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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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YTO ABJISETCA KOHTPOJIUPYIOILLUM PAKTOPOM BA3AJIBTOB COKAZIAHA
CYMATPUHCKOM OCTPOBHOM AYTU?

JLII. Cupunropunro'?, b. Canuiie!, A. PyabsiBan!, U.I.LB.J. Cycunra'

! BaHyHTCKUM TeXHOJIOruYecKUd HHCTUTYT, 40132, BauyHr, UnoHe3us
2CyMaTpUHCKHUIN TEXHOJIOTUUECKUH UHCTUTYT, 35365, F0xkHbI# JlamnyHr, UH10He3us

AHHOTALIMS. MexaHu3M npucyTcTBUs 6a3aabToB CokaZaHa B CyMaTPUHCKON OCTPOBHOM AyTe [I0 CUX IOP OCTaeT-
csl 3aralkoi, TeM 6oJiee 4TO 6a3aibThl COKaZlaHa MMEIOT O4eHb LIMPOKYIO 30HY OXBaTa, BKJIlOYarllyto B ce6s Cymatpy
Y Jaxke 30H/CKYIO AyTy. B 1aHHOM cTaThbe HCII0/1b30BaHbI ONy6JIMKOBaHHbIE HCCIeJ0BaTe/IbCKHe JaHHbIe B Ka4yeCTBe OcC-
HOBHOT0 MaTepuaJia /iJ1s IpoBe/ieHus YIJ1y6JIeHHOT 0 aHa/IM3a C LjeJIblo ONpe/ie/leHUsl MexaHM3Ma NPUCYTCTBUSA 6a3alb-
ToB COoKa/laHa B OCTPOBHOM Ayre. Pe3ynbTaThl JAHHOTO HCCIe/,0BaHUSA TOATBEPKAAIOTCS APYTUMU HCCIe,0BAHUSMU U3
pa3HbIX PeTMOHOB MUPA, YTO JleJlaeT MoJydyeHHble HayuHble BbIBOJbl 60Jlee BECOMbIMU. ABTOPBI CTaTbH CUUTAIOT, YTO
BbIX0/, 6a3a/1bTOB COKa/flaHa Ha MOBEPXHOCTb KOHTPOJIUPYyeTcs JepopMallusiMu PacTs>KeHUs, CBI3aHHBIMU C cHUCTeMa-
MU cOPOCOB CeBepo-3aMaZHOT0 — I0r0-BOCTOYHOTr0 IPOCTUPAHUS, KOTOPble GOPMUPYIOTCSA 110 MEXaHU3My IpaBUTalU-
OHHOTO OITyCKaHHUs 3a cueT ABKeHUs1 CyMaTpUHCKOI0 pa3joMa. B 3ToM Hcciejo0BaHUM TaKKe BbICKa3aHO MHEHUE, 4TO
passioM Humnmypa siBjsieTcsl 1€eBOCTOPOHHUM CJIBUI'OM, [IOCKOJIBKY OH COIJIACyeTCsl C MoJiesiblo Puzessi.

KJ/IKOYEBBIE CJIOBA: 6a3anbThl CoKaJlaHa; OCTPOBHAs yra; 30HCKUM npoinB; CyMaTpUHCKUN pas3JyioM; c6poc

®UHAHCUPOBAHME: [lanHas ny6/IMKalvs sBISETCS YaCThIO JOKTOPCKOM MOJArOTOBKYU OAHOT0 U3 aBTOpoB. Hcciie-
JloBaHUe BBINOJHEHO NpU GUHAHCOBOH nojepxkke CyMaTPUHCKOTO TEXHOJIOTMYECKOT'0 UHCTUTYTA B KOHTEKCTe MPo-

rpaMMbl JOKTOPCKHUX CTHHeHAHﬁ.

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.

Puc. 1. Bazanbrel CokazaHa B npoBUHLMHU JlaMnyHTr 1 CyMaTpUHCKON OCTPOBHOM Ayre (a) U YeThIpe JIMHEAMEHTA B 30HE IJIAKOBbIX
KOHyCOB (b). J/InHeaMeHTbI, IPE/I0JI0KUTENBHO, CBSA3aHbI C HAIIPaBJEHWEM OCHOBHBIX CTPYKTYP, KOHTPOJIHUPYIOIMX pa3MelleHHe
6asaynbToB CoKa/laHa HAa NOBEPXHOCTH 3EMUIM.
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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).

Puc. 2. UHTerpupoBaHHas CTPYKTypHasi uHTepnperayus [Pramumijoyo, Sebrier, 1991; Susilohadi et al., 2009], unTepnpeTanus
cOpOCOBBIX HapyLIeHUH 6a3aabToB CoKasiaHa U cpaBHeHUe pasyioMa Humumypa ¢ Mmogenbio Pusens (Bpeska).
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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 [sland 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:
a) 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 mode], it
can be concluded that the Nishimura fracture is a sinistral
strike-slip fault.
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