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Abstract. The Purpri Fault, a newly identified active fault in East Kolaka, In‐
donesia, has been analyzed using an integrated geophysical approach, com‐
bining HypoDD earthquake relocation and DInSAR ground deformation 
analysis. The relocation of 233 seismic events from January 24 to February 7, 
2025, revealed a fault structure distinct from the Middle Kolaka and North Ko‐
laka Faults, characterized by an oblique‐normal faulting mechanism with a 
left‐lateral component. The focal mechanism solution confirms significant ver‐
tical displacement, indicating a fault that accommodates both extensional and 
shear deformation. DInSAR analysis using Sentinel‐1A SAR imagery detected 
subsidence and uplift patterns that align with the relocated seismicity, con‐
firming ongoing crustal deformation along the Purpri Fault. The western block 
of the fault exhibits a subsidence of approximately –13 cm, while the eastern 
block shows uplift of +11 cm, consistent with the seismic activity. The integra‐
tion of seismic relocation and deformation mapping interpretation confirms 
that the Purpri Fault is an independent and active fault system. The shallow 
depth of seismicity (<10 km) and evidence of ongoing deformation indicate a 
potential seismic hazard that is not currently accounted for in regional seismic 
hazard models. Given its capacity to generate moderate to strong earthquakes, 
incorporating the Purpri Fault into updated seismic risk assessments is essen‐
tial for improving earthquake preparedness and hazard mitigation strategies 
in East Kolaka. 
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Апстракт. Расед Purpri, новоидентификовани активни расед у источној 
Колаки, Индонезија, анализиран је коришћењем интегрисаног геофи зи ‐
чког приступа, комбинујући HypoDD релокацију земљотреса и DInSAR 
анализу деформације тла. Релокација 233 сеизмичка догађаја од 24. 
јануара до 7. фебруара 2025. године открила је структуру раседа разли ‐
читу од раседа Средње Колаке и Северне Колаке, коју карактерише косо‐
нормални механизам раседа са левостраном компонентом. Решење 
фокалног механизма потврђује значајно вертикално померање, што 
указује на расед са екстензионалним и смицајним деформацијама. DInSAR 
анализа коришћењем Sentinel‐1A SAR снимака открила је обрасце 
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Introduction 

 
Tectonic activity in Indonesia is governed by 

complex geological interactions, making the region 
one of the most seismically active zones in the world 
(HALL, 2002; HUTCHINGS & MOONEY, 2021; IRSYAM et al., 
2020; PUSGEN, 2017; PUSGEN, 2022; PUSGEN, 2024). 
East Kolaka (Fig. 1), in particular, is traversed by 
several local fault segments (Fig. 2a‐b), including the 
Middle Kolaka, North Kolaka, and Pelosika faults, 
which contribute to significant seismic hazards 
(PUSGEN, 2024; SOEHAIMI et al., 2022; PURBA et al., 
2024b; SIMANDJUNTAK et al., 1993; SURONO & BACHRI, 
2002; SURONO, 2010, 2013; NATAWIDJAJA, 2021; SERHA‐
LAWAN & CHEN, 2024; WATKINSON & HALL, 2017; WHITE 
et al., 2014). The presence of these faults creates a 
dynamic geological environment where fault inter‐
actions and segmentation play a crucial role in re‐
gional seismicity (SCHOLZ, 2019; PHILIBOSIAN & 
MELTZNER, 2020). The identification of new active 
faults in this region is essential for improving earth‐
quake hazard assessment and risk mitigation strate‐
gies (IRSYAM et al., 2020; PURBA et al., 2024b). 

A significant tectonic earthquake occurred on Jan‐
uary 24, 2025, in East Kolaka, Southeast Sulawesi, In‐
donesia, with an initial moment magnitude (Mw) of 
4.9. The epicenter was located at southwest Kolaka 
with depth of 10 km (Fig. 1a). Following this event, 
three additional earthquakes were recorded on Jan‐
uary 29, 2025: a magnitude 5.1 earthquake at a depth 
of 10 km, a magnitude 4.3 earthquake at a depth of  

5 km, and a magnitude 4.7 earthquake at a depth of 
5 km (Fig. 1b–d). Until February 7, 2025, observa‐
tions from the BMKG Geophysical Station in Gowa 
recorded a total of 233 earthquake events (Fig. 2b,c). 
It’s shakemap revealed that the impact could cause 
damage in areas close to the epicenter (BPBD, 2025). 

Recent advances in geophysical techniques have 
made it possible to detect and characterize active 
faults. HypoDD (hypocenter double‐difference) and 
Differential Interferometric Synthetic Aperture 
Radar (DInSAR) data have been widely applied in 
fault studies (SUPENDI et al., 2019, 2022, 2023; FANG 
et al., 2019; PURBA et al., 2024a). These techniques 
provide complementary insights into fault dynamics 
and permit more accurate mapping of fault struc‐
tures and associated seismic hazards. The applica‐
tion of these methods to the unidentified faults in 
East Kolaka has high potential for understanding 
their behavior. 

The idea behind this research stems from the oc‐
currence of four significant earthquakes in East Ko‐
laka, Indonesia, during early 2025. The first event, 
on January 24, 2025, had a moment magnitude 
(Mw) of 4.9. This was followed by three additional 
events on January 29, 2025, with moment magni‐
tudes of 5.1, 4.3, and 4.7, respectively. In assessing 
the regional seismicity, initial analysis of the earth‐
quake epicenters indicates that their locations fall 
outside the mapped zones of the Middle Kolaka, 
North Kolaka, and Pelosika faults (PUSGEN, 2024; 
SOEHAIMI et al., 2022; SIMANDJUNTAK et al., 1993; SURONO 
& BACHRI, 2002; SURONO, 2010, 2013; NATAWIDJAJA, 
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слегања и издизања који се поклапају са релоцираном сеизмичношћу, 
потврђујући континуирану деформацију коре дуж Purpri раседа. Западни 
блок раседа показује слегање од приближно ‐13 cm, док источни блок 
показује издизање од +11 cm, што је у складу са сеизмичком активношћу. 
Интеграција сеизмичке релокације и интерпретације мапирања 
деформација потврђује да је Purpri расед независан и активан систем 
раседа. Мала дубина сеизмичности (<10 km) и докази о континуираној 
деформацији указују на потенцијалну сеизмичку опасност која тренутно 
није узета у обзир у регионалним моделима сеизмичке опасности. С 
обзиром на његову способност да генерише умерене до јаке земљотресе, 
укључивање Purpri раседа у ажуриране процене сеизмичког ризика је 
неопходно за побољшање припремљености за земљотресе и стратегија 
за ублажавање опасности у Источној Колаки. 
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Fig. 1a‑d. Shakemap of the epicenter of East Kolaka earthquake (BMKG, 2025). 
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Fig. 2. a) Map of active fault and BMKG Broadband Seismic Stations around Sulawesi Island, b) study locations in East Kolaka and the 
earthquake event before relocate (233 events), c) Earthquake depth before relocate. 



