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Abstract
In active fault studies, electrical resistivity tomography (ERT) with wide electrode spacing (10 m) and fewer than 60 elec-
trodes is typically utilized. However, this configuration limits the ability of ERT to resolve detailed geological informa-
tion, such as fault geometry and motion, small-scale offset, and thickness of Quaternary layers. High-resolution electri-
cal resistivity tomography (ERT) with narrow electrode spacing (1.5–5 m) and 112 electrodes offers an opportunity to 
uncover finer geological information. This study combines ERT measurements with geological data from trenches and 
field observations to investigate the subsurface structures and Quaternary deformation on the easternmost Matano 
fault. On ERT sections, the easternmost Matano fault is characterized by deformed resistivity layers and resistivity con-
trasts. The subsurface fault structures dip steeply and indicate reverse and normal motions for the vertical component, 
with the displacement related to the Quaternary faulting ranging from 3 to 26 m. Notably, fault structures on ERT sec-
tions are not necessarily expressed by geomorphic features, suggesting obscured tectonic features. This study demon-
strates the reliability of high-resolution electrical resistivity tomography (ERT) in unveiling geological information, such 
as fault location and geometry, fault vertical motions, buried fault structures, small-scale vertical offsets, stratigraphy, 
and Quaternary sediment thickness, which are essential for seismic hazard assessment.
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1. Introduction

Understanding the characteristics of active faults, 
such as location, geometry, motion, and small-scale dis-
placements, is crucial for seismic hazard assessment. 
Electrical resistivity tomography (ERT) has been widely 
used to investigate the subsurface structures of active 
faults. However, applications of ERT in active fault 
studies are often limited by low-resolution data acquired 
using wide electrode spacing (e.g. 10 m) and a limited 
number of electrodes (fewer than 60) (e.g. Fazzito et al., 
2013; Peri et al., 2020; Sana et al., 2021). Although 
this technique provides fast measurement, it limits the 
ability of ERT to image geological information in detail. 
Incorporating ERT with a configuration of narrower 
electrode spacing (≤ 5 m) and a more significant number 
of electrodes (112) would yield higher data resolution, 

enabling a more precise identification of geological fea-
tures in the subsurface. Therefore, this study aims to test 
the reliability of ERT with a high-resolution configura-
tion, as previously mentioned, to better characterize the 
shallow subsurface geology of active faults.

We present the results of the ERT measurement on the 
easternmost Matano fault in Sulawesi, Indonesia (see 
Figure 1), integrated with geological data from trenches 
and field observations. This fault portion was selected for 
two reasons. First, the fault traverses a Quaternary basin 
where its fault traces have been accurately mapped based 
on LiDAR (Light Detection and Ranging) DEM (Digital 
Elevation Model) in our previous work (i.e. Patria et al., 
2023). Second, the Matano fault slips at a high rate of ~ 
20 mm/yr (e.g. Khairi et al., 2020; Patria et al., 2023; 
Walpersdorf et al., 1998), which potentially records sig-
nificant displacement in a relatively short period as well 
as displaying tectonic landscape evidence.

The left-lateral strike-slip Matano fault primarily ac-
commodates the rapid westward motion of the Pacific 
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Plate relative to the Australian Plate (Bock et al., 2003; 
Socquet et al., 2006; Watkinson and Hall, 2017) (see 
Figure 1a). The fault is located in the tropical region at 
a latitude of ~2°S, where surficial processes, such as ero-
sion and sedimentation, are intense. Furthermore, the 
fault resides within the expansive East Sulawesi Ophi-
olite (see Figure 1b), acknowledged as one of the 
world’s most significant ophiolites, encompassing an 
area exceeding 15,000 km2 and extending for a length of 
700 km (Kadarusman et al., 2004; Monnier et al., 
1995). Several studies indicated that the Matano fault 
has the capability of generating Mw ≥7 earthquakes (e.g. 
Center of National Earthquake Study (PuSGeN), 
2017; Cipta et al., 2017; Daryono et al., 2021; Patria 
et al., 2023). Therefore, the result of this investigation 
would also contribute to a seismic hazard evaluation of 
the Matano fault, particularly in the Morowali District, 
which has been developed as the ferronickel industrial 
zone.

2. Geological setting of the study area

This study focuses on the Larongsangi basin near Ko-
lono Bay, a Quaternary basin at the eastern end of the 
Matano fault on land (see Figures 1b and 2a). The basin 
is characterized by the presence of the Quaternary allu-
vium, for example, at locations 1 and 4 (see Figures 2a, 
b and 3a, b, e), that unconformably overlies the base-
ment rocks of the Triassic‒Jurassic Tokala Formation 
and the Cretaceous Ultramafic Complex (Simandjun-
tak et al., 1993) (see Figure 2a). The Tokala Formation 
consists of clastic limestone that crops out in the moun-
tainous terrain north of the basin, for example, at loca-
tion 5 (see Figures 2a, b, and 3f). The Cretaceous Ultra-
mafic Complex occupies the mountainous region to the 
west and south, as indicated by serpentinite outcrops at 
locations 2 and 3 (see Figures 2a, b and 3c, d).

