainly towards the west (dashed lines in Fig. 2B andC). Growth pattern of vegetation also reflects the overall expansion of the point bar (Fig. 2B, C andD). The
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Velocities of tidal currents in the study meander have been analysed by [START_REF] Leroux | Chenaux tidaux et dynamique des prés-salés en régime méga-tidal: approche multi-temporelle du siècle à l'évènement de marée[END_REF] with data acquisition performed between 2010 and 2013. A large spatio-temporal variability was registered (Fig. 2E andF). During undermarsh tides (high tide elevation <7 MAMSL), the channel is neither flood-dominated nor ebb-dominated (Fig. 2E) at any tide elevation, while it tends to be ebb-dominated for overmarsh tides (high tide elevation >7 MAMSL). A tidal bore develops for overmarsh tides, but it is hardly documented by the velocity data in the channel because it occurs for tide elevations below 5 m on the site.

During overmarsh tides, the seaward side of the point bar (Fig. 2F) is dominated by flood flows (directed towards ENE across the point bar), with almost null velocity recorded during ebb phase. Vice versa, at the landward side (Fig. 2F), ebb flow (ca 1.00 m/s) is two times larger than flood flow and is directed towards the north-west (parallel to the vegetation limit). In the apex zone (Fig. 2F), flood and ebb flows are weaker (ca 0.75 m/s). In the channel thalweg (Fig. 2F), the highest velocities are registered for the ebb flow, exceeding 1.50 m/s (towards the west); while flood current exceeds 0.50 m/s.

METHODS

Morphodynamic evolution and sedimentology of the point bar have been characterized by means of integration between lidar surveys, ground-checking and recovery of cores.

Specifically, a point-bar accretionary package accumulated between 28 March 2012 and 29 November 2012 (hereinafter termed '2012 accretionary package') has been spatially defined and cored in order to compare sedimentary products with corresponding styles of point-bar accretion and recorded variations of tidal excursion. This time interval has been selected because of the availability of nearly regularly-distributed Terrestrial Laser Scanner (TLS) surveys (acquired by Université de Rennes -Leroux, 2013), which capture changes in point-bar morphology during both neap and spring tides (Fig. 3A).

This integrated approach aims at characterizing morphodynamic and sedimentological processes occurring along the seaward and landward sides (Fig. 2C) of the point bar.

Methodologies used in this work are concisely described in the next paragraphs.

Topographic data sources and point-cloud processing
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The topographic data consist of thirteen short-range TLS surveys and one long-range airborne lidar survey (Fig 3A). This last survey was acquired in January 2017 using a Teledyne Optech Titan lidar (Teledyne Optech, Toronto, ON, Canada) resulting in a point cloud density of 10 pts/m², with a vertical uncertainty of ±10 cm. The TLS surveys were conducted at low tide using a Leica® Scanstation 2 (Leica, Wetzlar, Germany) mounted on a survey tripod. Detailed characteristics of this scanner can be found in Lague et al.

(2013) and [START_REF] Leroux | Chenaux tidaux et dynamique des prés-salés en régime méga-tidal: approche multi-temporelle du siècle à l'évènement de marée[END_REF]. For each survey, three to eight different scanning stations were used, depending on the time available between tides, and were co-registered both for intra-survey registration and for local geo-referencing using both fixed and mobile targets. Registration errors vary between 1.5 mm and 3.4 mm. As is typical of TLS data, large variations in point density occurred, ranging between 1 to 10 pts/cm 2 in the pioneer vegetation area, and around 1 pt/cm 2 in the outer bank. The targets were also surveyed with differential GPS at ±2 cm vertical precision to link the TLS surveys to the IGN69 reference elevation.

All the processing of lidar data, described hereinafter, was performed using CloudCompare, a 3D point cloud editing and processing software (EDF R&D, 2011). An initial treatment of the raw point clouds has been necessary to create the synthetic stratigraphy (see Identification of the 2012 accretionary package and morphodynamic evolution of the point bar: the synthetic stratigraphy approach section). In this phase, lidar data were processed for the removal of vegetation and for the reconstruction of the channel thalwegs, where data points were missing because of the presence of water during the scanning period (Fig. 3B). For the vegetation removal and to homogenise point density, the lowest point of the raw data for each pixel of 20 cm grid was kept. Manual validation ensured that no vegetation points remained. This process is particularly effective where sparse patches of vegetation occur, whereas densely vegetated areas were not included in the following analyses (i.e. above 6.2 MAMSL) because the ground cannot be detected below vegetation. For the interpolation on the missing data of thalweg zone due to stagnant low tide water (i.e. below 3.75 -4.00 MAMSL), the grid of ground 
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Identification of the 2012 accretionary package and morphodynamic evolution of the point bar: the synthetic stratigraphy approach

The synthetic stratigraphy approach allows one to superimpose multi-temporal topographic surfaces and identify the spatial distribution of the deposits accumulated in a defined time interval at the net of all the following erosional processes occurred in the area. Thus, this approach helps in understanding the morphodynamic evolution of the point bar in a precise time period. Multi-temporal topographic data have been widely used to create point-bar synthetic stratigraphy and assess patterns of erosion and deposition in laboratory experiments (Van de Lageweg et al., 2013;[START_REF] Lentsch | Reduction of deltaic channel mobility by tidal action under rising relative sea level[END_REF].

Nevertheless, this is one of the first attempts [START_REF] Braat | Tidal bar accretion by mudflat sedimentation[END_REF] to integrate a syntheticstratigraphic model with related real core data from a field case. In this research, the lidar data have been used to create a synthetic stratigraphy of the study point bar, in order to define the spatial distribution of the deposits forming the 2012 accretionary package, along with their internal architecture.

