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ABSTRACT. We study the soil foundation underneath the Çanakkale Onsekiz Mart Univer-
sity (ÇOMU) campus, Çanakkale, Türkiye, by employing the electrical resistivity tomog-
raphy – ERT supported by 27 boreholes data. The studied area in the southwest Marmara
region was historically affected by large earthquakes (. They were created by the North
Anatolian Fault system. The borehole data show that the near-surface structure beneath
the ÇOMU campus is mostly silty sands and marls. A high-sensitivity resistivity instru-
ment is used to collect the field data in which nine ERT profiles reaching lengths as long
as 315 m are utilized. The current geoelectrical measurements are simulated using two
numerical models to estimate the inversion depth sensitivity, which is satisfactory in the
depth range of 0-30 m and then somewhat decreasing. The observed electrical resistivity
values range from 2–160 Ωm. The geoelectrical structure corresponding to the silty sands
is represented by low resistivities (<20 Ωm), while the high resistivity (>40 Ωm) depth
sections are associated with the marl units. The resistivity structure beneath the ÇOMU
campus is complex, where both low and high resistivity depth sections reside side by side.
The groundwater and clay mineralogy contribute to the broad changes in the subsurface
resistivities. The groundwater flow below the steep terrain of the ÇOMU campus causes
low resistivities (<10 Ωm) deeper than 10 m depth. The borehole data superimposed on
the two-dimensional (2-D) ERT profiles show consistency with the resistivity-depth distri-
butions at corresponding depths..
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1 INTRODUCTION

The Çanakkale Onsekiz Mart University –
ÇOMU was founded in 1992 on a 659092
m2 campus area on the eastern side of the
Çanakkale strait (Figure 1a). The ÇOMU build-
ings and infrastructure are largely built on the
hilltop area with rough morphology and an
average altitude of 100 m. From west to east,
the surface topography is plain up until the
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ÇOMU campus, which is ~800 m from the
Çanakkale strait and then suddenly gains slope
over 20°. The slope angle in the N–S direc-
tion is milder than in the E–W direction. The
ÇOMU is a fast-growing university attracting
many students from various countries, which
brings up the need to construct more buildings
and infrastructure to meet the educational and
administrative demands. The near-surface geo-
logical stratification in and around the campus
area (Neogene-Quaternary – e.g., Gökaşan et
al., 2012) is characterized as depositional envi-
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ronments about the formation of the Çanakkale
strait (e.g., Yaltırak et al., 2000; Gökaşan et al.,
2008). Additional loads on the ground surface
due to the increasing number of new buildings
and high-intensity traffic may induce slope sta-
bility problems and landslides in the campus
area (e.g., Cruden & Varnes, 1996). In addi-
tion, large earthquakes and aftershocks likely
in the region (see Figure 2) may also trigger
land moves. These concerns have motivated
the current study.

We employ electrical resistivity tomography
– ERT (e.g., see Coşkun et al., 2016a) to examine
the geological stratification under the ÇOMU
campus area. The ERT as a near-surface geo-
physical method measuring the subsurface re-
sistivity distribution is commonly utilized to
investigate the geological conditions related to
slope stability problems (e.g., Guo et al., 2005;
Drahor et al., 2006; Perrone et al., 2014; Di
Giuseppe et al., 2015; Coşkun et al., 2016b; Ben-
tivenga et al., 2019; Bentivenga et al., 2021;
Bai et al., 2022; Bentivenga et al., 2022). The
ERT method, non-invasive and cost-effective to
explore large areas, efficiently delineates the
underground properties such as porosity, wa-
ter content, salinity, clay content, and depth
to a layer interface (e.g., Loke, 2004). The
ERT method is more efficient in characteriz-
ing the geologic framework if integrated with
other methods providing diverse data such as
geotechnical, borehole, and inclinometer data
(e.g., Sudha et al., 2009; Travelletti & Malet,
2012; Chelli et al., 2020). Among the other
near-surface geological events, landslides cre-
ate catastrophic landforms threatening commu-
nities worldwide with different influences (i.e.,
loss of life, property damage, health issues, util-
ity shortages) changing from one location to an-
other. Therefore, developing landslide monitor-
ing strategies should help raise awareness and
understanding of landslide hazards in commu-
nities (e.g., Li et al., 2020; Thirugnanam et al.,
2022). With the advancements in technology
in the data collection techniques supported by
multiple electrodes, multiple core cables, and
multiple arrays, the time-lapse ERT method
could be effectively used to monitor unstable
slopes (e.g., Xu et al., 2016; Hojat et al., 2019;
Lapenna & Perrone, 2022; Dimech et al., 2022).

To our knowledge, the present study includes

the first geophysical work performed for the
ÇOMU campus area. On the other hand, af-
ter careful research, we realized that this area
was originally examined in 1994 for geologi-
cal and geotechnical site characterization. The
results were reported to the university admin-
istration as a geotechnical field survey (i.e.,
ÇOMU 1994). However, the submitted report
was only made available printed on paper. We
acquired this survey report as complete as pos-
sible. We digitized it as necessary in the present
study—the cited geological field survey com-
prised 40 cored boreholes located at different lo-
cations within the campus area. The boreholes
with a 965-m total length were designed to have
two different depth penetrations (i.e., 20-m and
30-m). These 15 boreholes had a 30-m total
depth, while the remaining 35 boreholes had a
20-m depth penetration. The high slope areas
in the campus were examined using the deeper
boreholes (i.e., 30 m), while the shallower bore-
holes (i.e., 20 m) were used to examine the flat
or mildly sloped areas. The coring samples
(cuttings) were used to identify the geological
stratification (lithological units) beneath each
borehole location. An in-situ standard penetra-
tion test (SPT) was also performed at each well
location to determine soil strength through pen-
etration resistance. The city of Çanakkale takes
place on the Biga peninsula, which is tectoni-
cally influenced by the southern branch of the
North Anatolian Fault Zone (NAFZ). The re-
gion historically shaken by strong (Ms ≥ 7.0)
earthquakes (e.g., see Şengör et al., 2005; Lai et
al., 2021) is prone to earthquake hazards. We
combine the geological and geotechnical data
(ÇOMU 1994) with the ERT data to better char-
acterize and understand the engineering prop-
erties of soil deposits beneath the ÇOMU cam-
pus.

We first introduce the earlier geological
(drilling and mapping) and geotechnical (SPT)
data provided by ÇOMU (1994) and then
present the recent fieldwork to collect the ap-
parent resistivities along the selected profiles.
The non-linear inversion technique is utilized
to invert the collected apparent resistivities for
the subsurface resistivity-depth distribution
beneath each profile. We perform theoretical
tests on two selected models representing the
two-dimensional (2-D) electrical resistivities in
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FIGURE 1. Location map (a), electrical resistivity profiles (b), and lithological map of the Biga Peninsula
(c) adapted from Coşkun et al. (2016b) are shown. A black square on the location map indicates the Biga
Peninsula. A red square on the lithological map shows the study area near the city of Çanakkale. KM stands
for the Kazdağ Massif. The electrical resistivity profiles depicted by various color (blue, orange, green) lines
are superimposed on the Google Earth image. The north axis on the upper right panel (b) is shifted to better
visually inspect the study area (ÇOMU campus).
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FIGURE 2. Regional seismicity and fault lines are shown (see MTA 2002; Emre et al. 2013; Akbas et al. 2017;
AFAD 2023). Information regarding the earthquake data is summarized on the right.

the shallow (<55 m) earth. These numerical
tests are designed to assess the basic resolution
power of the observed resistivity data. The
resistivity-depth distributions obtained from
different profiles are combined to attain the
studied area’s quasi-three-dimensional (3-D)
resistivity image. The borehole data are em-
ployed together with the resistivity data to
improve the interpretation of the geoelectrical
sections for the geological units.

