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A new tectono-stratigraphic model to help break through the proximal/distal interpretation frontier • Each rift domain is associated with specific structures and sedimentary architectures • Each rift domain displays a specific ratio of vertical vs horizontal accommodation space creation • Rift deformation localizes sequentially, inducing a younging of the base of passive infill oceanward • The early syn-rift stratigraphic record is largely discontinuous/broken up in the distal margin Abstract One fundamental lesson from the last decades research into rifted margins is that stratigraphic horizons cannot be simply correlated from the proximal into distal domain, which makes the interpretation of poorly calibrated and largely inaccessible distal margins difficult.

In this contribution, we propose a new tectono-stratigraphic model to help break through the proximal/distal interpretation frontier. After reviewing the scientific advances on rifted margins achieved during the last century, we describe the primary spatio-temporal evolution of active deformation during rifting. We show that different rift domains are associated with specific (1) periods of active deformation; (2) tectonic structures and related stratigraphic architecture; (3) amounts of accommodation creation owing to specific ranges of horizontal widening and vertical deepening; and (4) depositional environments. We demonstrate that the sequential localization of extension during rifting results in a younging of the base of passive infill (i.e., sediment deposited in a non-tectonic setting) oceanward. We propose a panel of few to few tens of My time intervals related to specific tectonic eventsour Tectonic Sequencesthat may be correlated more or less easily and continuously across rifted margins. This study underlines the value of an iterative approach between fieldwork on fossil rifted margins and offshore geophysical studies, where field studies offer easy-to-access and high-resolution calibration of dismembered rifted margin remnants, while geophysical studies provide comparatively low-resolution imaging of entire, intact but largely inaccessible, rifted margins. It also highlights the necessity of jettisoning outdated dogma on rifted margins and changing our routines when interpreting seismic sections and outcrops.

Introduction

Rifting is a process involving extension of the crust and upper mantle, during which accommodation is created by both horizontal widening and vertical deepening. The involved sedimentary systems record the timing, location and type of tectonic deformation, the distribution of depocenters, the reorganization of sedimentary sources, and the evolution of water depths. Yet, distal parts of present-day rifted margins have remained largely inaccessible to date, including to drilling, which makes the interpretation of their syn-rift stratigraphic architecture, the determination of their sedimentary facies, and their correlation with more proximal parts of the margin difficult.

Over the last decades, the scientific community has made significant progress in understanding the processes at play during rifting. The iterative workflow between onshore and offshore studies, together with the improvement of imaging, dating and modelling techniques, enabled us to identify the characteristics common to rift systems, and to recognize a systematic deformation sequence during their formation. The ensuing question is: does a comparable formation history among rift systems imply a similar tectono-stratigraphic record, despite the differences in their local sedimentary sources and depositional environments?

In this contribution, we propose a new conceptual tectono-stratigraphic model synthetizing the evolution of deformation over space and time during rifting. We review when, where and how accommodation is created, and show that specific domains of rifted margins are associated with specific (1) periods of tectonic activity; (2) style of deformation and tectono-stratigraphic architectures; (3) ratios of horizontal vs vertical accommodation creation; and (4) depositional environments. After briefly summarizing the historical evolution of models for rifted margins, we describe our tectono-stratigraphic model and compare it with observations from both present-day and fossil rifted margins.

Then, we discuss how this template can help interpreting seismic sections in poorly calibrated rift systems and to correlate remnants of dismembered margins embedded in orogens (e.g., Alps, Pyrenees, Oman, Timor, Zagros). Finally, we examine the limitations of our model, in particular the correlation of timelines/time intervals both along dip and strike of rifted margins, the effect of sedimentation rates with respect to the rates of subsidence, the impact of magma, and the challenge of including a three-dimensional perspective at segmented and multiphase rift systems.

Historical overview

Rifting has always been regarded as a process creating accommodation space that is filled with sediments and/or volcanic products and/or water, both during and after the termination of deformation [START_REF] Mckenzie | Some remarks on the development of sedimentary basins[END_REF]. However, our understanding of when, where and how accommodation is created and filled has been significantly evolving over the last decades (e.g., [START_REF] Bond | Evolution of thought on passive continental margins from the origin of geosynclinal theory (~1860) to the present[END_REF][START_REF] De Graciansky | The Western Alps, from rift to passive margin to orogenic belt: an integrated geoscience overview[END_REF][START_REF] Gawthorpe | Sequence stratigraphy in active extensional basins: implications for the interpretation of ancient basin-fills[END_REF][START_REF] Gawthorpe | Tectono-sedimentary evolution of active extensional basins[END_REF][START_REF] Olsen | Introduction: Progress in understanding continental rifts[END_REF][START_REF] Schlische | Geometry and Origin of Fault-Related Folds in Extensional Settings[END_REF][START_REF] Withjack | Rift-Basin Structure and Its Influence on Sedimentary Systems[END_REF].

2.1. The Geosyncline Theory (from the late 1850's to the 1960's)

The premise of tectonics emerged from the work of [START_REF] Hall | Description and Figures of the Organic Remains of the Lower Helderberg Group and Orinskany Sandstone[END_REF], who first recognized the existence of vertical movements (subsidence and uplift) of the Earth surface and the folding of sedimentary series (Figure 1a). Hall suggested that folding occurred at the axis of synclinal structures that resulted from Earth surface deformation. [START_REF] Dana | On some results of the Earth's contraction from cooling including a discussion of the origin of mountains and the nature of the Earth's interior[END_REF] suggested that the subsidence of Geosynclines (which corresponded to Hall's synclinal axis) was balanced by the rising of adjacent Geanticlines, both resulting from Earth contraction-driven lateral compression. A few decades later, [START_REF] Hardy | Numerical modelling of the response to variable stretching rate of a domino fault block system[END_REF] introduced the distinction between shallow-and deep-water facies, and emphasized their lateral change between the margins and the axial part of a Geosyncline. He also suggested that Geosynclines were mobile zones located at the boundary between two stable continental masses. These basic concepts were further developed during subsequent decades with the work of [START_REF] Argand | Sur l'arc des Alpes occidentales[END_REF], [START_REF] Kay | North American geosynclines[END_REF], [START_REF] Kober | Bau und Entstehung der Alpen[END_REF] and [START_REF] Stille | Evolution und Revolutionen in der Erdgeschichte[END_REF][START_REF] Stille | Grundfragen der vergleichenden Tektonik[END_REF][START_REF] Stille | The Present Tectonic State of the Earth[END_REF], among others. For further details on the birth and evolution of the Geosyncline Theory see the review by Aubouin (1965).

2.2. The early stages of Plate Tectonic Theory: Pure-Shear vs Simple-Shear models and the birth of seismic stratigraphy (from the 1970's to the early 1990's)

Based on the first reflection seismic sections at rifted margins (e.g., [START_REF] Montadert | Northeast Atlantic passive continental margins: Rifting and subsidence processes[END_REF], rift systems and rifted margins were envisioned as essentially comprising oceanward-dipping, high-angle (ca. 60 °) normal faults separating a series of tilted fault blocks and associated half-graben/graben whose size decreased oceanward (Figure 1b). The oceanic crust was supposed to start directly where thinned continental crust terminated, which implied a localized and instantaneous breakup related to the onset of steady-state magma emplacement. [START_REF] Mckenzie | Some remarks on the development of sedimentary basins[END_REF] and [START_REF] Jarvis | Sedimentary basin formation with finite extension rates[END_REF] envisioned rifting as Pure-Shear (depth-uniform) thinning of the lithosphere, resulting in both rapid ("instantaneous") subsidence associated with crustal thinning, and subsequent protracted, progressively decreasing subsidence related to thermal relaxation of the thinned lithospheric mantle.

A few years later, [START_REF] Lemoine | Ultramafic and gabbroic ocean floor of the Ligurian Tethys (Alps, Corsica, Apennines): In search of a genetic imodel[END_REF] suggested that [START_REF] Wernicke | Uniform-sense normal simple shear of the continental lithosphere[END_REF] alternative Simple-Shear Model would better explain the ancient Alpine Tethys rift system (Figure 1c). Indeed, observations from the Alpine Tethys margins exposed in the Alps diverged from the Pure-Shear Model predictions in that: (1) the topographic and thermal evolution of the former conjugate margins appeared to be largely asymmetric [START_REF] Lemoine | Structuration jurassique des Alpes occidentales et palinspastique de la Tethys ligure[END_REF], contrasting with the predictions of the symmetrical Pure-Shear Model; (2) at least one of the two margins was uplifted during rifting (e.g., the Briançonnais Block; [START_REF] Lemoine | The continental margin of the Mesozoic Tethys in the Western Alps[END_REF], while the Pure-Shear model only predicted subsidence; and [START_REF] Co Breivik | Crustal structure beneath the Trøndelag Platform and adjacent areas of the Mid-Norwegian margin, as derived from wide-angle seismic and potential field data[END_REF] no evidence for a Penrose-type oceanic crust could be found; instead, Alpine geologists had evidenced exhumation of subcontinental mantle to the seafloor (Decandia andElter, 1972, 1969).

Contemporaneously, [START_REF] Falvey | The development of continental margins in Plate Tectonics theory[END_REF] laid the ground for modern rifted margin stratigraphy. He stated that the onset of rifting was marked by an unconformity generated by a phase of thermal doming, which he named the Rift Onset Unconformity (ROU). He also mentioned the existence of a so-called Breakup Unconformity (BU), associated with the onset of rapid subsidence of the entire margin. This phase of rapid subsidence, modelled a few years later as an isostatic adjustment following the mechanical breakup of the lithosphere by [START_REF] Braun | A physical explanation of the relation between flank uplifts and the breakup unconformity at rifted continental margins[END_REF], was thought to be expressed by the progradation of sedimentary deposits over the shelf and continental slope. [START_REF] Hubbard | Age and significance of sequence boundaries on Jurassic and Early Cretaceous rifted continental margins[END_REF] introduced the term "megasequence", which he defined as a "major sedimentary package" bounded by "the most prominent regional unconformities". He suggested that these prominent regional unconformities "record the principal periods of change in basin geometry and polarity". [START_REF] Hubbard | Age and significance of sequence boundaries on Jurassic and Early Cretaceous rifted continental margins[END_REF], and then [START_REF] Prosser | Rift-related linked depositional systems and their seismic expression[END_REF], recognized three types of megasequences, namely pre-, syn-and post-rift megasequences, deposited respectively prior to the onset of rifting, during rifting and after the termination of rifting.

In the 1980's-early 1990's, the architecture of the pre-, syn and post-rift megasequences were conceptualized with the help of analytical [START_REF] Barr | Subsidence and sedimentation in semi-starved half-graben: A model based on North Sea data[END_REF][START_REF] Barr | Structural/stratigraphic models for extensional basins of half-graben type[END_REF], analogue [START_REF] Buchanan | Sandbox experiments of inverted listric and planar fault systems[END_REF], and numerical modelling (Hardy, 1993).

The pre-rift megasequence was supposed to be coupled to the underlying basement, except in the presence of low frictional, efficiently decoupling materials like salt or clays. In the absence of pre-rift tectonic events, pre-rift deposits are essentially comprised of parallel strata (i.e., without growth structures; violet sediments in Figures 1b and1c).

The syn-rift megasequence was regarded as comprised of wedge-shape sedimentary deposits that thicken toward the adjacent normal fault (blue sediments in Figures 1b and1c). However, the nature of the isostatic compensation (none, local or regional), the geometry of the normal fault involved (planar or listric), sedimentation rates and climate may result in various stratal geometries of these syn-rift deposits (e.g., [START_REF] Barr | Subsidence and sedimentation in semi-starved half-graben: A model based on North Sea data[END_REF][START_REF] Buchanan | Sandbox experiments of inverted listric and planar fault systems[END_REF][START_REF] Prosser | Rift-related linked depositional systems and their seismic expression[END_REF].

The post-rift megasequence was interpreted to be made of un-extended sedimentary packages that drape or onlap against preexisting topography, or downlap onto oceanic crust (green sediments in Figures 1b and1c). In isolated basins, when the sedimentation rate is very low compared to the rate of subsidence, these deposits are parallel and horizontal. Otherwise, they display clinoform shapes (e.g., significant thickening of strata toward the basin center; Fig. 5 of [START_REF] Waltham | Sediment geometries and domino faulting[END_REF].

In the "rigid domino fault blocks" models for rifted margins (Figures 1b and1c), all faults and intervening tilted blocks are required to move and stop moving simultaneously, and thus the syn-rift megasequence is synchronous across the entire margin (blue sediments in Figures 1b and1c; [START_REF] Waltham | Sediment geometries and domino faulting[END_REF]. Both the base and top of the syn-rift megasequence are therefore ideally marked by an isochronous change in stratal dip across the entire margin, either between parallel pre-rift deposits and wedge-shape syn-rift deposits in the former case, or between wedge-shape synrift deposits and parallel post-rift deposits in the latter.

2.3. Toward a Polyphase Rifting Model (from the 1990's to the early 2010's) Stratigraphic studies from both the Alps [START_REF] Froitzheim | Extensional detachment faulting in the evolution of a Tethys passive continental margin, Eastern Alps, Switzerland[END_REF]) and the Iberia-Newfoundland margins [START_REF] Murillas | Structure and evolution of the Galicia Interior Basin (Atlantic western Iberian continental margin)[END_REF][START_REF] Tucholke | Breakup of the Newfoundland--Iberia rift[END_REF][START_REF] Wilson | Rifting along non-volcanic passive margins: Stratigraphic and seismic evidence from the Mesozoic successions of the Alps and Western Iberia[END_REF] highlighted that Alpine Tethys and southern North-Atlantic rifting were achieved via two main, distinct and successive extensional phases. During the first phase, numerous and broadly distributed half-graben depocenters, bounded by high-angle normal faults, formed over a wide region (dark blue sediments in Figure 1d). At this stage, crustal and lithospheric thinning were minor (1/β << 1.5, where 1/β corresponds to the ratio crust thickness prior to extension / crust thickness at the end of extension; [START_REF] Mckenzie | Some remarks on the development of sedimentary basins[END_REF]. During the second phase, tectonic activity was localized only in the future distal margins. There, significant crustal thinning (1.5 < 1/β < ∞) was achieved via both normal and extensional detachment faulting, as well as via the attenuation of ductile middle-and/or lower crustal layers [START_REF] Manatschal | The role of detachment faulting in the formation of an ocean-continent transition: Insights from the Iberia Abyssal Plain[END_REF]; light blue sediments in Figure 1d). Crustal thinning was accompanied by significant lithospheric thinning.

Using numerical models, [START_REF] Lavier | A mechanism to thin the continental lithosphere at magma-poor margins[END_REF] suggested that rifting was achieved via successive and distinct deformation modes, which we call here Polyphase Rifting. In their model, deformation evolved from initially distributed extension with limited crustal and lithospheric thinning (the so-called stretching phase) to increasingly localized deformation with significant crustal and lithospheric thinning (the so-called thinning and (mantle) exhumation phases). At the shift between the stretching and thinning phases, deformation stopped in the future proximal domain while rifting was still active in the future distal domain. This numerical model was consistent with the observation of passive infill sedimentation in the proximal domain at a time when rifting was not achieved yet, as in the Alpine Tethys [START_REF] Froitzheim | Extensional detachment faulting in the evolution of a Tethys passive continental margin, Eastern Alps, Switzerland[END_REF][START_REF] Masini | The Alpine Tethys rifted margins: Reconciling old and new ideas to understand the stratigraphic architecture of magma-poor rifted margins[END_REF] and in Iberia-Newfoundland [START_REF] Manatschal | Architecture and tectonic evolution of nonvolcanic margins: Present-day Galicia and ancient Adria[END_REF][START_REF] Murillas | Structure and evolution of the Galicia Interior Basin (Atlantic western Iberian continental margin)[END_REF][START_REF] Péron-Pinvidic | Tectonosedimentary evolution of the deep Iberia-Newfoundland margins: Evidence for a complex breakup history[END_REF][START_REF] Tucholke | Breakup of the Newfoundland--Iberia rift[END_REF].

The observation of passive infill deposits emplaced during rifting required the refinement of the term syn-rift. Following [START_REF] Masini | The Alpine Tethys rifted margins: Reconciling old and new ideas to understand the stratigraphic architecture of magma-poor rifted margins[END_REF], we here restrict the use of syn-rift to its temporal dimension with respect to the overall rifting event, and use the terms pre-tectonic, syn-tectonic and post-tectonic to characterize the architecture of sedimentary deposits with respect to local tectonic activity (Figures 2a-2d). In this perspective, pre-rift sediments are necessarily pre-tectonic and post-rift sediments are necessarily post-tectonic. However, syn-rift sediments may be either pre-, syn-or post-tectonic (Figure 2e).

In the absence of pre-rift tectonic events and inherited topography, pre-tectonic sediments display horizontal and parallel strata of constant thickness (Figure 2a).

Syn-tectonic sediments are usually wedge-shaped, but their architecture varies depending on the type of fault they are associated with (Figure 2f). Indeed, while normal faults generate only minor horizontal extension (< 5 km), extensional detachment faults may exhume basement over more than 15 km (e.g., [START_REF] Epin | Three-dimensional architecture, structural evolution, and role of inheritance controlling detachment faulting at a hyperextended distal margin: the example of the Err detachment system (SE Switzerland)[END_REF]. We qualify deposits as half-graben wedge-shaped when associated with a high-angle normal fault (Figure 2b) and supra-detachment wedgeshaped when related to an extensional detachment fault (Figure 2c). Note that the development of such growth structures is conditional on a sufficient syn-tectonic sedimentation rate. Extensional detachment faults are generally associated with cataclastic breccias and black gouges [START_REF] Chester | Implications for mechanical properties of brittle faults from observations of the Punchbowl fault zone, California[END_REF][START_REF] Froitzheim | Extensional detachment faulting in the evolution of a Tethys passive continental margin, Eastern Alps, Switzerland[END_REF][START_REF] Manatschal | Channelized fluid flow and mass transfer along a rift-related detachment fault (Eastern Alps, Southeast Switzerland)[END_REF], and, when exhumed to the seafloor, their surface is typically overlain by tectono-sedimentary breccias (e.g., Collettini, 2011, and references therein;[START_REF] Masini | The tectono-sedimentary evolution of a supra-detachment rift basin at a deep-water magma-poor rifted margin: The example of the Samedan Basin preserved in the Err nappe in SE Switzerland[END_REF]. Post-tectonic deposits (Figure 2d) are either made of strata onlapping against, downlapping onto, or draping residual riftrelated topography. Away from rift-related faults and/or in the absence of rift-related topography or intervening syn-tectonic deposits, pre-and post-tectonic deposits may practically be indistinguishable and only a paraconformity might capture the intervening syn-tectonic stage.