The synthetic stratigraphy was obtained by means of a Python™ script. Selecting from the oldest (1 st -iteration) to the youngest (n-iteration) survey, each point cloud has been lowered wherever a younger survey shows a lower elevation (i.e. where erosion occurred). At the (n-1)-iteration the synthetic stratigraphy was created (Fig. 3C).

Measuring the vertical distances between the obtained point clouds reflects the thickness of the preserved deposits in the point bar. This approach allowed the authors to discriminate seven preserved sub-volumes accreted between successive surveys (hereafter termed 'internal increments'). In order to provide a simple nomenclature of the increments, each one was called with the date of the older survey: for example, the internal increment of sediments deposited between 03 May 2012 and 11 June 2012 and preserved in the synthetic stratigraphy was called '03/05/12 internal increment'.

Accepted Article

This article is protected by copyright. All rights reserved

An estimation of the resulting volumes has been performed using a CloudCompare tool ('Compute 2.5 volume' which computes a vertical difference of digital elevation models interpolated from the point clouds and sums up the difference accounting also for pixel size). This procedure allowed identification of the overall volume of sediments forming the 2012 accretionary package.

Point-bar deposits: surface and core data

A detailed geomorphological investigation of the study point bar was performed in September 2017, in order to document surface sediment distribution and sedimentary processes (Fig. 5), whereas seven sedimentary cores were collected in June 2018.

Cores were recovered along the point-bar brink (Fig. 2C) and coring sites were georeferenced using a differential GPS with a maximum position uncertainty of 6 cm.

Coring aimed at picking up sediments along the point bar (landward and seaward sides)

and, above all, at recovering deposits forming the 2012 accretionary package.

Sedimentary cores, each up to 3.0 m deep, were recovered using an Eijkelkamp hand auger (Eijkelkamp Soil & Water, Giesbeek, The Netherlands) with a 1.0 m long gouge sampler which has a diameter of 30 mm. Core sediment samples were kept humid in PVC liners and then cut longitudinally, photographed and stored as sedimentary peels produced using epoxy resins. Cores were measured following basic principles of facies analyses to understand the overall distribution of sedimentary facies in different parts of the point bar (Fig. 5). Deposits from the 2012 accretionary package (Figs 6 and7) were identified knowing the elevation of the surfaces bounding its base and top, which ranges between 4,09 and 5,28 MAMSL in the area where the cores were collected. A limitation on the detection of the 2012 accretionary package can arise from an uncertainness in the vertical resolution, derived from: (i) precision of instruments on the elevation measurements; (ii) reshaping of the surveyed morphologies (for example, tidal bores events could form stratigraphic surfaces/boundaries which do not perfectly match the surveyed ones); and (iii) compaction of areas with a certain amount of muddy deposits.

Considering the instrument precision, the limited occurrence of fine-grained sediments, and the lack of anomalous tide events, the authors estimate that such an uncertainty should not exceed 10 cm.
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A quantitative classification of different sedimentary features of the cored deposits has been developed (Fig. 9). Each core has been subdivided into 1 cm thick intervals, and each interval has been characterized on the basis of: (i) percentage of sand and mud (i.e.

comprising both silt and clay) fraction (five classes on the basis of the sand percentage:

100%, more than 60%, between 30 and 60%, less than 30%, and 0%); (ii) sedimentary structures (for example, cross-laminations, plane-parallel laminations); (iii) occurrence of roots, oxidation, mud cracks and mud clasts. Pie charts have been created to summarize data on grain size and sedimentary structures of each core (Fig. 10). Grain-size data have also been plotted as pie charts for the different internal increments in order to investigate possible correlations between grain-size changes and tidal excursion (Fig. 8).

Sedimentary structures have also been analysed on the lidar topographic surveys (Fig. (Tessier, 1993;[START_REF] Archer | Hierarchy of Controls on Cyclic Rhythmite Deposition: Carboniferous Basins of Eastern and Mid-Continental U.S.A. Tidalites Process[END_REF][START_REF] Davis | Tidal Signatures and Their Preservation Potential in Stratigraphic Sequences[END_REF]. The highest number of tidal couplets can potentially be preserved in the subtidal zone, where all of the ebb slack water can accumulate muddy laminae. In the subtidal zone, a TC is composed of two couplets of sandy/muddy laminae and a NS sequence (site 1, Fig. 4A), in semi-diurnal conditions, can be made up of 28 TCs (14 days). Moving upward from the subtidal zone (Fig. 4A), the number of couplets forming a tidal cycle decreases, and NS sequences will be formed by a reduced number of TCs (Tessier, 1993[START_REF] Lanier | Climbing-ripple bedding in the fluvio-estuarine transition: a common feature associated with tidal dynamics (modern and ancient analouges)[END_REF][START_REF] Archer | Hierarchy of Controls on Cyclic Rhythmite Deposition: Carboniferous Basins of Eastern and Mid-Continental U.S.A. Tidalites Process[END_REF]. In the upper-intertidal zone (site 4, Fig 4A ), where flooding occurs only during the
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Tide data sources

Tide data series for the study time interval (Fig. 3A) were supplied by the Service Hydrographique et Océanographique de la Marine (http://refmar.shom.fr). Tide elevation at Mont Saint Michel was transposed from the measurements of the nearest gauge located in Saint-Malo, ca 40 km west of the study area (Fig. 1A). According to Roux (1998) and confirmed by [START_REF] Leroux | Chenaux tidaux et dynamique des prés-salés en régime méga-tidal: approche multi-temporelle du siècle à l'évènement de marée[END_REF], tide elevation in Mont Saint Michel is 5.7 m lower than that at Saint-Malo gauge. Tide data allowed the authors to establish how many times the studied channel was flooded either during spring or neap tides. Flooding frequency at different elevations has been calculated as the ratio between the number of tides reaching a specific elevation divided by the number of tides occurred during the study period (i.e. between 28 March 2012 and 29 November 2012). The mean number of tides per neap-spring cycle at different elevations has been calculated as the mean between the number of tides of each neap-spring cycle occurred during the study period that reached a specific elevation (Fig. 9).

