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Introduction
Text S1 describes the basic equations and Text S2 summarizes the rheological model.
Figure S1 shows an example of model evolution for a slab width of 600 km. Figure S2
ilustrates the effect of the viscous coupling at the lateral slab edge on trench geometry.
Table S1 contains the model parameters used in the numerical simulations. Tabla S2
summarizes the parameters tested in the numerical experiments. Table S3 includes the

data used in Figure 4 with their references.
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Text S1. Numerical method

We use version 2.4.0 of the finite-element code ASPECT (Advanced Solver for Problems
in Earth’s ConvecTion) (Kronbichler et al., 2012; Heister et al., 2017; Gassmoller et al.,
2018; Bangerth et al., 2021a, 2021b) to simulate 3D self-consistent subduction models.
The momentum, mass, and energy conservation equations for an incompressible fluid are

solved using the Boussinesq approximation:
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where ¢ = % (Vu + VuT) is the strain rate tensor, p is the density, p is the viscosity,
P is the pressure, u is the velocity, g is the gravitational acceleration, c, is the specific
heat, T is the temperature, k is the thermal conductivity, p, is the density at a reference
temperature T, and H is the radiogenic heating, which is neglected in our models.

Besides these equations, ASPECT solves the advection of compositional fields ¢;, which

are used to track materials and their properties throughout the simulations:
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Text S2. Rheological model

We use a temperature-dependent rheology in which the viscosity is given by:
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where A is a prefactor of the equation, d is the grain size, m is the grain size exponent,
E is the activation energy, V' is the activation volume, P is the pressure and R is the gas
constant.

For the upper mantle (asthenosphere and lithosphere) we use rheological parameters
from wet olivine (Hirth & Kohlstedt, 2003). With these parameters, we obtain a viscosity
of 1.57-10%° Pas at a depth of 150 km. For the overriding plate crust we adopt rheological
parameters from wet anorthite feldspar (Biirgmann & Dresen, 2008). The temperature-
dependent viscosity is capped by a preset minimum and a maximum viscosity of 10 and
1.57-102%3 Pas respectively to avoid large viscosity jumps. For the oceanic crust, we adopt
a low constant viscosity of 10?° Pas to decouple the slab from the top surface and the
overriding plate (OP) and to facilitate subduction. A low viscosity of 10% Pas is also
used in the weak layer as a weak mechanical coupling of the subducting and overriding
plates with the lateral plate. The effects of varying this viscosity is shown in Figures 2e

and S2. All model parameters are listed in table S1.
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Figure S1. 3D perspective view of the subduction zone with the temperature field displayed
for (a) 6 Myr and (b) 14 Myr. The figures are cutouts of the temperature between 293 K and
1500 K. White lines with triangles on the surface mark the trench position. Black arrows show

the horizontal velocity field around the slab at 250 km depth.
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Figure S2. Evolution of the subduction trench for transform fault viscosities of (a) 10% Pas,
(b) 10*! Pas and (a) 10?2 Pas. The results shown correspond to models with overriding plate

thicknesses of 70 km and slab widths of 1200 km (experiments 5, 10 and 15 in table S2).



Table S1. Model parameters

Symbol Parameter name Value Units
Lithosphere and mantle rheology
A Exponential prefactor 5.973 - 10716 Pa'm?3s™!
E Activation energy 335 kJ mol ™
1% Activation volume 4-10°¢ m® mol !
d Grain size 1072 m
m Grain size exponent 3 -
Overriding plate crust rheology
A Exponential prefactor 5-10~1 Pa 'm3s!
E Activation energy 170 kJ mol
V Activation volume 0 -
d Grain size 1072 m
m Grain size exponent 3 -
Other model parameters
Pum Upper mantle density 3300 kgm3
Ple Overriding plate crust density 2900 kgm™3
Poc Oceanic crust density 3300 kgm—3
PTE Transform fault density 3300 kgm—3
Hoc Oceanic crust viscosity 10%° Pas
UTE Transform fault viscosity 10%° Pas
Lhmin Minimum viscosity 1019 Pas
Lmaz Maximum viscosity 1.57-10% Pas
e Specific heat 1250 Jkg 'K
K Thermal diffusivity 0.8-10°¢ m?s?
a Thermal expansion coefficient 3.5-107° K-!
R Gas constant 8.31 JK 'mol™*
g Gravitational acceleration 9.8 ms—?2
Ty Reference temperature 293 K




Table S2. Parameters examined in the numerical models

Experiment W /2 (km) W (km) OP thickness (km) prr(Pa-s)
1 200 400 70 10%
2 300 600 70 10%0
3 400 800 70 10%0
4 500 1000 70 10%°
5 600 1200 70 10%0
6 200 400 70 10%
7 300 600 70 10%
8 400 800 70 10%
9 500 1000 70 10
10 600 1200 70 10%
11 200 400 70 10%
12 300 600 70 10%
13 400 800 70 10%
14 500 1000 70 10%
15 600 1200 70 10%
16 300 600 40 10%°
17 300 600 50 102
18 300 600 60 102
19 300 600 80 10%0
20 300 600 90 10%0
21 300 600 100 10%0




Table S3. Data for narrow subduction zones used in Figures 4D and 4E. The subduction zone
width (W) and trench retreat velocity (V) have been obtained from Schellart et al. (2007) (ref-

erences therein). The overriding plate (OP) thickness has been obtained from different regional

studies.

Subduction system W (km) Vr (em/yr) OP thickness (km) Reference OP thickness
Gibraltar 250 0.9 100 Molina-Aguilera et al. (2019)*
Calabria 300 6.8 50 Rosenbaum and Lister (2004)

South Shetland 450 3.1 70 Parera-Portell et al. (2021)
Halmahera 500 7 50 Zhang et al. (2017)"
North Sulawesi 500 1.3 75 Dong et al. (2022)*
Puysegur 750 4.2 59 Shuck et al. (2021)*
Scotia 800 5.7 70 Fullea et al. (2021)7
Sangihe 850 2.2 100 Fan and Zhao (2018)
Trobriand 900 7.6 55 Martinez et al. (2001)
Makran 900 0.2 90 Motaghi et al. (2020)
Manila 1000 5.7 80 Fullea et al. (2021)7

*This value is obtained for the West Alboran Basin, near the trench.

fBased on numerical modelling,.

§Models with OP 75 km thick best fit heat flux observations.

tassuming that the crustal stretching factor #=1.7 obtained by Shuck et al. (2021) for the
Solander basin stands for the entire lithosphere.

TTemptatively from WinterC.

IThis value was also tested in the models of Zhang et al. (2017).
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