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under the earthquake prone area: a case study for the Çanakkale city
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Abstract
Çanakkale is a settlement located in the northwest of Turkey with relatively low strength soils under high seismic hazard. The
depth of the bedrock was calculated based on microtremor measurements as the resonance frequency was variable, and a
correlation was obtained by performing regression analysis based on the exponential variation trend curve. At the same time,
resonance frequency values obtained from Çanakkale soils were recalculated as variables with 30 depth-resonance frequency
correlations obtained before. The variation of the regression coefficients with the depths of the basin was examined. Especially, it
has been observed that a-coefficient can be grouped with four different depths based on value ranges.
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Introduction

Loose soils are the basis of many geotechnical problems due to
their low density, high compressibility, and low strength. These
properties make them potentially collapsible, causing large foun-
dation settlements even under low loads (Delgado et al. 2000a).
Thus, determination of the weathered uppermost layer thickness
consisting of incompetent, loose units is one of the basic inputs
for regional seismic hazard analyses. A large seismic impedance
contrast between the unconsolidated sediments and the bedrock
may make it possible to determine the cover layer thickness.
Determination of the engineering bedrock depth is essential to
reveal the influence of dynamic soil conditions and building
damage potential during an earthquake. For this purpose, a direct
relationship between resonance frequency and sediment

thickness can be established using the findings of deep targeted
geophysical surveys and/or observations of a sufficient number
of boreholes which contain information about depth down to the
bedrock in the regional scale (Gosar and Lenart 2010). Soil be-
havior can be determined in a simple, low-cost way without
much scrutinizing the geological structure of the underground
with the Horizontal-to-Vertical-Spectral-Ratio (HVSR)
(Nakamura 1989) method. Afterwards, the microtremor survey
method has been used as a powerful tool of predictive approach
tomap the thickness of sediments (Ibs-von Seht andWohlenberg
1999).

In the northwestern part of the Biga Peninsula, the alluvial
structure in the Çanakkale Basin, which lies along the sea-
coast, was investigated using the ambient noise measurements
via HVSR technique and MASW method.

The studied basin is located at the western end of the North
Anatolian Fault Zone (NAFZ) in a region subject to high seismic
hazard (Fig. 1). Çanakkale and its surroundings were affected by
many earthquakes with M>6.0 in the historical and instrumental
period.

Especially, in the South Marmara Region, Saros Bay earth-
quakes on the northern branch of the NAFZ and active earth-
quakes in Yenice and Edremit segments on the southern branch
of the NAFZ have been threaten Çanakkale and its vicinity.
Destructive earthquakes in historical period, documented by
Ambraseys and Finkel (1995), are shown in Fig. 2a.
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As in the historical period, devastating earthquakes oc-
curred in this important and seismically active zone in the
instrumental period. Murefte-Sarkoy earthquake (Ms = 7.3)
is one of the largest earthquakes recorded in western Turkey,
on the Ganos fault segment at the northern edge of the NAFZ
which occurred in 1912 and was recorded in a large area as
well as the Balkans countries. The magnitude of the largest
aftershock that occurred approximately one month after the
main shock was measured as Ms=6.3. The other remarkable
earthquake on this branch occurred at Gökçeada offshore in
the Aegean Sea (Mw = 6.8) in 2014 and caused partial damage
in Çanakkale.

There are four major earthquakes in the lower arm in
the instrumental period. The Ms=7.0 near Edremit in
1919, Mw = 6.8 on the Sarıköy Fault in 1944, Ms =
7.2 known as the Yenice-Gönen earthquake in 1953,
and M = 7.2 of the Edremit Bay in 1981 are character-
istic earthquakes (Fig. 2b). The earthquakes that recently
occurred in Ayvacık also took place on this branch.
Numerous studies have been published on the seismicity
of Northwest Anatolia (Kürçer et al. 2008; Özden et al.
2018; Ganas et al. 2019; Bekler and Demirci 2018;
Gorgun and Albora 2017; Gorgun et al. 2020).

