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Abstract. Reviewed from the subsidence disaster occurred in Gunung Kidul Regency, in 2018, 

this research aims to identify and locate the potential subsidence area in Ponjong Subdistrict, 

Gunung Kidul Regency based on geological and geophysics data. Physiographically. The 

research area is in Southern Mountain Zone, especially in Sub zone of Sewu Karst Hill, which 

is composed by limestone. The research method used by geological mapping such as 

geomorphology data, lithology, structural geology data and geophysics method such as 

geoelectrical survey in Schlumberger and Wenner configuration. The result of this research is 

about geological map, geomorphological map, and the subsurface data of lithology based on 

geo-electric survey. The geological map showed that the research area was dominated by 

lithology of limestone, such as clastic and chalky limestone. The analyze of structural geology 

showed the North-South direction (N-S) and Northeast - Southwest (NE-SW). The 

geomorphological map figured out the conical hill and the dolines, effected by high dissolved in 

limestone. The interpretation of subsurface showed that the presence of thick limestone by high 

resistivity value and the potential subsidence area in low resistivity value. The result of research 

will contribute and give the reference of the potential subsidence for the local government so 

that the preventive actions could be made by them. 

 

1. Introduction 

Sinkhole is a process of downward movement on the surface of the ground or rocks due to the 

emptiness (cavity) below the surface. Land subsidence as a geological problem can occur naturally or 

be caused by the influence of human activities. One of the natural triggers for soil subsidence is the 

process of dissolving subsurface rocks by water which is common in carbonate rocks (limestone, 

dolomite), salt deposits and gypsum (Allen, 1984). Both naturally or influence of human activity, the 

speed and level of subsidence are controlled by lithology, climate, vegetation and time conditions and 

are triggered by several processes such as rock dissolution, subsurface mechanical erosion, compression 

or compaction, groundwater flow, vibration, and shrinkage (Allen, 1984, Glopper and Ritzema, 1994). 

In Gunung Kidul, especially the Ponjong Subdistrict, the occurrence of subsidence in the 2018 period 

has subsided in several villages that occurred at different points with varying diameters and depths of 

holes (Liputan6.com). The slow, gradual and widespread nature of land subsidence makes this disaster 

rarely recognized and recognized by the community, although the impact has been evident such as 

damage to buildings, roads, industrial areas and others (Abidin et al., 2013; Marfai and King, 2008; 

Arbiyakto and Kadaryanto, 2002). However, no specific follow-up has been done to reduce the impacts. 

Lack of awareness of the community and stakeholders is caused by a lack of knowledge about the 
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mechanism of subsidence and the magnitude of the economic impact of subsidence. Efforts to deal with 

subsidence disasters are needed to reduce the impacts that have occurred and are beneficial for the 

recovery of the surrounding environment.  

In an effort to mitigate subsidence, information on subsurface conditions such as lithology and 

rainfall levels is needed. To achieve these objectives, field observations and evaluation of secondary 

data were carried out to collect morphological data, lithology, geological alignment, and the existence 

of sinkholes and existing subsidence events. The correlation between the existence of sinkhole with 

morphology, lithology and geological alignment is done to understand the control factors that influence 

the presence of sinkhole subsidence.  

Surface geological mapping is considered not yet sufficient to determine the zone and potential 

danger of subsidence accurately. Therefore, this research is supported by using geophysical studies to 

map the subsurface geological conditions in the study area. This subsurface mapping is done to describe 

the formation and subsurface conditions in the research sites that have the potential to occur in 

subsidence. 

The existence of a subsidence hazard map which is the output of the study is expected to provide 

direction for the development of geological disaster-based areas that are appropriate for the Ponjong 

District, Gunung Kidul, Yogyakarta. 

 

2. Literature Review 

The morphology that developed in the study area was dominated by karst landscapes. Discussing the 

geomorphology of the karst region cannot be separated from its dominant rock, limestone (White, 1988). 

Limestones are sedimentary rocks which are usually dominated by calcium carbonate in the form of 

calcite minerals (Ford and Williams, 1992). Furthermore, by Dreybrodt (1988) explained that the 

dominant chemical processes occur in limestone is a dissolution process that starts from the fall of 

rainwater which is saturated with carbon dioxide gas and forms an equilibrium in acidic water as H2CO3 

(carbonic acid). Because of its acidity, the water will easily dissolve limestone and leave calcium cations 

and bicarbonate anions dissolved in water. Because of its nature, it is more dominated by subsurface 

flow systems compared to surface systems or has multibasinal flow patterns. Meanwhile, the dissolution 

process, if it reaches a certain stage, will emerge other topographic types than those commonly found 

elsewhere, which are known as karst topographic types (Alpha, et. Al, 2002). 

