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Abstract.  The authors of this paper examined the structure of the Havuzlu Paleo-Landslide which 

is in the reservoir area of the ongoing construction of Artvin Dam and Hydroelectric Power Plant 

(Yusufeli-Artvin, Northeastern Turkey). The toe of the Havuzlu Landslide will be in the dam 

reservoir lake area with water accumulation. This may trigger a landslide, which could be a threat 

to the dam.  Geophysical methods were used to delineate the geometry of the Havuzlu Landslide in 

the dam reservoir area. The 2D electric resistivity imaging surveys in the studied area were 

conducted along 22 profiles, and Self-Potential measurements were also performed along 11 

resistivity lines. In addition, microtremor measurements were taken on 16 points of the Havuzlu 

slope. Sixteen boreholes varying in depth from 40 to120 meters were also drilled for analyzing the 

structure of the subsurface, groundwater conditions and geotechnical properties. The structure of 

the Havuzlu Landslide was determined with boreholes and geophysical measurements. Anomalies 

in the groundwater movement were observed using the Self-Potential method and the borehole 

data. Geophysical data showed compatibility with borehole data.   
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1.     Introduction   

 

Landside is the downward moving of a slope caused by geological, 

geomorphological, hydrological factors and seismicity. Landslides are one of the 

natural disasters which affect both humans and natural environment. Large-scale 

landslides in dam areas threaten the safety of the dams.  

The Artvin Dam and Hydroelectric Power Plant, which will produce 332 

MW per year, is located in the middle Çoruh basin in the Northeastern Turkey 

(Figure 1). The slopes in the reservoir area are usually steep and have many 

narrow defiles. The Havuzlu Landslide is located within the boundaries of 

Havuzlu Village, which is located in the reservoir basin of the Artvin Dam and 

Hydroelectric Power Plant. When the reservoir of the dam is filled with water, 

Havuzlu Landslide,which can be damage Havuzlu Village and Artvin Dam, can 

be affected. 

Landslides frequently occur in several areas in the Northeast Turkey due to 

geomorphological structures and excessive rainfall. The landslide problem, which 

is very important for the region, has been investigated by many researchers since 

1950's [6, 16, 43, 44, 54, 10, 14, 57, 2, 3, 41, 12].      
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Figure 1. Location map of the study area. 

 

Geophysical methods are used to determinate the structure of the landslide 

and its lateral extent and the depth to the failure surface [39, 11, 19, 27, 32, 31, 7, 

23, 17, 28, 37, 49, 21, 46]. These methods are also used to investigate the 

hydrogeological problems in the slope [9, 38, 33, 8].  Perrone et al., studied the 

Varco d’Izzo landslide (Basilicata region, Italy) with 2-D electrical resistivity 

method and the data from three direct boreholes [46]. Electrical resistivity and 

seismic refraction tomography results obtained from Altındag landslide area 

(Izmir, Turkey) were compared by Göktürkler et al., [24].  The 3D fence diagram 

of all resistivity data acquired along parallel profiles in a landslide located on the 

Quesnel River in British Columbia (Canada) were made by Bichler et al., [7]. 

Self-Potential (SP) measurements provide information about the movement of 

groundwater [56, 36, 52, 55, 15, 1, 29, 30].  Microtremor method is used mostly 

in earthquake engineering to determinate the underground geometry and shear 

wave velocities [40, 13, 5, 48]. 

The 2D resistivity surveys in the studied area were carried out to outline the 

geometries of the Havuzlu Landslide along 22 profiles. The underground 2D 

resistivity distribution was calculated with the inverse transform of the measured 

2D resistivity data [35]. SP measurements were also made along 11 resistivity 

lines. In addition, microtremor measurements were taken on 16 points of the 

slope. Sixteen boreholes were drilled for analyzing the structure of the subsurface, 

groundwater conditions and geotechnical properties. All drillings ended after a 

few meters advance into the bedrock. Detailed information of the boreholes is 

given in Table 1.   
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Table 1. Information about the boreholes in the study area. YSK-1, 2, 3, 4, 5, 6, 7, 8, HSK-4, 5, 6: 

ground investigation boreholes, INK-1: Inclinometer borehole, P-1, 2, 3, 4: pressuremeter test boreholes 

and YSK-9: abandoned well. 

