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Nature of Deep Earthquakes in the Pacific Plate from
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Clustering Analysis with Unsupervised Machine Learning:
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Dual Mechanism Hypothesis Based on b-value Analysis of CMT Catalog

Z. Zhan / Earth and Planetary Science Letters 461 (2017) 1-7

(b) Cold Slab

Okhotsk

Plate )

150°

Metastable Olivine Wedge
@ Transformational faulting

Q© Passive

. Active :|" or thermal runaway

Dynamic shear band

Key features

oceanic fracture zones
" =former transform faults

. oceanic fabric (spreading faults)
-+ bending-induced reactivation

_~"additional bending faults
A Mount Fuji

Elevation (m)

10000
3
Limited hydration of
the oceanic lithosphere 8000
due to limited damage
of the Pacific Plate 6000

4000

1-2
Enhanced hydration 2000 4

of the deep oceanic
lithosphere due to a
dense network of faults 0 -
neither parallel nor

normal to the trench

- 2000 -

- 4000
0
Magmatic province with - 000
relatively dry lithospheric
mantle due to intense
Cretaceous-Paleogene - 8000
magmatism

- 10000

Pre-Subducting Plate Hydration Affects
the Water Abundance in the MOW Halo.
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Silhouette Score = (b-a)/max(a,b)
a= average intra-cluster distance
b= average inter-cluster distance

2. Create clusters
3. Recalculate the centroids
. 4. Repeat until convergence.
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b-value analysis and its error analysis:
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Deep-Focus Earthquakes Triggered in the Unstable
Transforming Rim and can Propagate Into and then Outside
the MOW. Water Acts as a Catalyst of Small Earthquakes in a
Highly Reactive Halo of MOW.
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K-means Clustering Analysis and b-value Analysis:
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Table 1. b values and thﬂz standard deviations from three measrl;lements
Region bo O, b Op, b2 Op,
Kuril 0.97 0.01 0.87 0.01 0.92 0.01
Honshu* 1.72 0.02 1.43 0.01 1.57 0.01
Honshu** 0.65 0.02 0.60 0.02 0.62 0.02
[zu* 2.11 0.01 1.70 0.01 1.89 0.01
[zu** 0.80 0.03 0.73 0.02 0.77 0.02
Bonin 1.09 0.01 1.03 0.01 1.03 0.01

Spectral and GMM Clustering Analysis:

Table 2. b values and their errors from three measurements (Spectral Clustering, N=5)

Region bo b, by Gp, b, Cp,
Kuril 0.97 0.01 0.87 0.01 1.00 0.01
Honshu* 1.70 0.02 1.42 0.01 1.43 0.01
Honshu** 0.66 0.02 0.61 0.02 0.61 0.02
lzu* 2.10 0.01 1.69 0.01 1.71 0.01
Izu** 0.79 0.02 0.72 0.02 0.73 0.02
Bonin 0.93 0.01 0.84 0.01 0.95 0.01

Table 3. b values and their errors (Gaussian Mixture Models Clustering, N=4)

Region by Cp, b, Op, b, Cp,
Kuril 0.97 0.01 0.87 0.01 0.88 0.01
Honshu* 1.70 0.02 1.42 0.01 143 0.02
Honshu** 0.65 0.02 0.61 0.02 0.61 0.02
Izu* 2.17 0.01 1.74 0.01 1.76 0.01
Izu** 0.83 0.03 0.76 0.02 0.76 0.03
Bonin 1.09 0.01 0.97 0.01 097 0.01

b-value analysis with CMT and IRIS catalogs:

LELBLILLLLI] LR g ey g L ALE
4.5 45 1020
4 L CMT 300-700 km 4 IRIS 300-700 km In IMA catalog, a hew iR el ks RN SiF———————~=
3] 35 kink at Mw 3.8 was T | 1e*
3 3 = 3 . i 5 -
2 25 g . observed, in additionto 2 ,[mwss : 0" 2
‘—%?1§ o JK+IBM+SA+PH < 6.7 2 BMESAPH <69 the kink at Mw 6.5 in g 3l ek 10”%
T e eBMesAPH2 6.7 b=11 “; | e JKHBM4SALPH 2 6.9 ==31| CMT and IRIS catalogs. £ 2f ISeveral cm offslip 101 2
+ Tonga25.2 + Tonga 2 4.0 = oha ~1to 4 km'fault <
0.5 0.5 F g 1 | ! J10%°
0 L L L L L L L L L L 0 I I I I 1 1 I + . < 0 | I
3 35 4 45 5 55 6 65 7 75 8 85 3 35 4 45 5 55 6 65 7 75 8 85 IWO b-value Kinks " I P o
- eamnue indicate two different . ' |
« |RIS and CMT catalogs show similar earthquake distributions _ ) -2 : e
«  Warm subduction zones show a change of b-values at Mw~6.8 rupture dimension T T T T
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Conclusion:

*Mw<3.8

**Mw =38

The bq. by and b, values are described in section 2.2.

The o, are the standard deviations for each distribution.

Comparison of Three Clustering Methods:
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Three clustering methods generated similar clustering maps.
The b-value analysis results are also similar. The clustering
analysis of the JMA catalog is robust.

e Unsupervised machine learning approaches facilitate the unbiased clustering of deep-focus earthquakes from the JMA catalog.

e The b-value kink at Mw~3.8 provides strong evidence for phase transformational faulting triggering deep-focus earthquakes in an
unstable rim of the metastable olivine wedge with a width of ~1 km.

e Inthe highly reactive halo, water acts as a catalyst for transformational faulting, resulting in higher b-values in the Honshu and Izu

slabs for Mw < 3.8.

e We speculate that the b-value kink at Mw~3.8 can be observed in other subduction zones with similar tectonic environments and

earthquake catalogs.
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