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	Abstract 
Sinkholes are karstic landforms that are formed as a result of the collapse of the ceilings of underground cavities, which are formed as a result of the interaction of groundwater with soluble rocks. The sudden occurrence of collapse makes these formations dangerous. Many buildings can be damaged due to sinkhole formations, and they can become unusable on lands that are a source of livelihood for the local people. 
In this study, we investigated the sinkhole formations around Inandik village of Çankırı. When these sinkhole formations are considered in terms of the geology of the area, it is understood that they occurred as a gypsum karst. Since gypsum dissolves faster in water than carbonate rocks, it poses a greater risk. The structural damages in the region were observed with the field investigations. In addition, discontinuous gypsum units were observed in field studies and classified as extremely wide and void structures according to ISRM. When the boreholes drilled in the study area were examined, it was understood that there were molten gypsum layers underground . Point loading test was carried out with the samples taken by opening research pits in the gypsum units and it was observed that the rock had very low resistance. As a result, it was determined that the sinkholes formed around Inandik village were caused by the deformation and dissolution of the gypsum units. 
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1. 	Introduction
Karstifications developed on evaporitic rocks (gypsum, rock salt) on the earth cover relatively less area than karstifications developed on carbonate rocks (limestone, marble, dolomite). This is also the case in Turkey (Figure 1). However, the evaporitic rocks in contact with water dissolve faster than carbonate rocks [3]. This means that both karstification and deformation are faster in evaporitic rocks.


Figure 1. Karst regions of Turkey [9].

The study area is the village of İnandik, located at the 40th km of the Ankara road, in the south of the province of Çankırı, where karstic shapes on gypsum are commonly seen. The İnandik village is 803 meters above the sea level. The administrative area of the village is 26.53 km². In the İnandik village, the sinkhole formations occur due to the gypsum karstification. The map containing the location information of the study area is shown in the figure below (Figure 2).
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Figure 2. Location of the study area [11].

Sinkhole formations, one of the macro forms in karstic lands, are the product of rapid dissolution. "Sinkhole" literally means pit, hollow, depression. Sinkholes are generally defined as karstic landforms that occur as a result of the collapse of underground cavities, which are formed as a result of the interaction of underground waters with soluble rocks, over time, unable to carry the load on them. Another definition of sinkhole is that it is the name given to deep pits similar to chimneys or wells that are formed as a result of the collapse of underground rivers or active cave ceilings in stratified limestone [8]. The depths of sinkholes can vary from a few meters to several hundred meters. Sinkholes, which take a regular circular shape especially on flat lands, may form oval on sloping lands. While it is seen that there is water at the bottom of some sinkholes, some of them appear dry.
In this study, some studies were carried out to obtain information about the soil characteristics of the region by examining the sinkhole formations in İnandik village and its surroundings. The aim of the study is to investigate the causes and consequences of the sinkholes formed close to the village settlement area and the gradual settlements that cause structural damage.
Studies on sinkhole formations in Turkey until today generally belong to the Konya region. Again, the studies on gypsum formations are mostly concentrated around Sivas. The studies in this regard for Çankırı and its surroundings are very limited. This study will be an important data source for other studies by partially filling the gap in the literature regarding both sinkhole formations and gypsum karst for Çankırı and its surroundings.

2. Materials and Methods
2.1. On-site observation of sinkholes
The sinkholes were observed in terms of both their size and type of soil they occurred in the place, and it was investigated whether there were other ground deformations in the vicinity. In addition, the sinkholes in the region were classified according to Walltham and Fokes (2005) and their characteristics such as the year of formation, altitude, diameter, depth and rock type were determined [10].
2.2. Detection of structural damage on buildings located in the residential area
The fact that the sinkholes were formed close to the settlement and the gradual settlement of the ground in the settlement caused structural damage to the buildings there [11]. The structural damages were determined as a result of the examinations made in the region.
2.3. Boreholes
In the study area, three boreholes were drilled by the Çankırı Provincial Directorate of Disaster and Emergency [6]. By examining the drilling logs obtained from these boreholes, information about the soil properties of the study area was obtained.
2.4. Sampling from research pits and point load test
Since the study area consists of gypsum-bearing units and the gypsum is extremely fragile and soluble, two research pits were opened in the region to collect samples with minimum damage. The strength values were obtained by applying the point load test on the samples obtained. The point load index is used to classify the rocks according to their strengths [11].
2.5. Measurement of discontinuities observed in gypsum-bearing units
As a result of on-site investigations in the study area, some discontinuities were observed in gypsum units. The discontinuities measured with the help of a tape measure have occurred as a result of the surface waters dissolving and deforming the gypsum layers. The dimensions of the measured discontinuities were classified according to ISRM (2007) [5].