2 GEOLOGICAL BACKGROUND AND RE-
GIONAL CONDITIONS

The city of Çanakkale is located on the Biga
Peninsula in NW Turkey, which is a tectoni-
cally active region and has been essentially in-
vestigated by several workers (Okay et al., 1991;
Okay & Satır, 2000; Beccaletto, 2003; Çakır,
2019). The earthquake activity (see Figure 2)
is mainly generated by these faults associated
with the southern branch of the North Anato-
lian Fault Zone – NAFZ (Şengör et al., 2005).
This region consists of various magmatic, meta-
morphic, and sedimentary rocks. The study
area is located close to the Çanakkale city cen-

ter. The lithological structure mainly comprises
a shallow sequence of Quaternary alluvium de-
posits, unconsolidated clastic sediments, sand,
and gravel blocks (Figure 1c). The average
thickness of this formation is between 40–50
m, and its depth decreases towards the east.
Most of the geothermal fields on the Biga Penin-
sula are trending NE–SW along the active faults
(Şaroğlu et al., 1992; Emre et al., 2013), which
are responsible for the tectonic evolution of the
peninsula. Metamorphic, ophiolitic rocks and
ophiolitic mélanges form the basement rocks
in the Biga Peninsula. The sedimentary and
volcanic structures (Late Cretaceous to Neo-
gene) and volcanic and volcano-sedimentary
sequences (Late Eocene–Oligocene) generally
cover the basement rocks.

In Figure 3b, we show the locations of inac-
tive (or dormant) and active landslides reported
for the region along the Çanakkale strait (MTA,
2022). Figure 3a shows the surface geologi-
cal units in and around the studied area where
these fourteen geological units (i.e., U1–U14)
are mainly specified. The Kazdağ Massif – KM,
characterized by geological units around U6 in
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Figure 3a, includes a metamorphic basement
(Precambrian-Paleozoic) containing gneiss, am-
phibolite, and marble. The KM also consists
of three formations (ÇOMU, 1994), i.e., Tozlu
formation (meta-ultramafic rocks including ser-
pentinized dunites, metagabbro, and amphi-
bolite), Bozağaç formation (biotite, amphibo-
lite, muscovite, sillimanite disten and cordierite
gneiss) and Sarıkız formation (thin layered,
curly texture, and non-silicate marbles). The
Ezine group overlies the Kazdağ group, the
Karakaya complex, and the Çamlıca metamor-
phic rocks (Okay & Satır, 2000; Beccaletto, 2003).
The Ezine group (Oligocene granitoids repre-
sented by U14 in Figure 3a – Akal, 2013) is
bordered by several geological formations, i.e.,
Middle Miocene rhyolite, dacite, rhyodacite to
Miocene terrigenous clastics to Lower-Middle
Miocene non-graded volcanites. The Karakaya
complex is represented by U10 in Figure 3a
(i.e., Upper Paleozoic-Triassic schist, phyllite,
marble, metabazic – Okay & Satır, 2000) and
is cut through by granitoid intrusions. The
Karakaya complex also comprises conglomer-
ate, metagrovac, siltstone, radiolarite, mud-
stone, Permian-aged various-sized limestone
blocks, and greenschist facies metamorphic de-
trital rocks (ÇOMU 1994). The Çamlıca meta-
morphic rocks (Palaeozoic schist represented by
U5 in Figure 3a – Okay and Satır, 2000) are bor-
dered by undifferentiated volcanics (Oligocene
– U1) to the east–northeast and peridotites
(Mesozoic – U8) to the west. The Çetmi ophi-
olitic mélange (U13 in Figure 3a – Upper Cre-
taceous/Paleocene) in relation to the Biga su-
ture zone consists of strongly altered basaltic
rock, limestone, pelagic shale, turbiditic sand-
stone, blueschist, and minor amounts of serpen-
tine and radiolarian chert (e.g., Okay et al., 1991;
Beccaletto et al., 2005; Coşkun et al., 2016b). In
the west-northwest, the Biga peninsula is cov-
ered by the undifferentiated sediments (Quater-
nary) and the neritic limestones and continen-
tal clastics (Miocene) represented by U9 in Fig-
ure 3a. The landward segment of the southern
Marmara Sea is covered by terrigenous clastics
(Pliocene – U2) and undifferentiated sediments
(Quaternary – U3).

The Marmara Sea surrounds the Biga Penin-
sula in the Marmara region to the north.
The Aegean Sea to the west experiences the

Mediterranean climate. It is frequently affected
by weather conditions developing in Central
Europe, i.e., strong winds mostly coming from
NW, annual temperatures in the range from
-11 to 39 °C with a 19 °C average, occasional
snowfall in the winter and average rainfall
around 625 mm/year (MGM, 2022). Recurrent
rainfalls and earthquakes might initiate land-
slides in the current region (e.g., Saito et al.,
2018). ÇOMU (1994) reported the study area’s
hydrological characteristics. The plain between
the Çanakkale strait and the ÇOMU campus is
covered by Quaternary aged alluvial deposits
(Figure 1c) where the depth to the underground
water table is shallow (1–6 m). Towards the
east, beneath the ÇOMU campus, the area is
covered by a Neogene sedimentary sequence
(sandstone, clay, silt, marl, and limestone), and
there is no sign of aquifer water. However,
silty sand layers exist sporadically with a small
amount of water once used by local people as
spring water. There is no surface-water flow
Within the study area (i.e., rivers). The rain-
fall and snowmelt are drained under gravity
through the dry valleys aligned roughly in
the E–W direction. Further east beyond the
ÇOMU campus, the products of andesitic vol-
canic rocks (Miocene-Pliocene) are intercalated
within the sedimentary formations.

Based on the boreholes (40 different loca-
tions) and field observations, ÇOMU (1994)
has reported that the near-surface lithology
of the studied area represents a lacustrine
depositional environment (Neogene) and is
mostly made of silty sands and marl layers.
Intermittently thin layers of sandy, silty clay,
clayey, silty sand, silty sandy clay, gravel silty
sand, sandstone, clayey silt, silty clay, and
sandy silt were also observed. The silty sands
with yellow-to-light-brown color, converting to
sandy silt at some locations, are mostly fine-
grained, but occasionally coarser grain sizes
are also noted. The marl unit was reported in
ÇOMU (1994) to have various colors chang-
ing from red to blue and gray color, relatively
lower mechanical strength, and mostly plain
texture, though unevenly laminated with mi-
nor silt and sand sheets at some locations. In
Figure 4, we graphically summarize these litho-
logical units cut at 27 well locations as acquired
from ÇOMU (1994). We could not find the cor-
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FIGURE 3. Surface geological units in and around the studied area (a) are shown in detail (adapted from
Çakır, 2018). The numerals from U1 to U14 superimposed on the map indicate the geological units. The
Google Earth image (b) shows the landslides distribution along the Çanakkale strait (MTA, 2022). Inactive
(or dormant) and active landslides are indicated by orange and red, respectively.

responding lithological data for the other 13
well locations. In the horizontal axis, the color-
coded boreholes are ordered with respect to
their number assigned by ÇOMU (1994), while
the vertical axis refers to the elevation from the
sea level (m). From left to right, the boreholes
are approximately ordered from south to north.
The two-dimensional (2-D) field locations of
the boreholes are shown in Figure 6, along with
the locations of the electrical resistivity profiles.
The presentation in Figure 4 is dominated by
two colors, i.e., cyan color referring to the silty
sand and yellow color to the marl lithology.

