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Abstract: The first archaeogeophysical survey at the ancient site of Parion (Biga-Çanakakle) is presented 
in this paper. During the summer of 2006 we conducted an electrical resistivity tomography survey at the 
necropolis. Resistivity data were collected along parallel profiles using Wenner-Schlumberger array and 
electrode spacing of 1 m. A two-dimensional least squares algorithm based on the smoothness-constrained 
technique inverted the apparent resistivity data. MATLAB-based visualization tools displayed resistivity 
distribution of the subsurface in three-dimensional volume. These tools yield volumetric resistivity images 
by combining two-dimensional model resistivity sections. Thus, both the horizontal and vertical extent of 
the anomalous zones were displayed. This visualization technique revealed high resistivity zones at depths 
ranging from 0.25 to 2.5 m at the investigation area. Taking into account archaeological evidence, these 
higher resistivity zones are the most promising locations for archaeological excavation. 
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INTRODUCTION 

Archaeological methods involve excavation, 
which is time consuming. Sometimes, this effort 
may not be very cost-effective since there are risks 
of damaging or missing the archaeological 
remains. On the other hand, information about the 
location, depth, size and extent of buried 
archaeological remains may be determined by 
means of geophysical investigation, which is 
carried out easily and quickly on the surface 
without disturbing or damaging the buried 
archaeological structures (Yiğit, 2005).  
Archaeological structures have certain physical 
properties which can be estimated from the 
surface. The geophysical methods can locate them 
by measuring their magnetic susceptibility, 
electrical resistivity or conductivity (Doğan and 
Papamarinopoulos, 2003).  

The resistivity method is one of the most 
commonly applied technique for geophysical 
investigation in archaeological sites. This is due to 
the ability of detecting walls, voids, graves and 
other man-made structures. It is also an efficient 
tool because of the low cost of the investigation 
and the fact that there is resistivity contrast 
between these structures and the surrounding soil. 
Furthermore, the high technological development 
of computer controlled multi-electrode survey 

systems and the development of two- and three-
dimensional resistivity inversion software 
packages, resulted to more effective surveys and 
reliable resistivity high resolution images (e.g. 
Griffiths and Barker, 1994; Candansayar and 
Başokur, 2001; Candansayar et al., 2001; Tohon et 
el., 2004; Papadopoulos et al., 2005; Drahor 2006; 
Drahor et al., 2007; Ekinci et al., 2007; Vafidis et 
al., 2007).  

The aim of the electrical resistivity 
tomography (ERT) technique is to scan the 
subsurface along the survey line using a selected 
electrode array. An automatic electronic system 
collects data quickly in order to observe the 
pseudosection along the investigation line in the 
field (Drahor, 2006). 

The present work was carried out to locate the 
buried archaeological structures at the necropolis 
area of Parion (Biga-Çanakkale). We also aimed to 
explore the extent of the man-made structures 
revealed in the nearby excavated area. Taking into 
account both existing archaeological information 
about the site and the advantages of the ERT 
technique, we decided to apply it at Parion 
necropolis. Apparent resistivities were inverted to 
true resistivities by a two-dimensional inversion 
algorithm (Loke and Barker, 1996) in order to 
obtain more accurate resistivity distribution of the 
subsurface. The geo-electrical sections, obtained 
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from the two-dimensional inversion of each 
profile, were combined in a three-dimensional 
volume, which is displayed by using MATLAB-
based three-dimensional visualization tools. These 
tools can display horizontal slices, isosurfaces and 
patches. The high resistivity zones were easily 
depicted from the volumetric representation. These 
zones are attributed to man-made structures. 
Finally, iso-resistivity model sections were 
produced to view the depth and the extent of these 
zones. 

 
DESCRIPTION OF THE SITE 

The ancient site of Parion is located northeast 
of Ancient Troas (Fig. 1). The site is 
approximately 90 km to the northeast of the 
modern town of Çanakkale (Dardanelles). The 
village “Kemer”, which belongs to the 
administrative district of Biga, partially covers the 
site. The modern name Kemer or Kamares derived 
from “kamarai” (ancient arc-shaped buildings). 
Remains of the walls from buildings, such as 
aqueduct, water reservoirs and the fallen 
architraves of a portico, are still visible. 

