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ABSTRACT: Sigi Regency is part of the tectonic zone in Central Sulawesi which is crossed by an active 

transform fault, the Palu Koro Fault. The northern region of Sigi Regency has a depression zone that forms a 

graben by a couple of Palu Koro Faults. The study area is prone to earthquakes and has fairly high geothermal 

potential. Therefore, it is necessary to control the dynamics of the structure here to mitigate earthquake disasters 

that may occur and may also affect the surrounding geothermal system. To identify the presence and 

characterization of the fault structures, derivative analysis of gravity data is used, including analysis of FHD 

(First Horizontal Derivative), SVD (Second Vertical Derivative), and MS-SVD (Multi Scale-Second Vertical 

Derivative). From this analysis, 4 normal oblique fractures and 1 normal fracture were identified. Faults derived 

from the derivative analysis have greatly improved the fault mapping reported on geological maps, including 

the shifting fault position from the geological map. And significant improvement was found on a shear fault 

causing the fault to be separated into 2 segments, changing the direction of the strike fault, and generating a 

new fault due to the created weak zone.   
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1. INTRODUCTION 

 

Sigi Regency is geographically located on 

Sulawesi Island, Indonesia at coordinates 1.4 oS 120 
oE. This area is right south of Palu City, Central 

Sulawesi. Sulawesi Island, in general, is at the 

confluence of three large plates: the Eurasian plate, 

the Indo-Australian plate, and the Pacific plate [1]. 

This tectonic activity has produced many faults, one 

of which is the main and regional Palu Koro Fault 

(PKF), and related volcanic activities. Like Palu 

City, Sigi Regency is a tectonic zone that is crossed 

by an active fault of the Palu Koro Fault. The slip 

rate of the Palu Koro Fault is reported at around 20‒

40 millimeters per year [2-5]. The northern region 

of Sigi Regency is in a depression zone controlled 

by the tectonic activity of the Palu Koro Fault and 

surrounding normal faults [6]. Tectonic activities 

and a fault zone is an unstable zone and may cause 

occurring earthquakes. 

In 1909 there was an earthquake in the graben 

area of Palu and in 2018 an earthquake and 

liquefaction occurred in parts of the Sigi Regency 

[7, 8]. The 2018 Palu earthquake with a magnitude 

of 7.4 Mw, has shaken Sigi up to VII-VIII MMI 

(modified Mercalli intensity) [9]. Sigi Regency is 

included in the strong Coulomb stress zone for the 

2018 Palu earthquakes [10, 11]. The Sigi area in 

particular has also experienced two quite large 

earthquakes in 2012 and 2020 with respective 

strengths of M 6.2 and M 5.8. However, it is 

believed that the two earthquakes were not triggered 

by the activity of the Palu Koro Fault, but allegedly 

due to the activity of the Lore Lindu Fault which is 

8 km east of the Palu Koro Fault and trending west-

east perpendicular to the Palu Koro Fault [12]. 

Therefore, in the Sigi area, it is necessary to carry 

out a more comprehensive fault study to anticipate 

seismic disasters that may occur. Moreover, the 

dynamics of the fault structure can also influence 

and control the geothermal system around the study 

area. 

Sulawesi is one of the areas with geothermal 

potential in Indonesia which is dominated by non-

volcanic geothermal with low to moderate enthalpy 

[13-16]. One of the geothermal fields that have been 

proven is Lahendong in North Sulawesi [17, 18]. 

Sigi Regency also has geothermal potential which 

is indicated by manifestations of hot springs [6, 19- 

21]. Even some results of a preliminary studies in 

geophysics (such as magnetotelluric, and gravity) 

and geochemistry have confirmed the geothermal 

potential in the Sigi area [22-25]. One of the main 

geothermal parameters is the presence of fault 

structures as an indicator of a secondary permeable 

zone.  

Unfortunately, there has been no previous study 

that comprehensively mapped the fault structures in 

the Sigi area. It was only reported the 

geomorphology and lithology of the rock [26]. Even 

if they mention the structure of the fault, researchers 

only allude to and more interest to the main Palu 
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Koro Fault [26, 27]. The existence of local faults is 

also important to observe for both disaster 

mitigation and geothermal exploration. Therefore, it 

is necessary to investigate the presence of fault 

structures in Sigi area in detail. FHD (First 

Horizontal Derivative), SVD (Second Vertical 

Derivative), and MS-SVD (Multi Scale-Second 

Vertical Derivative) methods have been widely 

used to characterize fault structures such as strike 

direction, fault type, magnitude, and dip direction of 

the structures [28, 29]. This study aims to identify 

and characterize the presence of fault structures in 

the study area. 

