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Abstract

It is generally accepted that the subduction polarity reversal (SPR) results from the strong collision of two plates. Yet, the

SPR of the Solomon Back-arc Basin is started in the “soft docking” stage, and the mechanism by which the “soft docking”

induced subduction initiation (SI) remains elusive. We find that the mass depletion of the plateau influences the evolution of

the subduction patterns during SI. And the island arc rheological strength affects the development of the shear zone between

an island arc and back-arc basin which favors SI. What’s more, with the increase of the rheological strength difference, the SI is

more easily to occur, and the contribution of the plateau collision to SI weakens. Hence, by combining the available geological

evidence, we suggest that the Solomon Island Arc rheological strength and the Ontong-Java plateau collision jointly controlled

the SI during the “soft docking” stage.
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Key Points:

• The subduction initiation at the SSB results from a joint contributions of
both SIA rheological strength and OJP collision;

• The island arc affects the development of shear zone between an island
arc and back-arc basin which favors subduction initiation;

• The mass depletion of lithospheric mantle in the OJP influences evolution
of subduction patterns after subduction initiation.

•

Abstract

It is generally accepted that the subduction polarity reversal (SPR) results from
the strong collision of two plates. Yet, the SPR of the Solomon Back-arc Basin
is started in the “soft docking” stage and the mechanism by which the ”soft
docking” induced subduction initiation (SI) remains elusive. We find that the
mass depletion of the plateau influences the evolution of the subduction pat-
terns during SI. And the island arc rheological strength affects the development
of the shear zone between an island arc and back-arc basin which favors SI.
What’s more, with the increase of the rheological strength difference, the SI is
more easily to occur, and the contribution of the plateau collision to SI weak-
ens. Hence, by combining the available geological evidence, we suggest that the
Solomon Island Arc rheological strength and the Ontong-Java plateau collision
jointly controlled the SI during the ”soft docking” stage.
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Plateau collision has been considered as an important factor for the subduction
initiation (SI). However, the SI of the Solomon Sea Basin occurred during the
”soft docking” stage, which is unique from the traditional understanding of SI.
Our numerical model shows that the rheological strength difference between the
SIA and the Solomon Sea basin results in the conjugate shear zone with high
strain rate during the ”soft docking” stage. The conjugate shear zone with high
strain rate as a natural weak zone is conducive to inducing SI. Moreover, while
the SI (the San Cristobal Trench) occurs, the OJP likes a “wall” has resulted in
the uplift of the SIA and the distinct evolution of subduction patterns.

1 Introduction

Subduction initiation (SI) is key to study the evolution of the solid Earth and
has profound implications for plate motion (Arculus et al., 2015; Crameri et
al., 2020; Gerya et al., 2015; Lallemand & Arcay, 2021; Maunder et al., 2020;
Niu, 2016; Stern & Gerya, 2018; Sutherland et al., 2020). Recent researches
proposes that there are two types of subduction initiation: vertically-forced
and horizontally-forced SI (Crameri et al., 2020; Lallemand & Arcay, 2021).
Vertically-driven SI is purely driven by gravity- or density-induced buoyancy,
whilst horizontally-driven SI is attributed to laterally-driving forces that arise,
for example, from tectonic- or mantle-convection induced stresses (Bhattacharya
et al., 2019; Crameri et al., 2020; Crameri & Tackley, 2014, 2015; Duretz et
al., 2016; Faccenda et al., 2008; Guilmette et al., 2018; Van Hinsbergen et al.,
2015; Maffione et al., 2015, 2017; Maunder et al., 2020; Plunder et al., 2020;
Stern, 2004; Tetreault & Buiter, 2012; Vogt & Gerya, 2014; Zhou et al., 2020).
Subduction polarity reversal (SPR), a type of horizontally-forced SI, seems to be
one of the more common SI mechanisms throughout the last 100 Myr (Almeida
et al., 2022; Crameri et al., 2020; Zhang & Leng, 2021), e.g., in the Andaman
Islands arc (Plunder et al., 2020), beneath Taiwan (von Hagke et al., 2016;
Tao et al., 2020), and the Aleutian Arc (Vaes et al., 2019), the New Hebrides
(Falvey & D., 1975), and the Solomon Island Arc (SIA) (Mann & Taira, 2004).
A typical SPR example is the San Cristobal Trench along the SIA, which may
have resulted from the convergence of Ontong-Java plateau (OJP) and the SIA
(Holm et al., 2016; Mann & Taira, 2004; Petterson et al., 1999; Stern, 2004;
Tapster et al., 2014).

