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Abstract

In this study, we for the first time applied a joint geodynamic-geophysical inversion (JGGI) approach to oceanic plateau

subduction models, and compared the subduction style and corresponding topography and Bouguer gravity of two representative

subduction scenarios with passive or active collision. We showed that the case of passive collision of the Ontong Java Plateau

(OJP) crust better explains the topography, gravity, and seismic data than the active collision scenario. This implies that

the OJP did not control the regional dynamics during the collisional process. We conclude that previous studies may have

overestimated the role of the OJP in triggering subduction initiation, subduction polarity reversal, and even Pacific Plate

rotation.
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Key Points:

• The joint geodynamic-geophysical inversion approach can help distinguish
ambiguous dynamic behaviors of oceanic plateau subduction.

• The Bouguer gravity and other observations of Ontong Java Plateau favor
the passive collision model over the active collision model.

• Ontong Java Plateau should have played a passive role in the collision
process, implying the overestimation in previous studies.

Abstract

In this study, we for the first time applied a joint geodynamic-geophysical in-
version (JGGI) approach to oceanic plateau subduction models, and compared
the subduction style and corresponding topography and Bouguer gravity of two
representative subduction scenarios with passive or active collision. We showed
that the case of passive collision of the Ontong Java Plateau (OJP) crust bet-
ter explains the topography, gravity, and seismic data than the active collision
scenario. This implies that the OJP did not control the regional dynamics dur-
ing the collisional process. We conclude that previous studies may have over-
estimated the role of the OJP in triggering subduction initiation, subduction
polarity reversal, and even Pacific Plate rotation.

Plain Language Summary

The effect of the Ontong Java Plateau (OJP), the largest oceanic plateau on
Earth, on subduction dynamics remains controversial. Proposed models for
the evolution of the OJP range from dominantly “soft docking” that generates
shallow subduction and little impact on nearby regions, to strong and active col-
lision that results in deep plateau subduction, extensive accretion, subduction
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polarity reversal, and even major plate reorganization. Determining the sub-
duction depth and accretion volume of OJP is the key to resolving this dispute.
In the former, the oceanic plateau undergoes shallow subduction with its up-
per and middle crusts slightly accreted into the island arc, leading to relatively
low topography and a flat Bouguer gravity profile, consistent with observation.
The latter case leads to deep subduction of the plateau lithosphere, resulting
in high topography, low Bouguer gravity, and crustal structures that all violate
observation.

1 Introduction

Oceanic plateau subduction is generally thought to play an important role in
both the evolution of the downgoing plate(Hu et al., 2016; van Hunen et al.,
2002; Mahlburg Kay & Mpodozis, 2002) and the tectonics of the overriding
plate(Hu et al., 2021; L. Liu et al., 2010; Saleeby et al., 2003). However, most
of these subduction events occurred during the geological past, with limited di-
rect constraints on the nature and configuration of the putative plateaus(Z. Liu
et al., 2021; Livaccari et al., 1981). Consequently, both the fate the subducting
plate and the resulting tectonic implications remain to be further explored. In
this study, we investigate the lithospheric deformation and physiographic ar-
chitecture of the ongoing subducting Ontong Java Plateau (OJP) using a joint
geodynamic-geophysical inversion (JGGI). Based on these results, we attempt
to better understand the style of plateau subduction as well as the associated
tectonic implications.

OJP is the largest extant oceanic plateau on Earth, co-formed with the Mesozoic-
aged Manihiki Plateau (MP) and Hikurangi Plateau (HP)(Coffin & Eldholm,
1993; Taylor, 2006). By now, the MP has not reached the subduction zone, while
the most of HP has been subducted into the mantle(Davy & Wood, 1994; Taylor,
2006). In comparison, the OJP encountered the southwest Pacific trench and
collided with the Solomon Island Arc (SIA) during the Late Miocene (Fig. 1).
This history of OJP subduction and collision is largely coincident with multiple
nearby tectonic events, including subduction initiation, subduction polarity re-
versal, turning of the Tasman Sea seamount chain in the eastern Indo-Australian
Plate (IAP), and rotation of the Pacific Plate, implying a potential causal re-
lationship among them(Austermann et al., 2011; Knesel et al., 2008; Mann &
Taira, 2004; Petterson et al., 1997; Phinney et al., 2004; Ramsay, 1985).

