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Subduction plate boundary thrust system and dynamic characteristics in the Western Pacific
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Abstract: The majority of the world's greatest earthquakes are generated in subduction zones. Normal faults in subducting plates provide
pathways for seawater intrusion, which facilitates mantle serpentinization and consequently triggers seismic activities or large tsunamis. The
formation mechanisms of these normal faults need to be better understood to advance the understanding of subduction zone dynamics and
ensuring human life safety. This paper reviews the characteristics of normal faults and deformation of subducting plates in the Tonga Trench,
Mariana Trench, Izu-Bonin Trench, and Japan Trench in the western Pacific Ocean, describe in quantitative detail the formation of bending-
related normal faults through geodynamic modeling. The study finds that the Tonga Trench and Mariana Trench exhibit the largest average fault
throws among these subduction systems. The variations in effective elastic thickness of the subducting plate directly influence the distribution of
normal faulting region. There is a significant correlation between plate effective elastic thickness and plate age. This paper provides a systematic
review of research on the dynamics of the Western Pacific subduction zone and offers insights for future studies in this field.
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Fig.1 Tonga Trench, Japan Trench, Izu-Bonin Trench, and Mariana Trench in the western Pacific subduction system
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Fig.2 Seafloor bathymetry of the Tonga, Japan, Izu-Bonin, and Mariana Trenches

a-d: the Tonga Trench, Japan Trench, Izu-Bonin Trench, and Mariana Trench, respectively. White lines depict the deployment of transaction profiling!".
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Fig.4 Observed flexures and their average values of the Tonga Trench, Japan Trench, Izu-Bonin Trench, and Mariana Trench

The thin black dashed curves: the individual profiles; the thick red curves: the average profile of the trenches; the grey line: the far-field reference seafloor

depth. W;: the average of the maximum deformation in the axial part of several trenches. X,: the negligible value of the bending curvature!"”.
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Fig.5 Schematic modelling of buckling near the trench plate (a) and the relationship between subducting plate age and plate buckling

parameters in the Tonga-Kermadec, Manila, Philippine, Japan, and Mariana Trench subducting plates (b)

Xy is the slab width, W} is the maximum deformation, and ¥}, and M, are the bending parameters
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Fig.6 Normal faulting characteristics in the subducting plates of the Tonga, Japan, Izu-Bonin, and Mariana Trench and variations in the

effective plate elastic thickness

The black dashed lines in a-d indicate the maximum depth of the stretching yield zone, and the black circles with error bars show the relocatable outgoing uplift

normal fault earthquakes in the study area; e-h are the calculated T, (black curves) and calculated area Sy, (White areas) for the four trenches
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