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OZET

Bu ¢alismada, 6 Subat 2023'te Kahramanmarag-Pazarcik (My7.7) ve Elbistan (My,7.6) merkezli
iki biiyilik deprem dizisinin kuvvetli yer hareketi kayitlarinin, her iki depremin sarsint1 gii¢lerini
ve hasar olusturma nedenlerini anlamak ve agiklamak i¢in, uzaysal, zamansal ve spektral
ozellikler agisindan karsilastirmali analizi gergeklestirilmistir. Bu kapsamda, pik yer ivmelerin
(PGA), episantira, yirtilma uzakligina ve Vs30’a gore uzaysal degisimleri incelenmis ve
depremlerin enerjisini ve karakteristik davranisini tanimlayan bazi parametreler (Arias siddeti,
%35-95 etkin siire, ortalama periyot, sdzde elastik tepki spektrumu-PSA, tasarim tepki
spektrumu-DSA) hesaplanarak degerlendirilmistir. PGA’larin uzaysal dagilimindan, esdeger
episantir uzakliklarina sahip istasyonlarda, fayin hareket dogrultusu boyunca 6l¢iilen PGA
degerlerinin, bu dogrultuya dik veya agili mesafedekilerden oldukga biiyiik oldugu
gorilmiistiir. PGA ve PSA degerlerinin biiytlikligi ile istasyonlarin zemin simiflar1 arasinda
uyumlu bir iligki goriilememistir. Arias siddeti, etkin siire ve ortalama periyot degerleri, My7.7
depreminin enerjisinin DAF’nin yirtilma ylizeyi boyunca kisa siirelerde yiiksek frekansh
titresimlerle giiclii-cok giiclii sarsintilar, dik veya acili mesafelerde ise, gorece daha uzun
stirelerde daha diisiik frekansh orta glicte sarsintilarla bosaldigini, buna karsilik, My 7.6 deprem
enerjisinin Siirgii+Cardak Fay1 zonu boyunca uzun siirelerde diisiik frekansh titresimli
sarsintilarla bosaldigini gostermistir. Deprem enerjisinin bu davranisi ileri yonelim etkisi ile
iliskilendirilmistir. My7.7 depremi i¢in hesaplanan PSA degerleri Hatay, Kahramanmaras,
Gaziantep ve Adiyaman Illerinde DAFZ ve Narli Fay1 Zonu boyunca DSA degerlerini plato
(Mw7.7 i¢in ¢ogunlukla kisa periyot 0.15-0.4s, My7.6 i¢in 0.05-1.0s araliklarinda), soniim ve
yuksek periyot bolgesinde 1.0g’yi de astig1 gbzlenmistir. Ayrica, My7.7 depreminde fay zonlari
boyunca diisey PSA degerlerinin kisa periyotlarda pik degerlere ulastig1 ve bunun faylarin yakin
cevresindeki yapilarin ve zeminin diisey yonde ¢ok giiclii sarsilmasina ve deformasyonuna
neden oldugu degerlendirilmistir. Sonug olarak, depremin yikim giiciiniin sadece PGA ile degil,
etkin yayilma siiresi ve frekans 6zellikleri ile son derece iliskili oldugu, dolayisiyla, depreme
direngli yap1 tasarimi ve kentlerin planlanmasi kapsaminda mevcut sismik tasarim kodlarimin
giincellenmesi gerektigi anlasilmaktadir.

Anahtar Kelimeler: 6 Subat 2023 Kahramanmaras depremleri, kuvvetli yer hareketi kayitlar
ve parametreleri, spektral ivme
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ABSTRACT

