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Abstract
Geologically, three active faults exist in West Timor, East Nusa Tenggara (NTT) Province, Indonesia, namely the Babau, 
Camplong, and Atambua faults. The audio-frequency magnetotelluric (AMT) data is used to model the electrical sub-
surface of the Camplong Fault’s southwestern part. The AMT profile that comprised 15 AMT observation points over a 
length of 26 km running in an NW–SE direction was subjected to a phase tensor analysis. The results suggest that the 
studied area has a regional strike of N25°E and that 2-D inverse modelling on the AMT profile was possible. The inverse 
modelling result indicates the presence of two conductive boundaries (C1: ρ ≤ 5 Ωm and C2: ρ ≤ 5 Ωm) in the central and 
the southeastern parts of the AMT profile that separates the R1 (ρ = 10–50 Ωm) and R2 (ρ = 10–50 Ωm) as well as R2 and 
R3 (ρ = 5-100 Ωm) zones, respectively. The R1, R2, and R3 are located in the northwestern, central and southeastern parts, 
respectively. We suggest that the C2 is possibly the damaged zone of the fault in this study area. We also conducted for-
ward modelling and examined the seismic activity and geological background, the results of which aligned with the in-
verse modelling.
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1. Introduction

Timor Island is located in the eastern part of Indone-
sia. It is approximately 500 kilometers north of Australia 
and 1,700 kilometers west of Bali Island, separated by 
the Timor Sea. The island is divided politically into East 
Timor and West Timor. East Timor is officially recog-
nized as the Democratic Republic of Timor-Leste, while 
West Timor is as part of Indonesia’s East Nusa Tenggara 
(NTT) Province.

It is also situated within the Banda arc transition zone 
and was formed as part of the intact Australia Craton 
before the Miocene era. The tectonic transition zone is 
characterized by a shift in tectonic processes, transition-
ing from the Indo-Australian Plate’s subduction along 
the Java Trench in the western part to the continental-
island arc’s collision along the active volcanic Banda arc 

in the eastern part (Powel, 1976). The Banda arc runs 
eastward from the island of Flores to the islands of Alor 
and Wetar. The Banda forearc system consists of Timor 
Island in the southern arc along the islands of Savu and 
Rote to the west. To the south of the Banda arc lies the 
Australian North West Shelf, which is thought to be a 
continental plate created during the Jurassic breakup of 
eastern Gondwana (Powel, 1976).

Timor Island consists of deformed sediments from the 
outer margin of the Australian continental plate (Jacob-
son and Sani, 1993). The Banda Sea lies along the 
northern part of Timor Island, with the Timor Trough in 
the southern part. The trough extends south–southeast 
and is 2,000 meters bathymetric deep (Špičák et al., 
2013). It represents the sea-floor trace of the north 
dipping subduction zone as a result of the northward 
movement of the Australian continental plate beneath 
Timor Island. The structural features on Timor Island 
include a series of thin-skinned, imbricated thrust sheets 
forming a foreland fold–thrust system (Jacobson and 
Sani, 1993).
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The Savu Sea, and Savu and Roti islands lie to the 
west of Timor Island. The tectonic setting at the Savu 
basin on Timor Island’s western part is very complex. 
The subduction zone bends southwards close to Sumba 
Island and continues eastward in a shallow trench. Timor 
Island sits between the arc and the trench, which are gen-
erally considered to form an accretionary complex 
(Chamalaun and Grady, 1978; Barber, 1978; Barber 
and Brown, 1988; Varekam et al., 1989; Charlton et 
al., 1991). To the east of Timor Island are the islands of 
Leti, Kisar, Babar, the Kai Kecil and the Tanimbar Ar-
chipelago. They are all part of the Banda outer arc, a 
geological feature created through the collision between 
the Eurasian and Indo-Australian plates (Jacobson and 
Sani, 1993).

In addition, the area is a seismically active region. It 
has been suggested that the Timor Trough is a representa-
tion of the oblique convergence between the plate bound-
ary (DeMets et al., 2010). At the Timor Trough, the esti-
mated convergence rate is approximately 15 mm/year 
(Bock et al., 2003). Charlton (2002) suggested that 
Timor Island comprises a fold and thrust belt where the 
Australian margin has been thrust southward. Villeneuve 
et al. (2013) carried out an investigation using geochem-
ical analysis and K–Ar dating. They considered the re-
cent structure in Timor Island to have resulted from tec-
tonic events throughout the Late Oligocene, Late Early 
Pliocene, and Late Pliocene–Early Pleistocene epochs.