Our previous work has precisely mapped the eastern-
most Matano fault’s traces in the Larongsangi basin us-

Figure 1: (a) Tectonic setting of eastern Indonesia (After Hall, 2012; Patria et al., 2021; Pownall et al., 2016;  
Titu-Eki and Hall, 2020). Red circles are earthquake hypocenters with Mw ≥7 and ≤40 km deep  

from the United States Geological Survey (USGS) earthquake catalog. (b) Fault traces and seismicity  
of the Matano fault (After Center of National Earthquake Study (PuSGeN), 2017).  

Blue circles are ≤40 km deep earthquake hypocenters from the USGS earthquake catalog.

a)

b)
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Figure 2: (a) Geological map of the study area with the surface traces of the Matano fault (After Patria et al., 2023; 
Simandjuntak et al., 1993). Black lines mark the ERT survey lines (L1–6). (b) Topography of the study area with the fault 

traces. A step-over basin is located between the Geresa and Balawai segments. (c and d) Detailed topography (LiDAR DEM) 
of selected areas around L1–2 and L3–5, respectively. Thick blue lines indicate the geological trenches. Faults highlighted pink 

in (d) were identified on ERT sections without prominent geomorphic expression.

ing LiDAR DEM data (Patria et al., 2023) (see Figure 
2). The fault deforms the Quaternary deposit, suggesting 
its recent activity (see Figure 3a, b, e). The Geresa seg-
ment traverses along the northern margin of the basin 
and steps to the Balawai segment to the west. The ste-
pover between the Geresa and Balawai segments mani-
fests as a narrow step-over basin with a width of ~800 m. 
The Bahomoahi segment parallels the Geresa segment in 
the central part of the Larongsangi basin. Our paleoseis-
mic investigation on the Geresa segment revealed that 
the easternmost Matano fault ruptured between the 15th

 

and 19th centuries with an estimated Mw 7.4, and the 
recurrence interval of surface-rupturing earthquakes is 
calculated at 200‒470 years (Patria et al., 2023).

3. Methodology

ERT, also known as georesistivity or geoelectric, is a 
near-surface geophysical technique that measures the re-
sistivity of subsurface rocks by injecting electrical current 
into the subsurface through electrodes and measuring the 
resulting potential difference (Telford et al., 1990). The 

a)

b)

c) d)
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resolution and penetration depth depend on the distance 
between electrodes (Loke and Dahlin, 2002; Storz et al., 
2000); a wider distance between the electrodes results in 
greater penetration depth but decreases data resolution. 
Despite this trade-off, ERT surveys have been widely ap-
plied to investigate the subsurface structures of active 
faults, providing high-resolution, fast, and reliable results 
(e.g. Daryono et al., 2019; Fazzito et al., 2013; Peri et 
al., 2020; Suzuki et al., 2000).

In this study, we employed a high-resolution ERT 
configuration to image the shallow subsurface structures 
of the easternmost Matano fault within the Larongsangi 
basin. We utilized a multi-channel resistivity instrument, 
the SuperSting IP R8 by AGI USA (see Figure 4a). The 
dipole-dipole configuration was selected for the acquisi-
tion due to its suitability for steeply-dipping faults, such 
as strike-slip faults (e.g. Fazzito et al., 2013) (see Fig-
ure 4b). We used 112 electrodes with spacing ranging 
from 1.5 to 5 m, depending on site accessibility and the 
targeted fault traces. The maximum penetration depth is 
approximately 24% of the section length. The horizontal 
resolution equals the electrode spacing, while the verti-
cal resolution ranges from 0.3 to 1.7 times the electrode 

spacing. For example, 2 m electrode spacing yields a 
222 m long section, a maximum depth of about 53 m, 2 
m horizontal resolution, and ~0.6‒3.4 m vertical resolu-
tion (see Supplementary Figure 1).

All section lines were oriented almost north-south, in-
tersecting active fault traces (see Figure 2). In particu-
lar, the roll-along technique was applied during the ac-
quisition of section L5 to obtain an extended continuous 
section, imaging the overall subsurface structure within 
the narrow step-over basin. The elevation differences 
along ERT lines were recorded using the ZIPLEVEL 
PRO-2000 at every electrode position except for line L3, 
where the topography was relatively flat.