The OJP, as the most extensive large igneous province (Mann & Taira, 2004),
may be created by the cataclysmic outpouring of magma from the mantle plume
head, or may result from eclogite upwelling in a ridge (Korenaga, 2005). Al-
though the exact nature of the OJP origin remains elusive, the widespread em-
placement of the OJP began at ~122 Ma in the southern Pacific Ocean (Chandler
et al., 2012). Once formed, the OJP drifted northward with the rest of the Pa-
cific Plate (Figure 1a) (Knesel et al., 2008). The initial arrival of the OJP at the
North Soloman Trench (NST) at ~22 Ma (Early Miocene) was termed a “soft
docking” event which is typically characterized by the absence of the significant
deformation in the SIA and OJP (Figure 1b) (Petterson et al., 1999). In addi-
tion, according to the pre-existing plate reconstruction (Müller et al., 2019), the
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OJP and the SIA at this time converged obliquely and the velocity component
of the OJP moving towards the SIA was very low, near 0 cm/yr, while the Aus-
tralian Plate continued to move northward with a velocity component of about 3
cm/yr (Figure 1b). In this “soft docking” tectonic setting, the age of the SPR in
this subduction system has been proposed to fall between 14 and 8 Ma, is prior
to the “hard docking” stage occurred at 6 Ma which is typically characterized
by strong deformation of the SIA (Figure 1c) (Hall, 2002; Schellart et al., 2006;
Austermann et al., 2011; Petterson et al., 1999). However, the SPR along the
southern flank of the SIA is started in the “soft docking” stage, which is unique
from the traditional understanding of SPR results from the strong collision of
two plates (Almeida et al., 2022; Hall, 2002; Lallemand & Arcay, 2021b; Stern
& Gerya, 2018; Sun et al., 2022; Taira et al., 2004). Consequently, questions
concerning why the ”soft docking” can induce SI still await answer

To understand why the SI started in the “soft docking” stage, here thermo-
mechanical modeling is employed. A series of numerical modeling experiments
(Figure S1) are carried out to gain new insights on the SI during the “soft
docking” stage. The model includes the initial OJP mantle depletion, variations
in the compositional mantle buoyancy (Mann & Taira, 2004; Tharimena et
al., 2016), and melts from the oceanic crust, sediments and the OJP’s crust.
With this model, we are able to demonstrate how subduction initiation can
be triggered by the interaction between an island arc and a large-scale oceanic
plateau with a depleted lithospheric mantle.

2 Model geometry and initial boundary conditions

Our two-dimensional magmatic thermodynamic model simulates collision be-
tween the OJP and the SIA which led to the initiation of subduction in the
back-arc basin. The governing equations of conservation of momentum, mass
and energy are solved with the I2VIS code (Gerya & Yuen, 2003).

We conducted a series of numerical experiments with various oceanic plateau
lengths and properties, island arc lengths and thicknesses, and lithospheric thick-
ness of the back-arc basin.

The numerical models include two domains: the left-side arc/back-arc and the
right-side oceanic plateau. The transition between these two domains is sepa-
rated by a weak zone. Previous studies suggest that the OJP is much thicker
than most of oceanic plateaus and is 33 km thickness on average (Liu et al., 2021;
Mann & Taira, 2004). We determine the density of the plateau, and the density
of its each layer, from the P-wave velocity structure, and then further constrain
the correctness of the model using Crust1.0 (Laske et al., 2013). A thin “sticky
air” layer with low density and viscosity is also applied (Crameri et al., 2012),
which allows the direct calculation of topographic evolution. An asthenospheric
mantle is imposed below the continental and oceanic lithosphere.