RESULTS

Point-bar morphology and deposits

Different deposits were accumulated by specific depositional processes in three main zones of the studied bend: point-bar-top, point-bar-slope and channel-thalweg zones (Fig. 5). The elevation of these areas changes from ca 5.5 to 6.0 MAMSL of the point-bar top, to ca 4.1 to 3.5 MAMSL of the channel thalweg. This is reflected in the flooding

Accepted Article

This article is protected by copyright. All rights reserved The point-bar-top zone is characterized by a flat topography (Fig. 5A andB) and by the presence of a sparse vegetation cover (Fig. 5C). Point-bar-top deposits consist of planeparallel laminated mud with silt and very-fine sand concentrated in 1 to 2 mm thick laminae (Fig. 5D). Polygonal mud cracks are common in this zone, and they are commonly filled with sand (Fig. 5M). Oxidation due to prolonged subaerial exposure commonly occurs (Fig. 5D).

The point-bar slope connects the point-bar-top with the channel-thalweg zone, and dips up to 20°. Inclination decreases from the upper (10 to 15°) to the lower (5 to 10°) slope (Fig. 5A andB). Point-bar slope is characterized by current ripple and plane beds (Fig.

5G, H and J), polygonal mud cracks (Fig. 5I), rills and local accumulation of flat mud clasts (Fig. 5F). Slumps commonly occur in this zone (Fig. 5E). The related deposits consist of sediments ranging in grain size between mud and fine sand. These deposits are plane-parallel and ripple cross-laminated, and laminations are commonly marked by muddy laminae (Fig. 5N andO). Moving from the upper to the lower point-bar slope, sand content increases and muddy laminae become progressively less common (Fig. 5P).

The channel-thalweg zone shows an irregular topography (Fig. 5A, B, K, and L). Mud clasts are spherical, and are up to 10 to 15 cm in size (Fig. 5K). They occur individually or in clusters over a sandy bed, which contains shell fragments and is locally characterized by current ripples. Channel-thalweg deposits are mainly massive (Fig. 5Q) and characterized by mud clasts and shell fragments.

The 2012 accretionary package

Synthetic stratigraphy

Synthetic stratigraphy shows that the 2012 accretionary package consists of ca 3300 m 3 of deposits, which were accumulated mainly in the point-bar-slope zone (Fig. 6). The substrate of the 2012 accretionary package sloped from the point-bar-top (ca 5.5 to 6.0 MAMSL) to the channel-thalweg zone (ca 3.75 MAMSL) (Fig. 7). The 2012 accretionary
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This article is protected by copyright. All rights reserved package forms an arcuate sedimentary body, that follows the pre-existing point-bar morphology. This sedimentary body pinches out toward the point-bar top and channel thalweg (Figs 6 and 7C). A cross-section along the point-bar axis (Fig. 7A andC), shows that it is ca 20 cm thick in the point-bar-top zone, with single internal increments (i.e.

preserved sub-volumes accreted between successive surveys) of few centimetres (Fig 7C). In contrast, few deposits accumulated in the thalweg zone, with evident cross-cutting relationships between the different internal increments (Fig. 7C). Thicker deposits are recorded on the point-bar-slope zone (Fig. 7C) and they form a rim along the whole point bar (Fig. 6). The maximum thickness is ca 1 m (Fig. 6) and is recorded in the bend-apex zone (i.e. cores 2 and 3), although 70 cm thick deposits occur along the landward side of the accretionary package (cores 0 and 1). An along-bend cross-section (Fig. 7B andD)

shows that the 2012 accretionary package thins toward the seaward side of the point bar, whereas along the landward side it is abruptly cut (Fig. 7D) by a secondary tributary channel (Fig. 1).

The analysis of the spatial distribution of these increments suggests that the overall expansion of the point bar (Fig. 2B andC) was achieved by a non-uniform storage of sediments along the inner bank of the bend (Figs 7D and 8A). These localized accretionary episodes affected different parts of the point bar (Fig. 8A ). The analysis of the channel thalweg dynamic during the study period (Fig. 8A) shows that in the point-bar-apex zone and in the landward side, the channel thalweg was quite stable. Whereas in the seaward side, ebb and flood flows induced a bifurcation of the thalweg zone, that followed back and forth movements in an east-west direction. Along the seaward side, eastward shift of the flood thalweg caused the creation of a local accommodation space, which was filled with sediments during the following westward shift (for example, '12/10/12 internal increment'). In the point-bar-apex zone, the '03/05/12 internal increment' shows also a major scour depression (i.e. concave-upward surface), that was filled up during following accretionary stages (Fig. 7D).
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Sedimentology

Grain-size varies both vertically and laterally within the 2012 accretionary package (Fig. 9). Specifically, sand content increases both downbar and seaward within the accretionary package (Fig. 10B). The lowest sand content occurs in the central-point-bar zone (cores 1 to 3), where the accretionary package reaches its maximum thickness, and the minimum amount of sand is in core 1, just landward of the bend apex (Fig. 10B). In this core, the highest amount of mud is also recorded (with the 0%-sand class representing the 7% of the core thickness). Abundance of mud is registered in the central-point-bar zone (cores 1 to 3), where grain-size classes with less than 60% of sand (i.e. higher mud content) represent the 38 to 78% of the accretionary-package thickness.

