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Abstract.The Palu-Koro fault is a left-lateral strike-slip fault in Sulawesi within the active triple junction generated by 
the ongoing fast convergence of the Pacific-Philippine plate, the Indo-Australian plate and the Sunda plate. There are 
densely populated areas that are susceptible to earthquakes occur along the fault, and the August 18th 2012, Mw6.3 
earthquake is one of such events. To better understand this earthquake and the seismic hazard in the region, we estimated 
source parameters of this earthquake using the Cut and Paste (CAP) inversion method with regional broadband waveform 
data. Our results show that the best solution of this event is 339o, 71o, -16o and 11 km for strike, dip, rake and centroid 
depth, respectively. Inversions using stations within different distance ranges, i.e. 0-5 o, 0-10o and 0-20o, reveal consistent 
solutions, suggesting the robustness of our result, which is also in agreement with that from the other agencies, i.e. USGS 
and Global CMT. We further verify the centroid depth by modeling the depth phases recorded at the teleseismic distance, 
which also confirm the depth of 11km. Finally we analyzed the Coulomb stress caused by this earthquake and historical 
events to investigate the interaction between the earthquakes in the region.  Our analysis also shows that the unclamping 
effect from the 1996 Mw7.9 megathrust in the Minahassa Trench promoted the occurrence of the 2012 Mw6.3 event. 
High slip-rate across the fault and Coulomb stress analysis suggest that more attention should be paid to the segments 
along the Palu-Koro fault that did not rupture in the previous earthquake circle.  

Keywords : focal mechanism, unclamping effect, CAP method, Palu-Koro fault 

INTRODUCTION 
 

The August 18th  2012 earthquake occurred in Palu, Central Sulawesi, Indonesia, at about 16:41:53 (local time). 
According to the reports of  Indonesian Meteorology, Climatology and Geophysics Agency (BMKG), the 
earthquake distance was about 27 km from Parigi Mountong at 120°E and 1.26°S with Mw 6.3 at the depth of 12.5 
km (figure 1), this moderate earthquake is the biggest earthquake that recorded in this region. The earthquake caused 
damage in three districts, ie Lindu, Kulawi and Gumbawa district. Based on the data from Kodam VII / Wirabuana, 
942 homes were damaged and five peoples died in this event. Based on the earthquake’s epicenter in the figure 1, 
shows that the earthquake was caused by the Palu-Koro fault in the Central Sulawesi strike-slip left-lateral fault 
system. This fault  was generated by the activity of the Pacific-Philippine plate, the Indo-Australian plate and the 
Sunda plate. The Sula block is rotating around a pole at an average speed about 40/year located at the end of the 
northern arm of Sulawesi, results 40 mm/year north-south motion along the Palu-Koro fault [1],[2].  

The unclamping effects from the Minahasa earthquake (1996-1997) increase the sismicity in the palu-koro fault 
[3] (figure 2) and  the August 18th 2012, Mw6.3 earthquake is one of the event that triggered by it. We can see in 
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Figure 1, only four earthquakes were recorded for 30 years before the Minahasa earthquakes, and  10 earthquakes 
recorded for 19 years after the Minahasa earthquakes.  

In order to mitigate the earthquake disaster, it is necessary to study the characteristics of the seismicity in the 
region. The purpose of this research is  to improve the understanding of the source mechanisms of the earthquake  in 
the region and the results are expected to provide important information for the reconstruction after the earthquake. 

Fault plane solution can be obtained by several methods, such as geological survey, geodetic observation and 
inversion or rupture directivity analysis based on seismological data, as has been done by [4] using local waveform 
inversion, [5]  using teleseismic waveform inversion, [6] using joint inversion on local and teleseismic waveform 
and [7] using joint inversion on geodetic (InSAR) and seismological data. Many algorithms and software have been 
developed to define source mechanism, one of them is waveform inversion using "Cut and Paste" (CAP) method 
which first introduced by [8]. Main idea of this method is by separating the body wave and surface wave and then do 
the inversion on it separately with grid search method. Furthermore, [9] developed the method by removing the 
normalization so the inversion can be done to the actual amplitude of the data. Normalization is omitted to add 
constrain which derived from maximum and minimum amplitude. 

