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Abstract- Alo watershed is the sub- watershed within the system of Limboto watershed
which directly disembogues to Limboto Lake. Land degradation happened in the Alo watershed
is caused by the agricultural system that does not apply land conservation techniques such as
terracing and mounds and it triggers erosion and landslide. The method used in this research is
geoelectric method with Wenner Alpha configuration; while the data analysis utilizes
resistivity imaging method which produces two-dimensional cross-sectional images. In total,
there are seven trajectories with a length of 170-180 meters each. The result of the research
presents the slip surfaces of 7 locations are located in 3-17 meters depth with the inclination of
11°-79° trending dominantly northwest and one location trending southeast.

Keywords: Alo Watershed, Gorontalo, Sliding Surface

Introduction. There are not many pieces of research covering landslides in Gorontalo
province. The latest research shows that the landslides occur in there are rotational slide, planar
slide, slide flow, and rock block slide. The landslides are commonly affected by the slope and
surface shape of the slope [1, 2]. Alo watershed is the sub- watershed located in Limboto basin
system which directly disembogues into Limboto Lake. Alo watershed is one of the largest
sediment contributors to Limboto Lake of 0.0342 kg/sec. According to the latest survey
conducted by JICA study team, annual sediment volume is estimated around 5.04 x 10°
méfyear (or 5,500 m%km?/year). Therefore, if the incoming sediment volume cannot be
controlled, it is predicted that within 25 years the Limboto Lake will be filled with sediment
[3]. Alo watershed has the biggest sediment contribution of 947,187.87 ton and its SDR reaches
0.59. It reveals that 59% of the eroded sediment will get into Limboto Lake. As the result, the
lake will be a land because of silting process [4]. Alo watershed located on Tibawa sub-district
has various levels of erosion ranging from very low, low, medium, and high risk. The trigger
of these levels of erosion risk is inappropriate utilization of the land [5].
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According to the Regional Geological Map of Tilamuta Sheet, scale 1:250,000 [6], Alo
watershed is composed from tertiary and quaternary rocks. The rock formations in the Alo
watershed are Diorite Bone (Tmb), Bilungala volcanic rock (tmbv), Dolokapa Formation
(Tmd), Pinogu Volcanic Rock (TQpv), and Reef Limestones (Q1). Referring to the latest
research, the name of new limestone formation is Limboto Limestone Formation. This
formation consists of two to three microfacies with shallow marine paleobathymetry that have
undergone tectonic uplift [7, 8, 9,10]. The slope on Alo watershed is dominated by gentle slopes
with slopes ranging from 8 — 15% with a percentage area of 3.14%, and slopes of 15 — 25% are
25.74%. Land usage in Alo watershed is dominated by arid agricultural land with an area
percentage of 38.07%, secondary forest of 21.29%, plantation of 14.78%, shrubs of 20.30%,
paddy field of 4.17%, and residential area of 1.38%. In general, the practice of agricultural land
management in this area has not applied a land conservation technique. The social condition of
Alo watershed community in terms of educational level, education level of people residing in
Alo watershed is said to still low. Many people agree that farming areas are open. In addition,
many people do not quite know about erosion, but many claims to know about erosion. Habits
are carried out from generation to generation in cultivations / agricultural practices. There are
78% of the people living in the Alo watershed who agree to log to create farming areas. In
cultivating agricultural area, 86% of farmers do not make changes in land cultivation practices
and only 14% of farmers follow the advancement of land processing techniques [11].
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Figure 1. Map of research location in Alo Watershed, Gorontalo District
Methodology. The Alo watershed in the Gorontalo district, with an area of 24,222.41 acres,
located at the coordinates of N 00°44' 52.715" and E 122° 49' 33.206' to N 00° 39' 59.192" and
E 122° 49' 12.778" shall be chosen as the research site. The sampling location is in the Tibawa
and Limboto sub-districts (Figure 1). Research data is a slip surface that occurs in the Alo sub-
watershed. The measurement itself is conducted in seven locations, namely North Isimu
Village and Labanu Village, Tibawa Subdistrict, Gorontalo District. Geoelectric measurements
are carried out using the Electrical Resistivity Tomography (ERT) method to estimate the
boundary or sliding surface below the surface. The ERT method is often used for landslide
investigations because the main factors affecting resistance are soil type, porosity and water
content [12,13,14,15].

ERT can present 2D and 3D cross-sections of soil and rock resistance distribution, with
maximum resolution and depth of measurement depending on the configuration of the
electrode [16]. The depth measurement target that can be achieved is approximately 1/5 of the
maximum stretch length, i.e. the distance from the first electrode to the last electrode in one
line [17]. One measurement line uses the Wenner-Alpha electrode configuration with a stretch



length of 180 m for a depth target of about 35 m. Additionally, the acquisition of ERT
measurements uses the Wenner-Alpha electrode configuration. The data analysis technique
used in this study was a 2D inversion using the 3.54.44 version of RES2DINV based on the
least - squares optimization method [18]. Landslide field analysis was performed by adding
topographic data to the 2D inversion model using the RES2DINV program [19]. In addition,
drill holes BH-01 and BH-02 were added for the calibration and correlation of subsurface
resistance prices.

Result and Discussion. The measurement result of the resistivity value and rock type at the
research location are shown in Table 1. The data in Table 1 shows that the rock types at 7
locations consist of clay, gravel, sand, limestone and dacite. Geoelectric measurement in
research area refers to the inversion result of 2D resistivity imaging on the lines.
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Figure 2. Cross section of 2D resistivity imaging at location 1

Location 1: Geoelectric measurements at location 1 are in North Isimu Village, 180
meters long, with a southwest-northeast trend (Figure 2). The slip plane is usually characterized
by a contrasting field between high and low resistance values. Based on the rock resistance
value, the slip plane at location 1 is estimated to be in the limestone layer as a layer with a high
resistance value. The upper layers of the slip plane with resistance values of less than 674 Om
were detected or suspected to be clay, gravel and sand layers. The limestone layer, which is a
boundary plane or a slip plane, is detected at a depth of about 5-7 meters and has a high
resistance of between 674-10,950.5 QOm with an apparent slope of about 8° to the southwest.
On the basis of the apparent slope, the actual slope is 47° to the northwest.

— teena o tooperh

U -
W, ST - » - 2

" s - - sam—



Figure 3. Cross section of 2D resistivity imaging at location 2

Location 2: Geoelectric measurement at location 2 is at North Isimu Village, 180 meters
long, with a south-north trend (Figure 3). Based on the rock resistance value, the slip plane at
location 2 contains layers of clay, gravel, sand, limestone and dacite. The slip plane at location
2 is estimated to be in the plane of contrast between low and high resistance values. The upper
layers of the slip plane with resistance values of less than 692 Qm are thought to be rock layers,
i.e. clay, gravel and sand layers. The limestone layer, which is a slip plane, was detected at a
depth of about 3 meters and has a high resistance of 692-9,479 QOm with an apparent slope of
about 11° southwest. Based on the apparent slope, the actual slope to the northwest is 79°.
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Figure 4. Cross section of 2D resistivity imaging at location 3

Location 3: Geo-electric measurement at location 3 North Isimu Village with a length
of 170 meters trending southwest — northeast (Figure 4). Based on the rock resistance value,
the slip plane at location 3 is estimated to be in the contrasting plane between low and high
resistance values, i.e. in the limestone layer. A layer of clay, gravel, and sand is thought to be
the upper layer of the slip plane, which has a resistance value of less than 796 Om. The
limestone layer, which is a slip plane, is detected at a depth of about 5-8 meters and has a high
resistance of 796-10,552.5 Qm with an apparent slope of about 7° to the southwest Based on
the apparent slope, the actual slope is 74° to the northwest.



