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Fluids from deep subducted sediments
control the seismic behavior of the Lesser
Antilles megathrust
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At subduction zones, downgoing topographic features exert first-order structural and hydrologic
effect on the plate boundary and the upper plate. Such process has been rarely documented by clear
observations, especially at great depths, and it remains elusive how the altered structural and physical
characteristics of the upper plate control seismogenic behavior and tectonic evolution of margins.
Here, we present a reprocessed multichannel seismic (MCS) profile together with bathymetry and
earthquake data in the central Lesser Antilles. A reflector imaged at 15-18 km depth ahead of the
Tiburon ridge delimits the base of inner forearc crust with pervasive reflective anomalies. It is
interpreted to represent a shallow fluid-richdecollementwarpedover the rough topography,where the
underlying materials consist largely of oceanic sediments identical to those accreted at the Barbados
prismandbasement fragments frombasal erosion.Our results suggest that fluids are expelled upward
from the band of subducted sediments, leading to a NW-SE elongated zone of hydrofractured and
weakened crust above a serpentinized mantle corner coinciding with a prominent aseismic corridor.
The high interplate seismic activity offshore Martinique at ~30–65 km depths may correspond to
deeply subducted indurated sediments that act as a strong asperity on the plate interface.

Subduction of seamounts and submarine ridges exerts a strong control on
forearc hydrology and stress state, and megathrust mechanical and seis-
mogenic behaviors1–7. In contrast to the model of subducting seamounts
generating strong asperities4, a more widely held view is that they induce
complex fault and fracture networks and a heterogeneous stress field in the
upper plate, thereby decreasing the plate coupling3,8. In theNorthHikurangi
subduction zone, seamounts and surrounding fluid-rich sediments are
suggested to cause shallow Slow Slip Events (SSE) at <10 km depth6,9,10. A
large number of studies have also revealed that seamount indentation can
lead to severe deformation and damage in the overriding plate, strong
heterogeneity in forearc pore fluid pressure and tectonic erosion at the plate
interface1,6,11–16. Due to the lack of direct observations, the links between
seamount subduction, forearc tectonics, interplate processes, and fluid cir-
culation are not well understood, in particular where these topographic
features are being subducted at depth beneath the mantle wedge.

In the Lesser Antilles, a series of submarine ridges located on theNorth
and South American plates, parallel and adjacent to Atlantic oceanic frac-
ture zones, subduct obliquely beneath theCaribbeanplate at ~18–20mm/yr

in an N67° direction17. The two main subducting ridges on the northern
Lesser Antilles are the Barracuda and Tiburon ridges, with heights reaching
~2 km (Fig. 1a). They are unbuoyant oceanic-basement ridges, interpreted
as having been uplifted during the post-Miocene convergence between the
North American and South American plates along pre-existing structural
weaknesses, and as a consequence of the oceanic lithosphere deformation
along transform faults of theMid-Atlantic ridge18,19. At the southern leading
flank of the Tiburon ridge (150 km long and ~40 km wide outboard of the
trench), trench-filled sediments are over 3 km thick20,21, composed of
pelagic, volcanoclastic deposits, and terrigenous input from South Amer-
ican rivers. Accretion of the latter since the Eocene has resulted in the
world’swidest accretionary prism (i.e., theBarbados accretionarywedge) up
to 280 km wide and 20 km thick.

Subducting ridges are thought to have a first-order influence on along-
strike segmentation and tectonic evolution of the Lesser Antilles subduction
zone22,23. Although still debated, the process of ridge subduction has been
suggested to be responsible for the westward shift of the arc volcanoes north
of 15°N since ~10 Ma23–25. Moreover, previous seismic imaging revealed a
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few basement highs in the subducting plate beneath the accretionary wedge
where oceanic ridges are being subducted22. These highs seem correlated
with active deformation and fracturing of the above forearc backstop crust
and sediments22,26,27. Two clusters of seismicity are observed at the inter-
section of the subducting Barracuda and Tiburon ridges with the
backstop22,28 (Fig. 1b). Seismic reflection data has also revealed that a layer of
incoming sediments as thick as 1 km is located below a decollement layer
and is underthrust with little deformation below the accretionary wedge,
forearc basement, and maybe to deeper levels26,27. The thickness of sedi-
ments trapped under the decollement varies along strike due to the presence
of the subducting ridges, and the largest thickness has been imaged on the
southern flank of the Barracuda ridge22.

