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Abstract

The 2017 Mw 6.6 Poso and the 2018 Mw 7.5 Palu-Donggala represent significant seismic events in
central Sulawesi Island. These events transferred the stress to the surrounding faults, which can
promote or inhibit the critical condition in a fault, thus evaluating the stress transfer from these
earthquakes is crucial for a comprehensive understanding of fault behaviour. In this study, we
investigate the effect of these large events by resolving the accumulated Coulomb stress change
onto a multi-strike segment of the Poso fault. Additionally, we also used GPS measurement (Global
Strain Rate Model) to estimate the increase in tectonic stress rate due to coupling of triple-junction
plate convergence. The 2017 Poso earthquake induces positive stress changes (7 kPa to 27 kPa)
in the central segment, negative changes (-4 kPa to —10 kPa) in the northern segment, and less
significant effects in the southern segment. The 2018 Palu-Donggala earthquake imparts a notably
high negative Coulomb stress (- 16 kPa to —27 kPa) across the entire northern segment. Cumulatively,
both earthquakes reduce Coulomb stress predominantly in the northern part of the Poso fault,
suggesting a delayed critical point. Furthermore, the analysis of the Coulomb stress changes time
function indicates that stress accumulation in the northern Poso fault is more modulated by large
earthquakes, while stress accumulation in the southern segments may be more controlled by long-
term tectonic stress loading. The stress accumulation model developed in this study can provide a
guidance in better understanding further earthquake risk mitigation in central Sulawesi.
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1. Introduction

Sulawesi Island has one of the most intricate tectonic settings, characterized by the convergence of three major
plates: The Philippine Sea, Indo-Australian, and Sunda Plates, forming a triple-junction convergence zone. The
convergence process between the Philippine Sea and Indo-Australian Plates relative to Sunda Plate is facilitated
by subduction in the north and block rotation of the Molucca Sea, Banda Sea and Timor Plate. Consequently, the
island hosts numerous active faults (Bellier et al., 2006; Vigny et al., 2002; Socquet et al., 2006).

One of the main structures that connect the subduction zone in northern Sulawesi with deformation zone
of the Banda Sea is Central Sulawesi Fault System (CSFS). As part of an active structure in Sulawesi Island, the
seismic activity on the CSFS recorded both from the global and local seismic network is predominantly located in
the shallow crustal zone (Bellier et al., 1998; Beaudouin et al., 2003). According to geodetic studies, paleomagnetic
and other approaches, this active deformation is inferred to experience a high slip rate of about 30 to 50
mm/year (Bellier et al., 1998; Silver et al., 1983; Walpersdorf et al., 1998; Surmont et al., 1994) which has led to
at least two major earthquakes (Mw > 6.5) (see Fig. 1) in the early twenty-first century namely the 2017 Mw 6.6
Poso (e.g., Sianipar et al., 2021; Wang et al., 2019; Daniarsyad et al., 2021) and the 2018 Mw 7.5 Palu-Donggala
earthquakes (e.g., Socquet et al., 2019; Song et al., 2019; Zhang et al., 2019).

The 2017 Mw 6.6 Poso earthquake, struck on May 29, characterized by normal faulting. It ruptured along the
Tokorondo Fault in the eastern region of Central Sulawesi. This event stands as the most significant recorded
instance of a normal-faulting earthquake in Central Sulawesi, suggesting prolonged strain accumulation along this
fault (Daniarsyad et al., 2021). The occurrence of such normal-faulting mechanisms can be attributed to ongoing
mass extrusion processes in the eastern part of Sulawesi since the Quaternary to the present day. This extended
extrusion is thought to play a crucial role in generating substantial internal deformation within the Tokorondo
Mountains near the Poso fault, gradually building up strain energy that is eventually released during normal-faulting
earthquakes (Wang et al., 2019; Daniarsyad et al., 2021).

