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FORCED-REGRESSIVE CONTEXT

IntroductIon

Overview

The objective of this 4-days excursion is to study different aspects of the Quaternary last deglaciation which relates to the recession and final disappearance of the Laurentide Ice Sheet during the latest Wisconsinan and Holocene along the Québec North Shore (North Shore of the Estuary of the St. Lawrence, Québec, Canada). A particular emphasis will be given to the observation and study of deglacial sedimentary successions and landforms along with associated relative sea level (RSL) fall inherent to this deglaciation episode. Different aspects of glacially-influenced sediment transport and depositional processes will also be discussed. Our excursion will lead us both in the hinterland for the observation of glacial landforms and along the shores where the modern erosion of coastal cliffs and river banks permits the direct observation of sedimentary facies and stratigraphic architectures.

In pursuing these objectives, about 700 km will be traveled along the shores of -and on-the Estuary of the St. Lawrence and the Saguenay fjord (Fig. 1) that constitute some of the most beautiful, scenic and laden in history landscapes in Québec.

Itinerary

Day 1 (Sunday, August 19 th , 2018): Departure from Québec City at 8 am, journey through the Charlevoix region to Tadoussac, emphasis on early deglacial ice-contact landforms and deposits. Overnight at Motel Chantmartin, Tadoussac.

Day 2 (Monday, August 20 th , 2018): Departure from Tadoussac at 8 am, boat cruise on the Saguenay fjord, journey to Forestville, study of the inner part of the Portneuf-Forestville deltaic complex. Overnight at Motel Quatre-Saisons, Forestville.

Day 3 (Tuesday, August 21 st , 2018): Departure from Forestville at 8 am, hiking along the sea cliff between Forestville and Portneuf (outer part of the deltaic complex), return back to Forestville by car, overnight at Motel Quatre-Saisons, Forestville.

Day 4 (Wed., Aug. 22 nd , 2018): Departure at 8 am, journey to the hinterland (glaciolacustrine infill), ferry crossing over the St. Lawrence, journey back to Québec City along the south shore of the St Lawrence Estuary (7 pm at the latest). 

Physical setting of the study area

The Québec North Shore (QNS) constitutes the north-western coastline of the Estuary of the St. Lawrence and the lands beyond, on the south-east of the Québec Province. The St. Lawrence Estuary forms a 400 km-long, deep semi-enclosed basin delineated by Québec City to the SW and Pointe-des-Monts to the NE (Fig. 2). The Estuary is supplied with fresh water from the St. Lawrence River to the southwest and opens on the north-east to the Gulf of St. Lawrence and further to the Atlantic Ocean. Tides and waves therefore enter this large estuary. The St. Lawrence Estuary is bordered by the moderate to high relief Shield geomorphological region (Grenville geological province) and the Appalachian mountain geomorphological region (Appalachian geological province) on its north-western (QNS) and south-eastern sides, respectively. Along the QNS, Paleozoic sedimentary rocks of the St. Lawrence platform are also found from place to place [START_REF] Sanford | Sedimentary cover of the Craton in Canada[END_REF]. The Estuary of the St. Lawrence constitutes a Jurassic Cretaceous-aged faulted system related to the opening of the Labrador sector of the Atlantic Ocean [START_REF] Rocher | L'effondrement de la plate-forme du Saint-Laurent: Ouverture de Iapetus ou de l'Atlantique? Apport de la reconstitution des paléocontraintes dans la région de Québec (Canada)[END_REF][START_REF] Tremblay | Mesozoic fault reactivation along the st. Lawrence rift system, eastern canada: Thermochronologic evidence from apatite fission-track dating[END_REF]. The 120 km-long Saguenay fjord connects the Lake St. Jean [START_REF] Nutz | Seismic-stratigraphic record of a deglaciation sequence: From the marine Laflamme Gulf to Lake Saint-Jean (late Quaternary, Québec, Canada)[END_REF]2015) to the NW with the St. Lawrence Estuary to the SE, near Tadoussac. Water masses of the Saguenay fjord are also subject to tides. This fjord has been interpreted as a graben which the opening, dated back to the Late Triassic -Early Jurassic [START_REF] Tremblay | Supracrustal faults of the St. Lawrence rift system, Québec: Kinematics and geometry as revealed by field mapping and marine seismic reflection data[END_REF][START_REF] Tremblay | Mesozoic fault reactivation along the st. Lawrence rift system, eastern canada: Thermochronologic evidence from apatite fission-track dating[END_REF].

The terrestrial landscapes of the QNS are characterized by a series of gently sloping hills which elevations range from 500 to 1000 m (Fig. 1). These hills, consisting of crystalline bedrock carved during successive glacial episodes in the Quaternary, are deeply incised (100-400 m) by steep-flanked structural valleys, 0.5-3 km in width, oriented at 90° to the axis of the Estuary and with their bases lying between 50 m above and 300 m below sea level (Fig. 2; [START_REF] Lajeunesse | Buried preglacial fluvial gorges and valleys preserved through Quaternary glaciations beneath the eastern Laurentide Ice Sheet[END_REF]Dietrich et al., in press). These structural valleys, which focus the flows of modern rivers draining into the St. Lawrence Estuary, are characterized by steep to sub-vertical flanks and V-shape gorges at their bottom. These valleys have been interpreted as having been eroded at least partly by pre-Quaternary fluvial processes [START_REF] Lajeunesse | Buried preglacial fluvial gorges and valleys preserved through Quaternary glaciations beneath the eastern Laurentide Ice Sheet[END_REF]. The Estuary and Gulf of the St. Lawrence are characterized by the prominent Laurentian Channel, a 1000 km-long and 80-90 km-wide U-shaped cross-shelf trough that extends from Tadoussac to the edge of the continental platform (Figs. 3 and 4;Josenhans & Lehmann, 1999;[START_REF] Todd | The Laurentian Channel: a major cross-shelf trough in Atlantic Canada[END_REF][START_REF] Pinet | Partly-filled U-shaped morphology of the Laurentian Channel[END_REF]. The Laurentian channel is separated from the QNS by a shallow, 0-20 km-wide structural shelf that extents from Tadoussac to Sept-Iles [START_REF] Pinet | Seafloor and shallow subsurface of the St. Lawrence River Estuary[END_REF].

The retreat of the Laurentide Ice Sheet (LIS)

During the Wisconsinan Last glacial Maximum (LGM) that occurred in the region approximatively 23.000 years cal BP (calibrated years before present), the eastern Canada was entirely covered by a thick accumulation of ice referred to as the Québec-Labrador sector of the Laurentide Ice Sheet (LIS) (Fig. 3; Dyke, 2004;[START_REF] Margold | Ice streams in the Laurentide Ice Sheet: Identification, characteristics and comparison to modern ice sheets[END_REF]. At that time, the LIS margins attained the edge of the continental platform to the east, more than 800 km away the study area [START_REF] Shaw | A conceptual model of the deglaciation of Atlantic Canada[END_REF]. In such a setting, the Laurentian channel is thought to have been a major ice stream conduit, draining ice from the Québec-Labrador and Appalachian sectors of the LIS toward the margins of the ice sheet (Figs. 3 and4). In the immediate aftermath of the LGM, the LIS began to retreat by rapid collapse of the ice masses, generating massive iceberg calving through the Gulf of St. Lawrence and along the axis of the Laurentian Channel (Fig. 4; [START_REF] Shaw | Palaeogeography of Atlantic Canada 13 -0 kyr[END_REF][START_REF] Grieve | Impact structures in Canada. St. John's[END_REF]. The Québec North Shore was eventually deglaciated ca. 11.000 years cal BP. The retreat of the LIS margins subsequently pursued by terrestrial ice ablation. 

Introduction

The northern extent of the drainage basins of the Québec North Shore was deglaciated ca. 7000 BP ago (Fig. 5; [START_REF] Occhietti | Late Pleistocene-Early Holocene Decay of the Laurentide Ice Sheet in Québec-Labrador[END_REF]Nutz et al., 2015;Dietrich et al., 2017b). Although controversial, the final disintegration of the residual Québec-Labrador ice dome positioned on the north of the Québec Province likely occurred around 6.0-5.5 kyr cal BP [START_REF] Clark | Geo¬morphological reconstruction of the Labrador Sector of the Laurentide Ice Sheet[END_REF]. This final disappearance of the residual dome is thought to have had an important impact on atmospheric and ocean circulation re-organization [START_REF] Renssen | The spatial and temporal complexity of the Holocene thermal maximum[END_REF][START_REF] Ullman | Final Laurentide ice-sheet deglaciation and Holocene climate-sea level change[END_REF].

Along the shores of Québec, consequently to ice retreat, the invasion of 'postglacial' seas on glacio-isostatically flexured lowlands permitted the RSL to reach high elevations above the modern sea level, forming the marine limit (Fig. 5). In the St. Lawrence region and along the Québec North Shore, the marine limit of the so-called Goldthwait Sea was positioned at 140-150 m above the modern sea level, and large stripes of now emerged land were therefore flooded by that time. This postglacial sea also occupied the bottom of some of the structural valleys described above that hence formed fjords or fjord-lakes at that time (Poiré et al., 2018;Dietrich et al., in press). The glacio-isostatic adjustment (GIA) led to a continuous RSL fall with (Greenland)

LIS ice margin at 18 C-14 ka BP (21.4 cal ka BP) after Dyke et al. (2003) LIS ice margin at 18 C-14 ka BP (21.4 cal ka BP) after Dyke et al. (2003) LIS ice margin at 9 C-14 ka BP (10.2 cal ka BP) after Dyke et al. (2003) LIS ice margin at 9 C-14 ka BP (10. et al. (2002, 2006).

rates reached several cm per year, in spite of the concomitant global eustatic sea level rise (Fig. 6; [START_REF] Boulton | Sedimentary and sea level changes during glacial cycles and their control on glacimarine facies architecture[END_REF][START_REF] Tarasov | A data-calibrated distribution of deglacial chronologies for the North American ice complex from glaciological modeling[END_REF][START_REF] Peltier | Space geodesy constrains ice age terminal glaciation: the global ICE-6G_C (VM5a) model[END_REF]. Such a trend was permitted by rates of GIA greater than those of the glacio-eustatic rise. Comparatively, RSL change history of the outer Canadian continental shelf (e.g., Gulf of Maine, Newfoundland) was characterized immediately after ice retreat by a RSL fall forced by the glacio-isostatic adjustment, shortly after outpaced by eustatic rise forcing a RSL rise (Fig. 6; [START_REF] Hein | Sedimentary coastal zones from high to low latitutes: Similarities and differencies[END_REF]. As a result, the local RSL curve shows a twofold trend, initially falling and subsequently rising [START_REF] Dietrich | Deglacial sequences and glacioisostatic adjustment: Quaternary compared with Ordovician glaciations[END_REF]. Nowadays, RSL is stable along the QNS, the still ongoing GIA at a few mm/yr being essentially compensated by modern global eustatic rise [START_REF] Sella | Observation of glacial isostatic adjustment in 'stable' North America with GPS[END_REF][START_REF] Woodworth | Nineteenth and Twentieth Century Changes in Sea Level[END_REF]. Along the QNS, a large array of sedimentary systems recording the retreat and final disappearance of the LIS has been emplaced during and in the aftermath of the deglaciation of the area. On the one hand, glacial landsystems and landforms (glacial striae and grooves, glacial lineations, kettle holes, relict braided channels, moraines, eskers, grounding-line fans and icecontact deltas) witness subglacial or ice-marginal processes that occurred when the ice-margin was retreating or standing still over the study area (Nutz et al., 2015;[START_REF] Brouard | Late Wisconsinan deglaciation and proglacial lakes development in the Charlevoix region, southeastern Québec[END_REF]Dietrich et al., 2016, in press;Poiré et al., 2018). Hence, these sedimentary systems constitute a record of the deglaciation and provide valuable information about relative depositional and glaciological processes. On the other hand, deltaic complexes fed by meltwater and glacigenic sediments from the retreating LIS margin were deposited along the ancient shorelines in the context of falling RSL forced by the glacio-isostatic adjustment, after local deglaciation. The deltaic complexes lying on the QNS consist of three distinct depositional systems, each deposited in accordance with the pattern of ice margin retreat and associated RSL fall (Dietrich et al., 2017a). The three successive depositional systems, either vertically superimposed or laterally juxtaposed, consist of (1) ice-contact subaqueous fans and ice-contact deltas, together referred to as ice-contact depositional systems; (2) ice-distal glaciofluvial deltas, and (3) coastal suites and meandering channel belts (Fig. 7). Deltaic complexes hence record the overall retreat of the LIS over the hinterland and as such encompass and constitute a continuum from the early to the late deglacial history. 