Table 1. Electrical Resistance Value and Types of Rock Layers at the Research Location

Location 1 Location 2 Location 3 Location 4 Location 5 Location 6 Location 7
North Isimu 1 Village North Isimu 2 Village North Isimu 3 Village North Isimu 4 Village North Isimu 5 Village Labanu 1 Village Labanu 2 Village
No (0°39'52.6" N, (0°40'3.5" N, 122°52'41.4" (0°40'19.6" N, (0°40'39.1" N, (0°41'17.41" N, (0°44°43.3” N, (0°45°05.2” N,
122°52'36.7" E) - E) - (0°40'9" N, 122°52'51.26" E) - 122°53'7.1"E) — 122°53'31.6" E) - 122°50°57.2” E) - 122°51°07.3” E) -
(0°39'65.5" N, 122°52'43.3" E) (0°40'24.9" N, (0°40'36" N, (0°41'21.4" N, (0°44°45.3” N, (0°45°05.5” N,
122°52'41.6" E) 122°52'55.19" E) 122°53'1.89" E) 122°53'28.2" E) 122°50°51.8” E) 122°51°01.7” E)
Electrical Type of Electrical Type of Electrical Type of Electrical Type of Electrical Type of Electrical Type of Electrical Type of
Resistance Layer Resistance Layer Resistance Layer Resistance Layer Resistance Layer Resistance Layer Resistance Layer
(Qm) (Qm) (Qm) (Qm) (Qm) (Qm) (Qm)
1 0-279 Clay 0-13.7 Clay 0-711 Clay 0-15.8 Clay 0-4.29 Clay 0-0.89 Clay 0-3.44 Clay
2 27.9-543 Clay 13.7- Clay 7.11-165 Clay 158 - Clay 429 - Clay 0.89-2.05 Clay 3.44-8.22 Clay
32.15 34.25 11.695
3 54.3-80.6 Clay 32.15- Clay 16.5-25.9 Clay 34.25 - Clay 11.695 - Clay 2.05-3.21 Clay 8.22-13 Clay
50.6 52.7 19.1
4 80.6 — Clay 50.6 — Clay 259 - Clay 52,7 - Clay 19.1- Clay 3.21-7.36 Clay 13-30.9 Clay
156.8 118.8 60.05 114.35 51.85
5 | 156.8—233 118.8 - 187 60.05 — Clay 114,35 - 51.85— Clay 7.36-11.5 Clay 30.9-48.8 Clay
94.2 176 84.6
6 | 233-4535 | Graveland | 187-439.5 Gravel & 94.2 - 176 — 381 Cravel & 84.6 — 11.5-26.5 Loamy 48.8- Cravel &
Sand Sand 218.6 Sand 230.3 Sand 116.4 Sand
7 | 4535-674 439.5 - 692 218.6 —343 Gravel & 381586 230.3— Gravel & 26.5-41.5 Loamy 116.4-184 | Gravel &
Sand 376 Sand Sand Sand
8 674 — Limestone 692 - 1,122 Limestone 343 - 796 586 — Limestone 376 — 41.5-95.25 Gravel & 184-438 Gravel &
1,310.5 1,269.5 1,023 Sand Sand
9 1,3105— Limestone 1122 - Limestone | 796 —1,249 | Limestone 1.269,5— Limestone 1,023 - 95.25-149 Gravel & | 438-692 Gravel &
1,947 2,562 1,953 1,670 Sand Sand
10 1,047 — Limestone 2,562 — Limestone 1,249 - Limestone 1,953 - Limestone 1,670 - 149-342.5 Gravel & 692- Limestone
3,788 6,020.5 2,898.5 4,233 4,544.5 Dry Sand 1,649.5
11 3,788 — Limestone 6,020.5 - Limestone 2,898.5— Limestone 4,233 - Limestone 45445 — Gravel 342.5-536 Gravel & 1,649,5- Limestone
5,629 9,479 4,548 6,513 7,419 Sand 2,607
12 5,629 — Limestone 9,479 — Dacite 4,548 — Limestone 6,513 — Limestone 7,419 - 536-1,232.5 Limestone 2,607- Dacite
10,950.5 22,277 10,552.5 14,113 20,188 6,214
13 10,950.5 — Dacite 22,277 - Dacite 10,552.5 - Dacite 14,113 - Dacite 20,188 — Dacite 1,232.5-1,929 | Limestone 6,214- Dacite
16,272 35,075 16,557 21,713 32,957 9,821
14 16.272 - Dacite 35,075 - Dacite 16,557 — Dacite 21,713 - Dacite 32,957 — Dacite 1,929-4,432.5 Dacite 9,821- Dacite
31.656 82,430 38,4185 47,052.5 89,681 23,406.5
15 31.656 — Dacite 82,430 - Dacite 38,418.5— Dacite 47,052.5 - Dacite 89,681 — Dacite 4,432.5-6,936 Dacite 23,406.5- Dacite
47.040 129,785 60,280 72,392 146,405 36,992
16 > 47.040 Dacite > 129,785 Dacite > 60,280 Dacite >72,392 Dacite >146,405 Dacite > 6,936 Dacite > 36,992 Dacite

Source : Analysis Result in 2021
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Figure 5. Cross section of 2D resistivity imaging at location 4

Location 4: Geo-electric measurement at location 4 in North Isimu Village with a track
length of 180 meters trending northeast — southwest (Figure 5). The limestone layer which is a
slip plane is detected at a depth of about 4-5 meters which has a high resistivity ranging from
586-14,113 Om with an apparent slope of about 3° to the southwest. Based on the apparent
slope, the actual slope is 56 ° trending the northwest.
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Figure 6. Cross section of 2D resistivity imaging at location 5

Location 5: Geo-electric measurement at location 5 in North Isimu Village with a track
length of 180 meters trending southeast — northwest (Figure 6). The slip area is estimated to
have low and high resistance values, namely in the dacite layer. The upper layers of the slip
plane with resistance values of less than 20,188 Qm are thought to be layers of clay, gravel,
sand and dry gravel. The igneous rock layer of the dacite, which is a slip plane, was detected
at a depth of about 17 meters, which has a high resistance of >20,188 Qm, with a true dip of
about 11° to the southeast.

Location 6: Geo-electric measurement at location 6 in Labanu Village with a track
length of 180 meters trending east —west (Figure 7). The slip area is estimated in low and high
resistance values, namely in the dacite layer. The upper layers of the slip plane with resistance
values of less than 536 Qm are thought to be layers of clay, loamy sand, gravel and sand. The
limestone layer, which is a slip plane, was detected at a depth of about 2 meters, which has a
resistance of > 536 Qm, with a true dip of about 13° to the east.