 

2. RESEARCH SIGNIFICANCE 

 

This study is very useful for earthquake disaster 

mitigation to anticipate the adverse effects caused 

by unstable fault zones. Identification of this fault 

structure is also useful for determining the potential 

of the geothermal reservoir. The Sigi Regency in 

general has both of these potentials, as an unstable 

zone as well as having many hot springs as a 

manifestation of geothermal potential. Hopefully 

the results of this research can contribute 

information and be a consideration for local 

governments in making future urban planning. 

 

3. MATERIALS AND METHOD  

 

The gravity method measures variations in the 

rock density of a subsurface rock. In this method, it 

is necessary to make some corrections to the gravity 

data because the observed gravity value is 

influenced by latitude, elevation, terrain topography, 

earth tides, and variations in subsurface rock 

density [30]. Gravity data in this study is used from 

ground survey primary data acquired by Central 

Agency for Coal and Geothermal Mineral 

Resources Indonesia. There are 256 stations of 

gravity measurement that are spreading into 7 lines 

which are focused on the main area and the others 

randomly distributed around it. The distance 

between stations is 250 m, while the distance 

between lines is about 1 km. As shown in Fig. 1, 

there are right Palu Koro Fault (east), left Palu Koro 

Fault (west), and Fault Br in this study area.   

The MS-SVD is a method that can be used to 

determine the presence and characteristics of a 

structure. This method is applying the SVD method 

to the up-warding continuation of gravity anomaly 

in several continuation levels [29, 31]. The MS-

SVD method can be described as a band-pass filter. 

SVD calculations are carried out based on the 

Laplace equation so that the second derivative of 

gravity is obtained as in the following equation [32], 
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Fig.1 Geological map of Sigi Regency and gravity 

stations that are spread in 7 lines and its surrounding. 
 

This study begins with the correction of gravity 

data from latitude correction to terrain correction to 

obtain the complete Bouger anomaly (CBA) value. 

Then the regional and residual anomalies are 

separated with upward continuation. Furthermore, 

the derivative analysis uses FHD and SVD to 

determine the presence and type of fault in this area. 

The next step of SVD is MS-SVD analysis which 

aims to further characterize the fault structure. In 

the MS-SVD process, upward continuation (UC) is 

performed on CBA data at various different heights. 

At each altitude, SVD is performed against the 

resulting UC. Fault location points obtained from 

MS-SVD at each elevation are then plotted on an 

upward elevation curve (h) versus the fault position 

(x). From the results of this plotting obtained the 

direction as well as the angle of the dip. 

 

4. RESULTS AND DISCUSSION 

 

The topography of the field is fairly varied, its 

elevation ranges from 20.13 masl to 440.76 masl. 

The existence of an elevation difference around the 

gravity station influences the value of gravity 

readings on the gravimeter. The observed gravity 

value is need to be corrected by terrain correction, 

so then obtain a CBA value. The CBA map in Fig. 

2 shows anomaly values with an interval of -25.79 

mGal to 7.55 mGal. The map is overlaid on top of 

the regional geological map.  
The contrast boundary of the CBA anomaly 

shows a lineation with a North-South direction that 

indicates the presence of two tectonic structures of 

the Palu Koro Fault. It has a relatively North-South 

trending strike direction. The two main structures 

form a graben on the middle part, with a lower 

anomaly on the Southside than on the North ones. 

The presence of this graben was also stated by 

Patria and Putra [8]. While the lower anomaly is due 

to the basement rock deepening on both sides, the 

North and South part is low anomaly areas. The low 

value of gravity in the North is thought to be related 

to the initiation of subduction that occurred in the 
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northern part of the Palu Koro Fault [33]. However, 

the basement deepening that occurs on the 

Northside is still shallower than on the South part 

[34]. 
 

 
Fig.2 CBA (complete Bouger anomaly) map result 

that is overlaid with geological map. 

 

Determination of the regional anomaly of the 

CBA is obtained from the upward continuation 

process of the CBA contour map. In this study, a 

regional anomaly map was obtained from the 

continuation at level 1000m as shown in Fig. 3. 

Regional anomaly is influenced by deep regional 

rocks. The basement rock in this field is thought to 

be schist rock that almost covers the entire basement 

of this field and is estimated to be at a depth of about 

1000m [34]. There is a high anomaly contour such 

as intrusion of Oloboju granite that breaks through 
 

 

Fig.3 Gravity regional anomaly map that is overlaid 

with geological data. 
 

the surface on the East side of this field and 

metamorphic rocks on the Northwest side. While 

the low anomaly on the middle part is a graben 

which has a deeper depth on the Southside. 

The residual anomaly map in Fig. 4 has a range 

of anomaly values of -5.64 mGal to +5.20 mGal. 