Building a stratigraphic model for idealized rifted margins

Over the last decade, the intense iterative workflow between field studies at remnants of rifted margins exposed on land (e.g., [START_REF] Andersen | Evidence for hyperextension along the pre-Caledonian margin of Baltica[END_REF][START_REF] Masini | The Alpine Tethys rifted margins: Reconciling old and new ideas to understand the stratigraphic architecture of magma-poor rifted margins[END_REF][START_REF] Mohn | Unravelling the interaction between tectonic and sedimentary processes during lithospheric thinning in the Alpine Tethys margins[END_REF][START_REF] Epin | Defining diagnostic criteria to describe the role of rift inheritance in collisional orogens: the case of the Err-Platta nappes (Switzerland)[END_REF][START_REF] Gawthorpe | Tectono-sedimentary evolution of the Plio-Pleistocene Corinth rift, Greece[END_REF]Ribes et al., 2019b;[START_REF] Serck | Supradetachment to rift basin transition recorded in continental to marine deposition; Paleogene Bandar Jissah Basin, NE Oman[END_REF][START_REF] Stockli | Timing of extensional faulting along the magma-poor central and northern red sea rift margin-transition from regional extension to necking along a hyperextended rifted margin[END_REF], interpretation of rifted margin seismic sections with ever higher resolutions (e.g., [START_REF] Causer | Uncertainties in break-up markers along the Iberia-Newfoundland margins illustrated by new seismic data[END_REF][START_REF] Clerc | Rifted margins: Ductile deformation, boudinage, continentward-dipping normal faults and the role of the weak lower crust[END_REF]Gillard et al., 2016;[START_REF] Haupert | Upper-plate magma-poor rifted margins: stratigraphic architecture and structural evolution[END_REF][START_REF] Lymer | 3D development of detachment faulting during continental breakup[END_REF][START_REF] Osmundsen | Extension, hyperextension and mantle exhumation offshore Norway: a discussion based on 6 crustal transects[END_REF][START_REF] Whiting | From rifting to hyperextension: Upper Jurassic-Lower Cretaceous tectono-stratigraphy of the Porcupine Basin, Irish Atlantic Margin[END_REF][START_REF] Yang | Investigating the Porcupine Atlantic margin, offshore Ireland, through integration of new seismic reflection and gravity data[END_REF][START_REF] Zhang | Tectono-Sedimentary Analysis of the Hyperextended Liwan Sag Basin (Midnorthern Margin of the South China Sea)[END_REF] and numerical modelling (e.g., [START_REF] Huismans | Depth-dependent extension, two-stage breakup and cratonic underplating at rifted margins[END_REF][START_REF] Brune | Rift migration explains continental margin asymmetry and crustal hyper-extension[END_REF][START_REF] Chenin | Impact of crust-mantle mechanical coupling on the topographic and thermal evolutions during the necking phase of 'magma-poor' and 'sediment-starved' rift systems: A numerical modeling study[END_REF][START_REF] Chenin | Impact of crust-mantle mechanical coupling on the topographic and thermal evolutions during the necking phase of 'magma-poor' and 'sediment-starved' rift systems: A numerical modeling study[END_REF][START_REF] Jourdon | Modes of Propagation of Continental Breakup and Associated Oblique Rift Structures[END_REF]Naliboff et al., 2017;[START_REF] Pérez-Gussinyé | Lithospheric Strength and Rift Migration Controls on Synrift Stratigraphy and Breakup Unconformities at Rifted Margins: Examples From Numerical Models, the Atlantic and South China Sea Margins[END_REF][START_REF] Petri | Thinning mechanisms of heterogeneous continental lithosphere[END_REF] have allowed to considerably improve our understanding of the architecture and evolution of rifted margins.

Benefits and pitfalls of using a template to guide interpretation

In this contribution, we propose a tectono-stratigraphic model to guide seismic and field interpretations in correlating observations from proximal margins into their distal continuation. Although model-driven approaches have historically caused significant misinterpretations and remain problematic when blindly applied (e.g., review by [START_REF] Manatschal | The role of inheritance in forming rifts and rifted margins and building collisional orogens: a Biscay-Pyrenean perspective[END_REF], having a first-order template may help when attempting to unravel the tectono-stratigraphic-record of uncalibrated distal domains. Indeed, sedimentary facies of given age may vary between the shallow-water proximal domain and deep-water hyperextended domain, and thus one cannot rely on the seismic signature/sedimentary field observations to correlate sedimentary units. Furthermore, as new real estate (i.e., new depositional surface) is created via the exhumation of basement along extensional detachment faults, the stratigraphic record may be largely discontinuous (e.g., sediments older than the age of exhumation are missing over the corresponding new real estate). This implies that seismic/field interpretations should not attempt to find continuous pre-rift or early syn-rift deposits in distal margins, where extensional detachment faults are likely.

The tectono-stratigraphic model we propose aims to describe an interpretation philosophy rather than providing a template to be copy-pasted, and we stress that careful seismic observations, rigorous application of the first principles of stratigraphy, and mindful consideration of the local geological history remain crucial to reliable interpretations.

Preliminary concepts and definitions

A spatial framework for rifted margins: definition of rift domains

Based on the geometry of top basement and Moho, which are two of the most consensual interfaces observed on seismic sections (red lines on Figure 3a), [START_REF] Sutra | Quantification and restoration of extensional deformation along the Western Iberia and Newfoundland rifted margins[END_REF] identified four systematic rift domains. From the continent to the oceans, these domains are: (1) the proximal domain, where top basement and Moho are sub-horizontal and parallel, and where the 30 ± 5 km-thick crust displays only minor thinning. When the lithosphere was equilibrated prior to rifting (i.e. sub-horizontal top basement, Moho and base of the lithosphere), crustal thickness in the proximal domain may be used as a proxy for pre-rift crustal thickness; (2) the necking domain, where the crust is thinned from 30 ± 5 km to ca. 10 km; (3) the hyperextended domain, where the crust is thinned from ca. 10 km to 0 km. Compared with the necking domain, the angle of aperture between top basement and Moho is lower and more consistent in the hyperextended domain [START_REF] Nirrengarten | Application of the critical Coulomb wedge theory to hyper-extended, magma-poor rifted margins[END_REF][START_REF] Sutra | How does the continental crust thin in a hyperextended rifted margin? Insights from the Iberia margin[END_REF] Figure 3a); and (4) the exhumed mantle domain, where subcontinental lithospheric mantle is exhumed to the seafloor (Figure 3a).

Based on a worldwide compilation of seismic sections across magma-poor rifted margins and rift systems (i.e., < 6 km thickness of magmatic addition prior to lithospheric breakup; [START_REF] Tugend | Reappraisal of the magma-rich versus magma-poor rifted margin archetypes[END_REF], [START_REF] Chenin | Influence of the architecture of magma-poor hyperextended rifted margins on orogens produced by the closure of narrow versus wide oceans[END_REF] proposed that each domain displays a typical range of width, specifically: necking domains range between 10 and 100 km, with an average of 55 km; hyperextended domains between 20 and 70 km, with an average of 50 km; and exhumed mantle domains between 20 and 110 km with an average of 60 km (Figure 3b).

They highlighted the absence of correlation between the width of the different domains for a given margin (Figure 3c).

Linking domains to rheological architecture and deformation processes

The variability in the angle of aperture between top basement and Moho among the different domains of rifted margins (red lines in Figure 3a) is interpreted to reflect along-dip changes in the rheology of the continental crust and underlying mantle, which may arise from composition, strain-rate, structural and/or temperature evolution during rifting [START_REF] Chenin | Influence of the architecture of magma-poor hyperextended rifted margins on orogens produced by the closure of narrow versus wide oceans[END_REF][START_REF] Nirrengarten | Application of the critical Coulomb wedge theory to hyper-extended, magma-poor rifted margins[END_REF][START_REF] Sutra | How does the continental crust thin in a hyperextended rifted margin? Insights from the Iberia margin[END_REF][START_REF] Brune | Rift migration explains continental margin asymmetry and crustal hyper-extension[END_REF][START_REF] Ros | Lower crustal strength controls on melting and serpentinization at magma-poor margins: Potential implications for the South Atlantic[END_REF]; Figures 3d and3e). In the proximal domain, crustal thinning is minor, broadly distributed, and largely accommodated by ductile deformation within the middle-to lower crust, which accounts for the horizontal and parallel position of both top basement and Moho [START_REF] Sutra | Quantification and restoration of extensional deformation along the Western Iberia and Newfoundland rifted margins[END_REF]. In the necking domain, the convergence between top basement and Moho is interpreted to reflect the progressive removal of ductile layers [START_REF] Pérez-Gussinyé | Mechanisms of extension at nonvolcanic margins: Evidence from the Galicia interior basin, west of Iberia[END_REF][START_REF] Sutra | Quantification and restoration of extensional deformation along the Western Iberia and Newfoundland rifted margins[END_REF]. In the hyperextended domain, the lower dip angle of top basement is thought to express the frictional thinning of a fully brittle continental crust over a weak, serpentinized mantle [START_REF] Nirrengarten | Application of the critical Coulomb wedge theory to hyper-extended, magma-poor rifted margins[END_REF].

Following [START_REF] Péron-Pinvidic | Structural comparison of archetypal Atlantic rifted margins: A review of observations and concepts[END_REF], we propose that each domain is linked to a specific deformation mode at play during rifting (Figure 3f): (1) the proximal domain displays numerous and broadly distributed half-graben depocenters formed during the stretching phase of [START_REF] Lavier | A mechanism to thin the continental lithosphere at magma-poor margins[END_REF] [START_REF] Chenin | Necking of the lithosphere: A reappraisal of basic concepts with thermo-mechanical numerical modeling[END_REF]. This necking phase corresponds to the early thinning phase of [START_REF] Lavier | A mechanism to thin the continental lithosphere at magma-poor margins[END_REF]. It is characterized by focusing of deformation into a narrower region compared to the early stretching phase (20-100 km according to the analytical study by [START_REF] Fletcher | Unstable extension of the lithosphere: A mechanical model for Basin-and-Range structure[END_REF]; the seismic observations by [START_REF] Chenin | Influence of the architecture of magma-poor hyperextended rifted margins on orogens produced by the closure of narrow versus wide oceans[END_REF]; and the numerical models by [START_REF] Chenin | Necking of the lithosphere: A reappraisal of basic concepts with thermo-mechanical numerical modeling[END_REF]. There, significant crustal thinning is achieved via detachment faulting [START_REF] Mohn | Necking of continental crust in magma-poor rifted margins: Evidence from the fossil Alpine Tethys margins[END_REF][START_REF] Osmundsen | Crustal-scale fault interaction at rifted margins and the formation of domain-bounding breakaway complexes: Insights from offshore Norway[END_REF][START_REF] Ribes | The Grès Singuliers of the Mont Blanc region (France and Switzerland): stratigraphic response to rifting and crustal necking in the Alpine Tethys[END_REF]; (3) the hyperextended domain is essentially shaped by Coulomb Wedge-type frictional thinning of fully brittle continental crust [START_REF] Nirrengarten | Application of the critical Coulomb wedge theory to hyper-extended, magma-poor rifted margins[END_REF]. Here, crustal thinning is achieved via in-sequence detachment faulting in highly damaged continental crust [START_REF] Epin | Three-dimensional architecture, structural evolution, and role of inheritance controlling detachment faulting at a hyperextended distal margin: the example of the Err detachment system (SE Switzerland)[END_REF][START_REF] Lymer | 3D development of detachment faulting during continental breakup[END_REF][START_REF] Manatschal | Fluid-and reaction-assisted low-angle normal faulting: evidence from rift-related brittle fault rocks in the Alps (Err Nappe, eastern Switzerland)[END_REF]. The hyperextension phase corresponds to the late thinning phase of [START_REF] Lavier | A mechanism to thin the continental lithosphere at magma-poor margins[END_REF]; and (4) the exhumed mantle domain records the exhumation of subcontinental mantle (i.e., the mantle exhumation phase of [START_REF] Lavier | A mechanism to thin the continental lithosphere at magma-poor margins[END_REF] via first insequence detachment faulting and then out-of-sequence or "flip-flop" detachment faulting [START_REF] Epin | Polyphase tectono-magmatic evolution during mantle exhumation in an ultra-distal, magma-poor rift domain: example of the fossil Platta ophiolite[END_REF]Gillard et al., 2016a;[START_REF] Reston | Successive detachment faults and mantle unroofing at magmapoor rifted margins[END_REF]. Flip-flop mantle exhumation generates relatively symmetrical mantle exhumation (Gillard et al., 2016b). 3.2.3. Constraining the spatio-temporal evolution of rifting using the stratigraphic record Recently, Ribes et al. (2019b) studied the migration of deformation across the Adriatic margin during Alpine Tethys rifting. In each rift domain they identified syn-tectonic sedimentary packages and placed them into a chronostratigraphic time framework by comparing their position with respect to established timelines (i.e., sedimentary markers tied to dated global events; Figure 4). From this analysis, they concluded that: (1) Alpine Tethys rifting was associated with strain localization, namely the region of active deformation (pink color in Figure 4) became narrower as rifting advanced, and finally focused into the region of future breakup; (2) the focusing of deformation was achieved through discrete steps (i.e., sequential) rather than progressively (see the staircase architecture of the roof of the syn-tectonic sequence, which climbs up between the proximal, necking, hyperextended and exhumed mantle domain in Figure 4); and (3) significant amounts of new real estate were locally created due to basement (crust or mantle) exhumation via extensional detachment faults (Figure 4). This newly exhumed material could only collect sediments that are younger than its exhumation age, which implies a discontinuous stratigraphic record along dip of the margin.

Comparable conclusions were drawn from the study of high-resolution reflection seismic sections in the South China Sea by [START_REF] Chao | The tectono-stratigraphic and magmatic evolution of conjugate rifted margins: insights from the NW South China Sea[END_REF] and [START_REF] Luo | Tectono-magmatic and stratigraphic evolution of final rifting and breakup: evidence from the tip of the southwestern propagator in the South China Sea[END_REF], in the Porcupine Basin by [START_REF] Whiting | From rifting to hyperextension: Upper Jurassic-Lower Cretaceous tectono-stratigraphy of the Porcupine Basin, Irish Atlantic Margin[END_REF], in the North Atlantic by [START_REF] Sharp | Rift to drift evolution and hyperextension in the North Atlantic -Insights from a super-regional approach[END_REF], and from numerical models by [START_REF] Pérez-Gussinyé | Lithospheric Strength and Rift Migration Controls on Synrift Stratigraphy and Breakup Unconformities at Rifted Margins: Examples From Numerical Models, the Atlantic and South China Sea Margins[END_REF]: all recognized a sequential localization of deformation into the distal domain as rifting progresses, and/or increasing fragmentation of the pre-rift top basement with ever wider domains of new real estate created between older fragments oceanward.

Considering that each rift domain (proximal, necking, hyperextended and exhumed mantle domain) is dominantly controlled by one specific deformation mode (stretching, necking, hyperextension and mantle exhumation, respectively; Figure 3f), and assuming that these deformation modes are active during distinct periods of time, Ribes et al. (2019b) defined four system tracts, namely the stretching, necking, hyperextension and mantle exhumation system tracts. In the following, we will refer to these periods as Tectonic Sequences (TS; see next section for a discussion of terminology-related issues). A Tectonic Sequence encompasses all the sediments deposited during the period of activity of the corresponding deformation mode.

A short discussion on the complexity of finding accurate and illustrative terminology in an already jargon-rich field

In seismic interpretation calibrated by well data, it is common to map seismic sequences along rifted margins and to assign them a non-interpretive name linked to their relative age (e.g., J10, J20, J30, K19, K20, etc.; for instance [START_REF] Alves | Post-Jurassic tectono-sedimentary evolution of the Northern Lusitanian Basin (western Iberian margin)[END_REF]. In contrast, in field studies or in interpretation of seismic images where chronostratigraphic constraints are lacking, it is common to map system tracts/depositional sequences or seismic packages according to the characteristic structures they display (e.g., [START_REF] Posamentier | Eustatic controls on clastic deposition II-sequence and systems tract models[END_REF][START_REF] Prosser | Rift-related linked depositional systems and their seismic expression[END_REF]Ribes et al., 2019b). Both these "non-interpretative" and "sequence stratigraphy" approaches are equivalent in 2D, however differences arise when it comes to analyze the stratigraphy of a propagating or segmented rift system in 3D: In the system tract approach, one correlates deformation phases without regard on their timing (i.e., the age of their upper and lower boundary may change ages across the rift system). In contrast, in the non-interpretative approach, one correlates timelines/isochronous seismic packages without regard to the tectonic processes they record (i.e., one package of given age may display the characteristic deformation patterns of the stretching phase in one segment, and of the hyperextension phase in the adjacent segment).

While the term sequence often has a time connotation, the term system tract rather relies on sedimentary architectures (e.g., stratal terminations). The term package is probably the most neutral term that can be used to present observations. Here we chose to use the term Tectonic Sequence (TS) to refer to the sediment body deposited during a given deformation phase to underline that (1) they are related to and coeval with a specific deformation mode; and (2) the upper-and lower limit of these packages are isochrons along dip of a given rifted margin transect (2D). We discuss in section 6.4.3 the difficulties raised by studying rifted margins in 3D. Manatschal et al., this volume). The present contribution aims to present our idealized model and show its application. Of course, because it is idealized, our model is simplified (see discussion in section 6.1). It aims to capture the first-order structures and patterns that can generally be identified at rifted margins; however, when applying this model, one must always keep in mind that each rift system is unique and builds on its own inheritance.

Based on the field and seismic observations, conceptual models and numerical modelling results presented in section 3.2, we present the Wheeler diagram of idealized two-dimensional rifted margins. By idealized we mean that the seven following hypotheses are fulfilled: (1) rifting is achieved via four distinct and successive extension phases that are the stretching, necking, hyperextension and mantle exhumation phases; (2) these extension phases do not overlap in time, therefore each one is associated with one single Tectonic Sequence, namely stretching, necking, hyperextension and mantle exhumation TS; (3) each extension phase is controlled by a single deformation mode, namely stretching, necking, hyperextension and mantle exhumation; (4) the structures formed during a deformation phase are characteristic and specific to the corresponding deformation mode; (5) each deformation mode is spatially restricted to the rift domain(s) it affects (a deformation mode may affect several rift domains); (6) when a rift domain is affected by a deformation mode, its entire width is affected; and (7) rifting is a localizing process during which the successive deformation modes affect an ever narrower region.

The stretching TS

The stretching TS records the stretching phase, which is characterized by a lowβ (β << 1.5, where β corresponds to the ratio length prior to extension / length at the end of extension; [START_REF] Mckenzie | Some remarks on the development of sedimentary basins[END_REF] pure shear extension of the lithosphere accommodated by broadly distributed, high-angle normal faulting of brittle layers (usually the upper crust and upper mantle) and plastic deformation of ductile ones (usually the middle-and lower crust). The corresponding half-graben depocenters are distributed over the entire rift domain (Figures 5b and5g1). The stretching TS will thus display comparable depositional characteristics in the future proximal, necking and hyperextended domains (fifth line of Figure 6a), although it will be increasingly overprinted and dismembered by subsequent extensional events in the distal domains (fifth line of Figure 6b). In contrast, the stretching TS will be absent in the exhumed mantle domain since no mantle is exhumed to the seafloor during the stretching phase.

The stretching TS is characterized by wedge-shaped sedimentary deposits that thicken toward the main controlling normal faults (Figure 5g1 and fifth line of Figure 6a). Related deposits often include breccias derived from the adjacent footwall crest and fault plane. Indeed, the activity of a normal fault is usually associated with footwall uplift and erosion due to the rotation of the fault block [START_REF] Yielding | Footwall uplift associated with Late Jurassic normal faulting in the northern North Sea[END_REF] and/or to the flexural response of the lithosphere [START_REF] Kusznir | The mechanics of continental extension and sedimentary basin formation: A simple-shear/pure-shear flexural cantilever model[END_REF]. Most of the infill is however linked to axial sedimentation [START_REF] Gawthorpe | Tectono-sedimentary evolution of active extensional basins[END_REF][START_REF] Leeder | Sedimentary models for extensional tilt-block/half-graben basins[END_REF].

Accommodation creation during the stretching phase is predominantly created by fault-controlled subsidence within rift basins. No significant lithospheric thinning occurs during this stage, so that only limited accommodation is created outside the basins, and only minor subsequent thermal subsidence is recorded across the future proximal domain. Moreover, the usually high ratio between the sedimentation-and accommodation creation rates hampers the formation of significant bathymetry during the stretching phase (fifth line of Figure 6c).