As one of geophysical techniques, the audio-frequen-
cy magnetotelluric (AMT) is a part of the magnetotellu-
ric method that uses the audio frequency band to inves-
tigate the subsurface condition of hydrocarbon zones, 
geothermal areas, volcanoes, and inland-earthquake-
generating fault zones (e.g. Honkura et al., 2000; Oga-
wa et al., 2001; Newman et al., 2008; Ingham et al., 
2009; Aizawa et al., 2014; Yamaya et al., 2013; Febri-
ani et al., 2019; Widarto et al., 2022; Daud et al., 
2023; Junian & Grandis, 2023). It has the capability to 
penetrate from shallow depths in the Earth’s crust to few 
kilometres of the upper earth’s crust because it relies on 
naturally occurring electromagnetic sources, operating 
within a range of frequency spanning from 0.1 to 2,000 
Hz (Vozoff 1991; Simpson and Bahr, 2005). The meth-
od can determine the phase and apparent resistivity be-
neath a study area by measuring the electric (Ex, Ey) and 
magnetic field components (Hx, Hy). Thus, it is possible 
to image the distribution of conductive and resistive 
zones in a study area by employing 2-D or 3-D subsur-
face modelling.

Concerning the examination of inland-earthquake-
generating fault zones, previous studies have shown that 
this method can investigate the borders between the con-
ductive and resistive zones, which relates to the region 
of the fault zone in a study area (e.g. Oshiman et al., 
2002; Tank et al., 2005; Kaya et al., 2013; Boon-
chaisuk et al., 2017; Marti el al., 2020; Usui et al., 
2021; Widarto et al., 2022; Kim et al., 2023). Further-

more, combined with the seismicity distribution of a 
study area, it is possible to reveal the low and high resis-
tivity zones as well as the earthquake epicenter distribu-
tion in these zones.

The latest version of the map of all active faults in In-
donesia (scale 1:5,000,000) was released in 2021 by the 
Center for Geological Survey of the Geological Agency, 
Ministry of Energy and Mineral Resources of the Repub-
lic of Indonesia (Soehaimi et al., 2021). They suggested 
three active faults in West Timor, namely the Babau, 
Camplong, and Atambua fault segments. The Babau Fault 
is situated in the southwestern part of West Timor and has 
a northwest–southeast (NW–SE) orientation. The Camp-
long Fault is located in the center of West Timor, while the 
Atambua Fault lies in the northeastern part.

We focus our study on the active fault in eastern Indo-
nesia, notably around West Timor, since it remains poor-
ly reported. We investigated the subsurface of the south-
western part of the Camplong Fault using the AMT 
method to reveal the electrical resistivity imaging of the 
subsurface of the Camplong Fault and obtain better 
knowledge related to the subsurface of the fault. Further-
more, this knowledge will be employed to help reduce 
the risk of future disasters in West Timor.

2. Geological Background

The initiation of the collision in Timor can be traced 
back to the Latest Miocene period (Harris, 2011). The 
development of the Gondwana Sequence duplex oc-
curred as a product of the collision, overlain by the fold-
ed and uplifted Banda Terrain, serving as Timor’s tec-
tonic lid (Harris, 2011). The Banda Terrane constitute 
the Mutis/Lolotoi Metamorphic Complex and its sedi-
mentary cover, like the Palelo Group and Metan Forma-
tion (Harris, 2006). Although the dominance of this se-
quence is evident in the majority of Timor’s northern 
regions, several studies (including this study, in Figure 
1b) documented the presence of Banda Terrane rocks on 
the southern part of Timor’s central basin with several 
indication of the Palelo Group sedimentary cover (Ro-
sidi et al., 1979; Sawyer et al., 1993; Charlton and 
Titu-Eki, 2023). This metamorphic complex may be in-
terpreted as the differentiated Australian continental 
margin basement (Charlton and Titu-Eki, 2023).

Figure 1 indicates the study area’s location, which is 
found in West Timor, East Nusa Tenggara Province, Indo-
nesia. Figure 1b presents the dominant geological back-
ground in the surrounding study area, comprising lime-
stone, alluvium, ultrabasic rocks, and the Ofu, Batuputih, 
Bobonaro, Aitutu, Maubise, and Noele formations.