We present the results of the in-situ standard
penetration tests (SPT) conducted by ÇOMU
(1994) for some of these borehole locations in
Figure 4. In ÇOMU (1994), the SPT hammer
blow counts obtained through a standard field
procedure (e.g., see Sandikkaya, 2008) were in-
terpreted in terms of the soil strength at differ-
ent depths (Table 1). Fine-grained soils were re-
ported as stiff or very stiff, while coarse-grained
soils were reported as tight or tight. The last
hammer blow count (i.e., 26) was obtained for

the silty clays. The blow count changed to
37 for the silty sands, 36 for the sandy clayey
silts, 33 for the silty sandy clays, and 49 for the
marls. The hammer blow count greater than 50
was called refusal. The SPT blow counts are
usually utilized to estimate the shear strength
properties of soil foundations (e.g., Akin et al.,
2011). The marl units show higher mechani-
cal strength for the studied area than the silty
sands. The SPT results in Table 1 show that the
soil strength beneath the studied area is clas-
sified as mostly stiff or medium stiff. The soil
strength near the surface graded as soft or very
soft was described in a few locations.

There exist field studies conducted in the
Çanakkale province, and its surroundings show
that the region suffers from a high risk of land-
slides (e.g., Duman et al., 2006; Dağdelenler
et al., 2014; Dağdelenler et al., 2015; Perinçek,
2018). Many active and inactive (or dormant)
landslides exist in Çanakkale, especially around
the study area (Figure 4b). These areas of high
elevation mainly show signs of old and new
landslides, as evidenced by scarp faces, soil de-
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FIGURE 4. Boreholes and lithology identified from cuttings acquired from ÇOMU (1994) are shown. The
borehole number and elevation (m) from the sea level are indicated on top.

bris, fragmented rock falls, and erosional land-
marks (e.g., Perinçek, 2018). The regional to-
pography on both sites of the Çanakkale strait
is constantly reshaped by landslides develop-
ing on mostly east-west facing slopes. In Fig-
ure 5, we provide a map view of the studied
area utilizing a Google Earth image on which
some regions are marked using different color
lines. The yellow line encircles a large area
corresponding to the ÇOMU campus. Next to
the ÇOMU campus, there is another area sur-
rounded by the Blue Line, which is an old solid
waste dumpsite used by Çanakkale Municipal-
ity for many years until it was abandoned and
gradually rehabilitated starting the year 2004
(e.g., Sağlık et al., 2021). The area surrounded by
the red line represents the terrain earlier exam-
ined by Coşkun et al. (2016b) for a landslide risk
assessment using the ERT method. These pur-
ple lines, inside and outside the ÇOMU cam-
pus, indicate areas of sharp elevation change
down the slope towards the Çanakkale strait.
As indicated by green color arrows, most cam-
pus buildings occur on the eastern (uphill) side
of the purple lines. The traffic between the cities

of Çanakale and İzmir uses the highway in-
dicated in Figure 5 where, following the 1915
Çanakkale Bridge Highway Project, the traf-
fic load on this highway, along with traffic-
induced vibrations, is considerably increased.

3 DATA AND METHOD

Electrical resistivity tomography – ERT is em-
ployed to assess the resistivity-depth distri-
butions beneath two-dimensional (2-D) pro-
files where the measurements are made on the
ground surface (Figure 1b). Since the study area
is a university campus, we have experienced
some difficulties in the field while selecting the
profile locations. The campus buildings, roads
covered by brick and asphalt, concrete bases
for street lampposts, and natural vegetation fre-
quently prevented us from picking these pro-
files with proper lengths and locations. How-
ever, we still managed to measure the appar-
ent resistivity values of the subsurface along
nine 2-D profiles. Figure 6 illustrates these 2-
D profiles (blue, orange, and green color lines).
We had to allow the profiles to deviate from
the linearity depending on the field measure-
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TABLE 1. Standard penetration test (SPT) results obtained in situ at different depth levels (ÇOMU 1994). The
borehole number and depth (m) are given in the first column. A comma separates multiple depth intervals
in the second column.

Borehole Depth Intervals (m) Soil Strength

BH1 – 30 m 1.5-1.95, 9.5-9.62 Medium Stiff

BH2 – 30 m
9.0-9.45, 16.5-16.95 Medium Stiff
19.0-19.5 Stiff
30.0-30.45 Medium Stiff

BH5 – 20 m 9.50-9.62, 15.0-15.1 Medium Stiff

BH8 – 20 m 1.5-1.95, 4.5-4.87, 12.0-12.45 Medium Stiff
18.0-18.3 Stiff

BH9 – 20 m 1.5-1.95, 4.5-4.95, 8.0-8.1, 15.0-15.1, 18.0-18.19 Medium Stiff
BH10 – 20 m 1.5-1.95, 9.0-9.45, 13.5-13.6, 16.5-16.72, 20.0-20.3 Medium Stiff
BH11 – 30 m 6.0-6.11, 9.0-9.13 Medium Stiff
BH12 – 20 m 3.05-3.13, 7.5-7.87, 10.55-10.85 Medium Stiff
BH13 – 20 m 1.6-1.81, 15.0-15.1, 18.0-18.3 Medium Stiff

BH14 – 20 m 1.5-1.6 Stiff
17.4-17.5 Medium Stiff

BH15 – 20 m
1.5-1.6 Soft
5.4-5.5 Medium Stiff
13.5-13.6, 17.0-17.5, 19.0-19.7 Stiff

BH16 – 20 m 9.0-9.3, 14.0-14.07, 18.0-18.2 Medium Stiff

BH17 – 20 m 1.50-1.95 Soft
10.5-10.7, 13.5-13.8, 16.5-16.7, 19.9-20.0 Medium Stiff

BH19 – 20 m 1.5-1.95 Very Soft
3.0-3.32, 19.9-20.0 Medium Stiff

BH21 – 30 m
4.65-4.97, 6.0-6.22 Medium Stiff
10.5-10.56 Stiff
15.0-15.2, 24.0-24.01 Medium Stiff

BH22 – 30 m 1.0-1.1, 3.5-3.62, 7.5-7.62 Stiff
15.5-15.6, 25.5-25.6 Medium Stiff

BH25 – 20 m 1.5-1.6 Stiff
5.5-5.61, 9.5-9.6, 13.5-13.55, 19.5-19.57 Medium Stiff

BH26 – 30 m
1.50-1.95 Medium Stiff
6.45-6.5 Soft
13.5-13.8, 18.0-18.1 Medium Stiff

BH27 – 20 m 11.6-11.75, 16.5-16.58 Medium Stiff

BH29 – 30 m 4.0-4.5 Stiff
16.5-16.6, 27.0-27.1 Medium Stiff

BH30 – 20 m 1.55-1.7 Stiff
4.5-4.58 Medium Stiff

BH32 – 20 m 7.5-7.8, 10.5-10.8 Medium Stiff
BH33 – 20 m 5.50-5.95 Stiff

BH39 – 20 m
1.20-1.5 Medium Stiff
3.0-3.22 Stiff
19.9-20.03 Medium Stiff

ment conditions. The ERT profiles are chosen
to broadly cover the studied area where some
profiles come close to each other, but no inter-
section between profiles occurs. In the field, we
used a constant scheme of 64-electrode data col-
lection where the electrode spacing was kept
variable (i.e., 2-m, 3-m, 4-m, and 5-m). Con-
sidering the average electrode spacing (i.e., 3.5

m), the total profile length is 220.5 m, yield-
ing a depth penetration of around 55 m, about
one-fourth of the electrode spread length. The
shortest profile (i.e., Profile 9) used the 2-m elec-
trode spacing with a total profile length of 126
m, while these longest profiles (i.e., Profiles 1,
2, 5, and 7 with a total profile length of 315 m)
utilized the 5-m electrode spacing. On the other
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FIGURE 5. The study area (closed yellow line) and its vicinity are shown on a Google Earth image. The closed
red line to the left indicates the area studied by Coşkun et al. (2016b). Çanakkale Municipality once used the
location stated by the closed blue line for solid waste disposal. Purple lines show these likely landslide
scarps. The highway links the cities of Çanakkale and İzmir.

hand, Profiles 3 and 4 used the 3-m electrode
spacing, and in Profiles 6 and 8, a 4-m electrode
spacing was utilized.