Existingmultichannel active-source seismic (MCS) surveys and related
studies have been mostly carried out at the latitude of the Guadeloupe
Archipelago and farther north. Sparse seismological data are recorded from
distant land stations, and ocean bottom seismometer (OBS) cruises were of
short durations. They are insufficient to reveal the geometry of the plate
interface where the Tiburon ridge is subducted beneath the inner forearc.
The crucial question of whether the sediments subducted deeper remains
unsolved.

Here, we present an integrated interpretation of marine multichannel
seismic reflection image, tomographic velocity structures, bathymetry, and
earthquake data offshore Dominica-Martinique, which reveals the struc-
tural and hydrological processes in the upper plate and interplate fault in
response to subduction of the Tiburon ridgewith a high spatial resolution at
depth. Ourwork points to anomalous sediments and ascending fluids at the
leading flank of the Tiburon ridge that leads to hydrofracturing in the arc
basement and hydration in the mantle wedge corner. The newly

documented complex nature of the plate interface in the Lesser Antilles
likely plays a key role on controlling the spatial variability of the inter-plate
coupling.

Results and discussion
Seismic reflection image
We reprocessed (see method section) and re-examined a MCS profile shot
using an 8865 in ref. 3 airgun source during the SISMANTILLES-2 cruise of
R/VL’Atalante in 200729. TheMCSprofile is over 180 km long in the forearc
and transects the underthrust Tiburon ridge (Fig. 1a for location). For the
entire section (i.e., Fig. 2a), we performed Kirchhoff post-stack time
migration using a root-mean-square (RMS) velocity converted from the
wide-angle velocity model30 (Supplementary Fig. 1). For the inner forearc
domain (i.e., Fig. 3a), to better resolve the intra-basement features, we
performed Kirchhoff post-stack time migration using a manually adjusted
and smoothed version of the RMS velocity model. The time-depth con-
version was based on the wide-angle velocity model30. A pre-stack depth
migration (PSDM) was also performed in this inner forearc domain (Sup-
plementary Fig. 5).

A distinct low-frequency reflector, R1, previously observed only in the
outer domainof the accretionarywedge31, canbe traced arcward to the inner
forearc beneath the Martinique Basin, at a distance of 160 km from the
trench (Fig. 2b, blue arrows). This reflector, above the multiple, is con-
tinuous in the frontal domain and becomes less continuous with a lower-
frequency character farther arcward. In general, it shows a rugose mor-
phology with two prominent reliefs; a topographic low of this reflector is
seen in the middle at a distance of ~85–100 km from the trench. High
amplitude and thicker reflections occur primarily at the seaward/arcward

Fig. 1 | Maps of the research area. a Bathymetric map, tectonic setting and seismic
survey of the study area in the northern-central Lesser Antilles. The Tiburon and
Barracuda ridges subduct obliquely beneath the forearc shown bywhite dashed lines.
The red line indicates the multi-channel seismic profile. The blue line indicates the
profile perpendicular to the Tiburon ridge outboard of the trench20. The blue point
shows the location of the estimate for the thickness of the incoming sediment21. All
earthquakes shown are > 4 between the years 2014 and 2019, location data from the
Institut de Physique du Globe de Paris (IPGP) Data Center, and available focal
mechanisms from the Global Centroid Moment Tensor (Global CMT) catalog. Red