The Ofu Formation generally consists of deformed 
limestones and possibly represents the local deformation 
product in the Kolbano area (Keep and Haig, 2010). 
The Ofu Formation shares the same characteristics as 
the Batuputih Formation. Both were made up of white 
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Figure 1. (a) Location of research area in West Timor. The fault segments (red square) proposed by Soehaimi et al. (2021) 
are labelled as A (the Babau Fault segment), B (the Camplong Fault segment), and C (the Atambua Fault segment).  

The black dots are the AMT observation points. (b) The geological map of the research area passed by the southwestern part 
of the Camplong Fault (red line) issued by the Indonesian Ministry of Energy and Mineral Resources One Map (2023). 
AMT1 and AMT15 refer to the location of the AMT observation points. (inset) Map of Indonesia with the red square denotes 

West Timor, East Nusa Tenggara Province, Indonesia.

and thin-bedded foraminiferal calcilutite. Thin gray 
shale is also found in these formations (Charlton, 1989).

The Bobonaro Formation can be described as a mix-
ture of scaly clay, comprising subangular and disordered 

angular blocks embedded within a scaly clay matrix 
(Charlton et al., 1991). It is generally reddish brown 
and green in color but is also, less commonly, gray, 
black, bright red, and yellow.
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The Aitutu Formation is spread widely throughout 
Timor. It is comprised of both white and gray shale, 
along with radiolarian calcilutite. This formation is de-
fined as a component of a margin sequence of the Aus-
tralian continental (Charlton, 1989). The Maubise For-
mation is composed of pink, white and red limestone, 
often exhibiting dolomitization, and it contains abundant 
fusulinid and crinoid fragments (Charlton, 1989). The 
Noele Formation overlays the Batuputih Formation. It 
consists of tuffaceous material, marl interbedded with 
turbiditic sandstone, and calcilutite. Upwards, it be-
comes coarser and richer in clastic (Roosmawati and 
Harris, 2009).

Major active faults around the Timor region include 
the Timor Trough, Semau Fault and the Savu Thrust 
(Harris and Major, 2016; Hutchings and Mooney, 
2021). The Timor Trough exhibits megathrust activity, 
where collision and accretion overprints the subduction 
process (Hutchings and Mooney, 2021; Harris, 2011). 
The Timor region is recorded as one of the deepest seis-
micity events in Indonesia (≥ 670 km depth) alongside 
with the Celebes Sea-Philippines subregion (Hutchings 
and Mooney, 2021). Despite this, the Timor Trough is 
recognized as the most seismically quiet region of the 
Banda Arc, though it is acknowledged for its latent ca-
pacity to generate significant earthquakes over extended 
temporal scales (Coudurier-Curveur et al., 2021).

The left-lateral transpressional Semau Fault is also 
known as a primary source of major earthquakes occur-
ring in Timor alongside the Timor Trough. The structural 
trend is oriented NE–SW, extending from Semau Island 
to the east of Alor, and is aligned with the structural 
trend of the currently interpreted fault of this study. Har-
ris and Major (2016) characterize the Camplong Fault 
as a left-lateral strike-slip fault with a NE–SW trend. In 
contrast, Soehami et al. (2021) interpret the Camplong 
Fault as a thrust fault along the centre part of Timor (see 
Figure 1b). However, both interpretations show similar 
structural trends. Two other faults, the Babau and Atam-
bua faults are strike-slip faults. The orientation of the 
them are NW–SE and NE–SW, respectively (Soehami 
et al., 2021). Additionally, the Savu Thrust represents 
another noteworthy major active fault in the region, 
originating as a product of the Scott Plateau underthrust-
ing. This fault is situated on the rear of the Sumba-Savu 
accretionary wedge and has a north-vergence (Harris et 
al., 2009).

3. AMT Data Acquisition and Analysis

3.1. Data Acquisition

A total of 15 AMT observation points were used, de-
picted as AMT1 to AMT15 in Figure 1b. We used AMT 
data from a PHOENIX MTU5A, which was acquired in 
May–August 2012. The frequency range is 0.35–10,400 
Hz and recorded within two hours for each observation. 

The average elevation of all observation points was 
768.47 meters, with the lowest and highest points being 
AMT15 (470 m) and AMT11 (1,330 m), respectively.

The profile has an NW–SE orientation and is about 26 
km long. The AMT profile passes through a fault zone in 
the southern section of the East Nusa Tenggara Prov-
ince. According to the active fault map of Indonesia, re-
leased by the Center for Geological Survey, Geological 
Agency, Ministry of Energy and Mineral Resources of 
the Republic of Indonesia, this fault is part of the Camp-
long thrust fault (Soehaimi et al., 2021).

