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Abstract The formation of Lau Basin records an extreme event of plate tectonics, with the associated Tonga
trench exhibiting the fastest retreat in the world (16 cm/yr). Yet paleogeographic reconstructions suggest that
seafloor spreading in the Lau Basin only initiated around 6 Ma. This kinematics is difficult to reconcile with our
present understanding of how subduction drives plate motions. Using numerical models, we propose that
eastward migration of the Lau Ridge concurrent with trench retreat explains both the narrow width and
thickened crust of the Lau Basin. To match the slab geometry and basin width along the Tonga‐Kermadec
trench, our models suggest that fast trench retreat rate of 16 cm/yr might start ~15 Ma. Tonga slab rollback
induced vigorous mantle flow underneath the South Fiji Basin which is driving the extension and thinning of the
basin and contributing to its observed deeper bathymetry compared to neighboring basins.

Plain Language Summary The opening of the Lau Basin is complex. In this study, we used
numerical models to examine the connection between Tonga subduction and the opening of the Lau Basin. Our
models correctly predicted the observed slab structure and size of the Lau Basin. This challenges the current idea
that the Lau Basin floor started spreading apart about 6 million years ago. We proposed a new theory. When the
Tonga trench is retreating eastward, the Lau Ridge on its western boundary of the Lau Basin is moving toward
the trench. This movement could explain the width of the Lau Basin width and the fact that its curst is thicker on
the western side than the eastern side. We also suggest that the South Fiji Basin must have stretched and thinned
during this process due to the vigorous flow induced by the Tonga slab rollback. The thinned crust making it
deeper than nearby basins. The eastward movement of the Lau Ridge could also mean that the amount of trench
retreat is larger than previously thought. This might require a revision of plate reconstruction in this region to
account for the stretching in the South Fiji Basin.

1. Introduction
The southwestern Pacific is ideal for studying back‐arc basin formation due to the presence of multiple basins at
various stages of development (Figure 1a). The South Fiji Basin (SFB) exhibits no ongoing seafloor spreading,
while active spreading characterizes the North Fiji Basin (NFB), Lau Basin, and Havre Trough. The SFB might
form as a back‐arc basin due to the Tonga‐Kermadec subduction (Hall, 2002; Herzer et al., 2011; Sdrolias &
Müller, 2006; Van De Lagemaat & Van Hinsbergen, 2024). The opening of the NFB is attributed to the retreat of
the New Hebrides trench (Artemieva, 2023; Wallace et al., 2005). Similarly, the opening of the Lau Basin and
Havre Trough may be a consequence of Tonga‐Kermadec trench retreat (Bevis et al., 1995; Caratori Tontini
et al., 2019; Gill, 1976) or potentially influenced by localized lateral mantle flow (Heuret & Lallemand, 2005).

Geomagnetic data and volcanic rocks provide the primary constraints on the ages of back‐arc basins and ridges
(Figure 1b). The SFB might form between ∼35 Ma and ∼15 Ma (Hall, 2002; Herzer et al., 2011; Sdrolias &
Müller, 2006; Van De Lagemaat & Van Hinsbergen, 2024). The NFB initiated spreading ∼12 Ma due to the New
Hebrides subduction (Hall, 2002; Mann & Taira, 2004). The Lau Basin and Havre Trough are bounded on the
west by the Lau‐Colville Ridge, which was active at 14–2 Ma (Artemieva, 2023), and on the east by the active
Tonga‐Kermadec Ridge. These ridges were created as a single volcanic arc that subsequently rifted during Lau
Basin and Havre Trough opening (Caratori Tontini et al., 2019; Gill, 1976). The rifting event is estimated to have
begun around 10 Ma (Hall, 2002). Most studies place the onset of seafloor spreading and Lau Basin and Havre
Trough formation around 6 Ma (Caratori Tontini et al., 2019; Mann & Taira, 2004; Ruellan et al., 2003; Sdrolias
&Müller, 2006; Taylor et al., 1996). Although the ages of these back‐arc basins are highly episodic, the age range
for subduction‐related arc volcanism appears continuous throughout this period (Mortimer et al., 2010). This
discrepancy highlights a critical knowledge gap regarding the relationship between back‐arc basin formation and
the subduction history.
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Significant uncertainties remain regarding the opening pattern and spreading rate of the Lau Basin (Figure 1c).
The opening may have occurred in distinct stages (Ruellan et al., 2003; Taylor et al., 1996), with the propagation
along a single migrating spreading center (Parson et al., 1990) or simultaneous activities at multiple spreading
centers (Stewart et al., 2022; Zellmer & Taylor, 2001). The Lau Basin exhibits highly asymmetric seafloor
spreading with the ridge migrating toward the arc (Parson et al., 1990). This asymmetry is reflected in the var-
iations of seafloor age and spreading rate across the basin (Figures 1b and 1c).