In Figure 6, we show some borehole loca-
tions indicated by borehole numbers within cir-
cles with a pink background. These boreholes
drilled by ÇOMU (1994) take place in the close
vicinity (i.e., a few five meters) of the electri-
cal resistivity profiles currently measured. In
Figure 6, we also show the location of a seis-
mic profile conducted by AFAD (2023). This
seismic profile (marked as MASW) extending
parallel to the last half of the fifth electrical
resistivity profile (i.e., P5 in Figure 6) is indi-
cated by cyan color. It takes place almost in the
middle of the studied area. AFAD (2023) de-
ployed a new accelerogram station (40.1129°N,
26.4221°E with 1714 station code and 128-m al-
titude) starting December 13, 2013. The station
deployment location was examined for near-
surface geophysical properties using a nearby
seismic profile along which MASW (e.g., see Xia
et al., 1999) and REMI (e.g., see Cox & Beek-
man, 2011) surface wave measurements were
taken. The subsequent measurements were
inverted to obtain the one-dimensional (1-D)

shear-wave (Vs) velocity-depth distribution be-
neath the 48-geophone spread accompanied by
a 50-kg weight drop, 2-m offset, and 2-m geo-
phone interval. Figure 7 shows the respec-
tive results where the surface wave phase ve-
locity inversions are illustrated in three differ-
ent colors, i.e., MASW inversion (blue color),
REMI inversion (green color), and MASW plus
REMI joint inversion (red color). The MASW
and REMI inversions show somewhat differ-
ent 1-D Vs profiles, particularly below the 25-m
depth. The latter is most likely the result of var-
ious data collection techniques utilized by the
MASW and REMI methods in the field. Fig-
ure 7 shows that in the depth range 0-15 m, the
Vs velocity is around 350 m/s and then changes
to ~500 m/s in the depth range 15-30 m. AFAD
(2023) has reported that the average Vs30 veloc-
ity is around 429 m/s and that the soil founda-
tion underneath the new accelerogram station
1714 is graded B according to Ec8 (Eurocode).
In Figure 7, the lithological units cut through
the BH39, which takes place close (~10-m) to
the MASW profile, are superimposed on the il-
lustration. The relatively higher velocities in
the depth range of 0–4 m correspond mainly to
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FIGURE 6. The ÇOMU campus and the electrical resistivity profiles indicated by orange lines are shown on
a Google Earth image. Superimposed on the profile is the profile number and electrode spacing. The first
(1) and last (64) electrodes are also specified. The seismic profile, which is a magenta color, indicates MASW.
The two-digit borehole numbers are printed within circles with a pink color background.

the silty clays, while the deeper parts (4–20 m)
are represented by the silty sands in which the
shear-wave (Vs) velocities tend to increase be-
low ~14-m depth. Karagöz (2022) has reported
that the shear-wave velocities within the area
relevant to the ÇOMU campus are slower than
800 m/s in the 0-100 m depth range.

We collect the ERT data using an automated
system equipped with full wave-shaped electri-
cal data collection, which is a multi-channel (61
channels), multi-core cable, and multi-electrode
(64 electrodes) system, i.e., ZZ Geo FlashRes64
resistivity instrument (e.g., Adhikari et al., 2016;
Coşkun et al., 2016b; Ross et al., 2019; Su et al.,
2021). This instrument is free of traditional (e.g.,
dipole-dipole, Wenner, or Schlumberger) or any
other complex electrode arrays (see user’s man-
ual, e.g., Coşkun et al., 2016a and 2016b). In-
stead, a mixture of all possible current (AB) and
potential (MN) electrode configurations is used
to collect the field data. In the FlashRes64 sys-
tem, any two electrodes are used to inject the
electrical current into the ground. Then, all the
remaining electrodes are used to measure the
N-3 voltages for each electrode spread, where
N is the number of electrodes. The data cor-

responding to various multi-electrode configu-
rations (ABMN) are eventually combined into
a singular dataset used in the inversion. The
61-channel capability of the FlashRes64 system
allows fast collection of large amounts of data,
which substantially increases the resolution of
the geoelectrical inversion beneath the survey
line, i.e., better identification of the vertical and
lateral changes of the subsurface electrical resis-
tivities in tomography studies.

3.1 Numerical Tests
We consider two model structures represent-
ing the near-surface (<55 m) 2-D distribution
of electrical resistivities. The respective model
structures are displayed in Figure 8 (upper
rows). They represent a two-layer model with
some heterogeneities embedded in the first
layer. Below the 30-m depth (i.e., second layer),
the geoelectrical structure is assumed constant
at 300 Ωm. Above the 30-m depth, the re-
sistivity distribution is considered to have a
checkerboard pattern made of three depth lev-
els, which is a test procedure frequently utilized
in seismic wave propagation problems to assess
the resolution power (e.g., see Chen et al., 2010;
Fang et al., 2016; Çakır, 2019). Each cell in the
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FIGURE 7. One-dimensional shear-wave (Vs)
velocity-depth distribution underneath the seismic
profile indicated as MASW in Figure 6. Borehole
data (BH39) is shown superimposed in the respec-
tive depth range. See the main text for more expla-
nation.

checkerboard pattern is assumed to have 10 m
thickness and 25-m length. The background
resistivity is set to 100 Ωm. In contrast, three
anomalous structures with high and low re-
sistivities (i.e., 20 Ωm, 50 Ωm, and 200 Ωm)
defining the checkerboard pattern are assumed
to partly change the background structure. Fig-
ure 8 shows these anomalous structures with
resistivity values (Ωm) printed in white. These
two test models are different from each other
in the depth range shallower than 30 m. The
first model (left panel in Figure 8) is assumed to
have an anomalously high resistivity of 200 Ωm
in the 0–10 m depth range. In comparison, for
the same depth range, the second model (right
panel in Figure 8) has an anomalously low re-
sistivity of 20 m. The second-level anomalies in
the depth range of 10–20 m are represented by
two different resistivity values, i.e., 50 Ωm (first

model) and 200 Ωm (second model). In the
third level, the first model anomalies have the
lowest resistivity value (20 Ωm) in the depth
range of 20–30 m, where the second model is
represented by 50 Ωm.