In this study, a comparative analysis of the strong ground motion records of two major
earthquake sequences centered in Kahramanmaras-Pazarcik (Mw?7.7) and Elbistan (Mw7.6) on
February 6, 2023, was carried out in terms of spatial, temporal and spectral features in order to
understand and explain the shaking strengths and damage causes of both earthquakes. In this
context, the spatial variations of peak ground accelerations (PGA) with respect to the epicenter,
rupture distance and Vs30 were investigated and some parameters defining the energy and
characteristic behavior of earthquakes (Arias intensity, 5-95% significant duration, mean
period, pseudo elastic response spectrum-PSA, design response spectrum-DSA) were
calculated and evaluated. From the spatial distribution of PGAs, it was observed that at stations
with equivalent epicenter distances, the PGA values measured along the fault movement (or
rupture) direction were considerably larger than those at perpendicular or angular distances to
this direction. No coherent relationship was observed between the magnitude of PGA and PSA
values and the soil classes of the stations. Arias intensity, significant duration and mean period
values show that the energy of the Mw7.7 earthquake was released along the rupture surface of
the EAF with short durations of strong to very strong shakes with high frequency vibrations,
and at vertical or angled distances with relatively longer durations of lower frequency moderate
strength shakes, whereas the energy of the Mw7.6 earthquake was released along the
Siirgli+Cardak Fault zone with long durations of low frequency vibrations. This behavior of
earthquake energy is associated with the forward directivity effect. It was observed that the PSA
values calculated for the Mw7.7 earthquake exceeded 1.0g in the plato (mostly short period
0.15-0.4s for Mw7.7, 0.05-1.0s for Mw7.6) and in the damping and high period regions along
the EAFZ and Narli Fault Zone in Hatay, Kahramanmarag, Gaziantep and Adiyaman Provinces.
In addition, it was evaluated that the vertical PSA values along the fault zones reached peak
values in short periods during the Mw7.7 earthquake, and this caused very strong shaking and
deformation of the structures and ground in the close vicinity of the faults in the vertical
direction. As a result, it is understood that the destructive power of the earthquake is highly
related not only to the PGA but also to the effective propagation time and frequency
characteristics, therefore, the existing seismic design codes should be updated within the scope
of earthquake resistant building design and urban planning.

Keywords: February 6, 2023 Kahramanmaras earthquakes, strong ground motion records and
parameters, spectral acceleration
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OZET

Depremler, dogasi geregi ongoriilemeyen ve etkileri itibariyla ¢ok boyutlu sonuglar doguran en
yikict dogal afetlerden biridir. Yapilarin fiziksel biitiinliigiinii tehdit etmenin yani sira,
toplumsal yasam tizerinde de ekonomik, sosyal ve psikolojik etkiler birakmaktadir. Depreme
bagl olusan yikimin azaltilmasi i¢in depremin temel parametrelerinin bilimsel olarak analiz
edilmesi biiyiik 6nem tasimaktadir. Bu calismada, 6 Subat 2023 tarihinde meydana gelen
Pazarcik (Mw=7.7) ve Elbistan (Mw=7.6) merkezli depremler ile 20 Subat 2023 Yayladagi
(Mw=6.4) merkezli depremin olusturdugu yer hareketlerinin Hatay ilinde meydana gelen
etkileri incelenmistir. Calismada biiyiikliik (magnitiid), siddet, odak derinligi, episantr uzakligi,
ivme ve deprem siiresi gibi parametreler arasindaki iligkiler ampirik bagintilar araciligiyla
analiz edilmistir. Bu amacla, literatiirde daha oOnce c¢alismalarda tiiretilen bagintilar
kullanilmigtir. Parametreler ti¢ deprem i¢in hesaplanmistir. Ayrica Hatay’in tiim ilgeleri i¢in
episantr uzakligi, siddet ve odak derinligi karsilastirmalar1 yapilmistir. Analizler sonucunda
bazi bagintilarin giivenilir ve tutarli sonuglar verdigi, baz1 bagintilarin ise bolgesel kosullara
bagli olarak diisiik uyum gosterdigi belirlenmistir. Elde edilen ortalama siddet degerleri, AFAD
ve literatiirden elde edilen veriler ile tutarlilik gostermistir. Ayrica Estava bagmtisiyla
hesaplanan ivme degerlerinin, AFAD istasyon kayitlariyla benzerlik gostermesi nedeniyle
bolgedeki zemin yapist hakkinda da ¢ikarimlarda bulunulmustur. Bu ¢alisma, biiyilik
depremlerin yerel etkilerini parametreler arasi iligkiler yoluyla analiz ederek, yap: tasarimi ve
risk azaltma stratejilerine katki saglamay1 amaglamaktadir.