Middle-Upper Miocene aged terrestrial and marine sedi-
mentary rock units deposited in the Çanakkale Basin crop
out along the eastern edge of the Çanakkale Strait
(Dardanelles). These sediments unconformably overlie
Paleozoic metamorphics, Permian-Triassic ophiolites, and
Eocene volcanic rocks between Çanakkale and Troy
(Atabey et al. 2004). Shear wave velocity (Vs) and

compression wave velocity (Vp) values were determined by
making MASW measurements to obtain shallow soil proper-
ties as well as microtremor measurements in the ground sur-
veys conducted in Çanakkale central settlement (Bekler et al.
2019). However, the pattern and seismic source characteristics
used for these measurements are not sufficient to define the
seismic model of the basin, reaching an average depth of 10
m.

The aim of this study is to determine the looser layer thick-
ness and the depth of seismic bedrock in Çanakkale Basin,
which is thought to have very thick deposits. The fact that the
Çanakkale Basin structure is quite deep causes uncertainty in
urban development, especially stability problems such as low
bearing capacity, liquefaction, and low lateral resistance to
shear coefficients.

This study will be a guide to reveal the deep structure of the
Çanakkale Basin, which is thought to contain very thick sed-
imentary units, and if possible, the loose layer thickness, i.e.,
the bedrock/seismic basement depth. Various methods are
used to determine the depth of the bedrock, in other words
the thickness of the cover layer or sedimentary units on the
bedrock. However, the necessary support for these works that
require a significant budget and time cannot always be pro-
vided easily. In this case, it is planned to find a new solution to
solve the problem of a data set based on existing information
in the study area. Some researchers who have previously
worked on this subject have developed correlations based on
field-specific experimental approaches to calculate the deep
structure, especially the depth of bedrock, using nonlinear
regression relationships from in situ geophysical data

Fig. 1 Simplified tectonic frame
of Anatolian block and
surrounding area. Red short
arrows represent plate motion
directions, thick and black arrows
represent generalized directions
of fault zones, and dashed and
bidirectional arrows represent
extension zones
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(Thabet 2019). Most of these studies aimed to obtain bedrock
depth from resonance frequency values. Yamanaka et al. (1994)
and Field (1996) generally examined the process of defining the
depth-resonance frequency (h-fr) relationship and determining
the coefficients of curvature parameters a and b (Eq. 1).

h ¼ af r−b ð1Þ

where h is depth, fr is resonance frequency, and a and b are
the regression coefficients. The obtained curves essentially
define an exponential function. When 30 studies that they
were performed in different zones in the world so far are
examined, it is observed that the b-coefficient generally takes
values between 1 and 1.5 in the developed relations and does
not show much deviation (Fig. 3). When the graph is

Fig. 2 (a) The historical
earthquakes occurred in
Çanakkale and its vicinity are
shown with red stars on the
simplified tectonic map. (b)
Earthquakes that occurred in
Çanakkale and its vicinity
between 1900 and 2020 (M≥3.0).
Fault mechanism solutions for
medium and large earthquakes
((1,3, Görgun et al, 2020), (2,
Altınok et al., 2012), (6, Bekler
and Demirci 2018), and (5,
Kalafat et al., 2014))
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examined, deviations out of range were observed in 5 studies.
In contrast, a-coefficient is more variable. In this case, the idea
that the value of a-coefficient can be a characteristic parameter
for each region comes to the fore (Gosar and Lenart 2010). At
the same time, Thabet (2019) focused on the results of re-
searchers who have conducted similar studies to date and
formed the depth-frequency (h-f) experimental relationship
and determined that the upper layer-bedrock interface signif-
icantly affects the frequency-depth relationships.

Geological setting

The study area is represented by the Çanakkale Group, whose
Miocene-Holocene geology is essentially compatible with a
distinct angular unconformity on paleotectonic basement
rocks older than itself. Çanakkale Group is of Middle-Upper
Miocene age and sits on units older than itself with an angular
discordance. Miocene rocks older than this and are the con-
tinuation of Oligocene volcanic/volcaniclastic units below this
discordance are considered as bedrock rocks in this study.
Çanakkale Group, which is located on metamorphic and mag-
matic basement units with an angle unconformity, consists of
alluvial fan sediments. Çanakkale Group consists of
Gazhanedere, Kirazlı, Çamraktepe, and Alçıtepe members
with different lithological assemblages, sedimentary features,
and sedimentation environments. These members are laterally
and vertically transitive with each other. The unit, called the
Gazhanedere Formation, is a very loosely heterogeneous unit.
Due to this characteristic and location, its outcrops have most-
ly undergone deformation at different degrees. For this reason,
it has gained a different structural character compared to the
units it is in contact with, and its relationship with the overly-
ing units has been interpreted as “discordant” in previous
studies. Kirazlı Formation also passes to Çamrakdere
Formation with lateral and vertical transition towards the
top. Çamrakdere Formation consists of mudstone, marl, silt-
stone, sandstone, calcarenite, and in places fine conglomerate.
The lithology is marls and mudstones, and it shows itself in