2021; SERHALAWAN & CHEN, 2024; WATKINSON & HALL, 
2017; WHITE et al., 2014). This spatial separation 
suggests that the January 2025 events may be re‐
lated to a previously unmapped fault structure (Fig. 
2b,c). The observed clustering of seismicity deviates 
from the known alignments of the Kolaka Fault sys‐
tem, indicating the likelihood of an unidentified fault 
segment within the study region. 

Given this anomaly, this study aims to investigate 
the possibility of a previously unmapped fault in the 
region, hereafter referred to as the Purpri Fault, and 
to characterize its potential structural and seismo‐
tectonic features. The primary objective is to assess 
its structural and seismotectonic characteristics. To 
achieve this, an integrated geophysical approach is 
required, incorporating HypoDD for precise earth‐
quake relocation (WALDHAUSER & ELLSWORTH, 2000; 
WALDHAUSER, 2001; SUPENDI et al., 2019, 2020, 2022, 
2023) and DInSAR for ground deformation analysis 
(HANSSEN, 2001; HANSSEN, 2002; CARBONI et al., 2022; 
FANG et al., 2019; PURBA et al., 2024a). These methods 
will collectively help establish the spatial extent, 
geometry, and seismic potential of the Purpri Fault. 

The HypoDD method plays a significant role in 
making earthquake location more accurate by meas‐
uring the differences in seismic wave travel times. 
This method has been widely applied to refine earth‐
quake catalogs and to delineate seismicity patterns 
that provide insight into possible fault orientations 
(WALDHAUSER & ELLSWORTH, 2000; WALDHAUSER, 2001; 
SUPENDI et al., 2019, 2020, 2022, 2023). The applica‐
tion of HypoDD to the relocation of seismicity has 
been confirmed in a number of seismic zones such as 
the New Madrid Seismic Zone (DUNN et al., 2010; 
ZHANG et al., 2022) and the 2009 L’Aquila earthquake 
(DI LUCCIO et al., 2010). In Indonesia, HypoDD has 
been used efficiently in linking events such as the 
2021 Tehoru earthquake (DANIARSYAD et al., 2023), the 
2021 Flores earthquake (SUPENDI et al., 2022), and the 
2022 Pasaman Earthquake (SUPENDI et al., 2023) to 
hitherto unseen fault structures. These studies un‐
derscore the method’s capacity to map fault systems 
with high accuracy, which in turn makes it a useful 
technique for analyzing the Purpri Fault. 

DInSAR, a remote sensing technique, has been 
widely used to detect ground deformation associ‐
ated with seismic activity. By analyzing surface dis‐

placement over time, DInSAR offers an important 
perspective on fault movement and strain accumu‐
lation (ESA, 2012; FANG et al., 2019; PURBA et al., 
2024a). The use of Sentinel‐1 satellite data with 
DInSAR has proven effective in identifying surface 
deformation associated with faults in various geo‐
logical settings, as demonstrated in studies of seis‐
mic events in Beijing (HU et al., 2019), Thessaly 
(TOLOMEI et al., 2021), and Kalaotoa (PURBA et al., 
2024a). These applications illustrate how DInSAR 
can improve fault mapping and provide insights into 
the deformation processes associated with active 
faults such as the Purpri Fault. 

Seismic studies in the East Kolaka region have pri‐
marily focused on well‐established fault segments, 
including the Middle Kolaka, North Kolaka, and 
Pelosika faults. The Middle Kolaka and North Kolaka 
faults exhibit a left‐lateral strike‐slip mechanism, 
whereas the Pelosika Fault is characterized a right‐
lateral strike‐slip mechanism (PUSGEN, 2024; SOE‐
HAIMI et al., 2022; SIMANDJUNTAK et al., 1993; SURONO, 
2010, 2013; SERHALAWAN & CHEN, 2024; WATKINSON & 
HALL, 2017; WHITE et al., 2014). However, recent ob‐
servations following the January 24, 2025, earth‐
quake sequence suggest that seismicity in the region 
does not align with these fault systems. The clustering 
of aftershocks and their spatial distribution (figure 
2b–c) indicate the presence of a previously un‐
mapped fault, suggesting a more complex tectonic 
setting than previously understood. Despite the im‐
portance of these findings, current seismic hazard 
maps by PUSGEN (2024) do not fully incorporate the 
possibility of additional fault structures in East Ko‐
laka, leaving a significant gap in the understanding 
of regional fault dynamics. 

Although HypoDD and DInSAR have individually 
been proven effective for fault identification, their 
integration remains underutilized–particularly in 
regions like East Kolaka, where fault traces are 
poorly defined in current seismic hazard models. 
Given the lack of surface fault mapping and the limi ‐
tations of each method in isolation, their combined 
application provides a complementary approach to 
investigate previously unrecognized fault struc‐
tures. This study aims to demonstrate the effective‐
ness of this integrated approach through the case of 
the newly detected Purpri Fault. 
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This study aims to identify where this fault is lo‐
cated, assess its structural properties, and evaluate 
its potential seismic hazard. The occurrence of four 
earthquakes in early 2025, which do not correspond 
to the previously mapped Kolaka Fault system, sug‐
gests the presence of an unmapped fault. Using an 
integrated geophysical approach‐including HypoDD 
for seismic relocation and DInSAR to detect surface 
deformation‐this study seeks to provide a compre‐
hensive understanding of the fault’s characteristics, 
its relationship to regional tectonic structure, and 
its implications for seismic risk assessment.  

The novelty of this study lies in the discovery and 
investigation of unmapped active faults in East Ko‐
laka. While previous studies have focused on the 
Central Kolaka, North Kolaka and Pelosika faults 
(PUSGEN, 2024; SOEHAIMI et al., 2022; SIMANDJUNTAK et 
al., 1993; SURONO, 2010, 2013; SERHALAWAN & CHEN, 
2024; WATKINSON & HALL, 2017; WHITE et al., 2014), 
this study introduces new evidence suggesting that 
seismic activity in the region is not only caused by 
known fault systems. The integration of advanced 
geophysical methods enables a more detailed analy‐
sis of fault segmentation and interaction, providing 
insight into the complex tectonic dynamics of the 
area. This research not only contributes to the scien ‐
tific understanding of fault mechanics in Southeast 
Sulawesi, but also provides important data for up‐
dating seismic hazard models and disaster mitiga‐
tion strategies. 
 
