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The dehydration of subducting oceanic crust and upper mantle has been inferred both to promote the partial melting leading to arc
magmatism and to induce intraslab intermediate-depth earthquakes, at depths of 50–300 km. Yet there is still no consensus about
how slab hydration occurs or where and how much chemically bound water is stored within the crust and mantle of the incoming
plate. Here we document that bending-related faulting of the incoming plate at the Middle America trench creates a pervasive
tectonic fabric that cuts across the crust, penetrating deep into the mantle. Faulting is active across the entire ocean trench slope,
promoting hydration of the cold crust and upper mantle surrounding these deep active faults. The along-strike length and depth of
penetration of these faults are also similar to the dimensions of the rupture area of intermediate-depth earthquakes.

Since the proposition that intermediate-depth earthquakes occur by
reactivation of outer rise faults1, considerable discussion has con-
centrated on possible mechanisms that would allow seismogenic
slip at these large confining pressures where plastic deformation
would be anticipated2. A commonly invoked mechanism to pro-
mote brittle failure is the decrease in effective normal stress induced
by increased pore pressure during dehydration reactions3–6. As
oceanic plates dive into subduction zones, progressive metamorph-
ism releases fluids chemically bound in the slab. Such fluid release, if
concentrated along pre-existing fault weaknesses, may facilitate
seismogenic slip across the upper part of the slab4 or even tens of
kilometres into the slab’s mantle7. In Tonga, the similar orientation
and dip (relative to the slab surface) of nodal planes of intraslab
intermediate-depth seismicity and nodal planes of outer rise events
has been interpreted to support this hypothesis8. Although bending-
related normal faulting occurs at all subduction zones, little high-
resolution data exists to permit testing of this hypothesis.

If slab-released fluids enter overlying asthenosphere, there they
can induce ‘wet’ partial melting and the formation of magmatic
arcs9. It has been realized that at some subduction zones, dehy-
dration of most of the hydrous phases contained in subducting
sediments and ocean crust should occur at shallower depths than
the depths of magma generation—thus the fluids inducing arc-
melting are likely to come from the slab’s mantle10. However, the
feasibility of large-scale hydration of the upper ocean mantle is still
under debate11, with different calculations of the global fluid budget
entering subduction zones, assuming that water might be stored in
the sediments and crust12,13 or in the mantle6. Where most of the
hydration of the incoming plate takes place also remains in doubt:
near a spreading centre4,10, intraplate by fluids rising from under-
lying mantle plumes14, or beneath the outer rise, mainly in the
crust4, or perhaps also in the mantle7. At the outer rise, some
earthquakes have been proposed to cut .20 km deep into the
lithosphere15,16, suggesting a possible pathway for sea water to
reach and react with cold lithospheric mantle. (However, the typical
hypocentral depths of outer rise earthquakes remains under
debate.)

Here we present new evidence documenting that bending-related
faulting at the trench offshore Nicaragua has created a pervasive
extensional faulting system that cuts through the crust of this

incoming plate, penetrating deeply into the lithospheric mantle.
Faulting remains active across the entire ocean trench slope,
promoting deep percolation of water and modification of the
properties of the incoming ocean plate just before its subduction.

Relation between bend-faulting and seafloor spreading fabric
Multibeam bathymetry along the Middle America trench (MAT)
shows that bending-related extensional faulting (bend-faulting) is
pervasive across most of the ocean trench slope (Fig. 1). The crustal
thickness and the orientation of the tectonic fabric formed at the
spreading centre seem to govern the amount of faulting and trench
depth for each of the four tectonic segments within Fig. 1. Along this
margin, the age of the subducting lithosphere most probably has a
secondary role as it changes little and gradually along the incoming
plate—lithosphere formed at the Galapagos spreading centre (seg-
ments 1–3) ranges from ,14 Myr off South Costa Rica to ,22 Myr
off the middle of the Nicoya peninsula, while lithosphere formed
along the East Pacific Rise (segment 4) is 24 Myr along the
Nicaragua trench17. Segments with the most pervasive faulting
and larger offsets (segments 2 and 4 in Fig. 1) are associated with
5–7-km-thick crust and magnetic anomalies striking at low angles
to the trench.

