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Convergent plate 
margins of the Earth 
characterized by 
ensimatic island arcs 
(underlain by oceanic 
crust), ensialic
island arcs (underlain 
by continental crust), 
and active
continental margins.

Convergent Plate Margins 

Frisch et al. (2011)
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Age of oceanic crust

Frisch et al. (2011)
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Hall (1999)mod. Hall (2012)

Australian Plate

Indian Plate

Pacific Plate
Philippine Plate

Eurasian Plate

Present Tectonic Setting

Carolina Plate
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Gaina & Muller (2007)

compiled by Awang Harun Satyana 18 March 2021 



Map showing contrasting plate-tectonic conditions along the Sunda Arc. In front of Sumatra, sediment of the thick Bengal fan are scraped-off and incorporated into the accretionary
wedge. This causes the outer ridge to emerge from the sea at this location ( Mentawai Ridge – see insert). In front of Java, the deep sea trench and the outer ridge are significantly
deeper. In front of Australia, the continental crust of the Sahul shelf is being subducted beneath the Sunda Arc; this causes a particularly strong uplift of the outer ridge (Timor Ridge)
and marks the initial stage of orogenesis. Frisch et al. (2011)co
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Simandjuntak and Barber (1996)

Samuel & Gultom (1984)

Sumatra tectonic setting
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Simandjuntak and Barber (1996)

Java and 
Lesser Sunda

tectonic setting
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Tektonik aktif
wilayah Indonesia, 
panah menunjukkan
relatif pergerakan
berdasarkan GPS
(Bock et al., 2003)

Pusgen (2017)
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Kondisi tektonik wilayah Indonesia berdasarkan data geodetik tahun 1995 hingga tahun 2016 (Susilo dkk., 2016)
Pusgen (2017)
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TUA
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Gempa di Indonesia hasil relokasi hingga 2016 (Katalog Pusgen, 2016)

Pusgen (2017)
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Peta episenter gempa merusak pada periode tahun 1938-2014 (Masturyono dkk., 2015) Pusgen (2017)
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Faizal –Pusgen (2020)
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Newsweek (December, 2005)

The term megathrust (Park et al., 2005) is used to refer to an 

extremely large thrust fault, typically formed at the plate 

interface along a subduction zone. Megathrust earthquakes 

occur at subduction zones at destructive convergent plate 

boundaries, where one tectonic plate is forced underneath 

another, caused by slip along the thrust fault that forms the 

contact between them. These interplate earthquakes are the 

planet's most powerful, with moment magnitudes (Mw) that 

can exceed 9.0. Since 1900, all earthquakes of magnitude 9.0 

or greater have been megathrust earthquakes.

Megathrust Earthquake

Lay et al. (2012)
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Indian oceanic plate subducts beneath Sumatra, Jawa, Bali, Lesser Sunda

Natawidjaja (2011)
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Peta regional struktur
yang berkembang di 
Sumatra (Diament dkk., 
1992; Malod and
Kemal, 1996; Samuel and 
Harbury, 1996), dan 
daerah rupture gempa
besar (Abercrombie dkk., 
2001; Ammon dkk., 2006; 
Briggs dkk., 2006), serta
fitur struktur utama di 
kerak Samudra.

Pusgen (2017)
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Pemutakhiran
Segmentasi
Megathrust 
Peta Gempa

Nasional 2017

Pusgen (2017)
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Widiyantoro et al. (2020)
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Gaina & Muller (2007)

Age of oceanic lithosphere

Each of megathrust zone should be characterized based on type of arc (continental or island arc), age of 
subducted slab, convergence rate 
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End-member types of subduction zone based on the age of the 
underthrusting lithosphere and the absolute motion of the overriding plate.

Uyeda & Kanamori, 1979; Stern, 2002;  Kearey et al., 2009 Pusgen (2017)compiled by Awang Harun Satyana 18 March 2021 



(a) Strong coupling between the oceanic and continental 
lithospheres results in great earthquakes and break off of 
the subduction lithosphere at shallow depths.
(b) Partial decoupling results in smaller earthquakes and 
continuous subduction. 

(c) Further decoupling results 
in aseismic events and 
intraplate tensional events.

(d) Sinking plate results in 
retreating subduction and 
formation of a new thin 
lithosphere. 

(e) Episodic retreat and 
formation of ridges.

(f) Decelerated retreat and 
commencemen of new 
subduction

Kanamori (1977)Inter-Plate Interaction Model

Ruff & Kanamori (1980)
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a) Penampang melintang (cross-
section) gempa untuk beberapa
zona di Indonesia.
b,c) Segitiga hitam adalah
simbol gunung api dan garis 
hitam menggambarkan
geometri slab subduksi dari
model slab 1.0 (Hayes dkk., 
2012)

Pusgen (2017)
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In a coupled convergent margin, 
• the downgoing plate pushes tightly against the overriding plate, so the plate boundary overall is 

under compression. As a consequence, large shear stresses develop across the contact, causing 
efficient offscraping and tectonic underplating, and therefore buildup of a large accretionary wedge. 