typical beige, gray, and greenish gray-bluish gray colors.
Other lithological units are mostly found in lenticular geome-
tries or interlayers in marl and mudstones. The unit consisting
of marl and mudstone, which is essentially impermeable and
changes in volume in contact with water, and the porous
loosely attached clastic rock intermediate levels and lenses
in them cause significant stability problems in periods where
climatic conditions allow. Çamrakdere Formation gradually
passes to the Alçıtepe Formation towards the uppermost sur-
face. Alçıtepe Formation consists of fossil limestone and silt-
stone and marls alternating with it. The Alçıtepe Formation,
which forms the top of the Miocene units outcropping on the
slopes on both sides of the Çanakkale Strait (Dardanelles),
forms building platforms at approximately 150 m altitude on
the Gelibolu Peninsula and 350 m on the Biga Peninsula.
Alçıtepe member is composed of algae diffuse limestone, oo-
litic limestone deposited in shallows, beach conglomerate, and
coarse sandstone. The Upper Miocene Çanakkale Group is
overlain by Pleistocene marine terraces and Pleistocene-
current alluvial deposits (Fig. 4) (Atabey et al. 2004;
Yiğitbaş 2015).

Method

Microtremor and MASW measurements were performed at
110 points in an area covering Çanakkale city settlement
(Fig. 5). Alçıtepe Formation containing claystones and sandy
limestones is in the B-Zone to the north of the study area. The
A1-Zone located in the north of this area and the center, east,
and south (A2-Zone) of the area are formed from the
Quaternary aged alluvial stream sediments of the old bed of
Sarıçay passing through Çanakkale city center. The C-Zone
located in the southeast of the study area constitutes the
Gazhanedere Formation with mudstone supported conglom-
erates and loosely cemented. The liquefaction intensity index
of the entire area, except for the B-Zone in the north and the C-
Zone in the southeast of the study area, was determined to be
high and very high (Bekler et al. 2019; Tunusluoğlu and
Karaca 2018).

At these locations, three-component microtremors were re-
corded for an average of 25–35 min with a sampling frequen-
cy of 100 Hz. The data collected with the GURALP CMG-
6TD broad-band seismometer were converted to digital data
with the help of an integrated 24-bit digitizer and then record-
ed on the internal disk in GCF format. Time series including
microtremors in three-components in a wide frequency range
from 0.033 to 50 Hz were recorded instantaneously with the
seismometer. To obtain the H/V curve, the GEOPSY open-
source software package is an efficient signal processing tool
implemented by SESAME Project (Wathelet et al. 2020). This
software uses information such as recording time, data length,
sampling interval, number of components to calculate

Fig. 3 The interval of change of the b-coefficient in 30 relations examined
in this article
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resonant frequency (fr), and amplification (Ao) parameters
from spectral amplitude ratios of horizontal and vertical
component just as implemented in Nakamura (1989) ap-
proach. The entire recorded time series is divided into several
sub-windows to select data subsets which do not include the
influence of industrial and other cultural noises as much as
possible by the GEOPSY software. The further process is to
calculate the Fourier transformed amplitude spectra of each
component and obtain the H/V spectrum. The standard proce-
dure of HVSR uses geometric mean of the two horizontal
spectra for each sub-window. Calculated ratios from large
number of recording time windows are averaged in the final
process. At this stage, the bandwidth coefficient of 40 was
selected and achieved smoothing with the Konno and
Omachi (1998) filter. H/V graphics representing different
zones of the study area are shown in Fig. 6.