This indicates that, for lithosphere of the same age, bend-faults
develop best when they reactivate faults formed at the palaeospread-
ing centre, which occurs when the strike of the inherited tectonic
fabric is nearly parallel to the axis of bending of the incoming plate.
Feedback between faulting and flexure is inferred from the struc-
tures: faults are initially reactivated owing to bending, but trench
parallel faulting appears to lead to larger bending and to the
development of new faults, in spite of a similar ‘elastic thickness’
across much of the margin. This is best seen by comparing the ocean
plate facing the Nicoya peninsula and Nicaragua, where the age and
crustal thickness are essentially the same, but the number of faults
and their offsets are larger to the north, where bending is also larger.

Similarly, the plate at segment 2 bends more than at segment 3,
where magnetic anomalies strike perpendicular to the trench. The
subducted slab steepens gradually to the north from 35–458 beneath
Costa Rica to ,658 beneath Nicaragua18, implying increasing net
plate bending towards the North. We concentrate our analysis on
segment 4 (Fig. 1), which shares the morphologic characteristics of
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many circumpacific subduction zones in regions without oceanic
plateau and spreading-centre subduction (for example, Peru and
Chile trench19–21; Japan-Kuril trench22; the Tonga-Kermadec, Aleu-
tian and Java trenches23).

Seismic images of bend-faulting
Multichannel seismic (MCS) reflection images across the oceanic
trench slope show two main sets of reflections beneath the sedi-
ments. A set of subhorizontal reflections occurs ,1.7 s beneath the
top basement delineating the base of the crust (Fig. 2a, b). A second
set appears as trenchward-dipping reflections across the crust and

mantle. Some dipping events traverse the ,5.5-km-thick crust and
align with reflections in the mantle which extend at least to depths of
18–20 km beneath the sea floor. Deeper than 18–22 km, reflections
are obscured by the energy of the water-layer multiple so that their
ultimate depth is unconstrained. Locally, there are also seaward-
dipping reflections in the mantle (Fig. 2a), although this reflectivity
is notably less pervasive than the landward-dipping fabric. The
seismic profiles shown in Fig. 2a and b were shot in opposite
directions, normal to the seafloor topography, indicating that
neither the reflections nor their dominant dipping direction are
artefacts of the data acquisition and processing24.

Figure 1 Colour-coded bathymetry and elevation map along ,600 km of the Middle

America trench. Bathymetric soundings have been edited before gridding into a ,100 m

grid spacing. Land topography is from a 30-arcsecond data base from US geological

survey. Red lines are tracks from seismic profiles in Fig. 2. The data display the

deformation of the ocean plate related to bending before subduction. Abrupt boundaries

separate four distinctly faulted segments of the ocean plate17,47 (black arrows mark

segment boundaries). Segment 1 is off southern Costa Rica, where the 12–20-km-thick

crust of the Cocos ridge bends little, and little to no fault relief develops near the trench.

The large fault scarps perpendicular to the trench predate sediment infill, indicating that

they formed ,14 Myr ago when the Galapagos hotspot affected this area and are not

related to subduction. Segment 2 has ,7-km-thick crust and magnetic anomalies

striking oblique to the trench. Here pervasive faulting with a strike similar to the original

seafloor fabric develops within ,25 km of the trench axis. Segment 3 has ,6-km-thick

crust, a smooth morphology and magnetic anomalies striking perpendicular to the trench

axis. In segment 3, a few small-offset faults develop, roughly parallel to the trench and at

high angles with the inherited tectonic fabric. Here the plate bends less than at contiguous

segments and little deepening occurs towards the trench axis. A small linear scarp in the

ocean plate separates segments 3 and 4. Lithosphere to the SE (segments 1 to 3) formed

at the Galapagos spreading centre (see upper inset), whereas lithosphere to the NW

(segment 4) formed at the East Pacific Rise. Although the lithosphere of segments 2 to 4

formed at similar spreading rates, major changes in plate bending and faulting occur.

Segment 4 has 5–6-km-thick crust, magnetic anomalies striking parallel to the trench

and pervasive normal faulting. The faulted region is the widest in this region, increasing

towards the north from ,25 to ,60 km, while individual fault throws increase from

,100 to ,500 m. The two sets of white arrows in the lower inset mark seafloor offsets of

two ,50-km-long faults; these faults are imaged as clear deep penetrating faults in the

seismic sections (Fig. 2). Lower inset shows a perspective close-up view of the bathymetry

projected along the trench (100 £ 50 km). Area is indicated by the box in regional figure

and view is from SE. Upper inset shows a magnetic map of the area17.
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Figure 2 Poststack finite-difference time migration of various lines. a, Line 39 and

b, line 41 of cruise BGR99 and c, line 1331 of Ewing cruise 9503. Lines 39 and 41 show

the structure of the Cocos plate across the ocean trench slope. The crust–mantle

boundary (CMB) is defined by a series of gently dipping reflections, delineated by white

filled circles, at ,1.7 s two-way time (,5 km) beneath the top of the igneous basement.

