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Numerical models of subduction zones commonly focus on slab and trench dynamics
(c.f. Billen, 2008). In these geodynamic models it is not necessary to introduce smallerscale processes such as accretion of parts of the oceanic crust to the overriding plate. But
accretionary processes at the convergent margin, including the off-scraping of oceanic
crust and folding of sediments in an accretionary wedge, are important to the evolution of
the subduction zone, slab dynamics, slab dip, and trench location. Accretionary margins
are responsible for a significant amount of continental crust growth and account for
almost half of subduction margins (Clift and Vannuchi, 2004). Landward-dipping thrust
faults form at the margin from accreted oceanic crust and trench sediments (Figure 1a).
These faults and folds can be resolved in lithosphere-scale or local models of wedge
dynamics, but are difficult to produce in mantle-scale subduction models. The other type
of convergent margin, erosive margins, subduct oceanic sediments easily without
accreting to the overriding plate (Figure 1b). In self-consistent subduction models, the
subduction channel must be constantly supplied with weak material to allow decoupling
and functions as erosive margin.
There are several important differences between numerical models of accretionary
wedges and subduction dynamics. Typically, accretionary margins are numerically
modeled at scales ranging from tens of kilometers to the thickness of the lithosphere.
These models are configured to create a thrust wedge by enforcing a static wall that acts
as the backstop (Figure 2a). Conversely, numerical models of subduction dynamics
commonly extend down to the upper asthenosphere, therefore large contrasts in buoyancy
forces are more of a factor. In mantle-scale subduction models, the overriding plate does
not act as a strong backstop at the trench (Figure 2b). Another important difference is the
presence of a weak subduction channel in subduction models, which is necessary to
decouple the plates and enable subduction. The subduction channel concentrates strain,
directing the ocean crust to subduct rather than accrete. Previous numerical studies have
highlighted the importance of the subduction channel in accretionary and collisional
processes (DeFranco et al, 2007; 2008), but have not studied the parameters of
accretionary margins.
The goal of our study is to determine the geometric and mechanical characteristics that
will produce an accretionary margin within a self-consistent thermal-mechanical
subduction model. Specifically we will examine the width of the subduction channel,
strength of overriding plate crust, margin slope, and variability of the subducting crustal
strength and thickness. We hope to answer the following questions with a self-consistent
subducting thermal-mechanical model.

•
•
•

Is a strong overriding crust necessary to act as a backstop to reproduce the wedge
numerical models for the mantle-scale subduction model?
Does the subducting oceanic crust need implicit zones of weakness to initiate
shear zones for accretionary faults?
Can strain-weakening in the subducting oceanic crust alone initiate accretionary
faults?
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Figure 1. Schematic cartoon of accretionary type margin (A) and erosive type margin (B) from
Clift and Vannuchi (2004). The accretionary wedge is composed of trench sediments and ocean
crust backthrusted onto the overriding plate. Accretionary wedges are virtually non-existent in
erosive margins.
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Figure 2. Examples of a thrust wedge numerical model (A: Simpson, 2009) and a self-consistent
thermal mechanical model of subduction with no accretionary wedge (B: our model).
Accretionary or thrust wedge models commonly are focused on the region of thrust faulting only.
Subduction models encompass the lithosphere and mantle dynamics. The box outlined with a
dash line in (B) shows the estimated location of model (A) in the subduction zone.

