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Tectonic map  



Plate geometry model 



Seismogenic zone in and around the PAC slab interface 



  Objectives 

・To understand the effect of existence of the PHS 
   slab on geodynamic process beneath Kanto,  
   central Japan (thermal structure, dehydration,  
   and mantle flow) 

・To elucidate seismogenesis of inter- and intra-  
   plate earthquakes (≧M2) of the PAC slab,  
   especially deepening of the seismogenic zone at   
   the down-dip side of the slab-slab contact zone 



• 2-D model 
       Iwamori (EPSL, 2000) 
       Yoshioka et al. (GJI, 2015) 
• 3-D model  
       Wada and He (GRL, 2017) 

Previous study  

Iwamori (EPSL, 2000) 

Wada and He (GRL, 2017) 

Yoshioka et al.  
(GJI, 2015) 



• 3-D 
• time dependent   
• subduction history 
• a moving prescribed guide 
• high-density heat flow data 
• relationship between dehydration and inter- 

& intra-plate seismicity of the PAC slab, using 
phase diagrams of hydrous minerals  
 

What’s new ? 



 

 
 

 
Nakajima and Hasegawa  
(2006, 2009) 
Kita et al. (2010) 

太平洋プレー
トとフィリピン
海プレートの
上面の形状 

Geometry of 
the upper 
surfaces of the 
Pacific and the 
Philippine Sea 
slabs 



 
 

Model setting Plate cooling model 
Imposed temperature distribution 

at the seaward boundaries 
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We used original source code  ‘stag3d’  
provided by Dr. Tackley. 



PA(pumpellyite actinolite) (4-5wt%) 

greenschist (3.0wt%) (-1.5 - -2.5wt%) 

(-0.5 - -1.5wt%) 
(-9 wt%) 

(-5 - -6wt%) 

hydrous MORB  

serpentinite chlorite brucite (15wt%) 

amphibolite (1.5-2.5wt%)  
     serpentinite chlorite dunite (6.2wt%)  

harzburgite  (0-1.4 wt%) 

ultramafic rock 
(harzburgite) 

Omori et al. (2009)  

5.4 wt% 
jadeite 
lawsonite 
blueschist 
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lawsonite 
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eclogite 
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eclogite 

4-5 wt% 
 PA 

 PP, zeolite 

PA: pumpellyite actinolite 
PP: prehnite pumpellyite 

(-1.5 - -2.5wt%) eclogite (0wt%)  

(km) 

  

Phase diagram of water content for hydrous minerals included in a slab 

Hacker et al. (2003) ℃ 



 

Distributions of temperature and water content on the upper 
surfaces of the slabs beneath Kanto 

temperature 
distribution 

water 
content 
distribution 

Pacific slab alone Pacific slab ＋ Philippine Sea slab 



 

Thermal structure on the upper surface of the slabs 
and flow pattern in the mantle wedge beneath Kanto 

Pacific slab ＋ Philippine Sea slab Pacific slab alone 



 

Distributions 
of 
temperature 
and water 
content 
in the Pacific 
slab  
at different 
depths 
beneath 
Kanto 
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翡翠・青色片岩・ローソン石 

 

Pacific slab ＋ Philippine Sea slab 
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Pacific slab alone 
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lawsonite  amphibole 
eclogite 

Seismicity and water content 
distributions in the Pacific slab at 
different depths beneath Kanto 
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Seismicity and water content 
distributions in the Pacific slab at 
different depths beneath Kanto 

0 km 

3 km 

16 km 

40 km 

Pacific slab alone 
jadeite blueschist  
lawsonite 

Pacific slab ＋ Philippine Sea slab 
lawsonite  amphibole 
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・Constructed 3-D high-resolution thermal structure model  
  associated with dual subduction beneath Kanto.  
 
・Seismicity in the oceanic crust in the PAC slab (at depths of  
  about 40 km) corresponds well to dehydrated area associated  
  with the phase transformation. 
 