Deglacial sedimentary successions of the
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Transgressive sand and mud 9c). Curve 2 (Québec North Shore, Nutz et al., 2015a;Dietrich et al. 2017a) represents a continuous RSL fall forced by the glacio-isostatic adjustment (glacio-isostatically dominated zone). The associated sedimentary succession which the present contribution focuses on lies above the modern sea-level and consists of a forced-regressive, shallowing-upward glaciofluvial delta system underlain by subaqueous ice-contact deposits. The dotted curve corresponds to the global, i.e. glacio-eustatic, sea-level rise [START_REF] Peltier | Space geodesy constrains ice age terminal glaciation: the global ICE-6G_C (VM5a) model[END_REF]. See details in [START_REF] Dietrich | Deglacial sequences and glacioisostatic adjustment: Quaternary compared with Ordovician glaciations[END_REF] 

Ice-contact depositional systems

Ice-contact systems that generally constitute the core of the deltaic complexes form sediment wedges that were deposited at the front of a stillstanding ice margin, immediately following deglaciation of the area, and as such most often directly lie on the bedrock (Fig. 7). Where the coastal shelf is wider (e.g., the St Lawrence Gulf), older grounding-zone systems have been generally recognized [START_REF] Lajeunesse | Late Wisconsinan groundingzone wedges , northwestern Gulf of St Lawrence, eastern Canada[END_REF]Lajeunesse et al., 2018). Ice-contact deltas are characterized by flat-lying topsets representing delta plain and basinward-dipping clinothems corresponding to delta-slope deposits. As deposition of these specific ice-contact systems occurred during early stages of deglaciation, in a context of high RSL, their topsets lie directly at, or slightly below, marine limit. Their topsets are furthermore characterized by landsystems equivalent to those described above, indicative of the direct vicinity of the ice margin during deposition.

The ice margin stillstands that punctuated the general retreat of the LIS over the study area and permitted the deposition of ice-contact subaqueous fans and deltas generally occurred at the outlet of the structural valleys. After the retreat of the ice margin from its stillstanding position, the ice-contacts systems may have dammed fjord-lakes, some of which still exist, in the axis of the structural valleys [START_REF] Normandeau | Morphological expres-sion of bedforms formed by supercritical sediment density flows on four fjord-lake deltas of the south-eastern Canadian Shield (Eastern Canada)[END_REF]Dietrich et al., 2017b;Poiré et al., 2018).
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Fig. 7: Three-staged conceptual model of the deposition of the deltaic complexes of the Québec North Shore (Dietrich et al., in press).

Ice-distal glaciofluvial deltas

Ice-distal glaciofluvial deltas relate to spatially extensive (several tens of square kms) and thick (up to 70 m) sediment bodies that were deposited over or next to ice-contact systems (Fig. 7). Glaciofluvial deltas were deposited when the ice margin retreated in the hinterland throughout the drainage basins, feeding meltwater and glaciogenic sediment into the coastal delta systems. Glaciofluvial deltas are identified by their well-defined stratigraphic architecture formed by topset, foreset and bottomset beds, respectively corresponding to delta-plain, delta-slope and prodelta deposits. As the deposition of glaciofluvial deltas occurred following the ice-contact systems during the period of RSL fall, the elevation of the sea level was at that time lower than marine limit by 10s of meters, although much higher than the modern one. The top surface (sandy delta plain) of glaciofluvial deltas hence lies at elevations between 120 ISC 2018, FT POST5. Landforms, sedimentary facies and stratigraphic architecture in a deglacial, forced-regressive context: The Québec North Shore Fig. 8: Panoramic picture of one of the active meanders of the Sault-au-Cochon River (Dietrich et al., 2017a, modified) and 40 m above the modern sea level and dips gently toward the sea (see Fig. 6;[START_REF] Dredge | Surficial geology of the Sept-Iles area, Quebec North Shore[END_REF][START_REF] Dionne | La terrasse Mitis à la pointe de Mille-Vaches (péninsule de Portneuf), rive nord de l'estuaire maritime du Saint-Laurent: nature des dépots et évolution du niveau marin relatif à l'holocène[END_REF].

After the retreat of the stillstanding ice-margin and subsequent abandonment of icecontact systems, the progradation of glaciofluvial deltas was initially confined in structural valleys, either occupied by fjord-lakes or fjords. Restricted in-valley accumulation space combined with high rates of sediment supply permitted high rates of delta progradation. Subsequently, as the entire in-valley space was filled, glaciofluvial deltas emerged on the St. Lawrence shallow, structural shelf, where the increase of accommodation space caused sudden drops in progradation rates (Dietrich et al., 2017a). In some cases, depending on the width of the shallow shelf and the duration of the glaciofluvial dynamic, coarse-grained materials were supplied to the deep realm of the St. Lawrence (Laurentian Channel; Normandeau et al., 2017a).

Coastal suites and meandering channel belts

After the retreat of the LIS margin from individual drainage basins and the resulting shutdown in meltwater and glaciogenic sediment supply, deltaic progradation suddenly stopped. Therefore, reworking processes started to dominate in a setting still characterized by an ongoing RSL fall (Figs. 6 and7). Shallow-marine processes allowed the successive development, abandonment and rising of shorelines characterized by beach ridges, spits and spit platforms, coastal cliffs, and backshore systems, referred to as coastal suites [START_REF] Dionne | La terrasse Mitis à la pointe de Mille-Vaches (péninsule de Portneuf), rive nord de l'estuaire maritime du Saint-Laurent: nature des dépots et évolution du niveau marin relatif à l'holocène[END_REF]. The resulting modern surface expression of the most basinward side of the deltaic complexes is characterized by stepped, relict and raised shorelines and associated morphologies, from 100 m asl down to the modern sea level. On the other hand, the abrupt decrease in supply of glacigenic sediments also forced the transition from braided to meandering fluvial systems. In a similar manner as for the coastal suites, the successive incisions, avulsions and abandonments of meandering channels throughout the ongoing RSL fall (Fig. 8) left behind stepped and relict meander belts within the ancient and inactive glaciofluvial deltas.

Drainage basins of the QNS have different spatial extents and shapes, ranging from a few hundreds to more than 45.000 km 2 in area. The retreat of the LIS margins from each drainage basins did not hence occur at the same time: the smallest basins experienced an early deglaciation whilst more extensive ones were deglaciated later, also depending on the pattern of ice margin retreat. The retreat of the ice margin from each individual drainage basins, the resulting shutdown of glacifluvial delta progradation, and the onset of reworking Introduction processes, is marked by a specific sedimentological and stratigraphic signature in each deltaic complex of the QNS. Hence, by deducing and compiling ages of such a transition in all the deltaic complexes of the Québec North Shore, it has been deduced a pattern of ice margin retreat throughout the respective drainage basins (Fig. 9; Dietrich et al., 2017b). Reconstruction of the Laurentide Ice Sheet margin retreat through river drainage basins inferred from deltaic morphostratigraphies reconstructed from control points deduced from either ice-contact depositional system abandonment (stars) or onset of paraglacial suites development (melting of the ice margin out of the drainage basin, dots). See Nutz et al. (2015) for deglacial pattern around Lake St. Jean. Our 8.2 ka ice margin correlates with the Sakami moraine [START_REF] Occhietti | Late Pleistocene-Early Holocene Decay of the Laurentide Ice Sheet in Québec-Labrador[END_REF] and the 8.6 ka ice margin of Carlson et al. (2008). Surface exposure ages derive from [START_REF] Ullman | Final Laurentide ice-sheet deglaciation and Holocene climate-sea level change[END_REF]. Esker network and glacial lineations originate from Klassen et al. (1992), Fulton et al. (1995) and [START_REF] Clark | Geo¬morphological reconstruction of the Labrador Sector of the Laurentide Ice Sheet[END_REF]. See details in Dietrich et al. (2017b). The 54 km-diameter Charlevoix complex impact crater was formed by the collision of a ˃2 km-diameter meteorite some 342 ± 15 My ago [START_REF] Lemieux | Structural analysis of supracrustal faults in the Charlevoix area, Quebec: relation to impact cratering and the St-Laurent fault system[END_REF][START_REF] Grieve | Impact structures in Canada. St. John's[END_REF]. Located in the center of the Charlevoix crater, the Mont-des-Éboulements (Landslide Mount) reaches an elevation of 768 m asl and forms the central uplift of the impact structure (Fig. 10). Today, most of the inhabitants of the Charlevoix region lives in the two valleys formed by the annular troughs surrounding the central uplift; the Du-Gouffre River valley to the west and the Malbaie River valley to the east. These valleys are filled with a thick sequence of glacio-isostatically uplifted Late-Quaternary glaciomarine, paraglacial and postglacial sediments [START_REF] Brouard | Late Wisconsinan deglaciation and proglacial lakes development in the Charlevoix region, southeastern Québec[END_REF]. The impact origin of the Charlevoix crater was confirmed by the discovery of shattercones by J. Rondot in 1965 near the town of St. Hilarion (Stop 2: GPS: 47°33.8'N; 70°23.5'W). [START_REF] Lemieux | Structural analysis of supracrustal faults in the Charlevoix area, Quebec: relation to impact cratering and the St-Laurent fault system[END_REF] ISC 2018, FT POST5. Landforms, sedimentary facies and stratigraphic architecture in a deglacial, forced-regressive context: The Québec North Shore

Stop 3: St-Joseph-de-la-rive landslide

GPS: 47°26.9'N; 70°21'9W

With at least two major prehistoric (~5 000 and 10 000 years BP; Tuttle and Atkinson, 2010) as well as five M ≥ 6 (AD 1663(AD , 1790(AD , 1860(AD , 1870(AD , 1925) ) and hundreds of minor historical earthquakes (Natural Resources Canada, 2015), the Charlevoix-Kamouraska seismic zone is the most active seismic zone in eastern Canada [START_REF] Adams | The seismicity and seismotectonics of Canada East of the Cordillera[END_REF]. The most important historical regional earthquake occurred in 1663, reaching Mw 7:5 ± 0,45 [START_REF] Ebel | A new analysis of the magnitude of the February 1663 earthquake at Charlevoix, Quebec[END_REF]. This event triggered many terrestrial and submarine landslides in the region, especially in glaciomarine sensitive clays. The St-Joseph-de-la-rive landslide was triggered during this event, forming a tongue-shaped depositional lobe in the St. Lawrence Estuary (Fig. 11).