The oceanic plateau is 1120 km wide and has a 26.6-km-thick oceanic crust
underlain by a reworked lithospheric mantle. The oceanic plate on which the
OJP resides has a normal oceanic plate thickness of 8 km (Figure S1). The
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plateau is set as a trapezoid because the thickness of the plateau decreases from
the inside to the outside (Figure S1). Based on seismic wave speed data and
Crust1.0 model, we infer that the OJP crust is divided into three layers. The
oceanic plateau crust is 26.6 km thick and consists of an upper crust (a 2.66-km-
thick layer of basaltic rock), a middle crust (a 5.3-km-thick layer of gabbro) and
an 18.64-km-thick layer of ductile ultramafic rock (Figure S1). Besides, more
recent data suggest that the OJP has a thick viscous mantle root (Isse et al.,
2021; Tharimena et al., 2016). Seismic and geochemical constraints reveal that
the lithospheric mantle beneath the oceanic plateau may also be stratified into
two layers, comprising typical oceanic lithosphere (with a thickness of 44 km)
underlain by a layer that includes a lithosphere mantle enriched in refractory
harzburgites (with a thickness of 45 km) (Covellone et al., 2015; Ishikawa et
al., 2004, 2011; Isse et al., 2021; Mann & Taira, 2004; Tharimena et al., 2016).
Since the OJP is not completely subducted, we consider that the length and the
mantle viscosity of the oceanic plateau have a minor impact on the SI during
collision. But the mass depletion lithospheric mantle of the oceanic platea is an
important parameter that we took into account. And, the material properties
and parameters in this study are shown in Table. S1&2.

According to the Crust1.0 model and recent crustal velocity model (Holm et al.,
2019; Ku et al., 2020), the arc crustal thickness in our models is asymmetric.
The left part has a thickness of 28 km and the right part is a thickness of 34
km. Previous studies suggest that the SIA is an island arc with an affinity of
continental crust (Tapster et al., 2014). So we set up the SIA with continental
crust properties in our model. The arc is composed of two layers: the felsic
upper crust with the thickness of 17 km and 20 km at the left and right sides,
respectively, and with rheological properties of wet quartzite; and the mafic
lower crust with the thicknesses of 11 km and 14 km at the left and right sides,
respectively, and with the rheological properties of plagioclase. Apart from that,
the length of the current Solomon Arc in our reference model is about 340 km,
depending on the island arc under compression being about 250 km length in
the present-day state (Figure 1c orange line) (Müller et al., 2019).

The initial temperature structure of the model varies from 0°C at the surface
to 1300°C at the bottom of the lithospheric mantle(Shi et al., 2020). The
initial temperature gradient of the asthenospheric mantle is ~0.5°C/km(Shi et
al., 2020). The detailed compositions and temperature profile of our models are
shown in Figure S1. The rock properties and layer thicknesses depend on the
model parameters (Table S1).

The thermal structure of the oceanic lithosphere was calculated from the half
space cooling model (Turcotte & Schubert, 2002) for a given plate age of 100 Ma.
The ages of the oceanic part of the Australian Plate lie between 49 Ma and 25
Ma, based on plate tectonic reconstruction (Hall, 2002) and the recent regional
studies (Müller et al., 2019).Thus, the initial thermal structure of the back-arc is
defined with a plate lithospheric depth of 88 km and the age is taken to be 30 Ma.
Our model is similar to a previous numerical modelling study that investigated
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variations in oceanic–continental and intra-oceanic subduction modes (Dai et
al., 2020; Z. H. Li et al., 2019; Tao et al., 2020; Zhou et al., 2018, 2020).

We apply free slip motion at all boundaries except for the lower boundary that
is permeable (Z. H. Li et al., 2019). In addition, both the subducting and
overriding plates are pushed internally by constant convergence velocities in the
yellow squares as shown in Figure S1, which produces approximately uniform
velocity of the horizontally moving plates. The oceanic plate moves to the right
side of the model with a prescribed convergent rate Vx (Figure S1).