 
Data and Method 

Hypocenter Double‑Difference (HypoDD) 
 

To accurately determine the locations of the 
mainshock and aftershocks in East Kolaka, this 
study employs the double‐difference (DD) method, 
implemented through the HypoDD algorithm. This 
approach, developed by WALDHAUSER & ELLSWORTH 
(2000) and refined by WALDHAUSER (2001), enhances 
earthquake relocation accuracy by minimizing  
errors in seismic travel time calculations. The method 
is based on the assumption that closely spaced earth‐
quake pairs share similar ray paths and travel times 
when observed from distant stations. By analyzing the 

differences in arrival times between pairs of earth‐
quakes recorded at the same station, this method ef‐
fectively reduces location uncertainties caused by 
velocity model variations, producing a clearer image 
of fault structures and seismic clustering. 

The earthquake data used in this study were ob‐
tained from the BMKG Geophysical Station Gowa 
(Indonesian Meteorological, Climatological, and 
Geophysical Agency) catalogue, covering the period 
from January 24, 2025, to February 7, 2025. These 
data were extracted from continuous recordings by 
broadband seismic stations, represented by green 
triangles in Fig. 2 a. A total of 233 events, with mag‐
nitudes ranging from 1.2 to 5.1, were identified from 
mainshocks and aftershocks (Fig. 2b, c). Initial 
hypocenter locations were determined using the 
LocSAT (BRATT & NAGY, 1991) linearized inversion 
routine, integrated into the SeisComP4 program 
(HANKA et al., 2010). This process relied on the 
IASP91 velocity model (KENNETT & ENGDAHL, 1991; 
KENNETT et al., 1995) as a reference for the initial 
earthquake locations. 

To improve the accuracy of these preliminary 
locations, we applied the double‐difference method 
to relocate the earthquakes. In this method, the 
travel time residual  between observed and calcu‐
lated travel times for an earthquake pair is ex‐
pressed as (WALDHAUSER, 2001 WALDHAUSER & 
ELLSWORTH, 2000; WALDHAUSER & SCHAFF, 2007): 

Where:  
a n d      represent the travel times of seismic waves 

from earthquakes  and  to station , respectively. 
For this study, event pairs were selected based 

on P‐ and S‐wave travel time similarities, ensuring 
that only closely related seismic events were in‐
cluded in the relocation process. The maximum 
hypocentral separation was set to 200 km, with up 
to 30 neighboring earthquakes per event. A mini‐
mum of 5 links was required to define a neighboring 
pair, and the maximum distance between the cluster 
centroid and a seismic station was set at 200 km. 
These parameter choices were extensively tested to 
achieve an optimal balance between computational 
efficiency and relocation accuracy. 
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Travel times were recalculated using this velocity 
model and compared with observed arrival times at 
seismic stations. The relocation process iteratively 
adjusted earthquake positions to minimize the 
residuals between theoretical and observed travel 
times, significantly improving the accuracy of the 
fault structure delineation. 

To assess the reliability of the relocated earth‐
quake positions, a bootstrap resampling method 
(BILLINGS, 1994) was applied. This statistical tech‐
nique introduced Gaussian noise with a standard 
deviation of 0.1 seconds to simulate realistic obser‐
vational uncertainties. The relocation process was 
repeated 5 times, generating small perturbations in 
the hypocenter locations for each event. From these 
perturbations, 95% confidence ellipsoids were cal‐
culated, providing a quantitative measure of the un‐
certainty in the relocated positions. This assessment 
ensured that the final earthquake locations pro‐
vided the most accurate representation of the 
Purpri Fault’s seismic activity, offering a clearer  
understanding of its structure and potential seismic 
hazards. 

 
 

Differential Interferometric Synthetic Aperture 
Radar (DInSAR) 

 
The Differential Interferometric Synthetic Aper‐

ture Radar (DInSAR) method was employed in this 
study to detect ground displacement associated 
with fault activity. DInSAR utilizes Synthetic Aper‐
ture Radar (SAR) images taken at different times to 
measure phase differences in radar waves, which 
correspond to surface deformation (FERRETTI et al., 
2007a). These phase differences are processed to 
generate interferograms, which provide a visual 
representation of ground movement (FERRETTI et al., 
2007b). The total phase difference between two 
SAR images in an interferogram can be expressed as 
(HANSEN, 2001, 2002; ROCCA et al., 2007c): 

Where:  
Δ𝜑𝑓𝑙𝑎𝑡 represents the phase difference due to 

topographic effects, Δ𝜑𝑒𝑙𝑒𝑣𝑎tion accounts for phase 

changes caused by elevation variations, and 
Δ𝜑𝑑𝑒𝑓𝑜𝑟𝑚𝑎tion corresponds to ground displacement. 
Additionally, Δ𝜑𝑎𝑡𝑚𝑜𝑠𝑓𝑒𝑟 represents phase shifts 
caused by atmospheric disturbances, while Δ𝜑𝑛𝑜𝑖𝑠𝑒 
includes errors from measurement uncertainties. Each 
component influences the interferometric phase, and 
by isolating these effects, DInSAR enables precise 
measurement of surface deformation (MANZO et al., 
2011; ARANGIO et al., 2013; LUEBECK et al., 2020).  

The SAR data used in this study were acquired 
from the Sentinel‐1A satellite for the period January 
8, 2025 – February 1, 2025, and downloaded from 
the Alaska Satellite Facility (ASF) archive 
(https://search.asf.alaska.edu) (Table 1). The Sen‐
tinel‐1 dataset consists of two master‐slave image 
pairs, ensuring broader coverage of the study area. 
The master image from January 8, 2025, served as 
the reference, while the slave image from February 
1, 2025, was used as the secondary observation. This 
approach allowed the generation of interferograms 
that capture surface deformation during this period.  