We used the EarthImager 2D software by AGI USA to 
process the resistivity data and produce the final inverted 
resistivity sections. The processing workflow includes 
topographic correction, model inversion, and forward 
modelling (see Figure 4c). We applied the finite-element 
method for the forward modelling and conducted up to 8 
iterations to obtain the smallest RMS error. Then, we in-
terpreted the final inverted resistivity sections by identi-
fying distinct resistivity layers and faults. The layers 
were mainly differentiated based on their resistivity val-

Figure 3: (a) Oblique photograph of the geomorphic setting of location 1 and lines L1–2. (b) 2 m high fault scarp on the 
Quaternary alluvium at location 1. (c) Fault cutting serpentinite (Ultramafic Complex) at location 2. (d) Serpentinite quarry 

at location 3. (e) 1 m high fault scarp on the Quaternary alluvium at location 4. (f) Limestone as river bed at location 5.

a)

c)

e)

b)

d)

f)
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ues and stratigraphic positions. Faults on ERT sections 
manifested as displaced resistivity layers and lateral re-
sistivity changes.

Furthermore, the resistivity layers and fault structures 
on the ERT sections were correlated with the geological 
information obtained in outcrops and trenches. We exca-
vated five trenches, T1‒5, to confirm the geological in-
terpretation of the ERT sections. The trench walls were 
gridded and logged to record the geological information. 
A paleoseismic investigation with radiocarbon dating 
was done on trench T1, and the result has been published 
in Patria et al. (2023). We did not have an age constraint 
for layers observed on the other trenches, T2‒5.

4. Results

This section describes the ERT sections and their geo-
logical interpretation from east to west. The raw data of 
ERT measurements and elevation profile are available at 
URL 1.

4.1. Sections L1 and L2

Lines L1 and L2 intersected a ~2-m-high south-facing 
fault scarp of the Geresa segment (see Figure 2a‒c). 
Section L1 line was acquired near trench T1 (see Fig-
ures 2c and 3a). Additionally, line L2 crossed a ~2.5-m-
high pressure ridge (see Figure 2c). Three main resistiv-
ity layers and three faults were identified on sections L1 
and L2 (see Figure 5a, c).

Layer A on section L1 is situated just beneath the sur-
face and is characterized by a resistivity of 5‒25 Ωm and 

a thickness of ~2‒9 m (see Figure 5a). Within this layer, 
a local high resistivity anomaly reaches 130 Ωm (labeled 
HA on Figure 5a). Section L2 unveils a detailed stratifi-
cation of layer A as layers A1‒3 (see Figure 5c). Layer 
A1 exhibits a resistivity of 3‒45 Ωm with a thickness of 
~1 m. Below layer A1, the ~2 m thick layer A2 is indi-
cated by a resistivity of 83‒430 m. Layer A3 is charac-
terized by lower resistivity than layer A2, down to 11 
Ωm, with a thickness of ~6 m. Two localized low resis-
tivity anomalies within layers A2 and A3 on section L2 
(labeled LA on Figure 5c) disrupt these layers laterally 
below the pressure ridge, suggesting a non-sedimentary 
origin, probably related to liquefaction as sand boils (see 
Figure 5d). Based on trench T1 (see Figure 6), de-
formed sediments dated as Holocene (Patria et al., 
2023) correlate layer A on section L1, pointing that the 
near-surface layers A and A1‒3 correspond to the Qua-
ternary alluvium (see Figure 5b, d). The pebble ob-
served in trench T1 is considerably associated with the 
high resistivity anomaly on section L1 and was inter-
preted as a colluvial wedge developing at the fault scarp.

Layer B, below either layers A or A3, is characterized 
by a high resistivity reaching 1100 Ωm at its upper por-
tion and a lower resistivity, 30 Ωm, at its lower part (see 
Figure 5a, c). Layer B was interpreted as the Ultramafic 
Complex (see Figure 5b, d) because the observations on 
section L4 (described in subsection 4.3), whose line in-
tersected a serpentinite outcrop at location 3, suggests 
that the Ultramafic Complex in the study area is charac-
terized by a combination of a high and low resistivity at 
the upper and lower portions, respectively. Layer B lat-
erally discontinues to the north at fault F3, and a resistiv-

Figure 4: (a) ERT instrument used in this study, the SuperSting IP R8. (b) Dipole-dipole array configuration.  
a is the electrode spacing. l is the distance between pairs of current/potential electrodes, where l was set 1–6 times  
electrode spacing (a). n is the expansion factor. HR and VR are horizontal and vertical resolutions of data points,  

respectively. (c) Workflow of ERT data processing.

a)

c)

b)
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ity of 3‒150 Ωm defines layer C (see Figure 5a, c). 
Layer C is located beneath the pressure ridge on section 
L2. Layer C was interpreted as the Tokala Formation 
(see Figure 5b, d), composing the mountainous terrain 
north of lines L1 and L2 (see Figure 2a).