A pervasive fabric traverses the mantle: sometimes this fabric appears to continue up

into reflections that cross the crust projecting into top-basement and seafloor offsets.

Several reflections align forming individual features—indicated by the black arrows—that

cross much of the lithosphere. We propose that these reflections represent normal

faults which slip during plate bending. The reflections cut to ,18–20 km across the crust

into the mantle where they are masked by the acoustic energy of the seafloor multiple.

Arrows at the sea floor indicate faults used for Figs 3 and 4. Seafloor mass-wasting

processes are evidenced by truncation of strata at many fault scarps and by turbidite infill

of half-grabens. White arrows in black boxes indicate faults marked by arrows in the lower

inset of Fig. 1. Line Ewing 9503-1331 shows the structure of the ocean plate formed at

the East Pacific Rise at latitude 168 N (ref. 27). The crust–mantle boundary is defined by

discontinuous reflections at ,1.8 s two-way time, the crust and upper mantle are

featureless. The ‘smiles’ underneath the spreading centre axis are created by

overmigration of side-scattered energy in the rough axial topography. FD, finite difference.
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Trenchward-dipping reflections across the crust and mantle
project updip to the largest offsets in top basement and sea floor,
indicating that these represent reflections from fault planes. Fault
offsets at the sea floor are ,200 m—that generate ,50 ms travel-
time offsets at the Moho, which explains the lack of clear offsets
across the crust–mantle boundary reflections. Although these faults
appear to form by reactivation of faults created at the palaeospread-
ing centre, such a deeply penetrating tectonic fabric could not
have originated during crustal accretion at the palaeospreading
centre. Modern MCS data collected over sea floor created at fast-
spreading mid-ocean ridges (MOR) demonstrates that the reflective
mantle fabric observed at the MAT was not formed by accretion/
deformation processes at the fast-spreading East Pacific Rise (EPR).

Since the first modern MCS reflection survey was collected across
the EPR at 98–138 N, where the Cocos plate subducting beneath
Middle America is formed, seismic images have shown a “reflection-
free” mantle underlying the Moho reflection25. More recent MCS
data, collected along segments of the EPR, comparable in quality to
our near-trench data (for example, at 148–188 S (ref. 26); and at
15.58–16.58 N (ref. 27)), support earlier results (Fig. 2c). Seismic
images of old crust formed at fast-spreading rates have regions of
reflectivity limited to the crust and no evidence for crustal-scale
brittle faulting24. Furthermore, theoretical modelling indicates that
at the axis of fast-spreading MORs, the brittle layer overlying the
persistent magma lens is only a few kilometres thick28,29. At the MAT,
the strength of the mantle-dipping reflections is comparable to the
Moho reflection (Fig. 2a, b), indicating that a similar fabric at the
EPR would have been detected with seismic methods had it also
existed there (Fig. 2c).

Further evidence against the origin of the reflective mantle fabric
by ductile deformation at fast-spreading MORs comes from studies
of ophiolite exposures. The ductile foliation of exposed mantle
peridotites lies at a low angle to the Moho30, a much shallower angle
than the ,458 observed in the mantle reflections. These obser-

vations are also consistent with numerical models predicting that
the mantle deformation fabric would lie semi-parallel to the Moho
boundary31.

Finally, data collected in the Cocos plate in the lithosphere
halfway between the EPR crest and the Nicaraguan trench shows
that reflectivity in the mantle is not produced during the ageing of
the ocean plate as it drifts towards a subduction zone32. Dipping
reflections observed in old lithosphere formed at other fast-spread-
ing MORs are constricted to the lower crust24. Even in crust formed
at slow-spreading rates, most seismically imaged normal faults are
restricted to crustal levels33, penetrating (rarely) at most a few
kilometres across the Moho—again with a reflectivity pattern
completely unlike that seen at the MAT.