Within approximately a year following the Poso earthquake, the 2018 Mw 7.5 Palu-Donggala earthquake ruptured
on the Palu-Koro fault, exhibiting a strike-slip mechanism. This earthquake was classified as a supershear earthquake,
characterized by an exceptionally high rupture velocity of ~4.1 km/s (Socquet et al., 2019; Natawidjaja et al., 2021).
Notably, this particular earthquake induced submarine landslides, leading to the formation of a local tsunami. The
shape of Palu Bay and the shallowness of the coastline likely contributed to the amplification of the tsunami’s height.
Despite this, analyses using planar fault model to assess the static stress transfer resulting from the 2017 Mw 6.6
Poso earthquake (Wang et al., 2019; Daniarsyad et al., 2021; Sianipar et al., 2021; Liu and Shi, 2021) suggest that
the Poso earthquake had minimal influence on triggering the 2018 Mw 7.5 Palu-Donggala earthquake.

The Poso fault zone is one of distinct deformation domains that spans the central Sulawesi active deformation.
An analysis of fault kinematics within the Poso domain reveals stress variations encompassing both oblique
reverse-slip faulting and oblique-to pure normal-slip faulting (Bellier et al., 2006). It is evidenced by occurrence
of normal-faulting earthquakes (Mw > 5.5) in the eastern part of Central Sulawesi prior to the 2017 Mw 6.6 Poso
earthquake (Wang et al., 2019; Daniarsyad et al., 2021). Historical seismicity in the Poso fault indicates an absent
of large earthquakes (Mw > 6) since instrumental records became available.

To evaluate the impact of the Poso and Palu-Donggala earthquakes on the Poso fault, we analyse their
Coulomb stress transfer. The Coulomb stress transfer imposed by these two major earthquakes can change the
stress field as they can promote or inhibit the seismic activity in the surrounding area (Freed, 2005). Earthquake
Coulomb stress transfer studies on San Andreas Fault (King et al., 1994; Harris, 1998; Stein et al., 1994), Anatolian
Fault (Stein et al., 1997; Hubert-Ferrari et al., 2000; Nalbant et al., 1998, 2002) and Sumatran Fault (Rafie et al., 2023;
McCloskey et al., 2005; Qiu and Chan, 2019) has successfully identified the potential damaging earthquakes.
Therefore, it becomes interesting to investigate how the 2017 Poso and the 2018 Palu-Donggala earthquakes
influence the stress accumulation on the Poso fault, since, based on the historical accounts and instrumental
record, the Poso fault has never been experiencing large earthquake and remain inactive (see Fig. 1) as well as the
earthquake interactions in central part of Sulawesi have not been thoroughly understood (Wang et al., 2019).

Numerous studies have calculated the Coulomb stress changes resulting from these two large earthquakes
and imparted the distributed stress onto planar receiver fault (Daniarsyad et al., 2021; Gunawan et al., 2020;
Sianipar et al., 2021; Wang et al., 2019). However, the fault maps of Sulawesi Island show non-planar surface fault
traces (see PUSGEN, 2017; Hall and Wilson, 2000; Socquet et al., 2006; Bellier et al., 2006), rendering the use of planar
models for receiver faults inaccurate representations of fault geometry at depth. Prior studies have attempted to
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address variable fault geometry, including the application of triangular dislocation elements (Parsons et al., 1999;
Meade, 2007; Bie and Ryder, 2014; Rafie et al., 2022). In this study, we integrate variable receiver fault geometry into
the Coulomb stress calculation triggered by the 2017 Mw 6.6 Poso and the 2018 Mw 7.5 Palu-Donggala earthquakes,
aiming to conduct a detailed coseismic stress analysis on the Poso fault. Additionally, we consider the tectonic stress
rate resulting from triple-junction convergence plate motion on Sulawesi Island. By combining stress changes model
from large earthquakes and tectonic stress rates, we estimate stress accumulation on the Poso fault to enhance
understanding of its potential for reactivation.
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Figure 1. Seismicity of Sulawesi Island along with the focal mechanisms of the 2017 Mw 6.6 Poso and 2018 Mw 7.5
Palu-Donggala earthquakes. The red stars indicate the hypocenter locations of the Poso and Palu earthquakes.
The coloured bar scale represents the hypocenter depth. The dashed box highlights the Central Sulawesi Fault
System (CSFS), stretching south-eastward and covering the Palu-Koro and Matano faults. The Focal mechanisms
of these two earthquakes were obtained from Global Centroid Moment Tensor (Dziewonski et al., 1981;
Ekstrom et al., 2012). The seismicity data was obtained from the ISC-GEM catalogue (Di Giacomo et al., 2018;
Storchak et al., 2015). The inset box shows the Island of Sulawesi, with the focus study area indicated by red box.