stars large events 1839, 1946, and 1953. Ellipses the estimated rupture from large
historic megathrust events in 1843 and 1839. b Bathymetric map superposed by the
Vp structure of the slab modified from ref. 39, Vp >7.5 km/s in red, Vp <7.5 km/s in
green. Relocated hypocenters from the OBSAntilles survey (survey area outlined by
thin white line)62 are marked by purple dots, red dots indicating events in the
overriding plate. Yellow segments of the MCS profile indicate the sediments in the
plate boundary revealed in this study. Area with yellow dashed lines indicates the
inferred underthrust sediments in front of the Tiburon ridge in this study. M. basin
Martinique basin, K. graben Kalanina graben.
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ends of this reflector and this topographic low, whereas high-frequency and
weaker reflectivity tends to occur at the topographic highs. At the eastward
endof theprofile,weobserved that a reflector, R2 (Fig. 2b, green arrows), lies
above the R1 and is absent arcward of 70 km.

In the inner domain from a distance of 160 km to 220 km, for the first
time we observe pervasive reflection amplitude anomalies with negative
polarity relative to the seafloor reflection (Fig. 3 and Supplementary Fig. 4,
5). The Kalanina fault is the major fault bounding the northern Kalanina
graben to the southwest. The sedimentary strata show a normal sense of
displacement at this fault (Fig. 3b). Prominent reflection amplitude
anomalies, found at a distance of 190 km down to a depth of 16 km, are in
alignmentwith the traceof theKalanina fault at the seafloor.Other reflective
anomalies appear to also correlate spatially to normal faults in the overlying
sediment cover.

Beneath the Martinique basin, an arcward-dipping reflector (R3,
Figs. 2, 3, Supplementary Figs. 4, 5) is newly observed from a distance of
165 km to 173 km, ~4–5 km above the reflector R1. R3 is located at a depth
varying from 14 km to 16 km and displays a dip of ~8°, shallower than the
underlying R1 (dip of ~15°). R3 appears as a moderate-to-high-frequency,
discontinuous reflector (Fig. 3a). It shows negative polarity at a distance of
165 km at ~15 km depth (Fig. 3a insert 3, Supplementary Figs. 4, 6, 7). At a
distance of 170 km, the R3 becomes a suite of stacked reflectors with an
overall thickness greater than 1 km (Fig. 3a insert 4). Deeply penetrative
normal faults beneath the forearc slope terminate at this reflector (Fig. 3b).
The region above R3 has an overall high reflection amplitude. By contrast,
the underlying domain exhibits a broad arcward-gently-dipping reflective
zone of low amplitude and diffused and chaotic facies.

Structure of the subduction interface and forearc domain
We interpret that the reflector R1 originates from the top of the descending
Atlantic oceanic crust and that the two prominent reliefs of ~2 km height
delimit the extent of the subducting Tiburon ridge beneath the accretionary
wedge (Fig. 2c). A seismic profile perpendicular to the Tiburon ridge east of

the trench highlights that this ridge has an irregular morphology with
multiple kilometer-scale sub-ridges of oceanic crustal rocks with troughs in
between filled by marine sediments20 (Supplementary Fig. 2; location of the
profile on Fig. 1a). In our profile, oblique to the Tiburon ridge, the topo-
graphy of the R1 reflector agrees well with such geometry, thus indicating
that the morphology of the ridge has been preserved when entering
subduction.

According to previous studies26,27, we interpret the reflector R2 in the
most trenchward position as the decollement formed in a lower Miocene
unit rich in smectitic clay, which separates the upper accreted and lower
underthrust sediments. R1 shows a well-stratified pattern at about
140–150 km distance from the trench (Fig. 2), indicating the presence of
intact subducted sediments at the leadingflank of theTiburon ridge. Similar
well-stratified reflectors are visible above the reflector R1 at 85–100 km
distance, indicating that lower plate sediments are present in lows between
sub-ridges.

Above the subducting Tiburon ridge, backthrusts and thrusts devel-
oped in the accretionary wedge. Compressional deformation in the upper
plate above a subducting relief is compatible with observations from other
subduction zones and results from analog and numerical models13,32. The
imbricate thrusts and backthrusts are seen rooted at the reflector R1 (Figs. 2,
3d), indicating that reflector R1 acts as an active slip surface in the updip
direction.