3.1. Data Analysis

We utilized phase tensor as an initial analysis in ex-
amining the AMT data, following the methodology de-
scribed by Caldwell et al. (2004). This analysis allowed 
us to compute both the regional strike direction and the 
skew angle (β). The β, in turn, played a crucial role in 
assessing the study area’s dimensionality.

Figure 2 contains the β values for all AMT points 
across the 26-km-long profile. These β values encom-
pass the entire frequency range, spanning from 0.35 Hz 
to 10,400 Hz. From AMT1 to AMT15, the β values are 
dominated by the range of , except for AMT1 and 
AMT14 for frequency range 1,000–10,000 Hz and 10–
100 Hz, respectively, as indicated by the color scale of 
Figure 2. This indicates that it is feasible to carry out 
2-D inversion modelling in our study area. Booker 
(2014) suggested a range of  as the threshold for 
2-D AMT inversion modelling in a study area based on 
phase tensor analysis, as introduced by previous study 
(Caldwell et al., 2004).

Figure 3 contains rose diagrams covering all of the 
AMT observation points at frequencies from 0.1 Hz to 
10,0000 Hz. A rose diagram for the entire frequency is 
also presented in Figure 3f. The rose diagram indicates 
an NE–NW strike direction for the frequency ranges of 
0.1–1 Hz, 10−100 Hz, and 100−1,000 Hz, as illustrated 
in Figure 3. On the other hand, the frequency range of 
1−10 Hz, 1,000–10,000 Hz, and all frequency are the 
NE–SE direction.

Figure 1 indicates that the fault line passing the AMT 
profile runs in an NE–SW direction. Therefore, we ap-
plied the NE direction of the regional strike to determine 
that of the fault line. From the average regional strike 
direction for all frequencies, we suggest that N25°E be 
the dominant strike direction. For further analysis, we 
applied the value of N25°E to rotate the impedance ten-
sor values before applying the inversion modelling.

We also analyzed the induction vectors applying the 
Parkinson convention (Parkinson, 1962), as presented 
in Figure 4. The real part of the induction vectors indi-
cates a conductive zone close to the study area. This 
analysis is useful if there is a very conductive zone—for 
example, a sea or lake—close to the study area. In addi-
tion, it will also be a sign of the location of a deeper 
conductor located away from the observational site.
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Figure 2. The values of β for all 
AMT observation points from 

lower to higher frequencies

Figure 3. Rose diagrams indicating the study area’s regional 
strike for the frequency ranges of (a) 0.1−1 Hz, (b) 1−10 Hz, 

(c) 10−100 Hz, (d) 100−1,000 Hz, (e) 1,000−10,000 Hz,  
and (f) all frequencies

As a representative, we plotted the real components 
of the induction vectors for the frequencies of 1.02 Hz, 

11.1 Hz, 115 Hz, 1100 Hz, and 10,399 Hz, as shown in 
Figure 4. The result shows that the orientation of the 
induction vectors is scattered from the lower to higher 
frequencies. The research area is situated sufficiently far 
from the sea and there is no lake in the area surrounding 

Figure 4. The Parkinson convention induction vectors’ real 
components at frequencies of (a) 1.02 Hz, (b) 11.1 Hz,  

(c) 115 Hz, (d) 1,100 Hz, (e) 10,399 Hz
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the AMT profile. Figure 4 also indicates no deep con-
ductor in the surrounding of the AMT sites.

4. Results

For modelling, we applied the 2-D inversion model-
ling by Ogawa and Uchida (1996). Prior to conducting 
the subsurface modelling, we applied a N25°E rotation 
to the impedance tensor for all AMT points. Figures 5 
and 6 present the phase and apparent resistivity of all 
AMT points in the transverse magnetic (TM) and trans-
verse electric (TE) modes derived from calculation and 
observation, respectively.

Figure 5 indicates the same general pattern in the 
characteristic of the phase and apparent resistivity of all 
AMT points derived from calculation and observation. 
The resistivity values are higher in the southeastern part 
of the AMT profile (near AMT15) than in the northwest-
ern part (near AMT1). The observed apparent resistivity 
in the TE mode also shows resistive zones close to 
AMT10 and AMT11 on the near-surface. Near AMT6, 
AMT 14 and AMT15, the resistive zones appear in the 
lower frequencies. However, the resistive zone near 
AMT6 does not emerge in the calculated one.