2. Finite fault models and multi-strike geometry of receiver fault

To analyse the interaction of the effects of large earthquakes on inland faults, we estimate the changes in stress
on the Poso fault that includes coseismic stress transfer caused by the 2017 Poso and the 2018 Palu-Donggala
earthquakes, plus interseismic stress loading from plate convergence coupling. In modelling the stress changes
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caused by large inland earthquakes, we implement the finite fault slip models from previous studies. The 2017
Mw 6.6 Poso earthquake was taken from Wang et al. (2019) which was constructed based on coseismic displacement
from InSAR data and the 2018 Mw 7.5 Palu-Donggala earthquake was taken from USGS (2018) which implemented
the finite fault inverse algorithm for 40 teleseismic broadband waveforms data (Ji et al., 2002).

The Coulomb stress changes may be calculated either by imparting onto receiver fault with multi-variable
geometry (e.g., Toda et al., 2011; Toda and Stein, 2020; Mildon et al., 2019) or onto optimally orientated planes
(e.g., King et al., 1994). In this study, we consider the first approach since the Poso fault known to be a bending
fault. The use of variable fault geometry parameters (strike, dip, and slip direction) has not been routinely included
within Coulomb modelling. Therefore, to assess the Coulomb stress calculation, we segmented the Poso fault
into 20 segments based on multi-strike parameters. According to PUSGEN (2017), the Poso fault is considered
as a pure thrust fault, thus we assumed the dip and rake to be 45° and 90°, respectively. Aside from the choice of
a dip value of 45°, we also consider the dip value of 25° as this value was found on a thrust fault in Indonesia (see
Fernandez-Blanco et al., 2016) and compare the results. The fault geometry for each segment on the Poso fault
is summarized in Table 1 and shown on Fig. 2. The choice of model faults with variable geometry can greatly improve
the Coulomb stress estimation as it demonstrated by Mildon et al. (2019), where they investigated the Coulomb

No Name Strike (°) Length (km)
1 Segment 1 246 2.5
2 Segment 2 218 6.4
3 Segment 3 211 2.4
4 Segment 4 230 2.4
5 Segment 5 190 6.4
6 Segment 6 218 9.6
7 Segment 7 226 4.7
8 Segment 8 205 4.8
9 Segment 9 174 7.3
10 Segment 10 207 4.7
11 Segment 11 175 3.5
12 Segment 12 186 2.2
13 Segment 13 152 2.4
14 Segment 14 163 11.5
15 Segment 15 149 3.0
16 Segment 16 163 3.3
17 Segment 17 114 3.0
18 Segment 18 149 4.9
19 Segment 19 162 8.5
20 Segment 20 176 4.7

Table 1. Fault geometry on each segment of the Poso fault based on multi-strike parameter.
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Figure 2. The segmentation of the Poso fault based on multi-strike parameter.

stress model on bending faults. They summarized that a long-strike fault bends on receiver faults would amplify
or diminish the Coulomb stress when compared to adjacent regions of the fault. If the fault bends are not assessed,
then the Coulomb stress model may not resolve critical areas with increased or decreased stress at bends that may
associate with subsequent future earthquakes. In other words, the modelling of fault bends is one of the vital factors
for earthquake triggering and hazard.