Anahtar Kelimeler: Biiyiikliik, deprem, hatay, siddet
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ABSTRACT

Earthquakes are one of the most destructive natural disasters. They are inherently unpredictable
and have multidimensional consequences. As well as threatening the physical integrity of
structures, they also have economic, social and psychological impacts on society. Analysing
the fundamental parameters of earthquakes scientifically is crucial for reducing earthquake-
related destruction. This study examines the effects of ground motions generated by
earthquakes centred in Pazarcik (Mw=7.7) and Elbistan (Mw=7.6) on 6 February 2023 and
Yayladagi (Mw=6.4) on 20 February 2023 in Hatay province. The relationships between
parameters such as magnitude, intensity, focal depth, epicentre distance, acceleration and
earthquake duration were analysed through empirical correlations. To this end, correlations
previously derived in related studies were employed. The parameters were calculated for the
three earthquakes. Furthermore, comparisons were made of epicentre distance, intensity and
focal depth for all districts of Hatay. The analyses revealed that some relationships yielded
reliable and consistent results, while others showed low agreement depending on regional
conditions. The average intensity values obtained were consistent with AFAD data and
literature values. Furthermore, conclusions were drawn about the ground structure in the region
based on the similarity between acceleration values calculated using the Estava relationship and
AFAD station records. The aim of this study is to contribute to structural design and risk
reduction strategies by analysing the local effects of large earthquakes through inter-parameter
relationships.

Keywords: Magnitude, earthquake, hatay, earthquake intensity
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OZET

24 Ocak 2020 Mw 6.8 Sivrice Depremi sonrast DAF {izerinde olduk¢a yaygin ve yogun bir
sismik aktivite baslamistir. Sivrice-Plitiirge Segmenti lizerinde yaklasik 45 km uzunlugunda
kirik alan olusturmus olan depremin erken donem artgilart kirik alan igerisinde sinirli bir
bolgede yogunlasirken zamanla giineybatiya dogru daha genis bir zonda yayilim gostermistir.
Sivrice Depremi’nin Oncesi ve sonrasi gergeklestirilen ¢ok disiplinli ¢calismalar, bu bolgede
tespit edilen asismik kaymanin (krip) bu depremin kirik alaninin mekanik 6zelliklerini kontrol
ettigini ve kayma dagilimi etkiledigini gostermistir. 6 Subat 2023 Pazarcik Depremi (Mw 7.8)
giineybatida Hatay Rifti’nin gliney smr ile kuzeydoguda DAF {izerinde 2020 Sivrice
Depremi’nin olusturdugu kirik alanin ~20 km giineybatist arasinda ~300 km’lik yiizey kirigi
olusturulmustur. Pazarcik ve Sivrice depremlerinde iki kirtk zonu arasinda ~20 km’lik
kirilmamis bir alan kalmistir.16 Ekim 2024 (Mw 6.0) Kale Depremi bu ‘sismik bosluk’
iizerinde yer almaktadir. Kale Depremi, DAF iizerinde meydana gelmis dogrultu atiml
depremlere kiyasla ¢ok daha diisiik egim agisina sahiptir. Depremin meydana geldigi bolgenin
sahip oldugu karmagik tektonik yapinin anlagilmasi i¢in bu olay ¢ok disiplinli (sismoloji, uydu
jeodezisi) bir yaklasimla incelenmis ve 2020 Sivrice Depremi’nden giiniimiizde M>4.0 tiim
deprem aktivitesi derlenerek analiz edilmistir. Son deprem dongiisii i¢inde, Sivrice ve Pazarcik
depremlerinin ayni segment {izerinde bu fay parcasinin geometrisinden bagimsiz sonlanmasi,
DAF’1n bu kesiminin kinematigi ve yirtilma dinamiginin daha iyi anlagililmas1 gerektigine
isaret etmektedir. Bu ¢alisma Kale Depremi’nin kinematiginin analizi 6zelinde bu ¢abanin bir
parcasidir.

