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INTRODUCTION

In the framework of a deep-sea basin exploration 

in the frontier area particularly in the central and 

eastern Indonesia, Asikin and Safei (2008) proposed 

the application of   polyhistory basin concept, which 

GHDOV�ZLWK�EDVLQ�FODVVL¿FDWLRQ�IRUPHUO\�LQWURGXFHG�

by Kingston et al. (1983). However, there are three 

important parametres recognized in polyhistory 

basin concept that have to be considered in a sedi-

mentary basin analysis. Those are type of basement 

underlying the basins (continental, oceanicor tran-

sitional), tectonic environment, and type of plate 

boundaries.  

Different with on-land geology; offshore geology 

can not directly be examined as most information 

related to subsurface geology is resulted from ma-

rine geophysical investigations such as from marine 

magnetic surveys. According to Christopher et al. 

(1995), possible causes for strong magnetic highs are 

the presence of rock masses containing magnetite 

minerals such as gabbro, diorite, basalt, and other 

PD¿F� URFNV�� ,Q� FRQWUDVW�� LJQHRXV� URFNV�� VXFK� DV�

granite or rhyolite, and most sedimentary rocks are 

notably non-magnetic and may show up as distinct 

magnetic lows which are also mapable.  Advanced 

techniques and detailed analyses of magnetic data 

have been developed which can predict the depth, 

shape, and orientation of the basement below the 

VHDÀRRU�DV�RQH�RI�WKH�LPSRUWDQW�SDUDPHWHUV�UHTXLUHG�

in the polyhistory basin concept as proposed by 

Kingston et al. (1983).  

The Tomini Basin in Central Indonesia (Figure 1) 

so far remains relatively unknown and less studied in 

detail in the tectonic setting. On the basis of seismic 
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ABSTRACT

This paper presents the result of marine magnetic survey in Tomini Basin, Central Indonesia. On the basis 

of marine magnetic modeling, the main structural and geological elements of the basement of Tomini Basin 

DUH�LGHQWL¿HG��$W�WKH�FHQWUH�RI�WKH�EDVLQ��WKH�XS�GRPLQJ�IHDWXUH�SRLQWV�WR�DQ�HOHYDWHG�PDJQHWLF�VXVFHSWLELOLW\�

value. A geological model indicates that the entire basement of Tomini Basin is characterized by an oceanic-

like crust with a basin axis at the centre nearly an east-west direction and suggests a rift-related graben.  

.H\ZRUGs: Tomini Basin, magnetic, susceptibility, basement

SARI

Tulisan ini memaparkan hasil survei magnetik kelautan di Cekungan Tomini, Indonesia Bagian Tengah. 

Berdasarkan model magnetik kelautan, struktur utama dan elemen geologi batuan alas Cekungan Tomini dapat 

WHULGHQWL¿NDVL��'L�EDJLDQ�WHQJDK�FHNXQJDQ��JHMDOD�SHPEXEXQJDQ�PHQJDUDK�NHSDGD�DGDQ\D�SHQLQJNDWDQ�QLODL�

NHUHQWDQDQ�PDJQHWLN��0RGHO�JHRORJL�PHQXQMXNNDQ�EDKZD�VHOXUXK�EDWXDQ�DODV�&HNXQJDQ�7RPLQL�GLFLULNDQ�

oleh kerak samudra dengan sumbu cekungan terletak di tengah-tengah berarah hampir timur - barat, serta 

PHQXQMXNDQ�WHUEDQ�\DQJ�EHUKXEXQJDQ�GHQJDQ�SHUHJDQJDQ��SHPEHUDLDQ�WHNWRQLN���

Kata kunci: Cekungan Tomini, magnetik, kerentanan magnetik, batuan alas
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in the Tomini Basin consists of shallow marine 

deposits such as sandstones and reefs forming a 

potential petroleum system. In contrast, Kusnida 

and Subarsyah (2008) indicate alternating pulses 

of terrigenous sediments in the form of deep-sea 

slump-turbidite-pelagic sediments that changed 

JUDGXDOO\�LQWR�D�GHHS�VHD�SHODJLF�¿OO�V\VWHP�WRZDUG�

the centre of the basins. These two different opin-

ions may lead to the assumption that the Tomini 

Basin can possibly be underlain by continental or 

oceanic-like crust.

For these reasons, it was decided to conduct a 

marine magnetic interpretation from this area with 

the aim to portray the physical characteristics of the 

basement of Tomini Basin more clearly and to give 

D�EHWWHU�XQGHUVWDQGLQJ�IRU�VFLHQWL¿F�DQG�HFRQRPLF�

purposes. The study is limited to delineation of the 

lateral and vertical variations of rocks underlay the 

Tomini Basin represented by the magnetic suscep-

tibility distribution.

