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Introduction

In subduction zones, complex temperature-fluid interactions control predominantly the seismogenic behavior of the megathrust, which hosts most of the large (Mw>7) to great (Mw>8) subduction earthquakes in the world. The temperature increases with depth and the transition from shallow stable (aseismic) to deeper stick-slip (seismogenic) behavior along the interplate contact depends on mechanical and chemical processes promoting gouge consolidation at temperature of 60-150°C [START_REF] Moore | Updip limit of the seismogenic zone beneath the accretionary prism of Southwest Japan: An effect of diagenetic to low-grade metamorphic processes and increasing effective stress[END_REF][START_REF] Vrolijk | On the mechanical role of smectite in subduction zones[END_REF]. At greater depth, the onset of deep stable sliding for a "normal type" oceanic crust is generally associated with temperatures of 350-450°C [START_REF] Tse | Crustal earthquake instability in relation to the depth variation of frictional slip properties[END_REF]) and/or the interaction of the interplate with the serpentinized mantle wedge of the upper plate [START_REF] Hyndman | The seismogenic zone of subduction thrust faults[END_REF]. However, subduction of exhumed ultramafic rocks of slow-spreading oceanic crust and deep fluid circulation may affect thermally and mechanically this evolution of the interplate sliding behavior.

Pore fluid overpressure possibly correlates with patches of low interseismic coupling (e.g. [START_REF] Moreno | Locking of the Chile subduction zone controlled by fluid pressure before the 2010 earthquake[END_REF] and promotes aseismic creep, slow-slip and very-low frequency earthquakes (SSE and VLFE) rather than large co-seismic ruptures (Saffer &[START_REF] Saffer | The frictional, hydrologic, metamorphic and thermal habitat of shallow slow earthquakes[END_REF][START_REF] Kodaira | High pore fluid pressure may cause silent slip in the Nankai Trough[END_REF]. Moreover, fluid circulation at depth partly controls earthquake recurrence [START_REF] Byerlee | Model for episodic flow of high-pressure water in fault zones before earthquakes[END_REF][START_REF] Sibson | Stress switching in subduction forearcs: Implications for overpressure containment and strength cycling on megathrusts[END_REF][START_REF] Saffer | Hydrogeology and mechanics of subduction zone forearcs: Fluid flow and pore pressure[END_REF].

Fluids enter subduction zones through different processes at work before the trench. These processes includes fluids trapped in the subduction channel sediments (e.g. [START_REF] Calahorrano | Nonlinear variations of the physical properties along the southern Ecuador subduction channel: Results from depthmigrated seismic data[END_REF], or hydrothermal flow in the oceanic upper crustal aquifer (e.g. [START_REF] Fisher | Channelized fluid flow in oceanic crest reconciles heat-flow and permeability data[END_REF], or trapped at greater depth in hydrous minerals down to the lithospheric mantle through different types of structure such as trans-oceanic fracture zones [START_REF] Cooper | Variable water input controls evolution of the Lesser Antilles volcanic arc[END_REF], large-scale detachments at slow-spread oceanic ridges [START_REF] Marcaillou | Pervasive detachment faults within the slow spreading oceanic crust at the poorly coupled Antilles subduction zone[END_REF], crustal-scale folded ridge [START_REF] Kodaira | High pore fluid pressure may cause silent slip in the Nankai Trough[END_REF], or outer rise slab-bending faults (e.g. [START_REF] Ranero | Bending-related faulting and mantle serpentinization at the Middle America trench[END_REF]. Circulating fluids advect heat which may drastically change the oceanic plate geotherm prior to subduction, modulate temperatures along the plate interface and change the heat flow at the surface and the margin thermal structure with respect to that estimated from the model of a conductively cooling plate [START_REF] Kummer | Hydrothermal circulation in subducting crust reduces subduction zone temperatures[END_REF][START_REF] Harris | Thermal regime of the Costa Rican convergent margin: 2. Thermal models of the shallow Middle America subduction zone offshore Costa Rica[END_REF][START_REF] Harris | Hydrothermal circulation and the thermal structure of shallow subduction zones[END_REF][START_REF] Harris | Heat Flow Evidence for Hydrothermal Circulation in Oceanic Crust Offshore Grays Harbor, Washington[END_REF][START_REF] Spinelli | Diagenetic, metamorphic, and hydrogeologic consequences of hydrothermal circulation in subducting crust[END_REF]. The effect of hydrothermal fluids on thermal structure depends on the mode of circulation. Thick, continuous and undeformed sediments in the trench prevent fluid exchange between the ocean and the crust and favor insulated hydrothermal circulation [START_REF] Harris | Hydrothermal circulation and the thermal structure of shallow subduction zones[END_REF]. In this context, warm fluids flowing from subduction depth updip along the basement aquifer may generate heat-flow values higher than that predicted by conductive heat transfer models in the accretionary wedge and at the trench (e.g., Nankai ; [START_REF] Spinelli | Effects of fluid circulation in subducting crust on Nankai margin seismogenic zone temperatures[END_REF]. In contrast, fractured oceanic crust with a thin sediment cover in the trench, and/or a deeply fractured forearc crust favor fluid-driven heat advection to and/or from the ocean, generating the so-called ventilated hydrothermal circulation [START_REF] Harris | Hydrothermal circulation and the thermal structure of shallow subduction zones[END_REF].

As a result, downward percolation of cold fluids in the trench may generate significantly lower heatflow values than that predicted by conductive heat transfer models (e.g., Costa Rica; [START_REF] Harris | Thermal models of the Middle America Trench at the Nicoya Peninsula, Costa Rica[END_REF]. Moreover, in a deeply and pervasively fractured forearc, fluid upward migration along fault planes and expulsion at the seafloor can generate elevated heat flow [START_REF] Pecher | A Fluid Pulse on the Hikurangi Subduction Margin: Evidence From a Heat Flux Transect Across the Upper Limit of Gas Hydrate Stability[END_REF]. Hence, measured heat-flow values significantly different from those expected for conductive heat transfer provide indirect constraint on fluids circulation at depth. The Lesser Antilles is an end-member subduction zone, which undergoes the subduction of a slowspreading oceanic lithosphere, partly made of exhumed, hydrated, serpentinized peridotite patches within the slab crust [START_REF] Paulatto | Dehydration of subducting slow-spread oceanic lithosphere in the Lesser Antilles[END_REF], fractured with pervasive detachment faults (Marcaillou et al., 2021) and/or highly hydrated trans-oceanic fracture zones [START_REF] Cooper | Variable water input controls evolution of the Lesser Antilles volcanic arc[END_REF]. Moreover, the Lesser Antilles seismicity is heterogeneous, with along-strike variations in b-value [START_REF] Schlaphorst | Water, oceanic fracture zones and the lubrication of subducting plate boundaries-insights from seismicity[END_REF] and isolated nests of thrust-faulting earthquakes [START_REF] Hayes | Quantifying potential earthquake and tsunami hazard in the Lesser Antilles subduction zone of the Caribbean region[END_REF]. This subduction zone is thus a promising study area to investigate the influence of along-strike variations in deep hydrothermal circulation onto the interplate seismic activity. During cruises Antithesis 1 and 3, we acquired a grid of multichannel seismic (MCS), four trench-normal Wide-Angle Seismic (WAS) profiles, and heat-flow measurements along two trench-normal profiles at the Lesser Antilles Subduction zone (Marcaillou & Klingelhoefer, 2013a, 2013b, 2016). These measurements offshore of Martinique and Saint Martin islands respectively (Figure 1) aim at investigating heat-flow variations related to fluid circulation at depth. Drastic mismatches between measurements of heat flow and predictions assuming conductive cooling highlight the strong influence of fluid-driven heat advection on the heat-flow at the surface. We analyze pathways for fluid charge and discharge, the impact of this hydrothermal circulation on the regional heat-flow and the temperature along the interplate contact, and discuss the relation to the seismicity location in the Lesser Antilles Subduction Zone (LASZ).