The necking TS

The necking TS records the major phase of crustal thinning, from ca. 30 to 10 km (1.5 < 1/β < 3). During the early stages of the necking phase, a few largeoffset (up to few tens of km; e.g., [START_REF] Osmundsen | Crustal-scale fault interaction at rifted margins and the formation of domain-bounding breakaway complexes: Insights from offshore Norway[END_REF][START_REF] Ribes | The Grès Singuliers of the Mont Blanc region (France and Switzerland): stratigraphic response to rifting and crustal necking in the Alpine Tethys[END_REF][START_REF] Sutra | Quantification and restoration of extensional deformation along the Western Iberia and Newfoundland rifted margins[END_REF] detachment faults form on either side of a largely undeformed crustal keystone (H-block in [START_REF] Lavier | A mechanism to thin the continental lithosphere at magma-poor margins[END_REF]; Figure 5c). These major crustal-scale detachment faults, which may exhume midcrustal levels to the seafloor [START_REF] Ribes | The Grès Singuliers of the Mont Blanc region (France and Switzerland): stratigraphic response to rifting and crustal necking in the Alpine Tethys[END_REF], are specific and characteristic structures of the future necking domains. The isostatic uplift resulting from detachment-related tectonic denudation [START_REF] Spencer | Role of tectonic denudation in warping and uplift of low-angle normal faults[END_REF] may result in erosion of the exhumed basement and nearby deposition of siliciclastic sediments/sandstones (e.g., the Grès Singuliers in the Mont Blanc region; Ribes et al., 2020, and references therein), ideally with a supradetachment wedge-shaped architecture.

At the same time, most of the normal faults formed during the stretching phase are inactivated outside the necking domain. As a result, the necking TS outside the necking domain is characterized by the sealing of the older half-graben depocenters by post-tectonic, passively infilling sediments (fourth line of Figure 6a; e.g., [START_REF] Masini | The Alpine Tethys rifted margins: Reconciling old and new ideas to understand the stratigraphic architecture of magma-poor rifted margins[END_REF]. As no mantle is exhumed to the seafloor during the necking phase, the necking TS is absent in the exhumed mantle domain.

The onset of crustal necking is linked to the yield of the strongest lithospheric layer, which is usually the upper mantle in a thermally equilibrated lithosphere (Figure 3d). When the upper crust is mechanically decoupled from the mantle, the mechanical breakdown of the upper mantle is followed by a flexural rebound that tends to bring the necked system back to isostatic equilibrium [START_REF] Braun | A physical explanation of the relation between flank uplifts and the breakup unconformity at rifted continental margins[END_REF]. This flexural rebound accounts for the shallow-water depth, or even the uplift and local erosion of the keystone (i.e., the future necking and hyperextended domains) during the necking phase (see erosional unconformity in Figures 5c, 5d and 5g5; [START_REF] Chenin | Emersion of distal domains in advanced stages of continental rifting explained by asynchronous crust and mantle necking[END_REF][START_REF] Chenin | Impact of crust-mantle mechanical coupling on the topographic and thermal evolutions during the necking phase of 'magma-poor' and 'sediment-starved' rift systems: A numerical modeling study[END_REF]. Uplift of the keystone may be further increased by the thermal erosion related to the asthenosphere upwelling beneath the rift system.

The late necking phase (Figure 5d) is linked to significant crustal and lithospheric thinning, which will eventually counterbalance the flexural rebound of the lithosphere and cause rapid and significant subsidence (e.g., [START_REF] Ribes | The Grès Singuliers of the Mont Blanc region (France and Switzerland): stratigraphic response to rifting and crustal necking in the Alpine Tethys[END_REF]. The timing of uplift vs subsidence depends strongly on the rheology of the lithosphere [START_REF] Chenin | Impact of crust-mantle mechanical coupling on the topographic and thermal evolutions during the necking phase of 'magma-poor' and 'sediment-starved' rift systems: A numerical modeling study[END_REF]. Subsidence might be further enhanced by large sediment supply and by subsequent thermal relaxation of the rift system. In summary, in the necking domain of the final margin, the necking TS is expressed by (fourth line of Figures 6a-6c): ( 1 

The hyperextension TS

The hyperextension TS records the localized dismembering of fully brittle continental crust from 10 to 0 km thick (3 < 1/β < ∞). Hyperextension is the first deformation stage to display a marked asymmetry [START_REF] Nirrengarten | Application of the critical Coulomb wedge theory to hyper-extended, magma-poor rifted margins[END_REF][START_REF] Ranero | Sequential faulting explains the asymmetry and extension discrepancy of conjugate margins[END_REF]): on the one hand, the future lower-plate margin is extended via in-sequence detachment faulting; and on the other hand, the future conjugate upper-plate margin is delaminated by the slip on the underlying detachment fault (Figures 5e, 5g2 and 5g4;[START_REF] Haupert | Upper-plate magma-poor rifted margins: stratigraphic architecture and structural evolution[END_REF].

Each of these deformation processes results in a particular morphology of the margin (see below).

During hyperextension, the proximal and necking domains are tectonically inactive, which results in continued passive infill in the proximal domain and the sealing of syn-tectonic structures/deposits in the necking domain (third line of Figure 6a). Thus, in the proximal and necking domains of the future margin, the hyperextension TS is characterized by post-tectonic deposits. Due to the lack of mantle exhumation at this stage, the hyperextension TS is absent in the exhumed mantle domain.

The hyperextension phase is associated with rapid subsidence in both the necking and hyperextended domains (third line of Figure 6c). Subsidence is related to extreme crustal thinning above a mechanically weak mantle (the mechanical breakup of the upper mantle was achieved during the previous necking phase). In the necking domain, subsidence is at this stage essentially driven by thermal relaxation (i.e., lithosphere cooling).

In the lower-plate hyperextended domain, each successive in-sequence detachment fault crosscuts the former one, resulting in the typical in-sequence architecture illustrated in Figure 5g2 and 6a [START_REF] Ranero | Sequential faulting explains the asymmetry and extension discrepancy of conjugate margins[END_REF]. These detachment faults create new real estate via the exhumation of basement to the seafloor (Figure 5g2). The amount of basement exhumed by a detachment fault was reckoned to 10-20 km along-dip in the hyperextended domain of the Adriatic lower-plate margin (Alpine Tethys) by [START_REF] Epin | Three-dimensional architecture, structural evolution, and role of inheritance controlling detachment faulting at a hyperextended distal margin: the example of the Err detachment system (SE Switzerland)[END_REF]. The exhumed basement is typically pre-rift upper-to middle crust. Each detachment fault is associated with a supra-detachment sedimentary basin floored by tectono-sedimentary breccias. These basins are filled with supra-detachment wedge-shaped syn-tectonic sediments emplaced directly onto the detachment surface, getting younger toward the detachment exhumation point (third line of Figure 6a; [START_REF] Masini | The tectono-sedimentary evolution of a supra-detachment rift basin at a deep-water magma-poor rifted margin: The example of the Samedan Basin preserved in the Err nappe in SE Switzerland[END_REF]. As the successive in-sequence detachment faults are active one after another, syn-tectonic sedimentary deposits become younger oceanward [START_REF] Péron-Pinvidic | Tectonosedimentary evolution of the deep Iberia-Newfoundland margins: Evidence for a complex breakup history[END_REF].

Therefore, sedimentary deposits of a given age that are syn-tectonic in one supra-detachment basin are post-tectonic in supra-detachment basins located more continent-ward.

In summary, in the hyperextended domain of the final lower-plate margin, the hyperextension TS is expressed by (third line of Figures 6a-6c The hyperextended domain of upper-plate margins represents the residual part of the initial keystone block [START_REF] Haupert | Upper-plate magma-poor rifted margins: stratigraphic architecture and structural evolution[END_REF]Figure 5g4). Compared with its conjugate, the upper-plate hyperextended domain preserves therefore much more of the stretching and necking-related structures and deposits, namely highangle normal faults that can dip continent-or oceanward. The base of the outer part of the hyperextended domain is a mantle exhumation fault that may eventually bring lower crustal rocks to the seafloor. Ribes et al. (2019a) suggested that the individualization of the upper-plate hyperextended domain is often associated with the formation of a mega-fault scarp at its boundary with the adjacent necking domain. They defined a megafault scarp as a "topographic ramp [formed by a] system of high-angle faults and facing oceanwards a domain of substantial underfilled accommodation space".

They noticed that mega-fault scarps are linked with the emplacement of breccias at their toe, over a wide part of the hyperextended domain (Figure 5g4). In summary, in the hyperextended domain of the final upper-plate margin, the hyperextension TS is expressed by: (1) creation of a mega-fault scarp and associated mega-breccias at the boundary between the necking and future hyperextended domain; (2) good preservation of earlier sedimentary structures due to the lack of significant new real estate creation; and (3) possible exhumation of lower crustal rocks to the seafloor at the outer edge of the hyperextended domain.

The mantle exhumation TS

The mantle exhumation TS records the phase of subcontinental mantle exhumation to the seafloor (Figure 5f). Mantle exhumation occurs while tectonic activity has ceased in the continental domains of the future margin, therefore the mantle exhumation TS in the proximal, necking and hyperextended domains is characterized by post-tectonic sedimentation (second line of Figure 6a). The entire margin keeps on subsiding during the mantle exhumation phase.

The exhumed mantle domain is entirely comprised of new real estate, except from few potential allochthonous blocks of continental crust and/or pre to syn-rift sediments. Subcontinental mantle exhumation is achieved via out-of-sequence flip-flop detachment faults that develop successively on either side of the future spreading center, generating a relatively symmetrical pattern [START_REF] Epin | Polyphase tectono-magmatic evolution during mantle exhumation in an ultra-distal, magma-poor rift domain: example of the fossil Platta ophiolite[END_REF]Gillard et al., 2016b;Figure 5g and second line of Figure 6a). The activity of a mantle exhumation fault is associated with the formation of a topographic high at the detachment fault breakaway [START_REF] Spencer | Role of tectonic denudation in warping and uplift of low-angle normal faults[END_REF], and thus characterized by over-tilted sedimentary sequences (see to the very right of Figure 5g3; [START_REF] Gillard | Tectonomagmatic evolution of the final stages of rifting along the deep conjugate Australian-Antarctic magma-poor rifted margins: Constraints from seismic observations[END_REF]. As tectonic activity continuously steps toward the locus of future breakup, the age of the over-tilted sequences decreases (youngs) oceanward.

The first sediments overlying the exhumed mantle are tectono-sedimentary breccias, and if sedimentary sources are available, the next ones are supradetachment wedge-shaped syn-tectonic sediments deposited directly onto the detachment surface.

The exhumation phase often displays incipient magmatic activity, which results in discontinuous magmatic intrusions and lava flows [START_REF] Coltat | Syntectonic carbonation during synmagmatic mantle exhumation at an ocean-continent transition[END_REF]Epin et al., 2019;Gillard et al., 2016b[START_REF] Gillard | Tectonomagmatic evolution of the final stages of rifting along the deep conjugate Australian-Antarctic magma-poor rifted margins: Constraints from seismic observations[END_REF]. Magmatic flows are syn-tectonic, and thus they are interbedded with sediments of exhumation phase age.

In summary, in the exhumed mantle domain of the final margin, the mantle exhumation TS is expressed by (second line of Figures 6a and6b): 

Illustration of our model with calibrated natural examples

The best calibrated rifted margins worldwide (i.e., constrained by either outcrop observations or drilling) are by far those of the fossil Alpine Tethys exposed in the Alps. This example is described in detail in the companion paper by Manatschal et al. (this volume) and only briefly summarized here (Figures 7c and7d). Another well calibrated example is the conjugate transect across the Iberia-Newfoundland margins imaged by the TGS-LG 12 and SCREECH 2 reflection seismic profiles, respectively. In addition to drill hole data from the proximal domain and inner part of the necking domain (e.g., Alves et al., 2002, on the Iberian side;Sinclair, 1994 and references therein;[START_REF] Wielens | Is there a viable petroleum system in the Carson and Salar Basins, offshore Newfoundland?[END_REF] while extension had ceased in the Alpine Tethys realm [START_REF] Angrand | A reconstruction of Iberia accounting for Western Tethys-North Atlantic kinematics since the late-Permian-Triassic[END_REF][START_REF] Breton | Kinematics and extent of the Piemont-Liguria Basinimplications for subduction processes in the Alps[END_REF].

A broadly distributed extensional event affected a large part of Western Europe and eastern North America from the Permo-Triassic onward [START_REF] Leleu | Structural, stratigraphic and sedimentological characterisation of a wide rift system: The Triassic rift system of the Central Atlantic Domain[END_REF] references therein), and is here regarded as the stretching phase of both the Alpine Tethys and Iberia-Newfoundland rifting. In the Alpine Tethys rift system, the onset of localized deformation (necking phase) started at 185 ± 5 Ma (Sinemurian-Pliensbachian), evolved to hyperextension from 175 ± 5 Ma (Toarcian-Aalenian), and culminated with mantle exhumation from 165 ± 5 Ma onward (Bajocian-Bathonian; Manatschal et al., this volume). Rifting stopped in the Alpine Tethys realm before steady-state seafloor spreading occurred in any branch of the Alpine rift system [START_REF] Picazo | Mapping the nature of mantle domains in Western and Central Europe based on clinopyroxene and spinel chemistry: evidence for mantle modification during an extensional cycle[END_REF]. Then, focused deformation started between Iberia and Newfoundland with the necking phase from Tithonian to Berriasian time, continued with hyperextension from latest Berriasian to Valanginian time, and with mantle exhumation from the Valanginian (Mohn et al., 2015, and references therein) until the late Aptian-early Albian lithospheric breakup [START_REF] Bronner | Magmatic breakup as an explanation for magnetic anomalies at magma-poor rifted margins[END_REF]. Note that the Iberia-Newfoundland rift system comprises three main segments that underwent diachronous extension from south to north (Alves et al., 2009, and references therein). Here we focus on the central segment (i.e., South Iberia Abyssal Plain-Northern Newfoundland Basin).

The fossil Alpine Tethys rift system

The proximal domains

The former proximal domains of the European and Adriatic margins were associated with numerous half-graben depocenters (Figure 7b), among which the best-exposed are the Bourg d'Oisans Basin on the European margin [START_REF] Chevalier | Vitesse et cyclicité de fonctionnement des failles normales de rift: implication sur le remplissage stratigraphique des bassins et sur les modalités d'extension d'une marge passive fossile: aplication au demi-graben liasique de Bourg d'Oisans (Alpes occid[END_REF][START_REF] Dumont | Multistage shortening in the Dauphiné zone (French Alps): The record of Alpine collision and implications for pre-Alpine restoration[END_REF], the Il Motto Basin on the northern Adriatic margin [START_REF] Conti | Synrift sedimentation, Jurassic and Alpine tectonics in the central Ortler nappe (Eastern Alps, Italy)[END_REF][START_REF] Eberli | The evolution of the southern continental margin of the Jurassic Tethys Ocen as recorded in the Allgäu Formation of the Austroalpine Nappes of Graubünden (Switzerland)[END_REF]Ribes et al., 2019b), and the Monte Generoso Basin on the former southern Adriatic margin [START_REF] Bernoulli | Zur Geologie des Monte Generoso (Lombardische Alpen): ein Beitrag zur Kenntnis der südalpinen Sedimente[END_REF][START_REF] Bertotti | From rifting to drifting: tectonic evolution of the South-Alpine upper crust from the Triassic to the Early Cretaceous[END_REF].

The sedimentary record is comparable in the three basins, displaying halfgraben wedge-shaped deposits from latest Triassic to Sinemurian-Pliensbachian time (Figures 7c and7d). In the temporal framework of the Alpine Tethys rifting, this corresponds to the early syn-rift history, namely the stretching phase. From Pliensbachian-Toarcian time onward, the three basins record passive infill (i.e., post-tectonic deposits belonging to the syn-rift megasequence).

The necking domains

The best described necking domain in the Alps used to belong to the former European margin and now lies in the Mont Blanc region [START_REF] Ribes | The Grès Singuliers of the Mont Blanc region (France and Switzerland): stratigraphic response to rifting and crustal necking in the Alpine Tethys[END_REF] Figure 7b). Necking domains of the former northern-and southern Adriatic margin were respectively identified in the Campo-Grosina region (no sedimentary record available) by [START_REF] Mohn | Unravelling the interaction between tectonic and sedimentary processes during lithospheric thinning in the Alpine Tethys margins[END_REF], and in the Cusio-Biellese region by [START_REF] Beltrando | A crustal-scale view at rift localization along the fossil Adriatic margin of the Alpine Tethys preserved in NW Italy[END_REF]. Besides, the sedimentary record of the intervening keystone block is preserved in the Briançonnais region [START_REF] Claudel | A record of multistage continental break-up on the Briançonnais marginal plateau (Western Alps): Early and Middle-Late Jurassic rifting[END_REF][START_REF] Haupert | Upper-plate magma-poor rifted margins: stratigraphic architecture and structural evolution[END_REF].

Observations from the Mont Blanc (Ribes et al., 2020, and references therein) and Cusio-Biellese region (Beltrando et al., 2015, and references therein) show that (Figures 7c and7d 

The hyperextended domains

The outer edge of a European upper plate is exceptionally well-preserved in the Tasna Nappe of southeastern Switzerland [START_REF] Manatschal | What is the tectono-metamorphic evolution of continental break-up: The example of the Tasna Ocean-Continent Transition[END_REF]Ribes et al., 2019c; Figure 7b). The distal edge of the northern Adria lower plate is exposed in the Err and Upper Platta nappes (Figure 7b) in Southeast Switzerland [START_REF] Epin | Three-dimensional architecture, structural evolution, and role of inheritance controlling detachment faulting at a hyperextended distal margin: the example of the Err detachment system (SE Switzerland)[END_REF][START_REF] Manatschal | A continent-ocean transition recorded in the Err and Platta nappes (Eastern Switzerland)[END_REF][START_REF] Masini | Anatomy and tectono-sedimentary evolution of a rift-related detachment system: The example of the Err detachment (central Alps, SE Switzerland)[END_REF].

The hyperextended domain of South Adria is recognized in the Canavese region of the Southern Alps. It was recently interpreted as an upper plate by [START_REF] Decarlis | Architecture of the Distal Piedmont-Ligurian Rifted Margin in NW Italy: Hints for a Flip of the Rift System Polarity[END_REF].

The tectono-sedimentary record of the Tasna, Err and Canavese nappes is comparable in that the three of them display (Figures 7c and7d):

(1) discontinuous pre-rift sediments only present as/over allochthonous blocks;

(2) basement exhumation via detachment faults overlain by tectono-sedimentary breccias; and (3) deep-marine syn-tectonic sedimentary deposits. They differ in that no lower crust seems to be exhumed at former lower plates (Err Nappe), in contrast to former upper plates (Tasna Nappe and Canavese Zone).

The exhumed mantle domains

The best-preserved outcrops of an exhumed mantle domain and embryonic seafloor spreading system in the Alps are exposed in the Lower Platta Nappe (Figure 7b) in southeastern Switzerland [START_REF] Desmurs | Onset of magmatic accretion within a magma-poor rifted margin: a case study from the Platta ocean-continent transition, eastern Switzerland[END_REF][START_REF] Epin | Polyphase tectono-magmatic evolution during mantle exhumation in an ultra-distal, magma-poor rift domain: example of the fossil Platta ophiolite[END_REF]Ribes et al., 2019b) and at the Chenaillet Ophiolite in the French-Italian Alps [START_REF] Manatschal | The Chenaillet Ophiolite in the French/Italian Alps: An ancient analogue for an Oceanic Core Complex?[END_REF].

