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S1. Subduction community benchmark by van Keken et al.| (2008)

Here, we present the results of xFieldstone for the five cases of the community benchmark by [van Keken et al.| (2008))
plus one additional case where we combine the diffusion and dislocation rheologies. The details of the benchmark are
outlined in [van Keken et al.| (2008) and the methods of xFieldstone can be found in the main text. Here, we briefly
summarise the different cases, adhering to the numbering coined in [van Keken et al| (2008). Case 1a is an analytical
corner flow model based on the analytical solution by (Figure [ST). Case 1b solves for the velocity
field in the wedge with an isoviscous rheology with the boundary conditions prescribed by the analytical solution of
(Figure[S2). Case 1c also has an isoviscous wedge, but has natural boundary conditions for stress at
the in- and outflow boundaries of the wedge (Figure[S3)). For cases la - lc, we run 4 models per case with a uniform
grid size of 10 km, 5 km, 2.5 km, and 1.25 km, respectively. We choose these resolutions such that the corner point at
x =50 km and y = 550 km is accurately represented in the grid. Figure [S4]shows the results of xFieldstone for the
isoviscous cases in comparison to the results from|[van Keken et al.| (2008)).

Case 2a uses the same boundary conditions as case lc, but considers a diffusion creep rheology instead of an
isoviscous model (Figure [S3). Case 2b has a dislocation rheology (Figure [S6). We add an additional case called
case 2c where we combine diffusion and dislocation creep, assuming two viscous dampers in series (Figure 4). In
practice, dislocation creep is dominant in the upper mantle that we consider here, which results in very similar model
diagnostics between case 2b and case 2c (Figure[S7). However, the complete fields of the model do show differences
in the mantle wedge.

For cases 2a - 2¢, we run 3 models per case with a uniform grid size of 10 km, 5 km and 2.5 km. We are not able
to run the model at any higher resolutions, due to limits on the memory necessary. Figure [S7|shows the results for
xFieldstone for the temperature-dependent rheologies combined with the data from [van Keken et al.| (2008)).

All in all, xFieldstone reproduces the cases of [van Keken et al.| (2008)) well and obtains similar model diagnostics

to the codes presented in|[van Keken et al| (2008).
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Figure S1: Case la: Analytical cornerflow model. (a) Temperature field with isotherms indicated in white; (b) zoom of the
temperature field; (c) viscosity with white contours for 7 = 10%° Pa s to 7 = 10%® Pa s with intervals of one order magnitude (note:
for case 1a the viscosity is constant, so there are no visible contours); (d) velocity magnitude with white contours for v = 0 cm/year
to v = 5 cm/year with intervals of 1 cm/year; (e) horizontal component of the velocity with white contours for v, = —3 cm/year
to v, = 3 cm/year with intervals of 1 cm/year; (f) vertical component of the velocity with white contours for v, = -3 cm/year to
v, = 3 cm/year with intervals of 1 cm/year. The red dashed line indicates the top of the subducting slab.
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Figure S2: Case 1b: Dynamical flow in an isoviscous wedge I. See the caption of Figure |S1|for an explanation of the different
panels.
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Figure S3: Case 1c: Dynamical flow in an isovisous wedge II. See the caption of Figuremfor an explanation of the different
panels.
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Figure S4: Model diagnostics with different resolutions for (a,d,g) Case 1a: Analytical cornerflow model; (b,e,h) Case 1b: Dy-
namical flow in an isoviscous wedge I; and (c,f,i) Case 1c: Dynamical flow in an isovisous wedge II. Data from codes other than