The TE mode’s observed and computed phases pre-
sent consistent overall characteristics. The phase values 
in the southeastern part of the AMT profile at a distance 
of 21–26 km are lower than in the northwestern part of 
the AMT profile. The lower phase values are indicated 
close to AMT12, AMT13, AMT14, and AMT15 in the 
near-surface. The attributes of the observed and com-
puted phases are also similar at the lower frequency.

Figure 6 shows the TM mode’s observed and com-
puted phase and apparent resistivity. The similarity of 
the calculated and observed apparent resistivity is indi-
cated in Figure 6. The features of the computed and 
modelled apparent resistivity for the TM mode are simi-
lar to that of the TE mode. The characteristics of the TM 
mode’s calculated and observed apparent resistivity 
closely resemble those observed for the TE mode for fre-
quency range more than 10 Hz. There is a slight differ-
ence for the lower frequency (< 10 Hz). There is a high-
er resistive value (ρ ≥50 Ωm) near AMT8 and AMT9 in 
the frequency range less than 10 Hz for TM mode’s ob-
served apparent resistivity.

The calculated and observed phases also show a simi-
lar general pattern to that of the TE mode. The southeast-
ern part of the AMT profile, close to the distance of 21–
26 km, is lower than that of the northwestern part, espe-
cially at the frequency range ≥100 Hz. Lower phase 
value zones exist close to AMT3, AMT5, AMT9, 
AMT12, AMT13, AMT14, and AMT15 in the near-sur-
face of the study area. These zones are also evident in 
the TE mode derived from calculation and observation.

Figures 7 and 8 present the phase and apparent resis-
tivity for all AMT points derived from calculation and 

Figure 6. The apparent resistivity and phase of all AMT 
observation points in the TM mode derived from calculation 

and observation

Figure 5. The apparent resistivity and phase of all AMT 
points in the TE mode derived from calculation and 

observation

observation in the TM and TE modes. The red lines indi-
cating the computed phase and apparent resistivity for 
most of the AMT observation points are fitted with black 
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Figure 7. The apparent resistivity and phase for the observation points AMT1 to AMT8 in the TM and TE modes.  
The red lines represent the computed values, while the black dots represent the observed values.

dots, showing their phase and apparent resistivity ob-
served during the measurement.

These figures indicate that the calculated model could 
be considered representative of the observed model. 
Therefore, the subsurface models derived from the 2-D 

inversion modelling could be regarded as representative 
models of the subsurface characteristics within the re-
search area along the AMT profile.

We present the electrical subsurface model and its 
sensitivity model in Figure 9. The initial apparent resis-
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Figure 8. The apparent resistivity and phase for the observation points AMT9 to AMT15 in the TM and TE modes.  
The red lines represent the computed values, while the black dots represent the observed values.

tivity value of the model is 300 Ωm. We iterated the 
model 40 times. The root-mean-square (RMS) misfit 
value of the subsurface model is 1.40.

In the northwestern part of the profile, there are higher 
resistivity (R1: ρ = 10–50 Ωm) and very low resistivity 

zones (ρ ≤ 5 Ωm). The very low resistivity zone is near 
AMT1 from near-surface to the deeper depth. The R1 
zone spans from AMT2–AMT7 in the near-surface and 
goes down to a depth of 2 km near AMT2. In the central 
part of the AMT profile between AMT7 and AMT8 sites, 
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the subsurface model presents a very conductive zone 
(C1: ρ ≤ 5 Ωm) from the near-surface to the depth of 
about 0.5 km. The C1 zone is going below the R1 zone 
near AMT5–AMT7 and overlays the R2 zone (R2: ρ = 
10–50 Ωm). The C1 zone acts as the boundary between 
the R1 and R2 zones.

Going to the southeastern part of the profile, the sub-
surface model indicates there are C2 (ρ ≤ 5 Ωm) and R3 
zones (ρ = 5-100 Ωm). The C2 zone is the boundary 
zone between R2 and R3. The zone is heading down-
ward in the northwestern direction until it reaches a 
depth of 2 km and overlays the R3 zone at a depth of 
about 1 km near the AMT11 and AMT12 sites. The R3 
zone has a higher apparent resistivity value on the near-
surface and its apparent resistivity value decreases while 
the zone goes downward to a depth of 2 km.

The subsurface model presents two very conductive 
zones (C1 and C2) as the boundary between the zones 

Figure 9. The AMT profile from AMT1 to AMT15. (a)  
The electrical subsurface model through the AMT profile. 

