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WHAT IS THE MAIN FACTOR CONTROLLING THE SUKADANA BASALT IN THE SUMATRA BACK ARC?
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ABSTRACT. The mechanism of the presence of the Sukadana basalt in the back arc of Sumatra is still an enigma, 
especially since the Sukadana basalt has a wide coverage area in Sumatra Island and even the Sunda Arc. In this study, 
we used the published research data as the main contributor to an in-depth analysis to determine the mechanism of the 
presence of Sukadana basalt in the back arc. This study is supported by other studies from different regions around the 
world. These strengthen our conclusion that the emergence of Sukadana basalt on the surface is controlled by extensional 
deformations associated with the northwest-southeast-trending normal fault, which are formed by the mechanism of 
gravitational subsidence due to the movement of the Sumatra fault. In this study we suppose that the Nishimura fracture 
is a sinistral strike-slip fault as it is consistent with the Riedel shear model.
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ЧТО ЯВЛЯЕТСЯ КОНТРОЛИРУЮЩИМ ФАКТОРОМ БАЗАЛЬТОВ СОКАДАНА  
СУМАТРИНСКОЙ ОСТРОВНОЙ ДУГИ?

Л.П. Сирингоринго1,2, Б. Сапийе1, А. Рудьяван1, И.Г.Б.Э. Сусипта1

1 Бандунгский технологический институт, 40132, Бандунг, Индонезия
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АННОТАЦИЯ. Механизм присутствия базальтов Сокадана в Суматринской островной дуге до сих пор остает­
ся загадкой, тем более что базальты Сокадана имеют очень широкую зону охвата, включающую в себя Суматру 
и даже Зондскую дугу. В данной статье использованы опубликованные исследовательские данные в качестве ос­
новного материала для проведения углубленного анализа с целью определения механизма присутствия базаль­
тов Сокадана в островной дуге. Результаты данного исследования подтверждаются другими исследованиями из 
разных регионов мира, что делает полученные научные выводы более весомыми. Авторы статьи считают, что 
выход базальтов Сокадана на поверхность контролируется деформациями растяжения, связанными с система­
ми сбросов северо­западного – юго­восточного простирания, которые формируются по механизму гравитаци­
онного опускания за счет движения Суматринского разлома. В этом исследовании также высказано мнение, что 
разлом Нишимура является левосторонним сдвигом, поскольку он согласуется с моделью Риделя.

КЛЮЧЕВЫЕ СЛОВА: базальты Сокадана; островная дуга; Зондский пролив; Суматринский разлом; сброс

ФИНАНСИРОВАНИЕ: Данная публикация является частью докторской подготовки одного из авторов. Иссле­
дование выполнено при финансовой поддержке Суматринского технологического института в контексте про-
граммы докторских стипендий.

1. INTRODUCTION
The Sukadana Basalt Province is located in the back 

arc of Sumatra, precisely in the province of Lampung, 
Indonesia (Fig. 1, a). The Sukadana basalt province is very 
close to the Sunda Strait which is a transitional zone be-
tween oblique subduction in Western Sumatra and perpen-
dicular subduction in Southern Java [Barber et al., 2005; 
Huchon, Le Pichon, 1984; Malod et al., 1995]. The impact 
of these different patterns of subduction has indirectly led 
to the formation of the Sunda Strait grabens since the Late 
Miocene [Susilohadi et al., 2009]. However, the relation-
ship between the development of the Sunda Strait and the 
emergence of Sukadana basalt in the back arc of Sumatra 
is still not clearly understood. In addition, the cinder cones 
found in the Sukadana basalt province can form four linea-
ment patterns that are believed to be related to the di-
rection of the main structures controlling the presence of 
Sukadana basalt on the earth’s surface (Fig. 1, b). However, 
which pattern is correct? This study seeks to answer the 
question.

This study will determine the mechanism of the emer-
gence of Sukadana basalt on the surface, including the 
structure type and its trend, and develop a new tectonic 
model for the southern Sumatra region.