Regional setting

Geodynamical and structural background

The Caribbean plate overthrusts the North and South American Plates in a N76° direction with a 2 cm/yr convergence rate [START_REF] Demets | GPS geodetic constraints on Caribbean-North America Plate Motion[END_REF]. In the study area, the calculated age of the subducting oceanic plate at the trench from the nearby magnetic anomaly C34 of the North American Plate ranges from 83 Ma east of Barbuda island to 98 Ma east of southern Martinique island [START_REF] Carpentier | Pb-Nd isotopic constraints on sedimentary input into the Lesser Antilles arc system[END_REF].

A dense geophysical dataset -including bathymetric, multichannel seismic and wide-angle seismic data -constrain the along-strike variations in structure of the LASZ [START_REF] Kopp | Deep structure of the central Lesser Antilles Island Arc: Relevance for the formation of continental crust[END_REF][START_REF] Pichot | The Cenozoic tectonostratigraphic evolution of the Barracuda Ridge and Tiburon Rise, at the western end of the North America-South America plate boundary zone[END_REF][START_REF] Laigle | Seismic structure and activity of the northcentral Lesser Antilles subduction zone from an integrated approach: Similarities with the Tohoku forearc[END_REF], Evain et al., 2013[START_REF] Paulatto | Dehydration of subducting slow-spread oceanic lithosphere in the Lesser Antilles[END_REF][START_REF] Laurencin | The polyphased tectonic evolution of the Anegada Passage in the northern Lesser Antilles subduction zone[END_REF], 2018, 2019, and Boucard et al., 2021).

The nature and structure of the Atlantic subducting crust is expected to vary both in the north-south and east-west directions. At slow-spreading mid-ocean ridges, magmatically-robust segments promote typical layer 2/3 "Penrose" structure (e.g. [START_REF] Wang | Thermal regime of the Southwest Japan subduction zone: effects of age history of the subducting plate[END_REF], while tectonically-dominated segments generate stretched and thinned crust frequently hosting large bodies of exhumed, hydrated and serpentinized upper mantle peridotites (e.g. [START_REF] Cannat | Modes of seafloor generation at a melt-poor ultraslow-spreading ridge[END_REF][START_REF] Escartín | Central role of detachment faults in accretion of slow-spreading oceanic lithosphere[END_REF]. Numerous occurrences of tectonically-dominated basement have been observed near the Mid-Atlantic Ridge, where Oceanic Core-Complexes and Megamullions outcrop (e.g. [START_REF] Tucholke | Megamullions and mullion structure defining oceanic metamorphic core complexes on the Mid-Atlantic Ridge[END_REF][START_REF] Ildefonse | Oceanic core complexes and crustal accretion at slow-speading ridges[END_REF][START_REF] Szitkar | Detachment tectonics at Mid-Atlantic Ridge 26[END_REF], between the Mid-Atlantic Ridge and the Lesser Antilles Subduction Zone about 300 km from the trench [START_REF] Davy | Wide-Angle Seismic Imaging of Two Modes of Crustal Accretion in Mature Atlantic Ocean Crust[END_REF], and at the Jacksonville Patch in the trench offshore of Barbuda island [START_REF] Marcaillou | Pervasive detachment faults within the slow spreading oceanic crust at the poorly coupled Antilles subduction zone[END_REF]. Moreover, numerous trans-oceanic fracture zones deeply hydrate the oceanic crust and mantle. The subducting Vema, Marathon, Mercurius and Doldrums Fracture zones of the South American Plate generate vigorous dewatering beneath the Central Lesser Antilles Arc [START_REF] Cooper | Variable water input controls evolution of the Lesser Antilles volcanic arc[END_REF]. The 15-20 Fracture Zone in the North American Plate [START_REF] Braszus | Subduction history of the Caribbean from upper-mantle seismic imaging and plate reconstruction[END_REF]) located beneath the Northern Lesser Antilles forearc is likely to favor fluids circulation at depth [START_REF] Marcaillou | Pervasive detachment faults within the slow spreading oceanic crust at the poorly coupled Antilles subduction zone[END_REF]. (Marcaillou & Klingelhoefer, 2013a, 2013b, 2016), Sismantilles II (Laigle et al., 2013a, b). The map shows the location for heat-flow measurements recorded during Antithesis cruise (plain stars), Multichannel and Wide-Angle seismic lines (black and red lines respectively) Ant06 [START_REF] Laurencin | The polyphased tectonic evolution of the Anegada Passage in the northern Lesser Antilles subduction zone[END_REF], Boucard et al., 2021), Thales line [START_REF] Kopp | Deep structure of the central Lesser Antilles Island Arc: Relevance for the formation of continental crust[END_REF], D line (Laigle et al., 2013a, b). The black dotted line shows the projection onto the seafloor of the 15-20 and Marathon Fracture Zones, which deeply incise the subducting oceanic plate, and the dotted frame shows the 60-km-wide Tintamarre Fault Zone (TFZ) in the forearc. N A -North American, S A -South American, PR -Puerto Rico, VI -Virgin Islands.

The sediment thickness in the trench decreases northward from approximately ~3 km south of Tiburon Rise [START_REF] Pichot | The Cenozoic tectonostratigraphic evolution of the Barracuda Ridge and Tiburon Rise, at the western end of the North America-South America plate boundary zone[END_REF] offshore of Martinique, to ~0.5 km north of Barracuda Ridge offshore of Saint Martin [START_REF] Laurencin | The Bunce Fault and Strain Partitioning in the Northern Lesser Antilles[END_REF]. The width of the accretionary prism also decreases from 110 to 30 km [START_REF] Laurencin | The Bunce Fault and Strain Partitioning in the Northern Lesser Antilles[END_REF][START_REF] Laigle | Seismic structure and activity of the northcentral Lesser Antilles subduction zone from an integrated approach: Similarities with the Tohoku forearc[END_REF]. Seismic lines in the Northern Lesser Antilles [START_REF] Laurencin | The polyphased tectonic evolution of the Anegada Passage in the northern Lesser Antilles subduction zone[END_REF], Boucard et al., 2021) and in the Central Lesser Antilles [START_REF] De Min | Tectonic and sedimentary architecture of the Karukéra spur: A record of the Lesser Antilles fore-arc deformations since the Neogene[END_REF], Laigle et al., 2013a, 2013b) show that the overall thickness of the forearc sedimentary layer and the margin basement is similar along-strike. In the forearc domain offshore of Antigua-Barbuda, the >100km-long and 60-km-wide N120° trending Tintamarre Fault Zone deeply and pervasively fractures the margin (Figure 1) [START_REF] Boucard | Paleogene V-Shaped Basins and Neogene Subsidence of the Northern Lesser Antilles Forearc[END_REF]. The slab dip angle shows apparent along-strike variation at the shallower part, when observed as a function of the distance from the trench. For instance, the slab dip is ~10° at 30 km and 110 km distance offshore of Saint Martin and Martinique islands respectively [START_REF] Laurencin | The Bunce Fault and Strain Partitioning in the Northern Lesser Antilles[END_REF], Boucard et al., 2021[START_REF] Kopp | Deep structure of the central Lesser Antilles Island Arc: Relevance for the formation of continental crust[END_REF][START_REF] Laigle | Seismic structure and activity of the northcentral Lesser Antilles subduction zone from an integrated approach: Similarities with the Tohoku forearc[END_REF]. This difference corresponds to the along-strike variation in accretionary wedge size. In contrast, the landward increase in slab dip angle is similar on the two profiles when observed as a function of interplate depth. At large depth, the slab dip angle is up to 51 ° at 280 km distance from the trench and shows no significant alongstrike variation up to Guadaloupe [START_REF] Paulatto | Dehydration of subducting slow-spread oceanic lithosphere in the Lesser Antilles[END_REF], and Saint Martin when projected from Wide angle model of [START_REF] Klingelhoefer | Relation Between the Nature of the Subducting Plate, Heat Flow and Fluid Escape Structures at the Lesser Antilles Island arc[END_REF]. The mantle wedge of the upper plate intersects the slab at 24 km and 28 km depth (~100 km and ~160 km from the deformation front) offshore of Saint Martin and Martinique islands respectively [START_REF] Laurencin | Influence of increasing convergence obliquity and shallow slab geometry onto tectonic deformation and seismogenic behavior along the Northern Lesser Antilles zone[END_REF][START_REF] Kopp | Deep structure of the central Lesser Antilles Island Arc: Relevance for the formation of continental crust[END_REF].