The tectono-sedimentary record of the Platta Nappe and Chenaillet Ophiolite shows that (Figures 7c and7d The proximal domains of the Iberia and Newfoundland margins (Figure 8a) are characterized by minor stretching factors (β < 2; [START_REF] Mohn | Structural and stratigraphic evolution of the Iberia-Newfoundland hyper-extended rifted margin: a quantitative modelling approach[END_REF], except in the northern Jeanne d'Arc Basin that was affected by later extension related to the formation of the Orphan Basin further north [START_REF] Skogseid | The Orphan Basin -a key to understanding the kinematic linkage between North and NE Atlantic Mesozoic rifting[END_REF]. Moho and top basement are sub-horizontal at the scale of both proximal domains [START_REF] Sutra | Quantification and restoration of extensional deformation along the Western Iberia and Newfoundland rifted margins[END_REF]Figures 8b and8b1). Extension formed half-graben depocenters such as the (South) Jeanne d'Arc, Whale and Horseshoe basins on the Newfoundland side, and the Porto and Lusitanian basins on the Iberian side [START_REF] Tucholke | Breakup of the Newfoundland--Iberia rift[END_REF].

The northern Lusitanian-and Jeanne d'Arc basins (Figure 8a) display a comparable evolution and sedimentary fill indicating discontinuous tectonic activity from Late Triassic to Late Jurassic [START_REF] Alves | Jurassic tectono-sedimentary evolution of the Northern Lusitanian Basin (offshore Portugal)[END_REF][START_REF] Sinclair | Tectonism: the dominant factor in mid-Cretaceous deposition in the Jeanne d'Arc Basin, Grand Banks[END_REF].

The first rift-related deposits in both basins are Late Triassic to Pliensbachian continental and/or lacustrine sediments and evaporites, representative of terrestrial to epicontinental sea environments. They show half-graben wedgeshape sedimentary architectures, indicative of their syn-tectonic setting (stretching TS). Subsequent marine sandstones and carbonates alternating with shales were passively deposited from the Pliensbachian-Callovian in the northern Lusitanian Basin (Iberian margin) and from the Tithonian in the central Lusitanian Basin and at the Newfoundland margin. They were interpreted to record post-tectonic thermal relaxation at both margins [START_REF] Alves | Jurassic tectono-sedimentary evolution of the Northern Lusitanian Basin (offshore Portugal)[END_REF][START_REF] Alves | Post-Jurassic tectono-sedimentary evolution of the Northern Lusitanian Basin (western Iberian margin)[END_REF][START_REF] Enachescu | Tectonic and Structural Framework of the Northeast Newfoundland Continental Margin, in: Sedimentary Basins and Basin-Forming Mechanisms -Memoir 12[END_REF][START_REF] Hubbard | Age and significance of sequence boundaries on Jurassic and Early Cretaceous rifted continental margins[END_REF][START_REF] Mcalpine | Mesozoic stratigraphy, sedimentary evolution, and petroleum potential of the Jeanne d'Arc Basin, Grands Banks of Newfoundland[END_REF][START_REF] Sinclair | Evolution of Mesozoic-Cenozoic sedimentary basins in the Grand Banks area of Newfoundland and comparison with Falvey's[END_REF][START_REF] Ravnås | A marine Late Jurassic syn-rift succession in the Lusitanian Basin, western Portugaltectonic significance of stratigraphic signature[END_REF].

On both the Iberian and Newfoundland margins, Callovian-Oxfordian deposits were affected by an erosional unconformity (Ian Sharp personal communication). This unconformity preceded renewed extension, during which marine sandstones were deposited in the northern Lusitanian Basin [START_REF] Alves | Post-Jurassic tectono-sedimentary evolution of the Northern Lusitanian Basin (western Iberian margin)[END_REF][START_REF] Alves | Jurassic tectono-sedimentary evolution of the Northern Lusitanian Basin (offshore Portugal)[END_REF][START_REF] Ravnås | A marine Late Jurassic syn-rift succession in the Lusitanian Basin, western Portugaltectonic significance of stratigraphic signature[END_REF]. Renewed extension in the Jeanne d'Arc Basin during the Tithonian was preceded or accompanied by erosion [START_REF] Sinclair | Tectonism: the dominant factor in mid-Cretaceous deposition in the Jeanne d'Arc Basin, Grand Banks[END_REF] and references therein) with alternating carbonates and shales being subsequently deposited.

In the Lusitanian Basin, the onset of post-tectonic sedimentation occurred in the late Tithonian-early Berriasian [START_REF] Ravnås | A marine Late Jurassic syn-rift succession in the Lusitanian Basin, western Portugaltectonic significance of stratigraphic signature[END_REF]. Sediments younger than Kimmeridgian are comprised of shallow-marine to continental units that display post-tectonic architectures and testify to limited thermal subsidence [START_REF] Alves | Post-Jurassic tectono-sedimentary evolution of the Northern Lusitanian Basin (western Iberian margin)[END_REF]. In the Jeanne d'Arc Basin, the onset of post-tectonic sedimentation was recognized during the Valanginian [START_REF] Cnlopb | Jeanne d'Arc Basin lithostratigraphy[END_REF][START_REF] Enachescu | Tectonic and Structural Framework of the Northeast Newfoundland Continental Margin, in: Sedimentary Basins and Basin-Forming Mechanisms -Memoir 12[END_REF][START_REF] Sinclair | Evolution of Mesozoic-Cenozoic sedimentary basins in the Grand Banks area of Newfoundland and comparison with Falvey's[END_REF]. Sediments include sandstones and shales. Subsequent tectonostratigraphic evolution in the Jeanne d'Arc Basin was affected by extensional events in the adjacent Orphan Basin [START_REF] Skogseid | The Orphan Basin -a key to understanding the kinematic linkage between North and NE Atlantic Mesozoic rifting[END_REF] and is therefore not discussed here. [START_REF] Alves | Mesozoic-Cenozoic evolution of North Atlantic continental-slope basins: The Peniche basin, western Iberian margin[END_REF] interpreted the necking zone of the Iberian margin to be structured by only high-angle normal faults but noticed the lack of evidence for pre-rift sediments in its outer part. [START_REF] Sutra | Quantification and restoration of extensional deformation along the Western Iberia and Newfoundland rifted margins[END_REF] and [START_REF] Mohn | Structural and stratigraphic evolution of the Iberia-Newfoundland hyper-extended rifted margin: a quantitative modelling approach[END_REF] also interpreted the inner Iberian necking domain to contain a large normal fault (Figure 8b) but suggested that top basement in the outer part of the necking domain is made of new real estate basement exhumed by a detachment fault (Figure 8b2).

The necking domains

The necking domain of the Newfoundland margin has traditionally been regarded as structured by only high-angle normal faults, like the rest of the margin [START_REF] Causer | Uncertainties in break-up markers along the Iberia-Newfoundland margins illustrated by new seismic data[END_REF][START_REF] Hopper | A deep seismic investigation of the Flemish Cap margin: Implications for the origin of deep reflectivity and evidence for asymmetric break-up between Newfoundland and Iberia[END_REF][START_REF] Welford | Structure and rifting evolution of the northern Newfoundland Basin from Erable multichannel seismic reflection profiles across the southeastern margin of Flemish Cap[END_REF]. However, Péron-Pinvidic and Manatschal (2009), [START_REF] Sutra | Quantification and restoration of extensional deformation along the Western Iberia and Newfoundland rifted margins[END_REF] and [START_REF] Mohn | Structural and stratigraphic evolution of the Iberia-Newfoundland hyper-extended rifted margin: a quantitative modelling approach[END_REF] interpreted the inner necking fault of the Newfoundland margin as a highangle normal fault that started to evolve as a detachment fault (minor amount of basement exhumed at low angle; Figure 8b). Nobody has recognized new real estate creation in the rest of the Newfoundland necking domain so far.

Drill holes in the northern part of Carson Basin (Newfoundland margin; Figure 8a) indicate a Tithonian unconformity overlain by sandstone deposits, like that reported in the Jeanne d'Arc Basin (Ian Sharp personal communication). A later Albian unconformity in the northern Carson Basin is interpreted to mark the rift to drift transition in the southern segment [START_REF] Wielens | Is there a viable petroleum system in the Carson and Salar Basins, offshore Newfoundland?[END_REF].

In the Iberian necking domain (Peniche Basin; Figure 8a), [START_REF] Alves | Mesozoic-Cenozoic evolution of North Atlantic continental-slope basins: The Peniche basin, western Iberian margin[END_REF] interpreted Triassic-Late Jurassic syn-tectonic deposits in the depocenter adjoining the main necking fault. These would correspond to the sedimentary fill of a stretching phase half-graben depocenter. Such deposits are lacking in the outer part of the necking domain. Latest Berriasian to Aptian sediments cover the entire necking domain and were interpreted as post-tectonic [START_REF] Alves | Mesozoic-Cenozoic evolution of North Atlantic continental-slope basins: The Peniche basin, western Iberian margin[END_REF][START_REF] Mohn | Structural and stratigraphic evolution of the Iberia-Newfoundland hyper-extended rifted margin: a quantitative modelling approach[END_REF]. [START_REF] Alves | Mesozoic-Cenozoic evolution of North Atlantic continental-slope basins: The Peniche basin, western Iberian margin[END_REF] reported toplaps of Albian age, contemporaneous to the erosional unconformity reported in the Carson Basin.

The hyperextended domains

The hyperextended domain of the Iberian margin is consensually interpreted as structured by detachment faults that exhumed upper-to mid-crustal basement to the seafloor [START_REF] Krawczyk | Evidence for detachment tectonics on the Iberia Abyssal Plain rifted margin[END_REF][START_REF] Manatschal | The role of detachment faulting in the formation of an ocean-continent transition: Insights from the Iberia Abyssal Plain[END_REF][START_REF] Reston | Successive detachment faults and mantle unroofing at magmapoor rifted margins[END_REF]; Figure 8b3). In contrast, the hyperextended domain of the Newfoundland margin is regarded as essentially controlled by high-angle normal faulting that crosscut the entire crust [START_REF] Mohn | Structural and stratigraphic evolution of the Iberia-Newfoundland hyper-extended rifted margin: a quantitative modelling approach[END_REF][START_REF] Péron-Pinvidic | The final rifting evolution at deep magma-poor passive margins from Iberia-Newfoundland: A new point of view[END_REF][START_REF] Sutra | Quantification and restoration of extensional deformation along the Western Iberia and Newfoundland rifted margins[END_REF]. This distinction prompted Manatschal There, it consists of debris flow, turbidites and slumps alternating with background sedimentation. The overall sedimentary sequence displays a wedge-shaped architecture [START_REF] Boillot | Drilling on the Galicia margin: retrospect and prospect 1[END_REF]. In the hyperextended domain of the central Iberian segment, [START_REF] Péron-Pinvidic | Tectonosedimentary evolution of the deep Iberia-Newfoundland margins: Evidence for a complex breakup history[END_REF] suggested that the lack of obvious growth structures may be related to syn-basement exhumation sedimentation in a largely sediment-starved rift system (i.e., the sediment-starved version of our supra-detachment wedge-shaped sediment architecture; see Figure 2f). They also noticed an oceanward younging of in the sedimentary fill of supra-detachment basins, where coeval sedimentary sequences display post-tectonic architectures in the inner part of the hyperextended domain, and syn-tectonic architectures in the outer part (Figure 8b3).

At ODP Site 1069, nannofossils (chalk) of late Berriasian to early Valanginan age overlie the tilted (pre-tectonic) Tithonian to older sedimentary sequence.

These hemipelagic to pelagic sediments were interpreted as being deposited in open-marine outer-shelf to upper-slope environments (> 1500 m; [START_REF] Urquhart | Depositional environment of synrift sediments on the Iberia margin[END_REF]. They highlight the shutdown of the terrigenous input in the outermost part of the hyperextended domain during late hyperextension, possibly due to sediment capture by inner basins [START_REF] Wilson | Rifting along non-volcanic passive margins: Stratigraphic and seismic evidence from the Mesozoic successions of the Alps and Western Iberia[END_REF]. [START_REF] Mohn | Structural and stratigraphic evolution of the Iberia-Newfoundland hyper-extended rifted margin: a quantitative modelling approach[END_REF] attributed the essentially post-tectonic infill of the supra-detachment basins to the short (5-10 My) duration of the hyperextension phase. Magmatic activity contemporaneous with lithospheric breakup is evidenced by diabase sills that were emplaced at the Aptian-Albian boundary [START_REF] Jagoutz | The rift-to-drift transition in the North Atlantic: A stuttering start of the MORB machine?[END_REF][START_REF] Karner | Basalt sills of the U reflector, Newfoundland basin: A serendipitous dating technique[END_REF].

Summary

The primary spatio-temporal evolution of deformation in the Iberia-Newfoundland rift system can be deduced from the architecture of the main sedimentary package interfaces (Figure 8b2): in the inner necking domain, the blue interface marks the top of the syn-tectonic succession, while in the hyperextended domain, it marks the top of the pre-tectonic succession. This implies that deformation was active in the inner necking domain when no deformation had occurred in the hyperextended domain yet.

In the hyperextended domain, a comparable evolution can be observed (Figure 8b3): in the inner part, the red horizon lies within a post-tectonic succession, while it marks the top of syn-tectonic sequence in the outer part.

The overlying green horizon lies within a post-tectonic succession along the entire hyperextended domain, while it marks the top of a syn-tectonic succession in the adjacent exhumed mantle domain. This indicates that active deformation was progressively advancing oceanward. The NW South China Sea is an aborted, V-shaped oceanic basin that benefits from extensive seismic coverage and some drill holes in the most distal part of the margin, ca. 200 km east of the transect presented below (International Ocean Discovery Program (IODP) Legs 349, 367 and 368; Figure 9a). The South China Sea differs largely from Atlantic-type rifts in that the rheology of the pre-rift lithosphere was significantly weaker due to the high geothermal gradient related to its back-arc position and orogenic and post-orogenic history [START_REF] Li | Possible Spatial Distribution of the Mesozoic Volcanic Arc in the Present-Day South China Sea Continental Margin and Its Tectonic Implications[END_REF][START_REF] Sun | The role of magmatism in the thinning and breakup of the South China Sea continental marginSpecial Topic: The South China Sea Ocean Drilling[END_REF].

Rifting of the NW South China Sea is considered to have begun at ca. 65 Ma [START_REF] Xie | Stratigraphic architectures and associated unconformities of Pearl River Mouth basin during rifting and lithospheric breakup of the South China Sea[END_REF], although this age is poorly constrained. Besides, because of the propagating nature of extension, rifting was largely diachronous along strike.

The onset of seafloor spreading is dated to 30-28 Ma based on the presence of magnetic anomalies in the oceanic crust [START_REF] Gee | Source of oceanic magnetic anomalies and the geomagnetic polarity time scale[END_REF].

The NW South China Sea has been widely studied, for instance by [START_REF] Cameselle | The continent-ocean transition on the northwestern South China Sea[END_REF]; [START_REF] Gao | Crustal structure and extension mode in the northwestern margin of the South China Sea[END_REF] 

The proximal domain of the northern margin

The proximal domain of the northern margin is characterized by sub-horizontal top basement and Moho separated by a ca. 22 km-thick continental crust (Figure 9b). Top basement and pre-rift sediments are affected by only minor normal faulting (fault throw < 0.2 sTWT). The faulted top basement is directly overlain by post-rift deposits, which prevents any accurate dating of crustal faulting. The proximal domain of the southern margin is not imaged and thus is not discussed here.

The necking domains

On the northern margin, the inner limit of the necking domain is a crustal-scale high-angle normal fault with a fault throw of 1.5 sTWT. 10-15 km further outboard, a major detachment fault exhumed upper-to mid-crustal basement to the seafloor over more than 15 km along dip (Figures 9b and9b1; [START_REF] Chao | The tectono-stratigraphic and magmatic evolution of conjugate rifted margins: insights from the NW South China Sea[END_REF]. In the outer part of the necking domain, the basement is affected by a series of smaller high-angle normal faults, which created tilted blocks with minor basement exhumation (< 0.5 sTWT fault throw).

The oldest sediments reported in the northern margin necking domain (S1) are interpreted as pre-necking, half-graben wedge-shaped deposits that were dismembered during the necking phase (Figure 9b1). They include faulted wedge-shaped remnants capping pre-rift top basement and an allochthonous package overlying the detachment surface itself [START_REF] Chao | The tectono-stratigraphic and magmatic evolution of conjugate rifted margins: insights from the NW South China Sea[END_REF]; see their Fig. 6). The first sedimentary package whose base is not disrupted by tectonic activity is S5, which is thus interpreted as the first post-tectonic package in the necking domain.

In-between S1 and S5, sediments of Ss 2-4 are interpreted as syn-tectonic of the necking phase. They overlie the entire necking domain and display various sedimentary architectures: sediments of S2 display a progradational architecture onto the detachment surface and wedge-shaped architectures between the tilted blocks of the outer necking domain. Sediments of S3 and S4 passively overlie those of S2 in the inner part of the necking zone, whereas they are faulted (syntectonic) in the outer part. [START_REF] Chao | The tectono-stratigraphic and magmatic evolution of conjugate rifted margins: insights from the NW South China Sea[END_REF] recognized that the tops of Ss 3, 4 and 5 are truncated, suggesting that the necking domain was subaerial or above the storm-wave base during relatively advanced stages of rifting (Figure 9b1). If this assumption is correct, it implies that the necking domain remained at shallow water depths during a large part of the rifting process.

On the southern margin, the inner part of necking domain is not imaged. Its outer part is affected high-angle normal faults whose steepness decreases oceanward, ending with a sub-horizontal detachment fault that exhumed upperto mid-crustal basement to the seafloor over ca. 15 km along dip (Figures 9b and9b2). The detailed tectono-sedimentary record at this margin is poorly constrained compared to its conjugate because it is not possible to distinguish between deposits related to Ss 1-4 [START_REF] Chao | The tectono-stratigraphic and magmatic evolution of conjugate rifted margins: insights from the NW South China Sea[END_REF]. However, the boundary between S1-4 and S5 is interpreted as erosional, like along the northern margin.

The careful tectono-stratigraphic restoration by [START_REF] Chao | The tectono-stratigraphic and magmatic evolution of conjugate rifted margins: insights from the NW South China Sea[END_REF] allowed them to reconstruct the distribution of active faulting through time along the NW-South China Sea rifted margins: Figure 9c shows that, during the early stages of rifting (necking phase), faulting was localized into two fault corridors on either side of a largely undeformed region (active faults shown by red color in Figure 9c). This event is interpreted as the individualization of a keystone block, as predicted by numerical and analogue models (e.g., McClay 1996;[START_REF] Lavier | A mechanism to thin the continental lithosphere at magma-poor margins[END_REF][START_REF] Huismans | Depth-dependent extension, two-stage breakup and cratonic underplating at rifted margins[END_REF]. It ended abruptly with the localization of deformation and onset of massive sedimentation within the keystone area, contemporaneous with the abandonment of the former fault corridors on either side. This rapid switch (< 1 My) was interpreted to mark the transition between the necking and hyperextension phase [START_REF] Chao | The tectono-stratigraphic and magmatic evolution of conjugate rifted margins: insights from the NW South China Sea[END_REF].

The hyperextended domains

In contrast to the necking domains, the hyperextended domains of the northern and southern margins are markedly asymmetrical: on the northern margin, the hyperextended domain is structured by successive high-angle faults that dip oceanward and cut through the entire crust (Figures 9b and9b1). Faults throw decreases oceanward from 1.5 sTWT to < 0.5 sTWT, together with inter-fault blocks size. At the southern margin, the hyperextended domain is affected by in-sequence, oceanward-dipping, low-angle detachment faults that root on one and the same décollement level (Figures 9b and9b2). Based on these observations, [START_REF] Chao | The tectono-stratigraphic and magmatic evolution of conjugate rifted margins: insights from the NW South China Sea[END_REF] suggested that the southern margin is a lower plate. In contrast, the alternance of ramps and terraces shaping the northern margin tip the scales in favor of an upper plate.