Figure 7. Cross section of 2D resistivity imaging at location 6

Location 7: Geo-electric measurement at location 7 in Labanu Village with a track
length of 180 meters trending east — west (Figure 8). The slip area is estimated in low and high
resistance values, namely in the dacite layer. The upper layers of the slip plane with resistance
values of less than 692 Om are thought to be layers of clay, gravel and sand. The limestone
layer, which is a slip plane, was detected at a depth of about 2-5 meters, which has a resistivity
of > 692 Om, with a true dip of about 11° to the east.
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Figure 8. Cross section of 2D resistivity imaging at location 7

Conclusion. Based on the results of the interpretation and analysis, it can be concluded that
the two-dimensional cross-section of the track at locations 1, 2, 3, 4 and 7 is thought to be the
structure of the subsurface soil in the form of clay, gravel and sand. The line at location 5 has
a subsurface layer of dry gravel under the sand. The track at location 6 has a sub-surface layer
of loamy sand under the layer of clay. The slip plane is interpreted as a limestone layer in lines
1,2, 3,4, 6and 7, while the slip plane in line 5 is assumed to be in a dacite igneous rock layer.
The results showed that the landslide slip fields at 7 locations were approximately 3-17 meters
deep with a slope angle of 11° -79° with trending dominantly northwest and one location with
a southeast trend.
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Abstract- Alo watershed is the sub- watershed within the system of Limboto watershed
which directly disembogues to Limboto Lake. Land degradation happened in the Alo watershed
is caused by the agricultural system that does not apply land conservation techniques such as
terracing and mounds and it triggers erosion and landslide. The method used in this research is
geoelectric method with Wenner Alpha configuration; while the data analysis utilizes
resistivity imaging method which produces two-dimensional cross-sectional images. In total,
there are seven trajectories with a length of 170-180 meters each. The result of the research
presents the slip surfaces of 7 locations are located in 3-17 meters depth with the inclination of
11° -79° trending dominantly northwest and one location trending southeast.

Keywords: Alo Watershed, Gorontalo, Sliding Surface

Introduction. There are not many pieces of research covering landslides in Gorontalo
province. The latest research shows that the landslides occur in there are rotational slide, planar
slide, slide flow, and rock block slide. The landslides are commonly affected by the slope and
surface shape of the slope [1, 2]. Alo watershed is the sub- watershed located in Limboto basin
system which directly disembogues into Limboto Lake. Alo watershed is one of the largest
sediment contributors to Limboto Lake of 0.0342 kg/sec. According to the latest survey
conducted by JICA study team, annual sediment volume is estimated around 5.04 x 10°
m¥year (or 5,500 m%km?/year). Therefore, if the incoming sediment volume cannot be
controlled, it is predicted that within 25 years the Limboto Lake will be filled with sediment
[3]. Alo watershed has the biggest sediment contribution of 947,187.87 ton and its SDR reaches
0.59. It reveals that 59% of the eroded sediment will get into Limboto Lake. As the result, the
lake will be a land because of silting process [4]. Alo watershed located on Tibawa sub-district
has various levels of erosion ranging from very low, low, medium, and high risk. The trigger
of these levels of erosion risk is inappropriate utilization of the land [5].

According to the Regional Geological Map of Tilamuta Sheet, scale 1:250,000 [6], Alo
watershed is composed from tertiary and quaternary rocks. The rock formations in the Alo
watershed are Diorite Bone (Tmb), Bilungala volcanic rock (tmbv), Dolokapa Formation
(Tmd), Pinogu Volcanic Rock (TQpv), and Reef Limestones (Q1). Referring to the latest
research, the name of new limestone formation is Limboto Limestone Formation. This
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formation consists of two to three microfacies with shallow marine paleobathymetry that have
undergone tectonic uplift [7, 8, 9,10]. The slope on Alo watershed is dominated by gentle slopes
with slopes ranging from 8 — 15% with a percentage area of 3.14%, and slopes of 15 — 25% are
25.74%. Land usage in Alo watershed is dominated by arid agricultural land with an area
percentage of 38.07%, secondary forest of 21.29%, plantation of 14.78%, shrubs of 20.30%,
paddy field of 4.17%, and residential area of 1.38%. In general, the practice of agricultural land
management in this area has not applied a land conservation technique. The social condition of
Alo watershed community in terms of educational level, education level of people residing in
Alo watershed is said to still low. Many people agree that farming areas are open. In addition,
many people do not quite know about erosion, but many claims to know about erosion. Habits
are carried out from generation to generation in cultivations / agricultural practices. There are
78% of the people living in the Alo watershed who agree to log to create farming areas. In
cultivating agricultural area, 86% of farmers do not make changes in land cultivation practices
and only 14% of farmers follow the advancement of land processing techniques [11].
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Figure 1. Map of research location in Alo Watershed, Gorontalo District



Methodology. The Alo watershed in the Gorontalo district, with an area of 24,222.41 acres,
located at the coordinates of N 00°44' 52.715" and E 122° 49' 33.206' to N 00° 39' 59.192" and
E 122° 49' 12.778" shall be chosen as the research site. The sampling location is in the Tibawa
and Limboto sub-districts (Figure 1). Research data is a slip surface that occurs in the Alo sub-
watershed. The measurement itself is conducted in seven locations, namely North Isimu
Village and Labanu Village, Tibawa Subdistrict, Gorontalo District. Geoelectric measurements
are carried out using the Electrical Resistivity Tomography (ERT) method to estimate the
boundary or sliding surface below the surface. The ERT method is often used for landslide
investigations because the main factors affecting resistance are soil type, porosity and water
content [12,13,14,15].

ERT can present 2D and 3D cross-sections of soil and rock resistance distribution, with
maximum resolution and depth of measurement depending on the configuration of the
electrode [16]. The depth measurement target that can be achieved is approximately 1/5 of the
maximum stretch length, i.e. the distance from the first electrode to the last electrode in one
line [17]. One measurement line uses the Wenner-Alpha electrode configuration with a stretch
length of 180 m for a depth target of about 35 m. Additionally, the acquisition of ERT
measurements uses the Wenner-Alpha electrode configuration. The data analysis technique
used in this study was a 2D inversion using the 3.54.44 version of RES2DINV based on the
least - squares optimization method [18]. Landslide field analysis was performed by adding
topographic data to the 2D inversion model using the RES2DINV program [19]. In addition,
drill holes BH-01 and BH-02 were added for the calibration and correlation of subsurface
resistance prices.

Result and Discussion. The measurement result of the resistivity value and rock type at the
research location are shown in Table 1. The data in Table 1 shows that the rock types at 7
locations consist of clay, gravel, sand, limestone and dacite. Geoelectric measurement in
research area refers to the inversion result of 2D resistivity imaging on the lines.
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Figure 2. Cross section of 2D resistivity imaging at location 1

Location 1: Geoelectric measurements at location 1 are in North Isimu Village, 180
meters long, with a southwest-northeast trend (Figure 2). The slip plane is usually characterized
by a contrasting field between high and low resistance values. Based on the rock resistance
value, the slip plane at location 1 is estimated to be in the limestone layer as a layer with a high
resistance value. The upper layers of the slip plane with resistance values of less than 674 Om
were detected or suspected to be clay, gravel and sand layers. The limestone layer, which is a
boundary plane or a slip plane, is detected at a depth of about 5-7 meters and has a high
resistance of between 674-10,950.5 Qm with an apparent slope of about 8° to the southwest.
On the basis of the apparent slope, the actual slope is 47° to the northwest.
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Figure 3. Cross section of 2D resistivity imaging at location 2

Location 2: Geoelectric measurement at location 2 is at North Isimu Village, 180 meters
long, with a south-north trend (Figure 3). Based on the rock resistance value, the slip plane at
location 2 contains layers of clay, gravel, sand, limestone and dacite. The slip plane at location
2 is estimated to be in the plane of contrast between low and high resistance values. The upper
layers of the slip plane with resistance values of less than 692 Qm are thought to be rock layers,
i.e. clay, gravel and sand layers. The limestone layer, which is a slip plane, was detected at a
depth of about 3 meters and has a high resistance of 692-9,479 QOm with an apparent slope of
about 11° southwest. Based on the apparent slope, the actual slope to the northwest is 79°.
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Figure 4. Cross section of 2D resistivity imaging at location 3