Seismicity and seismogenic zone

A recent re-interpretation of the available campaign and continuous GPS measurements in the Caribbean resulted in a re-evaluated plate velocity field [START_REF] Van Rijsingen | Inferring Interseismic Coupling Along the Lesser Antilles Arc: A Bayesian Approach[END_REF]. These authors propose that the plate coupling along the Puerto-Rico and Lesser Antilles subduction interface is very low. Consistently, the seismicity catalogue record only a few hundred earthquakes per year in the Lesser Antilles (Figure 2). However, investigations on some coral micro-atolls suggest that vertical deformation are possibly related to a local increase in interseismic coupling at great depth [START_REF] Philibosian | 20th-century strain accumulation on the Lesser Antilles megathrust based on coral microatolls[END_REF]. A more recent study [START_REF] Van Rijsingen | Ongoing tectonic subsidence in the Lesser Antilles subduction zone[END_REF] has however, presented vertical velocities for the Lesser Antilles Islands and examine the link between the short and long-term vertical motions and their underlying processes. Based on their elastic dislocation models, they show that a locked or partially locked interplate up to 60 km depth would produce uplift of the island arcs, which is opposite to the observations of microatolls and GNSS data. Thus, suggesting low coupling for this subduction zone.

During the historical period, only few earthquakes among damaging events occurred on the plate interface, including the largest 1843 event with an intensity-based magnitude possibly ranging between 7.0 [START_REF] Bernard | Subduction and seismic hazard in the northern Lesser Antilles: revision of the historical seismicity[END_REF]) and 8.4 [START_REF] Feuillet | Tectonic context of moderate to large historical earthquakes in the Lesser Antilles and mechanical coupling with volcanoes[END_REF][START_REF] Hough | Missing great earthquakes[END_REF]. The CMT catalog [START_REF] Dziewonski | Determination of earthquake source parameters from waveform data for studies of global and regional seismicity[END_REF][START_REF] Ekström | The global CMT project 2004-2010: Centroidmoment tensors for 13,017 earthquakes[END_REF] indicate that only about 46 earthquakes along ~800-km-long segment, with Mw > 5 and focal mechanisms consistent with a co-seismic rupture along the subduction interface, have been recorded teleseismically since 1973 (Figure 2). This scarce interplate seismicity is mainly aggregated in two clusters: one from Montserrat to Barbuda and the other from the Anegada Passage to the Virgin Islands. Between these regions and to the south of Guadeloupe, subduction earthquakes are very rare in the instrumental period, and small earthquakes (Mw < 5) dominate [START_REF] Schlaphorst | Water, oceanic fracture zones and the lubrication of subducting plate boundaries-insights from seismicity[END_REF]. The scarcity of subduction earthquakes raises the question of seismic gaps in the Lesser Antilles, particularly between Barbuda and the Anegada Passage [START_REF] Marcaillou | Pervasive detachment faults within the slow spreading oceanic crust at the poorly coupled Antilles subduction zone[END_REF]. (Laigle et al., 2013a). Black lines AA' and BB' show the location of the thermal models and the earthquake profiles shown in Figure 8.

Thermal regime

Prior to the Antithesis cruises, old, scarce and highly scattered heat-flow measurements existed in the Lesser Antilles forearc and the trench. More recent data were acquired in the Grenada backarc basin and Island arcs [START_REF] Manga | Heat flow in the Lesser Antilles island arc and adjacent back arc Grenada basin[END_REF]. [START_REF] Gutscher | How wide is the seismogenic zone of the Lesser Antilles forearc?[END_REF] proposed first thermal models at various latitudes along the Lesser Antilles. In their study, lines AA' and CC' approximately correspond to the Saint Martin and Martinique heat-flow profiles in the current study. However, along these two lines, the modelling resulted in a poorly constrained thermal structure. Offshore of Antigua, only one heat-flow measurement (82 mW/m²) in the forearc constrain the model, and offshore of Martinique, old heat flow measurements scattered between 30 and 90 mW/m². Thus, the margin thermal structure needs to be reevaluated in the Northern and Central Lesser Antilles.

Methods

During the Antithesis 1 cruise (Dec 2013 -Jan 2014), we acquired 39 heat-flow measurements using a microprocessor-controlled heat-flow (MCHF) instrument (see the Supplementary Material for description). We model the thermal structure of the subduction zone along two trench-normal profiles, one located between Barbuda and Saint Martin islands and crossing the volcanic arc at St Kitts island (hereafter named 'Saint Martin' profile), and the other crossing Martinique island forearc and active volcanic arc (hereafter named 'Martinique' profile) (Figure 1). The 2-D finite-element steady-state modelling method [START_REF] Wang | Influence of basement topography on hydrothermal circulation in sediment-buried igneous oceanic crust[END_REF], the mesh geometry (Figure 3), the input parameters and the thermal boundary conditions are described in details in the supplementary material. For conductive models, the geotherm at the oceanic boundary is calculated using a model of a conductive half-space cooling lithosphere based on a 1-D approach [START_REF] Hutchison | The effects of sedimentation and compaction on oceanic heat flow[END_REF] and detailed by [START_REF] Marcaillou | Thermal segmentation along the N. Ecuador-S. Colombia margin (1-4°N): Prominent influence of sedimentation rate in the trench[END_REF]. However, fluid circulation within the incoming oceanic crust can cause hydrothermal warming (e.g. [START_REF] Spinelli | Effects of fluid circulation in subducting crust on Nankai margin seismogenic zone temperatures[END_REF] or cooling (e.g. [START_REF] Harris | Thermal models of the Middle America Trench at the Nicoya Peninsula, Costa Rica[END_REF] in the trench, and modify the heat flow at the surface, the oceanic geotherm and the temperature along the subduction interface. We use the methods by [START_REF] Spinelli | Effects of fluid circulation in subducting crust on Nankai margin seismogenic zone temperatures[END_REF][START_REF] Harris | Thermal models of the Middle America Trench at the Nicoya Peninsula, Costa Rica[END_REF] to calculate the oceanic geotherm where anomalous heat flow (i.e. heat-flow different from conductive value) indicate significant heat advection. This approach requires the use of Nusselt number (Nu) as a proxy to model heat advection due to hydrothermal circulation (See the Supplementary material).

Regional heat-flow and fluid-driven heat advection

In the following, we describe the measured and calculated heat-flow values based on conductively cooling modelling and heat advection in order to discuss the influence of fluid circulation.

Measurements

We recorded 13 and 26 heat-flow measurements, at depth greater than 2400m, from 30-50 km before the trench up to the inner forearc, at the latitude of Saint Martin and Martinique respectively (Figure 1).

