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Abstract

In this study, soil characteristics were investigated using four well-located earthquakes recorded by
six accelerometers located in North Cyprus. The amplification values obtained according to the
soil features were mapped in accordance with different frequencies using horizontal to vertical
spectral ratio method. The dominant period values of the units below the station locations were
calculated in order to prevent the resonance effect of structures under dynamic loads. In general,
high amplifications were observed in the low-frequency range in the loose units, while low
amplifications were calculated in the compact units. High amplification values were detected at
low frequencies in accelerometer stations located above the Quaternary alluvium and gypsum
marls in Nicosia. Since the soil dominant period varies from 0.1 s to 0.3 s, structuring between 1
and 3 floors should be avoided in this area. The dominant period values for Erenkoy and
Famagusta are 1.1 and 0.6; therefore, structuring between 11 and 6 floors should be refrained,

respectively.

Keywords: Soil Amplification, Horizontal to Vertical Spectral Ratio, Soil Dominant Frequency,

North Cyprus.

1. Introduction

The movements of the African, Eurasian and
Arabian plates direct the tectonics of the
island of Cyprus, located in the Alpine-
Himalaya earthquake belt (McKenzie, 1972,
1976; Dewey et al., 1986; Le Pichon et al.,
1995; McClusky et al., 2000; Ozer and Polat,
2017a, b, c; Ozer et al., 2018). Historical and
instrumental records indicate that devastating
earthquakes adversely affected Cyprus and
resulted in loss of lives and properties
(Ambraseys and Finkel, 1987; Ambraseys
and Jackson, 1998; Tan et al., 2008). Sixteen
devastating earthquakes reported in the
historical period with reference to the
Mercalli Scale between B.C. 26 and A.D.
1900 are the evidence that the region is under
the risk of continuing earthquakes. The
amount of energy released during the
instrumental seismology period is remarkable
(Papadimitriou and Karakostas, 2006;
Kadiroglu et al., 2014; AFAD, 2018). From
these earthquakes, the cities of Paphos,
Salamis and Kition were affected mostly
(CGHET, 2018). In the historical period in
1741, the earthquake on the offshore of
Rhodes caused structural damages in Cyprus
and its surroundings. Following this
earthquake, a major earthquake occurred in
Antalya in 1743 with a domino effect in

which many structures were damaged
(Ambraseys and Finkel, 1995). The first
devastating earthquake of the instrumental
period occurred in 1941. The earthquake with
a magnitude of 6.0 caused damages in
Famagusta and its vicinity, resulted in loss of
several people’s lives (Aziz, 1942; Hill,
1948; Galanopoulos and Delibasis, 1965;
Ambraseys, 1988). In the 1953 earthquake
with the magnitude of 6.1, it was observed
that 160 villages were damaged and the
landslides triggered by the earthquake caused
that loss of some people lives (Galanopoulos
and Delibasis, 1965; Pantazis, 1969;
Ambraseys, 1988). Cyprus, where no
earthquake happened during 43 years, was
shaken in 1996 with a 6.2 magnitude
earthquake (Mercalli Scale); (Demirtas,
2018). In addition, it was observed that more
than 150 aftershocks occurred in the area
after an earthquake with the magnitude of 5.8
on August 11, 1999 (AFAD, 2018).
Considering this, it is required to be
investigated by geotechnical methods
whether the places opening to the new
settlements are suitable, and then new
settlement areas resistant to the earthquake
should be built (Mor and Citci, 2007).