This site was first investigated during rescue 
excavations, completed by the Çanakkale museum 
in 2004, and has been under systematic excavation 
since 2005. Archaeological works focused on the 
aqueduct and the well-preserved necropolis. The 
necropolis includes varying size sarcophagi, made 
from simple pithoi to sandstone and marble. 
Inhumation remains, found at the necropolis, point 
out that it dates back from the first half of the 4th 
century BC to the Roman period. The findings at 
the site are exceptionally well preserved 
(http://cat.une.edu.au/page/parion). 

 
DATA ACQUISITION, PROCESSING AND 

INTERPRETATION  

Taking into consideration the information 
obtained from the excavation at the necropolis, the 
penetration depth of the geo-electrical survey was 
set to approximately 4 m with electrode spacing of 
1 m. The dipole-dipole array was initially applied 
because of its sensitivity to lateral changes in 
resistivity. However the very small signal strength 
for large values of the “n” factor is one of the 
possible disadvantages of this array. In addition, it 
is usually not advisable to use “n” values greater 
than 6 or 7 (Loke, 2000). Thus, in this 
investigation the dipole-dipole array did not 
provide adequate penetration depth. On the other 

hand, although the pole-dipole array has relatively 
better horizontal resolution and greater depth of 
investigation compared to dipole-dipole array, it 
wasn’t suitable because the field conditions did not 
allow placing one current electrode sufficiently far 
from the survey line. Therefore, the Wenner-
Schlumberger array was considered the most 
suitable array for this investigation (Fig. 2). 

We conducted the ERT survey in a 23 m by 
7.5 m grid next to the excavation area at 
necropolis. The measurements were collected 
along 6 parallel lines, each 23 m long, with line 
spacing 1.5 m (Fig. 3). There were 21 measuring 
stations along each survey line. A total of 720 
apparent-resistivity measurements were collected 
(n=1 to n=10) using the Iris-Syscal R1 Plus 
resistivity meter. The vertical stack was set to four. 
The relative standard deviation for each stack is a 
good indicator of the quality of the data (Tohon et 
al., 2004).  Therefore, it was checked during the 
measurements. When the relative standard 
deviation of the stacked data was greater than 3%, 
the vertical stack was increased to six. The 
standard deviation of the measurements was 
mostly below 1%. Measurements, stored in the 
data logger of the resistivity meter, were 
transferred to the computer using the RS232 port. 

Although the pseudosection may give some 
information about the location of possible 
archaeological structures, their size, depth and 
extent can not be estimated. Thus, we applied a 
two-dimensional inversion method to obtain a 
more reliable image of the subsurface using the 
Res2Dinv software. This program iteratively 
calculates a resistivity model, trying to minimize 
the difference between the observed apparent 
resistivity values and those, calculated from the 
model. The maximum number of iteration was set 
to 4 or 5 for all profiles in order to avoid 
overfitting the data. The inversion process resulted 
a satisfactory fit with RMS error between 2.5-5.5 
%. Due to low RMS error, the obtained results can 
be considered as a reliable representation of the 
true resistivity distribution of subsurface. Then, we 
jointly presented the geo-electrical sections using a 
visualization technique. This technique generates a 
three-dimensional volume and displays user-
selected horizontal slices or sections. The 3D 
anomalous zones are easily displayed by selecting 
resistivity isosurfaces. The natural logarithm of the 
resistivity values was used in order to highlight the 
resistivity variations. 
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FIG. 1. Ancient Troas region and the location of the ancient site of Parion. 
 
 
 

 
FIG. 2. Sequence of measurements to create a pseudosection using Wenner-Schlumberger array. The 
datum points and the data levels are displayed. 
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FIG. 3. The investigation area and the location of the ERT profiles. The black arrow shows the man-made 
structure extending from neighbour excavation area into the investigation area (not to scale). 