On the northern margin, the hyperextended domain can be subdivided into three sub-domains with distinct characteristics: in the inner sub-domain (He1 in Figure 9b1), the first sediments observed on pre-rift top basement are concordant (pre-tectonic) sedimentary deposits interpreted to belong to S3

(Figure 9b1). The next sediments to be deposited after S3 belong to S4 and display a wedge-shaped architecture. These are overlain by passive deposits interpreted to belong to S5. In the central sub-domain (He2 in Figure 9b1), tilted blocks are overlain by wedge-shaped magmatic products of unknown age.

Magmatism is however younger than S5 because corresponding sediments passively overlie this segment. In the outermost sub-domain (He3 in Figure 9b1), only wedge-shaped magmatic products are recognized over the pre-rift basement. They are directly overlain by post-rift deposits, suggesting that magmatism becomes younger oceanward. This hypothesis is consistent with the conclusion drawn by [START_REF] Zhang | Syn-rift magmatic characteristics and evolution at a sediment-rich margin: Insights from high-resolution seismic data from the South China Sea[END_REF] further east.

The sedimentary record in the hyperextended domain of the southern margin is poorly constrained and does not allow us to distinguish between syn-rift Ss 1-4 [START_REF] Chao | The tectono-stratigraphic and magmatic evolution of conjugate rifted margins: insights from the NW South China Sea[END_REF]. S5 is interpreted as syn-tectonic in the entire hyperextended domain (Figure 9b2).

Looking at the spatio-temporal distribution of active faulting (Figure 9c) highlights a sudden switch from almost no deformation and no sediment deposition onto the keystone block (i.e., the future hyperextended domain), to increasingly localized deformation and significant syn-rift sedimentation limited to the keystone area until the onset of proto-oceanic seafloor spreading.

Keystone individualization (necking phase) is thus associated with extremely shallow water depth and/or emergence of the future hyperextended domain, which causes a lack of sediment deposition (uncovered basement shown by orange color in Figure 9c).

The proto-oceanic domain:

No exhumed mantle has been evidenced in northwest South China Sea, instead, a proto-oceanic domain is described by [START_REF] Kusznir | The mechanics of continental extension and sedimentary basin formation: A simple-shear/pure-shear flexural cantilever model[END_REF] and [START_REF] Chao | The tectono-stratigraphic and magmatic evolution of conjugate rifted margins: insights from the NW South China Sea[END_REF]. This domain is strongly deformed by high-angle normal faults and overlain by post-rift sediments (Figure 9b).

Summary and predictions:

When looking at the architecture of the main sedimentary package interfaces, we can see that the top of S4 is the base of post-tectonic sedimentation in the necking domains, while it lies within the syn-tectonic sequence in the hyperextended domains. Similarly, the top of S5 is post-tectonic in the necking and inner hyperextended domains, while it belongs to the syn-tectonic sequence further outboard. This indicates a migration of active deformation oceanward as extension progresses. The same trend can be observed in the study of [START_REF] Ren | Characteristics and formation mechanism of deepwater and ultra-deepwater basins in the northern continental margin of the South China Sea[END_REF]their Fig. 9), where their T80 horizon is post-tectonic in the inner part of the margin and syn-tectonic in more distal domains. (Tithonian) and ended in the Early Cretaceous (e.g., [START_REF] Brekke | The tectonic evolution of the Norwegian Sea continental margin, with emphasis on the Voring and More basins[END_REF][START_REF] Doré | Principal tectonic events in the evolution of the northwest European Atlantic margin[END_REF][START_REF] Planke | Seismic volcanosratigraphy of largevolume basaltic extrusive complexes on rifted margins[END_REF]. Then, localized deformation stepped further outboard, creating detachment faults that possibly reached mantle exhumation in the Møre and Vøring basins during late Early-to Late Cretaceous [START_REF] Osmundsen | Extension, hyperextension and mantle exhumation offshore Norway: a discussion based on 6 crustal transects[END_REF]. From the Late Cretaceous to final breakup, increasing magmatic activity occurred along the outermost margin and formed the so-called outer highs (Péron-Pinvidic and Osmundsen, 2018, and references therein).

The rift domains of the Mid-Norwegian margin were mapped by [START_REF] Péron-Pinvidic | Structural comparison of archetypal Atlantic rifted margins: A review of observations and concepts[END_REF], who placed the termination of the proximal domain at the outer edge of the Trøndelag Platform (Figure 10a). In their view, the necking domain corresponds largely to the Halten Terrace and continues further south as a narrower domain. The Møre and Vøring basins (Figure 10a) belong to the hyperextended (and possibly exhumed mantle) domain of the mid-Norwegian margin because they display a crustal thickness of less than 10 km (Funk et al. 2017). The nature of the seismic basement beneath these basins is the matter of much debate, especially about the proportion of pre-rift continental crust with respect to magmatic underplate, inherited Caledonian basement, altered continental crust and serpentinized mantle (e.g., [START_REF] Osmundsen | Extension, hyperextension and mantle exhumation offshore Norway: a discussion based on 6 crustal transects[END_REF][START_REF] Péron-Pinvidic | The Mid Norwegian -NE Greenland conjugate margins: Rifting evolution, margin segmentation, and breakup[END_REF][START_REF] Zastrozhnov | Regional structure and polyphased Cretaceous-Paleocene rift and basin development of the mid-Norwegian volcanic passive margin[END_REF]. The resolution is especially low in the outer part of the Møre and Vøring basins due to significant breakup-related magmatic additions.

The Norwegian margin benefited recently from a careful three-dimensional mapping of major tectonic structures by [START_REF] Osmundsen | Crustal-scale fault interaction at rifted margins and the formation of domain-bounding breakaway complexes: Insights from offshore Norway[END_REF].

These authors suggested that each rift domain is framed by laterally persistent tectonic structures that allow for significant changes in the margin architecture, which they termed breakaway fault complexes.

The calibrated proximal and necking domains

The tectono-stratigraphy of the Trøndelag Platform was recently reviewed by [START_REF] Péron-Pinvidic | The proximal domain of the Mid-Norwegian rifted margin: The Trøndelag Platform revisited[END_REF]. These authors highlighted a complex extensional history following the post-orogenic collapse of the Caledonian belt. Extension was accommodated via both normal faulting and extensional reactivation of core complex structures inherited from the post-orogenic collapse. The Trøndelag Platform displays post-tectonic sedimentation from Late Triassic onward.

The necking domain width ranges between 20 and 80 km (Figure 10a). It is framed by two crustal-scale, breakaway fault complexes, namely the inner-and outer necking breakaway complex at its inner and outer edge, respectively (Figure 10b; [START_REF] Osmundsen | Crustal-scale fault interaction at rifted margins and the formation of domain-bounding breakaway complexes: Insights from offshore Norway[END_REF]. Both necking breakaway complexes are often composite structures in that they comprise both high-β (large fault heave) detachment faults and low-β (minor fault heave) normal faults.

The main fault of the inner necking breakaway complex roots within the ductile middle or lower crust and is related to an abrupt but moderate increase in accommodation (> 20 km of basement exhumation along dip overlain with ca.

2.5 km of Jurassic and Lower Cretaceous sediments in Figure 10b). From south to north along the Norwegian margin, the inner necking breakaway complex is represented by the Møre-Trøndelag, Vingleia, Bremstein, and Revfallet Fault Complexes (Figure 10a). The main fault of the outer necking breakaway complex cuts through the entire crust, down to the upper lithospheric mantle. It is usually associated with significant accommodation creation (> 20 km of basement exhumation along dip overlain with > 4 km of Lower Cretaceous sediments, in addition to the unknown thickness of Jurassic sediments in Figure 10b). From south to north along the Norwegian margin, it is represented by the Main Møre Boundary Fault and the Ytreholmen Fault Complex (Figure 10a). However, the three-dimensional architecture of the inner-and outer necking breakaway complexes is complicated since the two merge in places, so that the necking domain locally coincides with a unique breakaway fault complex. This is the case south of the Halten Terrace (i.e., the Klakk Fault Complex; Figure 10a).

The stratigraphy of the Norwegian necking domain often displays erosional truncations. For instance, at the outer edge of southern Halten Terrace, the Jurassic sequence on the inner side of both the Klakk (outer) and Vingleia (inner) Fault Complexes are deeply eroded before the deposition of deep-marine Lower Cretaceous sediments (e.g., Bell et al., 2014, and references therein; Figure 10c). At the northern Halten Terrace, [START_REF] Co Breivik | Crustal structure beneath the Trøndelag Platform and adjacent areas of the Mid-Norwegian margin, as derived from wide-angle seismic and potential field data[END_REF] and [START_REF] Osmundsen | Crustal-scale fault interaction at rifted margins and the formation of domain-bounding breakaway complexes: Insights from offshore Norway[END_REF] interpreted erosion both at the Ytreholmen (outer) and Revfallet (inner) Fault Complex. In the inner part of the Halten Terrace, [START_REF] Elliott | The linkage between fault throw and footwall scarp erosion patterns: an example from the Bremstein Fault Complex, offshore Mid-Norway[END_REF] highlighted erosion at the Bremstein (inner) Fault Complex. South of the Halten Terrace, [START_REF] Osmundsen | Styles of extension offshore mid-Norway and implications for mechanisms of crustal thinning at passive margins[END_REF] reported erosion along the Main Møre Fault (inner breakaway fault complex). In all cases, erosion is reckoned to be of latest Jurassic-earliest Cretaceous age, which corresponds to the end of the necking phase. The resulting unconformity is sealed by a regionally correlatable shale event of early Barremian age (Ian Sharp personal communication). The latest Jurassic-earliest Cretaceous unconformity can be linked to the so-called Base Cretaceous Unconformity or BCU that is widely recognized across the Norwegian margin (e.g., [START_REF] Brekke | The tectonic evolution of the Norwegian Sea continental margin, with emphasis on the Voring and More basins[END_REF].

Early Jurassic deposits in the necking domain are syn-tectonic sediments dominated by shallow-marine sandstones [START_REF] Faleide | Geology of the norwegian continental shelf[END_REF]. Late Jurassic sedimentary facies indicate rapid deepening, as shown by prevailing first shallow-and then deep-marine shales. The deepening sequence is interrupted by an episode of major uplift and erosion that affected the necking domain but not the inner part of the shallow-water proximal domain, dismissing the hypothesis of a thermally driven dynamic topography. Indeed, as the latter process involves uplift over several hundreds of kilometers [START_REF] Campbell | Large Igneous Provinces and the Mantle Plume Hypothesis[END_REF], dynamic topography in the necking domain would have necessarily generated erosion in the adjacent thick-crusted proximal domain, and thus shallow-water proximal domain.

The poorly calibrated hyperextended domain

In the hyperextended domain offshore the mid-Norwegian margin, the thickness of sedimentary deposits may be over 7 sTWT in the axial part of the Møre and Vøring basins. Drill holes penetrate only as deep as the Late Cretaceous (e.g., Zastrozhnov et al., 2020, and references therein). The base of the Cretaceous sequence is interpreted to be marked by a strong reflection, supposed to correspond to both an erosional hiatus and to the base of passive onlap in the proximal and necking domains (i.e., the BCU mentioned above). Underlying deposits are usually interpreted as undifferentiated pre-Cretaceous sediments.

Basement is consensually interpreted as affected by a series of oceanwarddipping, in-sequence detachment faults (e.g., [START_REF] Abdelmalak | The T-Reflection and the Deep Crustal Structure of the Vøring Margin, Offshore mid-Norway[END_REF][START_REF] Osmundsen | Deep structure of the Mid Norway rifted margin[END_REF][START_REF] Zastrozhnov | Regional structure and polyphased Cretaceous-Paleocene rift and basin development of the mid-Norwegian volcanic passive margin[END_REF], which suggests that the mid-Norwegian margin is a lower-plate margin (e.g., [START_REF] Mosar | Greenland -Norway separation: A geodynamic model for the North Atlantic[END_REF]. This is further supported by the shorter along-dip width of the eastern-Greenland conjugate margin (e.g., [START_REF] Péron-Pinvidic | Structural comparison of archetypal Atlantic rifted margins: A review of observations and concepts[END_REF].

Summary and predictions

The evolution of the Norwegian margin is consistent with that of our idealized model in that: (1) Based on our model, we interpret the BCU either as an unconformity that marks the erosion of the keystone block during the necking phase, comparable with the unconformity interpreted at the top of the necking TS in the South China Sea; or as a onlap surface marking the onset of rapid deepening of the hyperextended domain following extreme crustal thinning and/or the onset of thermal relaxation.

In both cases, we expect that the overlying Early Cretaceous sediments display sedimentary facies testifying to a rapid deepening associated with the dismembering of the keystone block during hyperextension. This interpretation is supported by the massive thickness of Cretaceous deposits (locally > 7 km) in both the Møre and Vøring basins [START_REF] Brekke | The tectonic evolution of the Norwegian Sea continental margin, with emphasis on the Voring and More basins[END_REF][START_REF] Faleide | Geology of the norwegian continental shelf[END_REF]. Besides, the pattern of subsidence-uplift/erosion-subsidence observed on the Halten Terrace (necking domain) can be compared to that of the Briançonnais domain and explained by a flexural rebound following early necking of the upper mantle with respect to the crust [START_REF] Chenin | Emersion of distal domains in advanced stages of continental rifting explained by asynchronous crust and mantle necking[END_REF]. 5.3. The southeastern margin of the Gulf of Aden: the Socotra region 5.3.1. Geological setting Socotra Island is located at the eastern edge of the Gulf of Aden southern margin. The western part of the island was interpreted to expose part of a former necking domain, while its eastern part would correspond to the outer part of a proximal domain [START_REF] Ahmed | Crustal structure of the Gulf of Aden southern margin: Evidence from receiver functions on Socotra Island (Yemen)[END_REF][START_REF] Nonn | Tectono-sedimentary evolution of the eastern Gulf of Aden conjugate passive margins: Narrowness and asymmetry in oblique rifting context[END_REF]. In between, Socotra Island is crossed by an ENE-WSW transfer zone (Hadibo Transfer Zone; HTZ on the map of Figure 11). Socotra is one of the rare places in the world where a necking domain and the outer part of a proximal domain crop out. Emergence of these regions, which usually lie in relatively deep-marine environments, is related to a late-rift regional uplift (the syn-OCT uplift of [START_REF] Leroy | From rifting to oceanic spreading in the Gulf of Aden: A synthesis[END_REF] references therein, where OCT stands for Ocean-Continent Transition).

The oldest sediments recovered in Socotra are Early Triassic and Jurassic in the eastern part of the island, and Cretaceous in the west [START_REF] Samuel | Field observations from the Socotran platform: Their interpretation and correlation to Southern Oman[END_REF].

These were deposited during a phase of discontinuous, broadly distributed extension (stretching phase) that lasted from the Permo-Triassic to the Eocene in the future Gulf of Aden region. Localized extension (necking) initiated during the Priabonian (ca. 34 Ma; Leroy et al., 2012, and references therein). The timing of hyperextension is not constrained. The onset of seafloor spreading occurred during the Burdigalian (ca. 20 Ma in eastern Socotra; [START_REF] Fournier | Segmentation and along-strike asymmetry of the passive margin in Socotra, eastern Gulf of Aden: Are they controlled by detachment faults? Geochemistry[END_REF] and was accompanied by regional uplift and significant erosion of both conjugate proximal margins (the syn-OCT uplift mentioned above).

The calibrated (onshore) proximal and inner necking domains

At Socotra, necking was associated with significant tectonic exhumation and denudation that removed the entire pre-rift sedimentary cover and part of the exposed basement both in the east and in the west of the island [START_REF] Pik | Structural control of basement denudation during rifting revealed by low-temperature (U-Th-Sm)/He thermochronology of the Socotra Island basement-Southern Gulf of Aden margin[END_REF] We note that this geometry is compatible with basement exhumation related to the activity of crustal-scale detachment faults (dotted blue lines on transects A-A' and C-C' of Figure 11). This episode of tectonic exhumation occurred earlier in the east (ca. 38 Ma) compared to the west (ca. 32 Ma; [START_REF] Pik | Structural control of basement denudation during rifting revealed by low-temperature (U-Th-Sm)/He thermochronology of the Socotra Island basement-Southern Gulf of Aden margin[END_REF].

From late Priabonian to Rupelian time, sediments were deposited in graben-type depocenters displaying subsidence and progressive deepening adjacent to the detachment faults (Nonn et al., 2017, and references therein). Subsidence climax was reached during Rupelian-Chattian time (deep-marine deposits).

Then, a syn-OCT uplift brought Socotra Island to emergence [START_REF] Leroy | From rifting to oceanic spreading in the Gulf of Aden: A synthesis[END_REF] and references therein). 5.3.3. The uncalibrated (offshore) outer necking and hyperextended domains Offshore Socotra, [START_REF] Nonn | Tectono-sedimentary evolution of the eastern Gulf of Aden conjugate passive margins: Narrowness and asymmetry in oblique rifting context[END_REF] recognized usually two crustal-scale extensional faults that exhumed basement to the seafloor over several kilometers along dip (up to 10 km in transect B-B' in Figure 11). However, in easternmost Socotra, they recognized only one major detachment fault that exhumed basement over 13 km along dip.

Further outboard, top basement deepens abruptly from ca. 2 km to 4 km below sea level over ca. 10 km. This morphostructural step is interpreted to mark the transition between the necking and hyperextended domain and can be regarded as a mega fault scarp [START_REF] Nonn | Tectono-sedimentary evolution of the eastern Gulf of Aden conjugate passive margins: Narrowness and asymmetry in oblique rifting context[END_REF]Ribes et al., 2019a). The hyperextended domain is structured by a series of oceanward dipping detachment faults (transect B-B' and D-D' in Figure 11), which prompted Nonn et al. (2017) to interpret the Socotra margin as a lower plate. This hypothesis is consistent with their interpretation of a residual keystone and of continent-warddipping faults in the hyperextended domain of the conjugate (Oman) margin.

Summary and predictions

The Socotra necking domain provides thermochronological data testifying to a phase of necking starting at ca. 34 Ma [START_REF] Leroy | From rifting to oceanic spreading in the Gulf of Aden: A synthesis[END_REF], which was accompanied with basement exhumation and emergence [START_REF] Pik | Structural control of basement denudation during rifting revealed by low-temperature (U-Th-Sm)/He thermochronology of the Socotra Island basement-Southern Gulf of Aden margin[END_REF] that presumably occurred along detachment faults. Stratigraphy indicates a rapid deepening of sedimentary deposits in adjacent depocenters. The climax of subsidence rate was reached during the Rupelian-Chattian (ca. 28 Ma). Yet, according to our model, the highest subsidence rates in the necking domain occur during the hyperextension phase. In the case of Socotra, this would imply that the necking phase was relatively short (< 34 -28, namely < 6 My).

The occurrence of a mega-fault scarp at the transition between the necking and hyperextended domain of a lower-plate margin is not expected in our idealized model. However, whether this mega-fault scarp formed during necking/hyperextension or corresponds to a late rift feature associated with the syn-OCT uplift of the proximal margin described by [START_REF] Leroy | From rifting to oceanic spreading in the Gulf of Aden: A synthesis[END_REF] references therein) remains to be determined. That the Socotra margin is not an upper plate remains also to be confirmed.

Relying on our model, we expect that the presence of Priabonian (syn-necking) and older sediments in the hyperextended domain is limited to the top of the tilted blocks, and that they display shallow-water facies and possibly erosional unconformities. We expect the hyperextension phase to start during the Rupelian-Chattian and to be associated with a rapid increase in water depth, which would be recorded by sedimentary facies both on top and between the tilted blocks in the hyperextended domain.