The low anomaly that extends to the North-South 

direction is strongly suspected due to the influence 

of sedimentary and alluvial rocks that fill the graben 

to the surface. On the residual map, the low 

anomaly contour on the Northside of the graben 

area is lower than on the CBA anomaly map. This 

low anomaly in the North and South is separated by 

a green contour with a value of -1 mGal to -2.67 

mGal. The low anomaly in the North seems to have 

a boundary separated by a West-East geological 

structure. The contour boundary of the North low 

anomaly is relatively tangent to the presence of the 

Fault Sd of the geological data [6]. It is suspected 

that the Fault Sd is a boundary of the low anomaly 

in the North. Meanwhile, the geological data does 

not show any fault that may correlate with a 

boundary of the low anomaly in the South.  

 

 
Fig.4 Residual gravity anomaly map that is overlaid 

with geological map. 
 

The FHD contour map was processed from the 

contours of the residual anomaly. Its values ranged 

from 0.00036 mGal/m to 0.00555 mGal/m. The 

FHD contour map shows the maximum value as the 

density contrast boundary [28]. Then the indication 

of the existence of the structure is marked by the 

maximum anomaly value that forms the straight line. 

The estimation of the existence of the fault structure 

still needs to be strengthened by structural analysis 

from the SVD map. The zero values of SVD contour 

can be used to determine the structure which forms 

a straight line in the same position as the results of 

the structural analysis from the FHD map. From 

both derivative analyses (FHD and SVD), the 
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estimated fault line is marked by a thick black line 

with a fault label as shown in Fig. 5.  
 

 
Fig.5 (a) FHD and (b) SVD map with fault lines 

estimation in bold black lines. 

 

Based on the results of the analysis of the FHD 

and SVD filters, five faults were obtained namely 

Fault 1, Fault 2, Fault 3, Fault 3', and Fault 4 (see 

Fig. 5). Fault 2 is separated into 2 fault segments i.e. 

Fault 2a and Fault 2b. The separation of Fault 2 into 

2 segments makes a hypothesis of an unknown 

geological structure with an East-West trend. The 

situation is supported by the presence of a low 

anomaly boundary in the South of the residual 

anomaly map and Fault 1 which is cut off and 

shifted into the East. In addition, the FHD and SVD 

analysis show an estimated fault that is not found on 

the geological map, namely Fault 3'. It is suspected 

that Fault 3' originally formed a fault line with Fault 

2a and Fault 2b with a strike line in an almost North-

South direction. The fault which is in the weak zone 

of graben depression is then cut into 3 parts (Fault 

3', Fault 2a, and Fault 2b) by a shear fault trending 

East-Southeast of the Fault Br. This Fault Br is not 

well identified by gravity data because it is a strike-

slip fault, but it is well mapped on geological data 

of Wibowo et al. [6]. It is also verified by Nugraha 

et al. [35] that stated the faults in Palu surroundings 

are predominantly controlled by strike-slip or 

horizontal fault mechanisms. The strike directions 

of the three fault segments (Fault 3', Fault 2a, and 

Fault 2b) which are currently trending Northeast-

Southwest are also thought to be due to the shear 

drag of Fault Br which moves to the Southeast. 

After the 2018 Palu events, the fault zone is 

dominated by normal and strike slip faults with 

NNE-SSW trend [36]. The fault branches into 

multiple semi-parallel fault segments toward 

shallower depth which the displacement is 

generally larger east of the fault [37]. 

MS-SVD analysis is carried out by upwards 

continuation at several levels, then deriving with 

SVD at each level. In this study, the upward 

continuation of the CBA value was carried out at 7 

level variations, they are 300m, 600m, 900m, 

1200m, 1500m, 1800m, and 2000m. For each 

estimated fault line, SVD values are sliced from all 

continuation levels on the slicing line which is 

perpendicular to the estimated fault line. The slicing 

line is marked by a white line in Fig. 6, even on 

FHD values are sliced on the same line.  
 

 
Fig.6 SVD map with slicing line on fault line 

estimation for further fault characterization. 

 

The data on each slicing line is then plotted into 

FHD and SVD correlation curves, and at the same 

point, it is matched with the MS-SVD vs 

coordinates curve. FHD and SVD correlation 

curves to determine the exact point of the fault are 

shown by the maximum value of FHD and zero 

value of SVD as has been well demonstrated by 

Rosid et al. [38]. The MS-SVD curve vs coordinates 

(b) 

(a) 
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is used to find out the magnitude and direction of 

the dip angle of the fault. 