3. Methods

3.1 Change in Coulomb failure stress due to the 2017 Poso and the 2018 Palu-Donggala
earthquakes

The principle of Coulomb failure criteria is frequently used to characterize the failure of a pre-existing fault,
linking the shear stress acting on the fault to the normal stress (King et al., 1994). The changes in the static Coulomb
Failure Stress (ACFS) have been applied to interpret the spatial arrangement of aftershock sequences or earthquakes
induced by a major event (e.g., King et al., 1994; Stein, 1999). ACFS is characterized as:

ACFS = At + u(Ac + AP) eY)

Where At is the shear stress change on a fault (positive in the slip direction), u is the friction coefficient, Ao is the
change in normal stress (positive in extension) and AP is the pore pressure change. In order to approximate the
effects of pore pressure changes in ACFS, the medium is assumed to be homogeneous and isotropic (Harris, 1998).
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Then, following Rice and Cleary (1976) and Roeloffs (1988), for the undrained situation of poroelastic medium, the
pore pressure change is related to the mean stress change AP by:

AP = —B'Acy; /3 2)

Where g’ for rock resembles to the Skemptons’s (1954) coefficient g that was determined for soils. It depends upon
the bulk modulii of the material and the proportion of volume occupied by the fluid (Rice and Cleary, 1976; Harris,
1998). gy is the sum of the diagonal elements of the stress tensor. By assuming the change in the mean stress is
proportional to the normal stress change (see Cocco and Rice, 2002; Cattin et al., 2009):

B'Aci/3 = B'Ac &)

Eq. (1) is generally redefined as:

ACFS = At + u'Ac “4)

Where u' = u(1 — B") is the effective friction coefficient. By using Coulomb failure, the increased static stress will
bring the fault closer to failure than it was prior to the large earthquake, while decreased static stress will delay
the time it takes for the long-term tectonic loading to recover the static stress change (Harris, 1998). We used
the COULOMB 3.4 code (Lin and Stein, 2004; Toda et al., 2005) to calculate ACFS of the 2017 Poso and the 2018
Palu-Donggala earthquakes using the elastic dislocation approach (Okada, 1985, 1992) and imparted the Coulomb
stress for the specific orientation of each of the 20 segments on the Poso fault considered here.

The effective friction coefficient (1') employed in the ACFS calculation was set at 0.1 and 0.4. A u' value of 0.1
was chosen to align with studies of major pre-existing crustal fault system (see Hori and Oike, 1999; Shikakura
et al., 2014), whereas a ¢’ of 0.4 is a commonly used value in computing ACFS (King et al., 1994; Pollitz et al., 2006;
Nalbant et al., 2005; Qiu and Chan, 2019). We then calculate ACFS starting at 5 km depth up to 25 km depth with
spacing of 5 km depth due to the shallow crustal earthquake hypocenter on Sulawesi Island is generally located in
that particular area or known as seismogenic zone (PUSGEN, 2017).

The role of fault geometry is important to consider in evaluating the Coulomb stress, as has been illustrated by
previous studies (e.g., Mildon et al., 2016, 2019; Sgambato et al., 2020; Rafie et al., 2023). Their studies explain that
Coulomb stress calculation is most sensitive to the change in strike parameter rather than dip and rake parameters.
Therefore, for bending fault like the Poso fault, we perform sensitivity tests for three different geometry models:
planar, two-segmentation, and multi-strike variable geometries. These fault geometries demonstrate the sensitivity
of the varying strike of receiver faults as it is expected to alter the stress distribution along-strike fault bends. The
2017 Mw 6.6 Poso earthquake is used as an example to calculate the static ACFS onto the Poso fault and to compare
the planar and two types of variable fault geometry approach. We set the effective friction coefficient u’ to be 0.4
and start the depth from 5 km to 25 km. For the receiver faults (except the planar one), the strike parameter is varied
individually, while the other two parameters are kept constant. The ACFS will be calculated using the assumption
of pure thrust fault (dip of 45° and rake of 90°). The sensitivity test of ACFS on the Poso fault is portrayed in Fig. 3.