In the west inner forearc, the Tiburon ridge is in contact with the fore-
arc crust of the upper plate that acts as a backstop (Fig. 2c). Numerous
normal faults crosscut the upper plate, suggesting an extensional regime in
this forearc domain (Fig. 3b) as also observed in Guadeloupe33,34.

Origin of the R3 and implication for underthrust sediments
Below the inner forearc crust, our results indicate the presence of another
reflector, reflector R3, above the subducting plate (Figs. 2, 3), at a depth of
14–18 km. This vertical-incidence reflector identified in the MCS profile
coincides with a wide-angle reflector identified in wide-angle reflection/

Fig. 2 | Bathymetric and seismic structures along the MCS profile. Bathymetric
(a), time-migrated and depth-converted reflection image (b) with interpretation (c)
of the MCS profile. While dashed lines indicate the extent of the underthrust

Tiburon ridge. Black dashed lines indicate the Arawk high coincides with the peak of
the inner relief. Blue arrows point to reflector R1, green R2, and red R3. Moho is
modified from ref. 39. M denotes the multiple.
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refraction data30 within a depth difference of <1 kmdepth (green reflector in
Fig. 3b and Supplementary Fig. 1, see ref. 30). Frompublishedcross-sections
of the forearc domain, two possible origins for this reflector and thematerial
sandwiched between R3 and R1 could be envisioned. R3 could be either an
intra-crustal reflector separating two blocks of fore-arc crust28,35,36 or the
contact between the fore-arc crust and the mantle wedge below37. Based on
our results and other geophysical observations, we thereafter propose an
alternative hypothesis, that the material between R3 and R1 may represent
accreted sediments in the leading flank of the Tiburon ridge.

The interpretation of R3 as an intra-crustal structure was based on
seismic imaging of a discontinuity at ~28 km depth within the upper plate
that was interpreted as the (flat) upper plate Moho36. Ductile shearing may
occur at around 15 km in the upper plate for accommodating the plate
convergence and formmylonites38, which can be highly reflective in seismic
data. At the latitude of Guadeloupe, an intra-basement arcward-dipping
thrust fault has been proposed at a depth of 10–15 km resulting from
interaction between the backstop and subducted ridges35,36. However, more
recent studies using gravity and magnetic data37 and regional seismic
tomography39 suggested a convex-upward upper plate Moho at a shallow
depth of 15–20 km. Moreover, the inner forearc crust exhibits extensional
permanent deformation, whereas compressional structures in the upper
plate do not appear to extend arcward of the backthrust. We have no
evidence of an intra-crustal arcward dipping reverse fault. Ref. 37 suggested
~35% of peridotite serpentinization at the shallow depth of 15–30 km in the
wedge corner. The reflector R3may represent a contact between the forearc
crust and underlying serpentinites formed during mantle wedge hydration

above the megathrust. Such a lithological boundary is commonly char-
acterized by a single reflection with positive polarity, for example, the
S-reflector at rifted margins40, which is, however, inconsistent with R3
observed here with layered reflectors and negative polarity.

Trenchward of the Kalanina fault, the inner forearc is marked by a low
velocity zone (<6.5 km/s, Fig. 3a and Supplementary Fig. 1) down to 20 km,
whichwas resolved based on high-resolutionOBS tomographic inversion30.
At a distance of 165 km, we note that R3 is strikingly collocated with an
ultra-low velocity zone (ULVZ, P-wave velocities of 5.5–6 km/s, blue arrow
on Fig. 3a). High reflectivity and low-velocity zones are ubiquitous in sub-
duction zones, interpreted as either overpressured oceanic crust beneath a
low-permeability seal at the plate interface41,42, orfluid signatures at the plate
interface, in many cases, enriched in sediments10,43. Here, the top of the
oceanic crust, R1, lies clearlymore than 4–5 kmbeneath theULVZ (Figs. 2b,
3c, d), suggesting that the former is unlikely.