Location 3: Geo-electric measurement at location 3 North Isimu Village with a length
of 170 meters trending southwest — northeast (Figure 4). Based on the rock resistance value,
the slip plane at location 3 is estimated to be in the contrasting plane between low and high
resistance values, i.e. in the limestone layer. A layer of clay, gravel, and sand is thought to be
the upper layer of the slip plane, which has a resistance value of less than 796 Qm. The
limestone layer, which is a slip plane, is detected at a depth of about 5-8 meters and has a high
resistance of 796-10,552.5 Qm with an apparent slope of about 7° to the southwest Based on
the apparent slope, the actual slope is 74° to the northwest.
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Table 1. Electrical Resistance Value and Types of Rock Layers at the Research Location

Location 1 Location 2 Location 3 Location 4 Location 5 Location 6 Location 7
North Isimu 1 Village North Isimu 2 Village North Isimu 3 Village North Isimu 4 Village North Isimu 5 Village Labanu 1 Village Labanu 2 Village
No (0°39'52.6" N, (0°40'3.5" N, 122°52'41.4" (0°40'19.6" N, (0°40'39.1" N, (0°41'17.41" N, (0°44°43.3” N, (0°45°05.2” N,
122°52'36.7" E) - E) - (0°40'9" N, 122°52'51.26" E) - 122°53'7.1"E) — 122°53'31.6" E) - 122°50°57.2” E) - 122°51°07.3” E) -
(0°39'65.5" N, 122°52'43.3" E) (0°40'24.9" N, (0°40'36" N, (0°41'21.4" N, (0°44°45.3” N, (0°45°05.5” N,
122°52'41.6" E) 122°52'55.19" E) 122°53'1.89" E) 122°53'28.2" E) 122°50°51.8” E) 122°51°01.7” E)
Electrical Type of Electrical Type of Electrical Type of Electrical Type of Electrical Type of Electrical Type of Electrical Type of
Resistance Layer Resistance Layer Resistance Layer Resistance Layer Resistance Layer Resistance Layer Resistance Layer
(Qm) (Qm) (Qm) (Qm) (Qm) (Qm) (Qm)
1 0-279 Clay 0-13.7 Clay 0-711 Clay 0-15.8 Clay 0-4.29 Clay 0-0.89 Clay 0-3.44 Clay
2 27.9-543 Clay 13.7- Clay 7.11-165 Clay 158 - Clay 429 - Clay 0.89-2.05 Clay 3.44-8.22 Clay
32.15 34.25 11.695
3 54.3-80.6 Clay 32.15- Clay 16.5-25.9 Clay 34.25 - Clay 11.695 - Clay 2.05-3.21 Clay 8.22-13 Clay
50.6 52.7 19.1
4 80.6 — Clay 50.6 — Clay 259 - Clay 52,7 - Clay 19.1- Clay 3.21-7.36 Clay 13-30.9 Clay
156.8 118.8 60.05 114.35 51.85
5 | 156.8—233 118.8 - 187 60.05 — Clay 114,35 - 51.85— Clay 7.36-11.5 Clay 30.9-48.8 Clay
94.2 176 84.6
6 | 233-4535 | Graveland | 187-439.5 Gravel & 94.2 - 176 — 381 Cravel & 84.6 — 11.5-26.5 Loamy 48.8- Cravel &
Sand Sand 218.6 Sand 230.3 Sand 116.4 Sand
7 | 4535-674 439.5 - 692 218.6 —343 Gravel & 381586 230.3— Gravel & 26.5-41.5 Loamy 116.4-184 | Gravel &
Sand 376 Sand Sand Sand
8 674 — Limestone 692 - 1,122 Limestone 343 - 796 586 — Limestone 376 — 41.5-95.25 Gravel & 184-438 Gravel &
1,310.5 1,269.5 1,023 Sand Sand
9 1,3105— Limestone 1122 - Limestone | 796 —1,249 | Limestone 1.269,5— Limestone 1,023 - 95.25-149 Gravel & | 438-692 Gravel &
1,947 2,562 1,953 1,670 Sand Sand
10 1,047 — Limestone 2,562 — Limestone 1,249 - Limestone 1,953 - Limestone 1,670 - 149-342.5 Gravel & 692- Limestone
3,788 6,020.5 2,898.5 4,233 4,544.5 Dry Sand 1,649.5
11 3,788 — Limestone 6,020.5 - Limestone 2,898.5— Limestone 4,233 - Limestone 45445 — Gravel 342.5-536 Gravel & 1,649,5- Limestone
5,629 9,479 4,548 6,513 7,419 Sand 2,607
12 5,629 — Limestone 9,479 — Dacite 4,548 — Limestone 6,513 — Limestone 7,419 - 536-1,232.5 Limestone 2,607- Dacite
10,950.5 22,277 10,552.5 14,113 20,188 6,214
13 10,950.5 — Dacite 22,277 - Dacite 10,552.5 - Dacite 14,113 - Dacite 20,188 — Dacite 1,232.5-1,929 | Limestone 6,214- Dacite
16,272 35,075 16,557 21,713 32,957 9,821
14 16.272 - Dacite 35,075 - Dacite 16,557 — Dacite 21,713 - Dacite 32,957 — Dacite 1,929-4,432.5 Dacite 9,821- Dacite
31.656 82,430 38,4185 47,052.5 89,681 23,406.5
15 31.656 — Dacite 82,430 - Dacite 38,418.5— Dacite 47,052.5 - Dacite 89,681 — Dacite 4,432.5-6,936 Dacite 23,406.5- Dacite
47.040 129,785 60,280 72,392 146,405 36,992
16 > 47.040 Dacite > 129,785 Dacite > 60,280 Dacite >72,392 Dacite >146,405 Dacite > 6,936 Dacite > 36,992 Dacite

Source : Analysis Result in 2021
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Figure 5. Cross section of 2D resistivity imaging at location 4

Location 4: Geo-electric measurement at location 4 in North Isimu Village with a track
length of 180 meters trending northeast — southwest (Figure 5). The limestone layer which is a
slip plane is detected at a depth of about 4-5 meters which has a high resistivity ranging from
586-14,113 Om with an apparent slope of about 3° to the southwest. Based on the apparent
slope, the actual slope is 56 ° trending the northwest.
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Figure 6. Cross section of 2D resistivity imaging at location 5

Location 5: Geo-electric measurement at location 5 in North Isimu Village with a track
length of 180 meters trending southeast — northwest (Figure 6). The slip area is estimated to
have low and high resistance values, namely in the dacite layer. The upper layers of the slip
plane with resistance values of less than 20,188 Qm are thought to be layers of clay, gravel,
sand and dry gravel. The igneous rock layer of the dacite, which is a slip plane, was detected
at a depth of about 17 meters, which has a high resistance of >20,188 Qm, with a true dip of
about 11° to the southeast.