3 Results

With the regional-scale two-dimensional (2D) models, we investigate the dy-
namic evolution of subduction initiation in the presence of the OJP (Figure S1,
Methods). The initial stage of the reference model is subduction of the Pacific
Plate beneath the SIA. The SI begins during “soft docking” when the oceanic
plateau just reaches the trench and the intersection area between the island arc
and back-arc basin shows an obvious strain rate drop (Figures 2&4; see Discus-
sion). During the “soft docking” stage, no obvious deformation can be found in
the island arc as previous results (Figure 2g) (Mann & Taira, 2004; Petterson
et al., 1999). With the ongoing plate convergence, the new subduction zone
under advancing subduction pushed the island arc to collide strongly with the
OJP, this subduction stage corresponds to the “hard docking” stage. This pro-
cess resulted in a strong deformation of the island arc to form two anticlines
and one syncline, further led to the passive accretion of the upper part of the
oceanic plateau, and resulting in the strain rate increases in the intersection
area (Figure 2h; see Discussion). During this time, the topography of the island
arc transforms from single-peaked to double-peaked in shape (Figures 2e). And
then, under continuous advancing subduction, the new slab interacts with the
old to result in the slab detachment of the old slab (Figure 2a).

In addition, we have run almost 560 model cases in total (Table S2 in sup-
porting information) and found three key regions to control the SPR according
to the statistical results (Figure S2). They are the oceanic plateau with data
of its lithospheric mantle density; and the island arc with data of its crust
thickness, length; and the back-arc basin with its lithospheric thickness. Our
simulations adopt four different lithospheric responses is shown in Figure S2-S4
& Supplementary Information: (1) a single subduction model (SSM); (2) a dou-
ble subduction model (DSM); (3) a mantle detachment model (MDM); and (4)
fracturing of the back-arc basin model (FBM).

4 Discussion

4.1 Model results versus natural data

While a subducting slab along the pre-existing subduction zone already stag-
nated (Mann & Taira, 2004), some seismic activities still appear in this region
(Figure S5a). The reference model indicates that the occurrence of these seismic
events may be due to passive subduction of the OJP, caused by obduction of
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the island arc (Figure 2). In addition, the new subducting slab collided with
the old slab at a depth of 350 km during the persisted subduction, resulting in
a detachment of the old slab to form mantle micro-blocks which can be imaged
in high-resolution seismic tomography (Figure S5b) (Li et al., 2018).

Furthermore, our reference model matches well with recent terrain and struc-
tural model (Figure 2) (Mann & Taira, 2004). During the “hard docking” stage,
due to a compression along the new subduction zone and an obstruction of the
oceanic plateau, the SIA experienced multiple-stage deformation (Mann & Taira,
2004; Petterson et al., 1999) that ultimately resulted in a region with bimodal
topography which is constant with the terrain statistics in this region (Figures
2b,d). Our model shows that the lithospheric mantle beneath the island arc
can thrust partially over the OJP, which may correspond to the high-velocity
anomaly in Figure 2c (Mann & Taira, 2004).

4.2 Role of the slab break-off in subduction initiation

In addition to the jamming effect of the buoyant plateau obstruction, the slab
break-off is thought to be another mechanism for SI (Almeida et al., 2022; Baes
et al., 2011; Sun et al., 2021). The slab break-off will induce mantle flow, causing
the back-arc lithosphere to rupture and be dragged down into the mantle wedge
(Baes et al., 2011; Zhang & Leng, 2021). Our results find that if the old slab has
been broken-off, it can induce mantle flow to weaken the overlying plate (Figure
S6). However, the weakening is not sufficient to cause lithospheric break-up and
onset of subduction in the youngest Solomon Sea basin (about 40-25 Ma) with
a lower lithospheric density (Maunder et al., 2020; Zhang & Leng, 2021; Zhou
& Wada, 2021). And, it is worth noting that the SI in our reference model is
preceded to slab detachment caused by newly subducting slab (Figure 2) rather
than the old slab break-off. Therefore we consider that slab break-off is not able
to initialize new subduction in study area (Figure S6)