6. Discussion 6.1. Tectono-stratigraphic model vs. reality: first-order trends and simplifications As a generic template, our tectono-stratigraphic model is necessarily simplified with respect to the evolution of rift systems worldwide. Below, we discuss the relevance of our simplifications and the reliability of the first-order features we identified as characteristic of rift phases or domains.

The stretching phase

In our model, we consider that the stretching phase is achieved via broadly distributed, synchronous extension over the entire rift domains. Yet it has been proven that, for many rift systems and rifted margins, the stretching phase included several extension pulses that were offset in time and/or space (e.g., [START_REF] Alves | Jurassic tectono-sedimentary evolution of the Northern Lusitanian Basin (offshore Portugal)[END_REF][START_REF] Bosworth | The Red Sea and Gulf of Aden Basins[END_REF][START_REF] Péron-Pinvidic | The Mid Norwegian -NE Greenland conjugate margins: Rifting evolution, margin segmentation, and breakup[END_REF][START_REF] Sinclair | Tectonism: the dominant factor in mid-Cretaceous deposition in the Jeanne d'Arc Basin, Grand Banks[END_REF]. Due to the absence of localized deformation during the stretching phase, it is very difficult to distinguish stretching-related structures from those generated by orogenic collapse or far-field effects of other tectonic events. Conversely, the onset of the subsequent phase of localized deformation (i.e., necking) is relatively easy to identify.

Besides, the distribution of deformation during the stretching phase is largely controlled by inheritance [START_REF] Manatschal | The role of inheritance in structuring hyperextended rift systems: Some considerations based on observations and numerical modeling[END_REF], and thus specific to each tectonic system. As our model aims to provide a template as general as possible to interpret the tectono-stratigraphic record of distal margins, it is sensible to limit our description of the stretching phase to a very first-order, considering that the detailed stretching evolution can only be unraveled on the basis of regional data. 6.1.2. The necking phase

Formation of a keystone

The formation of a keystone as part of the necking phase is predicted by both analogue and numerical models. It has also been suggested in the balanced kinematic restorations from [START_REF] Sutra | Quantification and restoration of extensional deformation along the Western Iberia and Newfoundland rifted margins[END_REF] and [START_REF] Chao | The tectono-stratigraphic and magmatic evolution of conjugate rifted margins: insights from the NW South China Sea[END_REF]. Several field and seismic studies also provide good evidence for it (e.g., Haupert et al., 2016, and references therein). It is, however, extremely difficult to prove the systematic formation of a keystone during rifting since this phase is transient and the keystone is thought to be subsequently dismembered during hyperextension. One exception may be the Briançonnais domain which, because of its particular position between two overstepping en-échelon rift segments, may have "fossilized" the necking stage just prior to the reorganization of the segmented Alpine rift system into a unique rift basin, and preserved it during later Alpine convergence [START_REF] Lescoutre | Role of rift-inheritance and segmentation for orogenic evolution: example from the Pyrenean-Cantabrian system[END_REF][START_REF] Manatschal | The role of inheritance in forming rifts and rifted margins and building collisional orogens: a Biscay-Pyrenean perspective[END_REF].

Formation of tens of kilometer-scale detachment faults

Although only rarely described until the last decade, a growing body of evidence suggests the existence of major detachment faults that would exhume basement over up to several tens of kilometers along dip [START_REF] Chao | The tectono-stratigraphic and magmatic evolution of conjugate rifted margins: insights from the NW South China Sea[END_REF][START_REF] Osmundsen | Crustal-scale fault interaction at rifted margins and the formation of domain-bounding breakaway complexes: Insights from offshore Norway[END_REF][START_REF] Ribes | The Grès Singuliers of the Mont Blanc region (France and Switzerland): stratigraphic response to rifting and crustal necking in the Alpine Tethys[END_REF][START_REF] Sutra | How does the continental crust thin in a hyperextended rifted margin? Insights from the Iberia margin[END_REF]. Reasons why such structures have been seldom identified so far may be: (1) the poor calibration of the necking domain because it lies in relatively deep-water settings in thermally equilibrated rifted margins; (2) our preconceived idea on rifted margins being formed of tilted blocks (Figure 12a); and (3) the difficulty to distinguish between the top of pre-rift basement and top of new real estate basement (i.e., basement exhumed to the seafloor via an extensional detachment fault).

Further studies are needed to determine whether such structure represent the rule or the exception at rift systems/rifted margins.

The hyperextension phase: formation of upper-vs. lower plate margins

The formation of upper-vs. lower-plate margins at magma-poor rift systems is predicted by numerical modelling [START_REF] Lavier | A mechanism to thin the continental lithosphere at magma-poor margins[END_REF][START_REF] Peron-Pinvidic | The exhumation detachment factory[END_REF] and supported by morphological observations [START_REF] Haupert | Upper-plate magma-poor rifted margins: stratigraphic architecture and structural evolution[END_REF][START_REF] Nirrengarten | Application of the critical Coulomb wedge theory to hyper-extended, magma-poor rifted margins[END_REF][START_REF] Péron-Pinvidic | Unravelling the along-strike variability of the Angola -Gabon rifted margin: a mapping approach[END_REF][START_REF] Ranero | Sequential faulting explains the asymmetry and extension discrepancy of conjugate margins[END_REF][START_REF] Sutra | Quantification and restoration of extensional deformation along the Western Iberia and Newfoundland rifted margins[END_REF]. Note that flip in the polarity of uppervs lower plate margins may occur across transform faults along strike of rift systems [START_REF] Decarlis | Architecture of the Distal Piedmont-Ligurian Rifted Margin in NW Italy: Hints for a Flip of the Rift System Polarity[END_REF].

Significant thermal weakening prior to/during the hyperextension phase may instead generate a symmetrical evolution [START_REF] Buchanan | Sandbox experiments of inverted listric and planar fault systems[END_REF]. However, magmarich/volcanic rift systems are not necessarily symmetrical and may go through a comparable early rift evolution as magma-poor ones (e.g., [START_REF] Eldholm | Volcanic margin concepts[END_REF][START_REF] Péron-Pinvidic | Structural comparison of archetypal Atlantic rifted margins: A review of observations and concepts[END_REF]. Thus, whether magma-rich rift systems develop an upper-vs. lower-plate architecture remains to be determined. 6.1.4. The mantle exhumation phase: "symmetrical" pattern of detachment faulting It is generally accepted that mantle exhumation is achieved via extensional detachment faulting, however the details of this process are difficult to unravel based on field observations and direct seismic imaging only. Several pieces of evidence suggest that mantle exhumation is achieved via flip-flop detachment faulting, rather than via a unique detachment fault, namely: (1) the fact that seafloor spreading initiates usually in the center of an exhumed mantle or protooceanic domain; (2) the relatively symmetrical pattern of magnetic anomalies over exhumed mantle with respect to the final seafloor spreading axis (Gillard et al., 2016b, and references therein); (3) the symmetrical pattern of over-tilted sedimentary sequences in the exhumed mantle domain (Gillard et al., 2016a[START_REF] Gillard | Tectonomagmatic evolution of the final stages of rifting along the deep conjugate Australian-Antarctic magma-poor rifted margins: Constraints from seismic observations[END_REF]. 6.2. Characteristics of rift systems 6.2.1. Spatial and temporal scaling of margin domains and rifting events

In Table 1, we summarize the duration of the rift phases, as well as the width of the rift domains for the examples presented above. We did not attempt to provide duration ranges for the stretching phase because it is a phase of diffuse deformation, and thus hard to distinguish from the "noise" generated by potential preceding orogenic collapse or far-field effects of adjacent tectonic events. In most examples, necking appears to have been achieved rapidly (< 10 My). One exception is the Norwegian rift system, for which a late Mid-Jurassic to latest Jurassic necking phase (ca. 25 My?; Table 1) is usually considered (Peron-Pinvidic and Osmundsen, 2018, and references therein). Yet the Norwegian rifting is often described as a succession of extension phases separated by tectonic pauses, rather than one continuous polyphase extensional event (see Fig. 20 in [START_REF] Zastrozhnov | Regional structure and polyphased Cretaceous-Paleocene rift and basin development of the mid-Norwegian volcanic passive margin[END_REF]. Short necking phase durations are consistent with numerical models by [START_REF] Chenin | Impact of crust-mantle mechanical coupling on the topographic and thermal evolutions during the necking phase of 'magma-poor' and 'sediment-starved' rift systems: A numerical modeling study[END_REF], which explore a wide range of crust and mantle rheologies and predict the duration of the necking phase to range between 3.3 for strong lithospheres and 8 My for weak lithospheres submitted to a bulk extension rate of 10 -15 s -1 . The necking domain width of all examples above ranges from 20 to 100 km, consistent with the range observed by [START_REF] Chenin | Influence of the architecture of magma-poor hyperextended rifted margins on orogens produced by the closure of narrow versus wide oceans[END_REF].

Hyperextension also appears to have been achieved rapidly in most examples (< 10 My). It may have taken longer at the Norwegian margin, however the transition between the phase of hyperextension and a potential phase of mantle exhumation is not constrained, which makes it a poorly calibrated example. The hyperextended domain widths of all examples above (from 25 to 60 km; Table 1) fall within the range observed by [START_REF] Chenin | Influence of the architecture of magma-poor hyperextended rifted margins on orogens produced by the closure of narrow versus wide oceans[END_REF]. Considering that the hyperextended domain is the domain that displays the smaller variability in width [START_REF] Chenin | Influence of the architecture of magma-poor hyperextended rifted margins on orogens produced by the closure of narrow versus wide oceans[END_REF] and is characterized by relatively consistent angles of aperture between top basement and Moho amongst rifted margins [START_REF] Nirrengarten | Application of the critical Coulomb wedge theory to hyper-extended, magma-poor rifted margins[END_REF], we can also expect the hyperextension phase to be relatively consistent among rifting events. This hypothesis needs however to be confirmed.

The duration of the mantle exhumation phase is poorly constrained from the examples presented above; however, we expect it to be highly variable given the variability of exhumed mantle domain widths reported by [START_REF] Chenin | Influence of the architecture of magma-poor hyperextended rifted margins on orogens produced by the closure of narrow versus wide oceans[END_REF]. At Socotra, the small width (ca. 10 km) of the exhumation domain reported by [START_REF] Nonn | Tectono-sedimentary evolution of the eastern Gulf of Aden conjugate passive margins: Narrowness and asymmetry in oblique rifting context[END_REF] falls below the range observed by [START_REF] Chenin | Influence of the architecture of magma-poor hyperextended rifted margins on orogens produced by the closure of narrow versus wide oceans[END_REF]. We can either conclude that the latter range is underestimated because mantle exhumation can occur over a very short period/distance; or that mantle may not have been exhumed at the Socotra margin, and thus that the domain between the hyperextended crust and first mature oceanic crust may rather be interpreted as a proto-oceanic domain like in the South China Sea. The latter interpretation may be supported by the presence of outer highs, which are regarded as magmatic extrusions by [START_REF] Nonn | Tectono-sedimentary evolution of the eastern Gulf of Aden conjugate passive margins: Narrowness and asymmetry in oblique rifting context[END_REF]. The duration of mantle exhumation may be largely controlled by the capacity of underlying asthenosphere to produce magma (temperature, fertility, upwelling rate conditions), and thus the rapidity of steady-state seafloor spreading to take over, however these hypotheses need to be tested.

Spatio-temporal evolution of accommodation and related sedimentary facies

There are two ways to create accommodation, namely vertical deepening and horizontal widening. Accommodation space is more or less efficiently and rapidly filled with sediments depending on the ratio between sedimentation-vs. accommodation creation rate [START_REF] Tugend | Formation and deformation of hyperextended rift systems: Insights from rift domain mapping in the Bay of Biscay-Pyrenees[END_REF]. In the following, we describe the relative contribution of vertical vs horizontal accommodation creation in the different rift domains and provide insight into the likely evolution of depositional environment. For the sake of simplicity, we consider a sediment-rich, siliciclasticdominated setting like in the NW-South China Sea, for which the tectonic history is efficiently captured by the sedimentary record and its relationship to tectonic structures (e.g., faults; Figure 12). Sediment-starved rift systems will be discussed in section 6.4.1.

The proximal domain

The proximal domain is well-calibrated by drilling, seismic imaging, and field data. The low heave and throw of normal faults and associated limited crustal thinning (continental crust remains usually > 25 km thick; Figure 3a) results in limited tectonic accommodation creation (grey curves in Figure 13a). Besides, minor lithospheric thinning beneath the proximal domain accounts for the lack of significant thermal subsidence.

The proximal domain is usually characterized by accommodation-limited settings during the entire rifting period, which means an excess of sediments with respect to the overall available accommodation space [START_REF] Prosser | Rift-related linked depositional systems and their seismic expression[END_REF]. As a result, facies usually range between subaerial and shallow-marine sensu lato, while a significant part of sediments bypass the domain and feed more distal basinal areas. Most common sediments within proximal half-graben depocenters include siliciclastic, salt and/or carbonate platform deposits. Massive salt deposition may also characterize proximal domain depocenters, in particular in arid rift settings [START_REF] Prosser | Rift-related linked depositional systems and their seismic expression[END_REF].

The necking domain

The necking domain is characterized by both moderate horizontal widening (up to a few tens kilometers; e.g., Figure 8b2) due to the creation of new real estate via extensional detachment faults, and moderate-to high crustal (30-10 km) and lithospheric thinning (blue curves in Figure 13a). The necking stage is thought to display a largely undeformed keystone block between two crustal-scale necking faults (Figure 5c).

The tectono-stratigraphic evolution during the necking phase is complex and may vary among rift systems depending on the inherited rheological architecture of the involved lithosphere. In the early stages of necking, the necking domain remains in shallow water (e.g., Iberia margin; Mohn et al., 2015, and references therein, mid-Norwegian margin;Faleide et al., 2010, and references therein, northern North Sea;[START_REF] Mcleod | The Influence of Fault Array Evolution on Synrift Sedimentation Patterns: Controls on Deposition in the Strathspey-Brent-Statfjord Half Graben, Northern North Sea[END_REF] or may even be locally and temporarily uplifted above sea level (e.g., Socotra margin; Pik et al., 2013, Campos Basin;Lewis et al., 2014, East-India margin;Haupert et al., 2016, Mont Blanc;Ribes et al., 2020, Porcupine Basin;Whiting et al., 2020, NW-South China Sea;[START_REF] Chao | The tectono-stratigraphic and magmatic evolution of conjugate rifted margins: insights from the NW South China Sea[END_REF]. At this stage, the necking domain is confined and may still be accommodationlimited. Sediment deposits may include shallow-marine carbonates and/or shallow-marine-or terrestrial sandstones (e.g., Newfoundland margin; Wielens et al., 2006, Norwegian margin;Faleide et al., 2010, Porcupine Basin;[START_REF] Whiting | From rifting to hyperextension: Upper Jurassic-Lower Cretaceous tectono-stratigraphy of the Porcupine Basin, Irish Atlantic Margin[END_REF]. Syn-necking sandstones are possibly derived from immediately adjacent exhumed basement domes/core complexes (e.g., the Grès Singuliers close to Mont Blanc; [START_REF] Ribes | The Grès Singuliers of the Mont Blanc region (France and Switzerland): stratigraphic response to rifting and crustal necking in the Alpine Tethys[END_REF]. They may contrast with those deposited during the stretching TS, which are usually sourced from more regional sources.

Subsequently, when significant new real estate has been created and/or significant thermal subsidence has occurred and/or the flexural rebound of the underlying lithospheric mantle has stopped, the necking domain may rapidly evolve into open-marine and sediment-limited settings (Figure 6c). Depositional environments evolve from continental and/or shallow-marine during the stretching and early necking TS, to deep marine/continental slope environments during the late necking/hyperextension and subsequent TS (e.g., shale deposition over the syn-necking shallow-water Grès Singulier in the Alpine necking domain, [START_REF] Ribes | The Grès Singuliers of the Mont Blanc region (France and Switzerland): stratigraphic response to rifting and crustal necking in the Alpine Tethys[END_REF]; turbidites deposition over syn-necking (Tithonian) shallow-water deposits in the distal Iberian margin, [START_REF] Mohn | Structural and stratigraphic evolution of the Iberia-Newfoundland hyper-extended rifted margin: a quantitative modelling approach[END_REF] Upper Jurassic deep-marine shales deposited over shallow marine sand-dominated Bathonian deposits and Callovian shallow-marine shales in the necking zone of the Norwegian margin, [START_REF] Faleide | Geology of the norwegian continental shelf[END_REF]Bell et al., 2014, early Cretaceous shales in the Newfoundland necking domain, [START_REF] Wielens | Is there a viable petroleum system in the Carson and Salar Basins, offshore Newfoundland?[END_REF]; sediment starvation contemporaneous with strain localization at the Horda Platform in the North Sea; [START_REF] Tillmans | Syn-rift sediment gravity flow deposition on a Late Jurassic fault-terraced slope, northern North Sea[END_REF].

Note that the deposits of the stretching TS are partially dismembered an potentially tilted by syn-necking detachment and normal faults, whereas deposits of the late necking TS are continuous.

The hyperextended domain

The hyperextended domain is characterized by substantial horizontal widening, especially on the lower plate, due to the creation of new real estate via successive, in-sequence detachment faults (red curves in Figure 13a; see also Fig. 7 in [START_REF] Manatschal | The role of detachment faulting in the formation of an ocean-continent transition: Insights from the Iberia Abyssal Plain[END_REF]Figs. 10c and10d in Epin andManatschal, 2018). It also displays extreme crustal thinning from ca. 10 to > 0 km (Figure 3a), which is accompanied by immediate tectonic subsidence, and followed by significant thermal subsidence owing to major lithosphere thinning.

The hyperextended domains of conjugate margins correspond to the former keystone blocks that used to be framed by the two major necking faults during the necking phase [START_REF] Lavier | A mechanism to thin the continental lithosphere at magma-poor margins[END_REF][START_REF] Chao | The tectono-stratigraphic and magmatic evolution of conjugate rifted margins: insights from the NW South China Sea[END_REF]. At that time (necking TS), the keystone was at shallow water depths or even emerged (cf. previous section; Figure 6c). During the subsequent hyperextension phase, it was intensively delaminated via extensional detachment faults. As a result, both the stretching and necking TS are largely dismembered in the hyperextended domain (Figure 6b). From the late necking or early hyperextension TS onward, sediment deposits testify to a switch from an accommodation-limited to a sediment-limited environment, which is expressed by a rapid deepening of sedimentary facies up to deep-marine or abyssal conditions (Figure 6c; e.g., Masini et al., 2011;[START_REF] Mohn | Structural and stratigraphic evolution of the Iberia-Newfoundland hyper-extended rifted margin: a quantitative modelling approach[END_REF]. The available accommodation during subsequent rift stages is thus essentially inherited from the unfilled accommodation created during hyperextension, and to a lesser extent due to lithosphere thermal relaxation.

The sediments of the late hyperextension TS are the first to be continuous along dip of the hyperextended domain.

The exhumed mantle domain

The exhumed mantle domain is characterized by extreme horizontal widening since this domain is entirely made of new real estate. When the distal rift basin is not isolated, mantle is exhumed in deep-marine or abyssal settings (e.g., [START_REF] Epin | The tectono-magmatic and subsidence evolution during lithospheric breakup in a salt-rich rifted margin: Insights from a 3D seismic survey from southern Gabon[END_REF][START_REF] Steinmann | Geologische Beobachtungen in den Alpen[END_REF] and is subjected to significant thermal subsidence once it has moved away from the spreading center.