Location 6: Geo-electric measurement at location 6 in Labanu Village with a track
length of 180 meters trending east —west (Figure 7). The slip area is estimated in low and high
resistance values, namely in the dacite layer. The upper layers of the slip plane with resistance
values of less than 536 Qm are thought to be layers of clay, loamy sand, gravel and sand. The
limestone layer, which is a slip plane, was detected at a depth of about 2 meters, which has a
resistance of > 536 Qm, with a true dip of about 13° to the east.
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Figure 7. Cross section of 2D resistivity imaging at location 6

Location 7: Geo-electric measurement at location 7 in Labanu Village with a track
length of 180 meters trending east — west (Figure 8). The slip area is estimated in low and high
resistance values, namely in the dacite layer. The upper layers of the slip plane with resistance
values of less than 692 Qm are thought to be layers of clay, gravel and sand. The limestone
layer, which is a slip plane, was detected at a depth of about 2-5 meters, which has a resistivity
of > 692 Qm, with a true dip of about 11° to the east.
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Figure 8. Cross section of 2D resistivity imaging at location 7

Conclusion. Based on the results of the interpretation and analysis, it can be concluded that
the two-dimensional cross-section of the track at locations 1, 2, 3, 4 and 7 is thought to be the
structure of the subsurface soil in the form of clay, gravel and sand. The line at location 5 has
a subsurface layer of dry gravel under the sand. The track at location 6 has a sub-surface layer
of loamy sand under the layer of clay. The slip plane is interpreted as a limestone layer in lines
1,2,3,4,6and 7, while the slip plane in line 5 is assumed to be in a dacite igneous rock layer.
The results showed that the landslide slip fields at 7 locations were approximately 3-17 meters
deep with a slope angle of 11° -79° with trending dominantly northwest and one location with
a southeast trend.
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THE ANALYSIS OF SLIDING SURFACE IN ALO WATERSHED, GORONTALO
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Abstract- Alo watershed is the sub- watershed within the system of Limboto watershed
which directly disembogues to Limboto Lake. Land degradation happened in the Alo watershed
is caused by the agricultural system that does not apply land conservation techniques such as
terracing and mounds and it triggers erosion and landslide. The method used in this research is
geoelectric method with Wenner Alpha configuration; while the data analysis utilizes
resistivity imaging method which produces two-dimensional cross-sectional images. In total,
there are seven trajectories with a length of 170-180 meters each. The result of the research
presents the slip surfaces of 7 locations are located in 3-17 meters depth with the inclination of
11° -79° trending dominantly northwest and one location trending southeast.

Keywords: Alo Watershed, Gorontalo, Sliding Surface

Introduction. There are not many pieces of research covering landslides in Gorontalo
province. The latest research shows that the landslides occur in there are rotational slide, planar
slide, slide flow, and rock block slide. The landslides are commonly affected by the slope and
surface shape of the slope [1]. Alo watershed is the sub-watershed located in Limboto basin
system which directly disembogues into Limboto Lake. Alo watershed is one of the largest
sediment contributors to Limboto Lake of 0.0342 kg/sec. According to the latest survey
conducted by JICA study team, annual sediment volume is estimated around 5.04 x 10°
m3/year (or 5,500 m/km?/year). Therefore, if the incoming sediment volume cannot be
controlled, it is predicted that within 25 years the Limboto Lake will be filled with sediment
[2]. Alo watershed has the biggest sediment contribution of 947,187.87 ton and its SDR reaches
0.59. It reveals that 59% of the eroded sediment will get into Limboto Lake. As the result, the
lake will be a land because of silting process. Alo watershed located on Tibawa sub-district has
various levels of erosion ranging from very low, low, medium, and high risk. The trigger of
these levels of erosion risk is inappropriate utilization of the land [3].

According to the Regional Geological Map of Tilamuta Sheet, scale 1:250,000 [4], Alo
watershed is composed from tertiary and quaternary rocks. The rock formations in the Alo
watershed are Diorite Bone (Tmb), Bilungala volcanic rock (Tmbv), Dolokapa Formation
(Tmd), Pinogu Volcanic Rock (TQpv), and Reef Limestones (Q1). Referring to the latest
research, the name of new limestone formation is Limboto Limestone Formation. This
formation consists of two to three microfacies with shallow marine paleobathymetry that have
undergone tectonic uplift [5,6]. The slope on Alo watershed is dominated by gentle slopes with
slopes ranging from 8 — 15% with a percentage area of 3.14%, and slopes of 15 — 25% are
25.74%. Land usage in Alo watershed is dominated by arid agricultural land with an area
percentage of 38.07%, secondary forest of 21.29%, plantation of 14.78%, shrubs of 20.30%,
paddy field of 4.17%, and residential area of 1.38%. In general, the practice of agricultural land
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management in this area has not applied a land conservation technique. The social condition of
Alo watershed community in terms of educational level, education level of people residing in
Alo watershed is said to still low. Many people agree that farming areas are open. In addition,
many people do not quite know about erosion, but many claims to know about erosion. Habits
are carried out from generation to generation in cultivations / agricultural practices. There are
78% of the people living in the Alo watershed who agree to log to create farming areas. In
cultivating agricultural area, 86% of farmers do not make changes in land cultivation practices
and only 14% of farmers follow the advancement of land processing techniques [7].

Figure 1. Map of research location in Alo Watershed, Gorontalo District
Methodology. The Alo watershed in the Gorontalo district, with an area of 24,222.41 acres,
located at the coordinates of N 00°44' 52.715" and E 122° 49' 33.206' to N 00° 39' 59.192" and
E 122°49' 12.778" shall be chosen as the research site. The sampling location is in the Tibawa
and Limboto sub-districts (Figure 1). Research data is a slip surface that occurs in the Alo sub-
watershed. The measurement itself is conducted in seven locations, namely North Isimu
Village and Labanu Village, Tibawa Subdistrict, Gorontalo District. Geoelectric measurements
are carried out using the Electrical Resistivity Tomography (ERT) method to estimate the
boundary or sliding surface below the surface. The ERT method is often used for landslide



investigations because the main factors affecting resistance are soil type, porosity and water
content [8,9,10,11].

ERT can present 2D and 3D cross-sections of soil and rock resistance distribution, with
maximum resolution and depth of measurement depending on the configuration of the
electrode [12]. The depth measurement target that can be achieved is approximately 1/5 of the
maximum stretch length, i.e. the distance from the first electrode to the last electrode in one
line [13]. One measurement line uses the Wenner-Alpha electrode configuration with a stretch
length of 180 m for a depth target of about 35 m. Additionally, the acquisition of ERT
measurements uses the Wenner-Alpha electrode configuration. The data analysis technique
used in this study was a 2D inversion using the 3.54.44 version of RES2DINV based on the
least - squares optimization method [14]. Landslide field analysis was performed by adding
topographic data to the 2D inversion model using the RES2DINV program [15]. In addition,
drill holes BH-01 and BH-02 were added for the calibration and correlation of subsurface
resistance prices.

Result and Discussion. The measurement result of the resistivity value and rock type at the
research location are shown in Table 1. The data in Table 1 shows that the rock types at 7
locations consist of clay, gravel, sand, limestone and dacite. Geoelectric measurement in
research area refers to the inversion result of 2D resistivity imaging on the lines in seven
location shown in Figure 2.

Location 1: Geoelectric measurements at location 1 are in North Isimu Village, 180
meters long, with a southwest-northeast trend. The slip plane is usually characterized by a
contrasting field between high and low resistance values. Based on the rock resistance value,
the slip plane at location 1 is estimated to be in the limestone layer as a layer with a high
resistance value. The upper layers of the slip plane with resistance values of less than 674 Om
were detected or suspected to be clay, gravel and sand layers. The limestone layer, which is a
boundary plane or a slip plane, is detected at a depth of about 5-7 meters and has a high
resistance of between 674-10,950.5 Qm with an apparent slope of about 8° to the southwest.
On the basis of the apparent slope, the actual slope is 47° to the northwest.

Location 2: Geoelectric measurement at location 2 is at North Isimu Village, 180 meters
long, with a south-north trend. Based on the rock resistance value, the slip plane at location 2
contains layers of clay, gravel, sand, limestone and dacite. The slip plane at location 2 is
estimated to be in the plane of contrast between low and high resistance values. The upper
layers of the slip plane with resistance values of less than 692 Qm are thought to be rock layers,
i.e. clay, gravel and sand layers. The limestone layer, which is a slip plane, was detected at a
depth of about 3 meters and has a high resistance of 692-9,479 QOm with an apparent slope of
about 11° southwest. Based on the apparent slope, the actual slope to the northwest is 79°.



