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Figure S1. Inter-source interferometry benchmark results of Fault-type intra-slab
heterogeneity models for (a). 0.2-2 Hz and (b). 0.2-5 Hz. The blue and red waveforms
denote the stacked interferometric cross-correlations and synthetic strain waveforms
respectively. The heterogeneity type is indicated on the left side of waveforms.
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19  Figure S2. 0.2-5 Hz waveform comparisons between inter-source interferometric
20  observations (black) and synthetic strain waveforms (red) of (a~c). Melt- and (d~f).
21  Fault-type models for D2-S1/S2/S3 deep earthquake pairs in one realization.
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23  Figure S3. 5 Hz synthetic strain waveform comparisons of 10 realizations of three Melt-type
24 models for the D1-S1 event pair.
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0.2-2 Hz Fault type
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Figure S4. Distribution of 100 averaged cross-correlation coefficients for Melt- and Fault-type
models. The red lines donate the approximated Gaussian distribution.
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29  Figure S5. Probability of averaged cross-correlation coefficients above threshold (0.6) for both
30  Melt- (red circles) and Fault-type (blue squares) models.
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Figure S6. (a). Depth profile of two MOW geometries described by the temperature contour
Tmow=660°C and Tuow=668°C. The grey region represents the subducting slab. (b). Average
cross-correlation coefficient plot for the Twow=660°C case. The Melt- and Fault-type models are
denoted as blue squares and red circles respectively. The top and bottom panels are for 0.2-2
Hz and 0.2-5 Hz respectively. The error bars indicate the 95% confidence interval, and the cyan
dashed line denotes a cc threshold of 0.6. (c). similar to (b) but for the Tyow=668°C case.
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Figure S7. Waveform comparison between surface observations of station TYOH (blue line)
and scenarios with different intra-slab heterogeneity levels below 410-km for the deep event
D1. The station TYOH is located near the trench and its vertical component is bandpass filtered
between 1 to 10 Hz. The intra-slab heterogeneity level below 410 km is indicated at the left
side of each seismogram. Our background model includes a high-velocity slab, a low-velocity
MOW from Shen and Zhan (2020) and shallow intra-slab scatterers (<350 km) from Furumura
and Kennett (2005).
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Figure S8. Anomalous oceanic crust structure always produces positive polarities (vs. negative
polarity for 0.2-2 Hz inter-source interferometry observations) regardless of the deep
earthquake locations. (a). Slab profile and source-receiver configuration. The grey and cyan
area represent the slab and crust respectively. The crust is 8 km thick with 8% reduction in
velocity and density. Synthetic waveforms at three virtual receivers (magenta triangles) are
calculated for cases of deep earthquakes (purple stars) inside and outside the crust. (b). 0.2~2
Hz waveform comparison between observations (black) and synthetics (red). The red solid
lines and red dashed lines indicate synthetics for cases of deep earthquake inside and outside
the crust respectively.



Intra-slab heterogeneity models | ax[km] | a,[km] €[%] orientation
Melt_constant0.0 10 0.5 0.0% slab-parallel
Melt_constant0.5 10 0.5 0.5% slab-parallel
Melt_constant1.0 10 0.5 1.0% slab-parallel
Melt_constant1.5 10 0.5 1.5% slab-parallel
Melt_constant2.0 10 0.5 2.0% slab-parallel
Melt_constant2.5 10 0.5 2.5% slab-parallel

Melt_basal 10 0.5 2?5'05/:/?&:;?()“;) slab-parallel
Fault_constant0.0 10 0.5 0.0% 25° to the slab surface
Fault_constant0.5 10 0.5 0.5% 25° to the slab surface
Fault_constant1.0 10 0.5 1.0% 25° to the slab surface
Fault_constant1.5 10 0.5 1.5% 25° to the slab surface
Fault_constant2.0 10 0.5 2.0% 25° to the slab surface
Fault_constant2.5 10 0.5 2.5% 25° to the slab surface
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Table S1. Summary of the intra-slab heterogeneity model parameterizations.
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