The theoretical calculations (apparent resis-
tivities and inversions) emulating the field pro-
cedures are performed using the open-source
software – ResIPy by Blanchy et al. (2020).
Several modeling parameters such as electrode
spacing, mesh generation (triangular or quadri-
lateral), and electrode array, as well as for-
ward modeling (e.g., Dai et al., 2021), inversion
(e.g., Perrone et al., 2014), and plotting are pro-
vided through a graphical user interface – GUI
and Python application programming interface
– API. The measured resistivities corresponding
to the theoretical subsurface are assumed to be
observed by 64 electrodes with 3.5-m electrode
spacing (black dots along the surface in Fig-
ure 8), which is the average of electrode spac-
ing currently applied in the field, i.e., 2-m, 3-
m, 4-m and 5-m. The subsurface (rectangular
anomaly shapes and a flat layer) is digitized via
the triangular meshing (upper row in Figure 8).
The triangular meshing becomes coarser with
depth because the sensitivity to the geoelectri-
cal structure decreases with increasing depth.
Multiple electrode arrays (i.e., Schlumberger,
Dipole-Dipole, Wenner, and Multi-Gradient),
as shown in Figure 9, are simultaneously em-
ployed to measure the electrical response of the
subsurface. The Schlumberger array with a=2
and n=30 is represented by 870 quadrupoles in
the apparent resistivity pseudo section. The
number of quadrupoles for the Wenner ar-
ray with a=21 is 651. 870 quadrupoles rep-
resent the Dipole-Dipole array with a=2 and
n=29. The Multi-Gradient array with a=2, n=61,
and s=61 is defined by the highest number
of quadrupoles, i.e., 18445. When these elec-
trode arrays (i.e., Schlumberger, Dipole-Dipole,
and Multi-Gradient) in Figure 9 are re-arranged
with a=1, then the number of quadrupoles is al-
most doubled, which means better resolution of
the subsurface, but this many quadrupoles re-
quire computational time (CPU) and memory
(RAM) beyond our current computing capabili-
ties. Therefore, we abandon the case of a=1 and
only share the resolution analysis achieved by
a=2.
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FIGURE 8. Two theoretical models are shown to assess the resolution of the electrical resistivity tomography
(upper row). The middle row displays the corresponding apparent resistivity pseudo sections. The inverted
resistivities for the true resistivity values in the upper row are shown in the lower row.

FIGURE 9. Electrode arrays used in electrical resistivity tomography are shown. Electrical current is intro-
duced into the subsurface using current electrodes A and B, and the voltage difference is measured via M and
N potential electrodes. The geometrical relationship between current and potential electrodes is designed ac-
cording to free parameters (a, n, s) shown alongside each array.

12 Journal of Applied Geology



NEAR-SURFACE ELECTRICAL RESISTIVITIES UNDER ÇANAKKALE ONSEKIZ MART UNIVERSITY

The middle row in Figure 8 shows the 2-
D apparent resistivity values corresponding to
each model structure in the upper row, where
the computations are performed under random
noise (3%) conditions. The evident resistiv-
ity pseudo-sections (middle row) obtained af-
ter forward modeling of the model structure
with 20836 pseudo-depth points are inverted to
recover the true resistivity depth sections, as
shown in the lower row in Figure 8. A rain-
bow color scale is applied to illustrate how the
inverted resistivities vary with depth, where
the high and low resistivities are depicted in
red and blue color tones, respectively. The
inversion results in Figure 8 reveal how effi-
ciently the ERT can resolve the near-surface
resistivity variations and depth to the homo-
geneous layer underlying the above heteroge-
neous structure. The inverted resistivities in
Figure 8 (lower row) show that the near-surface
structures are better resolved, and then the reso-
lution power gradually decreases with increas-
ing depth. The electrical currents traversing
the subsurface have high intensity near the sur-
face (e.g., see Çakır & Coşkun, 2021). There-
fore, the shallow structure is better resolved in
the inversion, i.e., with a smaller resolution ra-
dius (e.g., see Friedel, 2003). For deeper inves-
tigation, the spacing between the current elec-
trodes is increased so that the electrical currents
have greater depth penetration. However, at in-
creasingly greater depths, the apparent resistiv-
ity is influenced by a larger volume of subsur-
face material, increasing the resolution radius
(Friedel, 2003). The latter case results in the
poor resolution of deeper structures.

The inverted resistivities corresponding to
the first and second models in Figure 8 (lower
row) show that the checkerboard pattern with
three levels in the depth range of 0–30 m is
satisfactorily resolved. These anomaly struc-
tures with high (200 Ωm) and low (20 Ωm) re-
sistivities are relatively well isolated from the
background structure at 100 Ωm. Still, the
other anomaly structure with 50 Ωm is not
well resolved and somewhat mixes with the
background structure. Even though the elec-
trical resistivity within each abnormal struc-
ture in the checkerboard pattern is modeled ho-
mogeneous, the inverted resistivities, especially
those near the surface, show some fluctuations

in the range of 10–50 Ωm around the true re-
sistivity values. The rectangle shape of each
anomaly is relatively poorly imaged on the in-
verted cross sections since the inverted resis-
tivities do not precisely resolve the edges. De-
spite the inversion problems mentioned above,
the anomaly structures corresponding to the
checkerboard pattern are still visible on the in-
verted cross-sections. The layer interface at 30-
m depth defines a resistivity jump from low re-
sistivity (100 Ωm) to high resistivity (300 Ωm).
The checkerboard pattern in the third level al-
ters this resistivity jump. In the first case model
(left panel in Figure 8), the jump occurs in the
range of 20-to-300 Ωm, and this range changes
to 50-to-300 Ωm for the second model (right
panel). The inverted resistivities relating to the
first model (lower row in left panel) properly
reflect the layer interface’s topography created
by the checkerboard pattern. Still, the inter-
face depth is predicted to be ~5-m deeper than
the actual value (30 m). A gradual increase re-
places the corresponding resistivity jump with
depth. The half-space resistivity (300 Ωm) be-
comes evident only at depths greater than 40-
m. The case with the second model (lower row
in right panel) regarding the layer interface de-
velops differently. The lateral variation on the
interface topography created by the checker-
board pattern is less obvious, and the half-space
resistivity (300 Ωm) becomes visible at even
greater depths (>45-m). The resistivity change
replacing the resistivity jump at 30-m depth is
even more gradual. The nonuniform conduc-
tivity distribution within the Earth determines
the actual current flow. The near-surface struc-
ture comprising a layer with high conductiv-
ity or low resistivity may create a short-circuit
effect, permitting fewer electrical currents to
reach greater depths (e.g., Milsom, 2003). The
low resistivity (20 Ωm) segment in the depth
range of 0–10 m in the second model in Figure 8
appears to suffer from this short-circuit effect.

4 INVERSION RESULTS AND DISCUSSIONS

There are nine profiles along which we con-
ducted electrical resistivity tomography – ERT.
We divide these nine profiles into three groups
to analyze the subsequent findings effectively.
The first group is made of profiles 1, 2, and 6,
which are profiles covering mostly the eastern
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section of the ÇOMU campus (blue color pro-
files in Figure 6), and these three profiles tak-
ing place in the second group (i.e., orange color
profiles 5, 7 and 8) extend along the road con-
necting the two parts of the campus area (see
Figure 6 and green color arrows in Figure 5).
The third group profiles (i.e., green color pro-
files 3, 4, and 9) cover mostly the northwestern
part of the campus where a creek (Creek_1 –
Figure 6) takes place between profiles 3 and 4.
In the next section, we interpret the boreholes
(Figure 4) and the ERT profiles.