SETTING OF THE STUDIED AREA

The Gulf of Tomini (Figure 1) can be considered 

as a complex back arc basin of nearly east - west 

elongated-shaped depocentre, relating to the south-

ward dipping subduction of Sulawesi Sea Plate in 

Paleogene to the north. The gulf is characterized by 

a bathymetric low of slightly below 1500 m in the 

Tomini Basin in the west, and a bathymetric low of 

a slightly below 4000 m in the Gorontalo Basin to 

the east. The island group of Togian characterizing 

the NE-SW traversed highs together with the Una-

Una Islands, where the Colo Volcano is situated and 

separating the Tomini Basin from the Gorontalo 

Basin. 

However, Silver et al. (1983) shows the pres-

ence of dunite in Colo volcanic products which 

may indicate that the magma source had through 

an oceanic material that is possibly part of East Su-

lawesi Ophiolite Complex.  Permana et al. (2002) on 

the basis of seismological data shows two different 

patterns beneath the Colo Volcano which lead to the 

conclusion that the Tomini Basin was formed by the 

subduction of Sulawesi Sea Plate in the north and 

may be superimposed  with the northwest trending 

collision of Banggai-Sula micro-continent with the 

Eastern Arm of Sulawesi in the east. These two 

tectonic settings of different entity together with the 

development of the Una-una - Colo Volcanoes may 

cause a unique setting of the Tomini Basin. 
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)LJXUH����0DS�VKRZLQJ�WRSRJUDSKLF�DQG�WHFWRQLF�HOHPHQWV�RI�WKH�VWXG\�DUHD��0DS�PRGL¿HG�IURP�6LOYHU�et al. (1983); SRTM 
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 METHOD AND DATA ACQUISITION

The magnetometer used in this study was the 

6HD�6S\�0DULQH�0DJQHWRPHWHU with the precision 

of 0.1 nT. Before magnetic recording was executed, 

several parameters were set on a sonar-link acquisi-

tion software such as magnetometer sensor offset 

to GPS (*OREDO�3RVLWLRQLQJ�6\VWHP), sensor cable 

length (OD\EDFN), and data sampling interval were 

conducted. This data acquisition was run continu-

ously within time interval of 1 second sampling.  Fix 

point data from GPS had been integrated to the total 

magnetic data during recording.  

The marine magnetometer sensor was towed 

some 150 m behind the vessel to avoid the noise 

resulted from the vessel body which could be in-

GXFHG�E\�D�PDJQHWLF�¿HOG��7KH�GDWD�VKRZ�D�JRRG�

UHVXOW�ZLWK�ÀXFWXDWLRQ�YDOXHV�UDQJH�IURP�����������

nT during day and night. To obtain total magnetic 

data, all observed magnetic data were then cor-

rected by International Magnetic Reference Field 

(IGRF-2005���$V�WKH�HDUWK¶V�¿HOG�FRUUHFWLRQV�KDYH�

been applied to the observed magnetic data, the 

WRWDO�PDJQHWLF�DQRPDO\�SUR¿OH�WKHQ�LV�VXEVHTXHQWO\�

considered to be related to the geological structures 

below. The magnetic anomalies were calculated as 

the forward modeling with 2.5 dimensional bodies.  

The Magnetic modeling was done by using Mag2dc 

software introduced by Cooper (1996). 

RESULTS

Four lines of nearly 450 km long of a magnetic 

survey technique were resulted from the Tomini 

Basin. However, in this paper only two magnetic 

lines are performed and modeled (Figures 2 and 3).  

The positive and negative anomaly values portray 

the magnetic basement lineation and represent the 

KLJKV�DQG�WKH�ORZV��0DJQHWLF�SUR¿OHV�VKRZ�WKH�XS�

doming like-feature in the centre of the basin, where 

the  emerge anomalies vary from -284.0 to 171.1 nT 

in Line-B and from -68.8 to 149.3 nT in Line-D. The 

WRWDO�PDJQHWLF�DQRPDO\�DW�WKH�VRXWKHDVWHUQ�ÀDQN�RI�

the basin is more complex due to the presence of 

Togian Islands where the Colo volcanism activity 

is located.