Accretionary deposits along the seaward side of the point bar (i.e. cores 4 to 6) are characterized by the lowest amount of mud: grain-size classes with less than 60% sand representing between 5% and 36% of the accretionary-package thickness, and the 0% sand class (i.e. 100% mud) is registered only in core 6 (Fig. 10B) and consists of pebblesized intraclasts. These mud clasts are locally oxidized and contain plant debris, suggesting that they were sourced through collapses from either the upper-point-bar zone or the outer bank. In most of the cores, mud clasts are scattered and millimetric in size. They show both rounded or flat shapes, and are commonly oriented according to the main stratification.

Sedimentary structures in the 2012 accretionary package consist of plane-parallel stratification and current ripple cross-laminations (Fig. 9), and their spatial distribution does not show any specific trend, neither vertically nor along the bend in the collected cores (Fig. 10B). Spatial distribution of bedforms along the point-bar surface (Fig. 11) at the end of the ebb-phase shows that along the landward (Fig. 11H) and seaward (Fig. 11B) sides, the point-bar surface is quite flat (Fig. 11B), with localized development of current ripples (Fig. 11H), which are usually flood-oriented in the seaward side and ebb-
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This article is protected by copyright. All rights reserved oriented in the landward side (Fig. 11H). In the apex-zone, both flood-oriented (Fig. 11F) and ebb-oriented (Fig. 11G) current ripples occur in separated areas, close to one another (Fig. 11C) and nearby the vegetation limit. Much more complex 3D current ripples occur toward the main channel, whose orientations are not straightforward (Fig. 11E). Deposits accumulated on the point-bar slope also show local evidence of deformation (Fig. 10B), which could be ascribed to gravitational collapses or tidal bore related deposits, although the limited diameter of cores prevents observations at higher resolution.

Integration between synthetic stratigraphy and grain-size data (Fig. 8) shows that the smallest amount of clean sand (i.e. 25%) occurs in '09/07/12 and 23/08/12 internal increments' (Fig. 8B), which accumulated when sediment was mainly stored along the apex and landward side of the point bar (Fig. 8A).

Tidal signature in the 2012 accretionary package was analysed to quantify the spatial distribution of thickening -thinning or partial NS sequences (Figs 4 and9). A thickeningthinning NS sequence (Fig. 12) can vary in thickness between 1 cm (i.e. condensed sequences) and 7 cm (i.e. expanded sequences), and can be made up of nine to twelve TCs. A single tidal couplet (i.e. one TC) consists of a sand laminae overlaid by a mud laminae. It is commonly only a few millimetres thick, but its thickness can range from 1 mm to 1.5 cm in condensed and expanded sequences, respectively (Fig 12). Expanded sequences commonly contain abundant sand, whereas condensed sequences can be either mud-rich or sand-rich (Fig. 12). The number of TCs forming a thickening -thinning NS sequence roughly decreases from twelve to six going from the base to the top of the 2012 accretionary package. At these elevations, the mean number of tides forming a neap-spring cycle is 21.9 (measured at 4.1 MAMSL) and 13.6 (measured at 5.3 MAMSL), respectively (Fig. 9). Abundance of thickening -thinning NS sequences varies along the bend (Fig. 13) from 0 to 26% of the 2012 accretionary package thickness. They are more common (i.e. >10% of 2012 accretionary package thickness) in the centralpoint-bar zone (i.e. cores 1 to 4) and reach the maximum abundance in core 1 (i.e.

immediately landward of the bend apex). In cores 1 to 4, NS sequences are not distributed at any specific elevation, and can occur randomly in the accretionary package (for example, core 1 and 3), or in its higher (for example, core 2) or lower portion, within the infill of the scour depression (for example, core 4). Partial NS sequences are spatially
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This article is protected by copyright. All rights reserved distributed along the bend and represent the 5 to 18% of the accretionary package thickness of interest, except for core 6 (i.e. the most seaward core), where neither thickening -thinning nor partial NS sequences are recorded (Fig. 13). Partial NS sequences are commonly associated or located in close proximity of thickening -thinning ones. As a whole, the spatial distribution of thickening -thinning and partial NS sequences show that tidal signal on sedimentation is mainly preserved in the centralpoint-bar zone, where rhythmites (i.e. thickening -thinning and partial NS sequences) occur at different elevations and form up to 40% of the 2012 accretionary package.

DISCUSSION

Point-bar growth and sediment distribution

The yearly lidar-survey analysis, focusing on the short-term evolution of the point bar,

shows that planform changes of the study channel bend caused the bend apex to move away from the belt axis (Fig. 2B andC), pointing to an overall expansion of the point bar and to an increase of channel sinuosity. Although this would fit with classical morphodynamic models for tidal point bars [START_REF] Bridges | Sedimentary model for intertidal mudflat channels, with examples from the Solway Firth, Scotland[END_REF][START_REF] De Mowbray | The genesis of lateral accretion deposits in recent intertidal mudflat channels, Solway Firth, Scotland[END_REF], comparison between different surveys and reconstructed synthetic stratigraphy highlights that increasing bend sinuosity is not achieved through a progressive bend expansion, but by alternating storage of sediments along the landward and seaward sides of the point bar (Fig. 8A). This morphodynamic evolution might reflect the presence of ebb and flood currents, which alternately dominated different portion of the bend promoting accretion along different sides of the point bar (Fig. 14). The complex interaction between point-bar morphology, tidal asymmetry and mutually evasive nature of flood and ebb flows causes:

(i) inequalities between flood and ebb magnitude velocities and flow periods; and (ii) the spatial offset of the highest velocities, which act in different direction and at different magnitude along the meander. In the study meander, the flood tide generally overtops the lower marsh and flows across the point-bar top, reaching the highest velocities in the seaward side of the meander; whereas the ebb tide generally flows alongside the channel, reaching the highest velocities near the outer bank, when the lower marsh has dried out and the water discharge is concentrated in the main channel (Figs 2E,2F and 14). This flow configuration, in turns, impacts the distribution of erosional and depositional processes along the meander, resulting in the registered alternating accretionary

Accepted Article

This article is protected by copyright. All rights reserved behaviour. Other processes contributing to this behaviour of the study meander could be ascribed to: (i) local movement of the channel thalweg (Fig. 8A); and (ii) influence of the two tributary channels occurring on both sides of the study bend (Fig 1). The back and forth movements of the channel thalwegs in the seaward side of the meander causes the creation of a local accommodation space, which can be filled with sediments later on.

This influence is quite clear considering the '12/10/12 internal increment': the thalweg was positioned in an eastward position during the '12/10/12 lidar survey' and later on it shifted towards the west ('12/11/29 lidar survey') leaving space for sediment accretion (Fig. 8A). It is not possible to assess the influence of the two tributaries on the point bar behaviour with the collected data. However, it is plausible that they play a role in enhancing erosion of the outer bank in different areas, particularly towards the north-east and towards the west for the landward and seaward channels, respectively. This in turn might influence the overall migration of the meander and growth of the point bar towards north-east and west, respectively.

The overall seaward migration of the point bar in the long-term scale (i.e. decennial timescale) was achieved through repeated landward and seaward shifts of the point bar occurring at a shorter timescale (i.e. few years) (Figs 2A and 14). Even though other analyses would be needed to further investigate the long-term behaviour, the overall seaward migration could be related to an ebb tidal dominance, a frequent phenomenon in tidal meanders (for example, the Western Scheldt); whereas the alternating multi-annual behaviour might point to the variation of ebb and flood dominance during higher order tidal cyclicality (for example, four-year tidal cycle). Furthermore, at the long-term scale, it seems that the progressive colonization by vegetation of the point-bar top, started in 2009 (Fig. 1B, C and D), corresponds to a period in which the planform evolution of the meander changed from a predominant translation (with and overall seaward component) to a more expansional behaviour (Figs 2A and 14). This might be related to the increasing resistance of the sediments due to vegetation growth, which might have hindered the seaward migration and promoted an expansion. The occurrence of the thickest deposits in the point-bar-apex zone (Figs 6 and 7D) suggests that accumulation and preservation of deposits are more pronounced here than anywhere else along the point bar. This trend is confirmed by a comparison between 2012 and 2017 lidar surveys, that highlights the thickest deposits to occur repeatedly in the point-bar-apex zone (Fig.
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This article is protected by copyright. All rights reserved 7D). Sediment storage and preservation in this area can be explained by the flow configuration within a meandering channel. In a channel bend the main streamflow is forced toward the outer bank by the centrifugal force induced by the bend curvature, leading to the formation of a helical circulation. In the apex zone and just downstream of it, maximum velocities are recorded along the outer bank, while a low-energy zone (i.e.

shadow zone) develops along the inner bend. In sharp bends under certain hydrodynamic conditions, as demonstrated by [START_REF] Leeder | Flow separation in meander bends[END_REF], this area is characterized by flow separation and recirculation eddies, leading to stagnant water with a weak reverse flow. Although further field measurements would be required to demonstrate development of recirculation eddies in the study bend, the occurrence of low-energy conditions in the shade of the bend apex zone, especially during ebb flow of overmarsh tides (Fig. 2F), can explain the enhanced deposition, [START_REF] Leeder | Flow separation in meander bends[END_REF]Riley & Taylor, 1978;Woodyer et al., 1979;Thoms & Sheldon, 1996;[START_REF] Changxing | Bench development along the regulated, lower river Dee, UK[END_REF][START_REF] Ferguson | Flow in meander bends with recirculation at the inner bank[END_REF], explaining the maximum thickness of the study deposits (Fig. 14). Occurrence of such a shadow zone explains also the paucity of clean sand in the point-bar-apex zone (cores 1 to 3 in Fig. 10), where mud settling was promoted by cyclically recurrent low-energy conditions. In this frame, mud accumulation appears also to be enhanced when subsequent spring tides show a similar amplitude (for example, '09/07/12 and 23/08/12 internal increments', and related tide elevation -Fig. 8). Similar abundance of mud in tidal rhythmites deposited during phase flip periods (i.e. periods in which spring tides show similar amplitude as an effect of the anomalistic month -Kvale, 2012), are visible in a macrotidal estuarine channel of the Gomso Bay, in west coast of Korea (Choi, 2011, fig. 8), in the Miocene Marine Molasse Formation, Digne Foreland Basin, France (Couëffé et al., 2004, fig. 6), and in the Mississippian Tar Springs Formation, Indiana, USA (Kvale, 2012, fig. 1.5c). Such mud abundance might be related to the fact that spring tides during phase flip periods show in average smaller tidal amplitudes, thus they are more favourable for mud deposition and preservation.

