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2-D electrical resistivity imaging for investigating an active
landslide along a ridgeway in Burdur region, southern Turkey
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Abstract Two-dimensional (2-D) electrical resistivity imaging
(ERI) technique has been used to characterize a landslide which
occurred in a ridgeway between Burdur and Isparta in southern
Turkey. The problems related to this road showed an increase
due to road constructions and heavy rainfall. Primary attention
was drawn to the determination of the thickness of the mobi-
lized material, its possible sliding surface, and evaluation of the
groundwater conditions related to the occurrence of the land-
slide. The eight survey profiles in the landslide area were
implemented. Electrical resistivity survey has been carried out
by the Wenner–Schlumberger array for data acquisition and
smoothness-constrained least-squares method for data inver-
sion. The self-potential (SP) survey data are presented as one-
dimensional profile for each of the lines. ERIs pointed out a
great heterogeneity of the near surface or mobilizing material
and presence of impermeable material that could be associated
to lateral and vertical limits of permeability. SP anomalies
displayed that the positive values were located in water dis-
charge on the surface whereas negatives in the sites of infiltra-
tion. The sliding surface is at a depth of about 10 m.
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Introduction

Landslides, defined as the movement of a mass of rock, debris,
or earth down a slope, are earthflows that can be triggered by a

variety of external factors. The most important causes of
landslides in southern Turkey are, generally, morphology of
slopes, heavy rainfall, excavation, decomposed rocks, and
existence of underground water in soil material (Atayeter
2004).

Direct investigations to determine landslide character-
istics by using geotechnical methods along with bore-
hole data provides only the well data; however, the high
cost of such methods implies that they are not always
suitable (Jomard et al. 2007; Lee et al. 2008).
Alternatively, geophysical surveys provide detailed in-
formation about landslide anatomy and provide new
facilities for immediate survey of enormous areas at a
relatively low cost (Bogoslovsky and Ogilvy 1977).
Geophysical methods are noninvasive, in general, and
the results can be transformed into the geotechnical
means and produce crucial results in the investigation
of landslide areas (Cosenza et al. 2006). The main
objectives of geophysical surveys in mass movement
or landslide areas are to define thickness and lateral
extension of mobilized material, to determine potential
sliding surfaces, and to ascertain of the movement of
groundwater flow and its distribution within the slip
mass (e.g., Carpentier et al. 2012; Chambers et al.
2011; Grandjean et al. 2011; Hibert et al. 2012).

By considering the local geological and structural setting
and the type of mass movement, a careful selection of more
than one geophysical method is particularly necessary and
important to provide physical property information rather than
direct geological or geotechnical data (Sastry and Mondal
2013). The two-dimensional (2-D) electrical resistivity imag-
ing (ERI) and the self-potential (SP) techniques from the
geophysical methods are the focus of this study.

The 2-D ERI technique is both relatively cheap to give a
continuous subsurface image and possible to measure the
ground response along profiles in order to obtain imaging of
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the subsurface. In addition, since ERI method is sensitive to
the water content of layer, it is suitable to be used in landslide
investigations (Friedel et al. 2006; Lapenna et al. 2005;
Piegari et al. 2009; Yilmaz 2007). Multielectrode data acqui-
sition systems for the 2-D ERI techniquemade it possible to use
unconventional electrode array, in addition to the classical
arrays, thereby enabling a large amount of simultaneous mea-
surements to be taken for each injection point, thus significantly
reducing time for data acquisition (Martorana et al. 2009).

The SP technique involves the measurement of naturally
occurring geoelectrical fields that are generated in the subsurface
by a range of mechanisms and can be found in the related
literature in detail (Telford et al. 1990). The use of SP in landslide
studies is concerned primarily with electrofiltration or streaming
potentials that are caused by the movement of fluid through
porous rocks and soils (Revil et al. 1999). Furthermore, the
objective of the use of this method is to identify zones negative
and positive charges in landslide areas (Colangelo et al. 2006).

The aim of this study is to characterize a landslide occurred
in a ridgeway between Burdur and Isparta in southern Turkey
using 2-D ERI technique. SP profiling was also used in
describing the main pattern of the subsurface fluid flows.