2.6. Geological Properties
Lithological, tectonic and volcanic characteristics of the ground, as well as the groundwater and flow direction, have a great impact on the formation of sinkholes. Here, the effect of lithology is relatively greater. The limestone, gypsum, dolomite and rock salt, which are soluble rocks, are the lithological elements where the karstification is most common.
The region in which the study area is located contains gypsum series belonging to the Bozkır formation [1]. Determining that the dominant rock type in the region is gypsum will be useful in determining the causes of environmental problems in the formation of sinkholes and gradual ground settlements etc. There are also occasional landslides caused by the dissolutions in the gypsum series in the Bozkır formation [7].

3. Results and Discussion
3.1. Evaluation of sinkhole observations in the study area
Until today, total of 8 sinkholes have occurred in the study area. The years in which these sinkholes were formed were examined before 1953 and after 1953 [4]. The oldest sinkhole has occurred before 1953 and the most recent sinkhole occurred in 2012 (Figure 3). The height of the sinkholes from sea level varies between 832 - 927 m. The diameters of the sinkholes vary between 1 - 44 m, and their depths vary between 1 - 22.5 m. Three types of sinkholes were observed in the study area. These are; collapse sinkhole, dropout sinkhole, and buried sinkhole [11].
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Figure 3. The oldest and biggest sinkhole in study area.
The sinkhole formations in the study area, the year of formation, altitude information, diameter, depth and type of sinkhole are given in Table 1.
Table 1. Characteristics of the sinkholes in the study area [4].
	Sinkhole No
	Year
of formation
	Altitude (m)
	Diameter(m)
	Depth(m)
	Sinkhole Type

	1
	Before 1953
	877
	-
	-
	Buried Sinkhole

	2
	Before 1953
	882
	44
	22.5
	Collapse Sinkhole

	3
	Before 1953
	881
	5
	-
	Buried Sinkhole

	4
	Before 1953
	886
	12
	-
	Buried Sinkhole

	5
	Before 1953
	916
	7
	-
	Buried Sinkhole

	6
	1953-1971
	927
	13.5
	-
	Buried Sinkhole

	7
	1990-2008
	832
	1
	1
	Dropout Sinkhole

	8
	2012
	898
	13
	10
	Dropout Sinkhole



3.2. Evaluation of structural damages
Within the scope of field studies, the damages of the buildings in the settlement were examined on site [11]. According to the information received from both the local people and the official institutions of the province, the most recent sinkhole formation occurred in 2012 [4-6-11]. Especially after the formation of the last sinkhole, the damage observed in the structures and the anxiety of the local people have increased (Figure 4).


Figure 4. Images of damaged buildings from the study area [11].

A damage assessment study was carried out in the study area [6]. The buildings within the area were evaluated in 4 categories (Figure 4). These 4 categories are that; the buildings shown in red color represent heavily damaged buildings, the buildings in orange color represent slightly damaged buildings, the buildings shown in white color are undamaged and the buildings in gray color represent relatively new residences. The dominant color scale is red and orange, indicating that most buildings are damaged.

[bookmark: _GoBack]3.3. Evaluation of data from boreholes
Three boreholes were drilled in and around the settlement area [6]. From three boreholes as SK-1, SK-2 and SK-3, the "molten gypsum" units in places were observed in SK-1 and SK-2. These dissolved gypsums encountered near the surface indicate that the ground is affected by surface waters. The drilling SK-3 was made in a relatively safe area and was observed that there was no gap. The findings obtained from the studies indicate that dissolved gypsum layers can be found in other parts of the ground and explain the reason for the gradual soil settlements.
3.4 Evaluation of the samples taken from the research pits and the results of the point load test performed
Two research pits were dug to take samples from the study area [11]. The point load strength index was calculated on the samples taken from this research pit.
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Figure 5. (a) A view from the exploration pit opening. (b) A view from Research Pit-1. (c) A view from Research Pit-2. (d) An image of the altered gypsum sample, which disperses even in hand [11].