(b) The sensitivity model through the AMT profile.

Figure 10. The forward models of apparent resistivity and phase in the TM and TE mode by substituting  
the C2 value to 500 Ωm. The red lines represent the calculated values, the black dots represent the observed values,  

and the blue lines represent the forward modelling response
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(R1, R2, and R3) which have higher apparent resistivity 
value compared to its surroundings, as presented in Fig-
ure 9. However, the R1 zone does not appear in the TE 
and TM modes of the observed and computed apparent 
resistivity, as indicated in Figure 5 and Figure 6. In ad-
dition, both figures present the C2 as the border between 
the R2 and R3 zones exist in the southeastern part of the 
TM and TE modes of the observed and computed appar-
ent resistivity. Therefore, we assume that the C2 is sup-
posed to be the fault zone in this study area.

Figure 9b presents the subsurface model’s sensitivity. 
It was determined by dividing between the upper and 
lower resistivity values in logarithmic numbers. We can 
use this sensitivity model to select a reliable subsurface 
model from the modelling. Figure 9b presents the val-
ues of the sensitivity model ≤ 0.5 in the near-surface and 
dominantly about 0.6 in the deeper depth except for the 
area between AMT1 and AMT2, near AMT3, AMT5, 
AMT6, AMT9, and AMT10 from the near-surface until 
a depth of about 0.5 km.

Since there are no AMT observation points between 
AMT1 and AMT2, AMT2 and AMT3, AMT3 and 
AMT4, AMT4 and AMT5, or near AMT8, we assume 
that the higher sensitivity values (≥ 0.5) are caused by 
the greater distance between the aforementioned obser-
vation points and the resolution of the subsurface model 
in these zones will be lower, as indicated in Figure 9b. 
Therefore, the subsurface model from the 2-D inverse 
modelling in this study is still valid.

5. Discussion

5.1. Forward modelling

We conducted forward modelling for further analysis 
to test the validity of the modelling result. In this step, 
we substituted the resistivity values to 500 Ωm in the C2 
zone in Figure 9a. The substitution zone runs from the 
top to a depth of 2 km and covers a horizontal distance 
from 16.5 km to 24 km. The forward modelling’s result 
is presented in Figure 10.

Figure 10 shows the forward modelling conducted 
for AMT9, AMT10, AMT11, AMT12 and AMT13. It il-
lustrates that when the resistivity value within the zone 
spanning from AMT9 to AMT12 is set at 500 Ωm, the 
observed and computed phase and apparent resistivity 
are out of agreement. The responses of the calculated 
phase and apparent resistivity after carrying out the for-
ward modelling differ from those obtained after apply-
ing the 2-D inverse modelling, as shown by the blue and 
purple lines in Figure 10.

The forward modelling’s result indicates that the ap-
parent resistivity values within the region spanning from 
AMT9 to AMT13, extending from the top to a higher 
depth, exhibit that the zone is not 500 Ohm-m. It means 
the C2 zone has the lower apparent resistivity value, as 
indicated as the conductive zone in the subsurface mod-

elling in Figure 10. We can also conclude from Figure 
10 that a conductive boundary (C2) presents in proxim-
ity to AMT9, separating the R2 and R3 zones. We sug-
gest that this may be the location of the fault and the 
conductive boundary (C2) is probably the damaged zone 
of the fault.

Certain prior research studies have indicated that the 
border of the resistive and conductive zones is related to 
the location of the fault region within the study area (Os-
himan et al., 2002; Tank et al., 2005; Kaya et al., 
2013; Boonchaisuk et al., 2017; Marti et al., 2020; 
Usui et al., 2021; Huang et al., 2021; Widarto et al., 
2022; Kim et al., 2023). Furthermore, it was presumed 
that this boundary would become the site of earthquakes 
in the future (Becken et al., 2011; Kaya et al., 2013; 
Sun et al., 2019; Xu et al., 2019; Zhang et al., 2021).

5.2. �Relationship between electrical subsurface 
model, seismicity, and geological background

Since the potential fault location suggested by the in-
verse and forward modelling in the study area’s electri-
cal subsurface model differs slightly from that suggested 
by Soehaimi et al. (2021), we will discuss the relation-
ship between the electrical subsurface model, seismicity, 
and geological background in this subsection.

