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ABSTRACT

The subduction of oceanic plateaus significantly reshapes subduction systems, yet its impact on lithospheric
hydration prior to subduction is not well understood. Here we investigate these processes as the Caroline Plateau
approaches the southern Mariana Trench, using velocity models derived from wide-angle seismic lines. Our
results from OBS2017-1 reveal that the crust of the subducting plate thickens from ~7.5 km beneath the trench
axis to ~16.0 km at the outer rise, accompanied by reduced seismic velocities in the region between the toe of
the plateau and the trench axis. These velocity reductions even exceed those observed beneath adjacent oceanic
crust near Challenger Deep, indicating intensified hydration at the leading edge of the plateau, further supported
by a narrowing of the bending-related faulting zone. The simultaneous subduction of plateau and normal oceanic
crust governs plate configuration, highlighting the role of oceanic plateaus in enhancing heterogeneous water
percolation and modulating subduction dynamics.
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Introduction

Subduction zones are crucial pathways for transferring and recycling surface materials deep into the Earth’s
interior, nurturing interactions between multiple layers of the Earth system. These processes are fundamental to

understanding the planet's habitability!. Hydration of the subducting plates significantly affects subduction



dynamics. As oceanic lithosphere bends before being subducted, it experiences tensional faulting and crustal
fracturing that promote water-rock interactions and serpentinization of upper mantle rocks, introducing
significant amounts of water into the subduction system*>. This hydration process is the primary mechanism for
transporting water into the deep Earth®>. After entering subduction zones, subducted slabs can dehydrate at
various depths, contributing to the formation of trench-arc-basin systems or the storage of water within the
mantle®. The continuous cycle of hydration and dehydration drives tectonic deformation, magmatism, and

seismicity, shaping Earth's most active seismic, volcanic, and mineral belts’.

In addition to oceanic crust, subducting plates may also carry oceanic plateaus into the deep mantle®.
Oceanic plateaus, which are manifestations of large igneous provinces (LIPs), are characterized by over-
thickened crust (average thickness of 21+4 km) with high buoyancy’. Their subduction reshapes the tectonic
configuration of subduction zones, influencing trench morphology and causing displacements in the trench-arc-
basin system. Upon entering trenches, these buoyant plateaus may either accrete to the overriding plate or
subduct beneath it at shallow angles'®. This process results in trench migration or subduction zone reorientation,
where the old subduction zone ceases and a new one initiates behind the plateau’. After oceanic plateaus enter
subduction zones, the slab may experience displacement'!, tearing'?, or break-off'*. Previous studies have
primarily focused on the processes following the entry of plateaus into subduction systems, yet the pre-
subduction effects of oceanic plateaus on bending and hydration remain poorly understood. Studying these
effects is crucial for comprehending the entire subduction process, including geodynamic and compositional

interactions between the subducted plateau and the deep mantle.

The Izu-Bonin-Mariana (IBM) Trench, spanning over 2,800 km between the Pacific and Philippine Sea
plates, is a natural laboratory for studying intra-oceanic convergent margins'®. This study focuses on the southern
Mariana trench (Fig. 1a), home to the Challenger Deep, the Earth’s deepest point, where the ~125 Ma Pacific
Plate subducts with pronounced flexure!*!®. The Caroline Plateau, which is a LIP formed by the Caroline mantle
plume at <30 Ma'”, lies 60—120 km west of the Challenger Deep and appears to affect the southern Mariana
subduction zone, impacting its topography, seismicity, and plate configuration'®*?°, However, the nature and
extent of this impact remain unclear, highlighting the need for detailed imaging of the crust and upper mantle

structure of the subducting plate.

In 2016-2017, the Chinese Academy of Sciences (CAS) conducted three research cruises at the southern
Mariana Trench, acquiring four active-source ocean bottom seismometer (OBS) profiles perpendicular to the
trench (Fig. 1a). Profiles OBS2016-1 and OBS2016-2 employed rated to 6,000 m and 9,000 m water depth,
respectively. In 2017, the application of newly developed 10,000 m-rated OBSs enabled the acquisition of
profiles OBS2017-1, and OBS2017-2 across the Challenger Deep. Data from OBS2016-1 imaged a 12.0-14.0



km thick subducting oceanic plateau?', while OBS2016-2 revealed a highly serpentinized mantle beneath the
normal oceanic crust (6.5-7.0 km thick) of the subducting Pacific plate??. The velocity structure along profile
OBS2017-2 demonstrates the subducting plate has normal crustal thickness (6.5-7.2 km) but reduced velocities
relative to mature Pacific crust®. Additionally, a low-velocity layer with high V,/V; ratios (1.80-1.95) was
detected beneath the oceanic crust, suggesting a srtongly serpentinized layer with a rapid transition at its base?**.
The velocity structures of these three published OBS profiles reveal some lateral variability in crustal thickness

and velocity reductions in the crust and upper mantle of the subducting plate, thereby highlighting the along-

strike transition between the oceanic plateau and normal oceanic crust as they converge towards the trench.