Table 1. Electrical Resistance Value and Types of Rock Layers at the Research Location

Location 1 Location 2 Location 3 Location 4 Location 5 Location 6 Location 7
North Isimu Village 1 North Isimu Village 2 North Isimu Village 3 North Isimu Village 4 North Isimu Village 5 Labanu Village 1 Labanu Village 2
No (0°39'52.6" N, (0°40'3.5" N, 122°52'41.4" (0°40'19.6" N, (0°40'39.1" N, (0°41'17.41" N, (0°44°43.3” N, (0°45°05.2” N,
122°52'36.7" E) - E) - (0°40'9" N, 122°52'51.26" E) - 122°53'7.1"E) — 122°53'31.6" E) - 122°50°57.2” E) - 122°51°07.3” E) -
(0°39'65.5" N, 122°52'43.3" E) (0°40'24.9" N, (0°40'36" N, (0°41'21.4" N, (0°44°45.3” N, (0°45°05.5” N,
122°52'41.6" E) 122°52'55.19" E) 122°53'1.89" E) 122°53'28.2" E) 122°50°51.8” E) 122°51°01.7” E)
Electrical Type of Electrical Type of Electrical Type of Electrical Type of Electrical Type of Electrical Type of Electrical Type of
Resistance Layer Resistance Layer Resistance Layer Resistance Layer Resistance Layer Resistance Layer Resistance Layer
(Qm) (Qm) (Qm) (Qm) (Qm) (Qm) (Qm)
1 0-279 Clay 0-13.7 Clay 0-711 Clay 0-15.8 Clay 0-4.29 Clay 0-0.89 Clay 0-3.44 Clay
2 27.9-543 Clay 13.7- Clay 7.11-165 Clay 158 - Clay 429 - Clay 0.89-2.05 Clay 3.44-8.22 Clay
32.15 34.25 11.695
3 54.3-80.6 Clay 32.15- Clay 16.5-25.9 Clay 34.25 - Clay 11.695 - Clay 2.05-3.21 Clay 8.22-13 Clay
50.6 52.7 19.1
4 80.6 — Clay 50.6 — Clay 259 - Clay 52,7 - Clay 19.1- Clay 3.21-7.36 Clay 13-30.9 Clay
156.8 118.8 60.05 114.35 51.85
5 | 156.8—233 118.8 - 187 60.05 — Clay 114,35 - 51.85— Clay 7.36-11.5 Clay 30.9-48.8 Clay
94.2 176 84.6
6 | 233-4535 | Graveland | 187-439.5 Gravel & 94.2 - 176 — 381 Cravel & 84.6 — 11.5-26.5 Loamy 48.8- Cravel &
Sand Sand 218.6 Sand 230.3 Sand 116.4 Sand
7 | 4535-674 439.5 - 692 218.6 —343 Gravel & 381586 230.3— Gravel & 26.5-41.5 Loamy 116.4-184 | Gravel &
Sand 376 Sand Sand Sand
8 674 — Limestone 692 - 1,122 Limestone 343 - 796 586 — Limestone 376 — 41.5-95.25 Gravel & 184-438 Gravel &
1,310.5 1,269.5 1,023 Sand Sand
9 1,3105— Limestone 1122 - Limestone | 796 —1,249 | Limestone 1.269,5— Limestone 1,023 - 95.25-149 Gravel & | 438-692 Gravel &
1,947 2,562 1,953 1,670 Sand Sand
10 1,047 — Limestone 2,562 — Limestone 1,249 - Limestone 1,953 - Limestone 1,670 - 149-342.5 Gravel & 692- Limestone
3,788 6,020.5 2,898.5 4,233 4,544.5 Dry Sand 1,649.5
11 3,788 — Limestone 6,020.5 - Limestone 2,898.5— Limestone 4,233 - Limestone 45445 — Gravel 342.5-536 Gravel & 1,649,5- Limestone
5,629 9,479 4,548 6,513 7,419 Sand 2,607
12 5,629 — Limestone 9,479 — Dacite 4,548 — Limestone 6,513 — Limestone 7,419 - 536-1,232.5 Limestone 2,607- Dacite
10,950.5 22,277 10,552.5 14,113 20,188 6,214
13 10,950.5 — Dacite 22,277 - Dacite 10,552.5 - Dacite 14,113 - Dacite 20,188 — Dacite 1,232.5-1,929 | Limestone 6,214- Dacite
16,272 35,075 16,557 21,713 32,957 9,821
14 16.272 - Dacite 35,075 - Dacite 16,557 — Dacite 21,713 - Dacite 32,957 — Dacite 1,929-4,432.5 Dacite 9,821- Dacite
31.656 82,430 38,4185 47,052.5 89,681 23,406.5
15 31.656 — Dacite 82,430 - Dacite 38,418.5— Dacite 47,052.5 - Dacite 89,681 — Dacite 4,432.5-6,936 Dacite 23,406.5- Dacite
47.040 129,785 60,280 72,392 146,405 36,992
16 > 47.040 Dacite > 129,785 Dacite > 60,280 Dacite >72,392 Dacite >146,405 Dacite > 6,936 Dacite > 36,992 Dacite

Source : Analysis Result in 2021




| === A E |==== FJ

G ™ LEGEND :

: Location 1
: Location 2
: Location 3
: Location 4
: Location §
: Location 6
: Location 7

LN
t
emmoom»

Figure 2. Cross section of 2D resistivity imaging at 7 lines at the research location

Location 3: Geo-electric measurement at location 3 North Isimu Village with a length of
170 meters trending southwest — northeast. Based on the rock resistance value, the slip plane at
location 3 is estimated to be in the contrasting plane between low and high resistance values, i.e.
in the limestone layer. A layer of clay, gravel, and sand is thought to be the upper layer of the slip
plane, which has a resistance value of less than 796 Qm. The limestone layer, which is a slip plane,
is detected at a depth of about 5-8 meters and has a high resistance of 796-10,552.5 Om with an
apparent slope of about 7° to the southwest Based on the apparent slope, the actual slope is 74° to
the northwest.

Location 4: Geo-electric measurement at location 4 in North Isimu Village with a track
length of 180 meters trending northeast - southwest. The limestone layer which is a slip plane is
detected at a depth of about 4-5 meters which has a high resistivity ranging from 586-14,113 Om



with an apparent slope of about 3° to the southwest. Based on the apparent slope, the actual slope
is 56 ° trending the northwest.

Location 5: Geo-electric measurement at location 5 in North Isimu Village with a track
length of 180 meters trending southeast - northwest. The slip area is estimated to have low and
high resistance values, namely in the dacite layer. The upper layers of the slip plane with resistance
values of less than 20,188 Qm are thought to be layers of clay, gravel, sand and dry gravel. The
igneous rock layer of the dacite, which is a slip plane, was detected at a depth of about 17 meters,
which has a high resistance of >20,188 Qm, with a true dip of about 11° to the southeast.

Location 6: Geo-electric measurement at location 6 in Labanu Village with a track length
of 180 meters trending east - west. The slip area is estimated in low and high resistance values,
namely in the dacite layer. The upper layers of the slip plane with resistance values of less than
536 Qm are thought to be layers of clay, loamy sand, gravel and sand. The limestone layer, which
is a slip plane, was detected at a depth of about 2 meters, which has a resistance of > 536 Qm, with
a true dip of about 13° to the east.