4.3 Role of the Ontong-Java Plateau in subduction initiation

In order to identify the role of the OJP in the subduction initiation, we altered
lithospheric mantle density of the oceanic plateau in our model. The mass
depletion lithospheric mantle of the OJP, which is confirmed by geophysical
observations (Ishikawa et al., 2011; Smart et al., 2019), may play a major role.
However, the possibility that the OJP lithospheric mantle conditions inform the
subduction process has not yet been explored. In order to quantify the effect
of OJP lithospheric mantle density on the subduction process, we used P-wave
velocity and Crust1.0 models to determine the density and the structure of the
oceanic plateau crust (see Methods) (Laske et al., 2013; Mann & Taira, 2004).
Based on these constraints, we use our model to explore how various degrees of
lithospheric mantle depletion affect subduction initiation.

According to the theory of isostacy, a deficit of lithospheric material will lead
to uplift of the terrain. Figure 3 shows the conditions that favor development
of a double subduction zone. The amount of mass depletion present in each
model is shown in Figure 3b, and the corresponding average topography uplift
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is indicated by color. According to the subduction behavior of the model, the
experimental results fall into two categories (Figure 3 e-f). An example of the
double subduction zone outcome is shown in Model 1 (Figure 3 a,c,e). This
model shows the appearance of new subduction zones and complete preservation
of the island arc mantle. An example of the mantle detachment outcome is
shown in Model 2 (Figure 3 a,d,f), in which subduction still occurs despite
complete detachment of the island arc lithospheric mantle.

Our model results show that in the ”soft docking” stage (Mann & Taira, 2004;
Petterson et al., 1999), the dynamic behavior of the two models is similar. In
both cases, a new subduction zone develops in the high-conjugate shear-strain-
rate zone at the junction of the island arc and the back-arc basin (Figures 3c,3e).
Due to the degree of lithospheric mantle depletion beneath the plateau, the two
modes differ in their dynamic behavior during SI. In the double subduction
model (Model 1), the topography of the oceanic plateau is greatly uplifted
due to the large depletion of lithospheric mantle. the oceanic plateau, the
topography of which is uplifted greatly, blocks obduction of the island arc and
uplifts the island arc. With continuous convergence, the oceanic plateau, which
is difficult to subduct, makes the island arc uplift, leading to development of a
conjugate high-shear-strain-rate zone inclined to the oceanic plateau (Figures
3c,3e inset diagram). The accumulated stress can thus only be released through
new subduction, giving rise to the double subduction model (Figures 3c,e).

As the degree of mantle depletion decreases, the double subduction model grad-
ually transits to the mantle detachment model (Figures 3d,3f). In the tran-
sition region, double subduction and lithospheric mantle detachment are not
completely distinguishable. As the mass depletion continuously increases, the
lithospheric mantle detachment is completely dominant. The decrease of mass
depletion reduces uplift of the oceanic plateau topography, leading to a weak
blocking of the oceanic plateau to obduction of the island arc. Then, the island
arc can rise more quickly, inducing the partial oceanic plateau being passively
subducted. Thus, the high conjugate shear strain rate zone inclined toward the
ocean basin develops more easily. Lithospheric mantle detachment occurs once
the island arc crust and the lithospheric mantle are decoupled, leading to rapid
motion toward the right of the newly trench.

One interesting finding is that the conjugate shear zone with high strain rate,
as a natural weak zone, facilitates subduction initiation (Figure 3). In the
”soft docking” stage (Petterson et al., 1999), the development direction of the
conjugate shear zone with high strain rate is different (i.e. the double subduction
model and the lithospheric mantle detachment model) as a result of the mantle
with mass depletion beneath the oceanic plateau. The location of the conjugate
shear zone with high strain rate, which appears in the transition region between
the island arc and the back-arc basin, is mainly controlled by variations in the
structural and rheological properties in these two areas.