Mud-free sand is more common along the seaward and landward sides of the point bar (cores 0, 5 and 6 in Fig. 10), where high-flow velocity occurs on the point bar during flood and ebb stages, respectively [START_REF] Leroux | Chenaux tidaux et dynamique des prés-salés en régime méga-tidal: approche multi-temporelle du siècle à l'évènement de marée[END_REF]. In this frame, the occurrence of large amounts of clean sand (>40%) with large mud clasts along the seaward side of the point bar (cores 5 and 6, Fig. 10B), suggests that flood currents strongly shape these areas,
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Preservation of the tidal signal

As already highlighted by Tessier (1993[START_REF] Lanier | Climbing-ripple bedding in the fluvio-estuarine transition: a common feature associated with tidal dynamics (modern and ancient analouges)[END_REF] for tidal deposits of the Mont-Saint-Michel Bay, the elevation of the depositional site in comparison with the tidal range plays a key role in the number of tidal couplets forming a tidal sequence. Being placed in the upperintertidal zone, the channel does not experience the ebb slack waters (Fig. 8C), and a tidal cycle (i.e. TC) is recorded by one couplet of sandy/muddy laminae. Additionally, tides hardly reach the channel during neap periods (Fig. 8C), making the neap/spring cycles to be formed by ca 22 tides at the best (measured at the channel thalweg at 4.1 MAMSL), out of the 28 possible in a semi-diurnal regime (Fig. 9). The number of tides reaching the point bar progressively decreases towards the point-bar top (Fig. 9), where a neap-spring cycle is made up of 13.6 tides in mean (measured at 5.3 MAMSL). This is reflected in the number of TCs forming a NS sequence which decreases from 12 at the bottom, to six at the top of the 2012 accretionary package. Even though a lot of variability in the number of TCs per NS sequence is documented, these data would suggest that roughly half of the tides reaching the site are recorded in the tidal rhythmites.

The limited occurrence of NS sequences, either thickening -thinning or partial, indicates that formation and preservation of the cyclic tidal signal is not straightforward in such a dynamic upper-intertidal environment, although tides are the only effective forcing on
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This article is protected by copyright. All rights reserved sedimentation. Conditions needed for the formation and preservation of tidal rhythmites include: (i) a protected environment, which helps the expression of the regular variation of the tidal energy and avoids wave erosion; and (ii) a high suspended sediment concentration, which is needed for the creation of a significant deposits for each tide and helps its preservation (Tessier, 1993;[START_REF] Davis | Tidal Signatures and Their Preservation Potential in Stratigraphic Sequences[END_REF]. Therefore, tidal rhythmites are considered to be formed during and after a stage of offshore wave dynamics which favours sediment resuspension, and to be well-expressed in meandering tidal channels,

since their morphology provides a good protection from wave reworking (Tessier, 1993;[START_REF] Choi | Tidal rhythmites in a mixed-energy, macrotidal estuarine channel, Gomso Bay, west coast of Korea[END_REF]. Furthermore, in the upper intertidal domain, tidal rhythmite formation is considered to be promoted by tidal bore passage, which increases the suspended sediment concentration and produces tidal rhythmites thicker than normal [START_REF] Furgerot | Suspended sediment concentration in relation to the passage of a tidal bore (See River)[END_REF]Tessier et al., 2017). Within tidal channels, preservation of the tidal signal is commonly discussed as a function of elevation (Choi et al., 2004;[START_REF] Choi | Rhythmic Climbing-Ripple Cross-Lamination in Inclined Heterolithic Stratification (IHS) of a Macrotidal Estuarine Channel, Gomso Bay, West Coast of Accepted Article This article is protected by copyright[END_REF][START_REF] Choi | Tidal rhythmites in a mixed-energy, macrotidal estuarine channel, Gomso Bay, west coast of Korea[END_REF] and upper-point-bar deposits are commonly considered the most prone to preserve tidal rhythmicity [START_REF] Lanier | Climbing-ripple bedding in the fluvio-estuarine transition: a common feature associated with tidal dynamics (modern and ancient analouges)[END_REF][START_REF] Choi | Rhythmic Climbing-Ripple Cross-Lamination in Inclined Heterolithic Stratification (IHS) of a Macrotidal Estuarine Channel, Gomso Bay, West Coast of Accepted Article This article is protected by copyright[END_REF][START_REF] Choi | Tidal rhythmites in a mixed-energy, macrotidal estuarine channel, Gomso Bay, west coast of Korea[END_REF]Sisulak & Dashtgard, 2012;La Croix & Dashtgard, 2015;Pelletier et al., 2016). In the 2012 accretionary package, the occurrence of thickening -thinning NS sequences in cores 3 and 4 and their absence at the same elevation in cores 2, 5 and 6, points out that preservation of tidal signature is also influenced by position along the meander bend. Rhythmites are common in the bend-apex zone, where development of the low-energy area, caused accumulation of thicker and mud-rich point-bar deposits. In this shadow zone, currents were not able to remove slack-water mud drapes and allowed preservation of thickening -thinning NS sequences at different elevations within the point bar. At core sites 3 and 4, preservation of thickening -thinning NS sequences in the lower part of the point bar could also be ascribed to sedimentation within a local scour (Fig. 13), where protected conditions promoted preservation of muddy laminae. lidar data also show that in the bend-apex zone, ebb-oriented and flood-oriented current ripples can coexist on a limited area (Fig. 11); whereas in the landward and seaward sides of the point bar only limited unidirectional seaward-migrating and landward-migrating current ripples occur, respectively. Although lidar data were only acquired at the end of the ebb-phase, coexistence of ebb-and flood-oriented ripples in the bend apex zone seems to suggest
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Underestimating the dominance of tidal currents in the rock record is a relevant problem, and the overall scarcity of NS sequences in the deposits of one of the most famous hypertidal environments, such as the Mont-Saint-Michel Bay, confirms that. Nevertheless, the results of the present study point out that location of the deposits along a tidal band can play a key role in controlling preservation of tidal signature. Point bar bodies formed in similar settings, potentially show an extreme vertical and lateral variability in sedimentary facies, with depositional and erosional processes dominating the bend-apex zone and the point-bar sides, respectively. Tidal signature, mud abundance and thicker deposits should be found in the apex-zone; whereas erosional surfaces, coarser-grained sediments and thinner deposits should be more frequent elsewhere along the point bar (Fig. 14).

