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Lesson to be learned
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Fault Models 
geometry, length, 
width and location

Deformation Models 
block rotation, sliprate 
Eq. moment calculation

Eq-Rate Models 
long-term rate of 

earthquake

Probability Models 
Eq-rate model during 
a specified time-span

Probabilistic Seismic  
Hazard Analysis



Earthquake Sources in Probabilistic Seismic Hazard

Amplification

BedrockEarthquake generation

Wave propagation

STEP-1

STEP-2
STEP-3

Surface

Earthquake 
source definition

Seismic hazard 
(PSHA)

Earthquake risk
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Earthquake sources

USGS, 2013

IntraplateInterplate
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Displacement model (subduction source)

South

δ
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Elastic dislocation model (Okada, 1985)

North-dipping fault, width 100km
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Displacement model (fault source)

F

F
S = Coseismic offset 
      (how to observe ?)

S = Surface rupture from 
shallow earthquake

Fault trace

S
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A new available geodetic observation data 
(2010-2015)



A new available : geodetic displacement rate 
(2010-2015)



Earthquake source models of Indonesia

Java trench

Timor trough

Back-arc thrust
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Earthquake source models of Indonesia

Java trench

Timor trough

Back-arc thrust
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Which one has higher  
earthquake potential?



Sunda

Australia

Banda

Timur

Kepala BurungMaluku

Pasifik

Ph

DeMets et al., 2010



A new available : geodetic strain-rate (2010-2015)



Tectonics of eastern Indonesia

Java trench
Timor trough

Bali-flores thrust Wetar-alor thrust
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Tectonics of eastern Indonesia

Java trench
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Tectonics of  Eastern Indonesia

Java trench

Timor trough

Wetar-alor thrust
Bali-flores thrust
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GPS observation more than 3 years



GPS velocity at Eastern Indonesia

<2cm 2-4cm >4cm
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Eastern Indonesia

Blue	numbers	–	fault	normal	motion,	divergence	(pos)	or	convergence	(neg)	
Red	numbers	–	fault	parallel	motion,	right-lateral	(pos)	or	left-lateral	(neg)

Long-term	slip	rates	(excluding	strain	accumulation)	

-65.5 -56.8 -45 -38.7 -32.5 -15.4
-12.5

-11.2 -8.1

-36.6 -29.1 -22.3
-13.9 -19.8 -23.2

Java trench
Timor trough

Bali-flores thrust
Wetar-alor thrust

11.2
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Eastern Indonesia

11.2

Diskusi sumber gempa di Jawa Timur, Kampus ITS, 2016 , Irwan Meilano



Research Question 

Can we see any evidence of strain/stress 
accumulation in the Eastern of Java ?
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Parameter of rigid body rotation (Sunda)
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Displacement velocity 2010-2012 (wrt ITRF08) 
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Displacement velocity 2010-2012
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Distribution of interplate coupling
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Distribution of interplate coupling

postseismic  
deformation 
2006 Eq

Interplate coupling

Interplate coupling

Diskusi sumber gempa di Jawa Timur, Kampus ITS, 2016 , Irwan Meilano



Interplate coupling

Interplate coupling

Distribution of interplate coupling
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Implication to seismic hazard

Sunda 1 
(Mw 8.2)

Sunda 2 
(Mw 8.1)

Sunda 
3(Mw 8.1) Sunda 4 

(Mw 8.1) Sunda 5 
(Mw 8.1) Sunda 6 

(Mw 8.1)
Sunda 7 
(Mw 8.1)

Back arc 1 Back arc 2 Back arc 3cimandiri

Lembang

Lampung 1

Lampung 2

Opak

X
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Implication to seismic hazard

Sunda 1 
(Mw 8.2)

Sunda 2 
(Mw 8.1)

Sunda 
3(Mw 8.1)

Sunda 4 and 5 
(Mw 8.5) Sunda 6 

(Mw 8.1)
Sunda 7 
(Mw 8.1)

Back arc 1 Back arc 2 Back arc 3cimandiri

Lembang

Lampung 1

Lampung 2
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Research Question 

Can we see any evidence of strain/stress 
accumulation in the Eastern of Java ?



Baribis Kendeng Thrust

• Baribis-Kendeng Thrust: developed in the Late Neogene, 
since the cessation of and during oceanward migration of the 
tertiary subduction zone the south (Simandjuntak, 1995) 

• To the east the thrust extends through Bali-Sumbawa straits to 
the Flores sea
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Purnomo and Pichler, 2014



Baribis Kendeng Thrust

The northward thrusting in north Java is part of contractional 
deformation of a large wedge north of the trench, with 
compression between the trench and a backstop. (Hamilton, 
2007)
The thrusting is Early Miocene or younger, but at present we cannot be 
certain of its exact age, nor if there was more than one episode of 
thrusting. (Hamilton, 2007)

(Hall et al., 2007)



Kendeng Thrust

Simandjuntak dan Barber 1996

• Back thrust initiated 
and caused the 
development of the 
Sunda orogeny, giving 
rise to the formation 
of the fold and thrust 
belt whis was coupled 
with Late Neogene 
plutonic instrusion, 
causing the uplift of 
mountain ranges in 
souther Java.



Kendeng Thrust

Smyth et al., 2008



Kendeng Thrust

Smyth et al., 2008
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Kendeng Thrust

Smyth et al., 2008
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Fault in Java : Kendeng Fault Zone
Slip rate : 0.5 cm/yr 
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Fault in Java : Kendeng Fault Zone
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Conclusion

• Our results draw a new kinematic framework for active 
deformation in the eastern Sunda-Banda Arc, highlighting 
the need to reconsider the level of seismic hazard there. 

• The Kendeng thrust passes through the souther outskirts 
of Surabaya, Indonesia’s second largest city with a 
population of over 2.5 million, and traverses a 300 km 
length of East Java.



Unsolved Question !

• Is Kendeng fault form a single-long fault or segmented 
into smaller segment ? 

• How big is the maximum magnitude of the earthquake ? 

• Where is the western edge of the Kendeng fault ? 

• What is the hazard implication of Kendeng fault ?

Collaborative research is needed