 

Given the extensive study area, a single interfero ‐
gram was insufficient to capture the entire region’s 
deformation. Therefore, four SAR images were used, 
forming two interferogram pairs to increase the spa‐
tial coverage. The first two images were combined to 
produce one image as well as the second image. The 
results of the merging were then combined to pro‐
duce an interferogram. This merging ensures that all 
relevant deformation signals within the study area 
are accounted for. Interferogram processing was con‐
ducted using the Sentinel Application Platform 
(SNAP) version 9.0.0, an open‐source software devel‐
oped by the European Space Agency (ESA, 2012). 

The workflow involved several key steps: (1) The 
process began with TOPSAR Split, which was used 
to isolate the relevant bursts and sub‐swaths from 
the Sentinel‐1A dataset, focusing on the area cover‐
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Table 1. The Sentinel 1 data used.
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ing the Purpri Fault (CLERICI et al., 2017), (2) Next, 
Apply Orbit File was employed to insert precise or‐
bital data, correcting for satellite position and veloc‐
ity to ensure geometric accuracy (MANCINI et al., 
2021; LEE et al., 2025), (3) Radiometric calibration 
and speckle noise filtering were then applied to en‐
hance the clarity of radar backscatter and improve 
the signal‐to‐noise ratio, (4) The co‐registration 
process was conducted through Back Geocoding, 
aligning the master and slave images using the 
SRTM 1 arc‐second (30 m) DEM and orbital param‐
eters to preserve phase coherence (RICHARDS, 2009), 
(5) To further improve image alignment and coher‐
ence across burst overlaps, Enhanced Spectral Di‐
versity (ESD) was applied (FANG et al., 2023), (6) The 
interferogram was then formed by calculating phase 
differences between the co‐registered master and 
slave images, capturing surface displacement along 
the satellite’s line of sight (FERRETTI et al., 2007b), 
(7) All bursts were merged using TOPSAR Deburst 
to create a seamless interferometric image, (8) 
Topographic Phase Removal was carried out using 
the same SRTM DEM to eliminate the elevation‐in‐
duced phase component and isolate the deforma‐
tion signal (ZEBKER & GOLDSTEIN, 1986; HANSSEN, 
2001), (9) The result was then subjected to Multi‐
looking, which resampled the data to square pixels 
and reduced high‐frequency speckle noise (XU et al., 
2022), (10) To enhance the unwrapping process, 
Goldstein Phase Filtering was applied, which effec‐
tively suppressed noise while retaining the phase 
signal (GOLDSTEIN & WERNER, 1998), (11) The filtered 
interferogram was exported using SNAPHU Export, 
allowing phase unwrapping to be performed exter‐
nally with the SNAPHU algorithm, which resolves 
phase ambiguity through a minimum‐cost flow ap‐
proach (CHEN & ZEBKER, 2002), (12) Once un‐
wrapped, the final deformation map was geocoded 
using Range‐Doppler Terrain Correction to project 
the radar coordinates into geographic coordinates 
(MEYER & SAHR, 2004; ZHANG et al., 2012; NEDELCU & 
BRISCO, 2018). This processing workflow was carried 
out following best practices from previous studies 
(MCGARRAGH et al., 2015; CLERICI et al., 2017; MARKO‐
GIANNAKI et al., 2020; CARBONI et al., 2022; PURBA et al., 
2024a), ensuring high‐quality and reliable results. 
By integrating these processing techniques, this 

study effec‐tively analyzed ground deformation re‐
lated to fault activity, providing valuable insights into 
the movement of the newly identified Purpri Fault. 
 

Results 

Historical Seismicity Analysis (2015–2024) 
 
To assess whether the 2025 earthquake se‐

quence represents an isolated swarm or part of a 
broader long‐term tectonic pattern, we examined 
historical seismicity in the Kolaka region from 2015 
to 2024 using the catalogue from BMKG Geophysical 
Station Gowa (Indonesian Meteorological, Climato‐
logical, and Geophysical Agency). The analysis re‐
veals that historical seismicity in the broader Kolaka 
region has been largely concentrated along the 
Kendari Fault (Fig. 3), particularly in the Kendari 
North & Central segment, likely influenced by com‐
pressional forces from the Tolo Thrust (HALL, 2019; 
SERHALAWAN & CHEN, 2024). In contrast, seismic ac‐
tivity along the Kolaka Fault system–which com‐
prises the North, Middle, and South segments–has 
shown more variable behavior. The Kolaka North 
Fault has a documented history of damaging earth‐
quakes, including a significant event in 2011 (BMKG, 
2019; PASARI et al., 2021). However, the Kolaka Mid‐
dle segment, which lies closest to the 2025 earth‐
quake sequence, shows no record of major or 
damaging historical earthquakes, suggesting rela‐
tively low past activity. 

The fault systems in Kolaka have been interpreted 
through both geophysical (e.g., SERHALAWAN & CHEN, 
2024; PUSGEN, 2024) and geological (e.g., SOEHAIMI et 
al., 2022; SIMANDJUNTAK et al., 1993; SURONO, 2010, 
2013; WHITE et al., 2014; WATKINSON & HALL, 2017) per‐
spectives, the Kolaka Middle segment is interpreted 
as a left‐lateral strike‐slip fault, inferred from its struc‐
tural orientation and deformation trends. The 2025 
earthquake sequence, however, presents a contrasting 
oblique‐normal faulting mechanism, as observed in 
both the foreshock and mainshock focal mechanisms, 
with significant vertical motion inconsistent with a 
pure strike‐slip regime. This kinematic discrepancy 
suggests that the 2025 sequence may not be associ‐
ated with typical Kolaka Middle behavior. 
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One possibility is that this earthquake cluster re‐
veals deformation occurring along an unmapped 
fault segment or a structural discontinuity between 
known segments. While oblique or reverse‐slip com‐
ponents can emerge along strike‐slip faults under lo‐
calized compression, the spatial pattern, rupture 
orientation (southeast–northwest), and hypocenter 
distribution of the 2025 events differ significantly 
from the mapped Kolaka trace. The mainshock oc‐
curred in the central cluster, located east of and offset 
from the Kolaka Middle segment. This strengthens 
the hypothesis that the sequence may be associated 
with a previously unrecognized fault. 

Comparisons with the Pelosika Fault, located fur‐
ther southeast, support this interpretation. Although 
the Pelosika Fault is known to exhibit shallow to in‐
termediate‐depth seismicity (5–60 km), it has gener‐
ally low‐to‐moderate activity (M2–M4) and lacks a 
clear history of large events near its mapped trace. 
Similarly, the Kolaka Middle segment shows sparse 
historical activity. This raises doubts about either of 
these structures being the primary source of the 
2025 earthquakes, especially considering the clear 
difference in fault kinematics. 