4.4 Role of the SIA and Soloman Back-arc Basin in subduction ini-
tiation
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The analysis of the average strain rate calculated for the intersection area be-
tween the island arc and back-arc basin reveals that the SI and the oceanic
plateau collision with time interval (Figure 4a). We find that the intersection
area has an obvious phase of strain rate drop during the “soft docking” stage
(Figure 4a), which corresponds to the process of SI. When the new subduction
zone has initiated, the strain rate in the intersection area increases, leading to a
strong deformation of the island arc and a rapid accretion of the oceanic plateau
during the “hard docking” stage (Figure 2 and 4a). Moreover, the time interval
of the strain rate drop is negatively correlated with the thickness of the island
arc (Figure 4a inset diagram). As the thickness of the island arc increases, the
rheological strength difference between island arc and back-arc basin gradually
increases (Huangfu et al., 2018), causing the SI progressively earlier than the
oceanic plateau collision, which also implies that the role of the oceanic plateau
to the SI is gradually weakening. The results may provide new insights into
the multi-subduction systems in Tethys, and multi-subduction zones may be
controlled by the rheological strength difference (e.g. Xu et al., 2013).

The control of island arc thickness on the strength and rheology of the litho-
sphere can be visualized using a 1D lithospheric strength profile (Figure 4b-d).
These profiles are based on the same lithological stratification of the island arc
(or back-arc basin) and the same rheological properties as in the 2D simulations.
In order to characterize the strength difference between island arc and back-arc
basin, we used the the island arc thickness as the reference parameter. For
example, with a lower lithospheric strength difference between island arc and
back-arc basin (Figure 4b), the lithosphere does not rupture and maintains a
stable single subduction state (Figure 4b and S7). The collison between the
Magnitogorsk Arc and the Laurussia Margin in the Middle through Late De-
vonian may be an excellent case of the single subduction model, which only
happens with accretion and no SPR (Brown et al., 2011). With a larger litho-
spheric strength difference (Figure 4c), the lithospheric mantle and crust of the
island arc are more likely to be decoupled, resulting in a mantle detachment
(Figure 4d). A well-known example of the mantle detachment model is the
Ozernoy-Valagina Arc, the thickness of which is about 34-36 km (Levin et al.,
2002). If the lithospheric strength difference is significant, it leads to fracture
of the back-arc basin (Figure 4d). In addition, the island arc length and the
lithospheric thickness of the back-arc basin have a contribution to subduction
initiation as well (Figure S2 and Supplementary text 2). But, the structural
properties of SIA have a certain inevitability with double subduction (Ku et al.,
2020; Müller et al., 2019; Pasyanos et al., 2014).

In summary, we suggest that the Solomon Island Arc rheological strength and
the OJP collision jointly controlled the SI during the ”soft docking” stage. And
our models reveals that the mass depletion of lithospheric mantle beneath the
OJP had a greater influence on the development of the conjugate shear zone
of high strain rate during SI, and then led to different evolutionary patterns–
double subduction and mantle detachment. Moreover, the rheological strength
difference between island arc and back-arc basin which is controlled by island arc

8



structure on subduction initiation cannot be ignored. The contribution of the
rheological strength difference to the SI is more pronounced with the increase of
the rheological strength difference. This may provide a reasonable explanation
for that the subduction initiation has occurred during the “soft docking” stage
when the island arc was not strongly deformed.
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Figure caption