Location 7: Geo-electric measurement at location 7 in Labanu Village with a track length
of 180 meters trending east - west. The slip area is estimated in low and high resistance values,
namely in the dacite layer. The upper layers of the slip plane with resistance values of less than
692 Om are thought to be layers of clay, gravel and sand. The limestone layer, which is a slip
plane, was detected at a depth of about 2-5 meters, which has a resistivity of > 692 Qm, with a
true dip of about 11° to the east.

Conclusion. Based on the results of the interpretation and analysis, it can be concluded that the
two-dimensional cross-section of the track at locations 1, 2, 3, 4 and 7 is thought to be the structure
of the subsurface soil in the form of clay, gravel and sand. The line at location 5 has a subsurface
layer of dry gravel under the sand. The track at location 6 has a sub-surface layer of loamy sand
under the layer of clay. The slip plane is interpreted as a limestone layer in lines 1, 2, 3, 4, 6 and
7, while the slip plane in line 5 is assumed to be in a dacite igneous rock layer. The results showed
that the landslide slip fields at 7 locations were approximately 3-17 meters deep with a slope angle
of 11° -79° with trending dominantly northwest and one location with a southeast trend.
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AHAJIU3 TOBEPXHOCTH CKOJIbXKEHUS B BOJOPA3JEJIE AJIO,
PAMOH T'OPOHTAJIO, UHIOHE3US
AnHoTauusi. Bonopasaen Ano - 3to cy0-Bomopasznen B cucteMe Bopopasznena JIumMOorTo, KoTopslit
HETIOCPE/ICTBEHHO CIUBAETCs ¢ o3epoM JInmboTo. Jlerpananus 3emMens, NPOU3OMIEAIIAs B BOAOCOOPHOM
Oacceline Ao, BbI3BaHA CEJIbCKOXO3AHCTBEHHOM CHCTEMOI1, KOTOpasi He MPUMEHSIET METObl COXPaHESHHs
3eMellb, TaKHe KaK TepPaCUPOBAHUE U HACBIIIH, YTO BBI3bIBAET 3PO3UIO U ONOI3HU. MeTo, UCIOIb3yeMblii
B 9TOM MCCIICJIOBAHUH, SBIISIETCS €03JIEKTPHUYECKUM METOIOM ¢ KoHpurypauueit Anbdpa Bennepa, B To
BpeMsl KaK aHaJIM3 JAaHHBIX MCIIOJIB3YET METOJ BM3YyalM3allMM yJENbHOrO CONpPOTHUBICHHS, KOTOPBIii
CO3/1aeT JByMEPHBIC N300paXKeHUs ONEPEYHOro ceueHus. Beero cymecTByer ceMb TPaeKTOPHU, JUTHHOM
170- 180 merpoB kaxnas. B pesynbrare MccienOBaHHs NPEACTABICHbI IIOBEPXHOCTU CKOJBKEHUS B 7
MecTaX, pacCIOJIOKCHHBIX Ha TiayomHe 3-17 wMerpoB ¢ HawioHoM 110-79, HampaBlieHHBIM
NPEUMYIIECTBEHHO Ha CEBEPO-3amaj, U B OHOM MECTE, HAIPaBJICHHOM Ha I0r0-BOCTOK.
Kniouesble cnosa: Bogopasaen ano, [poHTano, NoOBEPXHOCTb CKOJIbKEHUA.
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THE ANALYSIS OF SLIDING SURFACE IN ALO WATERSHED,
GORONTALO DISTRICT, INDONESIA

Abstract. Alo watershed is the sub-watershed within the system of Limboto watershed which directly
disembogues to Limboto Lake. Land degradation happened in the Alo watershed is caused by the agricultural
system that does not apply land conservation techniques such as terracing and mounds and it triggers erosion
and landslide. The method used in this research is geoelectric method with Wenner Alpha configuration;
while the data analysis utilizes resistivity imaging method which produces two-dimensional cross-sectional
images. In total, there are seven trajectories with a length of 170-180 meters each. The result of the research
presents the slip surfaces of 7 locations are located in 3-17 meters depth with the inclination of 11° -79°
trending dominantly northwest and one location trending southeast.

Keywords: Alo Watershed, Gorontalo, Sliding Surface

Introduction. There are not many pieces of
research covering landslides in Gorontalo province.
The latest research shows that the landslides occur
in there are rotational slide, planar slide, slide flow,
and rock block slide. The landslides are commonly
affected by the slope and surface shape of the slope
[1]. Alo watershed is the sub-watershed located in
Limboto basin system which directly disembogues
into Limboto Lake. Alo watershed is one of the largest
sediment contributors to Limboto Lake of 0.0342
kg/sec. According to the latest survey conducted
by JICA study team, annual sediment volume is
estimated around 5.04 x 106 m*/year (or 5,500 m?/
km?*year). Therefore, if the incoming sediment
volume cannot be controlled, it is predicted that
within 25 years the Limboto Lake will be filled with
sediment [2]. Alo watershed has the biggest sediment
contribution of 947,187.87 ton and its SDR reaches
0.59. It reveals that 59% of the eroded sediment will
get into Limboto Lake. As the result, the lake will
be a land because of silting process. Alo watershed
located on Tibawa sub-district has various levels of
erosion ranging from very low, low, medium, and
high risk. The trigger of these levels of erosion risk is
inappropriate utilization of the land [3].

According to the Regional Geological Map of
Tilamuta Sheet, scale 1:250,000 [4], Alo watershed
is composed from tertiary and quaternary rocks. The
rock formations in the Alo watershed are Diorite
Bone (Tmb), Bilungala volcanic rock (Tmbv),
Dolokapa Formation (Tmd), Pinogu Volcanic Rock
(TQpv), and Reef Limestones (Q1). Referring to the

latest research, the name of new limestone formation
is Limboto Limestone Formation. This formation
consists of two to three microfacies with shallow
marine paleobathymetry that have undergone tectonic
uplift [5,6]. The slope on Alo watershed is dominated
by gentle slopes with slopes ranging from 8 — 15%
with a percentage area of 3.14%, and slopes of 15
— 25% are 25.74%. Land usage in Alo watershed
is dominated by arid agricultural land with an area
percentage of 38.07%, secondary forest of 21.29%,
plantation of 14.78%, shrubs of 20.30%, paddy field
of 4.17%, and residential area of 1.38%. In general,
the practice of agricultural land management in this
area has not applied a land conservation technique.
The social condition of Alo watershed community in
terms of educational level, education level of people
residing in Alo watershed is said to still low. Many
people agree that farming areas are open. In addition,
many people do not quite know about erosion,
but many claims to know about erosion. Habits
are carried out from generation to generation in
cultivations / agricultural practices. There are 78% of
the people living in the Alo watershed who agree to
log to create farming areas. In cultivating agricultural
area, 86% of farmers do not make changes in land
cultivation practices and only 14% of farmers follow
the advancement of land processing techniques [7].
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Figure 1. Map of research location in Alo
Watershed, Gorontalo District

Methodology. The Alo watershed in the
Gorontalo district, with an area of 24,222.41 acres,
located at the coordinates of N 00044' 52.715" and
E 1220 49' 33.206' to N 000 39'59.192" and E 122°
49'12.778" shall be chosen as the research site. The
sampling location is in the Tibawa and Limboto
sub-districts (Figure 1). Research data is a slip
surface that occurs in the Alo sub- watershed. The
measurement itself is conducted in seven locations,
namely North Isimu Village and Labanu Village,
Tibawa Subdistrict, Gorontalo District. Geoelectric
measurements are carried out using the Electrical
Resistivity Tomography (ERT) method to estimate
the boundary or sliding surface below the surface. The
ERT method is often used for landslide investigations
because the main factors affecting resistance are soil
type, porosity and water content [8,9,10,11].

