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Abstract

Lemeu Village, Lebong Regency, borders the Bukit Barisan Mountain range and is crossed by the
Ketaun Fault, which causes a high level of seismic activity, so it is necessary to conduct research on the
potential existence of the Ketaun sub-fault as one of the efforts to mitigate natural disasters such as
earthquakes. The Magnetotelluric method utilises the earth's natural electromagnetic field, which is
used to determine the distribution of resistivity in the subsurface using the ADU-07e Magnetotelluric
tool with two horizontal electrical sensors (Ex, Ey) and three horizontal (Hx, Hy) and vertical (Hz)
magnetic sensors and uses seven research points with an interval of 1 km. Data processing uses
MAPROS software to convert data from the time domain to the frequency domain and ZONDMT2D
to obtain subsurface resistivity values. The results obtained from this study are 2D magnetotelluric cross
sections showing a zone with low resistivity values between research points P4 and P5 which is thought
to be a new fault zone with resistivity values ranging from 1.3 — 6.1 Qm from a depth of 2.5 km to a
depth of 10 km. The zone is assumed to be a new fault that is a branch of the Ketaun fault.
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Introduction usually form paths or lines, but they can
also form fault planes or single fractures
Bengkulu Province is one of the provinces (Supartoyo et al., 2019).
on the island of Sumatra that the Bukit
Barisan crosses. According to Geology, Faults are divided into normal fault, reverse
Bukit Barisan was formed due to the fault, strike-slip fault. Based on the activity
subduction pressure of the Indo-Australian level, faults are classified into active and
Tectonic Plate that penetrates under the inactive faults (Firdaus et al., 2016). One
Eurasian Tectonic Plate and moves at a of the active faults in Indonesia is the
velocity of 50-70 mm/year (Mulyati et al., Sumatra fault. The Sumatra fault cuts
2020). This causes Bengkulu Province to through the Bukit Barisan mountain range
have a high level of seismic activity due along 1,900 km, starting from the Sunda
to the plate movement (Hadi & Strait to the Aceh region and the Andaman
Brotopuspito, 2016). Sea (Lubis et al., 2019). The Sumatra fault
was formed as a result of subduction
Another result of the plate movement is that between the Indo-Australian and Eurasian
Indonesia is divided into many regions plate (Arisbaya et al., 2016).

bounded by many active fault lines.
Fractures in rocks that experience
movement are referred to as faults. Faults
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The Sumatra fault is divided into several
segments with varying segment lengths
ranging from 60 km to up to 200 km
(Natawidjaja, 2018). This makes Sumatra a
lot of active faults. One of the active faults
in Sumatra is the Ketaun fault. The Ketaun
fault stretches from Ketaun, Lebong, Tes to
Muaraaman along 85 km and 20 km wide.
It has a northwest-to-southeast orientation
direction and  upward  movement
characteristics (Sieh & Natawidjaja, 2000).

Faults cause earthquakes that affect local
tectonic geological conditions (Muflihah,
2014). One of the tectonic hazards is the
people who live on the island of Sumatra,
especially the  Bengkulu  Province,
especially the North Bengkulu and Lebong
Regencies, which are crossed by the Ketaun
Segment Sumatra fault (Ardiansyah, 2018).

Lemeu Village in Lebong Regency is
directly adjacent to the Bukit Barisan
Mountains. These mountains are at
the epicenter of active faults and are in an
earthquake-prone zone (Bahri et al., 2022).
In 1943, a large earthquake with a
magnitude of M=7.4 occurred on the
Ketaun segment and caused considerable
damage to the Tes District to Muara Aman
District. Another earthquake occurred in
1952 with M=6.8 (Syaputra et al., 2023).
When viewed from the location of the main
segment, the Ketaun segment, it is a land
fault that has potential to damage in the
event of a natural disaster earthquake even
though the magnitude is not too large, the
depth is shallow and close to settlements
and community activities (Rais, 2021). So,
it is necessary to research the existence of
potential sub-faults in the Ketaun segment
that have not been mapped as one of the
disaster mitigation efforts to minimize the
risk of fatal damage.