Physiography and geology

The study area is located 4 km from the Askeriye district of the
province of Burdur in the Mediterranean region of southern
Turkey (Fig. 1). Due to increasing traffic load and as a pre-
caution to decrease traffic congestion in the coming years, a
road-widening work was performed in this ridgeway route in
the years of 2006 and 2009. Because of both widening and
heavy rainfall except for negative lithology, this mass move-
ment was formed along a hill-slope over the ridgeway (Fig. 2).
Therefore, the current conditions threaten local traffic safety
because of local degradation of the slope and slipping. This

landslide showing an inclination of about 18° has 130-m long
and 110-m wide for the first failure zone and 75-m long and
55-m wide at the second failure zone (Fig. 3).

In the area, the Kayikoy Formation, Burdur Formation, and
alluvium, autochthonous units, and the Gokcebag Complex and
Akdag Limestone, allochthonous units, were observed (Sener
et al. 2005) (Fig. 4). The Gokcebag ophiolitic complex is formed
of limestone, diabase, serpentine, peridotite, gabbro, radiolarite,
and chert series. The emplacement age of the complex is Late
Lutetian. The complex was also described as an impermeable
unit. The Akdag Limestone is located as an olistolith within the
Gokcebag Complex. The Burdur Formation is composed of a
marl, claystone, mudstone, and weakly cemented sandstone with
tuff, tuffite, and travertine and is Pliocene in age. A Quaternary
age unit was described as alluvium. The unit consists of gravel,
sand, clay, and silt, which are loosely cemented. The Kayikoy
Formation, exposing at the landslide area, consists of sedimen-
tary rock sequences, components of which are sandstone, con-
glomerate, shale, clayey limestone, and cherty limestone. It was
deposited as a flysch facies ofUpper Paleocene–MediumEocene
age. The formation, representing the flysch properties, was de-
scribed as an impermeable unit. The basement is composed of
the yellowish-gray colored micritic-textured clayey limestone
and overlying materials comprising yellowish-gray medium-
layered sandstone, claystone, and polygenic gravelly conglom-
erate slips over it.

Data acquisition and process

The entire site of a landslide, occurred in a ridgeway between
Burdur and Isparta in southern Turkey, was studied along
eight profiles using 2-D ERI method (Fig. 5). To describe
the main pattern of the subsurface fluid flows in landslide area,
SP profiling was also used in five lines. A brief description of
two techniques as applied to this study follows.

The 2-D ERI data in an environment with an altitude
ranging from 1,137 to 1,185 m (Fig. 5) were collected at
landslide area during December 2012. All data were acquired
using a multichannel resistivity meter by GF Instruments. A
maximum of 48 electrodes were used for each layout, with an
electrode spacing of 4 m. Wenner–Schlumberger array sur-
veying was employed. This array type was chosen because it
generally provides higher signal levels for deeper measure-
ments and is more sensitive to resistivity variations with depth
(Dahlin and Zhou 2004; Loke 2013). Five 2-D ERI (P1 to P5)
with lengths of 188 m were performed in east–west direction,
two (P6 and P7) in north–south direction, and one (P8) in
southeast–northwest direction. Resistivity data sets were
inverted using a smoothness-constrained least-squared inver-
sion software (RES2DINV version 3.56) using a quasi-
Newton technique to reduce calculations (Loke and Barker
1996; Loke et al. 2003). The inversion program is a forward

Fig. 1 Amap showing the location of the study area, and a scenic view of
the site showing the landslide area

3344 Arab J Geosci (2015) 8:3343–3349



modeling method consisting of a number of rectangular
blocks, block arrangement being loosely tied to data distribu-
tion in the pseudo-section. The forward modeling subroutine
was used to calculate apparent resistivity values, and a non-
linear least-squares optimization technique was used for the
inversion routine (Loke and Barker 1996). The root mean
square (RMS) is a measure of it fitness between measured
apparent resistivities and the apparent resistivities of the mod-
el response from the inverted resistivity (Loke and Barker
1996).