From the MS-SVD correlation graph, the 

characteristics of each fault can be identified and 

summarized in Table 1. In the table, UC is Upward 

Continuation level, the depths are obtained from 

conversion UC level to estimation depth by Rosid 

and Naufal equation (unpublished). Distance R is 

coordinate, and it started from zero to show its 

distance for each depth. Fault dip is known from 

curve distance (R) vs depth. The magnitude of the 

fault dip angle is obtained by calculating the tangent 

angle of the trendline slope of the curve. Based on 

MS-SVD analysis, Fault 1 is indicated as the left 

Palu Koro Fault which on the geological map 

extends on the west side, that is a normal oblique 

fault type. This fault has an average dip of 85.4° 

eastward. This study area is an extensional zone, 

where there is a graben formed between the left and 

right couple of Palu Koro Faults. 

As Fault 1 becomes the left Palu Koro Fault of 

the graben, then the right Palu Koro Fault is Fault 2 

and Fault 3 which were previously conjugated but 

have been separated by Fault 4. The characteristics 

of Fault 2 and Fault 3 also have similarities of dip 

oriented which are relative to the West. Both have 

the opposite direction to Fault 1 and the magnitude 

of the dip of the three faults is also relatively similar, 

which is around 85°. The dip value is near-vertical 

[37]. 

Two segment of Fault 2 which is separated into 

Fault 2a and 2b is due to the influence of Fault 4 

movement. Apart from being separated into two 

parts, the position and strike direction of the two 

fault segments are relatively irregular. Fault 2, 

which was previously part of Fault 3, ideally has the 

same strike direction as Fault 3, that is the North-

South direction. However, based on SVD analysis, 

the strike direction of Fault 2 changes to the 

Southwest-Northeast. 

Fault 4 is suspected as Fault Br on the geological 

map. This fault is separating the right Palu Koro 

Fault into two parts (Fault 2 and 3) and changes the 

strike direction of Fault 2. It is also suspected of 

causing a dragging effect then Fault 3' was formed. 

This happens because Fault 4 is a dextral shear fault, 

where the block shifting to the southeast produces a 

local extensional zone and forms a normal fault of 

Fault 3'. It was also verified by Supartoyo et al. [39] 

which says that the Palu Koro Fault is divided into 

7 segments. However, all faults from MS-SVD are 

related to the existence of faults in the geological 

map except Fault 3’. So that, Fig. 7 is the map of 

these faults with the symbol D-U, in which D is 

down for the hanging wall. 

 

 
 

Fig.7 Map of fault distribution from MS-SVD 

analysis with dip direction. 

 

Table 1. Fault characterization based on MS-SVD result. 

UC 

level  

Depth 

(m) 

R (m) 

Fault 

 1a 

Fault 

1b 

Fault 

2a 

Fault 

2b 

Fault 

3a 

Fault 

3b 

Fault 

4a 

Fault 

4b 

Fault 

3’a 

Fault 

3’b 

0 7.01 0 0 0 0 0 0 0 0 0 0 

300 261.86 17 12 0 11.16 -13 3.04 114 136.02 -17.47 94 

600 532.91 39 30 10.63 11.16 - -1.57 - 285.62 2.96 128 

900 820.16 65 51 42.72 44.63 - - - - 18.56 128 

1200 1123.61 84 72 53.45 89.26 - - - - 21.23 128 

1500 1443.26 104 88 53.45 144.94 - - - - 13.4 111 

1800 1779.111 118 103 31.99 211.88 - - - - 10.66 103 

2000 2012.011 127 112 21.36 245.36 - - - - 6.4 94 

Max 1 1 1 1 1 1 1 1 1 1 

Min -0.2235 -0.6296 -0.4806 -0.7784 -0.2434 -0.3861 -0.5601 -0.2486 -0.4806 -0.6555 

Type Normal Normal Normal Normal Normal Normal Normal Normal Normal Normal 

Dip Angle 85.166 85.755 86.97 80.71 87.45 88.17 86.74 81.87 81.12 79.91 

Dip Direction East East Northwest Northwest West West Northeast Northeast Northwest Northwest 
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5. CONCLUSION 

 

Based on the results of the analysis and 

interpretation of the gravity method and the 

correlation with supporting data to identify the 

characteristics of the structure in this study area, it 

can be concluded that: 

 The MS-SVD gravity analysis identified 5 

normal faults or normal oblique structures 

which were strongly correlated with and 

verified by the geological data scattered in this 

study area. 

 Fault 1, Fault 2, and Fault 3 in the results of the 

derivative analysis are normal oblique faults 

that are an indication of the Palu Koro Fault. 

While Fault 4 is a normal oblique fault which 

is an indication of the Fault Br on the 

geological map. 

 The dynamics of the fault structure resulted in 

a derivative analysis of faults that did not 

exactly match the faults on the geological map, 

as Fault 2 is known to be divided into 2 

segments Fault 2a and Fault 2b. 

 Fault 3' was found to be a normal fault formed 

in the weak zone and as a result of dragging by 

Fault 4 (Fault Br). 
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