The observation of a high-frequency R3 reflector at 165 km, together
with the small dimension of theULVZ,would imply thatfluids are trapped
at a rather thin interface that may be overpressured. Further downdip at
170 km, the layered reflectors indicate that R3 consists of multiple inter-
faces. The contrasts of reflectivity across R3 cannot be caused by insuffi-
cient penetration of the airgun-source, because the strong reflection from
R1 is seen at a depth up to 18 km (Figs. 2, 3c). Instead, this contrast should
imply a lithological change and/or fluid content variation. The underlying
materials of weaker reflectivity would have a lower fluid content than that
at R3 and, further above, in the fractured crust. This interpretation agrees
with the Vp/Vs structure showing a decrease from 1.8-1.84 to 1.78-1.8 in

Fig. 3 | Selected inner portions of the MCS profile. a selected portion of the MCS
profile in the inner forearc domain reveals abundant reflective amplitude anomalies
in the inner forearc. Small boxes show notable reflections with reversed polarities
(3,5) with respect to the normal polarities of the seafloor (1) and basement top (2).
Note that the first coherent event (arrowed) in subset 3 and 5 is black, not red.
b Interpretation of the image. Green line indicates the reflector inverted from OBS-

recorded PicP phase. Light blue lines indicate fluids-charged fault and fractures,
which are apparently connected to the R3. c Selected portion of the MCS profile at
the transition between inner and outer forearc. d Interpretation of the image. Yellow
areas correspond to the inferred interlayered sediments. See text for further details.
Blue dashed lines show Vp contours of 5.5 − 7.0 km/s30. M denotes the multiple.
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the underlying materials at the immediate downdip edge of the Tiburon
ridge (Fig. 4, ref. 39).

In the northern Hikurangi margin, unusually large volumes of sedi-
ments were found associated with underthrust seamounts, where fluid
concentration peaks at the crestline of the underthrusting sediments9. The
topographic features can result in a step-up of the decollement when
subducted15. We infer that a wide zone of sediments originating from the
sediment-rich incomingAtlantic seafloormay exist downdipof theTiburon
ridge, composing largely the materials between reflectors R1 and the R3.
Thismaterial could also include ancient prismaticmaterials entrained in the
subduction and crustal fragments removed due to basal erosion44. We
believe thatR3 represents a shallowfluid-bearing decollement that lies at the
contact between the overriding crust and the interlayered sediments.
Although the R3 reflector is less clear downdip, where there is blanking and

a vertical pattern of the reflections, we observe that the shearing is localized
upon the interlayered sediments (Figs. 2, 3). This suggests that the sediments
can be transported to greater depths.

In the northernHikurangimargin, the sediments were largely accreted
in the mantle up to 40 km depth due to high resistance for further
subduction45. In the Lesser Antilles, sediment subduction driven by the
Tiburon ridge would have begun since the ridge started subducting in the
earlyMiocene24. Their present-day accumulation in the offshoreDominica-
Martinique sector would have contributed to a compositional and chemical
heterogeneity within the mantle corner31. Such locality is evidenced by a
thickened Wadati-Benioff zone46 and a dominant stress of downdip com-
pression at intermediate depths thought to be related to resistant slab
materials piled in the mantle47. Geochemical signatures of lavas from the
active Martinique arc suggest a sediment-rich input48.

Fig. 4 | Interpreted block diagram of the Tiburon ridge subducting beneath the
Central Lesser Antilles. Perspective view shows bathymetry, geometry of the plate
boundary, and structures and fluids signature in the upper plate. Tomographic Vp/
Vs and Moho are from ref. 39. Seismicities selected from ref. 62 have uncertainty of

1.5 km in epicenter and 2.5 km in depth, and arewithin 20 km laterally of our profile.
The 150 °C and 350 °C isotherms are from ref. 56. Lower right insert: schematic
model of the fluid flow and damage in the upper plate in response to the Tiburon
ridge and subducted sediments.
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Various independent observations revealed an along-strike dis-
continuity (e.g., low velocity) of the slab near 15N49–51. These observations
are consistent with our model, where the presence of an anomalously large
volume of sediments would exert a strong influence on the hydration and
stress state of the slab.Onewould expect, for instance, delayedmetamorphic
reactions of the downdip hydrous minerals, as excess sediments usually
transport additional fluids into the mantle, cooling the slab. Such an effect
may also contribute to the relatively insulated forearc mantle and the pri-
mary fluids release and melts in the subarc and backarc52.