Average shear velocity (Vs30) was obtained from seismic
profiles at the same location as each microtremor measure-
ment point (Fig. 5). Profile directions have been chosen to

best reflect the working area considering the field conditions.
Although the spacing of the geophones with a natural frequen-
cy of 4.5 Hz varies according to the location of the measure-
ment point, it was generally 2 m and the off-set distance was
chosen 6, 8, and 10m considering the formation of the surface
wave. Thus, it was aimed to investigate depth of up to 30 m.
Record length and sampling interval was 1 sec and 0.125
msec. The fundamental mode dispersion curves were deter-
mined by taking the seismic sections obtained by measure-
ments into the frequency-wave number domain (Fig. 7).
After frequency filtering and spectral trace corrections, the
theoretical dispersion curve was formed by making an itera-
tive inverse solution. The inversion procedure consists of try-
ing Vs models, computing the theoretical dispersion curve
from the model, comparing with the experimental one, and
evaluating the misfit, proposing a new Vs model with some
criterion such as the misfit value and number of iterations. Vs
velocities and depths were calculated for each layer as a result
by the inversion of the obtained curve. Many theoretical

Fig. 4 Geological map of Biga
and Gelibolu peninsulas near
Çanakkale Strait (Amended from
Yiğitbaş 2015 and Atabey et al.
2004). Red rectangular exhibits
study area
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Fig. 5 Distribution of MASW
and microtremor measurement
points on ground units in
Çanakkale city center
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Fig. 6 Seismic noise measurement records of selected time windows with low gained amplitudes and H/V spectral ratios at different site conditions
based on surface geology
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dispersion curves are computed, and probably even the last
one will be different from the experimental one.

Some experimental researches (Nakamura 1989; Lermo
and Chavez-Garcia1994 have shown that some information

Fig. 7 Frequency-wave number
(f–k) spectrums and S-wave ve-
locity variations modeled from
linear array MASW measure-
ments at different site conditions
influenced by different surface
geology. The fundamental modes
are visible in red to yellow col-
ored scale

2086    Page 8 of 15 Arab J Geosci (2021) 14: 2086



can be obtained from a single station ambient noise recording
using the HVSR technique. If there is a homogeneous sedi-
mentary cover and a sufficiently high mechanical contrast
with the underlying materials, the resonance frequency
approximately corresponds to fr = Vs/4h at the HVSR,
where Vs is the shear velocity in the loose layer and h is its
thickness. Kuo et al. (2016) suggested 600 msec−1 as the Vs
velocity of the engineering bedrock. The seismic basement
velocity value suggested by Nakamura (2008) is 760 msec−1.
Rayleigh waves, whose particle motion is elliptical and whose
motion is in the opposite direction to the propagation direc-
tion, propagate in a semi-infinite homogeneous elastic medi-
um (Aki 1965). Rayleigh waves must be spread in a layered
environment in order to show dispersion. Ellipticity is not
fixed, and particle motion changes from reverse elliptical
movement to forward elliptical movement depending on the
contrast between the bedrock and the ground. Ellipticity can
be determined by the H/V spectral ratio between the peak in
the fundamental resonance frequency and the first minimum
in the high frequency (Fah et al. 2001). Therefore, 1-
dimensional S-wave velocity structure of the ground can be
revealed by using the shape of the H/V spectral ratio. The
inverse solution of the ellipticity curves of Rayleigh waves
is made using the Dinver software from the Geopsy package
(www.geopsy.org) based on the neighborhood algorithm.
Before the inverse solution, the number of loose layers on
the bedrock, the range of thickness (hmin and hmax),
densities (min and max), body wave velocity intervals (Vp
and Vs), Poisson’s ratio, and parameters are determined and
used as input data in the software. During the inverse solution,
only the ellipticity curves of Rayleigh waves are not enough to
correlate depth and velocity values with each other. Therefore,
such an inverse solution works in combination with the values
obtained from theMASW analysis of the superficial Vs values
for example. Calculations were made using the Rayleigh
Elliptical method in order to determine the bedrock depths in
the study area. Seismic bedrock depth was calculated at 50
points that could exceed 760 msec−1 velocities. A regression
relation is established between the fr values that fulfill this
condition and the corresponding depth (h) values as in Eq. (1).

This situation reveals the conditions in which the loose soil
properties are considerable. Accordingly, the empirical corre-
lation (2) was calculated by exponential regression which en-
ables to obtain the bedrock depth easily for Çanakkale soils as
below.

h ¼ 86:176 f r−1:063
� � ð2Þ

List of similar studies earlier in the world is given in
Table 1. According to these studies, bedrock depths can be
examined in four different groups. Accordingly, basin thick-
nesses reaching 1000 m and deeper are defined as very deep,

those reaching a depth of about 500 m as deep, those reaching
over 100 m as medium deep, and those below 100 m as
shallow basin depths. Also, the depths grouped in Table 1
are expressed in different colors.

