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Outline of Presentation

• Several recent studies have shown definitive 
potential for megathrust earthquakes in southern 
Ryukyu and northern Manila subduction zones, i.e. 
HsuYJ et al.(2012a,b,c;2014), HsuSK et al.(2013), Lin et al.(2014).

• These two regions are shown to have background 
seismicity rates comparable with recent five 
megathrust earthquakes having M8.5 to M9.1, 
lending additional support to previous findings.

• Potential seismic, tsunami, and other hazards to 
Taiwan, Ryukyu Islands, Luzon Island and other 
surrounding regions call for serious attention.



Main Data Sources

• U.S. Geological Survey: 

http://earthquake.usgs.gov/earthquakes/

• Earthquake Research Institute, University 

of Tokyo:                            http://www.eri.u-

tokyo.ac.jp/eqvolc/ 201103_tohoku/

http://earthquake.usgs.gov/earthquakes/
http://www.eri.u-tokyo.ac.jp/eqvolc/201103_tohoku/


Ryukyu and Manila Subduction Zones near Taiwan
(After Hsu et al.,2014)





Regional Seismicity in Southern Ryukyu and 

Northern Malina subduction zones

(19730101-20110610, M>4)





Megathrust Earthquake Potential in Southern 

Ryukyu Subduction Zone (After Lin et al.,2014)





Megathrust Earthquake Potential in Northern 

Manila Subduction Zone (Hsu et al.,2012&2014)



Megathrust Earthquakes (M>8.5) since 2004



20110311 M9.0 Tohoku Earthquake and 

Its Major Aftershocks and Triggered Earthquakes



Regional Seismicity (M>4) in Tohoku Area

19730101-20110610



Seismicity Cross Section across Northern Japan



M>5 Background Seismicity (Left,1974-2003) and 

Aftershocks (Right, in 3 months) of M9 Tohoku Earthquake

Total Number: Left=680; Right=655



20100227 M8.8 Earthquake in Chile



Regional Seismicity (M>4) in Chile

19730101-20110610



Seismicity Cross Section in Chile



M>5 Background Seismicity (1974-2003) and Aftershocks 

(in first 3 months) of the 20100227 Chile Earthquake

Total Number: Left=252; Right=313



The 20041226 M9.1 Earthquake in Northern Sumatra

and Its Major Aftershocks and Triggered Earthquakes



Regional Seismicity surrounding the 20041226 

M9.1 Earthquake (19730101-20110610, M>4) 



Seismicity Cross Section in Northern Sumatra



M>5 Background Seismicity (Left,1974-2003) and Aftershocks (Right, in 3 

months) of the 20041226 Sumatra-Andaman Earthquake

Total Number: Left=350; Right=492



Epicenter of 20050328 M8.6 Earthquake and the 

Surrounding Seismicity since 1990



Regional Seismicity about the 20050328 Earthquake

(19730101-20110610, M>4)



M>5 Background Seismicity (Left,1974-2003) and 

Aftershocks (Right, in 3 months) of the 20050328 Earthquake

Total Number: Left=190; Right=159



Regional Seismicity around the 20070912 M8.5 

Earthquake in Southern Sumatra since 1990



Regional Seismicity in Southern Sumatra

(19730101-20110610, M>4)



Seismicity Cross Section in Southern Sumatra



M>5 Background Seismicity (Left,1974-2003) and Aftershocks 

(Right, in 3 months) of the 20070912 M8.5 Earthquake

Total Number: Left=252; Right=114 



Background Seismicity and Aftershock Activity of 

Recent Megathrust Earthquakes (M>5, H<70 km)

Earthquake 20110311

M9.0          

20100227

M8.8

20070912

M8.5

20050328

M8.6

20041226

M9.1

No. of 

Aftershocks

(in 3 months)

655 313 114 159 492

Background 

seismicity

(1974-2003)

680 252 252 190 350

Ratio 0.96 1.24 0.45 0.84 1.41



Regional Seismicity in Southern Ryukyu

(19730101-20110610, M>4)

Total Number of M>5.0 Events= 217



Seismicity Cross Section in Ryukyu Islands



Regional Seismicity in Northern Luzon-Taiwan Area

(19730101-20110610, M>4)

Total Number of M>5.0 Events= 328



Background Seismicity Rates (1974-2003, H<70 km) of Recent Megathrust 

Earthquakes and S. Ryukyu and N. Manila Subduction Zones

M>= 5.0 6.0 7.0 8.0 9.0

20110311

M9.0

680

(655)

68

(66)

6

(4)

0

(1)

0

(1)

20100227

M8.8

252

(313)

32

(24)

6

(1)

0

(1)

0

(0)

20070912

M8.5

252

(114)

22

(11)

4

(3)

0

(1)

0

(0)

20050328

M8.6

190

(159)

21

(15)

4

(1)

0

(1)

0

(0)

20041226

M9.1

350

(492)

26

(26)

2

(2)

0

(1)

0

(1)

S.Ryukyu

M?

217 12 1 0 0

N. Manila

M?

326 26 2 0 0



Potential Hazards of Megathrust Earthquakes

• Long-duration strong ground shakings 

over large areas.

• Giant trans-oceanic tsunamis.

• Major submarine landslides.

• Major foreshocks, aftershocks and distant 

triggered earthquakes.

• Permanent coastal subsidence or uplift. 



Summary

• Megathrust earthquakes (M>8.5) occurred in relatively 
fast subduction zones where the subducting oceanic 
plate extends continuously laterally and penetrates down 
to depth greater than 150 km.

• Aftershock activities might spread outward into the 
oceanic plate beyond areas of background seismicity.

• Number of aftershocks in the first three months could 
exceed that of the background seismicity in thirty years 
over the same area.

• Both southern Ryukyu and northern Manila subduction 
zones near Taiwan possess common characteristics for 
potential megathrust earthquakes.

• Unique issues related to assessing and mitigating 
potential hazards of megathrust earthquakes call for 
serious attention.



Thank You Very Much !



Regional Seismicity in Northern Luzon-Taiwan Area

(19730101-20110610, M>4)

Total Number of M>5.0 Events= 328



Regional Seismicity in Northern Luzon-Taiwan Area

(19730101-20110610, M>4)

Total Number of M>5.0 Events= 328