Evidence for fluid flow through the upper plate and their
potential source
In the outer forearc accretionary wedge, local strong reflective zones in both
upper and plate interface may represent fluid-saturated regions, associated
with the lowdegree of consolidation in the forearc53 and high clay content at
the plate interface54. In the inner forearc crust, we suggest that the pervasive
intra-basement reflective zones are due to the presence of aqueous fluids
because the trapped fluids have much lower impedance than the host rocks
above, which can cause strong reflections with negative polarity. Our
interpretation is supported by the overall high Vp/Vs > 1.8 in this region39

(Fig. 4), indicating that the forearc basement hosts a substantial amount of
fluids. Shallow high-resolution seismic and chirp data show large acoustic
blanking zones that are likely fluid escapes within the uppermost sedi-
mentary unit in areas of the Martinique basin and Kalanina graben (Sup-
plementary Fig. 3).

Sediment compaction and drainage of free pore fluid from sediments
and slab crust are thought to take place within the upper 10 kmdepth of the
interplate fault55. It thus cannot explain the imaged fluid signatures in the
inner forearc domain (Figs. 2, 3). In the cold Lesser Antilles subduction
zone, dehydration of smectite, abundant in subducted sediments54, which is
estimated to occur at ~150 °C, should take place at ~20 km depth in the
mantle wedge56, underneath our resolved fluid signals in the basement
(Fig. 4). Thus, the inferred sediments probably serve as a substantial source
for overpressured pore fluids on the plate interface up to ~20 km.

Fluids circulating through the forearc could also originate from
deeper metamorphic reactions in the slab, i.e., progressive breakdown of
hydrous phases in the subducting crust and mantle (e.g., serpentine,
chlorite, amphibole), with released fluids channelized along the subduc-
tion interface. Recent studies suggested that the subducting Atlantic
lithosphere is highly altered from tectonic and fluid-rock interaction
processes on the Mid-Atlantic Ridge axis57 and on transform faults51,58, as
well as on bending faults at the outer rise59. Seismic tomography results
suggest that dehydration of the hydrous slab crust and mantle occurs at
depths of ~70 km and ~120 km60. Along the strike of the subduction,
higher seismicity and lower seismic velocities have been evidenced where
fracture zones are being subducted, suggesting higher alteration of the
lithosphere along these inactive parts of oceanic transform faults58,60. The
Marathon fracture zone is located beneath theKalanina graben (Fig. 1). At
~30–60 km depth, mantle wedge earthquakes are largely clustered above
the slab and were ascribed to free fluids-induced brittle failure31,61. They
are, hence, probably triggered by fluid-saturated metasedimentary rocks
in the mantle. Beneath Guadeloupe, the presence of a low-velocity layer,
documented to be ~15-20 km thick and extending to ~45 kmdepth31, also
supports this interpretation.

Implications for fluid transport, forearc structures, and the seis-
mogenic behavior of the megathrust
Our data suggest that the rugose subducted oceanic crust is overlaid by
subducted sediments lying in front of the Tiburon ridge. The decollement
(highlighted in red, Fig. 4) is resolved to ~18 km depth at the distance of
~180 km inboard of the trench, indicating a shallow dip of ~5° of the
megathrust at shallow level. High precision earthquake location from the
OBSAntilles experiment62 shows that the dip of the plate interface increases
sharply to ~30° downdip. This notable kink in the subduction interface
occurs at the intersection with the Kalanina fault (Fig. 4).