ERT can present 2D and 3D cross-sections of
soil and rock resistance distribution, with maximum
resolution and depth of measurement depending
on the configuration of the electrode [12]. The
depth measurement target that can be achieved is
approximately 1/5 of the maximum stretch length,
i.e. the distance from the first electrode to the last
electrode in one line [13]. One measurement line
uses the Wenner-Alpha electrode configuration
with a stretch length of 180 m for a depth target of
about 35 m. Additionally, the acquisition of ERT
measurements uses the Wenner-Alpha -electrode
configuration. The data analysis technique used
in this study was a 2D inversion using the 3.54.44

version of RES2DINV based on the least - squares
optimization method [14]. Landslide field analysis
was performed by adding topographic data to the 2D
inversion model using the RES2DINV program [15].
In addition, drill holes BH-01 and BH-02 were added
for the calibration and correlation of subsurface
resistance prices.

Result and Discussion. The measurement result
of the resistivity value and rock type at the research
location are shown in Table 1. The data in Table 1
shows that the rock types at 7 locations consist of
clay, gravel, sand, limestone and dacite.Geoelectric
measurement in research area refers to the inversion
result of 2D resistivity imaging on the lines in seven
location shown in Figure 2.

Location 1: Geoelectric measurements at location
1 are in North Isimu Village, 180 meters long, with
a southwest-northeast trend. The slip plane is usually
characterized by a contrasting field between high and
low resistance values. Based on the rock resistance
value, the slip plane at location 1 is estimated to be in
the limestone layer as a layer with a high resistance
value. The upper layers of the slip plane with
resistance values of less than 674 (Qm were detected
or suspected to be clay, gravel and sand layers. The
limestone layer, which is a boundary plane or a slip
plane, is detected at a depth of about 5-7 meters and
has a high resistance of between 674-10,950.500m
with an apparent slope of about 8° to the southwest.
On the basis of the apparent slope, the actual slope is
47° to the northwest.

Location 2: Geoelectric measurement at location
2 is at North Isimu Village, 180 meters long, with a
south-north trend. Based on the rock resistance value,
the slip plane at location 2 contains layers of clay,
gravel, sand, limestone and dacite. The slip plane at
location 2 is estimated to be in the plane of contrast
between low and high resistance values. The upper
layers of the slip plane with resistance values of less
than 6920m are thought to be rock layers, i.e. clay,
gravel and sand layers. The limestone layer, which is
a slip plane, was detected at a depth of about 3 meters
and has a high resistance of 692-9,479 Qm with an
apparent slope of about 11° southwest. Based on the
apparent slope, the actual slope to the northwest is
79°.

Location 3: Geo-electric measurement at location
3 North Isimu Village with a length of 170 meters
trending southwest — northeast. Based on the rock
resistance value, the slip plane at location 3 is
estimated to be in the contrasting plane between
low and high resistance values, i.e. in the limestone
layer. A layer of clay, gravel, and sand is thought
to be the upper layer of the slip plane, which has a
resistance value of less than 796Qm.The limestone
layer, which is a slip plane, is detected at a depth
of about 5-8 meters and has a high resistance
of 796-10,552.50m with an apparent slope of
about 7° to the southwest Based on the apparent
slope, the actual slope is 74° to the northwest.
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Figure 2. Cross section of 2D resistivity imaging at 7 lines at the research location

Location 4: Geo-electric measurement at location
4 in North Isimu Village with a track length of 180
meters trending northeast - southwest. The limestone
layer which is a slip plane is detected at a depth
of about 4-5 meters which has a high resistivity
ranging from 586-14,113-m with an apparent slope
of about 3° to the southwest. Based on the apparent
slope, the actual slope is 56 ° trending the northwest.

Location 5: Geo-electric measurement at location
5 in North Isimu Village with a track length of 180
meters trendingsoutheast - northwest. The slip area
is estimated to have low and high resistance values,
namely in the dacite layer. The upper layers of the
slip plane with resistance values of less than 20,188
-m are thought to be layers of clay, gravel, sand and
dry gravel. The igneous rock layer of the dacite,
which is a slip plane, was detected at a depth of about
17 meters, which has a high resistance of >20,188
-m, with a true dip of about 11° to the southeast.

Location 6: Geo-electric measurement at
location6 in Labanu Village with a track length of 180
meters trendingeast - west. The slip area is estimated
in low and high resistance values, namely in the
dacite layer. The upper layers of the slip plane with
resistance values of less than 536QQm are thought
to be layers of clay, loamy sand, gravel and sand.
The limestone layer, which is a slip plane, was
detected at a depth of about 2 meters, which has a

resistance of > 536Qm, with a true dip of about 13°
to the east.

Location 7: Geo-electric measurement at location
7 in Labanu Village with a track length of 180
meters trending east - west.The slip area is estimated
in low and high resistance values, namely in the
dacite layer. The upper layers of the slip plane with
resistance values of less than 692Qdm are thought
to be layers of clay, gravel and sand. The limestone
layer, which is a slip plane, was detected at a depth
of about 2-5 meters, which has a resistivity of >
6920m, with a true dip of about 11° to the east.

Conclusion. Based on the results of the
interpretation and analysis, it can be concluded that
the two-dimensional cross-section of the track at
locations 1, 2, 3, 4 and 7 is thought to be the structure
of the subsurface soil in the form of clay, gravel and
sand. The line at location 5 has a subsurface layer of
dry gravel under the sand. The track at location 6 has
a sub-surface layer of loamy sand under the layer of
clay. The slip plane is interpreted as a limestone layer
in lines 1, 2, 3, 4, 6 and 7, while the slip plane in
line 5 is assumed to be in a dacite igneous rock layer.
The results showed that the landslide slip fields at 7
locations were approximately 3-17 meters deep with
a slope angle of 110 -79° with trending dominantly
northwest and one location with a southeast trend.
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AnHoTaums. Bomopaszmen Ao - 3T0 cy0-Bomopasiel B CHUCTeME Bojopasaena JImmMOoTo, KOTOpHIi
HEMOCPEICTBEHHO cimBaeTcs ¢ o3epoM JlmmboTo. Jlerpamanmst 3emens, MPOU3OMIEAIIas B BOJOCOOPHOM
OacceifHe AJI0, BbI3BaHA CEJBCKOXO3SICTBEHHOW CHCTEMOM, KOTOpas HE TPUMEHSET METOJbl COXPaHCHUS
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B OTOM HCCJICJOBAaHHH, SIBIISICTCS TEOMICKTPUYCCKHM METOJIOM ¢ KoHpurypauueir Anbda Bennepa, B TO
BpeMsI KaK aHAJIM3 JaHHBIX UCTIOIB3YET METOJ BU3yalN3alli yIEIHHOTO COMPOTUBIICHHUS, KOTOPBIH CO3/1aeT
JIBYMEpHBIE HM300pa)XeHUsI TOMEpPEeYHOro ceueHus. Bcero cymectByeT cemb TpaekTopwid, mnnHOW 170-
180 MeTpoB kaxxgas. B pe3ynbrare MCCIIEIOBAHUS MPEICTABICHB TTOBEPXHOCTH CKOJBKCHHSI B 7 MECTax,
pacronokeHHbIX Ha rIyomHe 3-17 meTpoB ¢ HakioHOM 110-79°, HampaBIEHHBIM NMPEUMYIIECTBEHHO Ha
CeBepo-3arma/i, ¥ B OJHOM MECTe, HAIPaBICHHOM Ha IOTO-BOCTOK.
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