Water depths for heat-flow measurements are indicated in Figure 4. Along the Martinique profile, the heat flow decreases progressively from ~78mW/m² in the trench to 35-45mW/m² at 100-150 km from the deformation front in the outer forearc and increases to ~60mW/m² towards the arc (Figure 4A). In contrast, along the Saint Martin profile, the heat flow does not significantly vary from the trench, ~42mW/m², to the forearc, where values range from 30 to 42mW/m² between 45 and 120 km from the deformation front (Figure 4B). The two profiles differ in two key ways. First, the heat flow is 53% higher in the trench offshore of Martinique than of Saint Martin. Moreover, the heat flow decreases from the trench to the outer forearc along the former but remains constant along the latter. 

Calculated conductive heat flow

Conductive thermal modelling predicts a heat flow profile which decreases from the oceanic domain to the forearc, from 56 to 26 mW/m² along the Martinique Profile and from 52 to 22 mW/m² along the Saint Martin Profile (black lines in Figure 4A and Figure 4B). The calculated heat flow at the trench is consistent with the expected value for an 80-Myr-old oceanic plate [START_REF] Stein | Constraints on hydrothermal heat flux through the oceanic lithosphere from global heat flow[END_REF][START_REF] Lucazeau | Analysis and Mapping of an Updated Terrestrial Heat Flow Data Set[END_REF]. Along both profiles, the calculated conductive heat flow poorly fits the measurements. Offshore of Martinique, the calculated heat flow is ~30% lower than the measurements in the trench and decreases westward similarly as the measurements, thus remaining significantly lower along the outer forearc. In other words, the heat-flow mismatch at the trench and the accretionary prism indicates a positive thermal anomaly compared to the conductive model at the margin front. In contrast, on Saint Martin profile, the calculated conductive heat-flow is ~23% higher than the measurement in the oceanic Jacksonville Patch (Figure 1). Moreover, the calculated heat-flow decreases westward, along the forearc and is lower than the measurements between 60 and 140 km from the deformation front. Thus, compared to the conductive model, this result indicates contrasting thermal anomalies: one negative near the trench and at the accretionary prism, the other positive at the forearc.

Sensitivity tests for the calculated conductive heat-flow

We performed sensitivity tests for the key-parameters of the conductively cooling model to check whether heat conduction can possibly account for the measured heat-flow variations, or if these variations are necessarily related to fluid-driven thermal advection.

In the frame of a conductively cooling oceanic lithosphere, the northward decrease in measured heatflow from 78 to 42mW/m² in the trench is possibly related to two parameters: the incoming plate age and the oceanic sedimentation rate [START_REF] Hyndman | Thermal constraints on the zone of major thrust earthquake failure: the Cascadia Subduction Zone[END_REF][START_REF] Marcaillou | Thermal segmentation along the N. Ecuador-S. Colombia margin (1-4°N): Prominent influence of sedimentation rate in the trench[END_REF]. However, this decrease would require an increase in the oceanic plate age from 40 Myr to >120 Myr, which is highly unreasonable at the Lesser Antilles, where the age of the ~80-Myr-old American Plate does not vary significantly along-strike [START_REF] Müller | A Global Plate Model Including Lithospheric Deformation Along Major Rifts and Orogens Since the Triassic[END_REF]. Moreover, a sedimentation rate in the trench, offshore of Saint Martin, high enough to reduce the heat-flow by 23% is inconsistent with the <500-m-thick trench fill [START_REF] Laurencin | The Bunce Fault and Strain Partitioning in the Northern Lesser Antilles[END_REF]. Offshore of Martinique, the trench fill is up to 3 km thick [START_REF] Pichot | The Cenozoic tectonostratigraphic evolution of the Barracuda Ridge and Tiburon Rise, at the western end of the North America-South America plate boundary zone[END_REF], but even a theoretical model with zero sedimentation rate results in calculated heat-flow that remains ~30% lower than the measurements. As a result, in the trench, heat conduction cannot generate the high heat-flow along the Martinique profile and low heat-flow along the Saint Martin profile without a key-contribution by heat advection.

Along the Saint Martin profile, measurements indicate an intriguingly stable heat-flow from the trench to the inner forearc, while typically at subduction zone, the heat-flow decreases as the oceanic plate deepens beneath the margin [START_REF] Wang | Thermal regime of the Southwest Japan subduction zone: effects of age history of the subducting plate[END_REF]. In the conductively cooling model, the slabdipping angle and the upper plate thermal conductivity are the key parameters that control the landward decrease of the calculated heat-flow (Figure 4). Fitting the measurements by varying the slab-dipping angle is obtained when involving flat slabs geometries in the models (slab dip angle < 2°). However, offshore of Saint Martin, wide-angle models [START_REF] Laurencin | Influence of increasing convergence obliquity and shallow slab geometry onto tectonic deformation and seismogenic behavior along the Northern Lesser Antilles zone[END_REF] and MCS data [START_REF] Laurencin | The Bunce Fault and Strain Partitioning in the Northern Lesser Antilles[END_REF] show that the slab dip is up to ~25° beneath the forearc. In addition, fitting the measurements by varying the thermal conductivity in the upper-plate and the sediments would require values greater than 10 W.m -1 .K -1 , which is unrealistic for these lithologies [START_REF] Beardsmore | Heat Flow[END_REF].

These tests thus indicate that conductively cooling models cannot satisfactorily account for 1) the heat-flow in the trench, which is too high offshore of Martinique and too low offshore of Saint Martin and 2) the high heat-flow at 60-140 km from the deformation front at the forearc of Saint Martin.

Calculated heat advection

Offshore of Martinique, anomalously high heat flow in the trench and at the deformation front is typical of the hydrothermal warming related to insulated circulation: warm fluids flow updip along the oceanic basement aquifer to the trench, where thick and poorly faulted sedimentary fill reduces exchanges with seawater [START_REF] Spinelli | Effects of fluid circulation in subducting crust on Nankai margin seismogenic zone temperatures[END_REF][START_REF] Harris | Thermal regime of the Costa Rican convergent margin: 2. Thermal models of the shallow Middle America subduction zone offshore Costa Rica[END_REF]. A similar insulated system has been observed and modelled in the Nankai subduction zone [START_REF] Spinelli | Effects of fluid circulation in subducting crust on Nankai margin seismogenic zone temperatures[END_REF]. We applied the methodological approach used by these authors to model heat advection (See the Supplementary material). In this approach, increasing the Nusselt Number (Nu) in a mesh layer that represent the crustal aquifer simulates fluid flow along this region. Using Nu of 1000, consistent with previous modelling in other subduction zones (e.g. [START_REF] Harris | Heat Flow Evidence for Hydrothermal Circulation in Oceanic Crust Offshore Grays Harbor, Washington[END_REF], results in higher calculated heat-flow of 76mW/m² in the trench and at the deformation front, which is consistent with the measurements. The addition of fluid advection results in a landward decreasing calculated heat-flow that fits the measurements from the trench to the inner forearc (red line in Figure 4A).