For the planar geometry (Fig. 3a), positive ACFS was primarily concentrated in the upper center of the fault,
ranging from 5 km to 10 km depth, while negative ACFS was predominantly concentrated on the northern part of
the fault across intermediate to deeper depths. In case of two-segmentation (Fig. 3b), where the bending point is
located near the central part of the fault, high positive ACFS was observed exclusively on the northern side of the
bending point at shallower depths (5 km to 10 km). Conversely, negative ACFS was concentrated at the edge of the
northern side of the fault, expanding as it deepened on the northern side of the bending point. With the application
of a multi-strike fault geometry (Fig. 3c), the distribution of ACFS became more varied. Positive ACFS was observed
in the central-to-northern part of the fault, extending to deeper sections, while negative ACFS was concentrated
at the tip of the northern part of the fault. Additionally, some negative ACFS was found at shallower depths in the
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Figure 3. The static ACFS models on the Poso fault caused by the 2017 Poso earthquake with three different geometry
models: (a) Planar geometry, (b) two-segmentation geometry, (c) a multi-strike geometry following (d) the real
condition of the Poso fault geometry. The green bending line represents the surface trace of the Poso fault.

southern part of the fault. This test reveals that the role of fault geometry significantly influences the calculation of
ACFS. If the standard planar fault approach is used, the positive ACFS at greater depths would be diminished, as also
evidenced when employing the two-segmentation fault geometry approach. This suggests that the stress distribution
on these fault sections would be incorrectly resolved, leading to a misinterpretation of the resulting models.

3.2 Tectonic stress rate estimation

The rate of tectonic stress is a significant factor influencing stress changes leading to earthquake occurrences
on a fault. A higher tectonic stress rate can accelerate the recovery of stress accumulation on the fault to its critical
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condition following an earthquake, while a lower rate can slow down this process (Hori and Oike, 1999). We assumed
the tectonic stress rate comes from the coupling of the triple-junction convergence rate of Indo-Australia, Philippine
Sea, and Sunda plates where the relative motion in the central part of Sulawesi is accommodated by left-lateral
strike-slip motion along the Matano fault and continues to the Palu Koro fault in the north (Socquet et al., 2006).
Based on the generalized Hooke’s law, the relationship between the stress rate (¢') and strain (¢') rate tensor
components in 2D plane can be defined in matrix form as follow:

a xx E (1 ‘U) v 0 € xx
v (1 - 17) 0 slyy (5)
oy “a+va-m)| g 0 (1-2v)||ey

Where E and v are the Young’s modulus and Poisson’s ratio, respectively.

We used geodetic plate motion from Kreemer et al. (2014) through the GSRMv2.1 to obtain the strain rate
at the coordinate 1.75°S and 120.90°E (see Fig. S1). By assuming E is 80 GPa and v is 0.25 (Lin and Stein, 2004;
Toda et al., 2005), we get the stress rate tensor components to be:

3.69 kPa/yr 80 GPa (1-0.25) 0.25 0 —67.9 nanostrain/yr
[ 6.31 kPa/yr ] 150251 —2+0.25 0.25 (1-0.25) 0 88.4 nanostrain/yr | (6)
0.97 kPa/yr a+ X ) 0 0 (1 -2 %0.25)|L—15.1 nanostrain/yr

The stress rate tensor components are then evaluated to extrapolate the corresponding principal stress
rates (o, 0;) by determining its eigenvalues. We then compute the normal and shear stress rate changes using
Coulomb-failure criterion using the equation as follow:

1 1
oy = 5(01’ +ay)— E(a{ — 04)cos26 (7
s = = (a{ — g;)sin20 €))

Where 6 is the angle between the direction of the surface normal on a plane and the orientation of the maximum
principal stress, and oy and ¢ are normal and shear stress rates, respectively. Solving these equations yields
[ ] [ 6.13 kPa/yr

. By employing Eq. (4) and assuming 4’ is 0.4, the tectonic stress rate is ~2.4 kPa/yr.
0.017 kPa/yr

4, Results and Discussion

4.1 The effect of ACFS imparted by the 2017 Poso and the 2018 Palu-Donggala earthquakes
on the Poso fault

The results for ACFS of the 2017 Poso and the 2018 Palu-Donggala earthquake calculated on the Poso fault are
shown in Figs. 4 and 5, respectively. The ACFS distribution on the Poso fault due to the 2017 Poso earthquake (Fig. 4)
from two parameters u’ and dips generated relatively similar which positive ACFSs of 5 kPa to 27 kPa are concentrated
around the center segments of the fault that are segment 5-11, while negative ACFSs of -8 kPa to -2 kPa are found
on the northern part of the Poso fault (segment 1-5). The same results also occurred when modeling the stress
transfer caused by the 2018 Palu-Donggala earthquake (Fig. 5) where all segments around the northern part of the
Poso fault are predominantly experienced negative ACFS of >-16 kPa.

