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ABSTRACT  
The research area is located in Ponjong Subdistrict, Gunung Kidul Regency. Ponjong area specific at Tambakromo village 
is one of potential in landslides disaster since 2011. The outspread information about landslide and mitigation should be 
done in research area. The aim of this research is to get the subsurface condition and determine of landslide surface based 
on geoelectrical resistivity in Tambakromo area, Ponjong Subdistrict, Gunung Kidul regency. The method of this research 
is used geoelectrical survey by using Dipole - dipole configuration. The result of this research is the lithology of sliding 
surface is claystone – fine tuffaceous claystone with resistivity value of 29.9 ohmmeter based on Dipole – dipole subsurface 
cross section at Grogol village. The sliding surface could be found at 5 metres to 20 metres underground. At Sumberejo 
village, based on dipole-dipole subsurface the lithology of sliding surface is claystone – fine tuffaceous claystone with 
resistivity value of 6.18 to 29.9 ohmmeter at depth of 20 to 25 metres. Based on the regional stratigraphy correlation showed 
that the claystone or tuffaceous claystone is included in Semilir Formation. This research should be able to held for local 
government to proved landslide mitigation in research area. 

Keywords: Geoelectrical, Dipole – Dipole, sliding surface, Ponjong, landslides 

 
1. INTRODUCTION  

Gunung Kidul is one of regency in Yogyakarta that has 18 subdistricts with potential of landslide 
disaster [1]. Ponjong is one of subdistrict that has potential of landslide disaster. According to [2] the landslide 
is a natural disaster that has high frequent recently. Some of landslides disaster occurred in Ponjong area last 
decade. In 2011, the landslide disaster occurred in Jambedawe, Tambakromo village, Ponjong Subdistrict, 
Gunung Kidul Regency with length of valley about 20 metres and wide of areal about 4 metres [3]. In 2017, 
the road that connect to Ponjong and Semin damaged due to landslide disaster and five local people refuged 
to the safe place [4]. 

Landslide is defined by one slope movement down that triggered by soil mass and rocks. General people 
used the term of landslide for all kind of mass movement that through sliding surface or no sliding surface. 
[5] definitively also used this term of landslide for all kind of mass movement. Landslide is included in 
geological processed that occurred due to interaction of some condition such as geomorphology, lithology, 
structural geology, hydrogeology, and land use [6]. Those condition is supported each other that caused the 
slope condition to move down [7]. The process of landslide move down and emit of slope included in rocks, 
soil, artificial fill, or both of combination that move like falling, rotation, translation, spreading, or flowing. 

Geological factors that caused of landslide are loosening material, weathering, discontinuity (fault, 
material rock contact), difference of permeability and or tight material [8]. Generally, the landslide disaster 
potential area is zone within high rainfall rate (up to 2500 mm/year). According to [9] Karnawati (2005), the 
landslide is one of mass movement or rock mass movement occurred at slope of 20°-40° with rock mass 
movement such as residual soil, colluvial material and weathered volcanic rock. 

 Based on overviewed the landslide disaster that occurred in Ponjong Subdistrict specific at 
Tambakromo village, Gunung Kidul Regency, the research about the potential of landslide disaster in 
research area is needed. The aim of this research such as to get the subsurface condition based on geolectrical 
resistivity data in Tambakromo village, Ponjong subdistrict, Gunung Kidul Regency, Special Region of 
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Yogyakarta. Based on subsurface condition from 2 D cross section of dipole dipole configuration, the sliding 
surface, the rocks, the stratigraphical and structural geology data could be determined.  
 
2. RESEARCH METHOD  

This research is started with study of literature about the geological condition in the research area 
(Figure 1). Geomorphology, lithology, and structural geology of this research area were studied by some 
authors. The research area is consisted of karst topography [10] and dominated by Mandalika Formation, 
Semilir Formation, and Wonosari Formation [11]. 

Field observation was conducted to the geological mapping and geoelectrical resistivity. The result of 
geological mapping would produced the geological map. Geological map showed that the factors that caused 
the landslide included in slope, lithology, structural geology, and land use.  

The geophysics included in geoelectrical survey. The geolectrical resistivity survey measured the rock 
resistivity in 2 studies site with dipole-dipole configuration. The result is 2 D resistivity cross section which 
showed that the subsurface condition in research area. The sliding surface is interpreted by rock resisitivity 
value that has a small resistivity value and included in claystone [12]. 
 

 
 

Figure 1. Flow Chart of Research Method 
 
 
3. RESULT AND ANALYSIS  

Several geological data observations including geomorphology, lithology, and structural geology in 
research area. The presence of surface data (geological data) would be correlated with subsurface condition. 
Geomorphological data is presented in Geoomorphological Map (Figure 2) and the rock distribution and 
structural showed in 3 D geological map (Figure 3). 