SP data were undertaken along profiles occupying the
five lines (P1 to P5) used for 2-D ERI surveys. The
separation between measurement points along the five
lines was 5 m. The SP data acquisition with the fixed-
base (or total field) was achieved with a millivoltmeter
and a pair of nonpolarizable electrodes. The reference
electrode was established at a fixed point, and the
roving electrode was moved across the survey area to
the prepared positions; at each survey point, the poten-
tial difference between the electrodes was recorded. The

Fig. 2 Identification of landslide
occurrence associated with the
road-widening works based on
aerial photographs by years 2003
(a), 2006 (b), 2009 (c), and 2011
(d)
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SP values in measuring net have been obtained by
adding readings after establishing a SP arbitrary zero
value as a point of reference in the area. The SP
measurements have been corrected in order to compen-
sate for cumulative errors, by distributing linearly the
closure errors along each circuit. In order to obtain a
better view of the SP anomalies, we have subtracted the
net average value of all SP data from the potential in
each point. Finally, we obtained graphs for each of the
lines using a one-dimensional drawing.

Fig. 3 A photo of the survey site, taken from the opposite (NW) side of the highway (top). A and B denotes different parts of landslide scarp. Views of
the first (a) and second (b) failure zones (bottom)

Fig. 4 Surface geology map of the Burdur area (modified after Sener
et al. (2005))

Fig. 5 Location of the measurement lines; eight ERI (P1 to P8) and five
SP survey profiles (P1 to P5) were performed in the east–west or west–
east (E–Wor W–E), north–south (N–S), and northwest–southeast (NW–
SE) directions
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Results and discussion

To detect subsurface geometry with the Wenner–
Schlumberger array, eight 2-D ERIs were carried out in the
landslide area (Figs. 6, 7, and 8). Five SP profiling measure-
ments were also carried out to describe the main pattern of the
subsurface fluid flows (Figs. 6 and 7). The inversion results of
all 2-D ERI profiles indicated that the depth of penetration
varies between 27 and 35 m. In all cases, the number of
iterations has varied between 3 and 5 with root mean square
(RMS) errors ranging from 2.9 to 15.8 %. A preliminary
inspection of the obtained resistivity images allows identify-
ing a small range of resistivity values (3–80Ωm) indicating a
weak discontinuity in the electrical properties.

The 2-D inverted resistivity sections and SP profiling
graphs from survey profiles P1 to P3 performed in the east–
west direction are shown in Fig. 6. In all cases, the numbers of
iterations for the ERI sections are 5, 5, and 3 with RMS values
10.0, 6.3, and 15.8 %, respectively. The 2-D ERI sections
pointed out either slide characteristics or the material unin-
volved in the movement. All the 35-m deep ERI sections
show the same distribution as the resistivity values. The
shallow high resistivity layer (>20Ωm) at near surface of the
E side of the ERIs correspond to the mobilizing material. The
deepest part of the ERIs shows very conductive values (2 to
10Ωm) corresponding to impermeable material associated
either with clayey material not involved in the slide or higher
water content. The central part of the P1 to P3 images is
characterized by a resistive material (20–80Ωm) near the
surface with a lenticular shape that could be associated with
toe of the slope suppressing the slide. The near surface high
resistivity values (>20Ωm) at the right side of the drainage
path at the central part of the ERIs reflect the mobilizing
material and lateral limits of the first landslide. The high
resistive values (>20Ωm) at the W side of ERIs show the
material uninvolved in the movement. The positive SP down-
slope is consistent with a streaming potential signature pro-
duced by infiltration at accumulation at the base correspond-
ing toe for landslide at positions between 75 and 110 m in the
ERI sections in Fig. 6. Positive charges are carried in the
direction of the fluid flow, producing positive SP anomalies
on the surface, where water discharge is located, and negative
in the sites of infiltration.