One of the most important factors in the
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devastation of earthquakes is the soil
amplification. The best example of this
situation is that the structures with similar
structure quality in the same settlement
places differ in their extent of damage due to
the soil conditions (Yalcinkaya and Alptekin,
2003; Yalcinkaya, 2005; Yalcinkaya and
Alptekin, 2005; Gok et al., 2012). This
situation necessitates the earth scientists to
examine the local soil features and learn the
behavior at the moment of the earthquake. As
a result of the studies, the earth scientists
realized that the soil was like a strainer and
absorbed the earthquake waves in some
frequencies while it increased some
frequencies (Yalcinkaya and Alptekin, 2003;
Yalcinkaya, 2005; Yalcinkaya and Alptekin,
2005). Local soil effects should be achieved
using real earthquake records. However, it is
also possible to determine the soil conditions
in a realistic and practical way using noise
recordings (Pamuk et al., 2017a, b; Pamuk et
al., 2018a, b, c¢). The most important reason
for this is that the earthquake is the best
source for analyzing these dynamic
behaviors. The outstanding aspect of this
study is the usage of earthquake records. In
this study, Horizontal to Vertical Spectral
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Ratio (HVSR) method (Nakamura, 1989;
Lermo and Chavez, 1993) were used in order
to determine the soil characteristics of
accelerometer station locations using four
earthquake recordings in North Cyprus.

2. Tectonic and Geology

With the African Plate to the south, the
Eurasian plate to the north and the Arabian
plate to the east, Cyprus is tectonically
located in a very active area. The relative
separation, collision and parallel movements
of these three main plates since the Mesozoic
period have caused many geological events
in the area. The beginning part of these
events is the formation of Cyprus, the
Hellenic arc, the Aegean Graben System, the
Anatolian Micro plate, the North Anatolian
Fault Zone, the East Anatolian Fault Zone,
and the Dead Sea Transform Faults. It is
possible to observe many Ophiolites in the
Eastern  Mediterranecan, and  Troodos
Ophiolites are among the best-preserved
examples. In the Cyprus Island, it is possible
to observe these Ophiolites that occurred on
the boundaries of the convergent plate and
derived from the oceanic crust (Pantazis,
1969; CGHET, 2018; MOA, 2018).
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Figure 1. Distribution of selected earthquakes (red circles) and accelerometer stations (blue triangles) in North Cyprus to
study the local soil effect. The numbers indicate the earthquake numbers in Table 1.
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There are four main geological zones in
Cyprus. These zones from North to South are
the Keryneia Terrane, the Circum Troodos
Sedimentary ~ Succession, the Troodos
Ophiolite complex and the Mamonia Terrane.
In the North of Cyprus that is the study area,
there are the Keryneia Terrane (KT) and the
Circum Troodos Sedimentary Succession
(CTSS) zones. The KT constitutes a steep
mountain chain from the plains with altitudes
ranging from 800 to 1024 meters. The KT
consists of complex sedimentary units and a
limited number of metamorphic-magmatic
rocks from Permian to the present. The
allochthonous formations, known as the
Kythrea formations inside the KT, are pushed
southward along the younger autochtonous
sea sediments. The Kalogrea-Ardana Flysch
unconformably  overlies on  Kythrea
formation, which is presented by a series of
Miocene sandstones, siltstones and marls on
both sides of the Pentadaktylos Mountain
Range. The autochthonous sedimentary units
cover the Keryneia Terrane and Troodos
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Terrane areas. The volcaniclastics, melanges,
marls, cherts and limestones are the examples
of them. The Lefkara formation is presented
by the yellowish colored marls and pebbles.
The Kalavasos formation consists of gypsum
marls. A new period of sedimentation
occurred with the re-bounding of the Atlantic
Ocean and the Mediterranean Sea. The
Nicosia formation containing sandstones and
marls was first subsided. The Fanglomerate
formation formed during the glacial period
consists of crumbs, sand and clastic
sedimentaries (CGHET, 2018; MOA, 2018)

(Fig. 2).

3. Data and Method

Four earthquakes recorded by six
accelerometers were used in order to
understand the soil characteristics of the
stations located in North Cyprus. The
magnitudes of the selected earthquakes are
larger than 3.0 and their depth varies between
25 km and 46 km (Table 1). All
accelerometers consist of CMG-5TDs.
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Figure 2. Simplified geological map of North Cyprus (Pantazis, 1969; CGHET, 2018; MOA, 2018). The seismic stations