 
3.1. Geomorphological Data 

The geomorphology condition in research area based on slope calculation and elevation 
(morphometric) and morphogenetic [12]. The geomorphological unit is divided into seven 
geomorphological unit such as 

a. Weakly undulated fluvial unit (F5) 
b. Strongly hill structural denudation unit (D11) 
c. Weak to strongly undulated structural denudation unit (D5) 
d. Strongly undulated to hilly structural unit (S3) 
e. Weak to strongly undulated hill (S1) 
f. Strong hilly karst unit (K5) 
g. Weakly undulated karst unit (K10) 
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The drainage pattern in research area such as rectangular, parallel, and multibasin. The research 

area stadium included in mature stadium [13]. 
 

Table 1. Geomorphological unit in research area. 
No. Geomorphological Unit Slope (%) 
1. Weakly undulated fluvial unit  6.92 
2. Strongly hill structural denudation unit  23.46 
3. Weak to strongly undulated structural denudation unit  11.62 
4. Strongly undulated to hilly structural unit  14.81 
5. Weak to strongly undulated hill  12.79 
6. Strong hilly karst unit  40.97 
7. Weakly undulated karst unit 7.08 

 
 

 
 

Figure 2. The Geomorphological Map in research area 
 

3.2. Stratigraphical Data 
Geological mapping produced the stratigraphy in research area. The rock consisted from oldest to 

newest such as Mandalika andesitic breccia unit, Semilir tuffaceous lapillistone unit, and Wonosari 
Crystalline limestone, and clay to sand deposit unit (Figure 3). 

In order to observation detail in geological mapping, the stratigraphical data was conducted by 
measuring section. Based on stratigraphical measuring section, Andesitic Breccia unit was deposited at 
age of N 2 – N 4 (Late Oligocene to Early Miocene) [14]. Andesitic breccia unit is consisted dominantly 
by andesitic breccia, tuff, siltstone, and lava. Andesitic breccia distributed in the northern part of 
research area. This breccia was produced from volcanism activity. The source of this volcanic rock was 
interpreted by proximal facies [15]. The Panggung Massive Highland is interpreted as a source of 
Mandalika Formation in research area [11]. Some of andesitic breccias  well altered in Sumberejo 
village. The andesitic fragment of breccia altered to chlorite minerals from grayish colour become 
greenish colour. The matrix is composed by tuffaceous sandstone to siltstone. Altered matrix has 
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greenish colour. The altered matrix (tuff) might be interpreted as rock or lithology factor caused the 
landslide in research area. 

The tuffaceous lapillistone unit deposited overlying the andesitic breccia in Early Miocene (N4 – 
N5) [14]. The tuffaceous lapillistone unit is consisted of coarsening tuff, fining tuff, and lapilli breccia. 
This unit is composed by tuffaceous claystone and tuffaceous soil in Grogol village and Sumberejo 
village. The Garon hill is a hill where the landslide occurred in 2011 to 2017. The Wonosari clastic unit 
limestone was deposited unconformity overlying at N 8 – N 10 [16]. This limestone distributed 
dominantly in research area. The clastic limestone was distributed in the western part of research area 
especially in Krenceng River. The clastic limestone has a direction of layer dipping at southeast and 
south. Crystalline Boundstone was distributed in southern and southeasten part of research area. 

 
3.3. Structural Geological Data 

 The structural geology data was obtained in field such as fractures and faults. Other structural data 
that supported the presence of faults such as valley lineament, springs, and rock layers offset. The main 
fracture in research area is dominated by shear fractures and extension fractures. The general direction 
of shear fracture is northeast – southwest (NE-SW) and north – south (N-S). The extension fracture has 
direction of northeast – southwest (NE-SW) and northwest – southeast (NW-SE).  
  Structural geology data was analyzed in stereography analysis with Dips 6 Software. The fault 
planes, gauge, lineaments, slicken side, and offset of rock layers are structural geology data that 
supported the fault analysis (Figure 4). The faults data were processed to get the main fault and name 
of faults based on [17]. There were 5 faults in research area that included in strike slip fault (Table 1). 
 

Table 1. Several faults in research area  
No. Name of fault  

(Rickard, 1972) 
Geographical Fault Name 

The Azimuth of Fault 
Plane 

 1. 
 2. 
 3. 
 4. 
 5. 

Left Slip Fault 
Reverse Left Slip Fault 
Reverse Left Slip Fault 

Right Slip Fault 
Left Slip Fault 

Plarung Sinistral Fault 
Sawahan Sinistral Fault 

Sumberejo Sinistral Fault Jambedawe 
Dextral Fault 

Garon Sinistral Fault 

N 202⁰ E/73⁰ 
N 357⁰ E/86⁰ 
N 355⁰ E/70⁰ 
N 51⁰ E/73⁰ 
N 80⁰ E/59⁰ 

 
 

 
 
Figure 4. The gauge in Krenceng river, Tambakromo, Ponjong (left). The springs in Grogol village, 

indicated the structural geology (center). The offset of rock layer (tuffaceous lapillistone and andesitic 
breccia (right) 
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3.4. Modelling of 2 D Subsurface  

 The acquisition of geophysical data was taken in Grogol and Sumberejo village with dipole – dipole 
configuration. The length of electrodes along of 280 metres in Grogol village and 220 metres in 
Sumberejo village. The azimuth of electrode array has East to West direction. The subsurface cross 
section showed the subsurface condition (Grogol and Sumberejo village) such as lithology and 
structural geology. 
 