Profile OBS2017-1 located in the middle between and oriented parallel to profiles OBS2017-2 and
OBS2016-1 (Fig. 1a). This study focuses on its southern segment extending from the trench axis to the Caroline
Plateau with 15 OBSs available. We use these data to elucidate the structural variations in the crust and upper
mantle as the Caroline Plateau approaches the trench. The unique position of OBS2017-1 allows us to investigate
such variations in two directions: along the profile itself, and along the trench axis with the help of other profiles.
By integrating multibeam bathymetry, seismic activity, and gravity anomaly data, we reveal how the
juxtaposition of the oceanic plateau and normal oceanic crust on the subducting plate affects the subduction
system. Our findings enhance understanding the effects of an incoming oceanic plateau on hydration processes

and heterogeneous water percolation.
Results and discussion

The final velocity structure along OBS2017-1 exhibits significant variations towards the trench (Figs. 2a—
¢), with the Moho depth deepening beneath the plateau and crustal thickness of the subducting plate ranging
from 7.5 km to 18.0 km. Seismic record sections (e.g., Fig. 2d) show the high quality of our dataset. Based on
velocity structure and seafloor topography, the model is divided into two segments: the bending-related faulting
zone (model distance 0—80 km) and the Caroline Plateau region (model distance 80—150 km). The faulting zone
is further subdivided into the outer trench slope (model distance 0—35 km) and the outer rise (model distance

35-80 km), characterized by progressive changes in crustal thickness and fault intensity.

Faulting and hydration processes in the simultaneous subduction of oceanic plateau and normal oceanic

crust

The outer trench slope (model distance 0-35 km) has a crustal thickness of 7.5-9.0 km (Fig. 2a), which is

thicker than mature Pacific oceanic crust (5.3—7.0 km)>-2¢

, yet exhibits notably lower crustal velocities. Upper
mantle velocities in this region range from 7.0 to 7.2 km/s, significantly below the typical dry mantle velocity

of 8.0 km/s?. In the outer rise region, the crust thickens further to 9.0-12.0 km, intermediate between normal



oceanic crust and the thicker Caroline Plateau. In the Caroline Plateau region (model distance 80—150 km),
crustal thickness reaches 16.0—-18.0 km. One-dimensional velocity-depth profiles in this segment fall outside the
ranges of both typical oceanic and continental crust but closely resemble global oceanic plateau structure?’,
indicating an oceanic plateau composition for the Caroline Plateau (Fig. 3a). High-resolution bathymetry reveals
abundant trench-parallel normal faults in the outer trench slope and outer rise*®, accompanied by significant

20,29

seismicity at depths of 10-50 km?°2° and evidence of fluid discharge at the seafloor*°. These characteristics align

31-33

with findings from other subduction zones® -, suggesting that bending-related faulting and hydration play a

critical role in modifying the subducting plate.

Notably, the onset of bending-related faulting observed in bathymetric data does not coincide with the
location of significant P-wave velocity (V) reduction (Fig. 2a). Faults initiate at ~80 km from the trench (Fig.
2b), where the crust is 14.0-16.0 km thick, yet no substantial decrease in crustal or upper mantle velocities is
observed (Fig. 2¢). This indicates that initial faulting has limited impact on crustal alteration or hydration in this
zone. At ~45 km from the trench, where the crust thins to ~10.0 km, the 7.0 km/s iso-velocity contour drops
rapidly, and upper mantle V,, decreases to 7.4 km/s. This velocity is significantly lower than that in the fault
initiation zone (45-80 km from the trench, upper mantle V, ~7.8 km/s) and the typical dry mantle value (8.0
km/s), indicating that faults have penetrated through the entire crust and reached the uppermost mantle, initiating
serpentinization. On the outer trench slope, the 6.5 km/s velocity contour drops rapidly to the base of the crust,
and upper mantle velocities further decrease to 7.0—-7.2 km/s (Figs. 2a—c). This area also shows a sharp increase
in water depth and a higher density of closely spaced normal faults (Fig. 2b), indicating intensified bending-

related faulting and extensive mantle hydration.