The crustal structure of the southwestern Pacific remains poorly constrained due to limited data availability
(Artemieva, 2023). Crust 1.0 provides a first‐order estimate, indicating a thickness of ∼7 km in the center of the
SFB (Figures 1d and 1f). Seismic refraction studies measured a thicker crust of 9.3 km for the SFB near its
boundaries (Shor et al., 1971), consistent with Crust 1.0 (Figures 1d and 1f). The NFB exhibits a discrepancy with
Crust 1.0 suggesting a 10 km thickness (Figure 1e), while seismic reflection/refraction data reveal a thinner crust
(4–6.5 km) near its south end (Kisimoto et al., 1994; Shor et al., 1971). The thicker crust given by Crust 1.0 aligns
better with the fact that NFB has higher topography than SFB. Crust 1.0 estimates a 11 km thick crust for the Lau
Basin (Figures 1d and 1e). In contrast, seismic refraction data along a specific cross‐section documented an
westward thickening trend, with crustal thickness increasing from 5.5 to 6.5 km in the east to 7.5–8.3 km centrally

Figure 1. Geological background. (a) The topography with white arrows indicating plate motion and black arrows indicating trench migration rate (based on Schellart
et al., 2007). The plate boundary is from Bird (2003). Green contours represent the Tonga slab depth based on slab2 (Hayes et al., 2018). White lines AA’, BB’, and CC’
mark the cross‐sections presented in (d, e, f). (b, c) Seafloor age and spreading rate according to Seton et al. (2020). The present‐day trench locations are marked by white
and black lines in (b). The locations of the trench at 15 Ma are depicted by white, brown, red, and black lines in (c), along with corresponding plate reconstructions
(Müller et al., 2016, 2022; Seton et al., 2012; Torsvik et al., 2019). (d, e, f) The topography (upper panel) and crustal thickness based on Crust1.0 (lower panel) along
AA’, BB’, and CC’, respectively. Colored bars represent crustal thickness from corresponding references (solid bars at approximate locations and dashed bars for
reference only).
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and reaching 9 km in the west (Crawford et al., 2003). The step of crustal thickness may correlate with the
presence and migration of spreading centers within the Lau Basin. Seismic reflection/refraction data from the
Havre Trough suggests a northward thinning crust, with the thickness ranging from up to 12 km in the north to 8–
9 km centrally and 6–7 km in the south (Bassett et al., 2016; Caratori Tontini et al., 2019). All ridges in the region,
including the Lau‐Colville Ridge, Tonga‐Kermadec Ridge, Three Kings Ridge, and Norfolk Ridge, exhibit
thicker crust than the basins (Bassett et al., 2016; Caratori Tontini et al., 2019; Crawford et al., 2003; Kisimoto
et al., 1994; Shor et al., 1971). A general positive correlation exists between topography and crustal thickness in
regions with observational data, consistent with the theory of isostasy. This implies that poorly observed inner
SFB might have thinner crust compared to the NFB, Lau Basin, and Havre Trough, which exhibit higher
topography.

In this study we employ two‐dimensional (2D) numerical models to investigate the geodynamic processes
governing the subduction of the Tonga slab and the associated overriding plate deformation. Our primary focus is
on elucidating the lithospheric evolution of the overriding plate, particularly the enigmatic opening of the Lau
Basin. 2D numerical modeling offers a valuable tool for understanding these complex tectonic processes by
allowing us to isolate key factors and explore large‐scale deformation patterns.

2. Methods
We used two‐dimensional (2D) mantle convection models in an equatorial slice of a sphere to investigate the
subduction dynamics. Simulations were performed using CitcomS (McNamara & Zhong, 2004; Tan & Gur-
nis, 2007; Zhong et al., 2000), operating under a Boussinesq approximation. In the models, we used a visco‐
plastic rheology with diffusion creep in the lower mantle, diffusion and dislocation creep in the upper mantle
(Billen & Hirth, 2007). Chemical tracers were used to track the migration of materials. Specific tracer flavors
were defined to represent distinct lithological and tectonic units. They help to monitor the subducted slab and
deformations within the overriding plate. Model details can be found in the Supporting Information S1 and Peng
and Stegman (2024).