However, both the fate of OJP and its role in affecting these tectonic processes
remain heavily debated. Many researchers claimed that the active subduction
of the OJP-bearing Pacific Plate dominantly shaped the tectonics of the sub-
duction zone and even triggered the rotation of the Pacific Plate(Almeida, Riel,
Rosas, Duarte, & Kaus, 2022; Almeida, Riel, Rosas, Duarte, & Schellart, 2022;
Knesel et al., 2008; Ramsay, 1985; Sun et al., 2021; Tao et al., 2020). The pre-
sumed histories of OJP evolution among these models fall into two end-member
scenarios: some proposed that most of the plateau crust has been subducted to
>200 km deep by now(Almeida, Riel, Rosas, Duarte, & Kaus, 2022; Almeida,
Riel, Rosas, Duarte, & Schellart, 2022), while others suggested the crust was
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mostly or entirely accreted to the overriding island arc(Sun et al., 2021; Tao et
al., 2020). In contrast to the above active role of OJP, some studies believed
that OJP collision was a passive ”soft docking” event, which led to little im-
pact on subduction initiation and other tectonic events(Petterson et al., 1997;
L. Wang et al., 2022).

These inconsistencies on the perceived OJP evolution should reflect the lack
of knowledge on the subduction style of OJP. To resolve this key uncertainty,
we designed a JGGI approach. We first utilize forward geodynamic modeling
to reproduce different evolutionary histories of the subduction process as previ-
ously proposed. Then we examine their associated gravity and topography to
constrain the resulting present-day density structure of the crust and mantle
lithosphere around the subduction zone, with a focus on the oceanic plateau.
In addition, we also incorporate available seismic images to further evaluate
the structural configuration of the OJP features, especially at shallow depths
where the seismic resolving power is high (Fig. 1d). This JGGI approach has
been proved to be able to constrain the shallow crustal features, such as salt
structures(Baumann et al., 2014). Our attempt represents the first application
of this approach to subduction zones.
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Fig. 1. (a) The Bouguer gravity anomaly (WGM2012) with plate bound-
aries(Austermann et al., 2011; Balmino et al., 2012). The white shade rep-
resents OJP and the black shadow represents land. The black rectangle outlines
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the location of gravity profiles in Fig. 1b. (b) Bouguer gravity anomaly profiles
across the Ontong Java Plateau(Balmino et al., 2012). (c) Topography profiles
across the Ontong Java Plateau(Amante & Eakins, 2009). These profiles have
been aligned by cross-correlation. The blue area represents the range of data
in the box shown in (a), and the black line represents the median of the data.
The dotted box indicates the location of the OJP and the SIA. (d) The crustal
structure of Ontong Java Plateau and Solomon Islands Arc based on the seismic
profile(Mann & Taira, 2004; Miura et al., 2004).

2 Methods

The numerical model of this study is based on finite difference method (FDM)
and marker-in-cell (MIC) technology with a staggered grid. The implemented
code I2VIS is open source(Gerya & Yuen, 2003; Perchuk et al., 2020) and widely
used in simulating subduction zone dynamics(Dai et al., 2018; Huangfu et al.,
2018; Li et al., 2015). We also consider the prograde metamorphism within the
subducting plate. The data we adopted come from a previous study on this
phase transformation (Y. Wang et al., 2019).

In the Bouguer gravity calculation, models are regarded as two-dimensional
bodies and numerical integration is carried out. See supplementary materials
for the details of method and initial model. In order to directly compare the
measured gravity data and the model results, we first convert the spherical
coordinates of the measured gravity into Cartesian coordinates, and then align
them relative to the reference normal seafloor.