Based on these observations along profile OBS2017-1, we propose a three-stage model of progressive
bending-related faulting and hydration towards the trench: (1) Stage 1 (80—45 km): Initiation of normal faulting
in the shallow crust, resulting in seafloor fault offsets but no significant velocity reduction. (2) Stage 2 (45-35
km): Faults propagate into the thinned crust and reach the uppermost mantle, initiating limited serpentinization.
(3) Stage 3 (35-0 km): Pervasive faulting throughout the crust and into the deeper mantle, leading to intensive
serpentinization. The spatial mismatch between the initiation of faulting and velocity reduction reflects the

progressive deepening of faults and increasing hydration with proximity to the trench.

The approach of the oceanic plateau towards the trench enhances crustal fragmentation and mantle
serpentinization between the leading edge of the plateau and the trench. At equivalent distances (20 km) from
the trench, crustal and upper mantle velocities along profile OBS2017-1 are lower than those along OBS2017-2
and OBS2016-2 (Fig. 3b), indicating stronger faulting and serpentinization. Furthermore, velocities near the

trench are lower than in subduction zones such as Chile and Nicaragua (Fig. 3c) and generally lower than in



most global subduction zones?*. We can exclude the possibility that the velocity reduction along OBS2017-1 is
inherited from low velocities at the transition from the oceanic crust to the oceanic plateau because no such
observation was found in global oceanic plateaus, such as the Kerguelen Plateau®* and the Louisville Ridge®.
Bathymetric data reveal systematic east-to-west narrowing in the extent of faulting. Along profile OBS2017-1,
the initial faulting begins at 80 km from the trench; to the east, in the Challenger Deep region, it starts at 110—
120 km (Figs. 1a and 1c). Similarly, the zone of extremely low upper mantle velocities (<7.5 km/s) extends only
~45 km from the trench along OBS2017-1, whereas it reaches 90—-110 km along OBS2017-2 and OBS2016-2 in
the Challenger Deep region (Fig. 4). Plate curvature is also more pronounced in the plateau region (OBS2017-
1) than in the Challenger Deep (Fig. 1c). These patterns suggest that the approaching oceanic plateau localizes
bending deformation at its leading edge, enhancing fracturing and hydration. Numerical simulations by Zhang

et al.3

show that when a high-rigidity plateau approaches the trench, bending deformation concentrates at its
front, which is consistent with our observations. Similar velocity patterns have been reported during the
subduction of the Roo Rise plateau at the Java Trench®’. Even smaller features like seamounts, though less

extensive, can promote enhanced fracturing and serpentinization in leading crust®®.

Upon entering the trench, the oceanic plateau exhibits distinct faulting behavior and hydration
characteristics compared to the adjacent oceanic crust. In the oceanic crustal domain, normal faults are denser
but have smaller throws (<750 m). In contrast, in the plateau domain, faults are sparser but exhibit larger throws
(750-1250 m) (Fig. 4a and Supplementary Fig. S20). This structural contrast observed from bathymetry
corresponds to the variation in velocity reductions. Upper mantle velocities beneath the outer trench slope
increase progressively from ~7.0-7.2 km/s along profiles OBS2017-1 and OBS2017-2?>% to 7.4-7.5 km/s
beneath profile OBS2016-12! (Figs. 4b—4e), indicating progressively reduced serpentinization from the oceanic
crust to the plateau domain. Boneh et al.*® proposed that the extent of mantle serpentinization depends on the
combined effect of fault throw and fault density, which together increase the volume of damage zone prior to
subduction. The cumulative fault throws within 30 km of the trench are 5766 m and 4233 m along profiles
OBS2017-1 and OBS2017-2, respectively, which are both exceeding that along profile OBS2016-1 (2912 m)
(Supplementary Fig. S20). Accordingly, the more intensive faulting in the oceanic crustal domain likely
promotes greater mantle hydration than in the plateau domain. This interpretation is consistent with seismicity
patterns within the subducted slab. Chen et al.*’ reported along-strike variations in intermediate-depth
earthquakes: a double seismic zone in the Pacific segment and a single zone in the Caroline Plateau segment,
which are attributed to limited hydration due to the plateau’s thickened crust. The velocity structures across these
domains (Figs. 4b—4e) support the earthquake observations, suggesting that contrasting crustal structures exert

a first-order control on pre-subduction faulting, hydration, and post-subduction dehydration processes.