One of the geophysical methods used to
determine the presence of sub-faults is the
Magnetotelluric (MT) method because it is
considered capable of detecting subsurface
structures up to approximately 8,000 meters
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(Wulandari et al., 2017). This is because
MT method measurements use low
frequencies to detect to a greater depth than
other methods. On the other hand, the top
depth of the Sumatra fault is around 3 km
(PUSGEN, 2017). Previous research on
fault identification using the MT method
was conducted by Arisbaya et al. (2023) to
identify the possibility of an active fault in
Garut, West Java. The MT method also
mapped the Altyn Tagh fault, an Indian-
Asian structure (Zhang et al., 2015). In
addition, the MT method can estimate local
structures and faults of geothermal fields.

This research is expected to provide
comprehensive  information on the
existence of potential unmapped sub-faults
to monitor the movement of these plates to
minimize losses and impacts caused by
earthquake natural disasters.

Materials and Methods

According to Van Bemmelen (1949), the
physiographic zone of Sumatra is grouped
into four parts, the Bukit Barisan
Mountains, Semangko Fault, Tigapuluh
Mountains, and undulating lowlands. The
research location in Lemeu Village is
included in the Bukit Barisan Mountains
zone with physiographic conditions formed
in the form of hills with narrow valleys
composed of tertiary sedimentary rocks
(Adrianda & Sutriyono, 2022). The
Regional Geological Condition of Lebong
Regency can be seen in Figure 1.

Based on the Geological map of Bengkulu
sheet in (Al Ansory et al., 2023), fault
structures that can be found in the
geological structure of the study area
include: joint, Air Putih slip fault and
Batang Ketaun fault which have the age of
late Miocene, when the main force moves
relatively north-south, which is the time of
formation of geological structures in the
study area (Putra et al., 2017).
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Figure 1.'Regional Geological Map of Lebong Regency '(Modified from ESDM, 2023).

Lebong Regency regionally has several
rock formations, which are the Simpangaur
Formation, which is composed of breccia
and conglomerate, the Bintunan Formation,
which is dominated by conglomerate,
breccia, and claystone, the Hulusimpang
formation which consists of lava, tuff and
breccia, the Lemau Formation which is
dominated by breccia and the Seblat
Formation is dominated by sandstone and
carbonate. At the research location, Lemeu
Village, Lebong Regency, the
Hulusimpang Formation is composed of
lava, tuff and volcanic breccia and is
composed of andesite to basalt rocks of
Late Oligocene to Early Miocene age.

MT method is a geophysical exploration
method that uses the earth's natural
electromagnetic field to determine the
conductivity distribution in the subsurface
(Harahap et al., 2022). According to the
frequency and duration of recording, the
MT method has a reasonably deep
penetration. If using a small frequency with
a relatively long recording duration, the
depth reached is also getting deeper up to 8
km. That is the reason of MT method can
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be used to determine the subsurface
structure (Rizal et al., 2019).

MT method measures the orthogonal or
perpendicular components of the electric
(Ex, Ey) and magnetic (Hx, Hy, Hz) fields
at the Earth's surface in the time domain
(Setyani, 2017). Figure 2 shows a typical
MT setup, with the Earth's naturally
varying magnetic field as the source of a
wide and continuous spectrum of
electromagnetic waves. The internal
coordinate system measures the electric
field horizontally orthogonal and the
magnetic field vertically and horizontally
orthogonal (Muttagien & Nurjaman, 2021).

The MT method utilizes the natural
electromagnetic (EM) field to determine
the earth's subsurface structure based on the
electrical properties of rocks at relative
depths (including the earth's mantle) within
the earth (Hidayat et al., 2016). The MT
method can describe subsurface resistivity
by looking at the nature of the rock.
The MT  method's depth  reached is
inversely proportional to the signal
frequency used (Tiirkoglu et al., 2015).
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Figure 2. MT arrangement in internal coordinate system (Al Ansory et al., 2023).

These EM fields are generated by complex
physical processes with a very wide
frequency spectrum, ranging from 10-5 Hz
to 104 Hz. Variations in the EM field at low
frequencies of less than 1 Hz are caused by
the interaction of the earth's permanent
magnetic field with wind containing
electrically charged particles, causing
variations in the EM field. Furthermore,
variations above 1 Hz are caused by
meteorological activities such as lightning,
which create EM waves that travel between
the ionosphere and the earth (Fitrida et al.,
2015).

To find out the nature of EM waves, the
general equation is wused, which is
Maxwell's equation (Fitzpatrick, 2010).

VXE= -2 (1)
VxH=]+% )

V-D=gq 3)
V-B=0 (4)
Where :

E ~: Electric field (\Volt/m)

B : Flux or magnetic induction (Weber/m?
or Tesla)

H : Magnetic field (Ampere/m)

J : Current density (Ampere/m?)