We implemented a hybrid velocity boundary condition on the overriding plate (Peng & Stegman, 2024). The Arc
and Pacific Plate have imposed velocities, while the Australian Plate has a free slip surface. The Pacific Plate has a
westward motion of 7 cm/yr (Figure S1 in Supporting Information S1). To investigate the influence of overriding
plate dynamics, we tested two western boundary configurations: (a) Australian lithosphere extending to the
boundary (fixed tail), and (b) a 600 km‐wide ambient mantle zone on the western boundary, simulating a freely
trailing overriding plate.

3. Results
The Lau Ridge was active at 14–2 Ma (Artemieva, 2023), which informs our decision to initiate models at 15 Ma.
We present seven modeling cases designed to explore the following objectives. Cases 1–3: Investigate the impact
of varying trench retreat rates on slab geometry. Cases 4–5: Test the hypothesis of temporally variable trench
retreat rates. Cases 6–7: Assess the deformation and migration patterns of the Australian Plate under different
kinematic conditions.

3.1. The Slab Geometries Along the Tonga‐Kermadec Trench

The Tonga‐Kermadec retreat rate decreases from north to south (Figure 1), being ∼16 cm/yr along cross‐section
AA’, ∼8 cm/yr along BB’, and ∼1 cm/yr along CC’. To investigate the impact of this spatial variation, we
designed Cases 1, 2, and 3, each incorporating the respective trench retreat rates. These cases assume a fixed
western edge for the Australian Plate.

The Tonga slab beneath AA’ exhibits a distinctive morphology characterized by a kink around 400 km depth
(Conder & Wiens, 2006; Peng & Stegman, 2024; Richards et al., 2011). This translates to a large dip angle from
the surface to 400 km, followed by a segment of near‐horizontal subduction (flat slab) and a subsequent
resumption of a steep, near‐vertical dip angle until encountering a flattened segment exceeding 1,000 km in length
near the 670 km discontinuity (Figure 2a). The slab flattening near 670 km depth likely arises from the rapid
trench retreat (Christensen, 1996; Peng & Stegman, 2024). Case 1, which incorporates a constant trench retreat
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rate of 16 cm/yr, successfully reproduces this variation in slab dip angle with depth (Figure 2b). Notably, the
model predicts a Lau Basin width of ∼700 km, which closely matches observations (Figure 2b).

Along cross‐section BB’, the observed slab dip is smoother with a consistently large angle from the surface to the
670 km discontinuity, where a flattened slab segment is present (Figure 2c). With a constant trench retreat rate of
8 cm/yr, Case 2 partially reproduces this geometry in the upper mantle. However, the modeled flattened slab is
shorter than that observed in GAP‐P4. This discrepancy can be attributed to the fact that our model focuses solely
on the Tonga slab, while BB’ intersects two subduction zones. The New Hebrides slab is not included in Case 2.
The width of modeled Lau Basin width, 600 km, is slightly larger than the observed extent (Figure 2d).

Cross‐section CC’ reveals that the Kermadec slab penetrates directly into the lower mantle (Figure 2e). The slab
in the lower mantle curves back. Case 3 successfully replicates the penetrating slab and partially captures the
curvature observed in GAP‐P4 (Figure 2f). However, a key difference exists: the modeled slab bends eastward
within the mantle transition zone, whereas the observed curvature trends eastward. The model successfully
predicts a narrow Havre Trough at ∼100 km (Figure 2f).

These results demonstrate a compelling correlation between the trench retreat and slab geometry. This suggests
that the trench retreat rate exerts a primary control on both slab geometry and the width of the back arc basins
along the Tonga‐Kermadec trench system.