used in this study are represented by blue triangles.
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Soil amplifications and dominant frequencies
were determined at the station locations with
the horizontal to wvertical spectral ratio
(HVSR) method (Nakamura, 1989; Lermo
and Chavez-Garcia, 1993). The earthquake
records were digitized with 0.01 sec
intervals. Two seconds before and 8 seconds
after the earthquake were used while the
earthquake records were being windowed.
The trend of data was removed and a 10%
operator cosine filter was used to minimize
the Gibbs effect. Quality factor was
determined as 40 with the algorithm of
Konno and Ohmachi (1998). The data was
transformed from time to frequency with the
Fast Fourier Transform. These steps were
performed by using GEOPSY software
(Sesame, 2004). The main principle on which
HVSR method is based, leans on the
assumption that local soil effects are not
observed in the seismic records of the
vertical component as opposed to the
horizontal component. For this reason, it is
thought that the ratio of the horizontal
component to the vertical component
gives information about the soil properties.
The soil dominant frequency and the soil
amplification values of the areas representing
the soil features under the stations used with
this method can be calculated easily.

The determination of soil dominant
frequencies (f) is very important in terms of
calculating the resonance effect. The
resonance is the condition that the natural
period of the soil (T) is the same as the
planned construction. In such a case, the
vibration value of the structure under
dynamic loads reaches to a maximum value,
and a destructive force is applied to the
structure. This forces the structure to ruin. In
the design of the structure, the period values
of the floor and the structure must be
calculated meticulously and these values

should not be allowed to overlap (Ates,
2016). Many empirical correlations have
been developed for the calculation of the
resonance state. Basically, resonance can be
calculated using relation (1) and (2) for the
period calculation according to the number of
layers (N) (Hays, 1986).

T=U/f (1)
N=10xT )
4. Results

The HVSR results of six seismic stations in
the study area are presented in Figure 3.
Frequencies greater than 0.5 Hz have been
taken into  consideration since the
accelerometer stations do not produce
successful results at frequencies less than 0.5
Hz. In the NEHRP (Rodriguez et al., 2001)
and JRA (Zhao et al., 2006) generated from
the soil classification tables by using
earthquake data, the calculations were
completed at 10 Hz, since the frequencies
greater than 10 Hz were considered as A-
class rock ground (Rodriguez et al., 2001;
Zhao et al., 2006; Gok et al., 2012). In the
general evaluation of the HVSR curves, it is
observed that the soil dominant frequency in
North Cyprus acceleration station locations
varies between 0.75 Hz and 1.50 Hz, and the
soil amplification values vary from 2 to 3.
The soil dominant frequency and
amplification values in station-a located
above the fanglomerate unit consisting of
clastic deposits such as gravel, sand and silt
were calculated as 090 Hz and 1.5,
respectively. The soil dominant frequency
and amplification values in station b located
above the Nicosia formation consisting of
sandstones and marls were calculated as 0.90
Hz and 1.4. There is a similar image in the
curves obtained at stations ¢ and e on the
alluvium.

Table 1. Parameters of selected earthquakes.

E?\Irak;r?glgke Longitude (°) Latitude (°) Depth (km) Magnitude
1 33.8650 35.0866 46.59 3.0
2 32.6675 35.1320 25.13 3.0
3 33.8685 34.8861 43.43 3.7
4 32.2910 35.2295 37.64 35
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The soil dominant frequencies at stations c
and e were computed as 1.75 Hz and 3 Hgz;
the soil amplification values were reckoned
as 2.5 and 2.25, respectively. The
amplification values at stations d and f
consisting of gypsum marls were observed as
a rising curve gradually. The soil dominant
frequencies of these stations were calculated
as 8.5 Hz and 7.0 Hz; the amplification
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values were figured out as 2.5 and 1.6,
respectively. Increases in the amplitude of
the soil amplification towards high
frequencies were observed in stations d and
F, which were located in a more compact unit
than other stations. The highest amplification
values observed in low frequencies were
observed in station ¢ and d locations above
the alluvium sediments.
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Figure 3. Amplification functions obtained by HVSR method of the accelerometer stations set up on station A, B, C, D,
E and F. Each different color curve represents the amplification functions of different earthquakes.
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The amplification values calculated by
HVSR method for six stations were mapped
for different frequencies (Figure 4). It was
observed that the soil amplification values at
0.5 Hz varied from 1 to 2. At 2.5 Hz, it can
be interpreted that the amplification values in
Nicosia and its surroundings have increased
relatively. In the examination of soil
amplification values at high frequencies, it is
observed that there is a decrease in the
amplification values from Nicosia to Erenkoy
at 5 Hz and 10 Hz.