The regression curve showing the relationship established
can be seen in Fig. 8. The scatter plot of resonance frequencies
and calculated depths denotes that there is a significant clus-
tering especially at low frequencies. Low-frequency environ-
ments often describe lose ground conditions. Such soils are
also frequently encountered in basins. In this case, it should be
expected to obtain scattered dominant vibration periods in
environments where there is loose and shallow groundwater
level in the basins.

Considering the soil conditions of corresponding studies,
reported empirical functions of basins which have similar soil
characteristics to Çanakkale Basin were compared with the
function obtained from the current study.

The resonance frequency values obtained in the study area
were recalculated with the equations obtained from areas with
similar soil properties such as Cape Cod, Massachusetts
(USA) (Fairchild et al. 2013), Ottawa (Canada) (Molnar
et al. 2018), and Antakya (South Turkey) (Büyüksaraç et al.
2021). The results indicate that the equations can be used in
many similar studies, depending on the resonance frequency
and regression coefficients reflecting the soil properties and
the depth range of the bedrock suitable (Fig. 9).

Results and discussion

It is important to determine the seismic hazard, which de-
scribes the magnitude of strong ground motion that an earth-
quake can cause, which is closely related to the damage po-
tential. In addition, earthquake ground motion is closely relat-
ed to the focal mechanism. The focal mechanism is an impor-
tant feature of the seismic source, which has a major impact on
the propagation of seismic waves (Ma et al. 2019). Even
though the distance to the source is mostly the same, the dy-
namic conditions vary greatly in different directions (Ma et al.
2018, 2019. Therefore, it is necessary to understand the effects
of the focal mechanism on the induced ground motions in the
evaluation of seismic hazards. Ground motion is controlled by
the combined effects of azimuth, source focus mechanism,
distance, and source size and decreases linearly only in some
specific propagation directions under certain focal mechanism
(Ma et al. 2019). There is great uncertainty and variability
associated with the spatial and temporal formation of seismic-
ity. Focal mechanisms vary with stress field and geological
conditions. PGV is considered the most representative param-
eter in determining dynamic loads. Defining the ground con-
ditions up to the bedrock, especially in areas with high earth-
quake risk, is essential in order to accurately predict the con-
sequences of earthquake ground motion. The depth to the
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bedrock can be calculated with the help of empirical Eq. (1) in
areas with basin-type characteristics such as alluvium or sed-
imentary structures on the bedrock. The a-coefficient, which is
the main identifier in this equation, can vary over a wide range
because it is affected by different soil conditions. The resonant

frequency values obtained from Çanakkale soils were used as
variable in the equations obtained from 30 different geograph-
ic locations, and the variation of the obtained graphics was
observed. The 30 researches were divided into groups accord-
ing to the depth of the studied basin, and the compatibility of

Table 1 Studies that developed a correlation between bedrock depth and resonance frequency. Coloring was made according to depth changes.
Accordingly, the dark gray color is very deep, the gray color is deep, the light gray color is medium deep, and the white color is shallow bedrock depths

Code Place Reference Equation Site Type Depth of
Basin (m)