Poland and Davis (1986) state that subsidence in limestone is caused by continuous dissolution of 

limestone so that the gap develops into a cavity, where if the upper part of the cavity is too weak, collapse 

or subsidence on the surface will occur. Waltham, et al. (2005) stated that the incidence of subsidence 

in the karst area is related to the process of forming a sinkhole. The process of forming Sinkhole (Figure 

1) can be divided into six genes, namely; solution sinkhole, sinkhole collapse, dropout sinkhole, buried 

sinkhole, cap rock sinkhole, and suffusion sinkhole (Waltham et al., 2005). In this picture it is clear that 

the solution sinkhole and collapse sinkhole do not have lithology or sediment cover above the limestone, 

while the type of formation Other sinkholes are related to the presence of overlays over limestones which 

can be composed of the weathering of the limestone itself or other types of lithology (Waltham, et al., 

2005). 

The type resistance geoelectric method is a geophysical method that utilizes the nature of type 

resistivity to study the subsurface conditions of the earth. This method is carried out using direct current 

which is injected through two the electrode current into the earth, then observe the potential formed 

through two potential electrodes in another place (Telford et al., 1990). 

The use of geoelectric was first carried out by Conrad Schlumberger in 1912. Geoelectric is one of 

the geophysical methods to determine the change in resistance of rock layers below the surface by 

flowing DC (Direct Current) which has a high voltage into the ground. This electric current injection 

uses two current A and B electrodes which are plugged into the ground at a certain distance. The longer 

the distance of the AB electrode will cause the flow of electric current to penetrate the deeper layers of 

rock. (Damtoro, 2007 in Zubaidah et al., 2008). 
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Figure 1. Dumping processes related to the sinkhole formation process 

 (Waltham, et al., 2005) 

 The electrode configuration used in this study is the resistivity method with Schlumberger 

configuration. This method is done by conditioning the space between the potential electrodes is fixed 

while the space between the electrodes flows gradually. This method places the potential MN electrodes 

on a certain stretch of stretch, while the AB current electrodes are always moved in accordance with the 

selected stretch. The placement of the MN potential electrode and the AB current electrode is prioritized 

to meet the requirement that the distance of MN / 2 is 1/5 distance AB / 2. When the distance of the AB 

electrode is changed to be greater than the electrical voltage that occurs at the MN electrode changes 

according to the rock type information which is also injected with an electric current at a greater depth. 

The principle of the geoelectric configuration is shown (Figure 2). While the potential at points near the 

surface will be affected by the two current electrodes according to the distance of the stretch of the two 

electrodes as shown (Figure 3). 

 

 
Figure 2. Composition of current electrodes and potential electrodes in Schlumberger configuration 

measurements (Telford et al., 1990, in H.A Murti, 2009) 
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 Figure 3. Current flow pattern and equipotential plane between two current electrodes with opposite 

polarity (Bahri, 2005 in Zubaidah et al, 2008) 

 

The resistivity of a rock is a quantity or parameter that shows the level of resistance to an electric 

current. Rocks that have greater resistivity mean more difficult to pass through electric current (Waluyo 

and Hartantyo, 2000). The value of rock resistivity is mainly determined by rock constituent material 

and their respective resistivity values. -pori rock is conductive salt or high mineral content, it will 

increase the electrical conductivity of the rock such as the classification of rock resistivity values in 

(Table1). 

 

Table 1. Detainee values of various rock variations in the Telford classification (1990) 

Types of rock variations Specific resistance value (mm) 

Granit porphyry 4.5 × 103 (wet) – 106 (dry) 

Feldspar porphyry 4.0 × 103 (wet) 

Syenit 103 - 106 

Diorite porphyry 1.9 × 103 (wet) – 2.8 × 104 (dry) 

Porphyritic 10 – 5 × 104 (wet) – 3.3 × 103 (dry) 

Carbonated Porphyry 2.5 × 103 (wet) – 6 × 104 (dry) 

Diorite coarse 2 × 104 – 2 × 106 (wet) – 1.8 × 105 (dry) 

Vary Porphyry 60 – 104 

Dasite 2 × 104 (wet) 

Andesite 4.5 × 104 (wet) – 1.7 × 102 (dry) 