4.1 Profiles 1, 2 and 6
Group-1 profiles (blue color profiles in Figure 6)
are made of profiles 1, 2, and 6, where pro-
files 1 and 6 extend with identical directions
(NW–SE) whi, and profile 2 runs perpendicular
(NE-SW) to the first two profiles in this group.
Figure 10 displays the 2-D electrical resistiv-
ity inversion results corresponding to Group-
1 profiles where the 2-D cross sections are ap-
proximately placed on the display according to
their positions in the field—profile 6 starts cov-
ering the region from the point where profile 1
ends. Profiles 1 and 2 have the same electrode
spreading (i.e., 315-m length with 5-m electrode
spacing), while profile 6 is the shortest in this
group with 252-m length and 4-m electrode
spacing. The topography significantly changes
in the studied area and is therefore considered
in the current resistivity inversions. The max-
imum depth range is set to 60 m below which
the inversion depth sensitivity significantly di-
minishes (see discussions in Figure 8). Each
ERT profile in Figure 10 has its rainbow color
scale. The 2-D resistivity inversions are color-
coded from dark red (high resistivities – HR) to
light blue (low resistivities – LR). The highest
resistivities (around 140 Ωm) are observed be-
low profile 1 (see color scale P1), while the sub-
surface below profiles 2 and 6 shows relatively
lower resistivity values (<50 Ωm – see color
scales P2 and P6). Some depth sections under-
neath Group-1 profiles are represented by lower
resistivity values (<10 Ωm – see all color scales).
Figure 10 indicates high resistivity zones (HRZ)
and low resistivity zones (LRZ). Not all HRZs
and LRZs are marked on the figure to prevent
clutter on the illustration. Still, the color coding
helps visualize how these high and low resis-

tivity depth sections are distributed underneath
Group-1 profiles.

The borehole data presented in Figure 4 re-
veal that the relevant geology near the sur-
face (<30 m) is made of sedimentary units,
mostly marl and silty sands. Based on this in-
formation, we interpret that the high resistiv-
ity zones (HRZs) in Figure 10 correspond to
the marl units, which are mechanically stronger
and probably drier. We also interpret that the
low resistivity zones (LRZs) arise from the silty
sands, which are mechanically weaker with
probably some water content. The clay mineral
contained in the marl and silty sands, as well as
silty clays, sandy, clayey silts, and silty sandy
clays, may have the effect of lowering the ob-
served resistivity values, which correspond to
these depth sections represented by the color
range from blue to yellow in the color scales
(Figure 10).

4.2 Profiles 5, 7 and 8
In Figure 11, we show the ERT results for
Group-2 profiles (orange color profiles in Fig-
ure 6), which are made of profiles 5, 7, and 8.
A four-lane road runs through the ÇOMU cam-
pus (see Figure 6), along which Group-2 pro-
files with approximately E–W direction are uti-
lized to survey the subsurface. Profile 8 starts
covering the region from where Profile 5 ends,
and Profile 7 runs parallel to Profile 8, which
is approximately 30 m apart towards the north.
In this group, profiles 5 and 8 have the same
electrode configuration (i.e., 315 m length with
5 m distance between electrodes), while profile
7 has the shortest length (i.e., 252 m) with 4-m
electrode spacing. Similarly to Figure 10, the
2-D ERT cross sections are placed on the dis-
play according to their estimated positions in
the field. The rainbow scale from dark red (high
resistivities – HR) to light blue (low resistivities
– LR) represents the resistivity-depth distribu-
tion underneath Group-2 profiles. However, for
profile 5, we apply an exception where the color
scale is designed to run from yellow (HR) to
light blue (LR) to visualize the resistivity-depth
distribution beneath profile 5 better. Otherwise,
the other details of the respective 2-D cross sec-
tion (particularly low resistivities) are obscured
by the HRZ around 80-m distance and 20-m
depth.

14 Journal of Applied Geology



NEAR-SURFACE ELECTRICAL RESISTIVITIES UNDER ÇANAKKALE ONSEKIZ MART UNIVERSITY

FIGURE 10. Group 1 profiles surveying the E–NE part of the ÇOMU campus are shown along with the
lithological legend and north – N direction. The profile length reflects the horizontal scale on the resistivity
cross sections.

FIGURE 11. Group 2 profiles surveying the central part of the ÇOMU campus. The legend, including the
horizontal scale and N direction, is shown in Figure 10.
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The highest resistivities (around 160 Ωm) are
observed below profile 5 (see color scale P5),
while the subsurface below profiles 7 and 8
shows relatively lower resistivity values (<100
Ωm – see color scales P7 and P8). Some depth
sections underneath Group 2 profiles repre-
sented by the light blue color correspond to
even lower resistivity values (<20 Ωm – see
all color scales). In Figure 11, we again iden-
tify these high (H) and low (L) resistivity zones
(RZ). Not all HRZs and LRZs are indicated in
the figure to avoid confusion in the illustra-
tion. The color coding helps visualize how
these HRZs and LRZs are distributed under-
neath Group 2 profiles. The near-surface depth
section marked as landfill in profile 8 is ex-
plained in the next section. Like the interpre-
tation of Figure 10 based on the borehole data
in Figure 4, we consider that the HRZs and
LRZs in Figure 11 are mostly characterized by
the sedimentary units of marls and silty sands,
respectively.

There exists a seismic profile (called MASW
– see Figure 6) along which MASW and REMI
measurements were taken (AFAD, 2023). Fig-
ure 7 presents the respective results of the phase
velocity inversions for the shear-wave velocity-
depth profiles. This seismic profile running par-
allel to the ERT profile 5 (thick magenta color
line in Figure 11) is placed away from profile 5
at ~25-m distance towards the southeast. The
inverted seismic velocities represent the seis-
mic structure near the second half of profile 5,
where the ERT inversions show lower electri-
cal resistivities, which we consider correspond-
ing to the silty sands indicated by the BH39 (see
Figure 7 and depth section marked LRZ in pro-
file 5). Note that this level of silty sand con-
tinues underneath profile 8 at about the same
depth range from 20 m to 40 m. However, the
latter depth range is replaced by higher electri-
cal resistivities underneath profile 7 (i.e., depth
section marked HRZ in profile 7), which we
consider to represent a lithological change to
the marl unit towards the south. Of course, we
rely on the borehole data summarized in Fig-
ure 4 to interpret the lithology.

4.3 Profiles 3, 4 and 9
The ERT results for Group-3 profiles (green
color profiles in Figure 6), which are made of

profiles 3, 4, and 9, are shown in Figure 12.
This group of profiles measuring the NW part
of the ÇOMU campus is the shortest among
the other profiles we measure. Because of in-
efficient field conditions, we had to set shorter
profile lengths for Group-3 measurements—
profiles 3 and 4 employ 3-m electrode spacing,
corresponding to 189-m profile length and 50-
m inversion depth. Profile 9, with 2-m elec-
trode spacing, 126-m length, and 30-m inver-
sion depth, is the shortest in this study. A creek
between profiles 3 and 4 is marked as Creek_1
in Figures 5 and 11. We could not take mea-
surements inside this creek because of the steep
landscape and heavy vegetation.

In Figure 12, the 2-D ERT cross sections be-
longing to Group-3 profiles are similarly posi-
tioned on the presentation concerning their pro-
jected positions in the field. Profiles 3 and 4
have the field positions quite separated (~150
m), while profiles 3 and 9 are relatively closer
(see Figure 6). The inverted resistivity depth
distribution underneath profile 4 shows signif-
icant differences from that underneath profile
3, located on the other side of Creek_1. For
instance, in the distance range 0–60 m, pro-
file 3 shows a high resistivity zone. In con-
trast, for the same distance range, profile 4 in-
dicates a subsurface electrical structure charac-
terized by a mixture of high (>40 Ωm) and low
(<10 Ωm) resistivities. The electrical resistiv-
ity structure beneath profile 9 looks more like a
three-layer structure in which the correspond-
ing layers have the resistivities in a sequence of
high (>50 Ωm), low (<20 Ωm), and high (20–
50 Ωm) from top to bottom. The color scales
in Figure 12 (i.e., P3, P4, and P9) show that the
subsurface underneath the Group-3 profiles is
represented by relatively lower electrical resis-
tivities, like those obtained underneath profiles
2 and 6 among the Group-1 profiles (see Fig-
ure 10). Like the cases presented in Figures
9 and 10 above, we interpret these HRZs and
LRZs in Figure 12 as due to the geoelectrical
structures related to the sedimentary units of
marls and silty sands, respectively.