Stop 4: Glaciomarine muds at the Pointe-au-Bouleau

GPS: N48°4.7' -W69°44.9'

At the Pointe-au-Bouleau (Birch Point) lies a thick (10-15 m) accumulation of wellstratified glaciomarine mud containing abundant clasts ranging from granules to boulders and displaying all degrees of roundness. Beds underlying the clasts are frequently punctured or downwarped, highlighting their emplacement as dropstones. Although horizontal stratification (bedding at the dm-scale) seems to dominate at the first order, many medium-scale sedimentary structures are visible, such as 5-10-m wide channel-levees, internal erosion surfaces, contorted beds whose original stratification is still visible although heavily deformed, interstratified gravel nests and massive beds of diamicton in which angular clasts are randomly wrapped into a muddy matrix. Mud layers also frequently display bioturbations such as trails and resting tracks e.g. ophiuroidea (brittle stars). This unit is interpreted as representing relatively proximal subaqueous ice-contact deposits tied to the earliest stage of the deglaciation of the area. The relative abundance of large dropstones would in such a context indicate the close vicinity of the calving ice margin. Contorted beds and massive diamicton are thought to represent resedimentation processes likely originating from gravitational instabilities that occurred in previously deposited glaciomarine facies. The sparse presence of organism trails and tracks in muddy facies attests, however, that sedimentation rates were not too high. While many different igneous and metamorphic lithologies originating from the Grenvillian basement are represented within the clasts, the striking presence of Paleoproterozoic dolostone debris, occasionally striated and faceted, attest of a glacial transport over hundreds of kilometers.

While observing the succession that crops out in the coastal cliff, we are standing on a muddy surface called 'batture'. Battures correspond to wave-cut terraces developed in glaciomarine depocenters: while the fine-grained component has been winnowed away by wave action, pebbles and boulders originally corresponding to glaciomarine debris have concentrated to form boulder barricades in intertidal zones [START_REF] Dionne | Observations géomorphologiques sur les méga-blocs du secteur sud-est de la batture argileuse de la baie à l'Orignal, au parc du Bic, dans le Bas-Saint-Laurent (Québec)[END_REF]. Such surfaces are abundant along the QNS and attest, wherever present, of the presence of muddy glaciomarine depocenter (Lajeunesse et al. 2018).

In order to reach the Tadoussac village where the night will be spent, we will be crossing the Saguenay fjord with the ferry (10 min). The emphasis of the day is placed on the exploration of the mouth of the Saguenay fjord, on the one hand, and on the introduction to the Portneuf-Forestville deltaic complex further north, on the other hand. In the morning, we will have the opportunity to cruise on the Saguenay fjord from Tadoussac. At the end of the day, we will have a look at glaciofluvial successions in the hinterland of the Portneuf-Forestville deltaic complex.

Stop 4: Cruise on the Saguenay fjord, departure from Tadoussac

The Saguenay fjord may correspond to the glacial overdeepening of a subordinate branch of the St. Lawrence Jurassic rift [START_REF] Kumarapeli | The St. Lawrence valley system: a North American equivalent of the East African rift valley system[END_REF]. A thick, though poorly documented, Quaternary (and older?) succession is present at depth with poor outcrops observable around the shallow fjord mouth.

At the north-western extremity of the Saguenay fjord lies the Lake St. Jean, some 160 km away from the fjord mouth. Deglacial history of both basins are intimately linked. In the Lake St Jean, the postglacial marine invasion originated in the Laflamme Sea, which is the counterpart of the Goldthwait Sea (Fig. 5). The Laflamme Sea turned into a lacustrine system around 8.5 Cal ka after emersion of a bedrock sill separating the basin from the Saguenay fjord head [START_REF] Roy | Isostasie postglaciaire différentielle au lac-Saint-Jean (Québec)[END_REF][START_REF] Nutz | Seismic-stratigraphic record of a deglaciation sequence: From the marine Laflamme Gulf to Lake Saint-Jean (late Quaternary, Québec, Canada)[END_REF]. In contrast to most of the other glacial lakes in Québec (Poiré et al, 2018;[START_REF] Normandeau | Morphological expres-sion of bedforms formed by supercritical sediment density flows on four fjord-lake deltas of the south-eastern Canadian Shield (Eastern Canada)[END_REF]2017b), the St Jean Lake is a large, subcircular and shallow basin, the hydrodynamic of which is mostly driven by wind waves and related surfaceand bottom-currents (Nutz et al., 2015b). This lake has been recently used to formalize the concept of wind-driven water bodies (Nutz et al., 2018).

The Saguenay Fjord is presently largely underfilled, owing to the St Jean Lake that intercepted glaciofluvial sediment input, trapping sand and mud in a series of large forcedregressive lacustrine deltas fringing its NW to NE shores (Nutz et al., 2015a). The Saguenay fjord, presently the only one of the Québec North Shore, hence constitutes a witness of the glacial period and as such confers to the landscape a (de)glacial aspect. Conversely, all the other structural valleys present along the QNS that originally formed fjords has been filled by delta deposits or are presently occupied by lakes (Fig. 7). [START_REF] Dionne | Aperçu du Quaternaire à l'embouchure du Saguenay, Québec[END_REF]. According to other interpretations, it could also mean «place of lobsters», or «place where the ice is broken». Although located in Innu territory, the post was also frequented by the Micmac people in the second half of the 16 th century.

Tadoussac is a village located at the confluence of the Saguenay fjord and St. Lawrence Estuary. The indigenous Innu called the place Totouskak meaning «bosom», probably in reference to the two round and sandy hills located on the west side of the village (the Tadoussac delta, Dionne

Jacques Cartier, a French explorer who claim what is now Canada for France, first visited the site in 1535 during his second voyage where he found Innu people using it as a base for hunting seal. Later that same century, Basques from Spain conducted whaling expeditions on the river. The town of Tadoussac was founded in 1600 by François Gravé Du Pont, a merchant, and Pierre de Chauvin de Tonnetuit, a captain of the French Royal Navy, when they acquired a fur trade monopoly from King Henry IV. Gravé and Chauvin built the settlement on the shore at the mouth of the Saguenay River, at its confluence with the St. Lawrence, to profit from its location. But the frontier was harsh and only sixteen of the initial 50 settlers survived the first winter. Tadoussac remained the only seaport on the St. Lawrence River for 30 years. Historians believe the St. Lawrence Iroquoians, who inhabited ISC 2018, FT POST5. Landforms, sedimentary facies and stratigraphic architecture in a deglacial, forced-regressive context: The Québec North Shore the St. Lawrence valley upriver to the west, were defeated and pushed out by the Mohawk before the early 17 th century. By the late 17 th and early 18 th century, Tadoussac was the center of fur trade between the French and First Nations peoples. Competition over the fur trade increased among the nations. Colonists from the Tadoussac area were involved in whaling from 1632 until at least the end of the century.

The modern village of Tadoussac lies close to the site of the original settlement at the mouth of the Saguenay River. It is known as a world-famous touristic destination because of the rugged beauty of the Saguenay fjord and its facilities for whale watching favored by upwelling of nutrient [source: wikipedia] Transfer to the next stop: 10 min

Stop 5 (time permitting, combined with lunch): Glacial striae and grooves of the Moulin-à-Baude

GPS: N 48°9.5' -W 69°39.7'

The crystalline rocks constituting here the basement on which Late Quaternary deglacial sequences lie upon have been carved by glacial abrasion prior to the deglaciation that left behind a large array of hard-bed, streamlined erosional landforms ranging from small-to largescale. In this area, the Grenvillian bedrock displays glacial grooves of outstanding dimensions associated with striae, polished surfaces and chattermarks, and perpendicular to the axis of the St. Lawrence Estuary, witnessing the presence of fast-flowing (streaming?) ice. Depending on the nature of the rock constituting the basement (differential erodibility, schistosity, existing weaknesses…), various kinds of hard-bed erosional landforms such as roches moutonnées, whalebacks, crag-and-tails and P-forms may be observed along the QNS.

Glacial grooves are here flanked by a thick accumulation of sand of massive aspect referred to as the Tadoussac delta [START_REF] Dionne | Aperçu du Quaternaire à l'embouchure du Saguenay, Québec[END_REF] that once covered the bedrock before being removed latter by shore-related erosion. The apparent massive aspect of this sand accumulation results from modern avalanche and aeolian processes; basal muddy clinoforms, original delta foresets and younger beach deposits being commonly observed in gullies found along the coast and dissecting the delta.

Through the journey to the next stop (Tadoussac-Portneuf: ca. 80 km -1h), we will be driving, after the town of Les Escoumins, on a flat sediment-made terrace lying at 55-60 m asl which constitute an equivalent of the delta plain terrace we will be observing later on in the afternoon. While reaching the Portneuf-Forestville deltaic complex (stop 6), we will come across the Baie des Mille-Vaches (the Bay of the Thousand Cows; cow here has the sense of sea cow, i.e., seal) which constitutes the southernmost, currently prograding tip of the Portneuf-Forestville deltaic complex fed in sediment by coastal erosion further north and brought by longshore currents (Figs. 12 and 13). Related coastal erosion forming an impressive sea cliff and exposing deltaic stratigraphic architecture will be seen during the day 3.

Stop 6: Introduction to the Portneuf-Forestville deltaic complex

GPS: N48°37.4' -W69°7.7'

This stop constitutes an introduction to the study of the Portneuf-Forestville deltaic complex, to which the following of the field trip will be almost entirely dedicated and whose sedimentological facies and stratigraphic architecture have been extensively described in Dietrich et al. (2017a).

The Portneuf-Forestville deltaic complex encompasses the three architectural elements Fig. 12: Landform distribution over the Portneuf -Forestville deltaic complex. Bedrock outcrops in grey, ice-contact deposits in green (from [START_REF] Cousineau | Rapport Final sur les travaux de cartographie des formations superficielles réalisés dans les territoires municipalisés de la Haute-Côte-Nord et de Charlevoix (Québec) entre 2012 et 2014[END_REF]; black arrows: glacial striations and/or crescent marks on bedrock; brown lines: networks of braided channels; orange: coastal landforms, mainly raised beach ridges. (Dietrich et al., 2017a, modified) previously outlined (see the introduction), namely (1) an early ice-contact depositional system, (2) an ice-distal glaciofluvial delta, here further subdivided into a fjord-head and an open-coast progradation, and (3) coastal suites and meandering channel belts (Figs. 7 & 14). These three architectural elements have all been successively emplaced under condition of falling RSL forced by the glacio-isostatic adjustment (Fig. 6). Deposition started some ca. 12.000 years ago during early phases of the deglaciation of the study area by the emplacement at the front of the stillstanding ice margin at the outlet of one of the structural valley (Sault-au-Cochon) of an ice-contact fan that further evolved into an ice-contact delta, owing to the combined effect of progrado-aggradation and RSL fall. In the neighboring Portneuf valley, such stabilization did not occur and hence, no ice-contact deposits has been laid behind. Later on, from 11 to 10.000 (Dietrich et al., 2017b, modified) and RSL fall in the case of the fjord delta-, deltaic progradation rapidly outstripped the valleys and emerged on the open-coast of the St. Lawrence Estuary where the two individual deltas merged. The decay of the LIS eventually led to the retreat of the ice margins out of the drainage basins of the Portneuf and Sault-au-Cochon rivers, around 10.000 years ago (Fig. 9). Owing to an abrupt reduction of sediment supply rerouted to adjacent drainage basins, glaciofluvial delta progradation suddenly stopped. Subsequent sedimentation style therefore essentially consisted in reworking of pre-existing depocenters (ice-contact and ice-distal deltas and fans) by shallowmarine and fluvial processes. As having occurred during a period still characterized by a still on-going glacio-isostatically induced RSL fall, raised beach ridges and fluvial meandering channels outstandingly expressed in plan-view are stepped from relatively high altitude (90 m asl) down to the modern sea level. It has been found that most of the sedimentary volume constituting this deltaic complex (10 to 15 km3), in place forming accumulation up to 100 m in thickness, has been emplaced during the earliest stages of the deglaciation (ice-contact and icedistal settings) over a ca. <2 kyr interval, the following stages only consisted in redistribution of already present sediment.