Earthquake Relocation of the Mainshock 
 

The relocation of seismic events from January 24 
to February 7, 2025, using the HypoDD algorithm as 
seen on Fig. 4a (WALDHAUSER & ELLSWORTH, 2000; 
WALDHAUSER, 2001; WALDHAUSER & SCHAFF, 2007), ini‐
tially focused on the mainshock (Mw 5.1) that  
occurred on January 29, 2025. This event was 
recorded at a depth of 10 km and exhibited an 
oblique‐normal focal mechanism, with a strike of 
142°, dip of 48°, and rake of –83° based on moment 
tensor inversion (HEIMANN, 2011). These parameters 
indicate dominant normal faulting with a minimal 
horizontal slip. 

The preliminary relocation map did not yet re‐
veal clear clustering or a fault‐aligned distribution, 
as it included only the mainshock and limited fore‐
shocks. However, it suggested a southeastward dip‐
ping fault geometry. This initial result served as the 
basis for more comprehensive relocation of the full 
aftershock sequence.  

A dashed green line was added to represent the 
estimated surface trace of the fault based on the 
mainshock alignment. The shallow depth and 

Fig. 3. Historical seismicity from 2015 to 2024 showing dominant activity along the Kendari Fault and minimal events in the area sur‑
rounding the inferred Purpri Fault. 
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oblique‐normal kinematics suggest that this fault is 
capable of generating damaging ground motion, 
meriting further structural interpretation through 
the full sequence analysis. Cross‐sectional profiles 
(Fig. 4b, c) along transects A–A′ and B–B′ further 
confirm a steeply dipping fault geometry with 
hypocenters predominantly confined to the upper 
10 km of the crust, consistent with shallow seismo‐
genic activity capable of producing damaging ground 
shaking. 

 
 

Spatiotemporal Clustering of the 2025 Sequence 
 
To better understand the structural organization 

of the 2025 seismic sequence, we conducted a com‐
prehensive relocation of 233 events recorded be‐
tween January 24 and February 7, 2025. The results 
revealed a clear spatiotemporal clustering of 
hypocenters into three distinct groups: a northern 
cluster, a central cluster (hosting the mainshock), 
and a southern cluster. These clusters are aligned 
along a southeast–northwest trend, which is oblique 
and offset from the mapped trace of the Kolaka Mid‐
dle Fault, indicating structural independence. In Fig‐
ure 5, black dots represent the original epicenter 
locations prior to relocation, while green dots de‐
note the relocated hypocenters using the HypoDD 

method. The comparison clearly illustrates how the 
relocation process significantly improves the spatial 
resolution of the dataset. Initially, the events ap‐
peared diffusely scattered, lacking any apparent 
structural pattern. After relocation, however, the 
events align into three distinct clusters–northern, 
central, and southern–along a southeast–northwest 
orientation. This refinement reveals a coherent fault 
structure that was not evident in the unrelocated 
data and provides further support for the delin‐
eation of the Purpri Fault. 

The central cluster corresponds spatially to the 
strongest DInSAR deformation, reinforcing its asso‐
ciation with the inferred Purpri Fault. The presence 

Fig. 4. a) Relocated epicenters of the M 5.1 mainshock and after shock with focal mechanism illustration; b) Cross‑sectional profile 
B‑B’; c) Cross‑sectional profile A‑A’. 

Fig. 5. Spatiotemporal Clustering of the 2025 Sequence. 
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of systematic clustering in both space and focal 
depth provides evidence for segmented fault activ‐
ity, rather than random aftershock dispersion. 

The relocation results exhibit low RMS residual 
values (Fig. 6), with most events having residuals 
close to zero, indicating strong convergence and re‐
liable location accuracy. Nevertheless, the relocation 
process was constrained by the limited number of 
seismic stations in the region. Due to the small mag‐
nitudes (Mw 1–2) of many aftershocks, some events 
were recorded by only three or four stations, intro‐
ducing increased uncertainty. Despite this limita‐
tion, the overall clustering pattern and consistency 
in focal mechanisms support the interpretation of a 
previously unmapped, segmented fault system. 

The focal mechanism results in this study sup‐
port the interpretation of oblique‐normal faulting 
along the Purpri Fault. However, we recognize that 
there are uncertainties in these results, especially 
because the number of seismic stations in the study 
area is limited. As highlighted by PURBA et al. 
(2025b), the accuracy of focal mechanism solutions 
depends heavily on how well the stations are dis‐
tributed and how precisely wave polarities can be 
observed. In our dataset, some events were 
recorded by only 3 to 4 stations, which may reduce 
the accuracy of the calculated strike, dip, and rake 

values. Even so, the similarity of focal mechanisms 
among clustered events, and their consistency with 
the surface deformation pattern, gives us confidence 
that the faulting style we interpret is reliable. While 
the focal mechanism solutions in this study provide 
key evidence for oblique‐normal faulting along the 
Purpri Fault, we acknowledge that uncertainties are 
inherent in such analyses, particularly given the lim‐
itations of station coverage in the region.  

 
 

Ground Deformation from DInSAR Analysis 
 
The DInSAR results, derived from Sentinel‐1A 

SAR imagery spanning January 8 to February 1, 

2025, reveal clear evidence of ground deformation 
along the Purpri Fault. The interferograms (Fig. 7) 
show distinct patterns of subsidence and uplift, cor‐
responding well with the relocated hypocenters 
(Figs. 4a & 5). The deformation analysis indicates 
that the western block of the fault has subsided by 
approximately ‐13 cm, while the eastern block has 
uplifted by around +11 cm. This asymmetric dis‐
placement pattern is consistent with the oblique‐
normal faulting mechanism derived from the focal 
mechanism solution, further confirming the fault’s 
role in controlling crustal deformation in the region.  

Fig. 6. Histogram of relocation residual error. 
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The Sentinel‐1A data were acquired in ascending 
orbit, with the satellite moving from southwest to 
northeast and observing the Earth’s surface from 
the west. This right‐looking geometry produces 
line‐of‐sight (LOS) deformation measurements that 
are sensitive to both vertical and east–west horizon‐
tal displacements. In this configuration, uplift 
and/or eastward motion appears as positive LOS 
displacement (green), while subsidence and/or 
westward motion appears as negative displacement 
(red). The deformation pattern observed—uplift of 
the eastern block and subsidence of the western 
block—is therefore interpreted as primarily vertical 
motion along an oblique‐normal fault plane. 