3 Results

Here, we considered two contrasting geodynamic scenarios: 1) OJP passively
collides with SIA at a relatively small speed; 2) OJP actively collides with SIA
at a faster speed. The JGGI approach allows us to evaluate the outcome of sub-
duction and accretion of oceanic plateau during these collision models. To best
reproduce the key subduction features revealed by the seismic image (Fig, 1d),
as well as the main gravity features, we adjusted and tested a series of model
parameters, including the width of the island arc, the density of the upper crust
of the island arc, the depth and inclination of the Moho, the lithospheric thick-
ness of the new oceanic basin, and the initial position of the plateau. Tests of
model parameters and the iterative search for the optimal settings are in the
supplementary file (Table S3). Among these processes, a quantitative calcula-
tion of the gravity contribution of various tectonic features from the geodynamic
model allows further evaluation of their causes and consequences. Eventually,
we locate the preferred OJP model that is consistent with measured Bouguer
gravity anomaly, surface topography, and seismic imaging.

3.1 Passive collision model

At the initial stage of collision, the plateau partially enters the subduction zone
(Fig. 2a). There is no obvious deformation in the plateau, implying overall “soft
docking”, consistent with previous studies(Petterson et al., 1997; L. Wang et al.,
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2022). In the subduction zone, the low-density crust of the plateau contributes
a negative gravity anomaly, resulting in an obvious trough on the gravity curve.
Continuous fast motion of the overriding plate results in downward bending
and partial subduction of the plateau, causing its gravity effect to decrease
(Fig. 2b). The upper and middle plateau crust accretes to the island arc,
while the rest enters the subduction zone. Correspondingly, the gravity trough
disappears not only due to the filling of trench during accretion but also to
the progressive metamorphism of plateau crust (Fig. S3). The lithosphere of
the island arc suffers horizontal compression, resulting in two synclines and one
anticline. Therefore, the gravity anomaly presents a wide and gentle W-shaped
profile.

As collision continues, the accretion body becomes larger and its gravity am-
plitude increases (Fig. 2c). The gravity trough of ~200 mGal at the trench
evolves into a relatively flat pattern with even a locally elevated signal. The
island arc further deforms and shortens, and its corresponding gravity profile
shrinks into a tighter fold-structure. At this time, subduction with an opposite
polarity initiates at the left side of the arc. This process does not generate a
district gravity signal, because strong deformation on the left side of the island
arc dominates the total gravity response.

In the final stage, the new subduction is fully developed while the plateau has
stopped subduction and begins to separate from the subducted slab (Fig. 2d).
The slab break-off below the plateau is a result of its buoyancy contrast with that
of the plateau(Hu & Liu, 2016). Another factor is partial melting above the sub-
ducted slab that locally decreases the rheological strength of the slab(Coleman
& Kroenke, 1981; Hanyu et al., 2017; Ramsay, 1985). During this process, the
accretion of plateau crust largely comes to an end. In this model, the total
amount of accreted plateau crust is minor. At the end of the accretion process,
the new subduction zone releases upper-plate compression, causing the crust
of the island arc to gradually relax and extend, which results in a decline of
topography and a decrease of gravity anomaly above the arc.

In this passive collision case, the modeled Bouguer gravity anomaly finally
evolves into a relatively flat pattern, with a positive gravity anomaly value of
~250 mGal (Fig. 2). On one hand, this results from shallow subduction of the
plateau. In practice, active obduction of the overriding plate leads to shallow
subduction of the plateau front (Fig. 2a, b), which is significantly weakened
after subduction with an opposite polarity (Fig. 2c, d). The failed plateau
subduction only generates a minor amount of mass loss, as corresponds to an
elevated gravity anomaly. On the other hand, the disappearance of the gravity
trough along the trench indicates that the gravity fluctuation attenuates toward
the present. This reflects that 1) the accumulation of plateau crust at the trench
raises the topography close to sea surface and the value of gravity anomaly; 2)
the subducted oceanic plateau undergoes progressive metamorphism to increase
its density (Fig. S3); 3) the mantle uplift at the SIA edge leads to the thinning
of the crust and the elevation of the Moho surface. The flat gravity profile also
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indicates that formation of the new subduction zone helps to release upper-plate
compression. Correspondingly, the horizontal compression of the SIA crust is
significantly weakened and even switches to extension in the shallow part, a
process that relaxes the island arc anticline causing subsiding seafloor and shal-
lowing Moho (Fig. 2c, d).