CONCLUSIONS

A hypertidal point bar belonging to the upper-intertidal domain of the Mont-Saint-Michel Bay (France) was analysed by means of an integrated approach, which included timeseries lidar topographic data, used to create a synthetic stratigraphy of the point bar, geomorphological field surveys and sedimentological core data. Studied point-bar deposits were accreted along the inner bank between 28 March 2012 and 29 November 2012 and were analysed in terms of their spatial distribution, grain size, thickness and preservation of tidal signature. Furthermore, this short-term analysis was contextualized within the decennial timescale evolution of the related tidal channel, which in the last two decades mainly followed an expansional and seaward planform transformation.

The reconstructed synthetic stratigraphy allowed the authors to detect that, in the considered time interval, the study bend expanded increasing channel sinuosity.

However, bend expansion was not achieved by a progressive increase in sinuosity due to a uniform sediment distribution along the associated point bar, but occurred through alternating stages of sediment storage along the seaward and landward sides of the point bar. These processes were probably triggered by short-term complex morphodynamic
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  point cloud was transformed into a triangulated irregular network via the Poisson Surface Reconstruction algorithm (Kazhdan et al., 2006; Kazhdan & Hoppe, 2013), as implemented in CloudCompare (set parameters: octree cell size of 0.0003 m, octree depth of 10 and radius of 3 m to compute the surface normal orientation). Using a

  11) in order to better identify morphologies and orientation of ripple forms recorded at the end of the ebb phase (i.e. when the surveys were performed). The analysis can only be performed near the location of the instrument where point cloud density is large enough to detect bedform features and orientation. Vegetation removal and classic hill shade techniques, available in CloudCompare, have been used on the raw point clouds to better highlight these features.In order to investigate preservation of the tidal signature in the 2012 accretionary package, attention has been paid on the rhythmic alternation of sandy and muddy laminae and progressive changes of related thickness(Figs 4 and 13). As firstly highlighted in the Bay of Mont Saint Michel byTessier (1993), couplets of sandy/muddy laminae are accumulated during an elementary tidal cycle (TC), while progressive thickening and thinning of these laminae represents the semi-lunar tidal cycle, or neap/spring sequence (NS sequence). Preservation of TCs and NS sequences is strongly controlled by elevation

  analysed tidal rhythmites in the upper-intertidal zone of the Sélune estuary in the bay of Mont Saint Michel and recorded NS sequences consisting of 10 to 12 TCs, out of the 28 possible in a semi-diurnal regime. Progressive changes in thickness of TCs can define different NS sequence trends (Fig. 4B), including: (i) thickening to thinning-upward trend (i.e. a thickening -thinning NS sequence); (ii) thickening or thinning-upward trend (i.e. a partial NS sequence); and (iii) no trend (i.e. absence of NS sequence). Pie charts have been created to summarize data on the occurrence of NS sequences of each core (Fig. 13).

  frequency of these areas(Figs 5B and 7C): tides reaching the point-bar top (i.e. reaching the elevation of 5.5 MAMSL) are only the 39% of the total (i.e. 182 out of 467 tides during the study period); whereas, the flooding frequency at the channel thalweg (i.e. at the elevation of 4.1 MAMSL) increases to 76% (i.e. 353 out of 467 tides during the study period).

  in a tidal point bar of the Han River Delta (Korea), where the mutually evasive nature of the ebb and flood current pathways causes the point-bar surface to be flood dominated even though the channel as a whole is ebb dominated. Similarly, Ghinassi et al. (2018b) described an ebb-dominated translating tidal point bar in the Venice Lagoon (Italy), where sedimentation is mainly ascribed to flood flows.

  processes, causing a local dominance of flood and ebb currents in different portion of the point bar.Deposits accumulated between 28 March 2012 and 29 November 2012 formed an accretionary package of ca 3300 m 3 and were mainly deposited in the point-bar-slope zone forming an arcuate sedimentary body, covering the pre-existing point-bar morphology. The maximum sediment accumulation occurred in the point-bar-apex zone, where the maximum mud deposition also occurred. This study suggests that the development of a low-energy zone at the point-bar apex due to flow configuration, tidal asymmetry and mutually evasive nature of flood and ebb flows in meandering channels, is responsible for the enhanced sediment accumulation and mud deposition in this area.In the bend apex, tidal currents were not able to remove slack-water mud and also allowed preservation of tidal rhythmites at different elevations within the point bar.Accumulation within localized scours enhanced preservation of rhythmites also in the lower part of the point bar, where, commonly, mud drapes are removed by currents. This study shows that location of the deposits along the point bar plays a crucial role in preservation of tidal signature, and highlights the importance of depicting along-bar facies trends to develop predictive facies models and detect ancient tidal point bars in the stratigraphic record.

FIGURE CAPTIONS Figure 1 .
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Figure 2 .