ISC
We are now therefore standing on a gently-rising sedimentary surface ascribe to the glaciofluvial delta of the Portneuf-Forestville deltaic complex reworked by shallow-marine processes which have emplaced coastal suites on the ice-distal glaciofluvial delta system, itself later incised by successive fluvial meander channels. While standing at 50 m asl, the abandoned meander in front of us lies at 22 m asl and the active Portneuf river channel one might sight in the distance flows at an even lower elevation (5-10 m asl). Meandering river channels successively developed on the deltaic complex, were abandoned and raised through the RSL fall after the retreat of the ice-margin from the drainage basins and the abandonment of the glaciofluvial delta (sea also Fig. 8). On our way to the current stop, we crossed stepped elongated bumps, some of which are of impressive dimension, that correspond to relict and raised beach ridges, spits and palaeo coastal cliffs formed and progressively abandoned in a similar fashion than for the meandering river channels. The outcrop overhanging the abandoned meander bank displays beach and shoreface deposits tied to shallow-marine reworking and discordantly overlying delta front facies emplaced earlier during ice-distal glaciofluvial delta progradation.

It should be noted that in the case of the Portneuf-Forestville deltaic complex, raised and abandoned beach ridges and meandering channels are stepped from 90 m asl down to the modern sea level. According to the local RSL curve (Figs. 6 and13), the altitude of 90 m was reached by the RSL at ca. 10.000 years BP which precisely corresponds to the date of the retreat of the ice margin from the drainage basins. Depending on parameters such as the spatial extent of the drainage basins and pattern of the ice-margin retreat, the age of such transition between ice-distal glaciofluvial delta progradation and shallow-marine and fluvial reworking may greatly vary in adjacent drainage basins, which in turn had a profound influence on glaciofluvial delta morphostratigraphy (Fig. 9; Dietrich et al., 2017b).

On our way to the next stop (15-20 min), we will be driving on the gently-rising abandoned glaciofluvial delta plain of the Portneuf-Forestville deltaic complex on which relict braided pattern may be seen from place to place (Fig. 13), to reach an elevation of 110 m asl. It can be noted that bedrock outliers stick out of this surface. At elevations lower than 140 m asl, corresponding to the marine limit in this region (highest elevation reached by the postglacial Goldthwait Sea in the immediate aftermath of the deglaciation, see introduction for details), these bedrock outliers are conspicuously draped by lonestone-bearing glaciomarine muds similar to the one observed at Stop 3. The radiocarbon dating of a shell retrieved in these deposits provided an age of 10.250 ± 250 years (Fig. 13).

Day 2 -The Saguenay Fjord and the Portneuf-Forestville deltaic complex (part 1)

Stop 7: Glaciofluvial fjord-delta deposits in the Portneuf valley

GPS: N48°40.9' -W69°16.7'

By comparison to the previous stop, we are now finding ourselves in a more proximal setting in term of the glaciofluvial delta filling the Portneuf valley, at a slightly higher elevation (70 m asl). The bend of the Portneuf River meander allows us to observe a fresh cut in the icedistal glaciofluvial delta which the exposed thickness is more than 40 m. A clear coarseningupward trend is visible within this sedimentary succession in which three units have been delineated. The lower unit which primarily consists of mud layers, devoid of lonestone, and interstratified with intervening thin sand layers and occasional, up to 1-m thick contorted beds, has been interpreted as lower delta front deposits. Its grades upward into the 30-m thick middle unit that displays an increasing proportion of normally-graded sand beds interpreted as the turbiditic prograding upper delta front. In the upper part of this second unit, large-scale undulating and normally graded sand beds having a conspicuous rhythmical stratal pattern are noted. These structures have been interpreted as cyclic steps cut along strike (see for example Postma et al., 2014). The upper unit, which has a sharp, erosional and discordant contact, is characterized by cross-stratified, well-rounded pebbles. This third, uppermost unit is interpreted as a fluvial terrace not tied to the delta progradation but rather relates to fluvial erosion processes similar to the ones happening nowadays in fluvial river channels.

This sedimentary succession lies at the mouth of the Portneuf structural valley and relates to the ice-distal glaciofluvial delta progradation confined in the valley. Although no direct radiocarbon dates have been obtained from this succession, the local RSL curve (Fig. 6) indicates that it developed around 11.000 years BP, assuming that correlative delta topsets now eroded away and replaced by fluvial terraces lied at least at 110 m asl.

On our way to the next stop (30-40 min), we will drive back to the main road, crossing over the Portneuf River which constitutes a fluvial erosional valley incised within the deltaic complex. In most cases, as for the precedent stop, sub-modern erosion of river banks provide valuable additional stratigraphic and sedimentological information on the most landward part of the deltaic complex to the main dataset obtained from the sea cliff (day 3). Here again, we will be driving on a gently-sloped sedimentary stepped terrace showing large-wavelength undulations and topped by raised beach-ridges deposits. We will drive up to the 90 m contour line, at which point we reach the abandoned, essentially even, glaciofluvial delta plain. Beyond a paleo sea cliff cut in an older ice-contact fan, we will arrive in a gravel pit exposing icecontact deposits.

Stop 8: Ice-contact deposits in the Sault-au-Cochon valley

GPS: N43°43.9' -W69°11.8'

After having had a look at the Portneuf axial system devoid of any ice-contact depositional system at the mouth of its structural valley (Stop 7), we are now focusing on the ice-contact fan and delta that noticeably stand at the very mouth of the Sault-au-Cochon structural valley, and which the deposition in the earliest stages of the deglaciation had a longlasting influence on the development of the entire deltaic complex (see Stop 9). The outcrop here (a pit exploited for cobbles and boulders) lies at the outlet of the structural valley at 140 m asl (marine limit) and shows meter-thick sheets of poorly-sorted conglomeratic material essentially made up of well-rounded pebbles, cobbles, boulders and sand intraclasts wrapped in a sandy matrix. Occasional rippled and cross-bedded clean sand beds interstratified with silty horizons can occasionally be observed. Although massive aspect seems to dominate within the conglomeratic facies, conspicuous horizontal, undulatory and small-scale clinoforms are observed from place to place and indicate, along with frequent clasts imbrication, a southward paleoflow direction. A manifest horizontal decrease in grain-size may furthermore be noted at the scale of the pit, from the north (inferred proximal position), at the closest position of the structural valley outlet, to the south. In places, the upper reach of this sedimentary succession is made up of well-laminated and well-sorted sand beds separated from the underlying conglomeratic strata by a pebble and cobble lag. From a geomorphological perspective, these deposits form a fan-shaped terrace lying at 140 m asl radiating to the south-east and which the apex is positioned at the outlet of the structural valley. This surface also displays conspicuous relict landforms interpreted as subaerial ice-contact environment such as braided channels and kettle holes (see also Stop 10).

The association of landforms and sedimentary facies suggests deconfinement processes at the outlet of subglacial conduits over a subaerial or shallow ice-contact delta plain [START_REF] Cutler | Sedimentologic evidence for outburst floods from the Laurentide Ice Sheet margin in Wisconsin, USA: Implications for tunnel-channel formation[END_REF]Russell et al., 2009). Such an interpretation is further strengthen by the fact that these deposits stand at the elevation of the marine limit, which indicate that deposition occurred at the earliest stages of the deglaciation in the study area, hence likely at the front of the stillstanding ice margin. It must finally be noted that these very coarse-grained deposits constitute in fact the proximal counterpart of some of the deposits we will be observing at the first halt during the day 3. Time permitting, we will be visiting a relict paleo sea cliff possibly topped by aeolian dunes which lies at 123 m asl (N48°42.7' -W69°10.6'). As this raised shoreline is the most landward and the highest in elevation found on the Portneuf-Forestville deltaic complex, it is interpreted as marking the rim of the ice-contact delta plain deposited after the abandonment of the system tied to the retreat of the ice margin (Fig. 13).

On our way to the town of Forestville (25-30 min) where the night will be spent, we will cross over the Sault-au-Cochon River deeply incised within deposits of the deltaic complex, over several tens of meters (Fig. 8), just as it is the case for the Portneuf River. Note the steep flanks and the narrowness of the river valley attesting that the entrenchment process has focused the course of the river without possible avulsion. 
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Fig. 16: The three stages of development of the Portneuf-Forestville deltaic complex, differentiating the distinctive stratigraphic evolution tied to the Portneuf (left) and Sault-au-Cochon (right) counterparts (Dietrich et al., 2017a, modified).

Personal notes day 3 (tueSday, auguSt 21 St , 2018) the portneuF-ForeStvILLe deLtaIc coMpLex (part 2)

Warning: A long hike of 10 km will be carried out on the beach, without possible escape (the beach is flanked all along by high and steep sea cliffs either made up of densely vegetated loose sand or vertical mud-made bluffs). It is also recommended to bring along a hat and sufficient water supply. Also, please keep in mind potential major sandy landslides when climbing up the sections. This day will be entirely dedicated to the observation and study of the sedimentary facies and stratigraphic architectures of the Portneuf-Forestville deltaic complex along the sea cliff transect that constituted the main dataset from which the model presented in Dietrich et al. (2017a) was elaborated. This 7-km long, N-S transect, slightly oblique to the depositional dip (Fig. 14), beautifully exposes the successive ice-contact depositional system, the ice-distal glaciofluvial delta and the coastal suites that formed throughout the continuous evolution of the deltaic system. Four halts encompassing the whole of the deltaic complex development will particularly retain our attention although a complete overview of the depositional system will be embraced. We will start from the Forestville hydroelectric power plant (N48°44.1' -W69°3.7'), cross over an artificially-elevated sill formed by bedrock that dams the Sault-au-Cochon River before reaching the exposed section. For sake of coherency with the deglacial history of the study area as well as with the associated sedimentation phases and RSL fall, our journey will made us visit the successive depositional systems from the oldest to the youngest. Hence, the first halt is dedicated to the observation of subglacial and ice-contact depositional systems, the second and third ones to the glaciofluvial deltaic succession while the fourth and last one focuses on coastal suites (Fig. 17). Although inferred from cross-cutting stratigraphic relationships, such a stacking pattern is also backed and substantiated by radiocarbon datings performed on organic debris retrieved throughout the exposed sections. Four main halts are described below, yet relatively continuous outcrops are available all over the day. Most of the depositional facies are directly accessible from the very base of the cliff.

We finally would like to raise your attention on the fact that although focusing on the exposed deglacial sedimentary succession, this hike constitutes a great opportunity to observe active sedimentary processes on-going on the beach (longshore bars, placers, notches, waves, forced-regressive erosion of the sea cliff, exportation of sediment through longshore currents…), most of which having served as direct analog in the interpretation of the sedimentary facies toping the sea cliff (fossil beach and shoreface deposits, coastal suites).

Note: For logistic purposes, the field trip leaders will catch up with the rest of the group on the beach at the level of the Patte- , prior to the first halt, and after a ca. 3 km approach walk from the starting point (the hydroelectric power plant, N48°44.1' -W69°3.7'), and along which not much section is being exposed. This hike will thereafter lead us southward across the outstandingly exposed sections of the Portneuf-Forestville deltaic complex up until the Pointe-des-Fortins (N48°38.4' -W69°5.1') where the cars will be waiting for us. 13). From the base to the top: photomosaic with no vertical exaggeration, interpreted stratigraphic architecture and line drawing (sand-dominated deposits in white; mud-dominated deposits in grey). Undocumented segments correspond to vegetation-covered areas. Colours in the interpreted stratigraphic architecture are tied to depositional units. Logs 1 to 22 are given in figure 18. Displayed ages (in green) correspond to 14C datings (Dietrich et al., 2017a, modified).

The denomination of the Sault-au-Cochon River (literally the Pig Fall) may originate from the presence at its mouth of colonies of porpoise and beluga whales that were formerly called cochon de mer (sea pigs) in ancient French. On approaching the starting point of the hiking along the sea cliff, near the hydroelectric power plant sitting at the mouth of the Sault-au-Cochon River, some remaining sections of an ancient Arboriduc (tree-log pipe) can be seen on the roadside. This exceptional installation built between 1942 and 1943 was used to convey tree logs (the so-called 'pitounes') from a forestry station to a wharf located on the St. Lawrence shore.