Fig. 2. The passive collision model. (a-d) Model structures (lower) with the
associated profiles of Bouguer gravity and topography (upper). White solid lines
are temperature contours. The forward geodynamic model results include the
evolving compositional features and the second invariant of the deviatoric strain
rate (JII), which is shown in the lower right corner of each panel. Black lines
outline the lithosphere. Purple lines outline the SIA crust. The crosses indicate
the direction of strain rate (green bars represent extension and red bars represent
compression).

3.2 Active collision model

Similar to the early stage of the passive collision model, the active collision
model also witnesses a clear gravity trough above the plateau front (Fig. 3a).
Meanwhile, the continuous convergence leads to a new subduction zone to nu-
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cleate to the left of the island arc. As the collision continues, fast subduction of
the plate from the right causes continuous OJP crust accretion onto the island
arc (Fig. 3b). This is because deformation of the plateau is stronger than that
in the passive collision model, as also implied by the more prominent second
invariant of strain rate. As a result of the fast convergence, the island arc crust
is rapidly thickened by compression, whose gravity effect dominates that of the
incipient subduction zone underneath. The larger extent of accretion locally
thickens the OJP crust and raises its topography closer to sea level.

Accretion of buoyant OJP crust allows the underlying dense plateau lithosphere
to continue subduction, a process that generates more dynamic subsidence than
in the passive collision case, pulling the surface further down. Consequently, the
subsiding seafloor of the region with the deepened Moho of the island arc reduce
the regional Bouguer gravity (Fig. 3c). Continuous collision and accretion force
the crust of the island arc to grow thicker, with its surface eventually above
sea level and Moho at a greater depth (Fig. 3d). In this case, due to the
removal of the buoyant plateau crust from the downgoing plateau lithosphere,
slab break-off does not occur.

Both the isostatically deeper Moho and greater dynamic subsidence in the pas-
sive case help to reduce the gravity anomaly. Consequently, the present-day
Bouguer gravity anomaly is much lower with multiple troughs whose minimum
values approach 0 mGal (Fig. 3d). This is closely related to the strong dynamic
effect of the plateau. On the one hand, the plateau actively collides with the
island arc without slab break-off, resulting in a subduction depth of the plateau
that exceeds 200 km, with prominent OJP crustal mass loss into the mantle (Fig.
3d). On the other hand, the compression of the island arc is stronger and more
persistent (Fig. 3b, c) than that in the passive model, causing the topography
to increase and the gravity to decrease. As a result of the fast convergence, the
island arc crust is rapidly thickened by compression with its final surface above
sea level and the Moho further deepened, whose gravity effect dominates that
of the incipient subduction zone underneath. Collectively, the gravity in the
active collision case is much lower than that of the passive collision case.
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Fig. 3. The active collision model. (a-d) Model structures (lower) with the
associated profiles of Bouguer gravity and topography (upper). The forward
geodynamic model results include the evolving compositional features and the
second invariant of the deviatoric strain rate (JII), which is shown in the lower
right corner of each panel.

4 Discussion and Conclusion

4.1 The JGGI constraints on OJP subduction

By tracking the model evolution and associated gravity anomaly, we found that
there is an intuitive correlation between the deforming lithospheric features and
gravity (Figs. 2, 3). This means the observed present-day gravity profile across
the study area (Fig. 1) provides a promising constraint on the style of OJP
subduction and collision. The second constraint is topography, which serves as a
supplementary of shallow information (Fig. 4a). The third important constraint
comes from seismic imaging, which provides important structural information
on the resulting lithospheric configuration (Fig. 1d). This includes ~100 km
wide OJP crust accreted to the SIA(Miura et al., 2004; Petterson et al., 1997),
as corresponds to a locally elevated gravity anomaly with a peak value of ~400
mGal (Balmino et al., 2012). Another unique seismic feature is a high-velocity
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anomaly (Fig. 1d) between OJP and SIA(Mann & Taira, 2004; Miura et al.,
2004), which is also associated with a minor peak in gravity (Balmino et al.,
2012). Finally, the central part of SIA develops into a syncline (Fig. 1d), and
the corresponding gravity anomaly shows a trough as low as 200 mGal (Balmino
et al., 2012).