5. Conclusions

In this study, conducted for the purpose of
determining the soil amplification and
dominant frequency properties of the
settlement area of North Cyprus, it was
observed that the amplification values around
Nicosia were relatively high. The most
important reason for this situation is that the
city is mostly built on loose units. However,
soil amplifications at low frequencies are not
to be feared in terms of seismic risk. In
general, high amplifications were observed in

the low-frequency range in the loose units,
while low amplifications were calculated in
the compact units. In order to reduce

earthquake damages and losses, the
amplification values determined at low
frequencies are especially important in

Nicosia and its surroundings. The soil
dominant periods should be taken into
account in order to prevent the resonance
effect of the structures under dynamic loads
in the settlement area. In general, since the
soil dominant frequency varies from 3.0 Hz
to 7.0 Hz (T=0.1-0.3 s) in Nicosia and its
surroundings, structuring between 1 and 3
floors should be avoided. The soil dominant
period produced for Erenkoy is 1.1 s, this
value indicates roughly that 11 floors
structuring should not be allowed in the area.
The soil dominant frequency for Famagusta
is 1.75 Hz (T=0.6) and 6 floors structuring
should be prevented. In order to increase the
accuracy and sensitivity of these results, the
analysis of the earthquakes will be carried on
with more earthquakes at an appropriate
number and quality in the future.
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Figure 4. HVSR amplification values according to different frequencies.



Investigation of Soil Amplification in North Cyprus 59

Acknowledgements

The data is provided by the Earthquake
Department of the Disaster and Emergency
Management  Authority (AFAD). The
GEOPSY code is used to calculate the soil
amplification. All images are created using
GMT (Wessel et al., 1998). The geology of
Northern Cyprus was created using the
Geological Survey Department of Cyprus
website (MOA, 2018). Calculations were
conducted in the Seismological Laboratory
belongs to the Ataturk University, Erzurum.
Author thank to English interpreter Hamza
Bozkurt for editing the manuscript.

References

AFAD, 2018, Republic of Turkey Prime
Ministry  Disaster and Emergency
Management Authority Presidential of
Earthquake Department, https://deprem.
afad.gov.tr, (last accessed July 2018).

Ambraseys, N. N. and Finkel, C. F., 1987,
Seismicity of Turkey and neighboring
regions 1899-1915. Annales
Geophysicale, 5B, 701-726.

Ambraseys, N. N., 1988, Engineering
Seismology: Part I Earthquake
Engineering and Structural Dynamics, 17,
1-105.

Ambraseys, N. N., 1988, Engineering
seismology:  Part II.  Earthquake
Engineering and Structural Dynamics,
17(1).

Ambraseys, N. N. and Jackson, J. A.; 1998,
Faulting Associated with Historical and
Recent Earthquakes in the Eastern
Mediterranean ~ Region.  Geophysical
Journal International, 133, 390-406.

Ambraseys, N. N. and Finkel, C., 1995, The
Seismicity of Turkey and adjacent areas.
A Historical Review, 1500-1800.
Earthquake Engineering and Structural
Dynamics, 25(6), 645.

Ates, A., 2016, 1999 Investigations of Soil
Structure Resonance Overlapping and
Structural Hazard Relations in Duzce City
due to 1999 Duzce Earthquake. Duzce
Universitesi Bilim ve Teknoloji Dergisi,
4,911-925.

Aziz, A., 1942, Luminous phenomena
accompanying the Cyprus earthquake,
January 20, 1941. Nature, 149, 640.

CGHET, 2018, Cyprus Geological Heritage
Educational Tool,

http://www.cyprusgeology.org, (last
accessed July 2018).

Demirtas, R., 2018, Helenik-Kibris Yay
Sistemi Diri Faylari, Paleosismolojik
Calismalar  ve Gelecek Deprem
Potansiyelleri, https://www.academia.edu,
(last accessed July 2018).