Fault F1 coincides with the Geresa segment’s fault 
scarp and displaces layers A, A1‒3, and B. Fault F1 
steeply dips to the north, in agreement with the fault 
structures on trench T1 observed as discontinued and 
displaced layers (see Figure 6). The fault depicts a re-
verse motion component (see Figure 5). This motion on 
a north-dipping fault agrees with the south-facing fault 
scarp. The smallest offset on fault F1 is ~3 m on layer 
A2, ~1 m greater than the fault scarp’s height of ~2 m 
(see Figure 5d). The difference between the fault scarp 
height and the vertical offset of layer A2, ~1 m, might 
represent the vertical displacement due to a single sur-
face rupturing earthquake. The vertical offset calculated 
at the bottom of the Quaternary alluvium on sections L1 
and L2 is ~9 m, much greater than the fault scarp’s 
height, pronouncing the accumulative displacement due 

to repetitive surface-rupturing earthquakes on fault F1 or 
the Geresa segment (see Figure 5b, d).

On section L1, fault F2a was identified as a vertical off-
set of layer B below the undeformed portion of layer A 
(see Figure 5a). This observation suggests fault F2a is in-
active because it does not disrupt the Quaternary layer. 
Fault F2b on section L2, which offset layer B, was also 
interpreted to be inactive as it does not disrupt layer A3 
and above (see Figure 5c). Fault F3 is marked by a con-
trast resistivity change between layers B and C (see Fig-
ure 5a, c). Fault F3 does not deform layer A on section L1, 
while on section L2, it propagates till layer A1 and bounds 
the southern flank of the pressure ridge. This suggests that 
this fault might have been partly activated, forming the 
pressure ridge. This fault is also associated with the low 
resistivity anomaly near the surface (see Figure 5c).

4.2. Section L3

Section L3 was acquired on a relatively flat riverbank 
to assess the fault contact between the Tokala Formation 
and the Ultramafic Complex (see Figure 2a, b, d). The 

Figure 6: Photograph of trench T1 (east wall). The blue line marks the displaced layer.

Figure 5: (a) Inverted resistivity section L1 with fault and layer delineations. Fault F1 corresponds to the Geresa segment’s 
trace. (b) Subsurface geological interpretation of section L1 (see legend in Figure 2a for lithology units).  

(c) Inverted resistivity section L2 with fault and layer delineations. (d) Subsurface geological interpretation of section L2  
(see legend in Figure 2a for lithology units).

a)

c)

b)

d)
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limestone outcrop at location 5 (see Figures 2b and 3f) 
suggests that the high topography north of line L3 is 
composed of the Tokala Formation, while the serpent-
inite crops out at location 2 (see Figures 2b, d, and 3c) 
indicates that the hill west of line L3 consists of the Ul-
tramafic Complex. Section L3 illustrates four resistivity 
layers and a fault structure (see Figure 7a).

Layer D occupies the uppermost section from the dis-
tance of 65 m southward (see Figure 7a). This layer is 
marked by a resistivity value of 82 ‒1170 Ωm and thick-
ens southward up to ~9 m. Layer E is situated partly be-
low the surface at the distance of 0‒65 m and partly be-
low layer D to the south (see Figure 7a). The ~10 m 
thick layer E exhibits a resistivity of 170‒1500 Ωm. It 
inclines at an angle of ~9° southward, starting at the dis-
tance of 52 m (see Figure 7b). Layers D and E represent 
the alluvial deposits on the riverbank where section L3 
was acquired, classifying these layers into the Quater-
nary alluvium (see Figure 7b).

Layer F, with a resistivity of 35‒220 Ωm, is located 
below the tilted portion of layer E (see Figure 7a). Be-
low layer E at a distance of 0‒50 m, layer G displays a 
lower resistivity than layer F, about 15‒100 Ωm (see 
Figure 7a). Layer F was interpreted to correlate with the 
serpentinite outcrop at location 2, the Ultramafic Com-
plex, while layer G likely corresponds to the Tokala For-
mation’s limestone to the north (see Figure 7b). This 
observation pronounces that the Tokala Formation has a 
lower resistivity than the Ultramafic Complex, similar to 
the observation on sections L1 and L2.

Fault F4 is denoted by the lateral resistivity discontinu-
ity between layers F and G and the tilting of layer E (see 
Figure 7a). This fault coincides with the beginning point 
of the tilt of layer E and the Geresa segment’s trace inter-
pretation by Patria et al. (2023). This fault is almost verti-
cal, and the tilted layer suggests that the vertical motion of 
the fault is down to the south. The vertical displacement is 
up to 12 m, calculated at the bottom of the Quaternary al-
luvium (see Figure 7b). This displacement is slightly larg-
er than the vertical offset estimated for fault F1.

4.3. Sections L4 and L5

Sections L4 and L5 were acquired in the step-over ba-
sin between the Geresa and Balawai segments to reveal 

the fault pattern within the basin (see Figure 2a, b, d). 
Lines L4 and L5 were situated on the Quaternary alluvi-
um, except the southernmost portion of line L4, which 
covers a piedmont consisting of the Ultramafic Complex 
as indicated by serpentinite at location 3 (see Figures 2b, 
d, and 3d). Three resistivity layers and four faults were 
identified on these sections (see Figures 8a and 10a).