4.4 Individual Profiles
This section interprets the ERT 2-D cross sec-
tions and the boreholes data. Unfortunately,
the current 2-D ERT profiles and the boreholes
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FIGURE 12. Group 3 profiles surveying the NW part of the ÇOMU campus. The same design for the legend,
including horizontal scale and N direction, is used in Figure 10.

(ÇOMU, 1994) utilized in this study mostly do
not align along the same line. However, we
still have a few boreholes (i.e., BH12, BH13,
BH16, BH28, BH33, and BH37) located at 0-10
m distances from the 2-D ERT profiles (see Fig-
ure 6). We project the corresponding borehole
data onto the nearby ERT profile for our struc-
tural interpretation. In Figure 13, five individ-
ual ERT profiles (i.e., profiles 4, 5, 6, 7, and 8) are
interpreted together with the relevant borehole
data.

Profile 4 (P4), which is examined first in
Figure 13, has an intersection with the BH28
around a 15-m distance where the near-surface
geology (0–20 m) is mostly characterized by
marl units for which the ERT indicates high
resistivities (>40 Ωm). Profile 5 (P5), next in
the list, shows an intersection with the BH37
around 160-m distance. The relevant borehole
data indicates mostly silty sands within the first
20 m from the surface. At the same time, for
the same depth range, the ERT inversion shows
electrical resistivities in the range of 30–50 Ωm,
which gets even lower (<20 Ωm) for depths
deeper than 20-m. Profile 6 (P6) also has an

intersection with a borehole (BH33), which oc-
curs around a 40-m distance. Within the 0–20
m depth range, the BH33 shows a three-layer
structure (two silty sands and one marl layer),
excluding the topsoil within the first 0.5-m. The
top and bottom layers of silty sands are char-
acterized by low resistivities (<20 Ωm), and the
middle layer of marl is represented by high re-
sistivities (>40 Ωm). Note that the electrical re-
sistivity of a depth section is evaluated as either
high or low based on the geoelectrical structure
specific to the 2-D ERT cross-section.

Profile 7 (P7) is considered next in Figure 13.
The BH13 takes place close to profile 7, around
a 220-m distance. There is an altitude difference
of 2 m between profile 7 and BH13, reflected
in the illustration (see BH13 in Figure 13). The
geology within the first 20-m depth range is
mostly silty sands (see Figure 4). For the rele-
vant depth range, the 2-D ERT shows low re-
sistivities (<30 Ωm) consistent with the lithol-
ogy of silty sands. The BH12 is also close to
profile 6, around 265-m distance. The 2-D ERT
and the three-layer geology (i.e., in order of silty
sand, marl, and silty sand) indicated by BH12
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FIGURE 13. Two-dimensional ERT cross-sections on the left are evaluated using the borehole data. Two
photographs on the right show the ÇOMU campus viewed from different angles. The blue arrows indicate
that the flat landscape is preferred for campus buildings. The lithological legend, horizontal scale, and N
direction are shown.

do not exhibit consistency. At the end of pro-
file 7, around 250 m distance, the geoelectrical
structure shows resistivities greater than 80 Ωm
within the topmost 10 m, and then the resistiv-
ity structure becomes less resistive (30–60 Ωm)
for the depths deeper than 10 m. The depth
ranges near the two profile ends are poorly re-
solved in the 2-D ERT inversion because of the
lower density of electrical currents traversing
this part of the geoelectrical structure (e.g., see
Naudet et al., 2004). Therefore, profile 7, which
has a low resolution around 250 m distance,
shows the latter inconsistency with the BH12.

The last profile examined in Figure 13 is
profile 8, which intersects with the BH16 and
is characterized as having a lithology of silty
sands within the depth range of 0–20 m (see Fig-
ure 4). For the equivalent depth range, profile 8
showing low resistivities (<20 Ωm) is consistent
with the geology revealed by the BH16. The up-
per end of Creek_1 separates the two parts (E–
NE and W–SW) of the ÇOMU campus (see Fig-
ure 6), which are indicated by the blue arrows in
Figure 13. A road built on the landfill connects
the separated campus areas, as shown by the

red arrow in Figure 13. The landfill printed in
the white color is measured as a high resistivity
(>60 Ωm) depth section within the topmost 8-
m in the distance range of 10–140 m along pro-
file 8. Below the landfill, the geoelectrical struc-
ture is represented by the low resistivities (<25
Ωm), which relates to the silty sands based on
the boreholes data utilized herein.

4.5 Pseudo Three-Dimensional Interpreta-
tion

The current ÇOMU campus covers an area of
over 659092 m2. A smaller part of the ÇOMU
area, around 500×600 = 300000 m2, is studied
in the present work. All the 2-D ERT profiles
shown together in the upper row in Figure 14
indicate that the geoelectrical structure under-
neath the ÇOMU campus is quite complex. The
electrical resistivities measured along nine 2-D
ERT profiles are as low as 2 Ωm and as high as
160 Ωm. The low resistivity depth sections are
correlated with the silty sands, while the high
resistivities are interpreted as resulting from the
marl units. The clay mineralogy was persistent
in much of the geological units (i.e., sandy, silty
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clay, clayey, silty sand, clayey silt, silty sandy
clay, and silty clay) along with some water con-
tent is considered to yield these middle range
resistivities taking place between the silty sands
and marl units. The middle range resistivities
appear to change from one profile to another,
e.g., ~40–100 Ωm (P1), ~20–40 Ωm (P2), ~30–70
Ωm (P7) or ~25–45 Ωm (P9). There exist some
areas in the campus where the low resistivi-
ties (<15 Ωm) cover almost all the depth ranges
from the surface down to 40–50 m depths (e.g.,
see profiles 5 and 8). On the other hand, for
some ERT profiles (e.g., profiles 4 and 6), the
latter low resistivity depth sections are over-
lain by some 5–15 m thick high resistivity (i.e.,
>40 Ωm) depth sections. For some other parts
of the ÇOMU campus area, the ERT profiles
are largely dominated by high resistivity (i.e.,
>50 Ωm) depth sections (e.g., profiles 2 and 7)
where the geoelectrical structure near the sur-
face is partly represented by the low resistivities
(<20 Ωm).

The middle row in Figure 14 displays all the
borehole data (i.e., lithological units with in-
creasing depth) that we acquired from ÇOMU
(1994). There are 27 boreholes in the figure cov-
ering much of the ÇOMU campus except the
area indicated by a black arrow where the bore-
holes are sparse. In the illustration, the depth
scale is exaggerated five times (i.e., 1:5) to em-
phasize the lithological units in boreholes. The
near-surface geology underneath the ÇOMU
campus mainly comprises silty sands and marl.
The layer of silty sand covers the top, and the
marl unit underlies it. These two layers have
thicknesses that change broadly throughout the
campus area. The 20-m deep boreholes (i.e.,
BH13, BH16, BH37, and BH39) drilling into the
high elevation of the ÇOMU campus reveal the
topmost cover (i.e., silty sands). Below this
cover, we think the marl unit, which is buried
deeper, takes place (i.e., see BH14, BH15, and
BH5). For the lower altitudes, since the over-
lying silty sands were largely eroded, the bore-
holes mostly cut through the underlying marl
unit (i.e., see BH22, BH25, BH26, BH28, BH29
and BH30). Part of the campus area showing a
steep slope representing the rise of the land sur-
face from approximately west to east (Figure 6)
is intercalated by silty sands and marls with
varying thicknesses (i.e., see BH8, BH9, BH10,

BH11, BH12, BH17, BH19, BH21, BH27, BH32,
and BH33). Other lithological units such as clay,
gravel, and sandstone also contribute to the lay-
ering, but their effect is secondary. We evaluate
that the erosion of higher peaks, transportation
via Creek_2 (upper row in Figure 14), and de-
position was responsible for the generation of
silty sands and sandy, silty clays indicated by
the three boreholes drilling into the low eleva-
tion of the ÇOMU campus to the west (i.e., see
BH1, BH2, and BH4).