Spatially, it is very likely that the underthrust sediments are continuous
along the southern flank of the Tiburon ridge (yellow dashed lines, Fig. 1b).
It is striking that this area downdip of the Tiburon ridge corresponds to a
NW-SE trending corridor of relatively low spatial density of seismicity. This
corridor coincides with a band of low Vp (Fig. 1b) and high Vp/Vs at the
plate interface39. These anomalies were interpreted as a fractured andwater-
rich zone near which overpressured pore fluids accumulate above the slab.
Fluids may originate from hydrated ultramafic rocks near subducting
fracture zones or from water-saturated metasediments39. This fits well with
our observations. The densely fractured Kalanina graben, bounded by the
mainNW-SE striking Kalanina faults, is likely a permeable zone that acts as
a drainage system ahead of the Tiburon ridge above dehydrating subducted
sediments (Figs. 1b, 4). Severalmantle earthquakes lying below theKalanina
fault (Fig. 4), together with the lateral change in P-wave velocities
(~6.0–6.5 km/s) across it (Supplementary Fig. 1), suggest that it serves as a
main rheological boundary in the overriding plate, being a main vertical
fluid conduit. Amagnetic high and gravity low interpreted as caused by the
presence of serpentinized mantle37,63 was documented aligned with the
corridor and the low seismic activity region. This is probably related to fluid
infiltration above the sediments. Alternatively, the serpentinized forearc
mantle could be due to volatiles derived directly from the slab crust and
mantle.However, tomographic results suggest smallfluxes of the volatiles in
a relatively dry and coldmantle wedge, and they largely remain as free fluids
discharged in the mantle corner52. South of the aseismic corridor, seismic
activity is distributed in a region of high velocity at the interface, at around
latitude 15°N (Fig.1b). Here, the most prominent cluster of intraplate
earthquakes ranges from 30 km to 65 km depth64. It may be where large
historical events have occurred, e.g., 1839, 1946 (>M 7.0)65,66. This locality is
over 100 km south of the subducted Tiburon ridge.

Variability in seismic activity along the plate interface thus appears to be
inpart related to the subductionof theTiburonridgeanddowndip subducting
sediments that likely induce strong heterogeneities in the geometry, pore
pressure, and frictional properties along the megathrust. Excess mass and
buoyancy associatedwith the ridge could lead to an increased normal stress at
the interface and hence enhanced coupling4 on the shallow part of the
megathrust. High fluid pressure above the subducting sediments may have
reduced the effective stress at the plate boundary, leading to stable slip regimes
andeventually slow-sliporvariousaseismic events6,67,68.Noslow-slip eventhas
yet been reported in the Lesser Antilles, however. Along the deeper portion of
themegathrust, theunderthrust sediments couldbeoverconsolidated,making
the area downdip of the ridge prone to earthquake nucleation1.

Variations in the mechanical properties of the megathrust and the
wedgemay impart further control on the upper plate structures and the style
of faulting69. Normal faulting in the upper plate was inferred to result from a
high amount of repeated coseismic slip along the shallower part of the
megathrust69. It may thus be an indicator of repeated updip propagation of
earthquakes. A similar seismogenic dynamics could be an explanation for
the presence of the Kalinana fault system. Bending of the subduction
interfacemayhave also contributed to localizing thismain fault, as a result of
slip partitioning of motion along a ramp-flat geometry.