2. METHOD
The method used was involved in an in-depth analy-

sis of the studies conducted by [Susilohadi et al., 2009; 
Pramumijoyo, Sebrier, 1991]. Both studies focused on the 
Sunda Strait region. We observed that there is a connec-
tion between these two studies. We integrated the results 
of both studies to obtain a more complete and a clearer  

picture of the geological and tectonic structures in the 
Sunda Strait, including our study area (Sukadana basalt 
province). In addition, to confirm the results of our analy­
sis, we also used the published research data from other 
regions in the world related to the occurrence of basalt in 
continental plate.

3. RESULTS AND DISCUSSION
In work [Susilohadi et al., 2009] stated that the Sumatran 

fault began to form during the Middle Miocene. The forma-
tion of this fault initiated the opening of the Sunda Strait 
in the early Late Miocene. The opening of the Sunda Strait 
was controlled by normal faults, indicating that the open-
ing was an extensional deformation. The Sumatran fault is 
believed to continue to the southern part of West Java, re-
sulting in the formation of a pull-apart basin in the western 
part of the Sunda Strait.

The opening of the western part of the Sunda Strait 
triggered extensional deformation in the eastern part of 
the strait. However, the type of deformation that occurred 
was not directly caused by gravitational subsidence rather 
than by the movement of the Sumatran fault (tectonic set-
ting) [Pramumijoyo, Sebrier, 1991]. This extensional de-
formation gave rise to the formation of normal faults in the 
Panjang, Menango and West Banten coastal areas (Fig. 2). 
In the Panjang area, where Mount Rajabasa is also located, 
normal fault is evident from the contrasting morphological 
changes from steep hills to coastal plains. An interesting fea-
ture of the Panjang normal fault is its pattern parallel with 
the Sumatran fault. This parallel pattern can be observed 
in the Sukadana basalt province, which also has a north-
west-southeast pattern (see Fig. 1, b; Fig. 2). The surface  
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Fig. 1. The position of Sukadana basalt is located in the Lampung province and the back arc of Sumatra(a), and four lineament patterns 
of cinder cones (b). These are believed related to the direction of the main structures controlling the presence of Sukadana basalt on 
the earth’s surface.
Рис. 1. Базальты Сокадана в провинции Лампунг и Суматринской островной дуге (a) и четыре линеамента в зоне шлаковых 
конусов (b). Линеаменты, предположительно, связаны с направлением основных структур, контролирующих размещение 
базальтов Сокадана на поверхности Земли.

Fig. 2. Integrated structural interpretation [Pramumijoyo, Sebrier, 1991; Susilohadi et al., 2009], interpretation of normal faults in the 
Sukadana basalt, and the comparison between the Nishimura fracture and the Riedel shear model (insert figure).
Рис. 2. Интегрированная структурная интерпретация [Pramumijoyo, Sebrier, 1991; Susilohadi et al., 2009], интерпретация  
сбросовых нарушений базальтов Сокадана и сравнение разлома Нишимура с моделью Риделя (врезка).
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structural pattern revealed by the Geological Survey Cen-
ter of Indonesia is the same as those of the Panjang fault 
and Sumatra fault. This confirms the existence of the 
Panjang fault and its orientation parallel with the Sumatra 
fault.

The Sukadana basalt province is located not far from 
the Panjang normal fault, approximately 40 km north of it. 
As explained in the previous paragraph, the pattern of the 
Sukadana basalt province has a northwest-southeast direc-
tion that is parallel to the Panjang fault. Their close proximi-
ty and similar structural direction imply that the Sukadana 
basalt province has the same genesis as the Panjang fault. 
Furthermore, the Quaternary age of the Sukadana basalt 
province [Nishimura et al., 1986; Soeria-Atmaja et al., 1986] 
is an additional confirmation that the formation of the fault 
controlling the presence of Sukadana basalt on the surface 
is coeval with the Panjang fault.

