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Abstract

Research related to the identification of slip surfaces was conducted on
the Trans Seram Road section in the Sugiarto area, Kariele Hamlet, Haruru
Village, Amahai District, Central Maluku Regency. This area is fairly steep
and hilly, so landslides often occur. This can disrupt activities and endanger
the community, as this area host several community settlements and
serves as an important commodity distribution route in the Central Maluku
region. This research aimed to assess for landslide potential by identifying
the slip surface using the ERT (Electrical Resistivity Tomography) method.
ERT measurements were carried out using the Wenner-Schlumberger
configuration at four locations within a narrow area adjacent to a relatively
deep ravine. At each location, one survey line was established parallel to the
road, spanning 200 meters and with an electrode spacing of 5 meters. The
results of the measurements and data processing revealed indications of
slip surfaces at each location, with varying depths reaching up to 18 meters.
To achieve optimal results, it is necessary to validate drilling data on rock
layers below the surface and to conduct further geotechnical research . In
addition, the results of the research are expected to have a positive impact
on the community and local government in designing future policies related
to regional development and can serve as a reference to encourage further
research.

1. Introduction

The Trans Seram Road is a government-built road that stretches across and connects three
districts on Seram Island: Central Maluku Regency, East Seram Regency, and West Seram
Regency. This research focuses on a specific point along the Trans Seram Road, located in
the Sugiarto area, Kariele Hamlet, Haruru Village, Amahai District, Central Maluku Regency.
This point on the Trans Seram Road serves as the only route connecting local residents to
Masohi City, the capital of Central Maluku Regency. Additionally, it is a vital distribution
route for nine key commodities in the Central Maluku region, including shallots, curly chilies,
cayenne peppers, kale, cucumbers, tomatoes, long beans, spinach, and beans. Furthermore,
the area is predominantly used for clove and nutmeg plantations (BPS Maluku Tengah, 2023).
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The Sugiarto area, Kariele Hamlet, Haruru Village, Amahai District, which serves as the
research site, is situated at a high altitude and is flanked by steep slopes. As a result, several
locations in the area have experienced landslides (Figure 1). Additionally, cracks have been
observed in several sections of the road (Figure 2), indicating potential ground movement
in the surrounding area. It will further increase the potential danger to road users, and the
distance between the road and the ravine is quite close at several points along each line.

Figure 2. Several road sections in the research area that experienced cracks.

Generally, the primary factor causing landslides is the presence of slip surfaces within the
subsurface soil structure (Colangelo et al., 2008). Therefore, this research aims to assess
the landslide potential by identifying the slip surface using the ERT (Electrical Resistivity
Tomography) geoelectric method.

2. Geologic setting

The research area is located in the southern part of Seram Island. The geological composition
of the area is illustrated in Figure 3. The area primarily consists of two geological units:
coral limestone (Ql) and the Tehoru Complex (PTRt). Based on field observations, the rock
formations in the research area are predominantly composed of limestone (Figure 4).
Limestone generally retains water but cannot transmit it. This condition will allow water
to be stored in the limestone, making the rock slippery and reducing its shear strength
(Dona et al,, 2015). Reduced shear strength will impact slope stability.
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Figure 3. Geological map of the research area with research locations marked with a
number code.

The research area consists of four points (Figure 3). In each research area, limestone
outcrops were found, as seen in Figure 4.

Figure 4. Rocks at the research location.

3. Data and methods

This research uses one of the geophysical methods: Electrical Resistivity Tomography (ERT).
The fundamental concept of the geoelectric method is based on Ohm’s Law. Ohm’s Law,
formulated by George Simon Ohm through experiments, establishes the relationship between
voltage (V) and current (I) in a conductor (Equation I).
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V=IxR (1

In the geoelectric method, two types of electrodes are used (Figure 5):
a) Current electrodes, consisting of C; and C»,.
b) Voltage electrodes, consisting of P; and P,.