 

The geoelectrical sections exhibit high 
resistivity zones (> ~2.7 log ohm.m) (Fig. 4). Since 
the necropolis is covered by alluvium, moderate 
resistivity values are expected (~1.8-2.5 log 
ohm.m). Therefore, lower resistivity values (green 
colour) indicate the cover material, while high 
resistivity zones (blue and magenta) trace the man-
made structures.  

In order to view the resistivity distribution of 
the whole surveyed area, the data from the parallel 
resistivity sections were linearly interpolated and 
displayed as a pseudo three-dimensional block 
(Fig. 5). The high resistivity zone (black rectangle 
– Fig. 5) is related to a man-made structure, 
revealed in the excavation (black arrow – Fig. 3).  

From the data volume we extracted horizontal 
slices (Fig. 6) in order to display the lateral extent 
of the high resistivity zones. The anomaly, which 
is observed in the slices at depths ranging from 
0.25 to 1.75 m (black rectangles – Fig. 6), is also 
related to the one observed in Fig. 5. The anomaly 

at the depths of 1.25-2.25 m (black arrows – Fig. 
6) may indicate the location of a smaller man-made 
structure. High resistivities are not observed at the 
depths greater than 2.5 m as expected. 

Alternately, in order to display the three-
dimensional extent of high resistivity zones, an iso-
resistivity surface was also produced, which 
corresponds to resistivities higher than 2.7 log 
ohm.m. This is derived from the data volume by 
specifying an isovalue. That is, the isosurface 
connects data points of equal resistivity values, 
yielding to the three-dimensional anomaly 
representation (Fig. 7). According to this figure, 
the high resistivity anomalies are located between 
5-14 m along y direction, which may indicate 
archaeological remains, such us graves or 
sarcophagi. At the last step, a cross-section of the 
iso-resistivity surface was produced in order to 
view the depth extent of this anomaly (Fig. 8), 
which ranges between 0.25-2.5 m. Taking into 
account the distance of the first profile from the 
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excavated area (Fig. 3), this structure may be 
attributed to a series of tombs under the 
investigation area. Taking into consideration the 
archaeological evidence and the structures, 
indicated by the high resistivity anomaly, shown in 
Fig. 7, this area is the most promising for the next 
excavation project. 

CONCLUSIONS 

The results of the first archaeogeophysical 
survey at the ancient site of Parion are presented in 
this paper. During the summer of 2006, a geo-
electrical survey was conducted using Wenner-
Schlumberger array along six parallel profiles. The 
detection of high resistivity anomalies indicated 
that this electrode array is suitable for searching 
tombs. Three-dimensional visualization techniques 
aid the interpretation of resistivity data sets, 
obtained from the parallel geo-electrical profiles. 
Depth slices and iso-resistivity sections display 
both the horizontal and vertical extent of the high 
resistivity zones.  

The results are in accordance with the findings 
obtained from the neighbouring excavated area. 
Taking into account the archaeological evidence, 
these anomalies are attributed to man-made buried 
structures. The iso-resistivity surface indicated the 
most promising locations for the archaeological 
excavation. Accordingly, this strategy is very 
suitable for archaeogeophysical surveys performed 
by the ERT technique. 
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FIG. 4. Two-dimensional geo-electrical sections of the six profiles. Profiles 1 and 6 are located at 0 m and 
7.5 m along x-axis, respectively.  
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FIG. 5. Pseudo three-dimensional geo-electrical model of the investigation area. The high resistivity 
anomaly (black rectangle) is related to a man-made structure. 
 
 
 

 

FIG. 6. Horizontal slices of the pseudo three-dimensional resistivity distribution with 0.5 m depth interval. 
The high resistivity anomalies, marked with rectangles and arrows, are related to man-made structures. 
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FIG. 7. Iso-resistivity surface of the highest resistivity zones (> 2.7 log ohm.m). 

 

 

FIG. 8. The cross-section of the iso-resistivity surface (> 2.7 log ohm.m). 
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