The emergence of the Sukadana basalt magma on the 
earth’s surface is controlled by normal faults resulting 
from gravitational subsidence. Long before the Quaternary 
age, the process of subduction rollback occurred during 
the Late Eocene till the Early Miocene [Pubellier, Morley, 
2014]. This process causes the back arc experienced ex-
tensional deformation [Chen et al., 2016; Schellart, Moresi, 
2013; Xue et al., 2022]. There is a possibility that the nor-
mal fault in the Sukadana basalt is a reactivated pre-ex-
isting fault. Furthermore, we believe that the presence of 
the Sukadana basalt on the surface is controlled by nor-
mal faults because the most likely structure for magma 
to emerge at the surface is an extensional fault [Ayalew 
et al., 2018; De Souza et al., 2013; Faccenna et al., 2010; 
Shahraki, 2013; Wang et al., 2015; Yan et al., 2018; Zi et 
al., 2019].

In addition to the mechanism of the presence of Sukadana 
basalt on the surface, we also highlight the Nishimura vol-
canic lineament extending across the Sunda Strait which 
stretches from the Panaitan Island along the Anak Krakatau, 
Sebesi and Sebuku islands, the Rajabasa Volcano to the 
Sukadana basalt plateau, from SSW to NNE [Harjono et al., 
1991; Nishimura et al., 1986]. The presence of this vol-
canic configuration is believed to be controlled by an un-
known type of geological structure. Observed configura-
tion of the Sumatra strike-slip fault that continues to the 
west of the Sunda Strait and the Nishimura volcanic linea-
ment implies matching with the Riedel shear model (Fig. 2). 
Therefore, the type of fracture that controls the presence 
of the Panaitan, Anak Krakatau, Sebesi and Sebuku islands 
is a sinistral strike-slip fault. This interpretation is also 
supported by the similarity of geochemical characteristics, 
namely the calc-alkaline composition from the Sukadana ba-
salt province, Sebesi, Sebuku, Anak Krakatau and Panaitan 
islands [Nishimura et al., 1986].

4. CONCLUSIONS
There are two main findings in this study, namely:
а) the presence of Sukadana basalt on the surface is 

controlled by the northwest-southeast normal faults re-
sulting from extensional deformation called gravitational  

subsidence. Therefore, the presence of Sukadana basalt on 
the surface is still indirectly influenced by the movement 
of the Sumatra fault;

b) based on the similarity of configurations of normal 
fault structures related to the Sumatra fault dynamics and 
of the Nishimura fracture with the Riedel shear model, it 
can be concluded that the Nishimura fracture is a sinistral 
strike-slip fault.

5. ACKNOWLEDGMENTS
We are grateful to Sukadana society, ITB staff, Google, 

ESRI, QGIS developer, Lampung Province government, and 
geological students for their kind assistance during the 
field. We would also like to express our appreciation to the 
journal editor and reviewers for valuable and insightful 
feedback. The constructive comments have significantly 
contributed to the improvement of our manuscript.

6. CONTRIBUTION OF THE AUTHORS
All authors made an equivalent contribution to this ar-

ticle, read and approved the final manuscript.

7.DISCLOSURE
The authors declare that they have no conflicts of in­

terest relevant to this manuscript.

8. REFERENCES
Ayalew D., Jung S., Romer R.L., Garbe-Schönberg D., 2018. 

Trace Element Systematics and ND, SR and Pb Isotopes of 
Pliocene Flood Basalt Magmas (Ethiopian Rift): A Case for 
Afar Plume-Lithosphere Interaction. Chemical Geology 493, 
172–188. https://doi.org/10.1016/j.chemgeo.2018.05.037.

Barber A., Crow M., Milson J. (Eds), 2005. Sumatra: Ge-
ology, Resources and Tectonic Evolution. Vol. 31. Geological 
Society of London, 290 p. https://doi.org/10.1144/GSL.
MEM.2005.031.