In explaining the influence of the 2017 Poso and the 2018 Palu-Donggala earthquakes into the Poso fault, we
estimated the accumulation of ACFS imparted by those two events (Figs. 4 and 5). We displayed their cumulative
values on multi-segments of the Poso fault in Fig. 6. The distribution of the cumulative ACFS along the Poso fault
exhibits a high negative value in the north (segment 1 — segment 4) of up to —20 kPa and moderate negative value in
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Figure 4. Static coseismic ACFS of the 2017 Poso earthquake. (a) ACFS with u' of 0.4 and dip of 25°, (b) ACFS with u' of 0.1
and dip of 25°, (c) ACFS with u' of 0.4 and dip of 45°, and (d) ACFS with u’ of 0.1 and dip of 45°. The filled light pink
polygon shows the slip area > ~2 m of the 2017 Poso earthquake. The green bending line represents the surface
trace of the Poso fault. The inset box shows the Island of Sulawesi, with the focus study area indicated by red box.

the center (segment 5 — segment 11) of up to -5 kPa. To analyse more in detail the effect of large inland earthquakes
on each segment of the Poso fault, we investigate their values on each parameter of 1" and dip. When we used u' = 0.4
and 0.1 with dip = 25° (Fig. 4a and 4b) for ACFS calculation of the 2017 Poso earthquake, at segment 10, it exhibits
similar positive ACFS on each depth. However, dip =45° produced negative ACFS > ~-2 kPa at 20 km-25 km
depth (Fig. 4c and 4d). This pattern is also found on other segments, such as segments 8,9, 11 and 12.

For the ACFS calculation of the 2018 Palu-Donggala earthquake using x' = 0.4 and 0.1 with dip = 25° (Fig. 5a
and 5b), segments 1-12 exhibit high negative ACFS > -10 kPa, remarkably similar to the pattern following
dip = 45° (Fig. 5c and 5d). Only Fig. 5c¢ that exhibits smaller negative ACFS than any other combined parameters.
However, despite the dominantly negative ACFS imparted by the 2018 Palu-Donggala earthquake, the positive ACFSs
are identified when using y' = 0.4 and dip = 45° (Fig. 5¢) at lower depth on the southern part of Poso fault (segment
13,15, 16, 18, and 19) with ACFS > 0.1 kPa.

The cumulative ACFS displayed in Fig. 6 also yields almost similar pattern for different parameters of u’ and
dip. The ACFS results in Fig. 6a and 6b exhibit similar pattern with high negative ACFS > ~-20 kPa on the north
and low negative ACFS > ~-5 kPa. Only when using dip = 45° (Fig. 6¢c and 6d), some segments experience positive
ACFS, for instance, for u’ = 0.1 (Fig. 6d), the positive ACFS of ~5 kPa recorded on segment 17 at 5 km depth and for
u' = 0.4 (Fig. 6¢), the positive ACFSs are identified in segment 9 at 20 km depth and segment 10 at 5 km depth of
around 1 kPa. Based on the cumulative results of those two large events, it can be seen that the influence of the 2018
Palu-Donggala earthquake is much stronger than the 2017 Poso earthquake. This is certainly caused by the difference
in magnitude where the 2018 Palu-Donggala earthquake produced Mw 7.5, almost an approximate logarithmic
divergence of one unit in contrast to the magnitude produced by the 2017 Poso earthquake. The cumulative ACFS
results also transferred the negative ACFS in almost the entire segment of the Poso fault (from ~-5 kPa to ~—10 kPa)
meaning that their effects have moved the Poso fault away from failure, or potentially delayed failure.
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Figure 5. Static coseismic ACFS of the 2018 Palu-Donggala earthquake. (a) ACFS with u’ of 0.4 and dip of 25°, (b) ACFS
with u’ of 0.1 and dip of 25°, (c) ACFS with x' of 0.4 and dip of 45°, and (d) ACFS with u’ of 0.1 and dip of 45°. The
green bending line represents the surface trace of the Poso fault. The inset box shows the Island of Sulawesi, with
the focus study area indicated by red box. The filled blue long rectangle, pointed by the black arrow, portrays the
geometry model of the 2018 Palu-Donggala earthquake.