 
Sounding 

No 

Coordinates Kot (m) Rock 

depth (m) 

Rock 

Elevation (m) 

Total 

Depth (m) Y X Z 

YSK-1 475006.06 4529244.17 1078.596 39.00 1039.6 75.00 

YSK-2 475226.43 4528947.02 929.036 86.00 843.04 97.10 

YSK-3 475332.42 4528785.29 848.029 80.80 767.23 91.80 

YSK-4 475471.89 4528447.80 698.754 83.00 615.75 100.00 

YSK-5 475532.83 4528348.61 664.345 105.00 559.35 117.50 

YSK-8 475764.67 4528234.44 523.031 33.00 490.03 51.00 

YSK-9 475438.00 4528563.78 739.000 - - 80.20 

YSK-10 475623.77 4528502.37 679.617 78.00 601.62 93.60 

INK-1 475597.52 4528436.22 670.941 69.00 601.94 88.00 

P-1 475761.86 4528259.34 538.914 41.00 497.91 50.00 

P-2 474697.40 4528228.22 556.858 44.00 512.86 60.00 

P-3 475708.90 4528327.12 598.770 55.30 543.47 70.00 

P-4 475781.74 4528363.14 574.533 40.00 534.53 60.00 

HSK-4 475695.09 4528200.00 550.787 62.00 488.78 76.50 

HSK-5 475737.31 4528326.00 586.238 61.00 525.23 85.00 

HSK-6 475821.51 4528395.00 578.47 40.00 538.47 61.00 

Total 1257.7 

 

The engineering properties of the cores, which were taken from boreholes, 

were investigated with laboratory tests. Inclinometer and groundwater level 

measurements were performed on one of the wells. Furthermore, another four 

wells were used for pressiometer tests. The studies on the data obtained from the 

boreholes and laboratory tests are still continues.   

The results of geophysical investigations were systematically integrated 

with the data collected from geological and morphological observations and 

borehole applications. The sliding surface of Havuzlu Landslide and the 

groundwater condition were determined with the joint interpretation of geological 

and geophysical data. 

 

2.  Geological setting 

 

The Eastern Pontide located at the mountain chain having 500 km long and 

100 km wide is main metallogenetic province in the coastal region of the southern 

east Black Sea. Considering its structural and lithological differences, this 

province was subdivided into two different zones, northern and eastern [45, 42]. 

Late Cretaceous and Middle Eocene volcanic rocks are main lithological units in 

the other zone [4, 51].  

The studied site is located at the northern zone of the eastern Pontides 

consists of Paleozoic-Triassic magmatic complex (Demirkent Magmatic 

Complex), Jurassic granitic intrusions (Sebzeciler Granodiorite), metamorphics 

(Berta Formation), volcanic rocks (Mudurnu Formation), and Quaternary 

unconsolidated lithologies (Figure 2).  
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Figure 2. General geology map of the study area and location of the 2D electrical resistivity 

profiles, microtremor stations, and boreholes. 

 

The dominant lithologies around the studied paleo-landslide area are 

basaltic, andesitic volcanic rocks in Mudurnu Formation and metasandstones, and 

metasiltstones in Berta Formations. The landslide contains clay, silt, sand, gravel, 

and block-size materials. In other words, mega-blocks (5-6 m diameters) are 
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observed in the landslide materials. These materials generally consist of 

metasandstones, metasiltstones, and rarely andesites and basalts. The thickness of 

the landslide materials is greater than 100 m in some places in field.  

 

3. Geophysical studies  

 

The resistivity survey aims to determine the resistivity distribution in the 

subsurface by making measurements along the ground surface. It is based on 

measuring the electrical potential between a pair of electrodes caused by direct 

current injection between another pair of electrodes. Afterwards, the apparent 

resistivity is calculated using the geometric factor. For field practice different 

electrode configurations have been designed. 