Figure 2. Comparing observed Tonga‐Kermadec slabs with model results. (a, b) Case 1 captures the Tonga slab dip angle variations and the flattened slab near 670 km
along AA’ (see Movie S1 for the model evolution). (c, d) Case 2 yields a similar slab dip angle in the upper mantle but a shorter flattened slab compared to observations
along BB’. This discrepancy is due to the absence of the New Hebrides slab in our model. (e, f) The model successfully replicates the penetrating slab morphology and
possibly the curvature seen in the observed slab along cross‐section CC’. The tomography model is GAP‐P4 (Obayashi et al., 2013). Earthquake epicenters from the
Global CMT (Ekström et al., 2012) are plotted as beach balls. The Tonga slab surface, derived from slab2, is outlined in blue. The black triangles mark the trench
locations. The red and green bars in (b, d, f) represent the modeled and observed Lau Basin width, respectively.
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3.2. The Impact of Time‐Varying Trench Retreat

Case 1 assumed a constant trench retreat rate of 16 cm/yr from 15 Ma, resulting in significant trench migration.
Historical retreat rate may be lower. To explore this, Cases 4 and 5 incorporated temporally varying retreat rates.
Case 4 began with a retreat rate of 0 cm/yr at 15Ma, progressively increasing to 16 cm/yr by 0Ma.While this case
still produced a slab kink around 300 km with a deepening dip angle (Figure 3a), it lacked the flat slab segment as
observed and in Case 1 (Figures 2a and 2b). A flattened slab segment near 670 km was present, though shorter
than in Case 1 or observations. Instead, the modeled slab geometry in Case 4 closely resembles that of Case 2
(Figure 2d), which has a constant 8 cm/yr retreat. In these two cases, the cumulated amount of trench retreat is the

Figure 3. Investigating the impact of trench retreat rate and overriding plate dynamics. (a) Case 4 has a trench retreat rate
that increases from 0 cm/yr at 15 Ma to 16 cm/yr at present. (b) Case 5 has a retreat rate rising from a 8 cm/yr at 15 Ma to
16 cm/yr at present. (c) Case 6 has a free‐trailing Australian Plate which exhibits significant eastward movement of the plate.
(d) Case 7 features a rigid, non‐deformable Australian Plate.
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same. We suggest that the amount trench retreat within a certain time span is more important than the retreat rate
for slab geometry.

Case 5 (Figure 3b) incorporated a more moderate historical retreat rate, starting at 8 cm/yr at 15 Ma and reaching
16 cm/yr at 0 Ma. This case yielded a very similar slab morphology in the upper mantle compared to Case 1,
including the flat segment marking a transition in dip angle (Figures 2b and 3b). The flattened slab segment near
670 km depth is also reproduced but shorter. These simulations demonstrate that an increasing trench retreat rate
from 15 Ma is a viable explanation for the observed slab morphology. Furthermore, achieving a flattened slab
length consistent with tomographic data likely requires a relatively fast average retreat rate during this period.

3.3. The Role of Overriding Plate Dynamics

The Tonga‐Kermadec subduction zone presents a complex overriding plate (Figure 1a). The Australian Plate
motion is northward while the Tonga slab subduction is westward. This allows us to consider the far western
portion of the Australian Plate as stationary in a 2D model. In our reference model (Case 1), we applied a sta-
tionary tail of the Australian Plate on the western boundary (Movie S1). High strain rates induced by trench retreat
and mantle flow caused localized stresses to exceed the yield stress, leading to weakening of the overriding plate.
To explore the impact of overriding plate dynamics on slab geometry and back‐arc basin development, we
conducted two additional simulations.

In Case 6 (Figure 3c) we implemented a free‐trailing Australian Plate (Movie S2). The resulting rapid eastward
migration of the overriding plate, driven by mantle flow, prevented back‐arc basin formation. The Tonga slab
remained attached to the overriding plate, producing an unrealistic geometry. This suggests that the boundary
condition in Case 1 is important to represent the Australian Plate migration for accurately modeling this sub-
duction zone.

Case 7 (Figure 3d) investigated the effects of a non‐deformable Australian Plate by imposing a no‐slip surface
velocity boundary condition (Movie S3). This configuration resulted in vigorous asthenospheric flow, compa-
rable to the scenario with a free‐slip Australian Plate (Figure 2b), driven by the rollback of the Tonga slab. This
case has several discrepancies when compared to observations. The Lau Basin reached a width exceeding
3,000 km, significantly larger than observations. This unrealistic basin width, in turn, influenced mantle wedge
flow, leading to a shallower slab dip angle above 400 km depth. The modeled slab also exhibited a lack of the
characteristic flat slab segment. These outcomes highlight the critical importance of a deformable Australian Plate
model for accurately capturing the dynamics of this subduction zone. The interplay between trench retreat rate,
overriding plate behavior, and their combined influence is crucial for shaping the Tonga‐Kermadec slab.