Diabase 20 – 5 × 107 

Lava 102 – 5 × 104 

Gabro 103  – 106 

Basalt 10 – 1.3 × 107 (dry) 

Norit Olivine 103 – 6 × 104 (wet) 

Peridotite 3 × 103 (wet) – 6.5 × 103 (dry) 

Hornfels 8 × 103 (wet) – 6 × 107 (dry) 

Skis Carbonate and Mika 20 – 104 

Tuf 2 × 103 (wet) – 105 (dry) 

Skis Graphite 10 – 102 
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Slate (vary) 6 × 102  – 4 × 107 

Gneiss (vary) 6.8 × 104 (wet) – 3 × 106 (dry) 

Marmer 102 – 2.5 × 108 (dry) 

Skarn 2.5 × 102 (wet) – 2.5 × 108 (dry) 

Kuarsit (vary) 10 – 2 × 108 

Compact clay 20 – 2 × 103 

Argillite 10 – 8 × 102 

Conglomerate 2 × 103 - 104 

Sandstone 1 – 6.4 × 108 

Limestone 50 – 107 

Napal 3 – 70 

Clay 1 – 100 

 

 

3. Research Methods 

In this study, a series of research stages were carried out (Figure 4) including the following: 

Gambar 4. Diagram Alir penelitian 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4. Research Flow Charts 

 

3.1. Literature Study 

In this stage, the results of secondary data or analysis of previous researchers are used as 

supporting data or references to determine the stages to be carried out in the research location, both 

related to regional regional geological conditions and research related to the potential for subsidence 

in the study area. 

 

3.2. Field Data Collection 

At the stage of acquisition of the field there are 2 processes, namely the stage of taking 

geological surface data and subsurface data using geophysical methods (geoelectric). Retrieval of 

surface geological data in the form of lithology variations, rock samples for each observation location, 

geological structure, and rock position which aims to determine the distribution conditions of rocks 

and the relationship between rock types with subsidence. And also the fact data of locations that have 

experienced subsidence. 

While the acquisition of Geophysical Data uses the Schlumberger configuration geoelectric 

method. Data acquisition is carried out in 3 paths, namely: 

- Sawahombo Village (Sounding 1) with coordinates S7 ° 56'36.1 '' and E110 ° 45'06.6 '' 

Start 

Literature Review 

Field Data 

Collection 

Field Data Processing 

Includes: 

- Geological data 

- Geophysical Data 

(Geoelectric) 

Data Analysis and 

Conclusions 

  end 
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with an elevation of 540 masl and a stretch of 200 meters. 

- Kenteng Village (Sounding 2) with S7°59'18.6 '' and E110°45'4.1 '' coordinates 'with an 

elevation of 514 masl and a stretch of 100 meters long. 

- Asem Lulang Village (Sounding 3) with S7 ° 59'54.6 '' and E110 ° 42'45.8 '' coordinates 

with an elevation of 332 masl and a stretch of 100 meters long. 

 

3.3. Data Processing 

In this stage, the processing of geological data uses ArcGIS Software which is used to 

determine lithology boundaries, lithology sequences, rock structures and rock sections that aim to see 

the most vulnerable locations or potential for subsidence based on surface geological data. Then the 

processing of geoelectric data uses Progress 3.0 Software which is used to process data in the form of 

rock resistivity values obtained from the data acquisition stage in the field to become a data sounding 

or Vertical Electrical Sounding (VES) that displays data on vertical rock resistivity (Resistivity Log) 

aimed at to study the resistivity variations of rock beneath the earth's surface vertically. 

 

3.4. Data Analysis and Conclusions 

This stage is the final stage which includes the process of evaluating data processing and the 

correctness of field data obtained in field data acquisition (directly / primary) so that the interpretation 

of geoelectric Schlumberger configuration data (2D modeling) is obtained and can be correlated with 

geological maps used for the analysis process the potential for subsidence is in the future and is 

beneficial for the surrounding community in general. 

 

4.  Problem Statements 

Analysis of Geological data (Surface) 

Based on DEM map data, Topography map, study of literature and data from the field (primary) 

can be interpreted lithology units. In the study area can be divided into 4 different lithology units, namely 

layered limestone, trumbu limestone, pyroclastic breccia and lapilli tuff. 

Based on the geological map on (Figure 5) sinkhole located at the study site 75% appeared in 

15% flat-slope unit associated with a rather steep slope unit and the remainder in steep slope units.  