Halt 1: Esker, glaciomarine muds and ice-contact delta (Fig. 19a)

GPS: ca. N48°42.3' -W69°4.9

As stated above, the first halt emphases the earliest stages of deglaciation but also encompasses later deglacial stages in the uppermost part of the section. Here, the 90-m high section exposes a vertical stack of facies sequences, ranging in grain-size from mud to cobble while a twofold -initially fining-then coarsening-upward-grain-size trend is observed. Although the section exposed here is the thickest of the entire sea cliff, it does not necessarily represent the most complete record of the deglacial sedimentary processes but rather, as the deltaic complex was overall progradational, the earliest part of the deltaic complex development cropping out along the sea cliff.

The very base of the succession consists of poorly-stratified sand, pebbles and cobbles. Medium-to coarse-grained sand with faint oblique laminations prevails. Well-rounded clastsupported pebbles constitute metre-thick conglomeratic beds. Sand intraclasts are occasionally observed. Pebble imbrications and cross-stratal dips indicate N150-oriented palaeo-currents. These facies which directly rest on the bedrock form an upwardly convex lenticular body of about 500 m in width and at least 18 m in thickness, with an irregular upper bounding surface. Their stratigraphic position just above the glacially abraded bedrock (Patte-de-Lièvre Island, just off the cliff) and beneath distal glaciomarine muds (see below), as well as the lenticular geometry, suggest an esker. Conglomeratic deposits, faint laminations and sand intraclasts together suggest a high-energy depositional system tied to deconfinement processes.

Directly resting on the esker is an accumulation, which thickness greatly varies laterally from 4 to 12 m, of faintly laminated and bioturbated muds with scattered granule-to cobble-sized lonestones. The bedding is in places highlighted by rare thin (<1 cm) sand layers. Radiocarbon dating performed on a reworked shell (Macoma baltica) gave an age of 11.500 ± 100 Cal BP. Lonestones, representing IRD and faint laminations, indicating deposition by settling processes from overlying turbid plumes, are indicative of glaciomarine mud. The rarity of large IRD (when compared to Stop 3), the intense bioturbation and the sparse presence of thin sand layers interpreted as turbiditic beds suggest an ice-distal depositional environment.

The overlying wedge-shaped unit which is here 30-m thick but reaches in place 40 m occupies one third of the entire length of the sea-cliff transect and hence constitutes a significant proportion of the whole Portneuf-Forestville deltaic complex. Here, the stratal pattern is dominated by the occurrence of extensive mud-rich heterolithic sheets interstratified with numerous channel-like structures while southward, channel structures are absent. Instead, gently sloped heterolithic sheets alternate with sand sheets. Heterolithic sheets are mud-rich and well-stratified deposits, occasionally displaying laminae contraction-dilatation cycles, and including thin sand layers. Channel structures are typically several tens of meter wide, up to 5 m deep incisions cutting into the heterolithic sheets. 
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Fig. 18: Sedimentological logs distributed along the cliff (locations in Fig. 17).

draping heterolithic while the main infill corresponds to a sandy plug onlapping the channel flanks. Sandy channel plugs of some steep-flanked scours, consist of normally graded sands in places showing a mixture of immature rip-up clasts and granules. In places, mud clasts are demonstrably derived from the immediate adjacent eroded mud beds. To the south, sand sheets consist of m-thick amalgamated normally-graded sand beds with frequent liquefaction structures and rip-up clasts. In contrast to the underlying glaciomarine muds, this unit is notably devoid of IRD and would hence suggests that the glacimarine ice front turned into a continental one (e.g. [START_REF] Lønne | Sedimentary facies and depositional architecture of ice-contact glaciomarine systems[END_REF][START_REF] Lønne | High-arctic fan delta recording deglaciation and environment disequilibrium[END_REF]. Depositional channel and sheet geometries and depositional facies together conform to a turbiditic system which can hence be interpreted as the distal segment of an ice-contact fan or delta i.e. a delta front. Sand sheets would represent lobe deposition, while heterolithic sheets interfingered with either channel or lobe deposits represent interchannel to interlobe deposits. A channel distribution limited to the north and prevailing gently sloped sand sheets downslope to the south suggest a channel-lobe transition. Heterolithic sheets were likely formed by the incremental accretion of low-density turbidites probably originating from overspilling and/or stripping flows (e.g. [START_REF] Fildani | Channel formation by flow stripping: Large-scale scour features along the Monterey East Channel and their relation to sediment waves[END_REF][START_REF] Kane | Submarine channel levee shape and sediment waves from physical experiments[END_REF]. Narrow scours including mud clasts of very local origin suggest hydraulic jump processes in agreement with depositional conditions at the channel-lobe transitions (Postma & Cartigny, 2014). These ice-contact delta front deposits present in the cliff are inferred to be the distal counterpart of the fan-shaped depositional system recognized at the outlet of the Saultau-Cochon valley at 140 m asl, and observed at Stop 8.

The ice-contact delta front deposits do not form here the top of the exposed section but have been formally upslope, around the 140 m elevation (see stop 8). Instead, up-section deposits originate from a later ice-distal glaciofluvial delta front adjusted to a largely lower (ca. 90 m) RSl (see Introduction paragraphs). As these facies are more easily accessible at the halt 2, they are being described accordingly.

Halt 2: Ice-distal glaciofluvial delta front and cyclic steps

GPS: ca. N48°41.2' -W69°5.1'

As subglacial and ice-contact deposits have been investigated at the precedent halt, this one focuses on ice-distal glaciofluvial delta front deposits through a 60-m thick section which constitutes a major component of the sea-cliff transect (Fig. 17). It appears at first sight that the entire succession is here split into a lower, mud-dominated and an upper, sand-grade unit, the boundary between the two being either sharp or transitional. To the south, southwarddipping geometries may occasionally be traceable across these two units and their bounding surface, yet an erosional contact is regular in the middle and northern segments. There is then a demonstrably depositional continuum between the two units, the lower being arguably the distal counterpart of the former. This depositional system has thus been understood as a suite of depositional environments distributed along deltaic clinoforms, corresponding to the lower and upper delta front, respectively. It must be noted that the correlative glaciofluvial delta plain lie at the top of the sea cliff (ca. 90 masl, see also figure curve) at its northern extremity (halt 1). Hence, paleo depositional bathymetries of the delta front deposits observed here may be directly inferred from the elevation difference between these different units. It should, however, be noted that slight time offset, and then elevation difference (see figure curve), may be inferred (see figure 14). Such a threat does not, however, arises where clinoforms can be followed between the different units. Hence, minimal depositional bathymetry for the lower and upper units are in the 30-90 m and 20-60 m ranges, respectively. It must finally be noted that this deltaic ISC 2018, FT POST5. Landforms, sedimentary facies and stratigraphic architecture in a deglacial, forced-regressive context: The Québec North Shore succession observed along the shores of the St. Lawrence estuary constitutes the equivalent of the fjord delta deposits we observed at Stop 7 after its progradation out of the structural valley, in the open sea domain.

The thick (40 m) lower mud-dominated unit, giving rise to subvertical and then largely inaccessible bluffs, forms a wedge of mud-rich heterolithic facies including some subordinate metre-thick sand units. Heterolithic deposits consist of horizontally laminated mud and sand interbeds that occurs as millimetre to centimetre-thick beds of continuous or starved ripple trains. Heterolithic beds also include in place rhythmic climbing-ripple cross-lamination (RCRL, sensu [START_REF] Choi | Rhythmic Climbing-Ripple Cross-Lamination in Inclined Heterolithic Stratification (IHS) of a Macrotidal Estuarine Channel, Gomso Bay, West Coast of Korea[END_REF] in several metre-thick, uninterrupted, depositional successions. Occasional contorted intervals are observed, the thickest (1 m) of them having been used as a marker bed in stratigraphic correlation. Interstratified sand units consist of amalgamations of 10 to 30 cm thick normally graded sand beds. Mud-dominated deposits, gently sloped depositional geometries (dips <3°) beneath and beyond the sandier deposits of the upper unit indicate that the lower one encompasses lower delta slope sediments. Deposition from lowdensity turbidity currents prevailed while occasional subordinate deposition from high-density turbidity currents occurred that splayed from the upper delta slope over the lower delta slope forming turbiditic lobes. The RCRL suggests a tidal influence in spite of the relatively deep depositional bathymetry. Fluviotidal interactions in mouth environments [START_REF] Gilbert | Sedimentary processes of canadian arctic fjord[END_REF][START_REF] Cowan | Modern tidal rhythmites deposited in a deep-water estuary[END_REF][START_REF] Ayranci | Tide-supported gravity flows on the upper delta front, Fraser River delta, Canada[END_REF], the influence of internal tides [START_REF] Pomar | Internal waves, an under-explored source of turbulence events in the sedimentary record[END_REF] or daily discharge cycles in meltwater flows may have formed structures very similar to the RCRL usually recognized in intertidal environments [START_REF] Choi | Rhythmic Climbing-Ripple Cross-Lamination in Inclined Heterolithic Stratification (IHS) of a Macrotidal Estuarine Channel, Gomso Bay, West Coast of Korea[END_REF].

The upper unit composes the most important sand wedge of the cross-section with a mean thickness of 30 m. As explained before, its lower bounding surface on the mud-dominated, lower unit is marked by erosional contact, here under the form of U-shaped troughs which alternate with conformable segments. Facies transitions are, however, regularly observed. This unit consists of offlapping sand-rich clinothems. The infill of basal U-shaped troughs consists of horizontal to gently sloped beds (<1°) onlapping on trough flanks; they correspond to the lower segments of the clinothems. From the base to the top, a gradation in depositional facies is observed. The infill of the basal U-shaped troughs consists of vertically stacked, up to 50 cm thick, normally graded sand beds and occasional debrite beds, including abundant angular mud clasts and well-rounded lithic granules. Upward and above the trough interfluves, sand beds progressively thin and contain less abundant lithic clasts; debrite beds became rare then absent. Further upward, sand beds coarsen and thicken upward, reaching 1 m in thickness and contain an increasing proportion of well-rounded clasts. The uppermost part of the unit includes low-angle backsets backstepping against southward-dipping, regularly spaced (ca. 10 m), concave-up erosion surfaces with 'pseudo-clinoform' geometries including deep scours along strike. While backsets consist of massive to faintly laminated gravelly sands, backstepping strata consist of a stack of massive to laminated, fining upward, decimetre-thick sand beds. Burrows are rare. Based on well-defined clinoform geometries, this unit is interpreted as upper delta slope deposits. As shown by decreasing dip of strata from the top to the base of the unit, ISC 2018, FT POST5. Landforms, sedimentary facies and stratigraphic architecture in a deglacial, forced-regressive context: The Québec North Shore the delta slope depositional profile was concave-up, passing downslope asymptotically to the mud-dominated deposits of the lower delta front. Normally graded and laterally continuous sand beds observed throughout are interpreted as turbiditic beds, essentially unconfined above the U-shaped troughs. These U-shaped troughs may have been formed by turbidity flows experiencing hydraulic jumps due to slope reduction (e.g. [START_REF] Massari | Wave-dominated Gilbert-type gravel deltas in the hinterland of the Gulf of Taranto (Pleistocene, southern Italy)[END_REF][START_REF] Breda | Facies and processes in a Gilbert-delta-filled incised valley (Pliocene of Ventimiglia, NW Italy)[END_REF][START_REF] Gobo | Reciprocal Changes In Foreset To Bottomset Facies In A Gilbert-Type Delta: Response To Short-Term Changes In Base Level[END_REF]. The infill of the U-shaped troughs likely resulted from confined turbidity flows as indicated by massive and/or faintly laminated intervals [START_REF] Postma | Structureless, coarse-tail graded Bouma Ta formed by internal hydraulic jump of the turbidity current?[END_REF]. Upward, and above interfluves of U-shaped troughs, deposition was tied to high-density turbidity currents. Pseudo-clinoform geometries and channelized backsets observed at the top of the unit typify cyclic step deposits [START_REF] Cartigny | A comparative study of sediment waves and cyclic steps based on geometries, internal structures and numerical modeling[END_REF]Postma & Cartigny, 2014;[START_REF] Dietrich | Upslope-Migrating Bedforms In A Proglacial Sandur Delta: Cyclic Steps From River-Derived Underflows[END_REF]. A multiscale survey (aerial photo cover, outcrop, laser particle size analysis) performed of these cyclic steps allowed us to (i) reconstruct the parent bedforms that corresponded to three-dimensional, upstream-migrating structures; (ii) distinct between 'laminae' vs. 'bedset' in cyclic step complexes, the decimetre-scale structure of which resembles individual turbiditic beds; (iii) draw up an inventory of associated second-order sedimentary structures (load, flame, ripples and mud drapes…); (iv) compare with present-day active delta surfaces; and (v) better understand the processes tied to cyclic step migrations in deltaic settings (Dietrich et al.,presentation IAS,publication in progress;Fig. 20).