4.2 ACFS time function on the Poso fault

In modeling the ACFS time function on the Poso fault, we combine the results of ACFS due to large inland
earthquakes and the tectonic stress rate as this model has been presented in other stress evolution studies on
Sumatran Fault (see Rafie et al., 2023), SW Japan (Hori and Oike, 1999; Shikakura et al., 2014; Mitogawa and
Nishimura, 2020) and Palu Koro fault (Liu and Shi, 2021).

We model the ACFS time function in a range of 20 years, from 2010-2030 where the 2017 Poso and the 2018
Palu-Donggala occurred in that period of time. We used the ACFS model resulted from using ¢’ = 0.4 and dip = 25°
at 10 km depth. The ACFS time function model is shown in Fig. 7, other models that use different combinations
of u' and dip can be seen in Figs. S2, S3, and S4. The tectonic stress rate of 2.4 kPa on the Poso fault estimated in
this study is roughly similar to the result obtained by Liu and Shi (2021), where their estimation the tectonic stress
rate around Sulawesi Island to be 3.6 kPa. Also, this value is similar to that obtained in SW Japan’s Nankai Trough
forearc by Shikakura et al. (2020) and Mitogawa and Nishimura (2020) as well as in Sumatran Fault with the case of
no sliver movement (see Rafie et al., 2023), which suggests a low rate of tectonic loading.

Based on Fig. 7, high negative ACFSs due to the 2018 Palu-Donggala earthquake are concentrated around
the northern part of the Poso fault at segments 1-12 ranging from -20 kPa to —10 kPa and low negative stress
in the south at segment 13-20 with ACFS > -3 kPa. The 2017 Poso earthquake transferred low negative stress
as low as >~-3 kPa in the north (segment 1-4) and south (segment 12-20) of the Poso fault, while high positive
ACFSs of > ~10 kPa are found in the center of the fault (segment 5-11). Due to the high-stress release by the 2018
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Figure 6. Cumulative static coseismic ACFS from the 2017 Poso and the 2018 Palu-Donggala earthquakes. (a) ACFS with y’
of 0.4 and dip of 25°, (b) ACFS with u’ of 0.1 and dip of 25°, (c) ACFS with u' of 0.4 and dip of 45°, and (d) ACFS with
u'of 0.1 and dip of 45°. The filled light pink polygon shows the slip area > ~2 m of the 2017 Poso earthquake. The
green bending line represents the surface trace of the Poso fault. The inset box shows the Island of Sulawesi, with
the focus study area indicated by a red box. The filled blue long rectangle, pointed by the black arrow, portrays
the geometry model of the 2018 Palu-Donggala earthquake.

Palu-Donggala earthquake in comparison with the 2017 Poso earthquake, its coseismic stress change drops the
stress accumulation on segments 1-4, 6, and 11-12, so that it inhibits these segments to bring forward to their
critical condition. For segments 5 and 7-10, positive ACFS resulting from the 2017 Poso earthquake and negative
ACFS arising from the 2018 Palu-Donggala earthquake exhibit nearly equivalent magnitudes, so that their effects
cancel each other out. Other segments in the south (segments 13-20) experience the lowest coseismic ACFSs by
these two large earthquakes.