Based on the result of observations in the field, in general the constituent lithology in the research area 

is the laying of layered limestones and trumbu limestone. In flat-sloping slope units, generally rock 

conditions have undergone weathering forming clay-size soils/deposits to sand with limestone fragment 

measuring 1-10 cm. On the other hand, in steep slopes there are common fresh limestones and volcanic 

rocks. In relation to the process of subsidence/sinkhole, it can be predicted that the subsidence/sinkhole 

in the fresh limestone zone will be related to the solution and sinkhole collapse, where as in watered 

limestone that from the cover layer, the occurrence of subsidence/sinkhole is related to four other 

subsidence genesis (Figure 6).  
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Figure 5. Geological map 
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Figure 6. Map level of subsidence Susceptibility 

 

Analysis of Petrographic Data 

The following are data from the laboratory in the form of petrographic analysis (Figure 7) of 

several samples, namely the LP25 and LP10 codes that are used to support geological and subsurface 

(Geophysics). 
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Figure 6. (a) Subsidence (sink hole) on the side of the road in the village of Asam Lulang (b) 

Subsidence in the middle of a garden in the village of Kenteng 

 

 

 

 

 

 

 

 

 

 

Figure 7.   On petrographic icisions Grainstone (LP 25) with equal position (a) and Nicol crossed (b) 

shows constituent granules in the form of foraminifera, Mollusca, calcite mineral. Micrite 

which is brown gray in color. On petrographic icisions Wackestone (LP 10) with equal 

position (c) and Nicol crossed (d) shows constituent granules in the form of coral, 

foraminifera, Calcite mineral. Micrite which is brown gray in color. 

Rainfall 

The most important controlling factor for subsidence (sinkhole) that is rainfall. Subsidence in the 

limestone is caused by the continuous dissolution of the limestone so that the gap develops into a cavity, 

where if the upper part of cavity is too weak, collapse or subsidence on the surface will occur (Poland 

and Davis, 1986). Following rainfall data (figure 8) in the Ponjong sub-district, Gunung Kidul Regency, 

Special Region of Yogyakarta in 2009 to 2017 originating from the Gunung Kidul statistical center.  

a 

 

b 

c

 

d
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Figure 8. Rainfalls Data in Ponjong subdistrict, Gunung Kidul Regency, Special Region of Yogyakarta 

Year of 2009 - 2017  

 

Analysis of Geophysical data (Subsurface) 

Based on the results of processing field data using software PROGRESS at the sounding point 1,2 and 

3 can be seen in Figure 9. 

 

SOUNDING 1 SOUNDING 2 SOUNDING 3 

  
 

Figure 9. Processing results using software progress at the sounding points 1,2 and 3 

 

Sounding 1 

At the sounding point 1 it was carried out in the village of Sawah Lombo with a stretch of 200 m. At 

this location lithology in the form of sandstone and soil/deposits.  At this point a depth of 20 m is 

estimated to be a hollow layer.  

 

Sounding 2 

Sounding point 2 was carried out in the village of Kenteng with a stretch of 100 m. At this point lithology 

is found in the form of trumbu limestone, chalky limestone, sandstone and soil/deposits. At this point it 

is not expected to find a hollow layer. 
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Sounding 3 

Sounding point 3 was carried out in the village of Asem Lulang with a length of 100 m stretch. At the 

point of this sounding lithology in the form of sandstone, soil/deposit, the limestone of the reef and 

chalky limestone.  At this location the hollow layer is estimated to be at a depth of 20 m and at a depth 

of more than 160 m. 

 

 

5. Conclusions 

Based on the results of research conducted in Ponjong area, this Gunungkidul Regency, it can be 

concluded that:  

1. The potential hazards of subsidence in this study location tend to be the most vulnerable in the 

village of Sawah Lombo and the village of Asem Lulang which are the locations of soundings 1 

and 3 with the results of very low rock resistance values < 1 (Ωm) at the depth of 20 m and more 

than 160 m compared to Kenteng village which does not indicate the potential for subsidence.  

2. Based on the geological conditions in the study area included in the breezy formation and 

dominated by the Wonosari Formation, it can be concluded that the greatest potential for occurrence 

of subsidence is in areas with carbonate rock lithology. The process of dissolving the limestone by 

water continuously results in the gaps being able to develop into large cavities, where if the upper 

part of the cavity is too weak, there will be subsidence on the surface of the area. In this case, they 

are in Asem Lulang Village and Kenteng Village. 
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