At the MAT, dipping reflections appear to be images of deeply
propagating faults formed by reactivation of shallow crustal faults
created at the spreading centre. At fast-spreading MORs, roughly
half the faults dip inward and half dip outward34. As lithosphere
bends at trenches, faults can penetrate deeply into a 30–40-km-thick
cold and brittle layer. During initial bending near the trench both
inward and outward faults may be reactivated23, which could
explain the few and indistinct seaward-dipping reflections in the
mantle. However, the seismic images and fault scarps in the
bathymetry show that landward-dipping faults prevail both in
the seafloor fabric of this particular ocean trench slope and in the
reflective fabric of its underlying lithospheric mantle (Fig. 2a, b).

Offsets of individual faults measured at the sea floor and the top
of the igneous crust show consistent differences: the top basement
fault offsets are in most cases larger, with the difference increasing
approaching the trench (Fig. 3). These differences, and the trunca-
tion of strata at the sea floor near fault scarps (Fig. 2), indicate that
fault offset at the sea floor is often obscured by mass wasting, which
tends to decrease surface fault relief. Indeed, small wedges of
turbidites are observed at the foot of some fault scarps (Fig. 2).
This may be the reason why a study at a different area22 based upon

Figure 3 Fault offsets measured at the sea floor and top of igneous basement for faults

marked on Fig. 2, plotted versus distance to the trench axis. The difference in fault offset

at the sea floor and top basement is readily explained as a by-product of active mass-

wasting processes that decrease the offsets of seafloor scarps. In this case, near-trench

faults with similar seafloor and top basement offsets (for example, faults 7 and 9 at line 39

and faults 5, 7 and 8 at line 41) indicate recently formed faults, which typically have small

offsets. Faults showing large differences in offsets (for example, faults 1–6 on line 39, and

3, 4 and 6 on line 41) would be faults formed away from the trench axis which continued

to slip and experience surface mass-wasting as they approached the trench axis.
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only bathymetric data suggested that active faulting stops in the
middle of the trench slope. Here, the increase in the difference in
fault offset between sea floor and top basement approaching the
trench indicates that faulting remains active across the entire trench
slope. Both the average fault offset and the number of faults increase
towards the trench (Figs 3 and 4), implying both continued fault slip
and fault formation in this region.

The observations can be explained with a model of sequential
fault generation during progressive plate bending. First, widely
spaced faults are reactivated during initial plate bending at the
outer rise. Next, the segments between faults are cut by new faults as
the plate approaches the trench axis and bending continues. Recent
faults formed near the trench have similar fault offsets (see faults 6, 8
and 9 at line 41 and faults 7, 9 and 11 at line 39 in Fig. 3) at the sea
floor and top basement, whereas older faults have a larger offset at
the top basement than at the sea floor (see faults, 4, 5 and 7 on line
41 and faults 1–6 and 8 on line 39 in Fig. 3).

Where bend-faulting occurs, extension remains active across the
entire oceanward trench slope, providing an environment where
fluids can be persistently pumped down into the chemically reactive
lithospheric mantle and crust. Offshore of Nicaragua, the thermal
structure of the ,23-Myr-old plate implies that the brittle–ductile
transition (,600 8C) is ,35 km deep; earthquakes may rupture to
the mantle depths indicated by fault reflections. This scenario may
promote pumping of water35 across the crust into the mantle. At
temperatures ,500–600 8C mantle peridotite is unstable with
respect to water and readily ‘corrodes’ to serpentinite. Serpentiniza-
tion leads to important physical and chemical changes in
the subducting lithosphere. It involves a large volume increase—
complete serpentinization of a peridotite decreases its density by
,40%—promoting self-sealing closure of any open fluid conduits
along faults. However, persistent brittle faulting across the entire
trench slope may effectively reopen and recreate pathways for
intensive fluid transport into the lithosphere.

The seismic data images a series of discrete reflections across the
ocean crust and a more pervasive tectonic fabric beneath the crust–
mantle boundary (CMB) (Figs 2a, b). Some of the most conspic-
uous dipping reflections in the mantle do not extend up into crustal
reflections, while in other cases bright mantle reflections project
updip into indistinct crustal reflections. We suggest that serpenti-
nization (and perhaps also free fluids) produces the bright mantle
reflectivity; the small offsets along observed faults would not
be enough to create an anisotropic fabric detectable by seismic

reflection methods. The more pervasive reflection fabric of the
mantle does not necessarily indicate that the deformation between
crust and mantle is decoupled but rather that tectonic structures in
the mantle are easier to detect because mantle peridotites hydrate
more easily and extensively than basaltic ocean crust.