3.4. Opening of the Lau Basin and Thinning of the South Fiji Basin

Our model setup allows for horizontal deformation of the Lau Basin, SFB, and Zealandia lithosphere and provides
insight into how extension is partitioned within the coupled subduction system (Figure 4). However, the free‐slip
boundary condition applied at the model surface may not fully capture the complex shallow geodynamic in-
teractions. The 6 km vertical model resolution limits their ability to precisely represent the observed crustal
thickness variations within the basins (ranging from 6 to 12 km) and the associated deformation. This limitation
necessitates using an enlarged initial crustal thickness for the SFB. Additionally, the lack of detailed data hinders
our understanding of the regional lithospheric structure. Considering these constraints, our discussion will focus
on: (a) Qualitative comparisons of large‐scale features of the modeled lithosphere with the observed crustal
features (Figures 1 and 4a and 4b). (b) Quantitative evaluation of the modeled topography evolution (Figure 4c).

In Case 1, Lau Basin opened early in the evolution, reaching a width of 200 km by 12 Ma. The basin continued
widening to a maximum of 800 km between 12 Ma and 6 Ma. A slight decrease in width to 700 km occurred
between 6 Ma and the present (Figure 4b). Case 5 exhibited a different pattern of continuous Lau Basin widening
over time (Figure 4a) while also successfully reproducing the observed slab geometry (Figure 3b). This difference
highlights the primary role of trench retreat rate in controlling the basin opening process.

Cases 1 and 5 reveal a coupled process of elongation and thinning within the Australian Plate in response to trench
retreat. The SFB undergoes significant thinning driven by rapid eastward asthenospheric flow (Figures 2b and 4).
This thinning is most pronounced in the western part, where the lithospheric thickness decreases from 127 to
∼82 km, and the crust is thinned from 38 to ∼25 km (Figure S2 in Supporting Information S1). The consistent
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35% thinning throughout the lithosphere infers that the actual SFB crust would also experience a 35% reduction,
which aligns well with the difference in crustal thickness between the SFB and the Lau Basin/NFB documented in
Crust 1.0 (Figures 1d–1f). Additionally, a localized deep crustal and lithospheric root develops at the intersection
between Zealandia and SFB, potentially representing the Norfolk Ridge (Figures 2d and 2f).

To achieve a more accurate representation of present‐day topography (Figure 4c, Figure S3 in Supporting In-
formation S1), we iteratively refined the model building on the results from Case 1 (detailed in Supporting In-
formation S1). The model (Figure 4c) successfully reproduces key observed features (Figures 1a and 1d–1f) for
the Pacific Ocean (− 5,000 to − 6,000 m), Lau Basin (∼− 2,200 m), SFB (∼− 4,500 m), Zealandia (∼− 2,000 m),
Tonga Trench (∼− 8,000 m), and Tonga Arc (∼0 m). Specifically for the SFB, the model suggests a subsidence of
approximately 2 km over the past 15 My, which aligns well with the observed difference in bathymetry between

Figure 4. Lau Basin opening and SFB thinning. (a, b) Time evolution (from 15 Ma to present) of tracers within top 150 km of
Cases 5 and 1, illustrating the opening of the Lau Basin, progressive thinning of SFB and Zealandia. Note that we adopted an
increased initial crustal thickness for the SFB. Colored dots at the bottom legend correspond to the tracer compositions.
(c) Comparison of model topography at 15 Ma (red line and texts) and present day (blue line and texts) for Case 1. The
vertical black bars with arrowheads indicate the 2 km subsidence of the SFB.
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the SFB and the Lau Basin/NFB. We suggest that this subsidence is likely a consequence of the crustal and
lithospheric thinning and may explain the deeper bathymetry of SFB compared to neighboring basins.

4. Discussion
Our modeling results show that a constant trench retreat at 16 cm/yr from 15 Ma (Case 1) can generate a Lau
Basin comparable to observations. This challenges the existing view that seafloor spreading in the Lau Basin
initiated∼6Ma (Caratori Tontini et al., 2019; Mann & Taira, 2004; Ruellan et al., 2003; Sdrolias &Müller, 2006;
Taylor et al., 1996). Given a retreat rate of 16 cm/year, the Lau Basin width closely resembles the observed after
6 My of subduction (9 Ma in Case 1, see Figure 4 and Movie S1). However, the slab geometry is incorrect
(Movie S1). We propose an alternative hypothesis to explain the formation of the Lau Basin, by the eastward
migration of the Lau Ridge concurrent with Tonga trench retreat. Despite a trench retreat distance of about
2,000 km in the model, the eastward migration of the Lau Ridge reconciles this with the observed 700 km width
(Figure 4). The Lau Basin crust exhibits westward thickening, increasing from approximately 6 km in the east
(typical oceanic crust) to 9 km in the west (Crawford et al., 2003). This 50% thickening may be a direct
consequence of the Lau Ridge migration which shortened the Lau Basin crust from the west.