Du et al.* highlight that fluid discharge points near normal faults (Figs. 1a) are associated with basaltic
crust alteration. Specifically, discharge sites P and M are located near OBS30 and OBS31 (Fig. 2b), coinciding
with regions of sharp velocity reduction in the crust and upper mantle (Fig. 2¢). This suggests that bending-
related faults act as major conduits for fluid migration and water-rock interactions. Assuming a correlation
between fault characteristics, velocity reduction, and hydration intensity, we infer that such interactions peak at
OBS2017-1, slightly decrease towards the Challenger Deep (OBS2017-2), and weaken markedly further west
(OBS2016-1).

Geophysical surveys and numerical modeling studies show that oceanic plateaus can cause slab
displacement'!, tearing'?, or break off'* when entering subduction zones, potentially triggering trench migration,
where the old subduction zone ceases and a new one initiates behind the plateau. Our findings reveal intensified
and localized crustal fracturing and mantle serpentinization at the leading edge of the incoming plateau. These
weakened zones, once subducted, are more prone to rupture, dehydration, and melting, increasing the likelihood

of slab tearing, fragmentation, and detachment.

Effects of the simultaneous subduction of oceanic plateau and normal oceanic crust on the incoming and

overriding plates

The main body of the Caroline Plateau can be clearly outlined by the 3000-m isobath and is confirmed to
subduct west of 140°30'E. However, the bathymetry alone does not fully resolve the complete extent of the
Caroline Plateau. Crustal structure variations along the southern Mariana Trench reveal a gradual transition from
typical oceanic crust (6.5—7.2 km thick) near the Challenger Deep (profiles OBS2016-2 and OBS2017-2) to the
thicker Caroline Plateau (12.0-14.0 km) along profile OBS2016-1 (Fig. 4). The velocity structure along
OBS2017-1 further captures the margin of the oceanic plateau. While evident in seismic profiles, the lateral
extent of this marginal zone remains uncertain due to sparse trench-perpendicular profiles and the lack of trench-

parallel observations.

To better constrain this boundary, we use Bouguer gravity anomalies, which reflect lateral variations in
crustal and upper mantle density. High Bouguer anomalies correlate with thinner crust or cooler mantle, while
low anomalies indicate thicker crust or hotter mantle*!. Along the western side of profile OBS2017-1, low
anomalies (400 to 500 mGal) correspond to crustal thickness of 12.0-18.0 km, as revealed by OBS data (Fig.
5¢). On the eastern side, higher anomalies (>500 mGal) correspond to a thinner crust of ~7.0 km. Integrating
crustal thickness and gravity data allows us to delineate the boundary between the oceanic plateau and normal

oceanic crust (Fig. 5c¢). The improved delineation of the plateau’s extent based on four OBS profiles, which



reveal that its geophysical defined boundary extends outward beyond the 3000-m isobath into deeper water

depths.

Different subducting segments correspond to distinct tectonic responses in the overriding plate (Fig. 5).
Where the oceanic plateau subducts, the inner trench slope uplifts, forming an arch-like topography. In contrast,
where normal oceanic crust subducts, the inner trench slope widens and the arch disappears (Figs. 5a and 5d).
This suggests that the buoyant, elevated plateau exerts compressive forces, whereas subduction of less buoyant
oceanic crust results in weaker compression. Miura et al.** reported that the upper part of the Ontong Java Plateau
underwent collision-related accretion to the landward side, leading to a velocity increase of ~0.2 km/s and crustal
thickening of ~5 km within the 80-km-wide Malaita Accretionary Prism, and the absence of a discernible top
interface of subducted plateau. However, a similar velocity structure in the uplifted inner trench along profile
OBS2016-1 in our study area can be estimated as a <4 km thick and 20 km wide accretionary prism?!, contrasting
with the features of accretionary prisms near the Ontong Java Plateau. This comparison, together with the clearly
identifiable top interface of the subducted Caroline Plateau®!, suggests that the Caroline Plateau has experienced
subduction rather than collision-related accretion. Landward, within the back-arc region, the plateau segment
shows no rift topography and only sparse thrust and strike-slip earthquakes (Figs. 5a and 5d). In contrast, the
oceanic crust segment features the incipient Southwest Mariana Rift (SWMR), marked by trench-parallel
extensional faults*, lineament fabrics*, and seismicity?**. Further east, the region transitions into the Diffuse
Spreading Zone (DSZ), characterized by high Bouguer anomalies and both trench-parallel and trench-

perpendicular extensional earthquakes*¢.