It must finally be stressed that no diagnostic criteria based on sedimentological features clearly demonstrate the glaciofluvial character of this deltaic succession here. Such an interpretation rather arises from (1) its superposition of this deltaic succession onto the ice-contact system, (2) a temporal continuum from the ice-contact to this deltaic systems as indicated by radiocarbon ages recovered from mud-sized deposits (halt 3), and, most importantly, (3) outstanding progradation rates (200 m.yr-1 in the structural valleys, 15 m.yr -1 on the open coast), which the deciphering is based on radiocarbon dating and cross-cutting stratigraphic relationships, that indicate that a huge amount of sediment was supplied to the prograding deltaic system. It was provided by the retreating ice-sheet, still present in the Portneuf-Forestville watersheds (Fig. 9). Finally, rare but distinctive IRD have been spotted in the distal reach of the lower delta front deposits (prodelta) at the southern tip of the sea cliff transect (halt 4).

Halt 3: Glaciofluvial lower delta front and channel-levées system (Fig. 19b)

GPS: ca. N48°39.6' -W69°5.1'

At the continuation along the sea cliff transect, we will come across a remarkable channel-levées system made up of muddy material and plug by sandy facies and which stratigraphically belongs to the lower delta front observed earlier. The channel-levées structure, 20 m deep in the thalweg axis, forms an asymmetrical feature, including a well-defined levée to the south that bear beds dipping towards the channel axis while he opposite flank is formed by the dipping strata constituting the bulk of the lower delta front. In the levée deposits, the relative proportion of sand -essentially contained in starved ripple trains flowing away from the channel axis -rapidly decreases away from the thalweg axis. X-ray imagery revealed both inverse and normal grading in the vertical stacking of millimetre to centimetre-scale mud laminae (Fig. 21). Two radiocarbon dates have been retrieved from the structure, 10.415 ± 145 Cal BP at the top of the northern levee and 10.600 ± 115 Cal BP at the base of the southern one (Fig. 17). This channel-levée structure provides evidence for the occurrence of a confined turbiditic pathway. The position within the lower delta slope unit and the asymmetry of the channel- Normal and inverse grading are in evidence. Smear slides indicate that grading trends mainly relate to a decreasing versus increasing sand content (Dietrich et al., 2017a).

levées suggest a meandering channel [START_REF] Babonneau | Sedimentary Architecture in Meanders of a Submarine Channel: Detailed Study of the Present Congo Turbidite Channel (Zaiango Project)[END_REF] at the base of delta slope, near the transition with the prodelta environment. Inverse and normal grading in heterolithic levée deposits (Fig. 21) suggests river-derived hyperpycnal flows [START_REF] Mulder | Turbidity Currents Generated at River Mouths during Exceptional Discharges to the World Oceans[END_REF]. Levée accretion, including sand layers without in-channel sand aggradation, indicates the bypass of sandy turbidity flows. Beds dipping towards the thalweg axis relate to inner levée, sensu [START_REF] Kane | Anatomy of a submarine channel-levee: An example from Upper Cretaceous slope sediments, Rosario Formation, Baja California, Mexico[END_REF]. Radiocarbon dating shows that a significant portion of the channel-levée structure was built in 100 to 200 years. The basinward prolongation of such a channel is preserved as a partly buried channel on the Laurentian Shelf [START_REF] Normandeau | Submarine canyons and channels in the Lower St. Lawrence Estuary (Eastern Canada): Morphology, classification and recent sediment dynamics[END_REF].

Halt 4: Spit platform and beach deposits (Fig. 19c)

GPS: ca. N48°38.8' -W69°5.1'

The fourth and last halt lies at the southernmost tip of the sea cliff transect, near the Pointe des Fortins. Here, an up to 35-m thick sand wedge exhibiting large-scale, gently-sloped (2°) clinoforms superimposed by smaller-scale but steeply-sloped (10 to 12°) master beds is exposed. The gently-sloped clinoforms distinctively downlap onto the glaciofluvial prodelta deposits that here crop out at the bottom of the sea cliff. Some channel structures locally depart from this well-organized clinoform/master bed system and form small-scale scour-and-fill structures. The bulk of the master beds consists of planar and trough cross-stratified, medium to coarse-grained sands. In a few places, cross-strata correspond to metre-scale sigmoidal laminae sets bounded by reactivation surfaces highlighted by thin heavy-mineral laminae and burrows (mainly escape structures: fugichnia). Dip directions of these cross-strata evidence a wide spectrum of palaeocurrents from the south-east to the north-west (Fig. 19c). A mean trend to the south-west, however, indicates palaeocurrents essentially transverse to the master beds which dip toward the south-east. The gently-sloped clinoforms are associated with finer-grained deposits ISC 2018, FT POST5. Landforms, sedimentary facies and stratigraphic architecture in a deglacial, forced-regressive context: The Québec North Shore made up of a specific heterolithic facies assemblage showing an alternation of fine-grained rippled sand and muddy drapes, with HCS-like undulating lamination highlighted by heavy minerals. Scour-and-fill structures show a variety of grain sizes and internal stratal patterns. Immediately next to the channel-levées structure (halt 3), a large scour is filled by thick (1 to 5 m), massive to faintly laminated sand beds characterized by abundant, decimetre-scale, angular rip-up clasts, which size and proportion progressively decrease upward. Above, well-stratified, fine-grained and normally graded sand beds are genetically linked with smaller-scale scours. Sand beds are 10 to 20 cm thick, include wood debris and are separated by thin (<1 cm) mud intervals commonly associated with load and flame structures. Other scours and fill structures are observed locally. Here, steep-flanked, very narrow scours are filled with pebbly sands, either massively or faintly laminated, including backsets. In a coastal setting, cross-strata associated with inclined master beds and clinoforms either indicate a deltaic progradation or the lateral migration of a sand spit system. Transverse palaeocurrent orientations rather suggest deposition from bars and dunes driven by diffracted longshore currents as evidenced by the distribution of palaeocurrents, conforming to a spit system. Coarse-grained, bioturbated, sigmoidal cross-strata suggest the contribution of tidal processes. More specifically, these facies are interpreted as a spit platform, sensu [START_REF] Meistrell | The spit-platform concept: laboratory observation of spit development[END_REF]. A spit platform serves as a basement for a sand spit when the latter is prograding in a relatively deep (i.e. tens of metres) setting [START_REF] Shaw | Barriers, barriers platform and spillover deposits in St George's Bay, Newfoundland: Paraglcial sedimentation on the flanks of a deep coastal basin[END_REF][START_REF] Nielsen | Facies architecture and depositional processes of the Holocene-Recent accretionary forced regressive skagen spit system, Denmark[END_REF]. In the present case study, it can be argued that the spit platform inception occurred from the point at which the depositional depth, essentially inherited from the depositional profile of the former delta, increased significantly from a few metres to at least 30 m. The spit itself was then emplaced onto this platform, indicating that the palaeo depositional depth of the facies at the base of the sea cliff here is ca. 15 m. The south-westward accretion of bars and dunes was recurrently interrupted by erosional events resulting in the development of the larger-scale gently sloped clinoforms. In such an interpretation, this sand wedge forming a spit platform would correspond to the forced-regressive shoreface of [START_REF] Swift | Between beds and sequences: Stratigraphic organization at intermediate scales in the Quaternary of the Virginia coast, USA[END_REF] while the downlap surface of the clinoforms of prodeltaic facies is understood as a regressive surface of marine erosion [START_REF] Plint | The falling stage systems tract: recognition and importance in sequence stratigraphic analysis[END_REF][START_REF] Catuneanu | Sequence stratigraphy of clastic systems: Concepts, merits, and pitfalls[END_REF][START_REF] Swift | Between beds and sequences: Stratigraphic organization at intermediate scales in the Quaternary of the Virginia coast, USA[END_REF]. Erosion surfaces cut hence into the shoreface environment (gently-sloped clinoforms), along with the occurrence of HCS-like suggest storm events. Subordinate deposition from gravity flows is identified in the infill of scour-and-fill structures. Well-stratified and normally graded beds are interpreted as low-density gravity flow deposits derived from hyperpycnal currents. The abundance of terrestrial organic matter debris [START_REF] Zavala | A Genetic Facies Tract for the Analysis of Sustained Hyperpycnal Flow Deposits[END_REF] and the lack of any observed slump scars together suggest hyperpycnal flows. Narrow scour structures and the associated massive to faintly laminated deposits, including immature mud clasts and/or backsets, are interpreted as deposits related to hydraulic jump processes. In this position, such processes may have eroded the muddy, lower delta sloped observed earlier, producing abundant angular mud clasts that were rapidly redeposited. The restricted lateral extent of the scour infills as well as specific grain-size features suggest that gravity flow deposits depart from the overall spit platform system. It is interesting that, in map view, channels and scours are located basinward of the large abandoned fluvial meander at 65 m asl (Fig. 13).

The sea cliff transect is capped throughout by a sand sheet which the thickness mean ranges from 6 to 8 m but reaches up to 15 m in places. This sand sheet discordantly overlies the progressively younger underlying deposits (delta front and spit platform; Fig. 17). The erosion surface is highlighted by a lag including basement gravels to rare cobbles. This sand sheet shows horizontal to subhorizontal bedding while intermediate, small-scale, gently dipping Day 3 -The Portneuf-Forestville deltaic complex (part 2) (<1°) clinoforms are identified in places. Three facies assemblages are generally distinguished from the base to the top. The lower facies assemblage consists of trough cross-stratified coarsegrained sand and gravel and laminated to rippled and bioturbated (escape burrows) fine-grained sand including heavy mineral laminae is present. In the middle part, the facies assemblage consists of well-sorted and well-laminated sand including metre-scale shallow scours. In places, heavy minerals are distinctively well-segregated, forming placers up to 20 cm in thickness. In the upper facies assemblage, heavy minerals are more diffusely distributed in evenly and monotonously laminated sands. This sand sheet is genetically associated with raised beach ridges and palaeo coastal cliffs observed in plan view and thus constitutes beach deposits. Truncation of progressively younger underlying deposits towards the south is characteristic of diachronous sedimentation during forced regression and glacio-isostatic adjustment [START_REF] Boulton | Sedimentary and sea level changes during glacial cycles and their control on glacimarine facies architecture[END_REF][START_REF] Dionne | La terrasse Mitis à la pointe de Mille-Vaches (péninsule de Portneuf), rive nord de l'estuaire maritime du Saint-Laurent: nature des dépots et évolution du niveau marin relatif à l'holocène[END_REF][START_REF] Fraser | Morphology and facies architecture of a falling sea level strandplain, Umiujaq, Hudson Bay, Canada[END_REF][START_REF] Helland-Hansen | Trajectory analysis: Concepts and applications[END_REF][START_REF] Hein | Sedimentary coastal zones from high to low latitutes: Similarities and differencies[END_REF]. More precisely, the lower facies assemblage represents surf zone deposits [START_REF] Clifton | Depositional structures and processes in the non-barred high-energy nearshore[END_REF], emplaced above a surf diastem sensu [START_REF] Swift | Between beds and sequences: Stratigraphic organization at intermediate scales in the Quaternary of the Virginia coast, USA[END_REF] (or wave erosion surface sensu [START_REF] Fraser | Morphology and facies architecture of a falling sea level strandplain, Umiujaq, Hudson Bay, Canada[END_REF], which is here highlighted by the lag. Sediment contribution to shore accretion was probably related to longshore bar migration that may have generated the gently dipping clinoforms. The middle facies assemblage represents foreshore sands including swashbackwash laminae [START_REF] Clifton | Depositional structures and processes in the non-barred high-energy nearshore[END_REF] and heavy mineral placers [START_REF] Gallaway | Magnetic mineral transport and sorting in the swash-zone: Northern Lake Erie, Canada[END_REF]. The upper facies assemblage essentially represents aeolian deposits characterized by the absence of segregation of the heavy minerals.

