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Formation of Island Arc-Trench System due to Steady Plate Subduction
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Pure system vs. Composite system ‘

*Pure Maxwell viscoelastic body M—

* A simplest model of the Earth
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Is the behavior of both systems similar? ‘
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Fig. 1  Pure Maxwell viscoelastic body (top) and elastic-viscoelastic composite body (middle). The latter is the simplest
realistic Earth model for long-term deformation. The behavior of these two bodies are significantly different in space
and time. Because of that, it is difficult to understand the behavior of the elastic-viscoelastic composite body
intuitively.

Viscoelastic relaxation after a megathrust earthquake
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Much longer time (about 500 yr) than the nominal relaxation
time (4.6 yr) is needed to complete viscoelastic relaxation.
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Fig.2  Coseismic displacement (# = 0) and its viscoelastic relaxation (¢ > 0) associated with a megathrust earthquake. The
earthquake ruptures the whole plate interface within the lithosphere at 7 = 0. The plate interface is represented by the
solid curve, which extends infinitely along the strike of an island arc, i.e., computations are carried out as a two-
dimensional problem. The displacement discontinuity (fault slip) of the earthquake is 5 m uniformly along the plate
interface. The sum of the coseismic and postseismic displacements is shown. Note that viscoelastic stress relaxation
proceeds much longer than the nominal relaxation time of the asthenosphere (4.6 years).

— 345 —



HE T ANEAE S EE 1034 20204E3 H 5817

Strange behavior of viscous relaxation: Reversal of deformation sense
% P ‘ B

o
=}
!

Seaward

YN
n
o
:

N% ; 0 0 %
Landward | % 0| L B
£ < | Subsidence
2 13 v
Subsidence | £ £ Up:ll/lft
Uplift § 0 Subsidence

b1

300 250 200 150 100 50 0 -50 -100
Distance from Trench [km]

%3 7L — MEREARMEROKTE (L) BLUOHEE (T) LAEEORHZ. — s TR M
SOITFHHEFEL TV S, BOBEIE S TW 2R WHlIE T, BAEEOREIZEA & L THEKM
B o Tz,

Fig. 3 Profiles of horizontal (a) and vertical (b) surface displacement rates at different times. In each diagram, the broken line

represents the profile of coseismic displacement (the scale is on the right-hand side), but the sign of it is reversed for
comparison. The inset of (b) is the enlargement of the displacement-rate profiles near the trench.

Weight of each mode: heavily depends on wavenumber
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Fig. 4 The dependence of the effective relaxation time constants on wavenumber and its weight. The weight is indicated by
the color scale at the lower right. The cases of i = 1 and 2 correspond to the components of horizontal and vertical
displacements, respectively; k corresponds to the order of the Bessel function. Note that the weight of each mode
changes several orders of magnitude, which results in the characteristic behavior of viscoelastic relaxation.
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For a circular fault, deformation occurs solely due to gravity
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(a)
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Gravitational equilibrium is retained at a far distance from the trench.
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Fig. 5. (a) The plate subduction is represented by displacement discontinuity along the plate interface, as shown by the arrows.
Here, the curvature of the plate interface is constant. (b) Without gravity, the displacement discontinuity results in
clockwise rotation of the overriding plate and counterclockwise rotation of the underlying plate without deformation
(solid lines). The gravity, however, requires the lithosphere at a distance from the trench to remain in the original
gravitational equilibrium state (thick broken line). The thin broken line represents the level of original Earth's surface.

Deformation of island-arc lithosphere due to steady plate subduciton
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Fig. 6 Dependence of displacement rates of the island-arc lithosphere due to steady plate subduction on the radius of curvature

R (100 km (a), 150 km (b), and 200 km (c)). The curved solid line indicates the plate interface. The plate convergence
rate is 5 cm/yr.
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