The first sediments deposited onto the exhumed mantle belong to the mantle exhumation TS (Figure 6a). Siliciclastic sedimentary sources may be lacking since the exhumed mantle domain is usually more than 100 km away from the emerged continent [START_REF] Chenin | Influence of the architecture of magma-poor hyperextended rifted margins on orogens produced by the closure of narrow versus wide oceans[END_REF]. Instead, deposition may be dominated by axial sedimentation (i.e., perpendicular to the margin dip-direction). Deposits may either arise from local gravitational reworking, turbidity or contour currents, pelagic sedimentation, or chemical precipitation (e.g., oversaturated SiO2 rich fluids precipitating cherts), all of which usually characterize abyssal depositional environments (below the Carbonate Compensation Depth or CCD). Exceptions may occur at transform margins, where the exhumed mantle domain may be directly fed by the adjacent continent. 6.3. Projections and correlations from proximal to distal domains 6.3.1. New aspects of the interpretation of distal domains Due to the significantly greater depth of the distal margin with respect to the proximal domain, the necking zone has for a long time represented an "interpretation frontier" between a well-calibrated domain continent-ward, and a much more enigmatic and largely inaccessible domain oceanward [START_REF] Doran | Breaking up is never easy: The complexities that create opportunities in the distal domain[END_REF]. The first attempts of distal margin interpretation naturally considered that observations made at the proximal domain can be transposed to the distal one (Figure 12a). Therefore, rift-related deformation was regarded as synchronous along the entire margin and achieved via planar high angle normal faulting between rigid tilted blocks [START_REF] Waltham | Sediment geometries and domino faulting[END_REF]. The understanding of where, when and how deformation and sediments are distributed during rifting underwent a significant paradigm shift since the 1990's (Figure 12b). It is now generally acknowledged that rifting is a localizing process that focuses toward the locus of future lithospheric breakup [START_REF] Pérez-Gussinyé | Lithospheric Strength and Rift Migration Controls on Synrift Stratigraphy and Breakup Unconformities at Rifted Margins: Examples From Numerical Models, the Atlantic and South China Sea Margins[END_REF]Ribes et al., 2019b;[START_REF] Whiting | From rifting to hyperextension: Upper Jurassic-Lower Cretaceous tectono-stratigraphy of the Porcupine Basin, Irish Atlantic Margin[END_REF][START_REF] Luo | Tectono-magmatic and stratigraphic evolution of final rifting and breakup: evidence from the tip of the southwestern propagator in the South China Sea[END_REF][START_REF] Chao | The tectono-stratigraphic and magmatic evolution of conjugate rifted margins: insights from the NW South China Sea[END_REF], and thus the base of post-tectonic deposits should be regarded as younging oceanward.

Practically, (1) syn-tectonic sediments of the distal domain are likely to correspond (timewise) to post-tectonic deposits in the proximal domain; and (2) sediment deposits of early rift phases are going to be increasingly fragmented oceanward (Figure 12b).

Correlating timelines across rifted margins

In our tectono-stratigraphic model, we associated each of the successive deformation phases at play during rifting to one Tectonic Sequence (TS). A Tectonic Sequence encompasses all stratigraphic packages synchronous to the corresponding deformation phase, therefore the base and the top of each TS are by definition timelines along-dip of a given transect. Due to the polyphase and localizing nature of rifting, their correlation across the margin is difficult.

Below we provide a set of characteristic timelines that may be generally recognized at rifted margins and discuss what the formerly defined Rift Onset Unconformity and Breakup Unconformity [START_REF] Falvey | The development of continental margins in Plate Tectonics theory[END_REF] and Necking Unconformity [START_REF] Chenin | Assessing the impact of orogenic inheritance on the architecture, timing and magmatic budget of the North Atlantic rift system: a mapping approach[END_REF] become in our new model. 6.3.2.1. The Base of the Syn-Rift megasequence vs. the Rift Onset

Unconformity

In the mid-1970's, the onset of rifting was thought to be immediately preceded by a phase of large-scale (several hundreds of km) doming/arching of the continental crust that produces widespread erosion in the future region of rifting and breakup [START_REF] Falvey | The development of continental margins in Plate Tectonics theory[END_REF]. By the late 1970's, such a phase of thermal doming/dynamic topography was thought to be characteristic of the onset of active/volcanic rifting only, while passive/magma-poor rifting was supposed to start with subsidence [START_REF] Sengör | Relative timing of rifting and volcanism on Earth and its tectonic implications[END_REF], as predicted by the Pure-Shear Model of [START_REF] Mckenzie | Some remarks on the development of sedimentary basins[END_REF]. More recently, [START_REF] Menzies | Characteristics of volcanic rifted margins[END_REF] concluded that pre-rift dynamic topography was not systematic enough to be diagnostic of volcanic rifting. Dynamic topography produces a major unconformity over a wide domain (> 600 km; Campbell, 2005; Figure 13b). This unconformity can be used as a proxy for the Base Syn-Rift timeline (BSR in Figures 6, 12a and12b) when the related doming precedes the stretching phase.

Whether or not initial doming takes place, the stretching phase is characterized by widely distributed normal faulting that forms numerous half-graben depocenters. In sediment-rich rift systems, the BSR corresponds within the basins to a shift from pre-tectonic to half-graben wedge-shaped deposits. Such a shift may be identifiable on both seismic sections and at the outcrop scale.

The formation of high-angle normal faults is often associated with the uplift of the corresponding footwall and local erosion of its crest [START_REF] Yielding | Footwall uplift associated with Late Jurassic normal faulting in the northern North Sea[END_REF] over a width usually less than 5 km (Figure 13b). This erosional unconformity and its correlative conformities can be used as a proxy for the age of the BSR. 6.3.2.2. The Base of the Necking Tectonic Sequence vs. the Necking Unconformity [START_REF] Chenin | Assessing the impact of orogenic inheritance on the architecture, timing and magmatic budget of the North Atlantic rift system: a mapping approach[END_REF] defined the necking unconformity as the transition from syn-to post-tectonic deposits in the proximal domain (for sufficiently sediment-rich rift systems). In our model this "unconformity" corresponds to the timeline at the base of the necking TS (BNk in Figures 6 and12a and12b).

The "necking unconformity" is difficult to correlate across more distal domains. In the future necking and hyperextended domains, we notice that the necking phase is often associated with the formation of erosional unconformities. In the necking domain, erosion occurs at the breakaway of the necking fault (e.g., Norwegian margin; [START_REF] Bell | Insights into the development of major rift-related unconformities from geologically constrained subsidence modelling: Halten Terrace, offshore mid Norway[END_REF] and/or along upper-to mid-crustal basement exhumed by this fault (e.g., Mont Blanc; [START_REF] Ribes | The Grès Singuliers of the Mont Blanc region (France and Switzerland): stratigraphic response to rifting and crustal necking in the Alpine Tethys[END_REF]. The new real estate created by activity on detachment faults corresponds also to a discordance since sedimentary deposits cannot be older than local basement exhumation age. Distinguishing between exhumed basement and eroded top basement may be difficult, especially because one does not exclude the other.

In-between the main necking fault systems, the keystone block (future hyperextended domains) seems to remain at shallow water depths during (part of) the necking phase, or to be even temporarily emergent. Illustrative examples include the early Jurassic karst of the Briançonnais (section 4.2.2; [START_REF] Claudel | A record of multistage continental break-up on the Briançonnais marginal plateau (Western Alps): Early and Middle-Late Jurassic rifting[END_REF], Tithonian offshore shelf deposits at the Iberian hyperextended domain (section 4. 3.3;[START_REF] Mohn | Structural and stratigraphic evolution of the Iberia-Newfoundland hyper-extended rifted margin: a quantitative modelling approach[END_REF] references therein), lack of deposition in the central part of the northwestern South China sea (section 5.1.4 and Figure 9e; Chao et al. subm), shallow water deposits on the Halten Terrace at the mid-Norwegian margin (section 5.2.2; [START_REF] Bell | Insights into the development of major rift-related unconformities from geologically constrained subsidence modelling: Halten Terrace, offshore mid Norway[END_REF], and basement subaerial exhumation at the Socotra margin (section 5.3.2; [START_REF] Pik | Structural control of basement denudation during rifting revealed by low-temperature (U-Th-Sm)/He thermochronology of the Socotra Island basement-Southern Gulf of Aden margin[END_REF]. The width of such necking-related uplift is of the order of a few tens of kilometers (Figure 13b; Chenin et al., 2019, and references therein).

Thus, the necking phase may be associated with several unconformities and/or discordances in both the necking and hyperextended domains.

Although these may not be synchronous, they are largely limited to the necking TS, which seems to usually encompass only a short period of time (section 6.2.1), and thus can be reasonably correlated with the "necking unconformity" of the proximal domain. 6.3.2.3. The Base of the Post-Rift megasequence vs. the Breakup Unconformity [START_REF] Falvey | The development of continental margins in Plate Tectonics theory[END_REF] suggested that continental breakup results in a rapid increase in the subsidence rate at the two conjugate margins. The resulting rapid marine transgression produces either a backstep of the onlapping sediments towards the continent when accommodation creation rate dominates over sedimentation rate at the coast, or a progressive onlap otherwise. In both cases it would produce an unconformity, often named the Breakup Unconformity. This hypothesis was supported by dynamic thermo-mechanical modelling [START_REF] Braun | A physical explanation of the relation between flank uplifts and the breakup unconformity at rifted continental margins[END_REF]. Although the existence of such discordance has been highlighted in several margins (e.g., Iberia-Newfoundland; Tucholke et al., 2007, Santos Basin, Grand Banks and Beaufort Sea;Hubbard, 1988, Amerasian Basin;[START_REF] Embry | The breakup unconformity of the Amerasia Basin, Arctic Ocean: evidence from Arctic Canada[END_REF], its cause and synchronicity became debated from the 2000's (e.g., [START_REF] Masini | The Alpine Tethys rifted margins: Reconciling old and new ideas to understand the stratigraphic architecture of magma-poor rifted margins[END_REF][START_REF] Wilson | Rifting along non-volcanic passive margins: Stratigraphic and seismic evidence from the Mesozoic successions of the Alps and Western Iberia[END_REF]. [START_REF] Gillard | Tectonomagmatic evolution of the final stages of rifting along the deep conjugate Australian-Antarctic magma-poor rifted margins: Constraints from seismic observations[END_REF] highlighted that, in the exhumed mantle domain, each detachment fault was associated with a specific discordance, ruling out the existence of a unique breakup unconformity at the scale of an entire margin. More recently, Pérez-Gussinyé et al. (2020) advocated, based on dynamical thermo-mechanical numerical modeling, that the "breakup unconformity" was restricted to the most distal part of the margin because lithospheric breakup is not associated with a sudden stress drop.

The Base of the Post-rift timeline (BPR in Figures 6, 12a and12b) and onset of seafloor spreading are often difficult to define, either because of scattered and sporadic incipient magmatic activity in magma-poor rift systems [START_REF] Bronner | Magmatic breakup as an explanation for magnetic anomalies at magma-poor rifted margins[END_REF][START_REF] Epin | Polyphase tectono-magmatic evolution during mantle exhumation in an ultra-distal, magma-poor rift domain: example of the fossil Platta ophiolite[END_REF][START_REF] Epin | The tectono-magmatic and subsidence evolution during lithospheric breakup in a salt-rich rifted margin: Insights from a 3D seismic survey from southern Gabon[END_REF][START_REF] Jagoutz | The rift-to-drift transition in the North Atlantic: A stuttering start of the MORB machine?[END_REF], or because of excess magma prior to onset of steady-state seafloor spreading in magma-rich rift systems [START_REF] Tugend | Reappraisal of the magma-rich versus magma-poor rifted margin archetypes[END_REF]. When the first-formed oceanic crust can be identified, the age of breakup corresponds to the age of the first overlying sediments in most sedimentrich rift systems (in sediment-starved systems the first overlying sediments provide only a minimum age). On seismic sections, the corresponding seismic reflection could theoretically be correlated across the entire margin.

It may correspond to a discordance in the most distal part of the margin since it expresses the transition from syn-to post tectonic settings, however it is likely a conformable reflection in the proximal domain since deformation therein ceased earlier than the time of breakup. In the field, the BPR is practically impossible to identify based on geometrical criteria. In the past, it was considered to be marked by the biostratigraphic hiatus related to the backstep/progressive onlap mentioned above. However, given that breakup is not associated with a sudden stress drop in the proximal domain [START_REF] Pérez-Gussinyé | Lithospheric Strength and Rift Migration Controls on Synrift Stratigraphy and Breakup Unconformities at Rifted Margins: Examples From Numerical Models, the Atlantic and South China Sea Margins[END_REF], the contemporality between this paraconformity recorded in the proximal domain and the BPR is unlikely.

It is important not to automatically interpret unconformities at proximal margins as marking the BPR because numerous unconformities in the proximal domain may relate either to local tectonic events, or to largescale, unrelated processes (e.g., climate, or far-field influence of a largescale tectonic event). Indeed, as the top of the proximal domain remains at shallow depths due to its thick crust (30 ± 5 km) and the absence of significant lithospheric thinning, it may be very sensitive to eustatic changes [START_REF] Prosser | Rift-related linked depositional systems and their seismic expression[END_REF]. Therefore, the timing of breakup cannot be accurately determined from seismic reflector relationship the proximal and necking domains.

Model limitations

The tectono-stratigraphic evolution presented in this contribution provides a powerful template to guide the seismic interpretation of distal margins and to unravel the complexity of rift systems exposed in orogens, where they are usually dismembered by thrust tectonics. However, as a model it remains a simplification, and thus it should not be used without taking the regional specificities of individual rift systems.

Below we briefly review the main potential pitfalls to keep in mind when using this template:

Completeness and quality of the tectono-stratigraphic record

The efficient record of the tectono-stratigraphic evolution depends primarily on the ratio between sedimentation-and accommodation creation rate (e.g., Ravnås and Steel, 1998 and references therein;[START_REF] Martins-Neto | Rift sequence stratigraphy[END_REF]. A sediment-starved system will incompletely or even not record syntectonic deformation (Figure 14a; e.g., [START_REF] Barr | Subsidence and sedimentation in semi-starved half-graben: A model based on North Sea data[END_REF]. Note that the sedimentary budget available during rifting depends largely on the climate, in that humid conditions favor increased erosion, and hence prolific sediment sources, conversely to arid climates that favor sediment starvation [START_REF] Prosser | Rift-related linked depositional systems and their seismic expression[END_REF].

The presence of pre-or syn-rift low frictional materials like salt and/or clay may also be a problem since they can induce deformation and accommodation creation not necessarily related to the rifting event itself (e.g., [START_REF] Rowan | Cross-section restoration of salt-related deformation: Best practices and potential pitfalls[END_REF].

Presence of magmatic systems

The presence of magmatic systems may represent a difficulty because (1) magmatic crust may be hard to distinguish from pre-rift continental crust [START_REF] Osmundsen | Extension, hyperextension and mantle exhumation offshore Norway: a discussion based on 6 crustal transects[END_REF][START_REF] Tugend | Reappraisal of the magma-rich versus magma-poor rifted margin archetypes[END_REF]; ( 2) magmatic intrusions may perturb or overprint the tectono-sedimentary record, rendering its unravelling difficult [START_REF] Zhang | Syn-rift magmatic characteristics and evolution at a sediment-rich margin: Insights from high-resolution seismic data from the South China Sea[END_REF]; and (3) magma-related heat may modify the rheology of the lithosphere involved, and thus lead to different deformation modes compared to magma-poor rifting; in particular, significant magmatic activity and related diking may trigger both crustal and lithospheric breakup before the continental crust was thinned to 0 km [START_REF] Bialas | How much magma is required to rift a continent? Earth Planet[END_REF][START_REF] Ebinger | Continental breakup in magmatic provinces: An Ethiopian example[END_REF][START_REF] Sun | The role of magmatism in the thinning and breakup of the South China Sea continental marginSpecial Topic: The South China Sea Ocean Drilling[END_REF]. Otherwise, magmatic lava flows may behave comparably to sediments, and can thus be interpreted in a similar way (e.g., [START_REF] Chao | The tectono-stratigraphic and magmatic evolution of conjugate rifted margins: insights from the NW South China Sea[END_REF] 6.4.3. The three-dimensional aspect of rift systems Rift systems are often segmented by transform faults (Figure 14b1), especially during crustal thinning (necking and hyperextension; [START_REF] Nirrengarten | Kinematic Evolution of the Southern North Atlantic: Implications for the Formation of Hyperextended Rift Systems[END_REF].

Transform systems can separate segments with distinct margin architectures, as exemplified by the differing domains width between the northern and central segment of the Iberia margin [START_REF] Sutra | How does the continental crust thin in a hyperextended rifted margin? Insights from the Iberia margin[END_REF] [START_REF] Pik | Structural control of basement denudation during rifting revealed by low-temperature (U-Th-Sm)/He thermochronology of the Socotra Island basement-Southern Gulf of Aden margin[END_REF]. Therefore, the timing of necking, hyperextension and mantle exhumation, as well as the age of the various unconformities mentioned above, vary presumably from one segment to another [START_REF] Nirrengarten | Kinematic Evolution of the Southern North Atlantic: Implications for the Formation of Hyperextended Rift Systems[END_REF][START_REF] Péron-Pinvidic | Structural comparison of archetypal Atlantic rifted margins: A review of observations and concepts[END_REF].

Individual faults have a limited extent along strike [START_REF] Lescoutre | Role of rift-inheritance and segmentation for orogenic evolution: example from the Pyrenean-Cantabrian system[END_REF][START_REF] Lymer | 3D development of detachment faulting during continental breakup[END_REF][START_REF] Nonn | Tectono-sedimentary evolution of the eastern Gulf of Aden conjugate passive margins: Narrowness and asymmetry in oblique rifting context[END_REF][START_REF] Péron-Pinvidic | Tectonosedimentary evolution of the deep Iberia-Newfoundland margins: Evidence for a complex breakup history[END_REF] and major structures may change their tectonic role along the margin (e.g., local merging of breakaway complexes in Osmundsen and Péron-Pinvidic, 2018; Figure 10a).

The correlation of timelines is particularly tricky in propagating rift systems (e.g., the V-shaped South China Sea, Gulf of Aden, Bay of Biscay, Porcupine Basin, early stages of the southern North-Atlantic rifting, etc.; Nirrengarten et al., 2018, and references therein;[START_REF] Luo | Tectono-magmatic and stratigraphic evolution of final rifting and breakup: evidence from the tip of the southwestern propagator in the South China Sea[END_REF]. Indeed, the migration of deformation toward both the rift center and the tip of the propagator renders timelines oblique to the conjugate margins (Figure 14b2).

Multistage rifting (out-of-sequence deformation)

Rifting may not always initiate on a thermally and gravitationally equilibrated lithosphere [START_REF] Manatschal | The role of inheritance in forming rifts and rifted margins and building collisional orogens: a Biscay-Pyrenean perspective[END_REF][START_REF] Zhang | Discovery of Mega-Sheath Folds Flooring the Liwan Subbasin (South China Sea): Implications for the Rheology of Hyperextended Crust[END_REF] and/or the pre-rift sediments may display variable thicknesses inherited from previous tectonic events. In Western Europe, for instance, the Alpine Tethys rifting overprinted an area that was formerly affected by the Meliata-Vardar rifting, which is expressed by a thickening of the pre-Alpine Tethys rifting sedimentary sequence to the east (Manatschal et al., this vol. and references therein). In Grand Banks, the Jeanne d'Arc stretching basin underwent post-Iberia-Newfoundland rifting extension related to the opening of the Orphan Basin (e.g., [START_REF] Skogseid | The Orphan Basin -a key to understanding the kinematic linkage between North and NE Atlantic Mesozoic rifting[END_REF]. We refer to these spatially overprinting but temporally distinct extension phases as multistage rifting [START_REF] Cadenas | Unravelling the architecture and evolution of the inverted multi-stage North Iberian-Bay of Biscay rift[END_REF]. The consequence of multistage rifting may be the local incorporation and/or reactivation of older tectono-stratigraphic features into the ongoing rift system (Figure 14c). Examples include the Permian and Triassic basins incorporated in the Jurassic hyperextended domain of the Alpine rift system [START_REF] Epin | Three-dimensional architecture, structural evolution, and role of inheritance controlling detachment faulting at a hyperextended distal margin: the example of the Err detachment system (SE Switzerland)[END_REF]; and Jurassic salt-bearing basins in the Cretaceous hyperextended domain of the Basque-Cantabrian basin [START_REF] Manatschal | The role of inheritance in forming rifts and rifted margins and building collisional orogens: a Biscay-Pyrenean perspective[END_REF][START_REF] Miró | Reactivation of a hyperextended rift system: the Basque-Cantabrian Pyrenees case[END_REF].