Dewey, J. F., Hempton, M. R., Kidd, W.S.F.,
Saroglu, F. and Sengor, A.M.C., 1986,
Shortening of continental lithoshpere: The
neo-tectonics of eastern Anatolia-a young
collision zone, in Coward, M.P., Reis, A.
C. (Eds.). Collision Tectonics, Geological
Society, London, 3-36.

Galanopoulos, G. A. and Delibasis, N., 1965,
The seismic Activity in Cyprus Area,
Notes of the Academy of Athens, Athens.

Gok, E., Kececioglu, M., Ceken, U. and
Polat, O., 2012, IzmirNET Istasyonlarinda
Standart ~ Spektral Oran  Yontemi
Kullanilarak Zemin Transfer
Fonksiyonlarinin Hesaplanmasi. DEU
Muhendislik Bilimleri Dergisi, 14(41), 1-
11.

Hays, W. W., 1986, Site amplification of
earthquake ground motion. Proceedings of
the Third U.S. National Conference on
Earthquake Engineering, 1, 357-368.

Hill, G., 1948, A History of Cyprus, vol. 2:
The  Frankish  Period, 1192-1432,
Cambridge.

Kadirioglu, F. T., Kartal, R. F., Kilic, T.,
Kalafat, D., Duman, T. Y., Ozalp, S. and
Emre, O., 2014, An Improved Earthquake
Catalogue (M 4.0) For Turkey And Near
Surrounding (1900-2012). 2nd European
Conference on Earthquake Engineering
and Seismology, 25-29 Aug., 411-422.

Konno, K. and Ohmachi, T., 1998, Ground-
motion Characteristics Estimated from
Spectral Ratio between Horizontal and
Vertical Components of Microtremor.
Bulletin of the Seismological Society of
America, 88(1), 228-241.

Le Pichon, X., Chamot-Rooke, N. and
Lallemant, S., 1995, Geodetic
determination of the kinematics of central
Greece  with respect to Europe:
Implications for eastern Mediterranean
tectonics. Journal of  Geophysical
Research, 100, 12675-12690.

Lermo J. and Chavez G. F. J., 1993, Site
Effect Evaluation Using Spectral Ratios
with Only One Station. Bulletin of the



60 Journal of the Earth and Space Physics, Val. 45, No. 4, Winter 2020

Seismological Society of America, 83,
1574-1594.

McClusky, S., Balassanian, S., Barka, A.,
Demir, C., Ergintav, S., Georgiev, L.,
Gurkan, O., Hamburger, M., Hurst, K.
and Kahle, H., 2000, Global Positioning
System constraints on plate kinematics
and dynamics in the  eastern
Mediterranean and Caucasus. Journal of
Geophysical Research, 105, 5695-5719.

McKenzie, D., 1972, Active tectonics of the
Mediterranean ~ Region.  Geophysical
Journal International, 30, 109-185.

McKenzie, D., 1976, The east Anatolian
fault: a major structure in eastern Turkey.
Earth and Planetary Science Letters, 29,
189-193.

MOA, 2018, Geological Survey Department
of Cyprus, http://www.moa.gov.cy, (last
accessed July 2018).

Mor, A. and Citci, M. D., 2007, KKTC’de
kentlesme, Dogu Cografya Dergisi,
12(18), 225-245.

Nakamura, Y., 1989, A Method for Dynamic
Characteristics Estimation of Subsurface
using Microtremor on the Ground
Surface. Quarterly Report of Railway
Technology Research Institute, 30, 25-33.

Ozer, C. and Polat, O., 2017a, Determination
of 1-D (One-Dimensional) seismic
velocity  structure of Izmir and
surroundings. DEU Journal of Science
and Engineering, 19, 147-168.

Ozer, C. and Polat, O., 2017b, Local
earthquake  tomography  of  Izmir
geothermal area, Aegean region of
Turkey. Bollettino di Geofisica Teorica ed
Applicata, 58(1), 17-42.

Ozer, C. and Polat, O., 2017¢c, 3-D crustal
velocity  structure of Izmir and
surroundings. Journal of the Faculty of
Engineering and Architecture of Gazi
University, 32(3), 733-747.