Chen Z., Schellart W.P., Strak V., Duarte J.C., 2016. Does 
Subduction-Induced Mantle Flow Drive Backarc Extension? 
Earth and Planetary Science Letters 441, 200–210. https://
doi.org/10.1016/j.epsl.2016.02.027.

De Souza Z.S., Vasconcelos P.M., Knesel K.M., da Silveira 
Dias L.G., Roesner E.H., Cordeiro de Farias P.R., de Morais 
Neto J.M., 2013. The Tectonic Evolution of Cenozoic Ex-
tensional Basins, Northeast Brazil: Geochronological Con-
straints from Continental Basalt 40Ar/39Ar Ages. Journal of 
South American Earth Sciences 48, 159–172. https://doi.
org/10.1016/j.jsames.2013.09.008.

Faccenna C., Becker T.W., Lallemand S., Lagabrielle Y., 
Funiciello F., Piromallo C., 2010. Subduction-Triggered Mag-
matic Pulses: A New Class of Plumes? Earth and Planetary 
Science Letters 299 (1–2), 54–68. https://doi.org/10.10 
16/j.epsl.2010.08.012.

Harjono H., Diament M., Dubois J., Larue M., Zen M.T., 
1991. Seismicity of the Sunda Strait: Evidence for Crustal 
Extension and Volcanological Implications. Tectonics 10 
(1), 17–30. https://doi.org/10.1029/90TC00285.

Huchon P., Le Pichon X., 1984. Sunda Strait and Central 
Sumatra Fault. Geology 12 (11), 668–672. https://doi.org/ 

https://www.gt-crust.ru
https://doi.org/10.1016/j.chemgeo.2018.05.037
https://doi.org/10.1144/GSL.MEM.2005.031
https://doi.org/10.1144/GSL.MEM.2005.031
https://doi.org/10.1016/j.epsl.2016.02.027
https://doi.org/10.1016/j.epsl.2016.02.027
https://doi.org/10.1016/j.jsames.2013.09.008
https://doi.org/10.1016/j.jsames.2013.09.008
https://doi.org/10.1016/j.epsl.2010.08.012
https://doi.org/10.1016/j.epsl.2010.08.012
https://doi.org/10.1029/90TC00285
https://doi.org/10.1130/0091-7613(1984)12%3C668:SSACSF%3E2.0.CO;2


https://www.gt-crust.ru 5

Geodynamics & Tectonophysics 2023 Volume 14 Issue 5Siringoringo L.P. et al.: What Is the Main Factor Controlling...

10.1130/0091-7613(1984)12%3C668:SSACSF%3E 
2.0.CO;2.

Malod J.A., Karta K., Beslier M.O., Zen M.T., 1995. From 
Normal to Oblique Subduction: Tectonic Relationships be-
tween Java and Sumatra. Journal of Southeast Asian Earth 
Sciences 12 (1–2), 85–93. https://doi.org/10.1016/0743-
9547(95)00023-2.

Nishimura S., Nishida J., Yokoyama T., Hehuwat F., 1986. 
Neo-Tectonics of the Strait of Sunda, Indonesia. Journal of 
Southeast Asian Earth Sciences 1 (2), 81–91. https://doi.
org/10.1016/0743-9547(86)90023-1.

Pramumijoyo S., Sebrier M., 1991. Neogene and Qua-
ternary Fault Kinematics around the Sunda Strait Area, 
Indonesia. Journal of Southeast Asian Earth Sciences 6 
(2), 137–145. https://doi.org/10.1016/0743-9547(91)9 
0106-8.

Pubellier M., Morley C.K., 2014. The Basins of Sundaland 
(SE Asia): Evolution and Boundary Conditions. Marine and 
Petroleum Geology 58 (B), 555–578. https://doi.org/10. 
1016/j.marpetgeo.2013.11.019.