3.4.1 Grogol Village 

The lithology in Grogol village is interpreted in some of rocks such as andesitic breccia, tuffaceous 
lapillistone, tuffaceous claystone, tuffaceous wet claystone, and soil of andesitic breccia. Andesitic 
breccia is interpreted by resistivity value of 700 ohmmeter. Andesitic breccia included in Mandalika 
Formation (Surono et al, 1992).  

    The resistivity value from 29.9 to 140 ohmmeter is interpreted by tuffaceous lapillistone. 
Tuffaceous lapillistone is correlated to regional stratigraphy with Semilir Formation and has a rock 
contact with Wonosari Formation (limestone) in angular unconformity relationship (Figure 5). At depth 
of 15 to 20 metres, there is some lens of aquifer that showed in orange colour with resistivity value of 
0.26 to 1.28 ohmmeter. The manifestation of surface water is presented by spring in the field.  

The spring genetic is interpreted by the rock contact between tuffaceous claystone and tuffaceous 
lapillistone. The tuffaceous wet claystone has impermeable characteristic and could not be water 
storage. The tuffaceous lapillistone is underlying the tuffaceous claystone and capable to be water 
storage. In addition, the rock contact of tuffaceous claystone and tuffaceous lapillistone was interpreted 
as sliding surface. 
 

 
Figure 5. The rock contact formation of Semilir Formation and Wonosari Formation 

 
   The sliding surface is interpreted by resistivity value in between 1.28 and 29.9 ohmmeter. Based 

on those resistivity value, the sliding surface is a tuffaceous wet claystone in overlaying with tuffaceous 
lapillistone. The thickness of tuffaceous lapillistone is approximately 10 to 20 metres underground. By 
the slope and elevation observation, the estimation of landslide direction could be occurred in east to 
west (Figure 6). 

   Interpretation of structural geology data based on cross section is the normal fault controlled the 
rock layer in subsurface at 160 metres of resistivity array. It could be showed that the west part of cross 
section is relatively step as hanging wall. The presence of hanging wall could make the reason why the 
west part (Garon hill) occurred the landslide in several times. The eastern part at 0 to 160 metres of 
resistivity array could be interpreted as footwall. Another normal fault could be interpreted at 220 metres 
of resistivity array.  
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Figure 6. The subsurface condition in Grogol village showed that the sliding surface in red line colour 
 

 
3.4.2 Sumberejo Village 

The lithology in Sumberejo village is consisted of andesitic breccia, tuffaceous lapillistone, and 
tuffaceous claystone. The basement or the oldest rock layer is interpreted by andesitic breccia in brown 
colour with resistivity value of more 574 ohmmeter. Andesitic breccia included in Mandalika Formation 
[14]. The tuffaceous lapillistone is included in Semilir Formation with resistivity value in range of 131 
to 574 ohmmeter. The rock contact Formation of Mandalika and Semilir Formation was observed in the 
field. The stratigraphical relationship between Mandalika andesitic breccia and Semilir tuffaceous 
lapillistone is interfingering (Figure 7). 

The presence of aquifer is interpreted as a lens of rock with resistivity value in range of 0.36 to 
29.9 ohmmeter. This aquifer is interpreted at depth of 18 to 20 metres. This aquifer location is in a 
depression in between two highland at east part of and west part of subsurface cross section (Figure 8). 
The resistivity value of 1.26 to 29.9 ohmmeter is interpreted as altered clay. This altered clay could be 
a sliding surface for landslide (Figure 7 – right). The kind of landslide is included in rotational landslide 
[18]. 

The traditional mining operations also increase the risk for landslide hazards in the research area 
[19]. It caused the kind of toppling landslide which is occurred in Patuk area [20]. Altered clay in 
subsurface is overlaying to clastic limestone. The clastic limestone is interpreted by resistivity value of 
29.9 to 131 ohmmeter. This Clastic limestone is included in Wonosari Formation. The altered clay is 
controlled by the fault in research area. The Northeast – southwest (NE-SW) has triggered this area for 
rock weathering and some rocks were altered. The fault also triggered the rock stability in Pindul cave, 
in the western part of research area [21]. 

 
 

 
     

Figure 7. The rock contact formation of Mandalika Formation and Semilir Formation (left). The altered 
clay that derived from altered fragment and matrix of andesitic breccia (right) 
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Figure 8. The subsurface condition in Sumberejo village showed that the sliding surface in red line 
colour. 

 
 
4. CONCLUSION  

The subsurface condition in research area is divided into two areas such as Grogol village and 
Sumberejo village. In Grogol village, sliding surface was interpreted in contact of wet tuffaceous claystone 
and tuffaceous lapillistone with the depth of 10 to 20 metres. The presence of normal fault could triggered 
the landslide occurred in research area. In Sumberejo village, the presence of the sliding surface was 
interpreted as altered clay in subsurface is overlaying to Wonosari clastic limestone. Both of sliding surface 
were founded in Semilir tuffaceous claystone with a less of difference characteristic. Grogol village has a 
wet tuffaceous claystone and Sumberejo village has altered tuffaceous claystone. 
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