The above gravity and seismic observations match the results from the passive
collision model (Fig. 4b, c, d) significantly better than those of the active
collision model (Fig. 4b, e, f). In general, the observed Bouguer gravity reflects
the combined effect of crust and mantle lithosphere. In the passive collision case,
both the relatively thin SIA crust and the limited dynamic subsidence due to
failed subduction of the OJP lithosphere generate regionally high gravity with
a flat profile, consistent with observation (Fig. 4b). In the active collision case,
continuous subduction of the oceanic plateau leads to stronger compression and
thicker SIA crust, which, together with prominent dynamic subsidence, result
in much a reduced magnitude of Bouguer gravity (Fig. 4b, e). This difference
is clearly reflected in the island arc. For example, the minimum value of gravity
anomaly in the passive collision case is about 149.9 mGal, only slightly lower
than the observation (Fig. 4b). In contrast, the minimum gravity in the active
collision case is close to zero, much smaller than the observation (Fig. 4b).
This is because in the active model (Fig. 4f, h) subduction of the oceanic
plateau contributes more anomalies (-113.0 mGal) to nearby regions, and the
more shortened island arc has a deeper Moho, and thus a greater negative gravity
contribution (-615.2 mGal) than in the passive situation.

The above conclusion is further supported by other observational constraints.
First, the topography generated by the passive collision case is more consistent
observation than that in the active collision case (Fig. 4a). Stress relaxation in
the passive collision case after subduction initiation leads to low topography in
the middle SIA, which is more balanced. Second, the gravity contribution of the
upper crust of the accretion body in the passive collision case is greater than that
in the active collision case. The causes of the local gravity variation include not
only crustal deformation, but also the resulting prograde metamorphism (Fig.
S3). Therefore, the upper crust generates positive anomalies, resulting in local
peaks (Fig. 4d). Third, according to our previous research, the passive collision
models with shallow subduction are also more consistent with other observations
of nearby regions, such as tomography and the Benioff zone(L. Wang et al.,
2022). Consequently, such passive collision models may better reflect the actual
histories of OJP evolution.
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Fig. 4. (a-b) Modeled surface topography and the Bouguer gravity anomalies.
Model 1: passive collision model; Model 2: active collision model; ETOPO1:
the observation of OJP(Amante & Eakins, 2009); WGM2012: the observation
of OJP(Baumann et al., 2014). The numbers (149 & 12.3 mGal) represent the
gravity anomaly at x = 360 km. (c) The final result of the passive collision
model. (d) Gravity composition area chart of each composition of the passive
collision model. Different colors represent the gravity anomaly contribution
from different compositions. These colors are similar to the colors used in Fig.
4c. (e) The final result of the active collision model. (f) Gravity composition
area chart of each composition of the active collision model. (g) Histogram of
gravity composition of the passive collision model at x = 360 km, including three
segments (1: Mantle; 2: Oceanic plateau; 3: Crust). (h) Histogram of gravity
composition of the active collision model at x = 360 km.

4.2 OJP experienced neither deep subduction nor strong accretion

Some previous studies argued that OJP may have subducted to greater than
200 km(Mann & Taira, 2004; Phinney et al., 2004). Some numerical models
also showed that the oceanic plateau could subduct deep, even in a gravity-
driven model(Almeida, Riel, Rosas, Duarte, & Kaus, 2022; Almeida, Riel, Rosas,
Duarte, & Schellart, 2022). Here we show that this scenario will result in the
thickened SIA crust, deep subduction of the plateau crust and negative dynamic
topography, all of which lead to more prominent negative gravity anomaly and
stronger topographic gradients than those observed (Fig. 4a). In contrast,
the scenario with OJP shallowly subducted better matches these observations.
Effectively, this analysis suggests that the shallow subduction models are better
in describing the collisional process between the OJP and the SIA than the deep
subduction models. Although not applicable to the OJP subduction, active
collision models are suitable for describing deep subduction of other plateaus,
such as the Hikurangi Plateau (Fig. S4) and the Nazca Ridge, which have been
confirmed to have experienced deep subduction(Davy & Wood, 1994; Hu et al.,
2016; Z. Liu et al., 2021; Reyners et al., 2011; Taylor, 2006).

