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Motivation & Knowledge

Dual inward dipping subduction
(DIDS) is a young research topic:
~5 years.

Pioneering models gave an outline
for DIDS’s impact on: trench
motion, slab velocity & morphology
etc.

Limitation: using a simplified
constant or Newtonian rheology,
which fails to simulate plate
weakening processes.
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Figure 1. Pioneering simulations on DIDS.
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Figure 4. Enabling viscosity reduction within the overriding plate.
Yellow contours are iso-viscous contours of
1029,102%,102%2,1023,10%* Pa - s from the innermost to outermost layer.

Major improvement here:

(e) EffectivevTcosity 10%
‘ > implement composite rheology,
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further evaluate each deformation
mechanism’s contribution to the
viscosity reduction in the overriding
plate.
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Figure 2. Improved composite rheology (Based on Garel et al., 2014).
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Figure 5. Temporal evolution of horizontal velocity along a lateral slice,
at the depth of 20 km from the surface, across the trenches within the
lithosphere.
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Figure 6. (a) Temporal paths of effective viscosity for each dominant deformation mechanism
along the midline of the overriding plate, where plate weakens and strain localises. (b) Temporal
paths of the deformation mechanism that yields minimum viscosity within the overriding plate.

+ DIDS can self-consistently form a fixed boundary condition & strong mantle wedge flow, which can lead to
necking/strain localisation within the overriding plate (Fig. 5).
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» Temporal paths of effective viscosity show that dislocation creep and yielding contribute most to plate weakening

(Fig. 6, a). In addition, the necking and plate thinning initiates from the bottom of the plate (Fig. 6, b).

*

s The quantitative method proposed here to evaluate each deformation mechanism’s contribution to viscosity

reduction (Fig. 6) can be a powerful tool to understand other strain localisation processes, e.g., formation of new
plate boundaries as subduction or rift initiates. %>
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s Explore the parameterization of individual rheology law’s role in contributing to the
magnitude of viscosity reduction in the overriding plate.

D)

D)

s Consider other processes that may significantly alter the rheology of the lithosphere, e.g.,
melt weakening, grain size reduction, reorientation of minerals etc.

Chocolate smvd Vanilla

purrle Cake

i I

ias0

0.0 Myr =

Discussions are very welcome!
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