xFieldstone is taken from[van Keken et al. qmp
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Figure S5: Case 2a: Dynamical flow with a diffusion creep rheology. See the caption of Figure for an explanation of the
different panels.
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Figure S6: Case 2b: Dynamical flow with a dislocation creep rheology. See the caption of Figurefor an explanation of the
different panels.
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Figure S7: Model diagnostics with different resolutions for (a,d,g) Case 2a: Dynamical flow with a diffusion creep rheology;
(b,e,h) Case 2b: Dynamical flow with a dislocation creep rheology; and (c,f,i) Case 2c: Dynamical flow with both a dislocation
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and diffusion creep rheology. Data from codes other than xFieldstone is taken from[van Keken et al | (2008).
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Figure S8: Half-space cooling model. The temperature profile at t+ = 50 Myr is used as the left boundary condition for the top
106 km (i.e., the lithosphere thickness) in model case2c_PvK(.mc). The temperature profiles at = 20 Myr and # = 80 Myr are
used for models case2c_20PvK and case2c_80PvK, respectively.
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Figure S9: Plate model with constant thermal parameters. The temperature profile at t = 50 Myr is used as the left boundary
condition for case2c_bc(_mc).
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Figure S10: Plate model with a temperature-dependent thermal conductivity according to the approximation of (1999)
by McKenzie et al.|(2005). The temperature profile at # = 50 Myr is used as the left boundary condition for case2c_k1(_mc).
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Figure S11: Plate model with a temperature-dependent thermal conductivity according to
att = 50 Myr is used as the left boundary condition for case2c_k2(_mc).
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Figure S12: Plate model with a temperature-dependent heat capacity assuming 89% forsterite with values from
(1996). The temperature profile at # = 50 Myr is used as the left boundary condition for case2c_Cp6(-mc).
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Figure S13: Plate model with a temperature-dependent heat capacity assuming 89% forsterite with values from (11988).
The temperature profile at t = 50 Myr is used as the left boundary condition for case2c_Cp3(-mc).
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Figure S14: Plate model with a temperature-dependent heat capacity assuming 100% forsterite with values from
(T996)). The temperature profile at ¢ = 50 Myr is used as the left boundary condition for case2c_Cp4(_mc).
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Figure S15: Plate model with a temperature-dependent heat capacity assuming 100% fayalite with values from
(1996). The temperature profile at # = 50 Myr is used as the left boundary condition for case2c_Cp5(-mc).
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Figure S16: Plate model with a temperature-dependent density according to the parameterisation of [Bouhifd et al.| (1996) by
McKenzie et al| (2005). The temperature profile at = 50 Myr is used as the left boundary condition for case2c_rho(_mc).
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Figure S17: Plate model with a temperature-dependent thermal conductivity according to the approximation of
byMcKenzie et al|(2003); a temperature-dependent heat capacity assuming 89% forsterite with values from|[Berman and Aranovich|
(1996); and a temperature-dependent density according to the parameterisation of[Bouhifd et al.| (T996) by McKenzie et al,| (2005).
The temperature profile at # = 50 Myr is used as the left boundary condition for case2c_all(_mc). The temperature profiles at
t = 20 Myr and ¢ = 80 Myr are used for models case2c_20all and case2c_80all, respectively.
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Figure S18: Different temperature boundary conditions for the models listed in Table 1 with an oceanic plate age of 50 Myr at
the left side of the model for the top 106 km of the model (i.e., the oceanic lithosphere thickness), below which the temperature is
constant at 7 = 1300°C.
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Figure S19: Different temperature boundary conditions for the models case2c_PvK and case2c_all listed in Table 1 with different

plates ages of 20, 50, and 80 Myr at the left side of the model for the top 106 km of the model (i.e., the oceanic lithosphere
thickness), below which the temperature is constant at 7 = 1300°C.
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Figure S20: Model case2c_bc with constant thermal parameters according to van Keken et al.[(2008) and the plate model as the
left temperature boundary condition. See the caption of Figure'Elfor an explanation of the different panels.
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Figure S21: Model case2c_k1 with temperature-dependent thermal conductivity according to the approximation of
(1999) by [McKenzie et al.|(2005)). See the caption of Figure'S_Tl for an explanation of the different panels.
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Figure S22: Model case2c_k2 with temperature-dependent thermal conductivity according to|Xu et
Figure@for an explanation of the different panels.