Power
DC or
LF AC R

——
G P P, G
Figure 5. Scheme of current electrode and potential electrode (Modification from Telford
etal, 1990).

From the results of the geoelectric method measurements, the apparent resistivity value (p,)
will be obtained. The apparent resistivity is calculated by entering the current (I), voltage
(V), and geometric factor (K) for the electrode configuration used in the measurement into
Equation II. The resistivity values for various natural materials are provided in Table 1.

Pa :KTpa I (2)

In general, slip surface identification is best performed using the ERT geoelectric method
(Bichler et al., 2004; Sugito et al., 2010; Sutasoma et al., 2017; Santoso et al., 2020; Susilo et
al,, 2020), because the method can map the presence of water-saturated and unsaturated
rock layers without the need for drilling, making it inexpensive and relatively easy to use. The
boundary between the water-saturated and unsaturated rock layers usually has contrasting
resistivity values. The resistivity value contrast seen in the resistivity cross-section, then
identified as the slip surface area. In addition, this method can also be used in landslide
evaluation, monitoring, mechanism identification, and mitigation (Perrone et al., 2012;
Perrone et al,, 2014; Wilkinson et al., 2016; Holmes et al., 2020; Wang et al., 2022; Wicki
and Hauck 2022; Olabode et al.,, 2022).

Table 1. Resistivity values for several materials in nature (Modification from Telford et al.,
1990).

Resistivity Values of Some Materials (m)

NO Ingredients in Nature

Telford et al (1990)
1 Limestone 50 - 107
3 Sandstone 1-6.4x10°
4 Clay 1-100
5  Slate 6x102-4x107

Geoelectric measurements in this research were conducted along four lines using a Naniura
NRD resistivity meter, current and potential electrodes with cables, a GPS unit, a hammer,
an accumulator, a measuring tape, and a laptop. Each line was 200 meters long, with an
electrode spacing of 5 meters. The selection of line length and electrode spacing was based
on the conditions of the research area condition, the target depth, and the research duration
, to produce a good resistivity cross-section. Furthermore, the electrode configuration used
in this research was the Wenner-Schlumberger configuration. The Wenner-Schlumberger
configuration is a hybrid of the Wenner and Schlumberger configurations. The Wenner
configuration is quite effective in mapping lateral contrasts in a resistivity cross-section,
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while the Schlumberger configuration has excellent depth penetration (Loke, 1999; Everett,
2013). This combination will produce good resistivity cross-sections both horizontally and
vertically, making the Wenner-Schlumberger configuration suitable for use in mapping
slip surfaces. In this configuration, the distance between the current electrode C; and the
potential electrode P, is na, and similarly, the distance between the current electrode C,
and the potential electrode P, is na, while the distance between the two potential electrodes
P, and P, is a (Figure 6).

(1)
\/
C1‘ 4 F!Iw L Pz " rcz
) na ; a | na l
r r,
!
r3 ! l'4

Figure 6. Wenner-Schlumberger configuration (Modification from Loke, 1999; Everett,
2013; Syukri, 2020).

The research was conducted in several stages, beginning with a literature review and field
survey to identify suitable locations for data collection. Based on the field survey results, four
measurement locations were selected, with one survey line established at each location. The
selection and distribution of these lines were guided by the presence of steep and narrow
road sections, as well as areas where landslides had previously occurred along the road
edges. The next stage involved data collection and processing. During this stage, several
software tools were utilized, including:

1. Microsoft Excel, used for recording and performing calculations on field-measured data.

2. RES2DINV, used to model geoelectric measurement data, produces a subsurface cross-
section of the research area based on variations in resistivity values.

The final stage consisted of analyzing and interpreting the processed data obtained from
the RES2DINV software.