• This shear stress also triggers devastating earthquakes, and development of a contractional backarc
region. 

• Perhaps because compression squeezes crustal fractures closed, magma rises slowly, and therefore 
has time to fractionate and/or cause partial melting of adjacent continental crust produces 
intermediate to felsic magma. 

In an un-/de-coupled convergent margin, 
• the downgoing plate does not push tightly against the overriding plate, so compression across the 

margin is not great. As a consequence, shear stresses across the plate boundary are relatively small, 
and relatively little offscraping and underplating occurs. 

• thrust earthquakes at the boundary have smaller magnitude, in uncoupled systems we find 
extensional backarcs. 

• cracks in the overriding plate remain somewhat open, so mantle derived magmas rise directly to the 
surface before significant fractionation or crustal contamination occurs  produces mafic igneous rocks.

Coupled and Un-/Decoupled Subduction

Kanamori (1977), Uyeda & Kanamori (1979), Ruff & Kanamori (1980), Newcomb & Cann (1987), van der Pluijm & Marshak (2004 ), Stein & Okal (2007), Okal (2012)
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Seismicity, convergence rate, age of subducted slab

9.1-9.3 
Sumatra
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Seismisitas hasil relokasi
gempa-gempa Sumatera 
dengan magnitudo ≥ 4,0. 
Mekanisme fokus diambil
dari Global Centroid 
Moment Tensor (GCMT) 
(Dziewonski dkk., 1981; 
Ekström dkk., 2012)
untuk gempa dengan
magnitudo ≥ 6,0 (Shiddiqi, 
2015)

Pusgen (2017)
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Episenter gempa hasil relokasi di Pulau Jawa dan sekitarnya untuk event dengan kedalaman ≤ 100 km dan 
magnitudo ≥ 4. Mekanisme fokus merupakan solusi dari GCMT untuk gempa dengan magnitudo ≥ 6 (Shiddiqi, 2015)

Pusgen (2017)
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Daryono (2020)

compiled by Awang Harun Satyana 18 March 2021 



Darman et al. (2012)

Newcomb & Cann (1987)

Hall (2014)compiled by Awang Harun Satyana 18 March 2021 



Earthquake frequency 
since 1800 in the main 
subduction zones in 
Southeast Asia. The 
frequency is 
normalized by trench 
length (per 100 km) 
and adjusted by the 
convergence rate 
across the subduction 
zones

Shen-Tu (2016)

the Java Trench subduction zone is seismically least productive among the major subduction zones in the region, with the rate of
seismicity of moderate-to-large-magnitude earthquakes lower than other subduction zones by a factor of 5 to 8. The seismic 
coupling factor (or seismic factor)—the ratio of seismic energy released by an earthquake to the total energy accumulated—of 
the Java Trench subduction zone is less than 1%. Many scientists have postulated that much of the tectonic energy in the Java
Trench may be released aseismically (i.e., by aseismic deformation, such as fault creep) because of this comparatively very low 
seismic coupling factor and the absence of large-magnitude earthquakes in the past 100 to 200 years. Aside from an M8.0–8.5 
Java Trench earthquake in 1780 (the largest historical earthquake in the Java Trench), the trench has not had any earthquakes
larger than M8.0 in the known history (200 to 300 years).

Java Subduction Zone Earthquakes: The Worst Is Yet to Come (?)
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Bouguer gravity map of the Sunda–Andaman trench, fault plain solutions of 
large thrust earthquakes, topography & bathymetry



Grevemeyer & Tiwari (2006) compiled by Awang Harun Satyana 18 March 2021 

Age of the incoming oceanic lithosphere in million years & thermal model of subduction thrust faultGravity model



Pusgen (2017)
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Peta sesar aktif 
di Jawa yang 
teridentifikasi 
sampai saat ini 
yang terangkum 
dalam Peta
Gempa Nasional 
2017

Pusgen (2017)
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Pusgen (2017)

Wells & Coppersmith (1994)

WARU FAULT

SURABAYA FAULT
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REAKTIVASI PATAHAN/SESAR LAMA

Geologi UGM

Sumber Gempa
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Ilustrasi model sumber gempa sesar/fault (http://earthquake.usgs.gov/learn/glossary/)

Pusgen (2017)



Daryono (2020)co
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Peta episenter dan mekanisme fokus gempa di Jawa Barat. Perbedaan warna menunjukkan kedalaman yang berbeda. 
Kotak nomor satu sampai empat adalah klaster gempa yang kemungkinan berasosiasi dengan sesar di Jawa Barat 
(Supendi dkk., 2016) Pusgen (2017)
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MAGNITUDO GEMPA 4 KEDALAMAN 4 KM

www.its.ac.id INSTITUT TEKNOLOGI SEPULUH NOPEMBER, Surabaya - Indonesia

Widodo (2020)
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a) Peta episenter dan mekanisme fokus gempa hasil relokasi di Madiun selama bulan Februari
2016 dengan kedalaman dangkal ≤ 30 km. Lingkaran merah sampai kuning adalah hiposenter
gempa berdasarkan kedalaman. Segitiga terbalik warna biru adalah stasiun seismik BMKG yang 
digunakan b) Penampang vertikal B-B’ dari gempa-gempa di Madiun (Nugraha dkk., 2017)