Table 2. Point load test samples and parameters [11].
	SampleName
	D(cm)
	W(cm)
	A=W*D(cm²)
	De²=4A/ (cm²)
	F=(De/50)^0,45
	P (kgf)

	1
	4.11
	5.38
	22.1
	28.17
	1.03
	65

	2
	4.28
	6.11
	26.2
	33.31
	1.07
	75

	3
	3.11
	5.98
	18.6
	23.69
	0.99
	86

	4
	3.55
	6.24
	22.2
	28.22
	1.03
	105

	5
	4.17
	6.36
	26.5
	33.78
	1.07
	115.5

	6
	3.91
	5.22
	20.4
	26.00
	1.01
	72.5

	7
	4.03
	6.19
	24.9
	31.78
	1.06
	82.5

	8
	5.28
	7.33
	38.7
	49.30
	1.17
	69.5

	9
	5.11
	6.80
	34.7
	44.26
	1.14
	76.8

	10
	3.99
	6.11
	24.4
	31.06
	1.05
	81.5



In the point load test, firstly, the uncorrected point load strength value (Is) is found by Equation (1) using the force (P) with which the specimen is defeated, the diameter of the specimen (D) and the axial length (W) of the specimen. However, in order to obtain a standard point load strength value, the correction is made according to the equivalent core diameter determined as 50 mm. It is expressed as the corrected point load strength value (Is50) and found with the help of the Equation (2).
Is=P/De² 	(1)
Is50=F*Is 	(2)
In this test performed on 10 samples, the highest and lowest two strength values were ignored and the average of the remaining 6 strength values was taken (Table 3).
Table 3. Point load test results [11].
	Pit name
	Sample name
	Is50 (kPa)

	A.Ç-1
	1
	232.45

	A.Ç-1
	2
	235.51

	A.Ç-1
	3
	351.70

	A.Ç-1
	4
	374.97

	A.Ç-2
	5
	358.76

	A.Ç-2
	6
	275.87

	A.Ç-2
	7
	268.71

	A.Ç-2
	8
	161.06

	A.Ç-2
	9
	193.48

	A.Ç-2
	10
	270.23

	Average
	272.41



Since the average Is50 value found is less than 1 MPa, the rock class was determined as "very low strength" when a classification was made according to Table 4.
Table 4. Classification of rocks according to point load strength [2].
	Rock Class
	Point Load Strength (Is50) (MPa)

	Very Low Strength
	<1

	Low Strength
	1-2

	Medium Strength
	2-4

	High Strength
	4-8

	Very High Strength
	>8



3.5. Evaluation of discontinuities observed in gypsum units 
During the examinations made in the study area, some discontinuities were observed in gypsum units (Figure 6) [11]. While these discontinuities are sometimes in large sizes, they can sometimes be observed in small fractures. In all probability, the discontinuities observed are indicative of weathering in the rock and at the same time it is the harbinger of the decrease in the strength of rock. These discontinuities can sometimes take the form of a cavity, sometimes horizontally and sometimes vertically. The aperture values of the discontinuities are classified as defined in ISRM (2007) (Table 5).
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Figure 6. (a) A view of the gypsum units in the study area. (b) An image of cavity resulting from dissolution in the gypsum unit. (c) A view of the horizontal discontinuities occurring in the gypsum unit. (d) A view of the vertical discontinuities occurring in the gypsum unit [11].

Table 5. Aperture definition criteria for discontinuities [5].
	Aperture (mm)
	Definition

	<0,1
	Very Tight
	Close Structures

	0,1 – 0,25
	Tight
	

	0,25 – 0,5
	Partly apertured
	

	0,5 – 2,5
	Apertured
	Apertured Structures

	2,5-10
	Medium Wide
	

	>10
	Wide
	

	1-10
	Very Wide
	Open Structures

	10-100
	Extremely Wide
	

	>100
	Open
	



Classification of discontinuities occurring in gypsum in the region varies as "apertured structures" and "open structures" according to Table 5. Since the discontinuity in Figure 6(b) is considerably more than 100 mm, it is possible to define it as "open". Since the horizontal discontinuity observed in Figure 6(c) is around 50 mm and the vertical discontinuity observed in Figure 6(d) is around 80 mm, it is possible to define it as “extremely wide” [11].
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*This study is derived from Mehmet Salih Yıldız's master thesis.
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