Conclusion

In this contribution, we propose a tectono-stratigraphic model describing the primary spatio-temporal evolution of active deformation during rifting. We show that the different rift domains of rifted margins are associated with specific (1) periods of tectonic activity;

(2) styles of deformation and related tectono-stratigraphic architecture; (3) amounts of horizontal and vertical accommodation creation; and (4) depositional environments. We demonstrate that the sequential localization of extension during rifting results in both a younging of the base of passive infill and an increasing fragmentation of early rift-related deposits oceanward. We propose a panel of Tectonic Sequences that may be correlated more or less easily and continuously across rifted margins. This model provides a new template to help correlate observations made at the well-calibrated and understood proximal domain with the more inaccessible and enigmatic distal domain. It highlights the necessity of jettisoning outdated dogma on rifted margins and changing our routines when interpreting seismic sections and correlating remnants of dismembered rifted margins exposed in orogens. [START_REF] Lavier | A mechanism to thin the continental lithosphere at magma-poor margins[END_REF]. Note that the scale for sedimentary deposits is vertically exaggerated compared to that of the crust. 

3. 3 .

 3 Characteristic Tectonic Sequences (TSs) of an idealized 2D along-dip transect across a rifted margin In the present section, we describe the characteristics of the TSs of our idealized model (Figure 5a-5g) without going through the details of construction. The observations on which this model was built derive essentially from the Alps and are presented in Part I (companion paper by

  ) creation of new real estate due to the exhumation of upper-to middle crustal rocks to the seafloor via extensional detachment faulting; (2) supra-detachment wedge-shaped sedimentary deposits of necking phase age emplaced directly onto exhumed basement; (3) uplift and erosion of exhumed basement and prenecking sediments potentially visible in both the necking and hyperextended domains; and (4) contemporaneous deposition of basement-derived material in adjacent regions. These sediments may be "cannibalized" (i.e., remobilized and re-deposited) during the necking phase owing to the progressive exhumation-uplift-rollover of the detachment fault on which the sandstones were deposited.

  creation of new real estate due to the exhumation of upper-to middle crustal rocks to the seafloor via in-sequence detachment faults that dip exclusively oceanward; (2) tectono-sedimentary breccias and overlying supradetachment wedge-shaped sedimentary deposits of hyperextension phase age emplaced directly onto exhumed basement; and (3) a progressive younging of supra-detachment basins fill oceanward.

( 1 )

 1 exclusively new real estate basement comprised of subcontinental lithospheric mantle exhumed to the seafloor via out-of-sequence detachment faulting; (2) tectono-sedimentary breccias and overlying supradetachment wedge-shaped sedimentary deposits of mantle exhumation phase age emplaced directly onto exhumed mantle; (3) over-tilted sedimentary packages at detachment faults breakaway; and (4) a progressive younging of supra-detachment basins fill oceanward.

  the Newfoundland one), deep-water drilling was performed in the Iberian hyperextended domain and in the inner part of the Newfoundland exhumed mantle domain, as part of the Ocean Drilling Program (ODP) Legs 149, 173 and 210. Besides, the viability of the tectono-stratigraphic interpretation by Sutra et al. (2013) was supported by its surface-conservative kinematic restoration. 4.1. Geological setting of Mesozoic rifting events in Western Europe The opening of the Alpine Tethys and North-Atlantic Ocean was part of the fragmentation of the Pangea supercontinent, which progressed both from east to west and from south to north via multistage rifting (Figure 7a): it initiated with the opening of the Meliata-Vardar domain at the western end of the Neothethys. It continued with the opening of the Ligurian, Piemonte and Valais domains between the Eurasian/Iberian plate and the Adriatic/African plate, ahead of the northwardpropagating Central Atlantic rifting, while the Meliata-Vardar domain was closing. It continued with the opening of the Bay of Biscay and southern North-Atlantic Ocean,

  ): (1) the base of the necking TS is a tectonic unconformity owing to detachment-related basement exhumation (new real estate) and/or local erosion; (2) the necking domain is a local region of siliciclastic deposits (sandstones) due to local basement exhumation and erosion/deposition; (3) water-depth remained relatively shallow during the necking phase and deposition of related sandstones. Observations from the Briançonnais domain indicate that the keystone block underwent a phase of transient emergence during the necking phase.

  ): (1) mantle exhumation was achieved via successive in-sequence detachment faults; (2) topography was created during mantle exhumation, which resulted in gravitational sliding and/or onlapping of syn-exhumation magmatic products and sediments; (3) the exhumed mantle was affected by normal faults, which served as feeder channels for the overlying volcanic sequences; (4) no pre-and early syn-rift deposits existed in the exhumed mantle domain; and (5) the first sedimentary deposits (radiolarites) were characteristic of abyssal deposition environments. 4.3. The Iberia-Newfoundland conjugate margins 4.3.1. The proximal domains

  (2004) and[START_REF] Haupert | Upper-plate magma-poor rifted margins: stratigraphic architecture and structural evolution[END_REF] to interpret the Iberian margin as a lower plate and its Newfoundland conjugate as an upper plate. Drill holes in the hyperextended domain of the Iberian margin indicate upper crustal basement affinities (ODP Sites 639, 901, 1065 and 1069). Exhumed middle-or lower crust has been evidenced only at ODP Sites 900 and 1067 (outer edge of the hyperextended domain). No drill hole data from the hyperextended domain of the Newfoundland margin is available. None of the drill holes in the Iberian hyperextended domain penetrated Late Triassic-Early Jurassic sediments. However, since all but one of the deep-water drill holes (ODP Site 639 in the northern segment) stopped before reaching the pre-rift top basement, we cannot exclude that such sequences exist, or existed and were eroded prior to hyperextension.In the Iberian hyperextended domain, pre-rift top basement is overlain by concordant Mid-to Late Jurassic sandstones and conglomerates interpreted as emplaced in an offshore shelf environment (ODP Sites 1065 and 1069; Figure8b2). We consider that these syn-rift deposits, which display pre-tectonic architectures, represent the stretching TS in the hyperextended domain. The subsequent Tithonian-Berriasian deposits are still pre-tectonic in the central segment. They comprise clay, silty clay, coarse sands and conglomerates interpreted to reflect a deepening sequence (up to 500-1000 m; ODP Sites 901, hyperextended domain. Whether the sands/conglomerates are derived from basement erosion is not resolved to date.The sedimentary fill of supra-detachment basins was only drilled in the hyperextended domain of the northern Iberian segment (ODP Sites 638-641).

Wilson

  et al. (2001) suggested that exhumation of already serpentinized mantle started during Valanginian-Hauterivian time. While[START_REF] Manatschal | New models for evolution of magma-poor rifted margins based on a review of data and concepts from West Iberia and the Alps[END_REF] initially envisioned mantle exhumation via a single detachment fault,Gillard et al. (2016) identified four successive in-and out-of-sequence detachment faults on the SCREECH 1 seismic profile further north, across the exhumed mantle domain of the Newfoundland margin.At ODP Site 1068 (mantle exhumation point; Figure8b2), drilling reported tectono-sedimentary breccias supported by a calcareous chalk matrix of Valanginian-Barremian age deposited onto exhumed mantle (Figure8b4). The next sediments drilled are much younger Campanian turbidites, which onlap against the tilted tectono-sedimentary breccias. This relationship indicates either that ODP Site 1068 was a topographic high already at the onset of mantle exhumation, or that the tectono-sedimentary breccias were tilted and uplifted after their deposition and prior to Campanian time, and that the adjacent basin was progressively filled by turbidites and pelagic sediments. Comparable relationships were documented by[START_REF] Péron-Pinvidic | Tectonosedimentary evolution of the deep Iberia-Newfoundland margins: Evidence for a complex breakup history[END_REF] at the conjugate Newfoundland margin (ODP Site 1277; Figure8b5): breccias of presumably Aptian age and overlying exhumed mantle are over-tilted compared to the Albian to Cenomanian onlapping, sub-horizontal, passive infill.

  The tectono-stratigraphic history of the Iberia-Newfoundland rift system is summarized in Figure8c. It is consistent with our idealized model in that:(1) it indicates a sequential localization of deformation oceanward; (2) the proximal domain is only affected by high-angle normal faults whose tectonic activity has largely ceased by the end of the stretching phase; (3) syn-stretching and synnecking deposits in the outer necking and hyperextended domain of the Iberian margin display shallow-water facies comparable to those of the proximal domain; however, they display pre-tectonic stratigraphic architectures in the distal margin, while they are syn-tectonic in the proximal domain; (4) a synnecking (Tithonian) unconformity overlain by sandstones exists at least in the proximal and necking domain of the Newfoundland margin; (5) the hyperextended Iberian lower plate is structured by in-sequence detachment faults associated with supra-detachment wedge-shaped deposits that become younger oceanward; and (6) the exhumation domain displays over-tilted syn-rift pre-to syn-tectonic sequences against which post-rift sediments onlap. Debated questions concern (1) the existence of extensional detachment faults in the necking domain of both the Iberian and Newfoundland margins; and (2) the existence of (dismembered) half-graben wedge-shape deposits in the stretching TS of the hyperextended domain.5. Application of our model to incompletely calibrated natural examplesIn the following, we rely on our model to interpret the tectono-stratigraphic record of an uncalibrated transect across conjugate NW-South China Sea margins; and of transects across the distal domain of the Mid-Norwegian and Socotra margins with support of observations and data from their adjacent, better-calibrated proximal domains. 5.1. The northwest South China Sea conjugate margins 5.1.1. Geological setting

  ;[START_REF] Kusznir | The mechanics of continental extension and sedimentary basin formation: A simple-shear/pure-shear flexural cantilever model[END_REF];[START_REF] Nirrengarten | Extension modes and breakup processes of the southeast China-Northwest Palawan conjugate rifted margins[END_REF];[START_REF] Ren | Characteristics and formation mechanism of deepwater and ultra-deepwater basins in the northern continental margin of the South China Sea[END_REF];[START_REF] Zhang | Syn-rift magmatic characteristics and evolution at a sediment-rich margin: Insights from high-resolution seismic data from the South China Sea[END_REF]. Here we focus on the CGN-1 multichannel high-resolution 2D seismic section, for which[START_REF] Chao | The tectono-stratigraphic and magmatic evolution of conjugate rifted margins: insights from the NW South China Sea[END_REF] recently proposed a detailed tectono-sedimentary interpretation and balanced kinematic restoration. To study the spatio-temporal evolution of deformation during rifting, they grouped seismic packages of same interpreted age along dip into one Sequence (S). In total, they identified five syn-rift Sequences (packages of same interpreted age along dip) with distinct evolutions across the conjugate margins.

Figure

  Figure 9c highlights an abrupt switch in the spatio-temporal distribution of active

  it displays a sequential localization of deformation, starting with discontinuous Permo-Triassic extension distributed over at least the future proximal and necking domains, and probably also over the future hyperextended domain. Distributed deformation stopped in the Late Triassic and focused in the future necking domain during the Late Jurassic (i.e., necking phase); (2) The main structures allowing for crustal thinning (the inner-and outer necking breakaway complexes of Osmundsen and Péron-Pinvidic, 2018) are crustalscale detachment faults, possibly associated with minor normal faults; (3) The necking phase was often associated with erosion at both the inner-and outer necking breakaway complexes; (4) the late stage of the necking phase was associated with an erosional unconformity (the BCU) that affected both the future necking domain, and at least the inner part of the hyperextended domain.

  and between the southern (Møre), central (Vøring) and northern (Lofoten) segment of the mid-Norwegian margin (Péron-Pinvidic and Osmundsen, 2018). Transfer faults can also delimit segments with different timings of extension (e.g., the sequential northward propagation of crustal extension along the Iberian margin; Alves et al., 2009, the sequential evolution along the Norwegian-Greenland conjugate margins; Gernigon et al., 2020, or the westward younging of extension across the transform fault of the Socotra margin;

Table 1 :

 1 Summary of the duration of the different rift phases and width of the different rift domains at the rift systems presented in this study.
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Figure 2 :

 2 Figure 2: Schematic stratigraphic architectures depending on the tectonic context during sediment deposition: a) pre-tectonic; b) syn-tectonic half-graben wedge-shaped; c) syn-tectonic supradetachment wedge-shaped; d) post-tectonic. e) relationships between the pre-, syn-, post-rift time intervals and the pre-, syn-, post-tectonic sedimentary architectures; f) schematic illustration of the evolution of a high-angle normal fault into a low-angle extensional detachment fault as extension progresses (modified from Péron-Pinvidic et al., 2007). Note that all schematics represent idealized architectures deposited in sediment-rich systems.

Figure 3 :

 3 Figure 3: a) Schematic cross section highlighting the primary morphology of magma-poor rifted margins (from Chenin et al., 2017); b) Width of the different distal domains in magma-poor rifted margins (from Chenin et al., 2017); c) Width relationships among the different distal domains in magma-poor rifted margins (from Chenin et al., 2017); d) First-order rheological evolution across a typical magma-poor rifted margin represented by schematic depth-dependent stress profiles; σd: deviatoric stress; z: depth; e) Schematic cross section displaying the first-order lithology across a typical magma-poor rifted margin (modified from Chenin et al., 2017). f) Schematic cross section displaying the dominant deformation mechanism associate with the different rift domains of magma-poor rifted margins.

Figure 4 :

 4 Figure 4: Wheeler diagram representing the spatio-temporal distribution of pre-, syn-and posttectonic sedimentary sequences across the Adriatic margin of the Alpine Tethys (modified from Ribes et al., 2019b). The dotted lines in the Wheeler diagram represent timelines that correspond to dated global or local events, namely: BB-SiE: Bajocian-Bathonian bio-Siliceous Event; R-BSR: Rhaetian Base of the Syn-rift sequence; T-CaE Tithonian Carbonate Event; T-OAE: Toarcian Oceanic Anoxic Event. Abbreviation n.r.e. stands for new real estate.

Figure 5 :

 5 Figure 5: Schematic evolution of an idealized magma-poor rifting (crustal surface and pre-rift sediment length are conserved among the different stages): a) pre-rift setting; b) stretching phase; c) early necking phase; d) late necking phase; e) hyperextension phase; f) mantle exhumation phase g) seafloor spreading phase. Insets g1-g5 zoom on characteristic "Building Blocks" (BB1-BB7) of rifted margins (see Manatschal et al., this volume, for a description of the different Building Blocks).

Figure 6 :

 6 Figure 6: Tables summarizing the main characteristics of each system tract in the different rift domains of our idealized model: a) main structures and related stratigraphic architecture; b) distribution of pre-, syn-and post-tectonic sedimentation and tectonic fragmentation; c) evolution of the depositional water depth.

Figure 7 :

 7 Figure 7: a) Schematic map showing the succession of rifting events in Western Europe (modified from Manatschal and Müntener, 2009).; b) Reconstruction of a synthetic section across the former Alpine Tethys rift system during the Late Jurassic margins. See panel (a) for location and note that section A-A' across the European margin is offset from section A''-A''' across the Adriatic margin. Abbreviations: hyperext.: hyperextended; d.: domain; Low. Aust. N.: Lower Austroalpine nappes; OCT: Ocean-Continent Transition; c) and d) Tables synthetizing the sedimentary architectures in each system tract in the different rift domains of the northwestern Adriatic and European margin, respectively.

Figure 8 :

 8 Figure 8: a) map of the Iberia-Newfoundland margins and location of the public seismic profiles and drill holes (modified from Sutra et al., 2013); b) interpreted SCREECH 2, TGS and LG 12 seismic sections across the conjugate Iberia-Newfoundland rifted margins (modified from Sutra et al., 2013); b1) close up on the southern Jeanne d'Arc Basin on the SCREECH 3 seismic transect (modified from Deemer et al., 2009); b2) stratigraphic overview of the Iberian necking and hyperextended domains (from Merino-Perez, 2016, and references therein); b3) stratigraphic interpretation of the CAM 144 seismic line imaging the Iberian hyperextended domain (from Péron-Pinvidic et al., 2007); b4) and b5) stratigraphic overview from the exhumed mantle domain of Iberia and Newfoundland, respectively (modified from Sutra et al., 2013); c) Table synthetizing the sedimentary architectures in each system tract in the different rift domains of the Iberian margin.

Figure 9 :

 9 Figure 9: a) Rift domain map showing the location of the CGN-1 transect and IODP Sites (modified from Nirrengarten et al. 2020); b) linedrawing of the CGN-1 line by Chao et al. (2021); b1) and b2) close-up of the outer necking -inner hyperextended domains of the northern and southern margin, respectively; c) spatio-temporal evolution of active vs inactive faulting and sedimentation along the studied transect (from Chao et al. 2021); f) Table synthetizing the sedimentary architectures of each system tract in the different rift domains of the northern margin of the NW-SCS. Abbreviation POD stands for Proto-Oceanic Domain.

Figure 10 :

 10 Figure 10: a) Map of the rift domains and intervening breakaway fault complexes at the mid-Norwegian margin (modified from Osmundsen and Péron-Pinvidic, 2018). Inset map from Google Earth; b) Interpreted seismic transect across the necking and hyperextended domains south of the Halten Terrace (no vertical exaggeration; modified from Osmundsen and Péron-Pinvidic, 2018; see panel a for location); c) uninterpreted and interpreted seismic section highlighting pervasive erosion of the Jurassic sequence at the breakaway of both the Vingleia and Klakk fault complexes (from Bell et al., 2014).

Figure 11 :

 11 Figure 11: Map of the rift domains in the region of Socotra and interpreted transects onshore (A-A' from Nonn et al., 2017; C-C' from (Fournier et al., 2007) and offshore (B-B' and D-D' from Nonn et al., 2017). Transects are first shown at the same scale and without vertical exaggeration for reference. Inset map from Google Earth.

Figure 12 :

 12 Figure 12: Schematic view of a rifted margin interpretation and corresponding Wheeler diagram according to a) former tectono-stratigraphic models; b) the tectono-stratigraphic presented in this study.

Figure 13 :

 13 Figure 13: a) Graphs displaying the evolution of vertical and horizontal accommodation creation with time for the different rift domains. Note that vertical accommodation creation may result either from tectonics with a minor thermal component, or from thermal relaxation only. b) Characteristic wavelengths and time of uplift for different tectonic or geodynamic processes.

Figure 14 :

 14 Figure 14: Main pitfalls to be kept in mind when applying a tectono-stratigraphic model to the interpretation of rift systems: a) impact of the ratio between sedimentation-and subsidence rate: sediment-starved systems will incompletely or even not record tectonic activity. b1) impact of segmentation and b2) propagating extension on the correlation of timelines across rift systems. c) impact of spatially overprinting extensional events (i.e., "multi-stage rifting"), which may incorporate sedimentary sequences unrelated to the rifting event considered (modified from Miró et al. 2021).

  . The tectono-thermal evolution of this domain is essentially ruled by the McKenzie (1978) model; (2) the necking domain is largely shaped by viscoplastic necking of the lithosphere
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