Offshore of Saint Martin, anomalously low heat-flow in the poorly sedimented and pervasively fractured trench is typical of ventilated hydrothermal systems where cold seawater percolates through oceanic basement faults (e.g. [START_REF] Harris | Thermal models of the Middle America Trench at the Nicoya Peninsula, Costa Rica[END_REF]. In Costa-Rica, these authors successfully modelled hydrothermal cooling by reducing the oceanic geotherm of the incoming plate. In our model, reducing the oceanic geotherm at the seaward boundary results in lowering the calculated heat-flow to 45 mW/m², in the trench and at the margin deformation front (black dotted line in Figure 4B) which is consistent with the measurements. Hydrothermal cooling in the trench reduces the calculated heat-flow along the accretionary wedge where it fits the measurements, but does not significantly change the calculated value beneath the forearc (60-140 km from the deformation front) where it remains much lower than the measurements. This positive thermal anomaly in the forearc corresponds to the location of the Tintamarre Fault Zone suggesting warm fluid upward migration to the seafloor as consistently proposed by previous studies based on tectonic observations [START_REF] Boucard | Paleogene V-Shaped Basins and Neogene Subsidence of the Northern Lesser Antilles Forearc[END_REF], wide-angle derived velocity anomaly [START_REF] Klingelhoefer | Relation Between the Nature of the Subducting Plate, Heat Flow and Fluid Escape Structures at the Lesser Antilles Island arc[END_REF] and discussion from geochemical data [START_REF] Cooper | Variable water input controls evolution of the Lesser Antilles volcanic arc[END_REF]. We model this heat migration, using a Nusselt Number of 3.5 at the forearc area where the Tintamarre Fault Zone (TFZ) deeply fracture the margin (Figure 5). The TFZ covers ~100 km wide and ~6km depth (second layer in the close up in Figure 5B), and is in line with the extent of the faults zone as imaged in seismic and bathymetric data [START_REF] Boucard | Paleogene V-Shaped Basins and Neogene Subsidence of the Northern Lesser Antilles Forearc[END_REF]. This value of Nu accounts for the thermal effects of heat transfer by fluid circulation in this unit. This modelling generates heat-flow of 34 mW/m² at the surface, which fits the measurements (Figure 4b) and thus approximate the upward heat migration in the Tintamarre Fault Zone. 

Hydrothermal circulation within the Lesser Antilles subduction zone

Measurements provide unexpected heat-flow values in the trench, at the deformation front and in the forearc of the Lesser Antilles Subduction Zone. Conductively cooling modelling cannot predict heatflow values which satisfactorily fit the measurements indicating that fluid-driven heat advection strongly influences the heat transfer in the margin segments. This result is consistent with an increasing number of recent studies, which conclude that the LASZ is extremely hydrated (e.g. [START_REF] Schlaphorst | Water, oceanic fracture zones and the lubrication of subducting plate boundaries-insights from seismicity[END_REF][START_REF] Paulatto | Dehydration of subducting slow-spread oceanic lithosphere in the Lesser Antilles[END_REF], Cooper et al., 2020, Marcaillou et al., 2021). Moreover, the measurements and models indicate that the fluid circulation varies along-strike, as discussed below. [START_REF] Laigle | Seismic structure and activity of the northcentral Lesser Antilles subduction zone from an integrated approach: Similarities with the Tohoku forearc[END_REF][START_REF] Kopp | Deep structure of the central Lesser Antilles Island Arc: Relevance for the formation of continental crust[END_REF] for the Martinique profile, and [START_REF] Boucard | Paleogene V-Shaped Basins and Neogene Subsidence of the Northern Lesser Antilles Forearc[END_REF], Marcaillou et al., 2021, Laurencin et al., 2018) for the Saint Martin profile (See section 2 for details).

Central Lesser Antilles, offshore of Martinique

Along the Martinique profile, the heat flow is significantly higher than the conductive value in the trench, decreasing regularly landward beneath the forearc. This behavior is typical of shallow hydrothermal warming related to insulated circulation, as described for instance in Nankai [START_REF] Spinelli | Effects of fluid circulation in subducting crust on Nankai margin seismogenic zone temperatures[END_REF][START_REF] Harris | Hydrothermal circulation and the thermal structure of shallow subduction zones[END_REF]. In the Central Lesser Antilles, Boron isotope ratio indicates excess dehydration, i.e. high rate of water released from the slab, at great depth beneath the volcanic arc [START_REF] Cooper | Variable water input controls evolution of the Lesser Antilles volcanic arc[END_REF]. These authors thus confirm previous geophysical studies, which highlighted the strong hydration of this subduction segment [START_REF] Schlaphorst | Water, oceanic fracture zones and the lubrication of subducting plate boundaries-insights from seismicity[END_REF][START_REF] Paulatto | Dehydration of subducting slow-spread oceanic lithosphere in the Lesser Antilles[END_REF]. They indicate that the subduction of numerous deep large-scale oceanic transform fault zones and potentially exhumed mantle rocks related to the slow-spreading Mid-Atlantic Ridge have the potential to supply substantial volumes of fluid to the subduction. We propose that warm fluids, released at shallow depths by sediment compaction and at greater depths by metamorphic dehydration and/or deserpentinization of exhumed mantle rocks along major fracture zones (e.g. Marathon F.Z.), collected within the oceanic basement aquifer and the interplate fault zone, migrate updip along the subduction interface and the shallow crustal aquifer toward the trench, as exemplified in Chile by [START_REF] Moreno | Locking of the Chile subduction zone controlled by fluid pressure before the 2010 earthquake[END_REF] and in Nankai by [START_REF] Spinelli | Effects of fluid circulation in subducting crust on Nankai margin seismogenic zone temperatures[END_REF]. The 2-to-3-km thick poorly-faulted sedimentary trench fill to the South of the Barracuda Ridge, impedes cold seawater downward percolation into the trench, insulating the downgoing oceanic plate. As a result, fluids updip migration warms up the subduction interface beneath the shallow portion of the accretionary prism, the deformation front and the trench, increasing the heat-flow at the seafloor (Figure 6A).

Northern Lesser Antilles, offshore of Saint Martin

Along the Saint Martin profile, the measured heat flow is significantly lower than the conductive value in the trench and at the accretionary wedge. This behavior is typical in the presence of shallow hydrothermal cooling and ventilated circulation, as described for instance in Costa-Rica [START_REF] Harris | Thermal models of the Middle America Trench at the Nicoya Peninsula, Costa Rica[END_REF][START_REF] Harris | Thermal regime of the Costa Rican convergent margin: 2. Thermal models of the shallow Middle America subduction zone offshore Costa Rica[END_REF]. In the trench, the subducting oceanic basement within the Jacksonville patch consists of exhumed and hydrated mantle rocks deeply and pervasively fractured by widespread detachment faults overlain with a fractured <500-m-thin sedimentary layers [START_REF] Marcaillou | Pervasive detachment faults within the slow spreading oceanic crust at the poorly coupled Antilles subduction zone[END_REF]. These detachment faults, likely reactivated by plate bending, and the thin fractured sedimentary layers favor downward cold seawater percolation and hydrothermal cooling in the trench. Outside the Jacksonville patch, within the oceanic domain, a second heat-flow measurement (55mW/m²) is consistent with an expected conductive heat-flow value. However, this region shows no evidence of highly faulted sediment and oceanic basement as observed in the patch [START_REF] Marcaillou | Pervasive detachment faults within the slow spreading oceanic crust at the poorly coupled Antilles subduction zone[END_REF]. Thus, it is likely that hydrothermal cooling maybe restricted to the extent of the Jacksonville patch in the oceanic domain. However, this is based only on the 2 heat-flow values acquired inside and outside of the patch respectively. In the forearc, the Tintamarre Fault deeply fractures the basement, while the 15-20 Fracture Zone deeply fractures the subducting oceanic plate at greater depth beneath the forearc. The slab dehydration at depth, by sediment compaction, metamorphic reactions and deserpentinization of basement and/or mantle rocks probably releases large amount of fluids into the interplate fault damaged zone. We propose that the >100-km-long and 60-km-wide Tintamarre Fault Zone associated to intense basal erosion [START_REF] Boucard | Paleogene V-Shaped Basins and Neogene Subsidence of the Northern Lesser Antilles Forearc[END_REF] offers efficient pathways for fluid upward migration up to the seafloor where they create numerous possible pockmarks [START_REF] Klingelhoefer | Relation Between the Nature of the Subducting Plate, Heat Flow and Fluid Escape Structures at the Lesser Antilles Island arc[END_REF]. As a result, downward percolation of cold seawater through reactivated detachment faults in the trench, and warm fluid upward migration through major fault zones in the forearc are consistent with heat-flow measurements respectively lower and higher than conductive value in this ventilated hydrothermal system (Figure 6B).

