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Backarc, or marginal, basins occur near subduction trenches on the backarc side of active volcanic
arcs. More than 75 percent of the marginal basins are concentrated at the Western Pacific
Margin. The Western Pacific forms the currently largest subduction zone on Earth, the socalled supersubduction. Two groups of marginal basins exist: subduction-related backarc basins
and non-subduction-related marginal basins. However, most marginal basins are subduction
related. Different models for the development of subduction-related backarc basins exist. The
active opening models assume some kind of upwelling or the injection of a mantle plume that is
related to a hot region in the mantle (Karig, 1971; Sleep and Toksöz, 1971; Miyashiro, 1986). The
passive opening models can be subdivided into two categories: 1) The kinematic model assumes
that the overriding plate retreats from the subduction trench. 2) The ”slab-rollback-models”
assume a rollback of the subducting slab. This rollback can be generated by asthenospheric
flow or simply by slab pull and the associated bending moment (Heuret and Lallemand, 2005).
Rollback causes extension in the overriding plate. The process which leads to the spreading of
a marginal basin is lithospheric-scale boudinage caused by a necking instability.
This study uses a basic finite element model of subduction with an overriding plate and focuses
on the passive opening model with slab rollback caused by slab pull. The aim of this study is to
investigate if and under what conditions a necking instability in the overriding plate can form a
backarc basin.
We use a 2D finite element code with 7-node-isoparametric triangular elements for the subduction simulation. This code is based on the algorithm that was used in a recently published
subduction benchmark (Schmeling et al., 2008). The model setup is defined by a layer of mantle material overlain by two lithospheric plates. The initial conditions for the subducting plate
include a slab tip which already penetrates into the mantle and a circular inclusion of weak
material (i.e. seed) in the overriding plate. Boundary conditions are free slip at the bottom
boundary, no slip at the right and left boundaries and the top boundary is a free surface. The
incompressible material can be linear viscous or power-law viscous. Temperature evolution is
ignored in the basic model.
We use a free surface and the non-subducting lithospheric plate is overriding the subducting
lithosphere whereby the numerical contour line defining the free surface becomes overturned at
the trench during the subduction. This is unrealistic and in order to avoid overturning of the
contour line, the trench point is moved forward away from the overriding plate to the next nodal
point on the upper contour line of the subducting plate (representing stick-slip behaviour), once
the contour line of the mantle exceeds a critical angle (see (Schmeling et al., 2008)).
Figure 1 shows first results of the velocity field and the effective viscosity distribution in the
lithospheric plates and the mantle. The subducting plate is linear viscous, the mantle and
the overriding plate are power-law fluids with stress exponents of 2 and 10, respectively. The
high stress exponent of 10 represents the effective deformation behavior of the overriding plate,
including effects of plastic yielding and low-temperature plasticity. The density of the mantle
is ρ1 = 3200kg/m3 and of the lithospheric plates ρ2 = 3350kg/m3 . The viscosity of the
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subducting plate is η2 = 1023 P as. The effective viscosity of the mantle and the overriding
plate is not known a priori and has to be calculated. The first results show that a necking
instability developed in the overriding plate at the location where the inclusion of weak material
was placed. The results show that for the chosen model set-up and material parameters slab
rollback can cause a necking instability which generates localized thinning of the overriding plate
and, hence, a backarc basin.
A series of simulations will be performed to quantify the model and material parameters, for
which necking of the overriding plate generates a backarc basin or not. Applications and implications for natural backarc basins will be discussed.
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Figure 1: Color plots of log10 of effective viscosity (Pas) and the corresponding velocity field. A
necking instability develops in the overriding plate at the location where the inclusion of weak
material was placed. Due to the power-law flow the effective viscosity is significantly reduced
(i.e. strain-rate softening) around the location of the necking zone. On the other hand, areas in
the overriding plate away from the necking zone show increased effective viscosities because the
strain rates are reduced in these areas.
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