In the lower row in Figure 14, we attempted
to interpret the near-surface structure by inter-
connecting the geological units between adja-
cent boreholes, which provides a pseudo-three-
dimensional (3-D) engineering geology model
of the studied area. The high elevation of the
ÇOMU campus is mostly underlain by silty
sands (cyan color units). The geological strat-
ification shifts to include mostly marls (yellow
color units) in the low-elevation areas of the
campus to the west. Note that the 2-D ERT pro-
files (i.e., P5 and P8) shown in the upper row
(Figure 14) imply that the silty sands in the high
elevation of the ÇOMU campus extend much
deeper than that revealed by the boreholes (i.e.,
BH13, BH16, BH37, and BH39) in the lower row.
In addition, the 2-D ERT profiles (i.e., P4 and
P6) in the upper row show that the high resis-
tivities (>40 Ωm) near the surface (likely marl
unit) shifts to low resistivity (<20 Ωm) struc-
ture (likely silty sands) in the low elevation of
the ÇOMU campus. We predict that the low re-
sistivities in the subsurface deeper than 10–15
m depth, indicated by the orange arrows in the
upper row, are further lowered (<10 Ωm) by un-
derground waters flowing below ground under
the force of gravity acting on the steep slope.
The boreholes (i.e., BH21, BH22, BH25, BH26,
BH27, BH28, BH29, and BH30) drilling around
this area do not have sufficient depth pene-
tration (<20 m) to reveal the details regarding
these low resistivity depth sections (see P4 and
P6 around 40-m distance in Figure 13). The field
observations and the relevant inversions show
that electrical resistivity tomography – ERT can
broadly resolve the subsurface in the horizontal
and vertical directions. This approach should
prove more beneficial and be supported by ad-
ditional data (geological like boreholes and geo-
physical like seismic observations).
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FIGURE 14. Pseudo 3-D presentation of electrical resistivity profiles (upper row) and boreholes data (middle
row) provided by ÇOMU (1994) are given along with the horizontal scale and N direction. The lower row
demonstrates the structural interpretation of interconnected lithological units between the boreholes. In the
middle and lower rows, 1:5 vertical exaggeration is used. The topmost Google Earth map is inserted to
display the locations of electrical resistivity profiles. The lithological legend is indicated.
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5 CONCLUSION AND RECOMMENDATIONS

With a complex faulting system, the Marmara
region in NW Türkiye has historically experi-
enced many destructive earthquakes with sur-
face wave magnitudes greater than 7.0 (e.g., see
Altınok et al., 2003). The city of Çanakkale place
in SW Marmara was lately struck by the Şarköy-
Mürefte earthquake (Ms 7.3) in 1912, where
the aftershocks were reported to last about two
months (Altınok et al., 2003). The Çanakkale
Onsekiz Mart University (ÇOMU) campus tak-
ing place in this seismically high-risk region
(MTA, 2023) is currently considered in terms of
the characteristics of the soil foundation, which
is made of a sequence of mostly silty sands and
marls. We evaluate that the layer of silty sands
partly saturated by underground waters may
experience block moves during possible large
earthquakes and aftershocks in the region. Mit-
igation efforts for lowering the pore water pres-
sure and increasing the material shear strength
below particularly steep terrain of the ÇOMU
campus should be beneficial. We cannot effec-
tively differentiate between groundwater and
clay content, for which, in a follow-up study,
we recommend the integration of ERT with in-
duced polarization – IP (e.g., see Shao et al.,
2021). The groundwater flow may be a signifi-
cant issue for the ÇOMU campus area for which
self-potential – SP can be employed along with
other geophysical methods (e.g., seismic) to
outline the groundwater flow. In this context,
creating an aquifer model of the studied area
might be favored, but we do not currently have
sufficient data other than the ERT profiles to
fulfill such an objective. Herein, we aim to in-
terpret the subsurface in terms of the structure
rather than the lithology. For instance, signifi-
cant electrical differences exist between profiles
P2 and P7 (high resistivity) and P5 and P8 (low
resistivity). Such structural differences in resis-
tivities may indicate a possible boundary along
a fault line as the region is cut by several fault
zones (see Figure 2). However, we again do not
have enough data to make assertions regard-
ing the fault zone deformations. A more com-
prehensive approach, including several geolog-
ical and geophysical methods (especially seis-
mic methods), should prove beneficial for the

accurate identification of the aquifer structure
and fault zones beneath the respective area.

Recommendations:
The two large Turkish earthquakes on February
6, 2023 (Kahramanmaraş-Pazarcık, and Elbis-
tan, ) They have caused massive devastation in
Turkey (Türkiye) and Syria. Eleven large cities
in SE Türkiye and part of NW Syria have suf-
fered many deaths and economic losses. Thou-
sands of buildings were either destroyed or
left uninhabitable. On the brink of time, mil-
lions of people were left homeless. Centuries-
old monuments (mosques, churches, castles)
from diverse backgrounds (Greeks, Romans,
Arabs, Ottomans) were heavily damaged by
these large earthquakes. All these painful ex-
periences have once more taught us that nec-
essary measures must be taken beforehand to
protect the communities against soil liquefac-
tion. The study of the material properties of
soils is very important to understand the soil
behavior under heavy shake loading. The prin-
ciples of foundation engineering utilizing the
ground survey data obtained from geophysical,
geological, and geotechnical studies must be
strictly followed in the building construction.
The Turkish plate and the surrounding area are
still in the process of geological development,
and similar large earthquakes will continue to
occur. Since the fault system in the region is
very complex, one large earthquake triggering
another large one in the close vicinity should be
expected. Therefore, people must take the nec-
essary steps to reduce the risk of future disas-
trous earthquakes.

We have followed from social media that
some moderate-size aftershocks (i.e., ) caused
landslides in the earthquake-hit area. These
Kahramanmaraş-Pazarcık and Elbistan earth-
quakes came about 9 hours apart, and thou-
sands of aftershocks in two to three weeks fol-
lowed. We interpret that the soil foundation in
the region constantly deteriorated due to peri-
odic aftershocks and became increasingly vul-
nerable to land moves. Then, even moderate-
sized aftershocks were able to trigger land-
slides. On the other hand, the rebuilding pro-
cesses (i.e., building new homes and infras-
tructures and restoring cultural heritage) have
already begun in this precious region, home
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to diverse communities. However, assessing
the earthquake risks (faults/fractures, veloc-
ity structure, and seismic motions) is essen-
tial, and then strictly following the ground im-
provement rules for soil stabilization. These ef-
forts should be supported by ground surveys
(geophysical, geological, and geotechnical) so
that the region can be rebuilt more sustain-
ably, which requires constructing the structures
to resist the heavy seismic loads. In this re-
spect, the study of electrical resistivity tomog-
raphy (ERT), a non-invasive geophysical ap-
proach applied herein, should be quite effec-
tive in helping determine the soil characteristics
underneath an area of interest in three dimen-
sions (3-D). The ERT equipment can be moved
to different locations in the studied area so that
extensive coverage in both vertical and lateral
imaging of the subsurface is possible.
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