 2 Figure 2. (A) Long-term evolution of the study channel based on the position of the channel thalweg between 1997 and 2016. Aerial photos and satellite images used are available at https://remonterletemps.ign.fr/ and in Google™ Earth, respectively. (B) and (C) lidar images showing point-bar topography in 2012 (B) and 2017 (C), with the location of the vegetation limit (dashed lines) and the outer bank (solid lines) between 2011 and 2017. (D) Changes in point-bar elevation along the bend axis between 2011 and 2017. (E) Flood and ebb peak velocities at different tide stages for different overmarsh and undermarsh tides measured with an ADCP located in the channel. The grey line at ca 7 MAMSL indicates the elevation of high marshes and separates overmarsh (high tide elevation >7 MAMSL) and undermarsh (high tide elevation <7 MAMSL) tides. The time step between consecutive points is 10 minutes. Note the longer duration of the ebb phase in comparison to the flood phase, and the dominance of the ebb flow for overmarsh tides (from Leroux, 2013). (F) Flow direction and magnitude at different location in the study meander for overmarsh tide. Velocity data in the channel and in the landward and seaward sites were measured with an ADCP (showing the peak water column velocities) and two ADV (showing the near bed velocities), respectively, on 08 April 2012 (High Water Level = 7.35 MAMSL); whereas velocity data in the apex were measured with an ADV (showing the near bed velocities) on 29 March 2013 (High Water Level = 7.05 MAMSL). Data are reported from Leroux (2013).

Figure 3 .

 3 Figure 3. Methodologies used to define and analyse the 2012 accretionary package. (A) Date of the lidar surveys between 2011 and 2017 relative to the high tide elevation. (B) Example of the raw data processing for the vegetation removal and for the reconstruction of the thalweg zone. (C) Simplified diagram showing the synthetic stratigraphy approach,

Figure 4 .

 4 Figure 4. (A) Idealized sketch illustrating deposits related to a Tidal Cycle (TC) and a NS sequence at different elevations with respect to MSL and (B) criteria to define different amount of preservation for tidal rhythmites within a NS sequence in an upper intertidal setting.

Figure 5 .

 5 Figure 5. Morphological and sedimentological features of the study site obtained from the 2017 field survey -(A) to (L) -and sedimentary cores -(M) to (Q). The axial zone of the study bend (A) and cross-sectional sketch (B) showing spatial distribution of different sedimentary features. (C) Sporadically vegetated point-bar top. (D) Plane-parallel laminated and oxidized point-bar top deposits showing clear tidal couplets. (E) Bank collapses affecting the landward side of the point bar. (F) Mud clasts at the outlet of a minor rill cut in the upper part of the point bar. (G) Current-ripple forms in the central part of the point-bar slope with rain droplet craters. (H) Rhythmic lamination within a climbingripple form. (I) Mud cracks in the upper part of the point-bar slope. (J) Rhythmic lamination in plane-parallel laminated point-bar deposits accumulated in the upper slope. (K) Cobble to pebble-sized mud clasts in the channel thalweg zone, where current ripples develop (L). (M) Point-bar top mud showing a sand-filled desiccation fracture. (N) Planeparallel stratified sand with muddy laminae developed during slack water stages. (O) Ripple-cross laminated sand with mud drapes. (P) Mud-free fine sand from the lowermost part of the point bar. (Q) Channel lag medium sand with scattered mud clasts and shell fragments.

Figure 6 .

 6 Figure 6. Thickness distribution within the 2012 accretionary package. Positions of the study cores and contour related to 5 m elevation of 2017 survey are also shown.

Figure 7 .

 7 Figure 7. Synthetic stratigraphy of the 2012 accretionary package. (A) and (B) Location of a cross-section cutting the accretionary package along the bend axis (A) and along the 2017 point-bar brink (B). Position of the study cores is also shown. Axial (C) and alongbend (D) cross-sections showing the internal increments within the study accretionary package. Dark-grey arrows indicate 2012 accretionary package thickness variations.

Figure 8 .

 8 Figure 8. Point-bar sedimentation and channel thalweg displacement during accumulation of the 2012 accretionary package. Sediment thickness and channel thalweg displacement (A), grain-size distribution (B), and tide elevation (C) duringformation of the seven accretionary increments. In (A), channel thalweg position during the younger survey is showed, highlighting temporal displacement of the thalweg. In (C), note that only a limited number of tides carried water at an elevation higher than the channel thalweg (in red).

Figure 9 .

 9 Figure 9. Panel with the sedimentary cores collected along the point bar. Grain size, sedimentary structures, NS sequence distribution and photographs of the cores are shown. The flooding frequencies and the mean number of tides per neap-spring cycle are displayed for different elevations.

Figure 10 .

 10 Figure 10. Along-bend distribution of grain size and sedimentary structures within the 2012 accretionary package. (A) Location of the study cores along the bend and synthetic stratigraphy of the 2012 accretionary package. (B) Anatomy of the 2012 accretionary package. Pie charts show distribution of grain size and sedimentary structures for different cores based on samples of 1 cm intervals.

Figure 11 .

 11 Figure 11. Bedforms occurring along the point-bar surface in the studied period. (A) Location of the insets along the meander (B,C, and H labels indicate the point of view, numbers indicate core positions) (B) The seaward side of the point bar usually shows a flat topography and occasionally some asymmetric flood-oriented current ripples. (C) to (G) At the bend apex, small-scale ripples (D), complex 3D ripples (E), flood-oriented (F) and ebb-oriented (G) current ripples coexist in a limited area. (H) The landward side of the point bar usually shows a flat or slightly irregular topography, and occasionally some asymmetrical ebb-oriented current ripples.

Figure 12 .

 12 Figure 12. Different expression of rhythmites within the 2012 accretionary package.

Figure 13 .

 13 Figure 13. Along-bend distribution of rhythmites and grain size within the 2012 accretionary package. (A) Location of the study cores along the bend. Synthetic stratigraphy of the 2012 accretionary package is shown along with distribution of grain size and sediments bearing different amount of rhythmites. (B) Anatomy of the 2012 Accepted Article
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 14 Figure 14. Conceptual model showing the long-term and short-term evolution of the studied meander, highlighting the role of short-term dynamics and flow configuration in
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