Pusgen (2017)
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• Rembang-Madura-

Kangean-Sakala (RMKS) 

Fault Zone  - strike-slip 

faulting, inverted zone, 

simple shear deformation

• Kendeng Fault Zone  –

thrust and reverse faults, 

pure shear deformation

Deformation of 
East Java Basin
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• Back-arc basin bounded to the south by Quaternary volcanic arc and to the north by SE Sundaland platform

• Back-thrusting along the north of the arc develops Kendeng thrust belt along the southern margin of the basin

• Left-lateral transpression along the RMKS (Rembang-Madura-Kangean-Sakala) fault zone resulted in inversion of 
the basin deep and uplift along this trend

Bransden & Matthews (1992); Santos (2004)

Neogene Deformation of East Java Basin
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RMKS Fault Zone

INDEX MAP

Flower structure of the RMKS fault 
zone in the Kangean area

Satyana et al. (2004)

compiled by Awang Harun Satyana 18 March 2021 



Northeast Java 
Geologic Map

Lundin (2000)
Simo et al. (2011)
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SEISMISITAS JAWA TIMUR

www.its.ac.id INSTITUT TEKNOLOGI SEPULUH NOPEMBER, Surabaya - Indonesia

Seismisitas Jawa Timur

Widodo (2020)compiled by Awang Harun Satyana 18 March 2021 
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GEMPA DI SEPANJANG SESAR AKTIF

www.its.ac.id INSTITUT TEKNOLOGI SEPULUH NOPEMBER, Surabaya - Indonesia
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Widodo (2020)
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Delineasi Sesar Lasem
Menurut McBirney dkk. (2003) 
Relatif Terhadap Episenter
Gempa M6.8 Pada Tahun 1880

M 6.8 (?)

Pusgen (2017)
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Gempa tahun 2018

www.its.ac.id INSTITUT TEKNOLOGI SEPULUH NOPEMBER, Surabaya - Indonesia

M 6.4 (?)
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Pusgen (2017)
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FLORES BACKARC THRUST
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Konfigurasi daerah Bali - Nusa Tenggara dan Banda (Harris, 2011) Pusgen (2017)
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Pusgen (2017)

Sumber gempa di 
Nusa Tenggara 
(Busur Sunda Timur 
dan Busur Banda)
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Silver et al. (1983)
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Silver et al. (1986)

Flores 
back-arc thrust
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Silver et al. (1983)

Flores backarc thrust
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Fault plane solutions for shallow earthquakes

N-S cross sections of earthquake 
hypocenters and fault plane solutions

McCaffrey (1988)
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Letouzey et al. (1990)
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Structures to the north 
of Lombok and 

Sumbawa: 
Flores Back-Arc Thrust

Prasetyo (1992)

L 46 oil discovery well
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Episenter gempa hasil relokasi di zona transisi Sunda-Banda dan sekitarnya untuk event dengan kedalaman ≤ 150 km 
dan magnitudo ≥ 4. Mekanisme fokus merupakan solusi dari GCMT untuk gempa dengan magnitudo ≥ 6. Garis biru
putus-putus adalah posisi penampang data batimetri permukaan laut.

Pusgen (2017)
compiled by Awang Harun Satyana 18 March 2021 
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http://alexanderparera.blogspot.com/2011/04/

Flores Tsunami, 12 Dec. 1992 

Daryono (2020)compiled by Awang Harun Satyana 18 March 2021 



Kesimpulan

1. Tektonik Busur Sunda-Banda: Sumatra – Flores

• Karakter geologi dan tektonik yang berbeda, umur lempeng samudra yang subduksi makin tua dari Tersier ke
Kapur Bawah, dari 40 ke 125 juta tahun, zona Benioff makin curam, kopling makin lemah, dari kompresi ke
tension. 

2. Gempa Megathrust Jawa – Sumbawa

• Mungkinkah menghasilkan gempa megathrust >M 8+ (?), sulit meskipun bukan tidak mungkin dikarenakan
faktor subduksi yang berbeda dengan Sumatra.

3. Gempa Intra-Plate Jawa Timur

• Shallow background earthquake, mungkinkah menghasilkan gempa >M 6+ (?), sulit meskipun bukan tidak
mungkin sebab energi stress sekunder, propagasi gaya, dan sesar di bagian lebih ke tengah lempeng.

4. Gempa Back-Arc Thrust Bali – Flores

• Kerak transisi – samudra Sundaland-Banda yang menekan Busur Sunda-Banda, lebih aktif menggenerasikan
gempa-gempa di sebelah utara Bali sampai Flores dibandingkan gempa megathrust di sisi selatan yang 
dekopling.
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