We present the earthquakes occurring in the surround-
ing study area from 1997 to 2022, based on the United 
States Geological Survey (USGS) catalog (1997–2008) 
and the Indonesian Agency for Meteorological, Climato-
logical, and Geophysical (BMKG) catalog (2009–2021). 
All of the earthquakes are presented in Figure 11a. The 
status of all earthquakes from the USGS and BMKG cata-
logs were reviewed and relocated, respectively (USGS 
2022; Ramdhan et al., 2021). Their detailed parameters 
are listed in Table 1. We also show the bird view of the 
study area’s geological map which overlays on the sub-
surface model of the AMT profile in Figure 11b.

EQ15 was the earthquake closest to the AMT profile. 
EQ8, EQ9, EQ12, and EQ15 occurred along the fault 
trend orientation suggested by Soehaimi et al. (2021) 
and as indicated by the red line in Figure 11. However, 
these occurred at great depth and were possibly trig-
gered by the activity of the Timor Trough. Most of the 
earthquakes in the region around the research area oc-
curred in the vicinity of the Ofu Formation. This sup-
ports the results of the electrical subsurface modelling 
suggesting that the conductive boundary (C2) is poten-
tially the location of the fault and the C2 zone is proba-
bly the damaged zone of the fault.

Geologically, the conductive boundary (C2) may be 
an elevated section formed as a high horst block of the 
pre-collisional Australian continental margin. This se-
quence is capped by the Ofu Formation, which consists 
of deformed limestones (Keep and Haig, 2010) and 
may be the equivalency of the Borolalo Formation in 
East Timor (Charlton and Wall, 1994) and the Menu 
Formation in West Timor (Sawyer et al., 1993). The de-
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Figure 11. (a) Geological map of study area modified from the Indonesian Ministry of Energy and Mineral Resources 
One Map (2023). The southwestern part of the Camplong Fault proposed by Soehaimi et al. (2021) is marked by a red line. 

Meanwhile, the orientation of the suggested faults proposed by this study is marked by the black dashed lines. The AMT1 and 
AMT15 labels indicate the AMT observation points. The red-color label of the earthquakes indicates the earthquakes with a 
depth less than 15 km, while the black-color label represents the deep-depth earthquakes (depth > 15 km). (b) The bird view 

of the geological map of the study area overlaying on the subsurface model of the AMT profile.

formation process produced various cracks in the Ofu 
Formation and led to its very low resistivity value, as 
indicated by the C2 zone in Figure 11b.

The R2 and R3 zones are the Bobonaro Formation, a 
scaly clay melange comprising subangular and unsorted 

angular blocks set in a scaly clay matrix (Charlton et 
al., 1991). Notably, the ultrabasic rocks exposed in the 
area can also be classified as part of the Mutis/Lolotoi 
Complex. In Figure 11b, the ultrabasic rocks appear 
near the surface of the R2 zone, which is indicated by 
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their apparent resistivity value being higher than their 
surroundings. Although Rosidi et al. (1979) classified it 
as part of a separate formation, Harris (2006) summa-
rized that the ultramafic rocks in Timor have been found 
beneath, above, and intruding through the Mutris/Lolo-
toi Complex.

Various earthquakes have also occurred at a shallower 
depth in this location, namely EQ4 (M5.4, depth 10 km), 
EQ5 (M4.6, depth 4.55 km), and EQ11 (M4.4, depth 
0.62 km). Therefore, this indicates that the orientation of 
the fault trend potentially lies near the boundary between 
the Ofu and Bobonaro formations, as depicted by the 
dashed black lines in Figure 11a.

Furthermore, additional past shallow earthquake ac-
tivity and geological and geophysical data are required 
to better understand the orientation and mechanism of 
all parts of the Camplong fault in West Timor, East Nusa 
Tenggara Province. The location of the Camplong Fault 
must also be mapped precisely in the future because it 
covers various cities in West Timor, e.g. Kolbane, Oe-
toeke, Oenai 2, and Nikiniki. Moreover, there are other 
active faults in West Timor, e.g. the Babau and Atambua 
faults, which also require further studies on all active 
faults so that we can mitigate the hazards associated with 
them. In addition, further research in the future is also 
still needed by dating ultramafic rock units and various 
metamorphic massifs in Timor to provide further clarifi-
cation regarding this enigmatic rock.