Profiles extracted from DInSAR‐derived defor‐
mation maps (Fig. 7) along the fault trace (dashed 
black line) also show differential vertical movement, 
reinforcing the interpretation that the Purpri Fault 
is actively accommodating strain release through a 
combination of normal and left‐lateral slip. 

Discussion 

The results of this study confirm that the Purpri 
Fault is a newly identified active fault in East Kolaka, 
clearly distinct from the Middle Kolaka and North 
Kolaka Faults, which are predominantly character‐
ized by left‐lateral strike‐slip motion (SIMANDJUNTAK 
et al., 1993; SURONO, 2010, 2013; WHITE et al., 2014; 
WATKINSON & HALL, 2017; SOEHAIMI et al., 2022; SER‐
HALAWAN & CHEN, 2024; PUSGEN, 2024). Evidence 
from relocated hypocenters, focal mechanism solu‐
tions, and ground deformation patterns obtained 
from DInSAR analysis consistently indicates that the 
Purpri Fault exhibits an oblique‐normal faulting 
mechanism, with significant normal displacement 
coupled with a left‐lateral shear component. These 
results are broadly consistent with the preliminary 
findings of WIJAYANTO et al. (2025), who also noted 
the presence of an unmapped fault in East Kolaka 
based only on seismic relocation data. 

 
Fig. 7. Deformation map in the East Kolaka. 
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The distribution of earthquake depths suggests 
that the Purpri Fault accommodates shallow crustal 
deformation, with most seismic events occurring at 
depths less than 10 km. This shallow depth of rup‐
ture enhances the likelihood of strong ground shak‐
ing, raising concerns regarding its potential impact 
on infrastructure and human settlements (SREEJITH 
et al., 2016; CRAIG, 2019; MINSON et al., 2020). Fur‐
thermore, the clustering of seismicity along linear, 
well‐defined patterns implies structural segmenta‐
tion within the fault zone, which may play a critical 
role in controlling rupture initiation and propaga‐
tion during future earthquakes (DELOGKOS et al., 
2020; WU et al., 2020; NATAWIDJAJA et al., 2021). 

This newly emerged clustering behavior not only 
reinforces the presence of the Purpri Fault but also 
suggests structural segmentation along its length, 
which could influence rupture dynamics and seis‐
mic hazard potential in future events. 

Long‐term seismicity analysis from 2015 to 2024 
confirms that the region surrounding the Purpri 
Fault was largely aseismic prior to the 2025 se‐
quence, with most recorded events concentrated 
along the Kendari Fault and no significant activity 
associated with the Kolaka Middle segment. This 
quiescence strengthens the interpretation that the 
2025 sequence represents a new activation episode 
rather than continued behavior along a previously 
active fault. The initial relocation of the mainshock 
and its foreshocks revealed a southeast‐dipping 
fault plane, but lacked a broader structural context. 
However, the full sequence relocation uncovered a 
distinct three‐cluster pattern—northern, central, 
and southern—aligned southeast–northwest and 
offset from the Kolaka Fault trace. This clustering 
pattern, confirmed by low RMS values, indicates 
segmented rupture behavior and provides further 
evidence for a previously unmapped, structurally 
coherent fault zone. 

The correlation between seismic and geodetic 
data provides compelling evidence of the fault’s ac‐
tivity. The spatial alignment between relocated 
hypocenters and DInSAR‐derived deformation–char‐
acterized by subsidence on the western block and 
uplift on the eastern block–indicates that the Purpri 
Fault is actively accommodating tectonic strain. This 
deformation pattern supports the interpretation that 

strain is released through both seismic rupture and 
aseismic slip processes (FANG et al., 2019; MARKOGIAN‐
NAKI et al., 2020; CARBONI et al., 2022). 

Despite the strong spatial correlation between 
the relocated seismicity and DInSAR‐derived defor‐
mation, it is essential to acknowledge a key limita‐
tion of the DInSAR technique: its sensitivity is 
restricted to displacements occurring along the 
satellite’s Line‐of‐Sight (LOS). In the case of Sen‐
tinel‐1A’s ascending orbit, the LOS vector is prima‐
rily sensitive to vertical and east–west ground 
motion components. However, this configuration in‐
herently limits the ability to distinguish vertical up‐
lift/subsidence from horizontal motion, particularly 
in the north–south direction, which is orthogonal to 
the LOS (MANZO et al., 2011; ATZORI & ANTONIOLI, 
2011; WANG et al., 2019). As such, the inferred 
oblique‐normal faulting mechanism–while sup‐
ported by the deformation pattern–remains par‐
tially constrained due to the one‐dimensional 
nature of the LOS measurement. Without comple‐
mentary observations, such as descending‐orbit 
SAR acquisitions, GNSS data, or 3D InSAR decompo‐
sition, the full kinematic interpretation of the fault 
movement cannot be conclusively established (HU 
et al., 2010; CASTALDO et al., 2017). Future research 
integrating these datasets will be essential to re‐
solve the three‐dimensional deformation field and 
validate the inferred fault geometry with greater 
certainty. 

By combining two independent but complemen‐
tary geophysical approaches–earthquake relocation 
using HypoDD and deformation mapping using  
DInSAR–this study achieves a comprehensive vali‐
dation of the Purpri Fault as an active tectonic struc‐
ture. This integration is particularly valuable in 
regions where surface fault traces are poorly devel‐
oped or concealed by surface conditions. The 
methodology underscores the importance of multi‐ 
multidiscipline approaches for fault identification, 
as has been demonstrated in numerous regional and 
international case studies. 

The discovery of the Purpri Fault has significant 
implications for seismic hazard assessment in 
Southeast Sulawesi. Currently, this fault is not incor‐
porated into official regional hazard models, such as 
those published by PUSGEN (2024), which may re‐
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sult in an underestimation of earthquake risk in the 
area. Based on its shallow depth, oblique‐normal 
kinematic behavior, and the surface deformation ob‐
served through DInSAR, the Purpri Fault presents a 
credible threat of generating damaging earth‐
quakes. To estimate its potential seismic capacity, 
we apply the empirical relationship by WELLS & COP‐
PERSMITH (1994), which relates surface rupture 
length to maximum expected magnitude. Given the 
fault’s inferred trace length of approximately 17 km, 
the estimated maximum moment magnitude is 
~6.5. While this value is theoretical and subject to 
geological confirmation. 