From these analyses, we infer that the effect of large earthquakes sufficiently controls the stress accumulation
within the northern to central segments of the Poso fault. In contrast, because there is no historical record of
significant earthquake on the southern part of Sulawesi earthquake, the southern portion of the Poso fault might
be more distinctly governed by the tectonic stress rates (see Fig. 8). For overall ACFS time function models along
the Poso fault displayed in Fig. 7, it is evident that the southernmost segment of the Poso fault exhibits the highest
stress accumulation, suggesting a potential advancement toward critical conditions. However, determining the
specific segments on the Poso fault that may have advanced to critical thresholds remains difficult to constrain
due to the paucity of historical large earthquakes and the limited understanding of fault strength characteristics
along the Poso fault. Furthermore, the absence of large earthquakes on this fault suggests the potential presence of
creeping, akin to those observed along the Aceh fault. Despite its high-stress accumulation, the fault experiences
creep and has yet to produce an earthquake with M > 7.0 (Rafie et al., 2023; Ito et al., 2012; Tong et al., 2018).
Nonetheless, further investigations are requisite to substantiate this assertion, particularly through geodetic and
geological observations.
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Figure 7. ACFS time function on each Poso fault segment, (a) for segment 1-10 and (b) for segment 11-20. Coseismic
changes in CFS due to the occurrence of the 2017 Poso and the 2018 Palu-Donggala earthquakes (blue and red
lines, respectively) as well as the tectonic stress rate (green) around Central Sulawesi Fault System (CSFS) are
indicated. The absolute value of the range of change in CFS (kPa) from these sources, accumulated over 20 years
for each segment is indicated on the left of (a) and the right of (b).

5. Conclusion

We have assessed the impact of the 2017 Poso and the 2018 Palu-Donggala earthquakes on the multi-strike
segments of the Poso fault, including an estimation of the tectonic stress rate due to triple-junction plate convergence
beneath Sulawesi Island.

The effect of coseismic ACFS on the Poso fault suggests that the northern segments undergo a considerably high
amount of negative stress changes, which potentially extends these segments toward critical conditions, while the
southern portion experiences a comparatively lesser effect. The cumulative ACFS of both large earthquakes implies
a prevailing influence of the 2018 Palu-Donggala earthquake in comparison to the 2017 Poso earthquake.

Derived from the ACFS time function models, it becomes apparent that the ACFS resulting from large earthquakes
within the northern to central segments of the Poso fault modulates the stress accumulation within that region.
Conversely, the southern segments of the Poso fault exhibit a stress distribution that lack significant impact, thus
highlighting the dominant role of tectonic stress rates in amplifying stress accumulation in this area. The notable
stress buildup in the Poso fault potentially signifies an advancement towards critical conditions, thereby enhancing
seismic hazards within this location.

This study also demonstrates that the stress accumulation model of the Poso fault overlooks the intricate
geometry of its individual segments, which may exhibit varying dip, rake values, and possibly oblique motion. Our
approach to estimating tectonic stress rate is simplified by employing the nearest strain rate model to the Poso
fault rather than addressing each segment separately. To generate a more accurate ACFS time function model, the
calculation should incorporate postseismic motion or viscoelastic function, a factor which has not been addressed
in this study. Although these effects are notably significant in the aftermath of major earthquake, our study focuses
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Figure 8. Illustration of large earthquake and tectonic stress rate influences on each segment of the Poso fault. The green
bending line represents the surface trace of the Poso fault. The filled red segments indicate that coseismic ACFS
sufficiently modulate the stress accumulation, while the filled blue segments show that the tectonic loading rate
might dominantly control the stress accumulation. The inset box shows the Island of Sulawesi with the focus
study area indicated by the red box. The filled blue long rectangle, pointed by the red arrow, portrays the rupture
area of the 2018 Palu-Donggala earthquake.

on events with M < 7.6, making postseismic effects less impactful and does not affect our findings. Nonetheless,
we posit that the stress accumulation model developed herein can serve as an initial reference for modeling stress
distribution on Sulawesi Island. Furthermore, it can be applied in future seismic hazard assessments and research,
including its application in evaluating earthquake risk mitigation strategies in the surrounding region.
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