5. Conclusions

To investigate the subsurface of the southwestern part 
of the Camplong active fault in West Timor, East Nusa 
Tenggara Province, we analyzed 15 AMT data observa-

Table 1. The detailed parameters of the earthquakes surrounding the study area

No Date Longitude
(oE)

Latitude
(oN) Depth (km) Magnitude

(Mw) Catalog

1 14/09/1998 124.567 -9.984 33 4 USGS
2 02/08/2003 124.638 -9.965 33 4.9 USGS
3 11/06/2003 124.590 -9.809 10 5.2 USGS
4 18/07/2005 124.480 -9.948 10 5.4 USGS
5 26/08/2010 124.509 -9.941 4.55 4.6 BMKG
6 23/12/2010 124.590 -9.780 54.5 4.2 USGS
7 14/11/2011 124.525 -9.764 8.43 4.6 BMKG
8 16/12/2012 124.528 -10.004 56.55 4.2 BMKG
9 22/09/2012 124.553 -9.726 41.45 4.3 BMKG
10 23/05/2013 124.586 -9.903 30.40 4.5 USGS
11 18/04/2015 124.584 -9.975 0.62 4.4 BMKG
12 25/10/2016 124.542 -9.922 41.22 3.7 BMKG
13 28/08/2017 124.637 -9.911 39.36 3.4 BMKG
14 06/10/2017 124.627 -9.777 14.02 4.2 BMKG
15 29/01/2018 124.542 -9.829 58.04 3.4 BMKG
16 24/07/2021 124.630 -9.993 11.56 3.8 BMKG

tion points. The AMT profile that passes through the 
fault line is around 26 km in length and has an NW–SE 
direction. The analysis of phase tensor indicated that the 
study area’s regional strike is N25°E and it was feasible 
to apply the 2-D inverse modelling on the AMT data. 
The inverse modelling results indicate that the electrical 
subsurface of the study area has a higher resistivity zone 
(R1: ρ = 10–50 Ωm) in northwestern parts of the AMT 
profile, a very conductive zone (C1: ρ ≤ 5 Ωm) and R2 
zone (R2: ρ = 10–50 Ωm) in the central part, as well as 
C2 (ρ ≤ 5 Ωm) and R3 zones (ρ = 5-100 Ωm) in the 
southeastern of the AMT profile. The C1 zone acts as the 
boundary between the R1 and R2 zones, while the C2 
zone is the boundary zone between R2 and R3. After 
comparing the 2D inversion model to the TM and TE 
modes of the observed and computed apparent resistivi-
ty, we assume that the C2 is supposed to be the damaged 
zone of the fault in this study area. The result from the 
forward modelling, analysis of seismic activity, and con-
sideration of the geological background further support 
this result.
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SAŽETAK

Istraživanje podzemlja jugozapadnoga dijela aktivnoga rasjeda Camplong,  
Zapadni Timor, Indonezija, primjenom inverzije audiofrekventnih  
magnetotelurskih podataka

Geološki u Zapadnome Timoru u pokrajini Istočna Nusa Tenggara (NTT) u Indoneziji postoje tri aktivna rasjeda, i to 
rasjedi Babau, Camplong i Atambua. Podatci audiofrekventnoga magnetotelurskog (AMT) mjerenja korišteni su za mo-
deliranje geoelektričnoga podzemlja jugozapadnoga dijela rasjeda Camplong. AMT profil, koji se sastojao od 15 AMT 
promatračkih točaka na duljini od 26 km u smjeru SZ-JI, podvrgnut je analizi faznoga tenzora. Rezultati sugeriraju da 
proučavano područje ima regionalni smjer N25°E te da je 2D inverzno modeliranje na AMT profilu bilo moguće. Rezultat 
inverznoga modeliranja upućuje na prisutnost dviju vodljivih granica (C1: ρ ≤ 5 Ωm i C2: ρ ≤ 5 Ωm) u središnjemu i jugo-
istočnome dijelu AMT profila koji odvaja zone R1 (ρ = 10 – 50 Ωm) i R2 (ρ = 10 – 50 Ωm), kao i R2 i R3 (ρ = 5 – 100 Ωm). 
R1, R2 i R3 nalaze se u sjeverozapadnome, središnjemu i jugoistočnome dijelu. Smatramo da je C2 moguća oštećena zona 
rasjeda u ovome području istraživanja. Također smo proveli direktno modeliranje i ispitali seizmičku aktivnost i geološ-
ku pozadinu, čiji su rezultati usklađeni s inverznim modeliranjem.

Ključne riječi: 
rasjedna zona, potres, audiofrekventna magnetotelurika, istočna Nusa Tenggara, model podzemlja
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