D : Electrical displacement (Coulomb/m?)
g : Current charge density (Coulomb/m?)
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Result and Discussion

This research was conducted in Lemeu
Village, Lebong Regency using seven
measurement points and a 1 km intervals.
Figure 3 shows the map of the research
location. The results of MT measurements
in Lemeu Village, Lebong Regency are
shown in the time series in Figure 4. The
time series of electric field data has good
quality because at the time of measurement,
further data processing is carried out by
MAPROS software. MAPROS software
can reduce data.

That deviate from the main data pattern. As
a result, only data with good quality will be
processed using MAPROS. Figure 4 shows
the measurement results for 16 hours taken
with a low frequency (128 Hz) with a
recording time of 13 hours because small
frequencies are more susceptible to noise,
therefore the recording time is longer,
medium frequency (1024 Hz) with a
recording duration of 2 hours, high
frequency (4096 Hz) with a recording time
of 1 hour because the frequency used is
large.
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Figure 4. Time series data.

Figure 5 shows the connectivity between
resistivity value and depth, from the two
figures there is a difference at P5 which
shows an anomaly and indicates that the
zone is a fault zone because of the low
resistivity value. In Figure 6 shows three
2D cross-sections of resistivity values,
cross-section 1 is field data with apparent

© 2024 Dept. of Geophysics Hasanuddin University

resistivity values, cross-section 2 is a
calculation model between field data and
model data generated by ZONDMT2D
software, and cross-section 3 is the result of
the actual resistivity value. The 2D
resistivity model shows that the resistivity
value is related to the type of rock that is
there.
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Research that has been conducted around
this location by Al Ansory et al. (2023)
which from the results of his research
shows resistivity values ranging from 0.2
Qm to 700 Qm which from the results of
the cross section shows the potential pattern

of geothermal and from the results of Al
Ansory et al. (2023) shows a 2D cross
section of resistivity values that differ
significantly when compared to this
research.
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Figure 5. Connectivity of resistivity value with depth.
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The 2D resistivity cross-section model
shows varying resistivity values, starting
from 1.3 Qm to 650 Qm. According to

Gafoer et al. (1992), the resistivity value
can be classified into three groups: low,
medium, and high  resistivity. Low
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resistivity (1.3 — 6.1 Qm) is shown in
blue color which is thought to be a caprock
layer or an overlaying layer at a depth of
0.75 km. In this research area, an andesitic
lava rock type was identified where this
rock has undergone alteration. Some of the
alterations are in the form of volcanic
breccia and tuff so that they can experience
fractures.  Medium  resistivity  with
resistivity values ranging from 10 - 80 Qm
is colored green to yellow and is thought to
be a reservoir. The red color shows high
resistivity values with resistivity values
around 140 — 650 Qm which is thought to
be a hot rock layer.

The 2D cross section shows an anomaly
structure in the measurements at points P4
and P5. The structure has a resistivity value
that changes significantly and shows a low

resistivity value of 1.3 - 6.1 Qm which is
thought to be a fault zone (Telford et al.,
1990). The presence of a fault zone can
generally be identified as a conductive zone
by the presence of a fracture that has the
potential to be filled with fluid, causing the
resistivity value in the fracture to have a
low resistivity value while the bedrock or
basement is characterized by a resistive
zone (Pratama et al., 2021). When the
measurement depth is at 2.5 km, the layer is
fractured which has the potential for an
unmapped Ketaun sub-fault zone (Figure
7). The fault zone can be formed from the
parent fault, which is the Ketaun fault,
which interacts with magma intrusion,
causing fluid to seep into the fractures
which are then heated by the hot rock layer
and produce low resistivity values.
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Figure 7. 2D model identified as the presence of a fault zone.

Conclusion

Based on the research conducted in Lemeu
Village, Lebong Regency, on the Ketaun
segment, it is concluded that the 2D MT
cross section shows a zone with low
resistivity values between research points
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P4 and P5, which is thought to be a new
fault zone with resistivity values ranging
from 1.3 — 6.1 Qm from a depth of 2.5 km
onwards. The zone is assumed to be a
secondary fault that is a branch of the
Ketaun fault. This shows that this study can



http://journal.unhas.ac.id/index.php/geocelebes

Rahmawati et al. / Jurnal Geocelebes Vol. 8 No. 2, October 2024, 132 — 141

map geological structures suspected to be
new faults.
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