・The effect of existence of the PHS slab on distributions of  
  temperature, dehydration, and seismicity in the PAC slab 
  → Temperature decreases at the slab-slab contact zone 
  → Water is carried to the deeper portion there in a form of    
           OH group due to delay of phase transformations 
  → Water released area at the deeper portion of the contact   
           zone coincides well with intraslab deep seismicity 

Conclusions 



Thank you for 
your attention 

This presentation is based on  
Ji et al., Scientific Reports, 7, 16864 (2017) 



 



   Mass conservation 
 

    
    Momentum equation 

 
 
    Energy equation  
 

advecti
on  

adiabatic 
heating 

viscous 
dissipati

on 
 

radioac
tive 

heating  

frictional 
heating 
on the 
plate 

interface 

conducti
on 

Governing equations for 3-D parallelepiped 
thermal convection model 
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Age of the 
Pacific and 
the Philippine 
Sea plates 

Image from Liu and Zhao (2016) 



 

Subduction history of the Pacific and 
the Philippine Sea plates from 20 Ma 

to the present 

Hall et al. (1995); Faccenna et al. (2017) 



 

Yoshioka et al. (2015) 

Heat flow distribution 



Symbol   Parameters                                                            Value           Units 
         Standard density                                                                              3300(1)                    
         Temperature difference between top and bottom of model            1600                      K     
         Standard thermal conductivity                                                         2.9(3)         
         Radioactive heat generation rate in the mantle                                                  
         Standard specific heat at constant pressure                                     1200 (1)        
         Standard thermal diffusivity                                                                        (4)      
         Standard viscosity                                                                                    (3)       
         Standard thermal expansion                                                                     (2)        
         Straight subduction velocity                                                              4.0(1)          
         Oblique subduction velocity                                                              6.3(5)          

   
 
 
 
 

 

0η

Parameters in our 3D Modeling 

(1) Wang et al. (1995)  (2) Iwamori (1997)  (3) Christensen (1996)  (4) Yoshioka & Murakami. (2007)  (5) Sella et al (2002) 
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Model parameters for the diffusion and dislocation creep of olivine 
(Armienti and Tarquini, 2002; Hirth and Kohlstedt, 2003; Burkett 
and Billen, 2010) 



 



Temperature 
and H2O 
variations 
for mantle 
density 
variation of  
-50 kg/m3 
(mantle 
density of 
3250 kg/m3) 
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Tectonic map (1) 



• 2-D model 
       Iwamori (EPSL, 2000) 
       Yoshioka et al. (GJI, 2015) 
• 3-D model  
       Wada and He (GRL, 2017) 

Previous study (1) 

Iwamori (EPSL, 2000) Wada and He (GRL, 2017) 



 

Yoshioka et al. (GJI, 2015) 

Previous study (2) 



 

Yoshioka et al. (GJI, 2015) 

Previous study (3) 



• Slab geometry 
• Age of the oceanic plates at the Trench or 

Trough 
• Subduction history 
• Heat flow 

Necessary data for model 
construction 



36 

 
 
 

  

Yoshioka et al. (GJI, 2015) 

 

temperature  

stream  
function  

clockwise  
rotation  

anti- 
clockwise  
rotation  

Previous 
study (3) 



Tectonic map (1) 



  

 Thermal structure associated with subduction of 
plates with 3-D complex geometry 

 Spatial distributions of maximum solubility and 
dehydration  

Mantle flow in the mantle wedge 

Objectives 
・To understand geodynamic process associated with 
subduction of two oceanic plates beneath Kanto, 
using 3-D thermal convection subduction model 

To elucidate seismogenesis of inter- and intra-
plate earthquakes (≧M2) beneath Kanto 



Plate geometry model and distribution of interplate 
microearthquakes in the study area 
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Yoshioka et al. (GJI, 2015) 
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