Some previous studies claimed that the accretion of the plateau crust can result
in subduction initiation(Almeida, Riel, Rosas, Duarte, & Kaus, 2022; Almeida,
Riel, Rosas, Duarte, & Schellart, 2022; Sun et al., 2021; Tao et al., 2020; L.
Wang et al., 2022). In these models, the plateau either strongly accreted to
the island arc or completely decoupled from the subducted mantle during the
collision. However, the actual accreted width (~ 100km) shown in the seismic
profile (Fig. 1d) is significantly less than that among the above models(Mann &
Taira, 2004; Miura et al., 2004). According to our results (Fig. 3), the accretion
body corresponds to a clear peak in the gravity anomaly profile, and its mag-
nitude increases with increasing accretion volume. Excessive accretion makes
this gravity feature significantly higher than that of nearby regions, inconsis-
tent with observation (Fig. 1d). In addition, as shown in the results, strong
accretion also controls the shape of the island arc and affects the development
of the anticline (Fig. 3b-d). The scale of the simulated accretion body during
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the strong accretion scenario is also inconsistent with reality, where the OJP
experienced moderate accretion with accreted material only at a local scale (Fig.
1d). This implies that the OJP crust does not entirely detach from the mantle
as described in some previous models(Sun et al., 2021; Tao et al., 2020). There-
fore, the active collision model with strong accretion may not reflect the actual
situation of the OJP subduction.

4.3 OJP played a passive role in the collision process

Through the JGGI approach, we quantitatively analyze and reinterpret multiple
observations associated with OJP, and conclude that this plateau did not expe-
rience deep subduction or strong collision. Instead, it is likely forced to undergo
intermittent subduction with moderate accretion(Coleman & Kroenke, 1981).
The lithospheric deformation of OJP mainly occurred after the subduction ini-
tiation of the Solomon trench. This implies that the OJP played a minor role
in the subduction initiation(L. Wang et al., 2022). Although previous studies
have argued that active collision between the oceanic plateau and the island arc
can trigger subduction initiation(Almeida, Riel, Rosas, Duarte, & Kaus, 2022;
Almeida, Riel, Rosas, Duarte, & Schellart, 2022; Sun et al., 2021; Tao et al.,
2020; L. Wang et al., 2022), our results demonstrate that this should not apply
to the OJP. Similarly, we suggest that an oceanic plateau under passive colli-
sion like OJP is difficult to cause the rotation of the Pacific Plate as claimed
previously(Austermann et al., 2011; Knesel et al., 2008; Petterson et al., 1997;
Phinney et al., 2004; Ramsay, 1985). Both geological records and model results
show that the SIA and OJP have experienced limited deformation, which in-
dicates that the interaction between OJP and the upper plate has been weak
since 25 - 20 Ma, consistent with the OJP playing a minor braking role of the
Pacific motion(Petterson et al., 1997; L. Wang et al., 2022). Consequently, the
rotation of the Pacific Plate begs for another mechanism. According to our
model, an initial deceleration triggers the slab break-off, where the resulting
loss of slab pull would slow down the plate motion, as is a possible explanation
for the Pacific rotation.