This earthquake recorded both on the BMKG regional network and the global network. We estimated source 
mechanism of this earthquake by using cut and paste method for regional and teleseismic data [10], [9]. 

 
 

 

FIGURE 1. The Palu-Koro earthquakes distribution with a magnitude more than 5  Mw that occurred a) before   (1966-1996) 
and b) after Minahasa earthquakes (1997-2016). (IRIS modified, 2016) 

DATA  AND METHOD 

This earthquake was recorded on the regional and global network. To better understand this event, we used  CAP 
method for regional and teleseismic data. The basic principles of this method is by parting the waveform into body 
wave and surface wave to invert it independently and using distance range scaling to avoid the   domination   of   the 
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(a)  (b) 

FIGURE 2. The 18th August 2012 Palu-Koro earthquake  (red beach ball) and the stasions (orange triangle). a) Distribution of 
the regional stations  (0-20o)  amd b) distribution of the  teleseismic  stations (30-90o)    

 
nearest station. Using radial and vertical component for Pnl and radial, vertical and tangential component for surface 
wave for regional inversion and  P and SH wave for teleseismic inversion. We didn’t use the surface wave for the 
teleseismic inversion because the surface wave is sensitive to the lateral heterogenity that make the inversion 
unstable [11], [12]. The assumption in the waveform inversion are double-couple source mechanism. Synthetic 
seismogram computed by the equation: 

 

Si (t )=M O
i=1

3

Aij ( − , , )G j (h,D,t)
 

where, j=1, 2, 3 is vertical, radial and tangential components, respectively. i =1,2,3 is vertical strike slip, vertical dip 
slip, and 450 dip slip, respectively.  Mo is the seismic moment tensor,  Gij  is the Green’s function; h and D  are the 
depth and distance respectively,  Aij are the coefficient of radiation;   ,  ,   and  are station azimuth, strike, dip 
and rake, respectively [9]. Then the inversion was solved by using  grid search method to get the best earthquake 
parameter model (strike, dip, slip and centroid depth). Before the inversion the data was filter with a long period 
filtering data, because at the higher frequency the inversion is getting difficult to do.  We  use the frequency-wave 
number to get the  regional synthetic data [12] and tel3 code to get teleseismic synthetic data from [13].  For the 
velocity model, we used the PREM (Preliminary Reference Earth Model) by [5]. 

 

RESULTS AND DISCUSSION 

The earthquake parameter solution (table 1) from the regional waveform inversion is 338-3400 , 82-84o and  -13-
(-6)0 for strike, dip and  slip  respectively, for the nodal plane 1, and 69.4-71.1o. 77.1-84.1o and 171.9-173.8o  for 
strike, dip  and slip respectively for the nodal plane 2. The best focal depth was at the depth of 12 km with a moment  
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FIGURE 3. Tectonic setting in the Sulawesi region. Red focal mechanism : inversion resluts from CAP method, blue focal 
mechanism : GCMT inversion result for bola fokal biru hasil inversi GCMT  for the August 18th 2012  erathquake. Black circle in 

the black rectangular are the main shock and aftershock of the Oktober 10th e1998 earthquake with a magnitude more than 5 
(1999-2016) (Vigny modified, 2002).  

 
magnitude 3.6-3.7 (figure 4 and figure 5). the best depth obtained with the grid search method in the range of 5-20 
km with a range of 1 km. Figure 4 a), b), c), d) shows the missmatch plotting against the depth, the smallest error is 
at a dept of 12 km, It can be seen also that the result of the source mechanism was almost consistent at different 
depths. The best depth from the teleseismic method was also consistent with the other result ie, 11 km. We believe 
that our result is reliable because the result from different distance range are consistent and the waveform fits 
between the synthetic and the observation waveforms can match well (figure 4 and figure 5) and also the size of the 
amplitude is almost the same. This focal mechanism solution also consistent with other agencies (table 1). 
 