The geological context of the Purpri Fault further 
supports these findings. The fault is situated within 
the Mekongga Complex, composed primarily of 
metamorphic units such as schist, gneiss, and 
quartzite (SIMANDJUNTAK et al, 1993; SURONO, 2010, 
2013; WHITE et al., 2014; HASRUL et al., 2021; SERHA‐
LAWAN & CHEN, 2024). These lithologies exhibit 
markedly different mechanical responses to tectonic 
loading. Schist, with its prominent foliation due to 
aligned mica minerals, is highly anisotropic and 
more susceptible to shear and differential strain, es‐
pecially near the surface (WHITE et al., 2014; HASRUL 
et al., 2021). This behavior is attributed to the ori‐
entation of platy minerals such as biotite and mus‐
covite along foliation planes, which facilitate shear 
localization and strain accumulation under tectonic 
stress (STALLARD & SHELLEY, 2005; HUESCA‐PÉREZ et al., 
2016; MAMOT et al., 2020). Studies have shown that 
shear wave velocities vary significantly when prop‐
agating parallel versus perpendicular to schistosity, 
highlighting the inherent mechanical anisotropy of 
schist (HUESCA‐PÉREZ et al., 2016).  

Gneiss, though generally stronger and less foliated 
than schist, can also exhibit localized deformation 
due to its compositional banding (HASRUL et al., 2021). 
The presence of alternating felsic and mafic layers 
can result in stress concentration and partial strain 
accommodation under compressional or extensional 
regimes (MAMOT et al., 2020; WAQAS et al., 2024). For 
instance, OLIVA‐URCÍA et al. (2012) emphasize that the 
alignment of feldspar and mica grains within gneissic 
fabrics influences its overall rheological behavior, al‐
lowing strain to localize in specific zones without the 
pervasive foliation typical of schist.  

In contrast, quartzite behaves as a massive and 
brittle lithology with minimal foliation, resulting in 
a relatively isotropic and highly competent mechan‐
ical response (HASRUL et al., 2021). Its deformation 
resistance is primarily due to the interlocking na‐
ture of quartz grains and the lack of preferred min‐
eral orientation, which limits its susceptibility to 
strain concentration or shear displacement (ROSELLI 
et al., 2010; ADAM et al., 2020; WAQAS et al., 2024). 
Consequently, quartzite is more likely to fracture 
than to deform plastically, acting as a rigid tectonic 
block during faulting. 

Based on the vertical deformation pattern ob‐
served in DInSAR, it is inferred that the western sub‐
siding block of the Purpri Fault is dominated by 
schist, which accommodates vertical strain more 
readily. In contrast, the eastern uplifting block likely 
comprises gneiss or quartzite, whose greater me‐
chanical strength leads to more distributed or rigid 
responses to tectonic loading. This lithological asym‐
metry provides a plausible explanation for the con‐
trasting deformation behavior across the fault trace.  

Although the spatial and kinematic evidence sup‐
ports the interpretation of the Purpri Fault as a pre‐
viously unmapped active structure, we acknowledge 
that other tectonic or hydromechanical processes 
may have contributed to the observed seismicity. 
One possible mechanism is stress transfer from 
nearby fault systems, such as the Kolaka north/ 
middle, which may have experienced recent aseis‐
mic slip or coseismic stress changes capable of per‐
turbing stress fields in the surrounding crust 
(BARROS et al., 2019; DANRÉ et al., 2024). 

Another plausible explanation involves second‐
ary faulting, where shallow slip occurs along pre‐ex‐
isting zones of weakness rather than primary 
mapped structures. Such behavior has been ob‐
served in other tectonic settings, including the 2016 
Kumamoto Earthquake (FUKUSHIMA & ISHIMURA, 
2020), and underscores the complexity of fault in‐
teractions during strain accumulation and release. 

The potential role of fluid‐induced seismicity 
also warrants consideration. Although there is no 
known anthropogenic fluid injection activity in East 
Kolaka, the geological setting of the Purpri Fault 
within the Mekongga Complex suggests conditions 
that could naturally facilitate fluid migration. In par‐
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ticular, schist and gneiss exhibit strong foliation and 
compositional banding, which may act as conduits 
for deep‐seated fluids released during metamor‐
phism. These fluids can locally increase pore pres‐
sure, reduce effective normal stress on fault planes, 
and trigger fault slip (GUGLIELMI et al., 2008; KIM, 
2013; MCGARR, 2014). Previous studies have shown 
that fluid‐filled fractures and metamorphic foliation 
planes in anisotropic rocks can modulate microseis‐
micity and fault creep, especially in the upper crust 
(GOEBEL et al., 2016; YOSHIDA & HASEGAWA, 2018). 

While our data currently support a tectonic ori‐
gin for the observed seismicity, acknowledging 
these alternative mechanisms provides a more com‐
prehensive interpretation. We recommend future 
geochemical, geomechanical, and hydrogeological 
investigations to further evaluate the potential in‐
fluence of fluids and fault interactions in this region. 

The mechanical contrast between these litholo‐
gies is likely to influence not only the fault geometry 
but also the distribution of damage during earth‐
quakes. Although the shakemap (Fig. 1) indicates a 
relatively low to medium peak ground acceleration 
of approximately 27.4‐ 60.8gal (equivalent to 2.8%g 
– 6.2%g, or MMI IV‐V), field observations recorded 
structural damage in many one‐story buildings. Ac‐
cording to the official report from the Regional Dis‐
aster Management Agency (BPBD) of East Kolaka, a 
total of 159 residential structures were damaged 
(BPBD, 2025). This suggests that local amplification 
may have occurred, possibly due to the deformable 
nature of schist and the shallow rupture depth of 
the event. Short‐period ground motions–character‐
istic of shallow, moderate‐magnitude earthquakes–
are especially damaging to low‐rise, unreinforced 
structures, particularly when underlain by materials 
that amplify seismic waves (ASRURIFAK, 2010; PUS‐
GEN, 2022; PURBA et al., 2024b, 2025a). 

To enhance regional seismic hazard assessments, 
future research should prioritize long‐term geodetic 
monitoring to observe temporal changes in strain 
accumulation and deformation patterns (ELLIOTT et 
al., 2010; XU et al., 2010; LI et al., 2011; FIELDING et 
al., 2013). Both deterministic and probabilistic seis‐
mic hazard models need to be updated to reflect the 
presence and behavior of the Purpri Fault (PAILOPLEE 
et al., 2009; PURBA et al., 2024b, 2025a). Incorporat‐

ing this fault into national hazard frameworks will 
be crucial for strengthening earthquake prepared‐
ness and mitigation strategies. 