Our study reveals that afluid-rich forearc is associatedwith subduction
of 4–5 km thick sediments driven by the subduction of the Tiburon ridge.
The ridge-induced hydrological and structural effects are found to con-
tribute to a lack of seismicity and possibly a velocity-strengthening frictional
behavior on the megathrust segment located immediately ahead of the
Tiburon ridge. This zone may act as a barrier to rupture propagation. In
contrast, there is increased interplate seismic activity further downdip and
south of the corridor, where indurated sediments could be located, forming
possibly large coherent asperities. The presence of the above barrier may
explain why historical ruptures and instrumental earthquakes are confined
below the Moho65,66. Extensional structures and high pore pressure are
commonly documented in other subduction zones that experienced
devastating tsunamis69,70. In the Lesser Antilles, we cannot exclude, in both
the prehistorical times25 and the future, the occurrence of massive mega-
thrust events at the deep seismic active segment (e.g., offshore Martinique),
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similar to the 2011 Tohoku-Oki tsunamigenic earthquake that ruptured
across interface structural and frictional heterogeneities and into the shallow
domain71. In northern Japan, before the Tohoku Oki 2011 earthquake,
smaller earthquakes occurred along the deep portion of the plate interface
below theMoho72. Repeated ruptures of these deeper asperities contributed
to loading the shallower part of the megathrust. These processes may also
apply to the Lesser Antilles. Our results highlight the need for future
experimental observations targeted at the offshore domain for under-
standing of fluid dynamics and the risk associated with the megathrust
seismogenic slip in the Lesser Antilles.

Methods
Multichannel seismic (MCS) reflection data
The deep seismic reflection profile was acquired during the Sismantilles 2
experiment. For details of the acquisition parameters, see ref. 22. The
shallow seismic profiles were acquired during CASEIS survey73 with vessel
R/V Pourquoi pas?.

The SISMANTILLES-2 profile was originally processedon board up to
post-stack time migration with constant velocity (water velocity: 1500m/s)
using CGG-Veritas Geovecteur R and Geocluster R softwares31. Our
reprocessing of this profile was conducted with Echos and Geodepth soft-
ware packages fromParadigmGeophysical. The processingflow starts from
resampling of the raw shot gathers from 2ms to 4ms with a recording
length of up to 25 s. The dominant frequency range is 8–25Hz. After a
nominal 2D geometry applied, we adopted bandpass filtering
(3–6–32–35Hz), band-limited swell noise suppression (3–8Hz). For turn
noise mitigation, we used the LIFT method74. Then, a predictive deconvo-
lution and a spherical divergence correction were performed. To remove
multiples, we used a combination of Radon multiple removal and 2D
surface-related multiple removal technique. Velocity analysis was con-
ducted at every 160th common middle point (1 km), followed by normal
moveout corrections, stacking, and Kirchhoff post-stack time migration. A
time-varying bandpass filter was applied for display. The coincident OBS
wide-angle seismic datawere collected during the Sismantilles experiment30.
We used the interval velocity model derived from travel-time tomographic
OBS model for converting the time-migrated section into depth domain.

We manually adjusted and smoothed version of the RMS velocity
model derived from tomographic velocitymodel andupdatedvelocity in the
time domain at every 80th common middle point (0.5 km). We performed
Kirchhoff post-stack timemigration using this new RMS velocity model for
the inner portion of theMCS profile (Fig. 3a and Supplementary Figs. 4, 6).
The structural geometry and dipping features in the basement are better
resolved compared to the post-stack time migration image using OBS
tomographic model. A Kirchhoff pre-stack depth migration algorithm
(Eikonal) was applied to the selected inner portion of MCS profile (Sup-
plementary Fig. 5), using the interval velocity model derived from the OBS
tomographic velocity model. Final visualization of data in amplitude scale
was performed using HIS Kingdom suite software.

Bathymetry data
High-resolution bathymetric data were acquired with a Resen 7150 multi-
beam sounder duringCASEIS 2016 surveywith vessel R/VPourquoi pas?. It
was processed using the Caraibes software® (Ifremer) and filtered to pro-
duce aDEMwith a resolutionof 50m.The shipboardbathymetric datawere
then merged with data from previous cruises downloaded on GMRT Map
Tool, data from the CARAMBA and ANTIPLAC cruises, and a DEM from
Ifremer.

Data availability
All geophysical data of the SISMANTILLES and CASEIS cruises are available
on the SISMER Database (https://campagnes.flotteoceanographique.fr).

Code availability
Processingof the seismicdatahasbeen conductedwithEchos andGeodepth
software packages from Paradigm Geophysical. Processing of the

bathymetric data have been conducted with the Caraibes software®
(Ifremer). Adobe Illustrator and GMT were used during all figure
preparation.
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