1 Western Lower Rhine Embayment (Germany) Ibs-von Seht and
Wohlenberg (1999)

h=96(fr
-1.388) Soft Sediment 15–1600

2 Segura River Valley (Southeastern Spain) Delgado et al. (2000a) h=55,11(fr
-1.256) Soft Sediment 4 to 44

3 Bajo Segura Basin (Southeastern Spain) Delgado et al. (2000b) h=55,64(fr
-1.268) Soft Sediment 46

4 Cologne Area (Germany) Parolai et al. (2002) h=108*(fr
-1.551) Sediment 20–1000

5 Lower Rhine Embayment (Germany) Hinzen et al. (2004) h=137(fr
-1,19) Soft Sediment 70–1250

6 Zafarraya Basin (Spain) García-Jerez et al.
(2006)

h=194,6(fr
-1,14) Clay and alluvial silt 11-125

7 Bam Area (Iran) Motamed et al. (2007) h=135,2(fr
-1,979) Alluvial deposit 3-80

8 Florence Basin (Italy) D’Amico et al. (2008) h=140(fr
-1,172) fluvio-lacustrine sediments 9-115

9 Bangalore region (India) Dinesh et al. (2010) h=58.30(fr
-0.952) Rock Formation 3.5-26

10 Southern Coast of Istanbul (Turkey) Birgören et al. (2009)
h=150,99(f-
r
-1,153)

Alluvium 20–449

11 Ljubljana Moor Basin (Slovenia) Gosar and Lenart (2010) h=105,53(fr
-1,25) Quaternary lacustrine and fluvial

sediments
0-200

12 Izmit Bay Area (Turkey) Özalaybey et al. (2011) h=141(fr
1,27) 20–1100

13 Western Sydney (Australia) Harutoonian et al.
(2013)

h=73(fr
-1,17) Quaternary Alluvium 1.2–13.3

14 Cape Cod, Massachusetts (USA) Fairchild et al. (2013) h=90,53(fr
-1) Unconsolidated sedments 118–460

15 L’Aquila, central (Italy) Del Monaco et al. (2013) h=53,461(fr
-1,01) Soft Soil 3–<20

16 Eskisehir Basin (Turkey) Tün et al. (2016) h=136(fr
-1,357) Quaternary Sediment 0–500

17 Ottowa (Canada) Molnar et al. (2018) h=64.98(fr
-1.198) Soft glaciomarine, Soft Sediment 24,5-91

18 Pearl River Delta (China) Liang et al. (2018) h=55(fr
-1.02) Sediment 8-40

19 Singapore Moon et al. (2019) h=92,5(fr
-1.06) Alluvial deposit 28-36

20 Japan Thabet (2019)
h=117,13(f-
r
-1,197)

Sediment 2–1500

21 Hatay (Turkey) Büyüksaraç et al. (2021) h=101(fr
-0,988) Sedimantery 20-80

22 Katmandu an intermontane basin of
Himalaya (Nepal)

Paudyal et al. (2013) h=146,01fr-1,2079 sedimantery 166-347

23 Narmada valley (Western India) Sukumaran et al. (2011) h=102,1 fr-1,47 Quaternary sediments 4-539
averagely
114

24 Islamabad (Pakistan) Khan and Khan (2016) h = 134.06 fr-1.23 Quaternary Deposits 2-141

25 Shillong City of Northeast India Biswas et al. 2015 h=160,94 fr -1,459 Sediment 10-200

26 Indo-Gangetic Plain (India) Anbazhagan et al.
(2019)

h=234,45 fr-0,69 alluvium deposit 102-1012
h=137.88 fr-1,174

27 Upper Silesian Coal Basin Sosnowiec, Bytom
and Chorzow (Poland)

Mendecki et al. (2014) h=59,626 fr-1,68 Sediment 15-35

28 Qom Basin (Iran) Maghami et al. 2021 h=96,17 fr-1,01 Quaternary Alluvium 80-100

29 Kachchh, Western India (India) Sant et al. (2017) h =110,18fr-1.97 Quaternary sediment 35-115

30 Ljubljana Moor Basin (Central Slovenia) Rupar and Gosar (2020) h=202,97 fr-1.139 Unconsolidated sediments 110

31 Çanakkale Basin (Turkey) This Study h = 86,176fr-1,063 Aluvial deposit 4-100
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the a-coefficient variation with those in the corresponding
group was investigated. Accordingly, the basins are divided
into four different depth models as very deep, deep, medium
deep, and shallow. Naturally, groupings within 30 samples do
not consist of an equal number of samples. Depth of basins
that can reach 1000m and deeper are very deep, and examples
with codes of 1, 4, 5, 12, 20, and 26 in Table 1 are included in
this group. Basin depths reaching around 500 m are identified
as deep, and samples with codes 10, 11, 14, 16, 22, 23, and 25
are also included in this group. Basins with a depth of more
than 100m are grouped asmedium deep, and sample nos. 6, 8,
17, 21, 24, 28, 29, 30, and 31 are included in this group.
Finally, basins with a thickness of less than 100 m were

classified as shallow-depth basins, and samples 2, 3, 7, 9,
13, 15, 18, 19, and 27 were also included in this group
(Table 1). The graphical variation of all the groups was exam-
ined together, and it was understood that the a-coefficients
indeed varied within a certain range for certain depths.
Nevertheless, the presence of some deviations can be
interpreted in different ways. For example, Hinzen et al.
(2004) have completed their work in the Lower Rhine region
of Germany. However, a different correlation is encountered
in the study conducted by Ibs-von Seht and Wohlenberg
(1999) in the same area. This discrepancy is all about the
average thickness of the basins. The sudden local deepening
of the basins in certain regions does not make a significant