Day 3: Summary and conclusion

Based upon the Portneuf-Forestville case study as well as upon other deltaic complexes analyzed along the QNS and combining subaqueous swath bathymetry and seismostratigraphic data (e.g. [START_REF] Duchesne | Role of the bedrock topography in the Quaternary filling of a giant estuarine basin: The Lower St. Lawrence Estuary, Eastern Canada[END_REF][START_REF] Lajeunesse | Late Wisconsinan groundingzone wedges , northwestern Gulf of St Lawrence, eastern Canada[END_REF]2018;Normandeau et al., 2017a;[START_REF] Dietrich | Deglacial sequences and glacioisostatic adjustment: Quaternary compared with Ordovician glaciations[END_REF]Poiré et al., 2018), we defined a model for the deglaciation and the associated deposition of sedimentary systems investigated these days. Such a model further permitted to define a generic anatomy of a deglacial sequence which synthetic sedimentary log and 2-D transect are given in figure 22.

The initial deposition of subglacial to ice-contact systems (esker then ice-contact fan and delta) is characterized by a backstepping pattern that reflects the receding positions of the ice margin corresponding to sediment entry points for these facies. Later on, a continental-based ice margin developed, corresponding in the study area to the emergence of the subaqueous icecontact fan into the ice-contact delta. The emplacement of ice-distal glaciofluvial deltas followed, depositing a thick coarsening-upward progradational suite. Finally, forced-regressive paraglacial shallow-marine deposits coeval with river entrenchment and fluvial terraces unconformably rest on the progradational suite (Fig. 22a). Their onset marks the signature of the retreat of the ice margin from river drainage basin. The resulting trajectory of the successive depocentres draws a large loop characterized by an early backstepping trend followed by a descending regressive trend (Fig. 22d). The backstepping of glaciomarine ice-contact depocenters (GZWs then subaqueous ice-contact fan) reflects the successive positions of receding sediment entry points at the interface between the ice margin and the seafloor. As a result, the synthetic sedimentary log representing in 1D this succession of events is characterized by an initial lower finingupward trend (backstepping glaciomarine depocentres) overlain by a coarsening-upward motif (descending regressive trajectory) (see also [START_REF] Hansen | Deltaic infill of a deglaciated arctic fjord, East Greenland: sedimentary facies and sequence stratigraphy[END_REF]. The lower fining-upward trend results in fact from the successive stacking of backstepping sediment wedges (esker, ice-contact fans and deltas) corresponding to coarsening-upward cycles of higher frequency (Fig 22a), the latter being interpreted as the expression of the individual progradation of the successive ice-contact systems [START_REF] Zecchin | High-resolution sequence stratigraphy of clastic shelves IV: high-latitute settings[END_REF][START_REF] Dietrich | Deglacial sequences and glacioisostatic adjustment: Quaternary compared with Ordovician glaciations[END_REF]. The upper coarsening-upward motif characterized the emplacement of the prograding ice-distal glaciofluvial deltas. Finally, the incision of fluvial river channels and coastal suites within the aforementioned deposits does not correspond to any reversal in the trend of RSL fall but rather reflects the retreat of the LIS margin from the drainage basins of the two rivers. Although the stacking pattern mimics a transgressive-highstand-falling stage cycle (Fig. 22), the depositional suite corresponds to a single deglacial sequence, which was entirely deposited in a context of continuously falling RSL. Moreover, although the resulting sedimentary succession can reach several tens to a hundred of meter in thickness, it has been deposited in only a few thousands of years. The thickness, stratigraphic architecture and geographic position of such a deglacial succession along a shelf profile depends on complex interactions between decreasing RSL fall rates, the pattern of ice-margin retreat, inherited basin physiography and sediment supply [START_REF] Zecchin | The architectural variability of small-scale cycles in shelf and ramp clastic systems: The controlling factors[END_REF].

In particular, the presence of a relatively shallow shelf bordered by a coastal escarpment had a major influence on the location and architecture of this sequence (Normandeau et al. 2017a). Accordingly, we put forward a glacial retreat system tract (GRST) bounded at its base by a glacial surface of erosion (GSE); a glaciofluvial transition surface (GTS) and a paraglacial transition surface (PTS) constituting within-trend stratigraphic surfaces (Fig. 22). The basal glacial surface of erosion, at the interface between the bedrock and glaciogenic deposits tied to the last deglaciation, essentially represents subglacial erosion of the pleniglacial period (LGM). The GTS bounds ice-contact deposits below and glaciofluvial deltaic deposits above. This surface marks the glacial retreat from the study area but is distinct (younger) from the autogenic transition from a marine to a continental-based ice margin. The GTS encompasses a significant temporal hiatus in regards to the duration of the deglacial sequence and, as such, may be intensively bioturbated. In the Portneuf-Forestville deltaic system, this hiatus encompasses ca. 700 years, which represents the delay existing between the retreat of the ice margin from its stillstanding position at the mouth of the Sault-au-Cochon valley to the subsequent deltaic progradation issuing from the structural valley (Fig. 14). Offshore, the GTS may be highlighted by an erosion surface originating from winnowing processes and subsequently draped by thin postglacial hemipelagites (Lajeunesse et al., 2018). The unconformity at the base of the shallowmarine and fluvial paraglacial deposits, the PTS, marks the retreat of the ice margin from the drainage basin. The direct consequence of this event is the shutdown of the glaciofluvial sediment supply to the delta system, the age of which depends on the extent of the deglaciated drainage basin (Dietrich et al. 2017b). Although specifics of the PTS may recall those of a Basal Surface of Forced Regression, it must be noted that this surface has no genetic link with any trend reversal in the RSL change pattern and can occur at any time throughout the RSL fall history.

Based on our study, comparing post-LGM edimentary records, we thus propose that thick (tens of metres) successions, comprising a lower glaciomarine wedge and an upper deltaic system can confidently be interpreted as (1) a single deglacial sequence that (2) was emplaced in a few thousand years, (3) under condition of RSL fall forced by the glacio-isostatic adjustment. The possibility of thick but short-term forced-regressive deposits tied to glacio-isostatic processes has been largely underestimated in geological archives as related deltaic deposits, ranging from turbidite systems to tidally influenced delta plains, lack any facies specifics. Further, conventional attributes of forced regression such fluvial incisions can even be absent in some conditions in ISC 2018, FT POST5. Landforms, sedimentary facies and stratigraphic architecture in a deglacial, forced-regressive context: The Québec North Shore spite of outstandingly high rates of RSL fall. Resulting depositional thicknesses favour a-priori a postglacial highstand interpretation, although glacio-eustatically driven Ffalling-stage system tract (FSST) tied to a succeeding glacial cycle could also be proposed. The identification of thick deglacial successions emplaced during a glacio-isostatic adjustment is then of paramount importance when estimating the relative duration of successive units. If a >100 metre-thick shallowing-upward succession may classically represent a 1-3 myr time interval in a preglacial context (see [START_REF] Loi | The Late Ordovician glacio-eustatic record from a high-latitude storm-dominated shelf succession: The Bou Ingarf section (Anti-Atlas, Southern Morocco)[END_REF] for a Late Ordovician case study), it can be considered as deposited sub-instantaneously (<10 ka) at the geological timescale in a immediately postglacial context. There is a clear distortion of stratigraphic tempos in glaciation-related depositional sequences, within which the time "is going faster" throughout the stratal record.

Personal notes

ISC 2018, FT POST5. Landforms, sedimentary facies and stratigraphic architecture in a deglacial, forced-regressive context: The Québec North Shore in subglacial settings or, alternatively, by fluvial, preglacial processes [START_REF] Lajeunesse | Buried preglacial fluvial gorges and valleys preserved through Quaternary glaciations beneath the eastern Laurentide Ice Sheet[END_REF].

In a nearby gravel pit, conglomeratic ice-contact deposits very similar to the one described at Stop 8 are being exposed (Fig. 23). The several-meter thick sheet of well-rounded pebbles and cobbles locally interfingering with clean rippled sand displays circular collapse structure, a few meters to tens of meter in diameter, and a few meters in depth. While smallscale extensional fractures characterize the sandy intervals within these collapse structure, downward bending (downwarping) is observed within conglomeratic horizons at the center of the collapse structures. A progressive attenuation of the relict depressions is provided by upper conglomeratic beds. As occurring in bed interpreted as ice-contact fluvioglacial in origin, these collapse structures are interpreted as kettle holes (melting of dead ice buried under ice-contact sediments). Attenuation of the collapse structures would indicate that sedimentation occurred concomitantly to the melting of the buried ice, ultimately obliterating the surface expression of such structures. This interpretation is further strengthen by the presence in plan-view of circular lakes nearby, and more generally in area interpreted as being floored by ice-contact sediments (see figure 13), and interpreted as relict kettle holes that had not been sealed by any younger deposits. Day 4 -The Portneuf-Forestville deltaic complex (part 3), the St. Lawrence Estuary and the Québec South Shore

Personal notes

We will be crossing over the St. Lawrence Estuary by ferry from Forestville to reach the town of Rimouski after an hour's traverse. On our way back to Québec City, we will be stopping shortly at the Pointe-au-Bic where mega scale glacial lineations carved into Appalachians structures are visible in the estuary, as well as Appalachian foreland and scenery.
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 2 Fig. 2: bathymetric map of the Estuary of the St. Lawrence. Modified from[START_REF] Duchesne | Role of the bedrock topography in the Quaternary filling of a giant estuarine basin: The Lower St. Lawrence Estuary, Eastern Canada[END_REF] 
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 34 Fig. 3: Laurentide Ice Sheet extent for the Last Glacial Maximum (LGM) and at 10.2 cal ka. Dark blue areas represent zone of streaming ice. The study area is represented. Modified from[START_REF] Margold | Ice streams in the Laurentide Ice Sheet: Identification, characteristics and comparison to modern ice sheets[END_REF] 

  Fig. 5: Location map of the study area(Québec North Shore, Estuary and Gulf of St. Lawrence) within the frame of the deglaciated eastern Canada. Bold dashed lines represent successive contours of the retreating Laurentide Ice Sheet[START_REF] Occhietti | Late Pleistocene-Early Holocene Decay of the Laurentide Ice Sheet in Québec-Labrador[END_REF]. Maximal extent of postglacial seas (the Goldthwait Sea in the study area) is symbolized by the marine limit. Watersheds of the Estuary and Gulf of the St. Lawrence are also represented (grey dotted lines).Modified fromDietrich et al. (in press).
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  Fig.9: Reconstruction of the Laurentide Ice Sheet margin retreat through river drainage basins inferred from deltaic morphostratigraphies reconstructed from control points deduced from either ice-contact depositional system abandonment (stars) or onset of paraglacial suites development (melting of the ice margin out of the drainage basin, dots). SeeNutz et al. (2015) for deglacial pattern around Lake St. Jean. Our 8.2 ka ice margin correlates with the Sakami moraine[START_REF] Occhietti | Late Pleistocene-Early Holocene Decay of the Laurentide Ice Sheet in Québec-Labrador[END_REF] and the 8.6 ka ice margin ofCarlson et al. (2008). Surface exposure ages derive from[START_REF] Ullman | Final Laurentide ice-sheet deglaciation and Holocene climate-sea level change[END_REF]. Esker network and glacial lineations originate fromKlassen et al. (1992), Fulton et al. (1995) and[START_REF] Clark | Geo¬morphological reconstruction of the Labrador Sector of the Laurentide Ice Sheet[END_REF]. See details inDietrich et al. (2017b).