TABLE 1. Earthquake parameters from this method and other agency 

 
Origin 
time 

(UTC)  

Lintang/ Bujur  
(O) 

Momen 
magnitudo 

(Mw) 

Centroid  
depth 
(km) 

Bidang sesar I 
(strike/Dip/ 
Rake) (O)

Bidang sesar I 
(strike/Dip/ 
Rake) (O) 

BMKG 09:41:53 -1,26/120,13 6,2 10 - - 

USGS 09:41:52  -1,315/ 120,096 6,3 12 70/86/-174 339/84/-4 

Global CMT 9:41:56.2 -1,26/ 120,00 6,3 12.5 70/85/-173 339/83/-5 

Metode CAP       

0-5o   6.37 12 69.4/77.1/-173.8 338/84/-13 

0-10o   6.36 12 71.1/82.1/-171.9 340/82/-8 

0-20o   6.36 12 70.8/84.1/-172.0 340/82/-6 
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 a) b) 

FIGURE 4. Waveform fitting from CAP inversion result for the 2012 Palu-Koro earthquake for a) 0-5o distance  range b)0-10o . 
The black lines are observerdata, the red lines are synthetics data, number  bellow  the seismograms are time shifts (below) and 

crosscorelation coefficient (above).  
 
The August 18, 2012 Palu-Koro earthquake caused by the interaction of the Palu-Koro fault, the epicenter of the earthquake 

is located ± 6 km from Palu-Koro fault (Figure 4). Palu-Koro Fault extends along 170 km. From the parameter results inversion  
we can know that the earthquake which occurred generated by strike-slip fault, it is confirm by previous researchers. The minus 
value for the rake parameter shows that there is a normal component  at the Palu-Koro fault, this is confirm for the research 
conducted by [3] directly to locations that the dip-slip component of the fault is normal faulting. 

Palu-Koro fault is a high slip  rate fault but has a low seismicity [3]. We can see from the Figure 1, only 14 earthquake more 
than Mw 5 recorded  in this region in 39 year.  The Palu-Koro fault activity increased after 1996, according to [6] it is influenced 
by the effects of the Unclamping due to the activity of the subduction zone in northern Sulawesi (Minahasa trough ). Unclamping 
effect is the reduction of normal stress components continuously causing an increase in slip component [4]. Unclamping effect 
begins with an increase in compression due to five major earthquake in the Minahasa  trough  that streak on January 1th 1996 
(Mw 7.9), February 7th 1996 (Mw 6.1), July 16th 1996 (Mw 6.6), July 22nd 1996 ( Mw 7.0) and 25th 1997 (Mw 7.7) [6]. It can be 
seen in Figure1 that after the 1996 incident was recorded 10 earthquakes with a magnitude above 5 within 19 years. The August 
18, 2012 Palu-Koro earthquake is one of the earthquake that caused by the unclamping effects, we can see it from the difference 
between the source mechanism of the October 10th 1998 and August 18th 2012 earthquake, there were decreasing normal 
component between them (Figure 5). In table 2 it can be seen that the Palu-Koro earthquakes  after 1998 indicate that the source 
mechanism is strike-slip . 
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                               b)  c

a) 
 
FIGURE 5.  a) Waveform fitting from CAP inversion result for the 2012 Palu-Koro earthquake for 0-20o  and Centroid depth 

chart against the mismatch. The above figures indicate the focal mechanism and the moment magnitude value at each depth. b) 
for 0-5o distance c) for 0-10o distance d) for  0-15o  and e) for 30-90o   

CONCLUSION 

Using regional and teleseismic broadband seismic records we get robust point source mechanism solution of the 
August 18h 2012 Palu-Koro earthquake, which is 338-3400, 82-84o and  -13-(-6)0  for the nodal plane 1, and 69.4-
71.1o. 77.1-84.1o and 171.9-173.8o for the nodal plane 2  for strike, dip  and slip respectively. Our point source 
parameters solution are consistent with different distance range and with other agencies ie, USGS and GCMT. the 
centroid depth of 12 km is also consistent with the teleseismic method. The fault plane with strike of 171  
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