4. Results

Geoelectric measurements were conducted along five survey lines at four different locations.
Based on the processing results from the RES2DINV software, an initial interpretation
was carried out using the resistivity values observed in the resistivity cross-section. In the
resistivity cross-section, there are areas with low and high resistivity values. Areas with
low resistivity values usually represent groundwater or water-saturated rock layers, while
areas with high resistivity values are usually hard or impermeable rock layers (Perrone
et al, 2012; Everett, 2013; Perrone et al.,, 2014; Dona et al., 2015; Sugiyanto et al., 2018).
These two areas play a role in the landslide process, and the initial interpretation of the
resistivity cross-section obtained indicates landslides on each line. The results of this initial
interpretation will then be combined with the geological conditions at the research location,
which will be discussed in the discussion section.
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1. Line1l

The resistivity cross-section of line 1 (Figure 7) shows the lowest resistivity value of
1.62 Om and the highest resistivity value of 3094 m with an error percentage of 13.6%.

Model resistivity with topography
Eleu. Iteration 8 Abs. error = 13.6

180. 0 0.0

ho. 0

170. 0

160. 04

1508. 04

1419, 0

130. 04

120. 04

. . . D) D . O ) [ D . ...
1.62 h.78 4.0 1.3 122 a58 1052 380n
Resistivity in ohm.m

Figure 7. Cross section of line 1 resistivity with topography.

2. Line 2

From the processing results for line 2, a resistivity cross-section with an error percentage
of 14.6% was obtained (Figure 8). In the cross-section, the resistivity varies from 1.62
Qm to 3094 Qm.

Hodel resistivity with topography

Elev. Iteration 9 Abs. error = 14.6

255.070.0 =
250. 5 _——"““—Lﬂ‘%_s_',f 120.0 160.0 [
245 .0 \_
210.0/ E
235.84 L
230.0 F
225.0]
220.0
215.6.
210.0
v
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1.62 h.78 1.8 .3 122 ase 1052 3004
Resistivity in ohm.m

Figure 8. Cross section of line 2 resistivity with topography.

3. Line 3

Figure 9 shows the resistivity cross-section of line 3 with a distribution of various
resistivity values with an error of 8.5%. On line 3, resistivity values range from 4.78
Om to 3094 Qm.

Hodel resistivity with topography

Elav. Iteration ¢ Abs. error = 8.5

310,09, 0.9

4o.0

290.0

280.0

270.0
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1.3 122 358 1052 ao9n
Resistivity in ohm.m

Figure 9. Cross section of line 3 resistivity with topography.
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4, Line 4

The distribution of resistivity values range from 4.78 Qm to 122 Qm (Figure 10). The
resistivity cross-section of line 4 was generated by performing eight iterations and an
error of 7.9%.

Model resistivity with topography

Elew. Iteration 8 Abs. error = 7.9

350.0
6.8

48.0

3400

328.8

318.8

N N O D O O ) D .
£l L 8.3 122 358 16852 3094

Resistivity in ohm.m

Figure 10. Cross section of line 4 resistivity with topography.

5. Discussion

Initial interpretation of the resistivity cross-section in the previous section showed the
presence of water-saturated and unsaturated areas on each line. Further interpretation was
carried out to determine the slip surface on each line. Further interpretation was carried out
by comparing the geological conditions at the research location. The rock type at the research
location was alluvium (sand, silt, clay), and several limestone outcrops were also observed.
This was then compared with the previously obtained resistivity cross-section . The results
showed that areas with high resistivity values were limestone areas. Characteristically,
alluvium is a layer of rock that is saturated with water, while limestone is a layer of rock
that is impermeable. Limestone, which is a waterproof layer, can store water but cannot
pass water. It can make this layer slippery and act as a slip surface during the rainy season.
This is shown in the contrast of resistivity values between the two (water-saturated layer
and unsaturated layer), where the boundary of resistivity values between high resistivity
and low resistivity will generally act as a slip surface (Sri et al, 2011; Perrone et al., 2012;
Perrone et al., 2014; Dona et al,, 2015; Sutasoma et al., 2017; Multi et al., 2024).