Layer H is the uppermost layer on sections L4 and L5, 
characterized by a low resistivity of 5‒10 Ωm in general 
and a resistivity reaching up to 2300 Ωm in places (see 
Figures 8a and 10a). The thickness of this layer is 
~12‒20 m. Below layer H, layer I is indicated by a resis-
tivity of 6‒68 Ωm with a thickness of ~18‒30 m (see 
Figures 8a and 10a). As lines L4 and L5 mostly traverse 
the Quaternary alluvium (see Figure 2a), the near-sur-
face layers H and I were interpreted as the alluvium (see 
Figures 8b and 10b). Trenches T2‒4 excavated within 
lines L4 and L5 above fault structures show that layer H 
is predominantly composed of gravel with a portion of 
sand (see Figures 9 and 11).

Below layer I, layer J is defined by a resistivity of 
50‒1600 Ωm at its upper portion and a resistivity of 
25‒50 Ωm at its lower portion (see Figures 8a and 10a). 
A serpentinite outcrop at location 3 (see Figures 2b and 
8a) coincides with this layer at the surface on section L4, 
confirming that layer J constitutes the Ultramafic Com-
plex (see Figures 8b and 10b). This observation has 
been the basis for interpreting layer B on sections L1 and 
L2, layer F on section L3, and layer M on section L6.

Fault F5, the southernmost fault on sections L4 and 
L5, displaces layers H‒J (see Figures 8a and 10a). On 
section L4, this fault coincides with the Balawai seg-
ment at the surface. This fault steeply dips to the north 
and shows a down-to-the-north motion. On section L4, 
the vertical offset due to fault F5 is calculated at ~28 m 
at the bottom of the Quaternary layer (see Figure 8b). 
Section L5 shows a vertical offset of ~13 m at the top of 
layer I, and the offset becomes larger at the bottom of the 
Quaternary layer, ~18 m (see Figure 10b). In trench T4, 
fault F5 is indicated by a lithologic change between 
gravel and sand-gravel layers (see Figure 11b). North of 
fault F5, an antithetic fault F5’, displaces layers H‒J 
down to the south, with a vertical Quaternary displace-
ment of ~23‒31 m (see Figures 8b and 10b).

Figure 7: (a) Inverted resistivity section L3 with fault and layer delineations. Fault F4 corresponds to the Geresa segment’s 
trace. (b) Subsurface geological interpretation of section L3 (see legend in Figure 2a for lithology units).

a) b)
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Fault F6 was identified by displaced resistivity layers 
H‒J on sections L4 and L5 (see Figures 8a and 10a). 
This fault splays upward and forms a local graben where 
layers H and I become thicker. The vertical displacement 
of fault F6 reaches ~23‒26 m, calculated at the bottom 
of the Quaternary alluvium (see Figures 8b and 10b). 
The northern splay of fault F6 appears as sharp lateral 
changes between sand and gravel in trench T3 (see Fig-
ure 11a), and its southern splay is indicated by the verti-
cally displaced sand layer and truncation of sedimentary 
layers in trench T2 (see Figure 9). On section L4, fault 
F7 was identified as a resistivity gap within layer J (see 
Figure 8a). Above this fault, layers H and I are not de-
formed, suggesting that this fault is inactive.

4.4. Section L6

Section L6 was measured above the Quaternary allu-
vium to examine the continuation of the Balawai seg-
ment to the west of section L5 (see Figure 2a, b). Just 

west of this section, at location 4, a 1 m fault scarp char-
acterizes the Balawai segment (see Figures 2b and 3e). 
This section exhibits three resistivity layers and a fault 
structure that branches upward (see Figure 12a).

The uppermost layer K exhibits a resistivity of 8‒25 
Ωm with an average thickness of ~3 m (see Figure 12a). 
Since section L6 was acquired above the Quaternary al-
luvium (see Figure 2a), layer K corresponds to this de-
posit (see Figure 12b). Based on trench T5, layer K is 
dominated by gravel with an intercalation of sand (see 
Figure 13). Below layer K, at the distance of 96‒220 m, 
a resistivity value of 24‒95 Ωm indicates layer L (see 
Figure 12a). This layer has a thickness of ~12 m and 
pinches out northward near the southern fault splay. The 
thinning of layer L suggests that a former topographic 
high plausibly limited its deposition in the past, devel-
oped due to the fault’s motion. Layer M displays a resis-
tivity value of 19‒450 Ωm on this section, where its up-
per portion has a higher resistivity than its lower part 
(see Figure 12a). The resistivity of layer M resembles 

Figure 9: Photograph of trench T2 (east wall). Fault structures are overlain by the undeformed gravel layer (green line).  
The purple line marks the displaced layer.