Fig. 8 Characteristic depth-
resonance frequency correlation
and variation for Çanakkale city

Fig. 9 Change of fr-h curves
obtained in areas with soil
characteristics as observed at
Çanakkale Basin
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change in the average thickness of the basin, so the resonance
frequency does not change. In this case, deviation values may
occur in the regression analysis. The calculations of the depth
groups, considering the resonance frequencies obtained for
Çanakkale Basin, are given in Fig. 10. When four different
graphic groups are examined, generally equivalent changes
are observed. Low frequency deviations are noticeable at me-
dium and shallow depths. In these curves and graphs created

by using the resonance frequency values of Çanakkale Basin,
a frequency value around 7 Hz was not observed. This situa-
tion is completely caused by the data used and does not indi-
cate any special situation.

On the other hand, the fr-h curves obtained in 30 different
studies given in Table 1 are shown in a single graphic in the
resonance frequency range between 1 and 7 Hz (Fig. 11). A
similar graph is found in Büyüksaraç et al. (2021) using

Fig. 10 Depth groupings created
from 30 different equations. (a)
Very deep, (b) deep, (c) medium
deep, and (d) shallow areas

Fig. 11 Variation of bedrock depth with different formulas
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Antakya resonance frequency values for 21 correlations for
Antakya (Turkey) basin. In the figure, the abrupt changes of
depth values at low frequency values can be shown as the
remarkable common point of all studies. On the other hand,
it is noteworthy that the curve obtained by Rupar and Gosar
(2020) is distinctly different from the others. Of course, the
field specific soil conditions have an important role in such
studies. However, this excessive deviation should also have a
valid explanation. Is this justification dependent on soil con-
ditions or is it based on the data set used? It should be exam-
ined in detail.

Conclusions

Two different case studies were conducted within the scope of
this study; the first case is to calculate the depth of the bedrock
depending on the resonance frequency values obtained from
the microtremor surveys previously performed in Çanakkale
city. For this purpose, an exponential regression analysis,
which has been successfully applied by different researchers,
was performed. Fundamental mode Rayleigh wave ellipticity
was obtained, and an empirical function was established for
the whole basin by graphing variation in bedrock depth versus
resonance frequency (Eq. 2). This exponential function pro-
vides an important approach to determine bedrock depth in
Çanakkale central settlement and contributes to determine the
basin character, which is another important aspect of this
study. Accordingly, the obtained values have given the oppor-
tunity to be compared with the studies carried out in different
parts of the world so far. The resonance frequency is the basic
variable of the Eq. (1). However, these frequency values can-
not be determined by any equation in determining the thick-
ness of all weak sedimentary basins. The validity of Eq. (1)
depends highly on the determination of the coefficients a and
b that define the basin as characteristic at the regional scale.
On the other hand, since the b-coefficient is an exponential
value, it does not have a wide range of variation (Fig. 3). It is
observed that the b-coefficient mostly varies between the
values of 1 and 1.5. The value of b-coefficients greater than
1.5 is generally seen in shallow basins (Motamed et al. 2007;
Sant et al. 2017). However, the a-coefficient can vary widely.
This change is compatible with the depth structure of the ba-
sin. Accordingly, a-coefficient has big values in deep basins
such as Cologne Area (Germany), Lower Rhine Embayment
(Germany), Western Lower Rhine Embayment (Germany),
Izmit Bay area (Turkey), Japan, and Indo-Gangetic Plain
(India) in the range 96 and 234, averagely 138, whereas in
shallow basins such as Segura river valley (South-eastern
Spain), Bajo Segura Basin (South-eastern Spain), Bam Area
(Iran), Bangalore City Deccan peninsular region (India),
Western Sydney (Australia), Pearl River Delta (China),
Singapore, Upper Silesian Coal Basin Sosnowiec, and

Bytom and Chorzow (Poland), it has small values between
55 and 134, averagely 70.
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