Schellart W.P., Moresi L., 2013. A New Driving Mechanism 
for Backarc Extension and Backarc Shortening through Slab 
Sinking Induced Toroidal and Poloidal Mantle Flow: Results 
from Dynamic Subduction Models with an Overriding Plate. 
Journal of Geophysical Research: Solid Earth 118 (6), 3221–
3248. https://doi.org/10.1002/jgrb.50173.

Shahraki M., 2013. Dynamics of Mantle Circulation and 
Convection: The Signatures in the Satellite Derived Gravity 
Fields. Doctoral Thesis. Frankfurt, 250 p.

Soeria-Atmaja R., Maury R., Bougault H., Joron J., Bellon H., 
Hasanunddin D., 1986. Présence de Tholeiites d’Arrière-Arc 
Quatenariés en Indonésie: Les Basaltes de Sukadana (Sud 
de Sumatra). In: Actes de la 11e Réunion des Sciences de la 
Terre (Clermont-Ferrand), p. 168.

Susilohadi S., Gaedicke C., Djajadihardja Y., 2009. Struc-
tures and Sedimentary Deposition in the Sunda Strait, 
Indonesia. Tectonophysics 467 (1–4), 55–71. https://doi.
org/10.1016/j.tecto.2008.12.015.

Wang Y., Santosh M., Luo Z., Hao J., 2015. Large Igneous 
Provinces Linked to Supercontinent Assembly. Journal of 
Geodynamics 85, 1–10. https://doi.org/10.1016/j.jog.2014. 
12.001.

Xue K., Schellart W.P., Strak V., 2022. Overriding Plate 
Deformation and Topography during Slab Rollback and 
Slab Rollover: Insights from Subduction Experiments. Tec-
tonics 41 (2), e2021TC007089. https://doi.org/10.1029/ 
2021tc007089.

Yan Q., Shi X., Metcalfe I., Liu S., Xu T., Kornkanitnan N., 
Sirichaiseth T., Yuan L., Zhang Y., Zhang H., 2018. Hainan 
Mantle Plume Produced Late Cenozoic Basaltic Rocks in 
Thailand, Southeast Asia. Scientific Reports 8, 2640. https://
doi.org/10.1038/s41598-018-20712-7.

Zi J.W., Haines P.W., Wang X.C., Jourdan F., Rasmussen B., 
Halverson G.P., Sheppard S., Li C.F., 2019. Pyroxene 40Ar/39Ar 
Dating of Basalt and Applications to Large Igneous Prov-
inces and Precambrian Stratigraphic Correlations. Journal 
of Geophysical Research: Solid Earth 124 (8), 8313–8330. 
https://doi.org/10.1029/2019JB017713.

https://www.gt-crust.ru
https://doi.org/10.1130/0091-7613(1984)12%3C668:SSACSF%3E2.0.CO;2
https://doi.org/10.1130/0091-7613(1984)12%3C668:SSACSF%3E2.0.CO;2
https://doi.org/10.1016/0743-9547(95)00023-2
https://doi.org/10.1016/0743-9547(95)00023-2
https://doi.org/10.1016/0743-9547(86)90023-1
https://doi.org/10.1016/0743-9547(86)90023-1
https://doi.org/10.1016/0743-9547(91)90106-8
https://doi.org/10.1016/0743-9547(91)90106-8
https://doi.org/10.1016/j.marpetgeo.2013.11.019
https://doi.org/10.1016/j.marpetgeo.2013.11.019
https://doi.org/10.1002/jgrb.50173
https://doi.org/10.1016/j.tecto.2008.12.015
https://doi.org/10.1016/j.tecto.2008.12.015
https://doi.org/10.1016/j.jog.2014.12.001
https://doi.org/10.1016/j.jog.2014.12.001
https://doi.org/10.1029/2021tc007089
https://doi.org/10.1029/2021tc007089
https://doi.org/10.1038/s41598-018-20712-7
https://doi.org/10.1038/s41598-018-20712-7
https://doi.org/10.1029/2019JB017713