3UR¿OH�/LQH�%�DQG�/LQH�'��)LJXUHV���DQG����ERWK�

indicate the possible sedimentary cover of the basin 

as characterized by susceptibility values range from 

-0.005 to 0.001 cgs units. Magnetic model Line-B 

(Figure 2) shows that the high total magnetic anom-

aly in general occupies the centre of Tomini Basin, 

and in fact is characterized by -0.11 cgs units. The 

VRXWKHDVWHUQ�ÀDQN�RI�WKH�EDVHPHQW�LV�FKDUDFWHUL]HG�

by susceptibility values ranging from 0.04 to 0.1 cgs 

XQLWV��ZKLOH�WKH�QRUWKZHVWHUQ�ÀDQN�LV�FKDUDFWHUL]HG�

by susceptibility values ranging from 0.01 to 0.04 

cgs units. Line-D (Figure 3) indicates that the cen-

tre of the basin is characterized by -0.12 cgs units.  

To the northwest, the basement is characterized by 

-0.05 cgs units, while to the southeastern from the 

centre of the basin, the basement is characterized by 

susceptibility value of -0.013 cgs units. 

Magnetic model Line-D (Figure 3) shows that 

the depth of basement rocks of the Tomini Basin 

laterally varis from 2500 to 3400 m below sea level, 

where each block of rock mass is bounded at its sides 

by a series of graben like-structures.  

DISCUSSION 

Regionaly, the lower total magnetic anomaly val-

XHV�GRPLQDWH�WKH�ÀDQNV�RI�WKH�7RPLQL�%DVLQ��H[FHSW�

the centre of the basin where the anomaly tends to 

be high. Most of the elongation of negative values 

occupy the zone, which indicate the occurence of 

PDJQHWLF�EDVHPHQW�FKDUDFWHUL]LQJ�WKH�ÀDQN�DUHDV�RI�

the basin, and it seems to be related to the magnetic 

basement setting which indicates the presence of the 

rift-related basement. 

)URP�WKH�FHQWUH�WRZDUG�WKH�QRUWKHUQ�ÀDQN�RI�WKH�

basin, magnetic models indicate a major graben, and 

the total magnetic anomalies range between -284 to 

171.1 nT. On model Line-B, the anomalies at the 

southeastern part of the basin vary with several lows 

and highs and it is possibly caused by the presence 

of Togian Islands representing an imbricate zone, 

where the Colo Volcano is also present. It can be 

assumed that even though the general trend of the 

total magnetic anomaly is slightly north - south, the 

occurrence of high closures toward the centre of the 

basin indicate the development of the east - west 

structural lineation  in the form of horsts and grabens. 

Magnetic models portray that the centre of Tomini 

Basin is possibly underlain by basic rocks (possibly 

peridotites?) with  susceptibility values ranging from 
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0.11 to 0.12 cgs units and by intermediate rocks (di-

orites?) with susceptibility value of  0.013 cgs units 

toward the Togian Islands, where the Colo Volcano 

is  situated (see Table 1).

A negative (-) symbol behind susceptibility 

values in the models possibly denotes a suscep-

tibility contrast that is the relative susceptibility 

between two or more rocks composing the basement 

(Huang and Fraser, 2001), or it can also be caused 

by “magnetic reversal” during the basement rock 

formation (Christopher et al., 1995). Geologically, 

the high magnetic susceptibilities of -0.11 to -0.12 

cgs units characterize the interior under the cen-

Figure 2. Magnetic and geological models of Line-B. Magnetic susceptibility in cgs unit.
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Figure 3. Magnetic and geological models of Line-D. Magnetic susceptibility in cgs unit.

tre of the basin, where the graben-like structures 

are in it. In contrast, the low magnetic intensity 

DQRPDO\�RFFXSLHV�WKH�ÀDQNV�RI�WKH�EDVLQ��ZKLFK�LV�

in general characterized by -0.01 - 0.05 cgs unit at 

ERWK�ÀDQNV��

Based on the susceptibility values, the basement 

of Tomini Basin is predicted  to be equivalent to crys-

talline basement. Shallower susceptibility contrasts 

which occur toward the Colo Volcano is in contrast 

with host rocks, and may mask or complicate the 

interpretation of magnetic basement. Therefore, 

susceptibility variations within the magnetic base-

ment in Tomini Basin are normal.
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CONCLUSION

 

Marine magnetic method applied in the Tomini 

Basin provides a data information on magnetic 

intensity anomalies. The Tomini Basin is underlain 

by an oceanic-like crust and shows a nearly NE-SW 

symmetric lateral lineation of susceptibility values. 

The up-doming of slightly SE-NW structural style 

in the centre of the basin with susceptibility values 

of -0.11 to -0.12 cgs units possibly indicates a 

suspect thermal stretching, and an active tectonism 

is activated. It implies that the earlier basement in 

the basin is undergoing a thinning and differential 

subsidence. 

The occurrences of relative susceptibilities 

among several rocks within the basement create 

susceptibility contrasts which are either positive or 

negative. In magnetic interpretations, the anomalies 

being studied are caused by susceptibility contrasts 

within the earth crust and subcrust.
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