Anahtar Kelimeler: Deprem, sismoloji, insar, daf
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ABSTRACT

The 24 January 2020 Sivrice Earthquake ruptured a 45 km long section of the Sivrice-Piitiirge
Segment of the East Anatolian Fault, followed by significant earthquake activity. While early
aftershocks were concentrated within the rupture zone, they gradually spread southwestward.
Multidisciplinary studies indicate that aseismic slip (creep) plays a key role in controlling the
mechanical properties and slip distribution along this segment. The Pazarcik Earthquake
bilaterally ruptured ~300 km of the EAF, propagating southwestward to the Hatay Rift and
northeastward until 20 km away from the Sivrice Earthquake rupture. This left an intervening
~20 km-long section unbroken within the same geometric segment. The Kale Earthquake
subsequently occurred within this ‘seismic gap’. The fault plane solution of the Kale Earthquake
displayed relatively shallow dip compared to the typical pure strike slip events along the EAF.
In order to investigate to the complex tectonic setting of this region, we used a multidisciplinary
approach that joined seismology and satellite geodesy to investigate the event. Our findings
show that the Sivrice and the Pazarcik earthquakes ruptured adjacent but distinct fault segments,
with rupture terminations independent of the geometry of the Kale Earthquake. These results
highlight the need for improved understanding of the kinematics and rupture dynamics in this
transitional section of the EAF. The present study contributes to this effort by providing a
detailed kinematic analysis of the Kale Earthquake.

Keywords: Earthquake, seismology, insar, eaf
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2023 Mw 7.6 Ekinozii-Kahramanmaras Depremi: Kaynak
Parametrelerinin Ampirik Green’s Fonksiyonu Yontemi ile
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The 2023 Mw 7.6 Ekinozii-Kahramanmaras Earthquake:
Estimation of Source Parameters Using the Empirical Green’s
Function
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OZET

Bu calisma DAFZ iizerinde ger¢eklesen 2023 Ekindzii-Kahramanmaras (Mw 7,6) depreminin
kaynak karakterizasyonunu incelemektedir. Caligmada genis bantli kuvvetli yer hareketi
kayitlar1 kullanilarak, kuvvetli yer hareketini kontrol eden alanlar (KYHA), stres diisiimii ve
yiikselme zamani gibi temel kaynak parametrelerinin belirlenmesi amaciyla ampirik Green’s
fonksiyonu (AGF) yontemi uygulanmistir. Green’s fonksiyonu olarak kullanilan Mw 5,6
biiytikliigiindeki depremin ana sok ile aralarindaki uzakliginin 2 km olmasi, benzer kaynak
ozelliklerini saglamasi agisindan tercih edilmistir. Calismada, deprem ¢iftine 30 — 200 km
mesafede konumlanan 15 ivme istasyonundan elde edilen kuvvetli yer hareketi kayitlari
kullanilmigtir. Simiilasyonlar 0,5 — 10 Hz frekans bandinda gerceklestirilmistir. G6zlenen ve
sentetik dalga formlarinin uyumunun degerlendirilmesinde, tek parametreye dayali
yaklagimlarin yetersizlikleri dikkate alinarak Anderson (2004) tarafindan Onerilen ¢ok kriterli
ortalama uyum derecesi (GOF) kullanilmistir. Simiilasyonlarda elde edilen GOF degerleri
8,0’mn tlizerinde bulunmus ve bu sonuclar kaynak parametrelerinin giivenilir bigimde
belirlendigini gostermistir. Elde edilen sonuclar, hem kiiresel kaynak 6l¢eklendirme iliskileri
hem de bolgeye ait literatiirdeki verilerle yiiksek diizeyde tutarlilik gdstermistir. Gergek ve
sentetik ivme, hiz ve deplasman dalga formlarinda ilgili frekans araliginda uyum saglanmustir.
Calismada, Ekinozii-Kahramanmaras depremi icin stres diisimi 17,02 MPa, Green’s
fonksiyonu olarak kullanilan Mw 5,6 depremi igin ise 5,87 MPa olarak hesaplanmistir. Bu
degerlerin ge¢mis caligmalarda elde edilen stres diisiimii araliklariyla yakinlik gdstermesi,
sonuglarin giivenilirligini desteklemektedir.