The electrical resistivity imaging method is an active geoelectrical 

prospecting technique used to obtain a high-resolution image of the subsurface 

electrical resistivity. The 2D electrical resistivity imaging technology is a 

combination of vertical electrical sounding and resistivity profile measurement 

techniques. It has been used to identify the discontinuity between the landslide 

material and the bedrock [28].  2D data are generally presented in the form of a 

pseudo section, which is a representation of the apparent resistivity variations in 

the subsurface. Resistivity distribution of the underground is obtained from the 2D 

inversion of apparent resistivity data [35]. The electric resistivity values of rocks 

vary in a wide range and its depend on a grain size, porosity, contents of water 

and mineralization of the rocks.   

SP Method investigates the natural potential variations in the field with by 

using the measurements obtained with non-polarized electrode combinations.  It is 

found by in situ experiments that self-voltage also originates from underground 

water flow along with some other factors. For this reason, the SP method is used 

to determine existing groundwater flows on landslide investigations. Observed 

high negative SP anomalies indicate the existence of groundwater flow.  

The engineering properties of the soil of site are investigated with 

microtremor methods.  The microtremor survey method listens to the natural and 

unnatural signals and analyzes for subsurface acoustic properties, in particular the 

shear-velocity profile for the earth at a scale of a few kilometers. The required 

instrumentation is simple and can be applied where conventional seismic 

surveying is difficult, particularly in urban areas [53]. A lot of researchers used 

this method to determinate the thickness and the natural frequency of soft 

sediments [40, 20, 34]. The observed single station microtremor signals are 

analyzed by the Fast Fourier Transform Method (FFT) [26]. The bedrock depths 

of the Havuzlu Landslide were computed with microtremor method observed at 

the landslide body by using the horizontal to vertical component spectral ratio 

(H/V Nakamura technique).    

We collected a 2D resistivity data along the 22 profiles over the Havuzlu 

Landslide area using a multi electrode system in a dipole-dipole gradient array 

with an electrode spacing of 20 m (Figure 2). Profiles were generally oriented 

perpendicular and only two were parallel to the landslide body.   According to the 

electrode spacing at all these profiles, the depths of geological structures were 
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estimated to be over 100 m. The 2D electrical resistivity data were analyzed using 

the EarthImager 2D software. The horizontal and vertical subsurface cross-

sections for the Havuzlu slope were prepared from the 2D inversions of the 

measured resistivity data. The computed 2D electrical resistivity images of the 

HP1.3 and HP1.5 profiles are shown in Figure 3.  

 

 
Figure 3. 2D electrical resistivity imaging of the HP1.3 profile (a) and HP1.5 profile (b) of the 

Havuzlu Landslide compared to the stratigraphic data from boreholes P-3, HSK-4, HSK-5,  

and HSK-6. 

 

The boreholes, which are close to the cross sections, are also shown in this 

figure.  The underground 2D resistivity sections illustrate an extremely 

heterogeneous structure both vertically and horizontally. The length of these lines 

was about 500 m, and they were oriented perpendicular to the landslide body. 

There are low and high resistivity zones in these sections. Underground 

resistivities vary to the large-scales.  Zones of relatively low resistivities within 

the body of landslide are described with content of clayey, silty, sandy materials 

and moisture contents. The landslide body includes large block rock materials. 

The cores obtained from the HSK-5 boreholes are shown in Figure 4.   
 

Figure 4. View of the cores obtained from the HSK-5 borehole. 
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Clayey, silty, and sandy material and massive samples can be clearly seen in 

this figure. The computed underground 2D resistivity distribution and borehole 

data showed a good correlation. The relatively high resistivity zones of these 

sections correspond to the block materials in the landslide body and massive 

bedrock formations. Low resistivities, which are located in the bedrock, are 

identified as moistured and fractured zones.  The resistivities of the bedrock are 

higher than 115 Ohm-m when compared with the boreholes cores and the 

calculated resistivities. Therefore, the values which are about 115 Ohm-m and 

higher, calculated in 2D resistivity sections are accepted as Berta Formations.  