Fig. 10 :

 10 Fig. 10: (a) artistic view of the Charlevoix Impact Crater (http:// le100sainte-anne.charlevoix.net/ cratere.htm) (b) Schematic diagram of the structural development of fault systems in the Charlevoix area[START_REF] Lemieux | Structural analysis of supracrustal faults in the Charlevoix area, Quebec: relation to impact cratering and the St-Laurent fault system[END_REF]. (A) Interpretative configuration of major faults in pre-impact time, during the Iapetan Ocean rifting, Taconian collision and deposition of the Platform succession, from approximately Late Proterozoic to Late Ordovician. Note the movement on the northeasttrending St-Laurent fault (SLF) and the northwest-trending faults. (B) Model representing polygonal faults induced by the Devonian meteoritic impact. Note the emplacement of the circular graben and the central uplift. (C) Evolution in post-impact time, most likely during the opening of the Atlantic Ocean in Mesozoic time. Note the reactivation on the SLF and of major northwesttrending faults. (D) Presentday configuration showing the major structures and associated faults. Each diagram is 55 km across. Vertical relief not to scale. Numbers correspond to presentday localities : 1, Baie St-Paul; 2, Mont des Éboulements; 3, Capaux-Oies; 4, La Malbaie.
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 11 Fig. 11: LiDAR imagery of the landslide triggered by the Mw 7:5 ± 0:45 earthquake that occurred in 1663.
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 2 The Saguenay Fjord and the Portneuf-Forestville deltaic complex (part 1)

Fig. 13 :

 13 Fig. 13:LiDAR imagery of morphostratigraphic architectures and imbrications of the three depositional systems (ice-contact, ice-distal glaciofluvial delta and paraglacial suites) constitutive of the Portneuf -Forestville deltaic complexes. The insert represents the RSL fall of the study area. The LIDAR map was generated using GlobalMapper® GIS software. Stars represent stops and sites visited during this field trip(Dietrich et al., 2017b, modified) 

Fig. 14 :

 14 Fig. 14: Stratigraphic evolution of the Portneuf-Forestville deltaic complex.

Fig. 15 :

 15 Fig. 15: Succession and facies of the fjord head delta facies association (Portneuf valley). (A) Sedimentary log. (B) Undulating beds showing an alternation of sand and silt. (C) A subhorizontal décollement surface (white, dashed line) evidenced by contorted laminae in heterolithic facies. The gravitational collapse and resulting subaqueous morphology is thought to have triggered the development of cyclic steps immediately above. (D) Normally-graded sand and silt including tidally-related contractiondilatation cycles. Syn-sedimentary downstepping extensional fractures are related to gravitational instabilities. (E) Lower part of the upper delta slope succession showing bioturbated silt and sand including contraction-dilatation cycles suggesting tidally-modulated deposition. (F) Well-bedded and contorted mud layers in the lower delta slope. (G) Photomosaic of the fjord head delta succession (river bank). The present-day Portneuf River lies at 63 m asl; the top of the outcrop is at 102 m asl. The red arrows indicate the log displayed in (A). Modified from Dietrich et al. (2017a).
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 17 Fig. 17:The 7 km long, south-north-oriented cliff extending from the Portneuf River mouth to Forestville (location in figure13). From the base to the top: photomosaic with no vertical exaggeration, interpreted stratigraphic architecture and line drawing (sand-dominated deposits in white; mud-dominated deposits

Fig. 19 :

 19 Fig. 19: Details of three selected segments of the cliff (location in figure17). (A) The northernmost segment, from esker to delta plain deposits. Note draping and onlapping geometries of glaciomarine mud above the convex-upward esker body (halt 1). (B) The channel-levée system of the lower delta slope plugged by spit-platform deposits (halt 3). (C) Architecture and facies of the spit platform and mouth-related deposits highlighting clinoforms and master beds, both dipping to the south. The basal surface of the spit platform is ascribed to a diachronous erosion surface (RSME, ravinement surface of marine erosion). The upper part of the cliff corresponds to the nearshore sand sheet; its base is a surf diastem (halt 4). Modified fromDietrich et al., 2017a. 
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 20 Fig. 20: Synthetic stratigraphic architecture of the cyclic steps observed in the upper sandy delta front (work in progress).

  Fig. 21: X-ray of a shallow core recovered from the channel-levée (location in figure 17, lower delta slope; coarser lithologies in light grey).Normal and inverse grading are in evidence. Smear slides indicate that grading trends mainly relate to a decreasing versus increasing sand content(Dietrich et al., 2017a).

Fig. 22 :

 22 Fig. 22: (a) Synthetic log of the deglacial sequence including a lower fining-upward and an upper coarsening-upward sets. GRST: glacial retreat system tract, GSE: glacial surface of erosion, GTS: glaciofluvial transition surface, PTS: paraglacial transition surface. Key to grain size: Sh, shales; Si, siltstones; fgs, fine-grained sandstones; Cgs, coarse-grained sandstones; Cs, conglomeratic sandstones. (b) Interpretation in terms of sedimentary processes and ice-margin evolution. (c) Apparent system tracts in a conventional, i.e. non-glacial, sequence stratigraphic model and true RSL trend. (d) Synoptic transect of a Sept-îles deltaic complex. The successive depocentre trajectory shows a large loop (see text for details). Modified from[START_REF] Dietrich | Deglacial sequences and glacioisostatic adjustment: Quaternary compared with Ordovician glaciations[END_REF] 

Fig. 23 :

 23 Fig. 23: Photomosaic and line drawing of a relic, buried kettle hole observed in ice-contact deposits. Note downstepping extensional fractures in the lowermost sand. See figure 13 for location. Shovel for scale.
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Personal notes day 1 (Sunday, auguSt 19 th , 2018) LandScapeS and Quaternary evoLutIon, charLevoIx regIon Stop 1: Charlevoix Impact Crater GPS: 47°24.3'N; 70°32.9'W

  

16 Esker Distal outwash fan Glaciomarine mud Lower delta slope Upper delta slope Nearshore sand sheet (beach) Spit platform Delta plain

  Each is characterized by a basal ISC 2018, FT POST5. Landforms, sedimentary facies and stratigraphic architecture in a deglacial, forced-regressive context: The Québec North Shore
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The shipwreck of the Empress of Ireland, 29 th May 1914

  On 28th May 1914, the ship Empress of Ireland, an ocean liner armed by the Canadian Pacific Steamships, left Québec City to Liverpool with 1.477 persons on board. The ship reached Pointe-au-Père, near the town of Rimouski in the early hours of 29th May 1914, where the pilot disembarked. Empress of Ireland soon sighted the masthead lights of Storstad, a fullyloaded Norwegian collier, on her starboard bow at a distance of several miles. The first sightings were made in clear weather conditions, but fog soon enveloped the ships. The ships resorted to repeated use of their fog whistles. At about 2 am, Storstad crashed into Empress of Ireland's starboard side at around midships. Storstad remained afloat, but Empress of Ireland was severely damaged. A gaping hole in her side caused the lower decks to flood rapidly. Ten or eleven minutes after the collision, Empress of Ireland lurched violently onto her starboard side. The ship lay on her side for a minute or two, having seemingly run aground. A few minutes later, about 14 minutes after the collision, the stern rose briefly out of the water and the ship finally sank. Hundreds of people were thrown into the near-freezing water. The disaster resulted in the deaths of 1.012 people, making it the worst peacetime maritime disaster in Canadian history. Today, the wreck lies in 40 meters of water [source: Wikipedia].
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Day 4 -The Portneuf-Forestville deltaic complex (part 3), the St. Lawrence Estuary and the Québec South Shore day 4 (WedneSday, auguSt 22nd, 2018) the portneuF-ForeStvILLe deLtaIc coMpLex (part 3), the St.

LaWrence eStuary and the Québec South Shore

From Forestville to the stop 9 (20-30 min), our path will lead us on the glaciofluvial delta plain behind the town of Forestville, along the meanders of the Sault-au-Cochon River and across the ice-depocenter that once dammed a lake in the structural valley

Stop 9: Glaciolacustrine delta in the Sault-au-Cochon valley

GPS: N48°48.3' -W69°15.9'

The axis of the Sault-au-Cochon structural valley, upstream the ice-contact depocenter that lies at its mouth, is occupied by a thick accumulation (at least 30 m) of a coarseningupward sequence interpreted as a glaciofluvial delta deposited in the lake dammed by the icecontact deposits observed at Stop 8. At the base of the sequence, subhorizontal well-laminated silty fine-grained sand grades upward into in-phase climbing-ripple laminations. Upward, ubiquitous climbing current ripples develop; they form gently inclined (1 to 2°) metre-thick master beds. At the bed-scale, the climbing angle progressively increases upward: subcritical at the base, then supercritical up to in-phase aggradation of sinusoidal laminations. In places, syn-sedimentary downstepping extensional fractures disrupt the bedding. The uppermost 5 m of the succession is made up of erosion-based gravelly to pebbly cross-stratified sand. The facies suite, typical of glacio-lacustrine deltas (e.g. [START_REF] Ashley | Glaciolacustrine environments[END_REF]Nutz et al., 2015a) and conspicuously departing from the facies suite of the Portneuf valley, consists of well-laminated fine-grained bottomsets, climbing rippled foresets and gravelly topsets. Suspension-charged river outflow arriving into the lake plunged directly, owing to density contrasts between the flow and the ambient water body; they formed climbing-ripple assemblages that essentially recorded waning stage flow conditions as shown by the increasing angle of climb [START_REF] Jobe | Climbing-ripple successions in turbidite systems: Depositional environments, sedimentation rates and accumulation times[END_REF]. The stratal pattern probably reflects seasonal meltwater discharge with mud drapes possibly representing low-inputs during winter conditions.

It is thought that the entire filling occurred in a short period of time as fed by glaciogenic supplied. Once the entire in-valley accommodation space was filled, it spilled out on the opencoast likely through a breach opened in the ice-contact depocenter and coalesced with the glaciofluvial delta exiting the Portneuf valley to produce the large glaciofluvial delta whose facies and architecture are exposed in the sea cliff transect (Day 3).

Journey to the next stop: 10 min

Stop 10 (time permitting): potholes and kettle holes

GPS: N48°44.7' -W69°11.8'

The ice-contact delta lying at the mouth of the Sault-au-Cochon structural valley rests on a bedrock threshold (Proterozoic migmatites) higher than the basement flooring the valley itself. Along the course of the Sault-au-Cochon River, this bedrock threshold is being exposed at relatively high elevation (100 m asl) and displays beautiful potholes ranging from a few tens of centimetres to almost 2 in depth. In places, adjacent potholes have coalesced to form narrow furrows. These potholes may either be interpreted as having been carved by meltwater
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