Ozer, C., Gok, E. and Polat, O., 2018, Three-
Dimensional Seismic Velocity Structure
of the Aegean Region of Turkey from
Local Earthquake Tomography. Annals of
Geophysics, 61(1), 1-21.

Pamuk, E., Ozdag, O. C. and Akgun, M.,
2018, Soil characterization of Bornova
Plain (Izmir, Turkey) and its surroundings
using a combined survey of MASW and
ReMi methods and Nakamura’s (HVSR)
technique. Bulletin of Engineering

Geology and the Environment, 1-13.

Pamuk, E., Ozdag, O. C., Tuncel, A.,
Ozyalin, S. and Akgun, M., 2018, Local
site effects evaluation for Aliaga/Izmir
using HVSR (Nakamura technique) and
MASW methods. Natural Hazards, 90(2),
887-899.

Pamuk, E., Gonenc, T., Ozdag, O. C. and
Akgun, M., 2018, 3D Bedrock Structure
of Bornova Plain and Its Surroundings
(Izmir/Western ~ Turkey). Pure and
Applied Geophysics, 175(1), 325-340.

Pamuk, E., Ozdag, O. C., Ozyalin, S. and
Akgun, M., 2017, Soil characterization of
Tinaztepe region (Izmir/Turkey) using
surface wave methods and Nakamura
(HVSR) technique. Earthquake
Engineering and Engineering Vibration,
16(2), 447-458.

Pamuk, E., Akgun, M., Ozdag, O. C. and
Gonenc, T., 2017, 2-D soil and
engineering-seismic bedrock modeling of
eastern part of Izmir inner bay/Turkey.
Journal of Applied Geophysics, 137, 104-
117.

Pantazis, T. M., 1969, A revised bibliography
of Cyprus geology. Bulletin of the
Geological Survey Department of Cyprus,
2,57-81.

Papadimitriou, E. E. and Karakostas, V. G.,
2006, Earthquake generation in Cyprus
revealed by the evolving stress field.
Tectonophysics, 423, 61-72.

Rodriguez, M. A., Bray, J. D. and
Abrahamson, N. A., 2001, An Empirical
Geotechnical Seismic Site Response
Procedure. Earthquake Spectra, 17(1), 65-
87.

Sesame, 2004, Guidelines for the
Implementation of the H/V Spectral Ratio
Technique on Ambient Vibrations:
Measurements, Processing and
Interpretation, http://sesame-
fp5.obs.ujfgrenoble.fr/Delivrables/Del-
D23.

Tan, O., Tapirdamaz, M. C. and Yoruk, A.,
2008, The Earthquake Catalogues for
Turkey. Turkish Journal of Earth
Sciences, 17, 405-418.

Yalcinkaya, E. and Alptekin, O., 2003,
Dinar’da Zemin Buyutmesi ve 1 Ekim
1995 Depreminde Gozlenen Hasarla
Iliskisi, Yerbilimleri, 27, 1-13.

Yalcinkaya, E., 2005, BYNET (Bursa-



Investigation of Soil Amplification in North Cyprus 61

Yalova-Turkiye Ivme  Olger Agi)
Istasyonlarinda Yerel Zemin Etkilerinin
Incelenmesi. DEU Muhendislik Bilimleri
Dergisi, 7(2), 75-85.

Yalcinkaya, E. and Alptekin, O., 2005, Site
Effect and Its Relationship to the Intensity
and Damage Observed in the June 27,
1998 Adana-Ceyhan Earthquake. Pure
and Applied Geophysics, 162, 913-930.

Wessel, P. and Smith, W.H.F., 1998, New,
Improved Version of the Generic
Mapping Tools Released. Eos

Transactions of American Geophysical
Union, 79(47), 579.

Zhao, J. X., Irikura, K., Zhang, .,
Fukushima, Y., Somerville, P.G., Asano
A., Ohno Y., Oouchi T., Takahashi T. and
Ogawa, H., 2006, An Empirical Site-
Classification Method for Strong-motion
Stations in Japan using H/V Response
Spectral ~ Ratio.  Bulletin  of  the
Seismological Society of America, 96(3),
914-925.