1. Line1l

In Line 1 (Figure 11), the resistivity values ranging from 14 Om to 122 Qm are classified
as an alluvium layer, while values ranging from 358 m to 3094 Om are interpreted as
alimestone layer. Additionally, the resistivity value of 1.62 Qm on this line indicates the
presence of groundwater. Field observations confirm the existence of a limestone outcrop
ata distance of 30 meters (Figure 11). Furthermore, field observations indicate that this
area has a high potential for landslides, as the the road surface subsides at several points
(Figure 2b). This area is also characterized by its narrow topography, with a distance
of 4 meters between the road and the ravine on the left side and 11 meters on the right
side (Figure 11). Based on the resistivity cross-section in Figure 11, the slip surface in
Line 1 is estimated to be at a depth range of 1.25 meters to 12 meters, as indicated by
the resistivity contrast (Sri et al., 2011; Perrone et al., 2012; Perrone et al., 2014; Dona
etal,, 2015; Sutasoma et al,, 2017; Multi et al., 2024).
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Model resistivity with topography
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Figure 11. Resistivity cross section of line 1: dashed black line as an indication of the slip
surface.

2. Line 2

Figure 12 shows field observations indicating the presence of limestone outcrops from
the starting point of the line up to a distance of 60 meters, as well as cracks on the
right side of the road near the ravine. In the resistivity cross-section, the range of 14
Qm to 122 Qm corresponds to the alluvium layer, while the range of 358 (m to 3094
Qm corresponds to the limestone layer. The slip surface is estimated to be at depths
of 1.25 to 15 meters.

Hodel resistivity with topography
Elew. Iteration 9 Abs. error = 14.6
255.010.0 a8

H 80.0
e gm0

255 .04

240.0
235 .0
230.0
2250
220.0
——; Slip Surface

210.84

L 0§ Jeelosles] Yoo lesleoolesl § § § |
1.62 4.78 14.0 4.3 122 358 1052 3094
Resistivity in ohm.m

Photo Direction: _
N293°E :

Figure 12. Resistivity cross section of line 2: dashed black line as an indication of the slip
surface.

Riset Geologi dan Pertambangan | (2026) 36 (1), 13-26 | DOI: 10.55981/risetgeotam.2026.1378 | https://jrisetgeotam.brin.go.id/index.php/jrisgeotam 20


http://doi.org/10.55981/risetgeotam.2026.1378
http://doi.org/10.55981/risetgeotam.2026.1378

Hehanussa et al.

Riset Geologi dan Pertambangan | DOI: 10.55981/risetgeotam.2026.1378

3. Line 3

In Line 3, the resistivity range of 14 m to 122 Qm corresponds to the alluvium layer,
while the range of 358 (im to 3094 (Am corresponds to the limestone layer. A limestone
outcrop is observed at a distance of 180 meters in the field. Based on the resistivity
contrast in the resistivity cross-section, the slip surface is interpreted to lie within a
depth range of 1.25 to 18 meters.

Hodel resistivity with topography
Iteration 9 AbS. error = 8.5

Elev.
310.9, 0.0

300.04

290.0

280.0

270.8

Slip Surface

260.0-

250.0-

Photo Directiony i 99
NI148%E- - Photo Direction: N331°E

B
R
-

A

Figure 13. Resistivity cross section of line 3: dashed black line as an indication of the slip
surface.

4, Line 4

Field observations indicate that the left side of this area is bordered by a ravine, with several
landslide points visible, while the right side features a cliff. The landslide-prone areas are
located at distances of 60 to 70 meters and 130 to 160 meters (Figure 14). Additionally, an
outcrop of coral limestone is observed at a distance of 135 meters. Based on the results,
the resistivity range of 4.78 (0m to 14 Qm represents the alluvium layer, while the range of
41.3 Om to 122 Om is interpreted as the limestone layer. Consequently, the slip surface on
Line 5 is estimated to be at a depth range of 1.25 meters to 11 meters (Figure 14).