Our hypothesis hinges on the coeval extension and thinning of the SFB and Zealandia (Figure 4). As demonstrated
in Case 7 (Movie S3), assuming a rigid Australian Plate prevents the model from replicating the observed ge-
ometry of the subducting Tonga slab at any point in time. This strongly suggests that the rapid trench retreat and
associated rollback of the Tonga slab must be accompanied by vigorous mantle flow within the asthenosphere.
Consequently, the SFB and Zealandia are unlikely to have remained rigid throughout this process. Therefore, we
propose that subsequent to the SFB's formation prior to 15 Ma, it experienced lithospheric thinning due to the
mantle flow induced by Tonga slab rollback.

The SFB exhibits a bathymetry ∼2 km deeper than its neighboring basins (Figure 1a). This depth difference
cannot be solely attributed to its older seafloor (10 My older than NFB and 15 My older than Lau Basin). Our
models suggest lithospheric and crustal thinning as an additional contributing factor. Importantly, this process
differs from typical seafloor spreading that creates younger basalts. Due to its relatively thick remaining litho-
sphere (over 82 km) compared to seafloor spreading centers, the SFB lacks significant recent volcanic activity.

Reconstructing past plate motion in complex regions like the Tonga‐Kermadec system is challenging due to
limited data and uncertainties regarding the timing and location of the trenches. Significant discrepancies exist in
past plate positions (Müller et al., 2016, 2016, 2022; Seton et al., 2012; Torsvik et al., 2019), such as the location
of the Tonga‐Kermadec trench at 15Ma (Figure 1c). Our models suggest eastward Lau Ridge migration, implying
a larger trench retreat than previously estimated. Plate reconstructions in this region should be revisited to account
for the extension within Zealandia and SFB.

A potential discrepancy exists between our hypothesis and GPS data suggesting limited recent Lau Ridge motion
with respective to Australia (Bevis et al., 1995). This might be explained by the locations of the GPS sites.
Situated between the New Hebrides and Tonga subduction zones (Figure 1a), these sites could be experiencing a
balance of forces from both slabs, resulting in minimal net movement. Further investigation is necessary to
reconcile this observation with our hypothesis. Newer, more extensive GPS measurements along the entire Lau
Ridge, from north to south, could provide a clearer picture of present‐day motion. Additionally, incorporating
both the New Hebrides and Tonga slabs into a 3D geodynamic model would allow for a more comprehensive
understanding of the regional tectonic forces.

5. Conclusion
Our 2Dmantle convection models, employing a hybrid surface velocity boundary condition, reveal novel insights
into the Tonga‐Kermadec subduction zone. Results demonstrate that trench retreat rate is the dominant factor
controlling both slab geometry and back‐arc basin opening.

Challenging the traditional view of a stationary Lau‐Colville Ridge relative to the Australian Plate, we propose a
dynamic model where the width of the Lau Basin is determined by the eastward migration of both the Tonga and
Lau Ridges. This accommodates the discrepancy between the significant magnitude of Tonga trench retreat and
the comparatively smaller observed width of the Lau Basin.
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Moreover, our findings indicate that the South Fiji Basin, after its formation, has experienced subsidence due to
progressive lithospheric thinning driven by slab rollback. These results necessitate a reexamination of the plate
motion history of the southwestern Pacific.

Data Availability Statement
The figures are plotted with GMT (https://www.generic‐mapping‐tools.org/). The finite element code CitcomS is
available at https://geodynamics.org/resources/citcoms/ (Moresi et al., 2014). The P wave tomography model
GAP‐P4 is available at http://136.144.177.195/models/GAP‐P4.tar.gz. Crust 1.0 is available at https://igppweb.
ucsd.edu/~gabi/crust1.html. The model input parameters and output files are available at Zenodo via
DOI:10.5281/zenodo.12626942 (Peng, 2024).
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