. See the caption of
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Figure S23: Model case2c_Cp6 with temperature-dependent heat capacity assuming 89% forsterite and values from

[Aranovich|(1996). See the caption of Figure@fcr an explanation of the different panels.
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See the caption of Figurelglfor an explanation of the different panels.
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Figure S25: Model case2c_Cp4 with temperature-dependent heat capacity assuming 100% forsterite and values from

[Aranovich|(1996). See the caption of Figure@fcr an explanation of the different panels.
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Figure S26: Model case2c_Cp5 with temperature-dependent heat capacity assuming 100% fayalite and values from

(1996). See the caption of Figure@for an explanation of the different panels.
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Figure S27: Model case2c_rho with temperature-dependent density according to the approximation of [Bouhifd et al.| (1996) by
McKenzie et al.| (2005). See the caption of Figure@for an explanation of the different panels.
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Figure S28: The surface heat flux for the models with an oceanic plate age of 50 Myr without the crustal parameterisation (Table 1).
The zoom set-in shows the detailed heat fluxes near the trench.
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Table S1: Model diagnostics (continued from main article)

T «=60km Ts1ab Tedge Max depth Max depth Max depth
°0) °C) °O) 350°C (km) 450°C (km) 600°C (km)
case2c_PvK_mc | 625.7 645.3 1006.2 83.8 125.0 232.5
case2c_bc_mc 662.0 684.2 1011.9 61.3 82.5 156.3
case2c_kl_mc 607.8 632.9 959.9 76.3 116.3 232.5
case2c_k2_mc 633.7 654.3 986.9 70.0 102.5 201.3
case2c_Cpb6_mc | 692.8 7154 1018.9 52.5 68.8 117.5
case2c_Cp3_mc | 693.5 716.3 1019.1 52.5 68.8 116.3
case2c_Cp4d_mc | 695.8 717.4 1021.6 52.5 68.8 116.3
case2c_Cp5_-mc | 661.0 695.1 990.3 55.0 71.3 127.5
case2c_rtho_mc | 650.1 673.1 1004.6 63.8 88.8 171.3
case2c_all_mc 628.8 655.3 959.8 65.0 93.8 185.0
case2c_PvK op | 635.9 651.6 1018.3 83.8 123.8 230.0
case2c_bc_op 673.6 691.6 1024.5 61.3 81.3 153.8
case2c_kl_op 619.9 640.3 975.4 75.0 115.0 228.8
case2c_k2_op 645.1 661.4 1001.3 68.8 101.3 198.8
case2c_Cpbop | 705.3 723.4 1031.7 51.3 67.5 115.0
case2c_Cp3.op | 706.0 724.3 1031.9 51.3 67.5 115.0
case2c_Cpdop | 708.2 7253 1034.4 51.3 67.5 113.8
case2c_Cp5.op | 674.9 703.8 1003.8 52.5 70.0 125.0
case2c_rho_op 661.9 680.5 1017.3 62.5 87.5 168.8
case2c_all_op 642.0 663.5 975.8 63.8 92.5 182.5
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Figure S29: Change in maximum isotherm depth within the slab for models with different variations of temperature-dependent
thermal parameters and the oceanic crust parameterisation within the slab (Table 1). The three isotherm depths plotted here are
the same as the ones from the model diagnostics in Tables 2 and[ST} Large black circles indicate the models including the oceanic
crust parameterisation in the slab and the parameterisation of the continental overriding plate (_cp). Mediums-sized grey circles
indicate the _op models including the parameterisation for an oceanic upper plate. Small grey circles indicate models _mc without
an overriding plate (but still including the oceanic crust parameterisation in the slab). Different groups of models (i.e., testing
different functions for the temperature-dependence of the thermal conductivity k) are indicated by vertical bands for clarity. Here,
‘ref” refers to the reference model case2c_PvK. Horizontal coloured lines highlight the reference values of model case2c_PvK_cp
for easy comparison.
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