A) B
Hodel resistivity with topagraphy
Elev,

Iteration B Abs. ervor = 7.9 landslide area landslide area
250.0

a18.i

N NS NN O O . ) e .
0 w13 122 58 1052

Limestone in the line 4 of
research area

Figure 14. Resistivity cross section of line 5: dashed black line as an indication of the slip
surface.
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The resistivity of each rock layer along each line is shown in Table 2.

Table 2. Resistivity value of each layer on each line.

Line Rock Type Resistivity Values (Qm)

] Aluvium 14 - 122
Limestone 358 - 3094
Aluvium 14 - 122

2 Limestone 358 - 3094

3 Aluvium 14 - 122
Limestone 358 - 3094
Aluvium 478 - 14

4 Limestone 413 - 122

Based on Table 2, it can be seen that there is a difference in the range of alluvium and
limestone resistivity values in Line 1, Line 2, Line 3, and Line 4. Line 4 shows a lower range
of resistivity than Lines 1, 2, and 3. The decrease in resistivity values in Line 4 is thought
to be due to an increase in water saturation in the limestone and a more water-saturated
alluvium layer filling the limestone pores, thereby reducing the limestone resistivity value in
this area. The increase in saturation in this area can also be a major factor in the occurrence
of landslides in Line 4.

Field conditions on Line 1, Line 2, Line 3, and Line 4 show limestone outcrops spread almost
across the surface on Line 1, Line 2, and Line 3, with limestone outcrops that are fresher
and more solid than those on Line 4 (Figure 4). At Line 4, a water-saturated alluvium layer
dominates the surface (Figures 15 and 16), and the steep slope conditions create a high
landslide potential . This condition can be observed on the section of the road affected by
the landslide (Figures 17 and 18), with landslide material visible in the form of an alluvium
layer, small limestone fragments, and chunks of asphalt.

Alluvium L

14

a7,

Figure 15. Rock layers on the cliff wall at Line 4 at the 15 meter point in the direction of
the track: limestone begins to be visible at a depth of 2.5 meters.
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L INSP e T TS =

Figure 17. Rock layer at a depth of 2 meters on Line 4 (landslide area point A

).
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Figure 18. Rock layer on Line 4 (landslide area point B).

Based on the interpretation results of the resistivity cross-section of each line, it shows
that the research area has sufficient potential for landslides with varying depths of the slip
surface. It is expected that people active in this area, or those who are building plantations
and settlements will pay attention to the risk of this disaster. Furthermore, to get a clearer
description, further research can be carried out, such as landslide mapping with a multi-
geophysical approach (Bichler et al., 2004), the addition of geoelectric survey lines, different
electrode configurations, or the addition of the use of drill data in the research.

6. Conclusions

Based on field observations, each research location is situated close to a ravine, with
several cracks and road surface subsidence observed in various sections of the road. These
conditions highlight the need to identify slip surfaces as indicators of potential landslides.
The slip surface in the research area is the boundary between the alluvium and limestone
layers. In Line 1, 2, and 3, the limestone resistivity is 358 Om-3094 Qm, and the alluvium
resistivity is 14 Qm-122 Qm. Furthermore, in Line 4, the limestone resistivity is 41.3 Qm-122
Qm and the alluvium resistivity is 4.78 Qm-14 Qm. The results of this research indicate
the presence of a slip surface in each research area with varying depths, ranging from 1.25
meters to 18 meters, with an error percentage ranging from 7.9% to 14.6%. To achieve
optimal results, it is necessary to validate drilling data on the rock layers below the surface
and to conduct further geotechnical research. In addition, the results of this research are
expected to provide a positive impact on the community and local government in designing
future policies related to regional development and can be a reference to encourage further
research.
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