The SP measurements were also performed along 11 lines for determining 

the presence of groundwater movement. The SP data indicate groundwater 

movement in some regions. The SP data obtained from some part of the HP1.1 

profile is shown in Figure 5.   The anomalies above -20 mV are observed in some 

locations (Figure 5). Groundwater measurements taken from the wells were 

encountered poor ground water movement in the areas close to the bedrock 

contact. 

 
Figure 5. The SP graph collected from some part of the HP1.1 profile. Observed high  

negative SP anomalies indicate the existence of groundwater flow. 

 

To correlate depths found from resistivity method and boreholes, 16 seismic 

microtremor sounding measurements were also carried out (Figure 2). Firstly, the 

good quality data windows for every station were chosen from the microtremor 

measurements. Additionally, spectral ratios H/V (Horizontal spectrum/Vertical 

spectrum) were calculated for each point, and predominant frequencies of soil 

were designated. For computation of the spectral ratios using Nakamura’s method, 

the SESAME software was used [18]. The computed H/V ratios for 20 windows 

selected from three components of the microtremor records collected from the M-

13 point are shown in Figure 6. The depths of bedrock were calculated by empiric 

formulae that included the soil frequency. The depths calculated from this method 

were found to be different from resistivity section and borehole data 

comparatively. 

Failure surface is determined with the results of the resistivity method and 

the borehole data. The cross-section A-A’ (location in Figure 2) which is formed 

from the axis of the Havuzlu Landslide by using the depth obtained from the 
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resistivity method and boreholes is shown in Figure 7. The 2D resistivity depth 

values and borehole results evidently support each other.  The thickness of the 

Havuzlu Landslide body, which is higher in its middle parts, varies between 39 m 

and 105 m. 

 

 
 

Figure 6. An example of the H/V (Horizontal spectrum/Vertical spectrum) selected for 20 

windows obtained from the M-13 point three component microtremor records. 

 

 

 

 

 

 
Figure 7. (A-A’) Geological cross-section (location in Figure 2) formed from electrical  

resistivity and borehole data. 
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4. Discussion and conclusions 

 

In this study, the structure of the Havuzlu Landslide and the groundwater 

condition were investigated to calculate the stability of the slope. The Havuzlu 

Landslide material consists of coarse-grained material with very low cohesion, 

mostly blocky, with little silty-clayey sand. A total of 1257,7 m drilling holes 

were drilled in the Havuzlu slope. Observations of groundwater and inclinometer 

and pressiometry measures in the boreholes have been taken and some 

measurements are ongoing. The geophysical data were successfully used for the 

interpretation of the spatial structure of the Havuzlu Landslide. The geophysical 

data were interpreted with using both geological and borehole data. The 2D 

electrical resistivity images with relatively low resistivity contrasts between the 

disturbed and the undisturbed mass outlined the geometry and boundaries of the 

investigated landslide. The geoelectrical study revealed the zones with a content 

of clayey, silty, sandy material, moist areas and massive blocks. And resistivity 

sections also revealed that at some places the bedrock is cracked and fractured. 

The depth of sliding surface was determined from resistivity, microtremor 

measurements, and borehole data. These studies have shown the minimum and 

maximum depths of the landslide material to be between 39 and 105 meters, 

respectively. The presence of weak water movement at close the bedrock was 

detected using SP data and the groundwater measurements in the boreholes. The 

results of the laboratory tests showed the landslide material with more sand and 

gravel, less silt and clay has low cohesion and high internal friction angle.  In 

some places, the depth of the bedrock obtained from microtremor data is 

incompatible with those obtained from the wells. The structure of the Havuzlu 

slope was determined in combination with boreholes data and geophysical 

measurements.  Safety factor will also be calculated with using the geotechnics 

and laboratory data. 
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