Thermal structure and potential seismogenesis

The thermal structures for the Saint Martin and Martinique profile models, with and without heat advection, show small variations in the location of the 100, 150, 350 and 450°C isotherms often interpreted to be associated with the updip and downdip limit of seismogenic zones when located at shallower depth than hydrated mantle wedge (e.g. [START_REF] Hyndman | Thermal constraints on the seismogenic portion of the southwestern Japan subduction thrust[END_REF] 1 andFigure 7).

When comparing the effect of advection vs conduction, offshore of Martinique, fluid updip migration warms up a shallow section of the interplate contact, from 190 km to the trench, shifting the 150°C isotherms seaward by 15 km. In contrast, this heat advection has no effect on the thermal structure of the deepest part of the interplate contact, which is mostly controlled by the mantle wedge. Along the Saint Martin profile, cold fluid downward percolation in the Jacksonville Patch cools down the temperature of the frontal segment of the interplate contact and this cooling effect rapidly decreases landward. As a result, the 100 and 150°C isotherms are shifted by 10 km by this hydrothermal cooling, which has no impact on the location of the 350 and 450°C isotherms. The moderate effect of this hydrothermal circulation onto the thermal structure is likely related to the old age of the oceanic plate and the slow convergence rate. The age and convergence rate of the oceanic plate in the LA typically generate cold subduction zone and thus reduce the influence of hydrothermal circulation onto the thermal structure.

What is noteworthy are the significant distances from the trench of the 150°C and 350°C temperatures on the interplate fault : they are both located beneath the inner forearc for the Saint Martin profile and beneath the outer forearc for the Martinique profile. The distance between the 150°C and 350°C, often referred to as the minimum width of the thermally defined seismogenic zone, varies from 80 to 94 km for the Martinique profile, and from 80 to 72 km for the Saint Martin profile from the conductive to the advective models. Along the Martinique profile, temperatures of 150°C and 350°C reach depths of 20 km and 60 km respectively on the interplate fault. The forearc Moho located at a shallower depth (28 km) than 350°C would thus become the downdip limit of the potential seismogenic portion [START_REF] Hyndman | The seismogenic zone of subduction thrust faults[END_REF], with a sharp reduction of the width to 36 km. On the Saint Martin Profile, a greater depth of 25 km for the 150°C marking the updip limit, and a shallower moho (25 km) appear to further reduce the potential width of the seismogenic portion, making it potentially almost non-existent. In case of subducting exhumed mantle patches within the slab's crust outcropping along the plate interface, seismogenic width will be even more reduced due to their expected serpentinization at those low temperatures. However, we can still not quantify the degree of serpentinization of these mantle materials (wedge and slab's crust)

along the interplate contact, and these new measurements and models of thermal structure provide upto-date estimations of temperatures along the megathrust fault. Moreover, up to Mw ~5 flat-thrust events have been recorded at the depth of 40-45 km [START_REF] Laigle | Along-arc segmentation and interaction of subducting ridges with the Lesser Antilles Subduction forearc crust revealed by MCS imaging[END_REF], and up to 51 km [START_REF] Bie | Along-arc heterogeneity in local seismicity across the Lesser Antilles subduction zone from a dense ocean-bottom seismometer network[END_REF] in the Central Lesser Antilles, offshore Martinique. These events highlight a deep seismogenic zone which appears to extend (or resume) beyond the intersection between the forearc moho and the interplate, but raises question as to the nature of the subducting crust and/or the forearc mantle materials.

Relationship between temperature, fluids, and seismicity

We investigate the relationship between the thermal structure of the margin, fluid release, and the location of intraslab, supraslab, and interplate seismicity (Figure 8). We put a particular emphasis on the Martinique profile (Figure 8A) where 5.5-years-long OBS deployments provide us with numerous and accurately relocated earthquakes (Laigle et al., 2013a). In contrast, the seismicity in the vicinity of the Saint Martin profile is sparse and poorly located (Figure 8B). et al., (2003) and (B) hydrated mantle modified from [START_REF] Wunder | Antigorite: High-pressure stability in the system MgO-SiO2-H2O (MSH)[END_REF][START_REF] Wunder | Antigorite: High-pressure stability in the system MgO-SiO2-H2O (MSH)[END_REF][START_REF] Ulmer | Serpentine stability to mantle depths and subduction-related magmatism[END_REF][START_REF] Ulmer | Serpentine stability to mantle depths and subduction-related magmatism[END_REF], 

showing

Intraslab seismicity

At depth in subduction zones, the location of intraslab seismicity is mainly controlled by the combined influence of pressure, temperature, slab bending stresses, and fluid release related to dehydration reactions, in particular, crust eclogitisation and mantle deserpentinization [START_REF] Kirby | Intermediate-depth intraslab earthquakes and arc volcanism as physical expressions of crustal and uppermost mantle metamorphism in subducting slabs[END_REF]Hacker et al., 2003;[START_REF] Ferrand | Seismicity and mineral destabilizations in the subducting mantle up to 6 GPa, 200 km depth[END_REF]. Intraslab seismicity in the LASZ is distributed both within the crust and the mantle of the slab. At the LASZ, numerous fracture zones and detachment faults deeply incise the basement of the incoming oceanic plate, down to the mantle, likely favoring deep hydration and serpentinization of mantle rocks before the trench [START_REF] Cooper | Variable water input controls evolution of the Lesser Antilles volcanic arc[END_REF][START_REF] Marcaillou | Pervasive detachment faults within the slow spreading oceanic crust at the poorly coupled Antilles subduction zone[END_REF].

These hydrated rocks are more stable at shallow depths and transport volatiles to dehydrate at greater depths during deserpentinization reaction at temperatures greater than 450°C [START_REF] Ulmer | Serpentine stability to mantle depths and subduction-related magmatism[END_REF][START_REF] Ulmer | Serpentine stability to mantle depths and subduction-related magmatism[END_REF][START_REF] Van Keken | Subduction factory: 4. Depthdependent flux of H2O from subducting slabs worldwide[END_REF][START_REF] Ferrand | Seismicity and mineral destabilizations in the subducting mantle up to 6 GPa, 200 km depth[END_REF][START_REF] Bie | Imaging slab-transported fluids and their deep dehydration from seismic velocity tomography in the Lesser Antilles subduction zone[END_REF]. Since the composition of the subducting oceanic crust of the slow-spreading mid-Atlantic ridge can vary from mid-oceanic basalt up to serpentinized exhumed mantle, we report the slab's top and moho on a phase diagram for metamorphosed mid-oceanic ridge basalt (MORB) (e.g. Hacker, et al., 2003) and for hydrated mantle materials (e.g. [START_REF] Wunder | Antigorite: High-pressure stability in the system MgO-SiO2-H2O (MSH)[END_REF]Ulmer & Trommsdorff, 1995) (Figure 9A & B). We also report on the thermal structure and seimicity cross-section (Figure 8A) the main metamorphic facies of the MORB phase diagram, as well as the 600 °C isotherm which could be used as a proxy of the maximum temperature for antigorite stability (650°C).