Back-arc spreading dynamics is affected by both the subducted slab and the overriding plate*’. The
Philippine Sea Plate is drifting towards the Eurasian continent at a rate of 23-136 mm/a in a WNW direction®®,
However, this far-field motion alone cannot explain the rapid stress transition observed over such short distances
in the back-arc region. Seismicity data indicate that the length of subducted slab increases gradually from ~100
km at the oceanic plateau segment to ~140—160 km near the Challenger Deep and ~240 km near Guam?®’. The
average dip angle of the subducted slab also increases from ~30° to ~60° at depths >30 km?’. The morphology
of the subducted slab correlates strongly with the topography and stress distribution in the back-arc region of the
overriding plate (Fig. 4a), as well as with variations in faulting and serpentinization within the incoming plate
prior to subduction (Fig. 3). Three-dimensional tomographic images derived from local earthquake travel-time
data reveal an increasing dip angle of the subducted Pacific slab with depth near the Challenger Deep, suggesting
rapid slab rollback®. This eastward increase in rollback degree may be the primary driver of the rapid tectonic

changes in the back-arc region. We speculate that the more buoyant oceanic plateau resists subduction, leading



to a shorter subducted slab in the plateau region compared to the oceanic crust domain. In contrast, the longer

slab at the oceanic crust segment is more susceptible to gravitational rollback, further increasing its dip angle.

The Hikurangi subduction zone also shows along-trench thinning of the incoming crust from ~11 £ 1 km
in the south to ~7 + 1 km in the north>* 2, affecting subducting plate geometry and the stress state of overriding
plate®!. In comparison, the crust of Caroline Plateau is thicker (12—14 km) and shows more rapid thinning in the

trench-parallel direction, driving the more pronounced segmentation of the overriding plate described above.

As conclusions, we compile three scenarios of plateau—subduction interaction along the southern Mariana
Trench, based on three trench-perpendicular OBS profiles: (a) Plateau far from the trench. The Pacific
lithosphere undergoes broad flexure, characterized by dense arrays of small-offset faults and widespread velocity
reductions, indicative of strong fracturing and hydration (Fig. 6a). (b) Plateau approaching the trench.
Contrasting rigidity between the plateau and adjacent crust localizes bending and faulting to the region between
the plateau toe and the trench axis, while the plateau itself is less deformed. The deformation zone narrows (~80
km), and velocity reductions are confined (~45 km) but with stronger serpentinization than in the Challenger
Deep (Fig. 6b). (c) Plateau with a thickness of ~12 km entering the trench. The plateau itself begins to fracture,
but its high strength and thick crust result in sparse, large-offset faults and only modest velocity reductions,
implying weaker hydration than in normal oceanic crust (Fig. 6¢). The buoyant plateau induces compressional
and strike-slip stresses in the overriding plate, causing inner trench slope arching and suppressing back-arc rifting.
In contrast, subduction of normal oceanic crust promotes extensional stress, absence of arching, and incipient
back-arc rifting driven by slab rollback. These scenarios not only reflect the current spatial relationship between
the Caroline plateau and the Mariana Trench but also hold temporal implications. With the continuous subduction
of the Pacific Plate, the plateau far from the trench (Fig. 6a) will gradually transition to approaching (Fig. 6b),
then to entering the trench (Fig. 6¢). Eventually, the subduction of Caroline Plateau will occur at the Challenger

Deep, further highlighting the dynamic evolution of plateau-subduction interactions.

Methods

Data acquisition. The 430 km-long wide-angle seismic refraction profile OBS2017-1 was acquired
perpendicular to the southern Mariana Trench (Fig. 1a). A total of 40 OBSs were deployed at 10 km intervals
along the profile, with 38 successfully recovered but 2 lost. This study focuses on a 170 km segment of the
subducting Pacific Plate, running from the Caroline Plateau to the trench axis, encompassing the bending fault
zone. In order to optimally constrain the velocity structure of the subducting plate, 15 OBS stations that recorded

the best data quality in this dataset were selected for analysis. The stations located on the overriding plate were



not employed in this work because the low signal-to-noise ratio of the refractions turning from the subducting
plate and the unconstrained geometry of the subducting slab prevent a robust control on the velocity structure
here using these stations. These selected stations include three 10,000 m-rated instruments (OBS26, OBS27, and
OBS28), which were deployed in water depths exceeding 8,000 m and successfully recovered. The seismic
source consisted of a four-air-gun array with a total volume of 6,000 in?, fired at 80 s intervals with an average

ship-speed of 5 knots, resulting in a total of 805 shots.