Figure 1 Simplified reconstruction of the western Pacific Ocean.Tectonic
reconstruction of the western Pacific Ocean during (a) Mid-Oligocene (~30 Ma),
(b) Mid-Miocene (~15 Ma), and (c) Early-Pliocene (At present), according
to a previous dataset (Mann & Taira, 2004; Knesel et al., 2008). The light
blue area represents the Ontong Java Plateau (OJP), the red lines are plate
boundaries, the purple arrows indicate the general direction of plate motion,
the purple dashed arrows indicate the velocity components in the general
direction of OJP-SIA, and the line (A-B) represents the sampling points of
Figure 2. SSB-Solomon Sea Basin; SIA-Solomon Island Arc; OJP-Ontong Java
Plateau. NST-North Solomon Trench.
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Figure 2 Evolution of the reference model and comparison with real
data (a) The reference model triggered by a large-scale oceanic plateau (after
40.6 Myr in the experiment). Modeled density profiles (red line) and the den-
sity profiles from the Crust1.0 (yellow lines) (Jadamec, 2016) and the density
profiles from the MITP08 (the light yellow) ( Li et al., 2008) of the OJP are
shown as the inset in (a). The color key for different materials is shown at the
bottom.(b) Deformation of model in the white dashed box in panel (a). (c)
The major geologic provinces of the SIA based on P-wave velocity (modified
from Mann et al., 2004). The lower left figure represents the specific wave speed
range. (d) Topographic profile of the reference model (thick orange line) and
the observations (thick blue line). The sampling points are shown by orange
lines in Figure. 1c.(e) Topographic evolution of the model. The color bar is
shown in inset. (f-g) Evolution of the reference model.
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Figure 3 Summary of model results with varying degree of deple-
tion in the lithospheric mantle of the oceanic plateau. (a) The average
topography uplift caused by the OJP mantle depletion. The locations of the
sampling line are shown in Figure S1. Circles represent models that developed
mantle detachments and triangles represent models that developed double sub-
duction zones. The colors represent the average terrain height and the color
bar is shown in the right upper side of figure. Topographic uplift is relative to
the initial seafloor level (17 km). (b) Phase diagram with variable depletion
degrees of the upper and lower parts of the lithospheric mantle. Note, the den-
sity variation in the lithospheric mantle is relative to the normal density (3300
kg/m3). (c-f) The evolution of Model 1 (the double subduction model after (c
29.7 Myr, (e) 66.2 Myr) and the Model 2 (the mantle detachment model after
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(d) 31.6 Myr, (f) 65.4 Myr) have elapased. The inset in the lower right of each
panel represents the second invariant of strain rate. The color bar of strain
rate is shown in the right side of Figure (g) Four topographical cross-sections
corresponding to the four time periods shown in panels (c-f). The orange lines
represent topography results from Model 1 (the double subduction model in (c-
e)), and the blue lines represent topography results from Model 3 (the mantle
detachment model in (d-f)). The orange and blue areas represent plateau uplift
in Models 1 and 2, respectively. This series of models has an island arc length of
350 km, an island arc thickness of 28 km in right and 34 km in left, lithospheric
thickness of back-arc basin of 88 km.

Figure 4 Evolution of the second invariance of strain rate at the in-
tersection of island arc and retro-arc basin and 1D strength profiles
from the initial lithological sequence of the arc show the represen-
tative distribution of differential stress with island arc thickness. (a)
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The evolution of the second invariance of strain rate at the intersection of is-
land arc and back-arc basin for different models, i.e. the single subduction (light
green line), the mantle detachment (brown line), the double subduction (blue
line (island arc thickness 28km), light orange line (island arc thickness 30km),
orange line (island arc thickness 32km)). The inset diagram is correlation of SI
and plateau collision time delays with island arc thickness. The colors represent
the different lithospheric thickness of back-arc, i.e. 88 km (blue line) and 92 km
(orange line). (b-d) 1D strength profiles from the initial lithological sequence
of the arc show the representative distribution of differential stress with island
arc thickness. The red dotted line represents the strength of the back-arc basin.
This series of models can be found in Figure S2 which has an island arc length
of 350 km and lithospheric thickness of back-arc basin of 88 km. The orange,
light green, purple and yellow areas represent the SSM,DSM, MDM, and FBM
model lithospheric responses, respectively. DSM-Double subduction zone, SSM-
Single subduction zone, MDM-Mantle detachment, and FBM-Fractured basin
subduction.
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