The spacing in between packages of reflections defining faults in
the mantle is somewhat shorter than between fault scarps at the sea
floor (Fig. 2). A possible explanation is that at mantle depths where
velocities are close to 8 km s21, the dominant frequencies of the
returned signal (10–15 Hz) are lower than in the signal coming from
the sediment section (45–80 Hz), so the deep portion of the faults
may image as a broader area. Also, the Fresnel zone, that is, the
dimensions of the lateral area sampled by the seismic wavefield, is
broader for long travel times and thus the image of mantle reflectors
is not as sharp as for shallow faults because the seismics are mapping
a three-dimensional (3D) structure onto a two-dimensional cross-
section. Furthermore, fault zones usually broaden as they deepen, so
that the faults we observe may not be simple planes but rather
packages of fractures. At the sea floor, arrays of faults arrange in
longer fault segments (Fig. 1, lower inset). If faults broaden into the
crust and mantle, fracturing may affect a larger volume at depth
than at the sea surface.

The observed 50-km-wide region of pervasive faulting offshore of
Nicaragua between the onset of faulting and the trench axis (Fig. 1)
implies, at current convergence rates, that extension and water
percolation have occurred there for at least 0.7 Myr. This time span
is similar to the time that ocean lithosphere faults at slow-spreading
MORs, but offshore of Nicaragua the water can penetrate at least
four times deeper into the mantle before reaching the 600 8C
isotherm. The incoming ocean lithosphere along the circumpacific
subduction zones was almost entirely formed at intermediate- to
fast-spreading MORs where axial faulting and associated vigorous
hydrothermal circulation is believed to be shallower (,2–3 km
depth) than typical at slow-spreading centres (,8–10 km depth).
Thus bend-faulting, in addition to hydrating the mantle, may lead
to pervasive pre-subduction hydration of crust formed at fast-
spreading MORs, perhaps comparable to the crustal hydration
experienced at slow-spreading MORs.

Faulting and intraslab seismicity
Faults in the seismic data dip ,458 and cut to at least 20 km into the
plate (Fig. 2). Similarly, nodal planes of outer rise earthquakes
elsewhere dip ,40–458 (refs 15, 36). More controversial is the
proposition that earthquake rupture depths extend to $20 km (for
example, ref. 36). The depth of penetration of faulting seismically
imaged here supports the hypothesis that earthquakes can cut down
at least 20 km beneath the sea floor.

The combination of swath bathymetry and seismic data provides
insights into the 3D structure and dimensions of bend-faults. Some
faults imaged on both seismic lines project updip to the same fault
scarp at the sea floor. Two examples of deep penetrating faults are
marked in Fig. 2 with white arrows. These faults cut the sea floor at
the scarps marked with white arrows in the lower inset of Fig. 1—
scarps which extend for 50 km or more. Thus individual fault planes
can be ,50 km long along strike by ,20 km deep into the plate—
dimensions similar to, or somewhat larger, than the size of the
rupture area of individual intermediate depth earthquakes5.

The reflectivity of the small-offset, deep-penetrating faults
imaged in the seismic data can be best explained by water percola-
tion and mineral alteration along the fault planes. Support for
robust hydrothermal circulation associated with bend-faulting
comes from the low heatflow values measured at the trench off
Costa Rica37 and elsewhere38. Thus serpentinized bend-faults may
become regions where increased relative concentrations of hydrous
minerals promote rupture of a fault several times during its descent.
Crustal sections should generally dehydrate at shallower depths than
mantle sections, in part because of the lower pressure/temperature

Figure 4 Histogram of fault density versus distance to the trench axis. The number of

faults increases towards the axis, indicating that new faults continue to form as the plate

approaches the trench axis. Lines indicate the cumulative fault offset measured at top

basement for line BGR99-39 (black line) and BGR99-41 (grey line). There is a tendency to

larger fault offset towards the trench.
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stability field of hydrated basalt than serpentine, but even more
because the crust of the subducting plate reheats before the mantle.
Likewise, serpentinites in the coolest slab-centre portions of faults
may dehydrate deeper within the subduction zone39. In North Chile,
intraslab earthquakes occur in the ocean crust at 100–150 km depth,
and in the slab mantle at depths .150 km (ref. 40). Similarly, double
seismic zones elsewhere (New Zealand, Tonga, New Britain, Mari-
ana, NE Japan, Kuril, Kamchatka, Aleutian, Alaska, Gorda Plate,
Mexico, northern Chile, central Chile7,41,42) have a separation
between upper and lower seismogenic planes of 15–30 km, with
the lower plane reaching deeper into the subduction zone.