Anahtar Kelimeler: Ampirik Green’s fonksiyonu (AGF), kuvvetli yer hareketi, stres diistimii,
Dogu Anadolu Fay Hatti, kuvvetli yer hareketini kontrol eden alanlar (KYHA)
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ABSTRACT

This study investigated the source characterization of the 2023 Ekinzii-Kahramanmaras (Mw
7.6) earthquake that occurred along the East Anatolian Fault Zone (EAFZ). Broadband strong
motion records were analyzed, and the empirical Green’s function (EGF) method was applied
to estimate key source parameters, including strong motion generation areas (SMGA), stress
drop, and rise time. The Mw 5.6 earthquake, located 2 km away from the mainshock, was
selected as the Green’s function to ensure similarity in source characteristics. Strong motion
data were obtained from 15 accelerometric stations located at epicentral distances between 30
and 200 km. Simulations were carried out in the frequency range of 0.5 — 10 Hz. To assess the
agreement between observed and synthetic waveforms, the multi-criteria goodness-of-fit
(GOF) proposed by Anderson (2004) was employed, as single-parameter comparisons often
fail to capture waveform complexity. The simulations yielded GOF values exceeding 8.0,
confirming the reliability of the estimated source parameters. The results demonstrate strong
consistency with both global source scaling relations and previously reported regional values.
A good agreement was observed between observed and synthetic acceleration, velocity, and
displacement waveforms within the target frequency band. The stress drop was calculated as
17.02 MPa for the Ekinozili - Kahramanmarag earthquake, while the Mw 5.6 event used as the
Green’s function yielded a stress drop of 5.87 MPa. These values are in close agreement with
stress drop ranges reported in earlier studies, supporting the robustness of the findings.

Keywords: Empirical green’s function method (EGF), ground motion, stress drop, East
Anatolian Fault Zone, asperity area
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Antakya Havzasinda Mikrotremor Olgiimleri ve Deprem
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OZET

06.02.2023 tarihinde, Tiirkiye saatiyle 04:17 ve 13:24'te, merkez isleri sirasiyla Pazarcik
(Kahramanmaras) ve Elbistan (Kahramanmaras) olmak iizere 7,7 ve 7,6 biiyiikliglinde iki
deprem meydana gelmistir. Depremlerin ardindan yaklasik bir ay sonra, Japonya'dan "Japan
Science and Technology (JST)" ve Tiirkiye'den TUBITAK kurumunun is birligi cergevesinde,
Japon aragtirmacilarla birlikte deprem sonrasi art¢1 sarsint1 ¢alismasi baglatilmistir. Bu amagla,
calismanin ilk asamasinda, agir hasarli bolgeler olan Antakya, Iskenderun, Adiyaman ve
Kahraman Maras'a ilicer veya dorder ivmeodlcer olmak iizere toplam 21 ivmedlger
yerlestirilmigtir. Eyliil 2023'te baslayan bir sonraki asamada, dort ivmedlcer hari¢ tiim
ivmeodlcerler Antakya havzasina ve cevresine tasinmistir. Bu donemde Antakya havzasina
yaklagik 300 km uzaklikta Mw = 5,3 biiyiikliigiinde bir deprem kaydedilmistir. Simdi ki 6n
caligmada, 16 ivmedlger ile kaydedilen bu deprem verileri analiz edilmistir. Analiz sonucunda,
havza igerisine yerlestirilen ivmedlcerlerin havza disindaki ivmedlgerlere kiyasla 10 kata varan
biliyiitmeye sahip oldugu belirlenmistir. Yaklasik 300 km wuzaklikta olmasina ragmen,
Kahramanmaras depreminin Antakya'da meydana getirdigi biiyilk hasarin  6nemli
nedenlerinden birinin havza i¢i etkilerden kaynaklandigi anlagilmistir.