Figure 8: (a) Inverted resistivity section L4 with fault and layer delineations. Fault F5 corresponds to the Balawai segment’s 
trace. (b) Subsurface geological interpretation of section L4 (see legend in Figure 2a for lithology units).

a)

b)
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Figure 10: (a) Inverted resistivity section L5 with fault and layer delineations. Fault F5 corresponds to the Balawai segment’s 
trace. (b) Subsurface geological interpretation of section L5 (see legend in Figure 2a for lithology units).

Figure 11: (a and b) Photograph of trenches T3 (east wall) and T4 (west wall), respectively

Figure 12: (a) Inverted resistivity section L6 with fault and layer delineations. Fault F8 corresponds to the Balawai segment’s 
trace. (b) Subsurface geological interpretation of section L6 (see legend in Figure 2a for lithology units).

Figure 13: Photograph of trench T5 (west wall). Pink and blue lines mark the displaced and folded layers, respectively.

a) b)

a)

b)

a) b)
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layer J on sections L4 and L5 and layer B on sections L1 
and L2; hence, it was interpreted as the Ultramafic Com-
plex (see Figure 12b).

The displacement of the upper portion of layer M at 
the distance of 55 and 91 m marks a pop-up structure as 
two oppositely-dipping fault splays, denoted as fault F8 
(see Figure 12a). In trench T5, two fault structures were 
identified, representing both fault splays observed on 
section L6 (see Figure 13). The fault to the north is indi-
cated by displaced layers, and the fault to the south is 
depicted by folded layers. The northern splay also cor-
relates to the fault scarp at location 4 (see Figure 12a). 
The northern fault splay shows a vertical displacement 
of ~3 m, calculated at the bottom of the Quaternary layer 
(see Figure 12b).

5. Discussions
5.1. Reliability of high-resolution ERT

With the configuration used in this study, ERT effec-
tively characterized the geometry of the easternmost 

Matano fault. Fault structures are constrained by dis-
placed layers and resistivity contrasts. In some sections, 
the fault vertical motion could be determined; for exam-
ple, the reverse motion of faults F1 and F8 and the nor-
mal motion of faults F5, F5, and F6. We were also able 
to calculate vertical offsets related to Quaternary defor-
mation. Notably, using the electrode spacing of 1.5 m 
and 2 m allowed an identification of the vertical offset of 
~3 m for layer A2 in section L2 and ~3 m for layer K in 
section L6. Furthermore, the ERT survey revealed ob-
scured fault structures in sections L4 and L5 within the 
narrow step-over basin, confirmed by the trench obser-
vations.

Our high-resolution ERT allowed us to resolve finer 
details of the Quaternary layers, including thickness 
(minimum observed thickness is ~1 m for layer A1 in 
section L2 with 1.5 m electrode spacing), detailed layer-
ing, and geometry. Moreover, lateral variations within 
Quaternary layers, such as resistivity anomalies, could 
be identified, which might reflect variations in composi-
tion or fluid content related to the faulting activity, as 

Figure 14: Schematic diagram illustrating the spatial correlation between faults identified on the ERT sections.  
The Geresa segment is expressed by faults F1 and F4, while the Balawai segment is represented by faults F5 and F8.  

Fault F6 is located within the step-over basin between the two segments. The Geresa and Balawai segments function  
as basin-bounding faults, while fault F6 was interpreted as a cross-basin fault. Thick pink lines highlight the faults  

identified based on ERT without prominent geomorphic expression. The upper right inset shows structural elements  
in a strike-slip basin based on an analog model by Wu et al. (2009).
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exemplified by a high anomaly at fault F1 in section L1 
and low anomalies at fault F3 in section L2.

The high-resolution ERT configuration used in this 
study successfully produced detailed subsurface images 
of the easternmost Matano fault. The rich geological in-
formation is helpful in seismic hazard assessment. For 
example, understanding the fault geometry and vertical 
motion is crucial because earthquakes would significant-
ly impact the hanging wall block (the block above the 
fault). Identifying small-scale offsets would also help 
estimate the displacement of a single earthquake. In ad-
dition to the fault characteristics, the thickness of basin-
filling sediments (Quaternary deposits) and the depth of 
the underlying basement rocks are essential parameters 
for calculating peak ground acceleration (PGA). Fur-
thermore, identifying the location of obscured faults 
helps pinpoint the potential areas impacted by an earth-
quake surface rupture.

5.2. Fault geometry

The Matano fault is predominantly characterized by a 
left-lateral motion with a vertical-to-horizontal compo-
nent ratio of 12‒15% (Patria et al., 2023). Our observa-
tion on the ERT sections indicates that the fault is char-
acterized by subvertical‒vertical fault planes with both 
reverse and normal slips as the vertical component (see 
Figure 14). The fault structures observed in trenches 
agree with the faults identified on the ERT sections. Dis-
placed near-surface resistivity layers, which are corre-
lated with the young sediments exposed in the trenches, 
express the fault’s Quaternary activity.