The slab fluid budget, recycling and arc magmatism
Faulting along trenches occurs along most of the world subduction
zones as indicated by local swath bathymetry data21–23 and outer rise
earthquakes15,16. To evaluate the importance of hydration related to
bend-faulting on the global budget of water in subduction zones, we
estimate the potential volume of water contained in serpentinized
mantle offshore of Nicaragua.

For the calculation we assume that serpentinization occurs along
the large faults spaced ,2–3 km in the 25 km closest to the trench
(Fig. 4), with vigorous hydration beneath the trench slope occurring
for 0.3 Myr at the current convergence rate of ,80 km Myr21. The
diffusion speed of water in unfractured serpentine is ,1 km Myr21/2

(ref. 43), implying a maximum potential for ,30% serpentinization
of the uppermost mantle if water is always available along faults and
diffuses away from the faults through a ‘rind’ of serpentinized
mantle. Consider that the serpentinization is 3–30% at Moho
depths and decreases linearly to 0% at the ,30 km or 600 8C
thermal depth limit to serpentinization in ,23-Myr-old lithosphere
(the depth where brittle faulting may stop). Chemically bound
water forms 13 wt% of serpentine, implying that this 30-km-thick
mantle section with 1.5–15% average serpentinization would hold
the chemically bound equivalent of a column of 0.17–1.7 km of
water per unit length of trench. Previous estimates of 0.14 km
(ref. 12)—1 km (ref. 13) for the non-sediment water supplied to
subduction zones have generally focused on the water contained in
the ocean crust. The above crude estimate for Nicaragua suggests
that serpentinized mantle may have the potential to subduct as
much chemically bound water as does the oceanic crust.

Additionally, serpentinization may provide a geochemical path-
way for recycling water-soluble trace elements into both the sub-arc
region of flux-melting and the deeper mantle. Furthermore, sedi-
ments are likely to lose more than two-thirds of their chemically
bound water by ,50 km depth, and amphibolitized crust (and
sediments) will dehydrate almost completely after subducting to
,120 km in typical subduction zone environments39. But antigorite
serpentine is one of the most stable hydrous phases44, so that
serpentinized lithosphere will progressively dehydrate until the
,200 km depth of the antigorite–phase A hydrous phase trans-
formation10, at which point dehydration greatly slows or stops.

This implies that antigorite will be the primary source of hydrous
fluids from the dewatering slab between 120–200 km depths,
potentially providing a key fluid-component to arc-magmas. As
these reducing high-temperature fluids migrate upward through
the overlying crust and sediments they may be able to scavenge Pb,
Be, and similar-behaviour elements from the slab crust, and
sediments through which they migrate39, leading to the preferential
hydrous ‘leaching’ of Pb with respect to Ce that is thought to be
linked to the formation of the ‘HIMU’ mantle source component45.
Serpentine that transforms to phase A may also recycle a geochemi-
cally significant amount of rare gases into the mantle (sea water
contains 1%, and 3% of the exosphere’s Ar, and Xe, respectively),
providing an effective mechanism for this previously hypothesized
geochemical process46.

Thus our observations demonstrate that the oceanic lithosphere
undergoes widespread deformation during bending at the MAT.

Active faulting across the entire ocean trench slope penetrates at
least 20 km into the plate. We infer that faulting provides a
mechanism for pervasive infiltration of water into the crust and
mantle. This leads to a profound chemical transformation of the
lithosphere during which it acquires a series of characteristics that
help to explain the generation of intermediate-depth earthquakes
and arc magmatism. Although the amount of bend-faulting may
change within a few hundred kilometres of distance along a trench,
this change is usually linked to locally thickened crust. Oceanic
lithosphere rapidly attains much of its thickness during the first
,25 Myr after formation, whereas for older ages thickening slows
down considerably. Assuming that the depth of fault penetration is
mainly controlled by bending stresses and rheology, we anticipate
that similar bend-faulting related processes occur along most
subduction zones. A
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