Slab's intracrustal seismicity in the LASZ is distributed between 35 and 165 km depth, which corresponds to calculated temperature's range of 240-625°C (Figure 8A). According to the PT path of the slab's top and moho, slab's intracrustal seismicity at 70-80 km depth at 400-450°C could result from dehydration reaction at the Blueschist-Eclogite transition. This depth is consistent with the downdip extent of the low-Vp anomaly in the slab crust and the transition towards higher Vp interpreted to be the result of crustal eclogitization [START_REF] Paulatto | Dehydration of subducting slow-spread oceanic lithosphere in the Lesser Antilles[END_REF]. Fluids generated by dehydration reactions could migrate upward into the mantle wedge and updip through the slab, driven by gradients in tectonic stresses related to slab bending/unbending and densification [START_REF] Faccenda | Fluid flow during slab unbending and dehydration: Implications for intermediate-depth seismicity, slab weakening and deep water recycling[END_REF][START_REF] Paulatto | Dehydration of subducting slow-spread oceanic lithosphere in the Lesser Antilles[END_REF], induce hydrofracturing, and trigger earthquakes within the shallow slab crust at 35-70 km depth.

The oceanic crustal portions made of exhumed serpentinized peridotites is expected to dehydrate at depths >130 km above 550°C, and also be responsible for fluids upward migration and associated seismicity by dehydration embrittlement at these depths.

Within the slab mantle, the seismicity is aggregated in two main zones within a ~25-km-thick band beneath the slab top, at 35-80 km and 140-165 km depths, which correspond to calculated intraslab temperature's range of 250-450°C and 550-800°C respectively (Figure 8A). According to PT path of the slab's moho reported on the hydrated mantle phase diagram (Figure 9B), antigorite is expected to be unstable from 140 km at 520°C and up to ~620°C within the slab mantle along the depth of 160 km.

Thus, we propose that the deeper intraslab seismicity zone located at 140-165 km depth, within the antigorite destabilization zone, is related to dehydration of serpentinized peridotite. This is consistent with elevated Vp/Vs ratio observed at similar depth which is interpreted to correspond to peak water release [START_REF] Bie | Imaging slab-transported fluids and their deep dehydration from seismic velocity tomography in the Lesser Antilles subduction zone[END_REF]. For the shallower active zone within the slab mantle at 35-80 km depth, the deepest events below the slab top close to the isotherms of >450-520°C could be associated to antigorite destabilization process-related temperatures as proposed by Laigle et al., (2013a). The shallower events within the 20 km thick mantle band below the slab top may be linked to other processes similar to the reactivated faults of this slow-spreading oceanic lithosphere. The origin of the seismic activity located in the footwall of the deep-rooted detachments faults at the Mid-Atlantic ridge down to ~10 km depth (e.g. [START_REF] Parnell-Turner | Oceanic detachment faults generate compression in extension[END_REF] is not yet really understood. However, their seismogenic potential might persist even at those depths of 50 km, thanks to the still preserved thermal structure of the lithospheric mantle.

Supraslab seismicity

Supraslab earthquakes, offshore of Martinique are aggregated in a cluster located at 30-60 km depth in the mantle wedge, and extending up to 80 km arcward of the contact between the interplate and the upper plate moho (Figure 1Figure 8A). The seismicity occurring above the slab at depths greater than 100 km may be interplate or slab crust/mantle events, and could be related to uncertainties of seismicity location/ or slab geometry. The supraslab seismicity zone is distributed over isotherms between 200°C and 800°C. At temperature below 450°C, antigorite is expected to be stable, and mantle rocks to undergo serpentinization in the presence of fluid. Existing hypothesis for supraslab seismicity in the LASZ suggests heterogeneous mantle wedge and upward fluid migration (Laigle et al., 2013a;[START_REF] Paulatto | Dehydration of subducting slow-spread oceanic lithosphere in the Lesser Antilles[END_REF]. Our predicted temperature and depth of crustal eclogitization and fluid production at 70-80 km supports this hypothesis for the earthquakes occurring at least ~50 km arcward of the mantle wedge corner, at temperatures lower than 500°C. Beyond the 50 km distance, and between 500-800°C, we propose that supraslab seismicity in this subduction zone could be related to dehydration embrittlement due to deserpentinization reaction in the serpentinized mantle wedge, as invoked beneath northeast New

Zealand (e.g. [START_REF] Davey | Fore-arc mantle wedge seismicity under northeast New Zealand[END_REF].

Interplate seismicity

Interplate seismicity is located at depth greater than 25 km, and distance greater than 160 km from the deformation front (Figure 8A), and includes deep moderate size flat-thrust earthquakes between 40-50 km depth and 190-200 km distance from the deformation front. This seismicity corresponds to calculated temperatures ranging from 200°C and 450°C at the slab top, while the upper-plate Moho intersects the subduction interface at ~28 km depth and temperature of ~210°C. The interplate seismogenic zone thus extends downdip of the upper-plate Moho, consistently with other cold subduction zones, e.g. Tohoku, where flat-thrust earthquakes are observed at similar depth in the Mantle [START_REF] Uchida | Coupling coefficient, hierarchical structure, and earthquake cycle for the source area of the 2011 off the Pacific coast of Tohoku earthquake inferred from small repeating earthquake data[END_REF]. Thermal models predict a cold forearc mantle above the location of the Mw 5 flat-thrust event (Figure 8A), and downdip slab dehydration, with updip fluid migration into the mantle wedge, favourable for serpentinization reaction to occur. This result suggests that dry peridotite in the mantle is unlikely, rather, tilts towards existing hypothesis of chemical heterogeneity of the mantle corner (Laigle et al., 2013a) as mechanism for this "deep flat-thrust" earthquakes. The interplate contact beneath the forearc, from the trench to 110-125 km distance westward (Table 1), corresponds to temperatures lower than 150°C, frequently considered as poorly, or conditionally favorable to stick-slip behavior. Hence, temperatures lower than 100°C below the accretionary prism make seismic rupture up to the trench very unlikely. Thus, the thermal models highlight a deep "thermally-defined seismogenic zone" (i.e. 150° -350°C temperature range), typical of cold subduction zones, associated with intense fluid circulation from the subduction depth to the trench.

These features shed light on the mechanical conditions and the sliding behavior along the interplate contact at the Lesser Antilles. Geodetic modelling predict very low interplate coupling [START_REF] Van Rijsingen | Inferring Interseismic Coupling Along the Lesser Antilles Arc: A Bayesian Approach[END_REF] consistent with scarce interplate thrust earthquakes mostly aggregated in two local clusters [START_REF] Hayes | Quantifying potential earthquake and tsunami hazard in the Lesser Antilles subduction zone of the Caribbean region[END_REF] (see details in §2.2). Intense fluid circulation, as suggested by the thermal models, is able to increase the pore-fluid pressure, reducing the effective stress along the interplate contact [START_REF] Moreno | Locking of the Chile subduction zone controlled by fluid pressure before the 2010 earthquake[END_REF]. A heterogeneous reduction of this effective stress may generate an interplate patchiness of contrasting frictional properties. Moreover, the rheology of low-temperature species of serpentine minerals results in substantial weakening of serpentine-bearing faults and crustal rocks formed and altered at tectonically-dominated slow-spreading segments ridges (eg. [START_REF] Escartin | Effectts of serpentinization on the lithospheric strength and the style of normal faulting at slow-spreading ridges[END_REF].

The ongoing subduction of tectonically-dominated oceanic patches, such as the Jacksonville patch identified at the trench [START_REF] Marcaillou | Pervasive detachment faults within the slow spreading oceanic crust at the poorly coupled Antilles subduction zone[END_REF], may also favor this heterogeneity in interplate frictional properties. In subduction zones, the patchiness of contrasting frictional properties may impede largescale zones of full interplate coupling [START_REF] Hirauchi | Inhibition of subduction thrust earthquakes by low-temperature plastic flow in serpentine[END_REF], instead favoring a mix of stable and unstable behaviors prone to triggering moderate-sized-Mw, slow-slip and/or very-low frequency earthquakes [START_REF] Saffer | The frictional, hydrologic, metamorphic and thermal habitat of shallow slow earthquakes[END_REF], and increasing time return of large co-seismic rupture.

