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Introduction 
This supplementary material includes the numerical methodology and further description and data of the numerical model results.

Numerical methods
	The model is based on the thermomechanical code I3ELVIS (Gerya & Yuen, 2007; Gerya, 2010; Gerya et al., 2015), which solves the mass, momentum and energy conservation equations for incompressible media. Physical properties are transported by Lagrangian markers that move with the velocity field interpolated from the fix grid. The code uses non-Newtonian visco-plastic rheologies (Table 1) to simulate multiphase flow and is specifically designed to study dynamic processes during subduction.
	The numerical algorithm, based on staggered finite-differences and marker-in-cell techniques, solves the mass (1), momentum (2) and energy conservation (3) equations for incompressible media:
	 	(1)
		(2)
		(3)
		(4)
		(5)
where  is velocity,  is the deviatoric stress tensor,  is the total pressure (mean normal stress),  is the density,  is the gravitational acceleration,  is the effective isobaric heat capacity,  is the temperature,  is the thermal conductivity, which depends on pressure, temperature and rock composition,  is radioactive heating that is constant for a given rock composition,  is shear heating (product of deviatoric stress and strain rate),  is the adiabatic heating (see equation 4),   is the effective viscosity for non-linear visco-plastic deformation,  is the thermal expansion, and  is the coefficient of compressibility.
The model accounts for simplified magma-related processes, such as thermal accretion of the lithospheric mantle, partial melting of the mantle assuming the parameterized model of Katz et al. (2003), melt extraction and percolation towards the ridge, crystallization of the oceanic crust. Lagrangian markers track the amount of melt extracted during model evolution. Size and shape
of the magma chambers form spontaneously and is regulated by the dynamics of melt supply from the bottom, crustal extension at the top and magma crystallization in response to cooling from the walls. Furthermore, hydrothermal circulation at the axis of the ridge is parametrized with an enhanced thermal conductivity of the oceanic crust, assuming Nusselt number Nu=2, and 6 km cutoff maximum depth of hydrothermal circulation, resulting in its rapid cooling. Further description of these processes and their sensitivity analysis is written in previous studies (Gerya 2013; Liao and Gerya 2015). The temperature equation is solved in Lagrangian form and temperature advection is implemented through a marker-in-cell technique. The Einstein notation is used for the indexes  and , which denote spatial directions  and  in 3D.
	Diffusion and dislocation creep flow laws combined with the Drucker-Prager yield criterion (e.g., Ranalli, 1995), was used to determine whether viscous or plastic deformation occurs. These are implemented in the models and accounts for visco-plastic behavior. The effective creep viscosity  of a material is determined as following:
		(6)
where  and  are calculated by using Newtonian diffusion creep and power law dislocation creep, respectively:
		(7)
	 	(8)
where   is the pre-exponential factor, n is the power law exponent,  is the activation volume, E is the activation energy, R is the universal gas constant,  is the transition stress from diffusion to dislocation creep (Turcotte and Schubert, 2002) and  is the second invariant of strain rate. Plasticity is implemented using the following yield criterion , which limits creep viscosity, altogether yielding an effective viscosity limit:
		(9)
where  is the cohesion,  is the friction angle,  is the effective pressure (total pressure subtracting the hydrostatic fluid pressure),  is the second invariant of strain rate. Plastic strain weakening is implemented by linearly decreasing the cohesion and friction angle over the strain interval of 0.1–1. A constant plastic healing rate (10-14 s-1) is applied to heal deactivated shear zones over time (Gerya 2013). Effective creep viscosity is limited between 1e18 and 1e24 Pa s.
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Additional model results
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Figure S1. Rock composition of the reference model. (a) Entire model domain including the sticky air layer along the upper boundary in light blue and water phase in dark blue. (b) Model result without showing air and water layers. (c) Same model result only showing the partially molten mantle in red and the magma chamber in purple. (d) Same model result only showing the continental upper crust composition. Note that crustal slivers are present all along the oceanic transform fault zone.
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Figure S2. Rock composition of the model with higher erosion and sedimentation rates: ModRefHi. (a) Entire model domain including the sticky air layer along the upper boundary in light blue and water phase in dark blue. (b) Model result without showing air and water layers. (c) Same model result only showing the partially molten mantle in red and the magma chamber in purple. (d) Same model result only showing the continental upper crust composition. Note that crustal slivers are present all along the oceanic transform fault zone.
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Figure S3. Rock composition of the model with lower divergence velocities: ModRefSl. (a) Entire model domain including the sticky air layer along the upper boundary in light blue and water phase in dark blue. (b) Model result without showing air and water layers. (c) Same model result only showing the partially molten mantle in red and the magma chamber in purple. (d) Same model result only showing the continental upper crust composition. Note that crustal slivers are present all along the oceanic transform fault zone.
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