Sections L1 and L2 depict the reverse motion compo-
nent of the Geresa segment (see Figure 5). The faults in 
these sections indicate the contractional component of 
the deformation on the Geresa segment. The north dip-
ping fault F1 aligned with the Geresa segment’s fault 
scarp is correlated with the fault structures observed in 
trench T1. Section L2 illustrates the subsurface structure 
of a pressure ridge where the subsidiary fault F3 controls 
the ridge’s formation. In contrast, section L3 reveals that 
the south-dipping fault F4 with a normal motion compo-
nent represents the Geresa segment (see Figure 7). The 

observations on sections L1‒3 reveal that the Geresa 
segment consists of both north- and south-dipping fault 
planes with reverse and normal motion components, re-
spectively.

Within the step-over basin, sections L4 and L5 illus-
trate faults with a normal motion component (see Fig-
ures 8 and 10). The structural pattern within the step-
over basin suggests a negative flower structure related to 
a restraining step-over between the Geresa and Balawai 
segments. The north-dipping fault F5 coincides with the 
trace of the Balawai segment. Fault F6, situated in the 
middle of the strike-slip basin, exhibits considerable 
vertical motion, although it does not correlate with any 
surficial geomorphic feature. Trenches T2 and T3, exca-
vated at fault F6, clearly provide evidence of its Quater-
nary activity. On section L6, the Balawai segment is rep-
resented by fault F8, forming a pop-up structure and 
suggesting a contractional partition on the Balawai seg-
ment (see Figure 12).

Faults F1 and F4 are consistent with the geomorphol-
ogy of the Geresa segment, while faults F5 and F8 align 
with the Balawai segment’s traces (see Figure 14). 
Therefore, we interpreted these faults as the main struc-
tures of the Matano fault in the study area. The Geresa 
and Balawai segments exhibit along-strike variations in 
vertical motion, a typical feature observed on strike-slip 
faults. This variation could be attributed to bends or 
steps, causing localized uplift or subsidence.

In the context of a strike-slip basin, the Geresa and 
Balawai segments can be regarded as basin-bounding 
faults, causing the formation of a basin at their restrain-
ing step-over (see Figure 14). The Quaternary alluvium 
correlated with the near-surface layers has a thickness of 
~10‒50 m (see Figure 15). The maximum thickness of 
this alluvium is observed in the step-over basin, precise-
ly at the graben structure of fault F6 in section L4 (see 
Figure 8). This observation suggests that the step-over 
basin functions as a depocenter between the Geresa and 
Balawai segments. The intra-basin fault F6 was inter-
preted as a cross-basin fault, which often develops dur-
ing the later stages of basin development due to the ten-
dency of strike-slip faults to straighten (Wu et al., 2009). 
This fault accommodates a significant portion of the 

Figure 15: Correlation between the 
geological formations and the resistivity 

layers identified on the ERT sections. Qa: 
Quaternary alluvium; Ku: Ultramafic 

Complex; RJt: Tokala Formation.
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strike-slip movement (Wu et al., 2009). If this is the 
case, fault F6 should have a prominent surface expres-
sion. However, the geomorphic expression associated 
with fault F6 is absent, possibly due to intense erosion 
and sedimentation in the step-over basin, which could 
quickly remove the fault’s surface expression.

5.3. Seismic hazard

The Matano fault’s Quaternary activity is evidenced 
by the displaced near-surface resistivity layers, inter-
preted as the Quaternary alluvium. Radiocarbon dating 
of sedimentary layers in trench T1 revealed an age be-
tween the 10th and 20th centuries (Patria et al., 2023). 
Since these sediments correlate with layer A on section 
L1, layer A can be classified as young or Holocene. Sim-
ilarly, other uppermost layers (A1, D, H, and K) are 
likely Holocene deposits. Therefore, faults F1, F3, F4, 
F5, F5’, F6, and F8, which deform the uppermost layers, 
might have been activated during the most recent sur-
face-rupturing earthquake. Our previous study proposed 
that the most recent surface-faulting event might have 
simultaneously ruptured a 110-km-long eastern portion 
of the Matano fault, including the Geresa and Balawai 
segments (Patria et al., 2023). Additionally, the low re-
sistivity anomalies observed in section L2 (see Figure 
5c, d) suggest lateral stratigraphic disturbances, possibly 
related to liquefaction triggered by past earthquakes.

The identification of obscured faults F5’and F6 in the 
step-over basin is important for accurate seismic hazard 
evaluation. Specifically, the cross-basin fault F6 might 
accommodate most of the slip during surface-rupturing 
earthquakes. This is exemplified by the 2018 Mw 7.5 
Palu-Koro earthquake in Sulawesi, Indonesia, which 
ruptured cross-basin faults lacking surface expression 
within the pull-apart Palu basin (e.g. Komura and Sug-
imoto, 2021; Natawidjaja et al., 2021; Patria and Pu-
tra, 2020). Thus, identifying the location of cross-basin 
faults could anticipate the impact of earthquake surface 
rupture in strike-slip basins.