Seismic tomography. Processed seismic records provided high-quality data, enabling clear identification of
refracted P-wave phases and wide-angle reflections from crustal interfaces (Supplementary Figs. S1-S15 and
Text S1). The two-dimensional P-wave velocity (V) structure and the geometry of the seismic Moho
discontinuity along profile OBS2017-1 were determined using the seismic tomography software TOMO2D?*?,

through a joint travel-time inversion of first-arrival refractions and secondary-arrival wide-angle reflections.

For constructing the starting model, the seafloor depth was extracted from high-resolution bathymetric data
downloaded from the NOAA National Centers for Environmental Information (NCEI), the sedimentary velocity
and basement were constrained by using Raylnvr software>* to forward the PbP and near-offset Pg arrivals
(Supplementary Fig. S16). A 0.2-0.5 km thick sedimentary layer is set up and fixed during the inversion. The
initial crustal velocities were given by the 1-D velocity of normal Pacific crust, which are hanged below the

basement. The initial Moho depth was set at 20 km.

The inversion was performed using a layer-stripping approach, reconstructing the velocity structure from shallow
to deep in three stages, each with 10 iterations and different seismic phases. Detailed modeling parameters are
provided in Supplementary Table S1. The inversion converged to a final normalized chi-squared value close to

1, with a root-mean-square (RMS) travel-time residual of 89.1 ms, indicating a good fit to the observed data.

To evaluate model resolution and uncertainties, we conducted the derivative weight sum (DWS) analysis,
checkboard resolution tests, and Monte Carlo uncertainty assessments (Supplementary Text S2 and Figs. S17—
S19). The resulting model shows robust resolution in the outer trench slope and oceanic plateau regions, due to
dense ray path coverage. Velocity uncertainties are generally less than 0.1 km/s within the crust, increasing to
greater than 0.15 km/s near the model edges and at depths exceeding 22 km, where ray coverage is sparse. Moho
depth uncertainties range from +£0.1 km to £0.5 km between model distance of 10 km and 125 km, reaching a

maximum of 2.0 km at a model distance of -10 km (Supplementary Fig. S18b).

Quantitive assessment of faulting behavior. Quantification of bending-related faults is performed using Global
Mapper software (version 17.0) to extract plan-view bathymetric images and cross-sectional seafloor topography.
Fault throws on the outer trench slope are measured using the "3D Path Profile /Line of Sight Tool" function in
Global Mapper.



Data availability
Raw OBS data can be found here: https://doi.org/10.57760/sciencedb.27212.
Code availability

Travel-time tomography was performed using the TOMO2D software™, available at https:/github.com/jun-

korenaga/tomo2d.
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data. (a) V, model. Yellow dots on the seafloor show the locations of OBS. Pink solid lines indicate the Moho
depth relatively well constrained by PmP arrivals. (b) Bathymetric map along the seismic line. Red arrows mark
the fluid discharge sites®®. Sites M and P mark the fluid discharge sites shown in Fig.1a. (c) Crustal thickness
(pink line), and average velocity of lower crust (blue line) and upper mantle (green line) sampling from within
2 km above and below the Moho, respectively. (d) An example of wide-angle seismic record section of OBS 29

with identified seismic phases, also shown in Supplementary Figs. S4a and S4b.
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Challenger Deep). (b-e) V, structures along the four OBS profiles showing a gradual thinning in the crustal
thickness from 12-14 km to 6.5-7.2 km. POB: Plateau and oceanic crust boundary.
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Fig. 6 | Interpretative cross-sections illustrating the plate bending and lithospheric hydration as an oceanic plateau

approaches and enters the trench. These reconstructions are based on velocity models along three trench-

perpendicular OBS profiles and regional geophysical data, incorporating seafloor topography, slab geometry,

and earthquake distributions?>*’. Three scenarios are shown: (a) when the plateau is far from the trench, (b) as

it approaches, and (c) as it begins to subduct. ITS: Inner trench slope.
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