The 2-D inverted resistivity sections and SP profiling
graphs from survey profiles P4 and P5 performed in the
west–east direction are shown in Fig. 7. The numbers of
iterations for the ERI sections are 5 and 4 with RMS
values 4.4 and 6.4 %, respectively. The profile P4
(Fig. 7a) pointed out high resistivity values (>20Ωm)
at near surface of the E side of the image corresponding
to the mobilizing material of the first landslide. The lower
resistivity zone (<10Ωm) at position 95 m is due to drainage
path. The deepest part of the E side and at near surface of the
W side of image show very conductive values (2 to 10Ωm)
corresponding to impermeable zone associated either with
clayey material not involved in the slide or higher water
content. The profile P5 (Fig. 7b) pointed out high resistivity
values (>20Ωm) between near surface of the W side and
position 125 m of image and the impermeable material
in the deepest part of the section. The positive SP
values at the middle of P4 and at the end of P5 are
due to the water discharge from the drainage channel
and path eventuated the low resistivities (<10Ωm) at
positions 95 and 145 m in ERI sections, respectively.
The negative SP values at the west side of SP profiles
also display the sites of infiltration in the other slope to
be thought as potential landslide zone.

Fig. 6 The 2-D inverted resistivity sections and SP anomalies from
profiles P1 (a), P2 (b), and P3 (c) in the E–W direction
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The 2-D inverted resistivity sections from survey profiles
P6 to P8 are shown in Fig. 8. In all cases, the numbers of
iterations for the ERI sections are 3, 5, and 4 with RMS values
13.0, 5.3, and 2.9 %, respectively. The profiles P6 and P7
performed in the north–south direction pointed out high resis-
tivity values (>20Ωm) corresponding to the mobilizing mate-
rial of the landslide at near surface of the images. The lower
resistivity zone (<10Ωm) under the landslide material is due
to impermeable zone associated either with clayey material
not involved in the slide or higher water content. The deepest
and near surface of the N side of images show the higher
resistive values (>20Ωm) corresponding to the inactive zone.
The lateral limit of landslide is near the profile P1, and the
sliding surface is at a depth of about 10 m. The profile P8
performed in the northwest–southeast direction, longitudinal
to the landslide body, pointed out a great heterogeneity of the
near surface or mobilizing material and presence of imperme-
able material that could be associated to lateral and vertical
limits of permeability that could affect the groundwater path-
way and circulation of the slope (Fig. 8c). The ERI section,
with a penetration depth of about 35 m, shows that the high
resistivity values (>20 Ωm) for the first 10 m of subsurface,
corresponding to the mobilizing material of the first landslide,
were detected near the surface at positions 24–166 m. The
lower resistivity values (<20 Ωm) in the deepest part,

corresponding to the impermeable zone, could be related to
clayey material or higher water content.

Conclusions

2-D ERI investigation has been performed to investigate a
landslide which occurred along the Burdur–Isparta ridgeway
in the Mediterranean region of southern Turkey. The high
resolution of the ERIs reveals the sliding surface and the
thickness of the landslide material. The SP technique allows
relevant results in describing the main pattern of the subsurface
fluid flows and delineating the boundaries of the landslides.

ERIs pointed out a great heterogeneity of the near surface
or mobilizing material and presence of impermeable material
that could be associated to lateral and vertical limits of per-
meability. The high resistivity values (>20 Ωm) for the first
10 m of subsurface and the lower resistivity values (<20 Ωm)
in the deepest part could be related to the mobilizing material
and the impermeable zone of the landslide, respectively. The
SP anomalies display increasingly positive values from the
top of the slope to the base. The positive SP values are located
in water discharge on the surface and the negative values in
the sites of infiltration. The integrated interpretation of the 2-D
ERI and SP profiles deduce that the trend of increasingly
positive SP values is discontinued at the front of drainage path
and at the accumulation zone or toe for landslide (see Figs. 6

Fig. 7 The 2-D inverted resistivity sections and SP anomalies from
profiles P4 (a) and P5 (b) in the W–E direction

Fig. 8 The 2-D inverted resistivity sections from profiles P6 (a) and P7
(b) in the N–S direction and P8 (c) in the NW–SE direction
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and 7). At these locations, surface discharge of water was
observed; the former being related to seepages directly from
landslide material.

The ERIs revealed the sliding surface at a depth of about
10 m. This landslide study would be used for a stability
assessment of the area for foreseeable future the studies.
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