5.4. Geological implication

Our interpretation of the ERT sections enables us to 
establish a correlation between the resistivity layers and 
the geological formations in the study area (see Figure 
15). The near-surface layers on ERT sections, indicated 
by various resistivity values spanning from 3 to 2300 
Ωm, comprise gravel and sand deposits of the Quater-
nary alluvium. The thickness of the alluvium ranges 
from 10 to 50 m. The Tokala Formation, as indicated by 
a relatively low resistivity (≤150 Ωm) below the Quater-
nary layers, is in fault contact with the Ultramafic Com-
plex. The Ultramafic Complex is characterized by a 
combination of an up-to-40-m thick high resistivity val-
ue of 40‒1600 Ωm at its upper portion and a low resis-
tivity of ≤50 Ωm at its lower part.

The contact between the Ultramafic Complex and 
Tokala Formation, as evident in sections L1‒3, was in-
terpreted as the Matano fault (see Figures 5 and 7). This 
fault is a result of the collision between Sulawesi and the 
Sula platform during the middle Pliocene (Villeneuve et 
al., 2002) (see Figure 1a for location reference), which 
has uplifted the Triassic‒Jurassic Tokala Formation, 
truncating the younger Cretaceous Ultramafic Complex. 
The Matano fault has remained active since then and 
now deforms the Quaternary alluvium.

6. Conclusions

We have conducted ERT measurements with a high-
resolution configuration of 1.5‒5 m electrode spacing 
and 112 electrodes to investigate the subsurface struc-
tures of the easternmost Matano fault in the Larongsangi 
basin. This configuration is effective for imaging de-
tailed subsurface features associated with the fault, in-
cluding locations, geometry, motions, small-scale verti-
cal offsets, stratigraphy, and sedimentary thickness. The 
resistivity layers and fault structures identified on the 
ERT sections correlate well with the geological informa-
tion from trenches and field observation. Moreover, this 
ERT configuration can identify obscured fault structures 
within a basin. The vertical offset calculated on the ERT 
section ranges from 3 to 26 m, representing the Quater-
nary deformation of the fault. Our results demonstrate 
the potential application of the ERT method with narrow 
electrode spacing and a large number of electrodes for 
detailed characterization of active faults.

The ERT sections depict the Matano fault’s subsur-
face structures as deformed and discontinuous resistivity 
layers. Deformed near-surface resistivity layers indicate 
the fault’s quaternary activity. This fault exhibits steeply 
dipping planes and displays reverse and normal motions 
as the vertical component. Furthermore, we identified an 
obscured cross-basin fault in the narrow step-over basin 
between the Geresa and Balawai segments.
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SAŽETAK

Plitke potpovršinske strukture i deformacije kvartarnih naslaga otkrivene  
metodom električne tomografije na najistočnijemu dijelu rasjeda Matano, Indonezija

U istraživanjima aktivnih rasjeda obično se koristi metoda električne tomografije (ERT) sa širokim razmakom elektroda 
(10 m) i manje od 60 elektroda. Međutim, ova konfiguracija ograničava mogućnosti električne tomografije u razlučivanju 
detaljnih geoloških informacija, kao što su geometrija rasjeda i kretanje, mali pomaci i debljina kvartarnih naslaga. Elek-
trična tomografija visoke rezolucije s malim razmakom elektroda (1,5 – 5 m) i 112 elektroda nudi priliku za otkrivanje 
detaljnijih geoloških struktura. U okviru ove studije metoda električne tomografije korištena je u kombinaciji s geološ-
kim podatcima iz rovova i zapažanjima na terenu kako bi se istražile potpovršinske strukture i deformacije kvartarnih 
naslaga na najistočnijemu dijelu rasjeda Matano. Na profilima električne tomografije najistočniji dio rasjeda karakterizi-
raju deformirani slojevi otpornosti kao i kontrasti u otpornosti. Potpovršinske rasjedne strukture strmo su nagnute te 
upućuju na reverzne i normalne rasjede s vertikalnim pomakom od 3 do 26 m koji se odnosi na rasjedanje u kvartarnim 
naslagama. Primjetno je i da rasjedne strukture na profilima električne tomografije nisu nužno izražene u geomorfološ-
kim značajkama, što upućuje na prikrivene tektonske značajke. Ova studija pokazuje pouzdanu primjenu električne 
tomografije visoke rezolucije u otkrivanju detaljnih geoloških informacija, kao što su lokacija i geometrija rasjeda, verti-
kalna gibanja rasjeda, prekrivene rasjedne strukture, mali vertikalni pomaci, stratigrafija te debljina kvartarnih naslaga, 
a koji su bitni za procjenu seizmičkoga hazarda.

Ključne riječi: 
aktivan rasjed, električna tomografija, seizmički hazard, strike-slip rasjed
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