Conclusion

Thermal models of the Lesser Antilles Subduction Zone, based on heat-flow data recorded during Antithesis 1 cruise (2013), show that fluid-driven heat advection strongly influences the heat transfer across the margin. Moreover, variations in heat-flow anomalies, compared to the regional conductive heat-flow, highlight the varying fluid flow pattern from ventilated to insulated circulation systems.

In 
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 1 Figure 1: Bathymetric map of the Northern Lesser Antilles based on data recorded during cruises Antithesis I, III(Marcaillou & Klingelhoefer, 2013a, 2013b, 2016), Sismantilles II(Laigle et al., 2013a, b). The map shows
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 2 Figure 2: Seismicity distribution along the Lesser Antilles margin. The colored circles are the earthquakes from the USGS catalogue (Mw > 3.5 from 1900 to 2022), with size and color representing magnitude and epicentral depth, respectively. The black star represents the epicenter of the 1843 earthquakes. Black focal mechanisms are thrust-type earthquakes recorded teleseismically (from the gCMT catalogue 1976 -2021). Red focal mechanisms are relocated flat thrust earthquakes based on OBS deployment(Laigle et al., 2013a). Black

Figure 3 :

 3 Figure 3 : Geometry of the finite element mesh used for the 2D steady-state thermal modelling. The green frame indicates projected regions for (A) Martinique profile and (B) Saint Martin profile. The red line indicates the location of the calculated oceanic geotherm. [O.D -Oceanic domain, A.P -Accretionary prism, O.F -Outer forearc, I.N -Inner forearc, B.A -Backarc, Sd -Sediment, Sl -Slab, Uc -Upper crust, Lc -Lower crust, Mw -Mantle wedge]

Figure 4 :

 4 Figure 4: Measured and calculated heat-flow along Martinique profile (A) and Saint Martin profile (B). The figures show the heat-flow measurements (black dots), the calculated heat-flow for conductive models (black line) and for models including fluid thermal convection (red line) with 10% uncertainty (shaded area). In the oceanic domain, the horizontal lines are 1D calculated values. The dash line represent model without fluid expulsion in the forearc. The blue lines are the shapes of the bathymetry along the collected heat-flow data for the both profiles. [O.D -Oceanic domain, A.P -Accretionary prism, O.F -Outer forearc, I.N -Inner forearc, B.A -Backarc]
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 5 Figure 5: Global view (A) and close up (B) of the modified 2D mesh grid for the Saint Martin. The mesh includes a theoretical layer, which corresponds with the forearc area where the Tintamarre Fault Zone deeply and pervasively fractures the margin. Increasing the Nusselt Number in this layer (see supplementary material) accounts for the high heat-flow measured in surface, inconsistent with conductive modelling and thus likely related with upward fluid-driven heat-flow along the Tintamarre Fault planes.

Figure 6 :

 6 Figure 6: Interpretative sketches of the fluid circulation in the subduction for (A) an insulated hydrothermal system in the Central Lesser Antilles, offshore of Martinique and (B) a ventilated hydrothermal system in the Northern Lesser Antilles, offshore of Saint Martin. The structures are based on MCS profiles and Wide Angle interpretations of[START_REF] Laigle | Seismic structure and activity of the northcentral Lesser Antilles subduction zone from an integrated approach: Similarities with the Tohoku forearc[END_REF][START_REF] Kopp | Deep structure of the central Lesser Antilles Island Arc: Relevance for the formation of continental crust[END_REF] for the Martinique profile, and[START_REF] Boucard | Paleogene V-Shaped Basins and Neogene Subsidence of the Northern Lesser Antilles Forearc[END_REF] 
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 7 Figure 7: Thermal structure of the Lesser Antilles Margin at the latitude of Saint Martin (A, B) and Martinique (C, D) predicted by the conductive models and the advective models (preferred models). The location of the 100, 150, 350 and 450°C isotherms are marked with vertical lines.

Figure 8 :

 8 Figure 8: Thermal structure of the LASZ with cross-sections of the hypocenters for earthquakes located within 25 km on each side of the Martinique (A) and Saint Martin (B) profiles (see figure 2). The gray circles are relocated earthquakes from OBS deployment (Laigle et al., 2013a) for the Martinique profile, and earthquakes from USGS catalogue for Saint Martin profile. The blue focal mechanisms are thrust faults, and the red is a relocated flat thrust event, while the yellow represents other focal mechanism from CMT catalogue. The black thick line represent the top of the subducting slab, while the black dotted lines represent the Moho. The green contour line marks the 600 °C isotherm usually considered as an averaged temperature for antigorite dehydration.
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 9 Figure 9: Phase diagram and maximum H2O content for (A) metamorphosed MORB modified from Hacker,

  the Pressure-Temperature (PT) path for the slab tops (thick black lines), and moho (dash lines) offshore of Martinique and Saint Martin in the LASZ. (Z -Zeolite, PP -Prehnite pumpellyite, PA -Prehnite actinolite, JLB -Jadeite lawsonite blueschist, EB -Epidote blueschist, EA -Epidote amphibolite, JEB -Jadeite epidote blueschist, AE -Amphibole eclogite, EGA -Epidote garnet amphibolite, GA -Garnet amphibolite).

  the Central Lesser Antilles, offshore of Martinique, warm fluids released at depths in the subduction zone migrate updip along the subduction interface generating hydrothermal warming in the trench and at the margin front. The low level of fluid exchange with the water column is typical of insulated systems. Contrastingly, in the Northern Lesser Antilles, offshore of Saint Martin, downward percolation of cold fluids through crustal detachment faults in the trench triggers hydrothermal cooling at the margin front, while warm fluid upward migration through major fault zones in the forearc generates hydrothermal warming in the margin. These interpreted vigorous fluid exchanges with the water column are typical of ventilated systems. Based on the model offshore Martinique, we show that intraslab, supraslab, and interplate seismicity distribution has a close relationship with temperature-related dehydration reactions at depth in the subduction. It is noteworthy that typical temperature and depth of eclogitisation and deserpentinisation reactions correspond to intraslab and supraslab seismicity clusters. Consistently with previous tectonic investigations, these thermal models confirm that the Northern Lesser Antilles is an end member subduction zone where the subduction of oceanic transform fault zones and oceanic patches partly made of exhumed and serpentinised mantle rocks deeply hydrate the subduction zone at depth. This "hyperhydration" likely explains the very low interplate coupling and the scarce large co-seismic ruptures, possibly favoring alternate mode of sliding behavior, such as low velocity earthquakes, which are yet to be investigated. CRediT authorship contribution statement K.E. wrote the manuscript. K.E., and Y.B. performed the thermal modelling supervised by B.M. and M.L. B.M, F.K, J.-F.L., F.R., A.H., T.P., F.L., M.P., M.L. and B.H were onboard RVs "l'Atalante" and "Pourquoi Pas?" during the ANTITHESIS cruise and acquired the heat-flow data. All authors discussed the scientific issues and commented on the manuscript.
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	(A) Martinique	Conductive Model		Insulated Model	
	model				
	Isotherm	Distance from	Depth (km) Distance from	Depth (km)
		deformation front (km)		deformation front (km)	
	100°C	80	12	75	10
	150°C	140	22	124	20
	350°C	220	60	220	60
	450°C	250	85	250	85
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	Isotherm	Distance from	Depth (km) Distance from	Depth (km)
		deformation front (km)		deformation front (km)	
	100°C	50	12	60	15
	150°C	100	23	110	25
	350°C	180	62	180	65
	450°C	205	80	205	80
	Table				

Table 1 :

 1 Calculated depth and distance from the deformation front for isotherms 100°C, 150°C, 350°C and 450°C for the Martinique (A) and Saint Martin (B) models. These isotherms are commonly associated with the updip and downdip limits for the thermally-defined seismogenic zone.
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