On the other hand, our numerical models suffer from the uncertain initial condi-
tion and computational accuracy, so they cannot perfectly reproduce the gravity
anomaly of the entire study region. One such mismatch is the IAP-SIA region
(Figs. 1a, 4a) where the initial condition does not attempt to capture the cor-
responding lithospheric structure. Nevertheless, the observed gravity anomaly
and topography further east in the subduction zone display smaller variations
that are properly reproduced in our modeling result (Fig. 4a).
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ρ0 Cp Kb Tsolidus
c Tliquidus

c Hr

(kgm-3) (Jkg-1K-1) (Wm−1K−1) (k) (k) (μWm−3)

Air － 1 100 20 － － 0

Water － 1000 3330 20 － － 0

Soild 2700

Liquid 2500

Soild 2900

Liquid 2500

Soild 3000

Liquid 2500

Soild 3000

Liquid 2900

Soild 3300

Liquid 2700

Soild 3300

Liquid 2700

Soild 2730

Liquid 2900

Soild 2850

Liquid 2900

Soild 3030

Liquid 2900

Soild 3290

Liquid 2700

Soild 3290

Liquid 2700

Material 状态

Sediment

b. K1=[0.64+807/(TK+77)]exp(0.00004P); K2=[1.18+474/(TK+77)]exp(0.00004P); K3=[0.73+1293/(TK+77)]exp(0.00004P)

c. P<1200 MPa, TS1=889+17900/(P+54)+20200/(P+54)2; P>1200 MPa, TS1=831+0.06P. TL1=1262+0.09P

     P<1600 MPa, TS2=973–70400/(P+354)+778×105/(P+354)2; P>1600 MPa, TS2=935+0.0035P+0.0000062P2. TL2=1423+0.105P

a. ρ0 = reference density; Cp = specific heat capacity; K = thermal conductivity; Tsolidus =  Solidus temperature; Tliquidus = iquidus temperature; Hr=radioactive heat; α = coefficient of thermal expansion; β = coefficient of

compressibility; sin (φff) = effective friction coefficient.

0.25

Weak mantle

1000

1000 K3 － － 0.022

Oceanic crust

Oceanic plateau

mantle 1
1000 K3 －

Table S2 Parameters of the materials in the numerical models

Upper oceanic

plateau crust

Oceanic plateau

mantle 2
1000 K3 － － 0.022

Lower

continental crust
1000 K2 TS2 TL2 0.5

Upper

continental crust

－ 0.022

2TL1TS1K1

0.25

0.25

K1 TS1 TL1 2

TL2

1000 K2 TS2 TL2

1000

TL2TS2K21000

1000

d. See Table S1.

Mantle K3 － － 0.022

1000 K2 TS2 TL2 0.25

Middle oceanic

plateau crust

Lower oceanic

plateau crust

1000 K2 TS2



α β

(K-1) (MPa)

0 0 A* 0

0 0 A* 0

B* 0.15

G* 0.06

B* 0.15

G* 0.06

C* 0.15

G* 0.06

D* 0.15

H* 0.06

0.6

0.06

0.6

0.06

D* 0.15

H* 0.06

D* 0.15

H* 0.06

D* 0.15

H* 0.06

0.6

0.06

0.6

0.06

b. K1=[0.64+807/(TK+77)]exp(0.00004P); K2=[1.18+474/(TK+77)]exp(0.00004P); K3=[0.73+1293/(TK+77)]exp(0.00004P)

c. P<1200 MPa, TS1=889+17900/(P+54)+20200/(P+54)2; P>1200 MPa, TS1=831+0.06P. TL1=1262+0.09P

     P<1600 MPa, TS2=973–70400/(P+354)+778×105/(P+354)2; P>1600 MPa, TS2=935+0.0035P+0.0000062P2. TL2=1423+0.105P

a. ρ0 = reference density; Cp = specific heat capacity; K = thermal conductivity; Tsolidus =  Solidus temperature; Tliquidus = iquidus temperature; Hr=radioactive heat; α = coefficient of thermal expansion; β = coefficient of

compressibility; sin (φff) = effective friction coefficient.

3 × 10−5 1 × 10−5

1 × 10−5 E*

Table S2 Parameters of the materials in the numerical models

3 × 10−5

3 × 10−5 1 × 10−5 F*

1 × 10−5

3 × 10−5 1 × 10−5

3 × 10−5 1 × 10−5

3 × 10−5 1 × 10−5 E*

3 × 10−5 1 × 10−5

3 × 10−5

Viscosityd

d. See Table S1.

Sin(φeff)

3 × 10−5 1 × 10−5 E*

3 × 10−5 1 × 10−5

3 × 10−5 1 × 10−5