In addition, future studies should aim to deepen 
our understanding of the seismotectonic characte ‐
ristics and dynamic behavior of the Purpri Fault. 
Long‐term geodetic datasets from continuous GPS 
networks and extended InSAR time series will be in‐
dispensable for tracking interseismic strain and de‐
tecting potential precursory deformation signals 
(ELLIOTT et al., 2010; XU et al., 2010; LI et al., 2011; 
FIELDING et al., 2013). While this study employed 
Sentinel‐1 C‐band SAR data, the integration of L‐band 
imagery from ALOS PALSAR‐2 is recommended due 
to its enhanced penetration in vegetated and topo‐
graphically complex terrain, allowing for more accu‐
rate and reliable deformation measurements (DE 
ALBAN et al., 2018; LIU et al., 2020). The fusion of  
C‐band and L‐band data is likely to improve the res‐
olution and stability of surface deformation analysis 
over time. 

The accuracy of hypocenter relocation can be fur‐
ther improved by adopting region‐specific seismic 
velocity models. This study used the IASP91 global 
1D model (KENNETT & ENGDAHL, 1991); however, the 
application of local or 3D velocity models could re‐
duce location uncertainty and refine the geometric 
representation of fault structures, thereby enhancing 
seismic hazard quantification. Complementary pale‐
oseismological investigations, including trenching 
and dating of past rupture events, are also essential 
to estimate the recurrence intervals of large earth‐
quakes along the Purpri Fault (DARYONO, 2016; 
HOWARTH et al., 2018; WILLIAMS et al., 2019). Further‐
more, numerical fault modeling and dynamic rup‐
ture simulations could contribute to more realistic 
earthquake scenario planning (SILVA et al., 2020). 

In conclusion, this study demonstrates that the 
Purpri Fault is an active, seismogenic structure with 
the capacity to generate damaging earthquakes. The 
integration of seismological and geodetic tech‐
niques has proven effective in fault characterization, 
offering critical insights for hazard mitigation. These 
findings emphasize the urgent need to revise seis‐
mic hazard models, expand geophysical monitoring 
networks, and develop targeted risk reduction 
strategies for the East Kolaka region and beyond. 
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Conclusions 

This study presents the identification and charac‐
terization of the Purpri Fault, a previously unmapped 
active fault in East Kolaka, Indonesia. Through the in‐
tegration of seismic relocation using the HypoDD 
method and ground deformation analysis from Sen‐
tinel‐1A DInSAR data, the Purpri Fault is shown to be 
an independent seismogenic structure, distinct from 
the established Kolaka Fault system. The fault ex‐
hibits an oblique‐normal mechanism, accommodat‐
ing both extensional and left‐lateral strike‐slip motion, 
with seismicity predominantly concentrated in the 
shallow crust (<10 km depth). 

DInSAR‐derived surface displacement, marked 
by subsidence on the western block (–13 cm) and 
uplift on the eastern block (+11 cm), corresponds 
spatially with the relocated seismicity, reinforcing 
the interpretation that the fault is actively releasing 
accumulated strain. The coherence between seismo‐
logical and geodetic observations confirms the 
structural and tectonic significance of the Purpri 
Fault within the regional stress regime. 

The recognition of this fault has important impli‐
cations for seismic hazard assessments in Southeast 
Sulawesi, as it is currently absent from existing re‐
gional fault models. Its shallow seismic activity and 
capacity for significant surface deformation suggest 
a high potential for moderate to strong earthquakes, 
underscoring the need for its incorporation into up‐
dated hazard frameworks. 

Future investigations should prioritize high‐res‐
olution seismic velocity modeling, continuous GPS 
and InSAR monitoring, paleoseismological trench‐
ing, and numerical rupture simulations to refine the 
fault’s kinematics, recurrence intervals, and rupture 
potential. This study demonstrates the importance 
of integrating multiple geophysical techniques in 
fault characterization and emphasizes the need for 
proactive seismic hazard assessments to enhance 
earthquake preparedness and disaster risk mitiga‐
tion strategies in Southeast Sulawesi. 
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Резиме  
 
Расед Purpri: Новоидентификовани 
активни расед у Источној Колаки, 
Индонезија (на основу HypoDD и 
DInSAR) 
 

Овај рад представља идентификацију и ка ‐
рактеризацију Purpri раседа, претходно немапи ‐
раног активног раседа у Источној Колаки, 
Индонезија. Кроз интеграцију сеизмичког пре ‐
мештања коришц́ењем HypoDD методе и анали ‐
зе деформације тла из Sentinel‐1А DInSAR 
података, показано је да је Purpri расед неза ‐
висна сеизмогена структура, различита од 
утврђеног система раседа Колака. Расед пока ‐
зује механизам косо‐нормалног померања, који 
прилагођава и екстензионално и левобочно 
кретање, са сеизмичношћу претежно концен ‐
трисаном у плиткој кори (дубина <10 km). 

Површинско померање изведено из DInSAR ‐а, 
обележено слегањем на западном блоку (‐13 cm) 
и издизањем на источном блоку (+11 cm), 
просторно одговара премештеној сеизмично ‐
сти, појачавајући тумачење да расед активно 
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ослобађа акумулирани напон. Кохерентност 
између сеизмолошких и геодетских посматра ња 
потврђује структурни и тектонски значај Purpri 
раседа унутар регионалног режима напрезања. 

Препознавање овог раседа има важне импли ‐
кације за процене сеизмичког ризика у југо ‐
источном Сулавесију, јер тренутно није при‐ 
сутан у постојећим регионалним моделима 
раседа. Његова плитка сеизмичка активност и 
капацитет за значајне површинске дефор мације 
указују на висок потенцијал за умерене до јаке 
земљотресе, што наглашава потребу за његовим 
укључивањем у ажуриране оквире опасности. 

Будућа истраживања требало би да дају прио ‐
ритет моделовању сеизмичке брзине високе 

резолуције, континуираном GPS и InSAR пра ‐
ћењу, палеосеизмолошком истраживању ровова 
и нумеричким симулацијама руптура како би се 
усавршила кинематика раседа, интервали 
понављања и потенцијал стварања рутура. Ова 
студија показује важност интегрисања више ‐
струких геофизичких техника у карактериза ‐
цији раседа и наглашава потребу за про‐ 
активним проценама сеизмичког ризика како 
би се побољшала припремљеност за земљотресе 
и стратегије за ублажавање ризика од ката с тро ‐
фа у југоисточном Сулавесију. 
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