Anahtar Kelimeler: Antakya, mikrotremor, biiylitme
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ABSTRACT

On 06 February 2023, at 04:17 and 13:24 Turkey time, two earthquakes with magnitudes of 7.7
and 7.6 occurred, with epicenters in Pazarcik (Kahramanmaras) and Elbistan (Kahramanmaras),
respectively. Approximately one month after the earthquakes, a post-earthquake aftershock
study was initiated in collaboration with Japanese researchers within the framework of the
cooperation between “Japan Science and Technology (JST)” from Japan and TUBITAK from
Tiirkiye. For this purpose, in the first phase of the study, a total of 21 accelerometers were
installed—three or four in each of the heavily damaged regions of Antakya, iskenderun,
Adiyaman, and Kahramanmaras. In the next phase, which began in September 2023, all
accelerometers except four were relocated to the Antakya basin and its surroundings. During
this period, an earthquake with a magnitude of Mw = 5.3 was recorded approximately 300 km
from the Antakya basin. In the present preliminary study, the earthquake data recorded by 16
accelerometers were analyzed. As a result of the analysis, it was determined that the
accelerometers placed inside the basin exhibited amplification up to 10 times greater compared
to those outside the basin. Despite being approximately 300 km away, it was understood that
one of the major reasons for the severe damage caused by the Kahramanmarag earthquake in
Antakya was the basin effects.

Keywords: Antakya, microtremor, amplification
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Cetin Baraj1 (Siirt) Rezervuar Alaninda Gozlenen Heyelanlarin
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OZET

Diinya genelinde ve Tiirkiye’de, depremlerden sonra doga olaylar: icerisinde en fazla can ve
mal kaybina neden olan afetlerden birisi de, jeolojik, jeomorfolojik, iklimsel ve antropojenik
etkenlere bagli olarak meydana gelen heyelanlardir. Dolayisiyla, 6zellikle kritik miihendislik
yapilarinin bulundugu ya da planlandig1 alanlarda heyelanlarin i¢yapisinin incelenmesi ve
potansiyel risklerin ortaya konulmasi biiyiik 6nem tasimaktadir. Baraj gibi biiyiik miihendislik
yapilariin rezervuar alanlarmin tasidig su yiikii ve hidrostatik basing degisimleri gibi nedenler
ile gelisebilecek heyelanlar ise, hem yap1 giivenligi agisindan hem de ¢evresel, yerlesim alanlari
ve sosyo-ekonomik etkiler yoniinden onemli riskler olusturmaktadir. Bu ¢alismada, Siirt ili
Pervari il¢esinin sinirlart igerisinde bulunan Botan Cay1 (Ulugay) lizerinde insa edilmis Cetin
Barajinin rezervuar alaninda meydana gelen heyelanlar jeofiziksel ve jeoteknik acidan
incelenmistir. Calisma alan1 genel olarak metamorfik birimlerden olusmaktadir. Cetin Baraji
vadisinin her iki yamacindaki yiiksek egimler, bolgede eski ve giincel heyelan alanlarinin
olusumunda baglica etkenlerden birini teskil etmektedir. Bu kapsamda ilk olarak bélgede dron
ucuslart yapilmis ve elde edilen ortofotolar ve nokta bulutu verileri ile proje sahasinin
topografik haritas1 ve 3 boyutlu arazi kat1 modeli hazirlanmustir. Ikinci asama da ise arazide 12
profilde elektrik 6zdiren¢ tomografi, sismik kirilma tomografisi ve ¢ok kanalli yiizey dalgasi
Olctimleri gergeklestirilmistir. Ayrica muhtelif noktalarda sondaj calismalar1 ylriitiilmiistiir. Bu
sonuglara gore yer yer degismekle beraber 40 metreleri agmayan bir yamag¢ molozu varligi ve
onun altida ise sist, fillat ve kuvarstan olusan bir birim yer almaktadir. Arazi ¢alismalarindan
elde edilen veriler ve ortofotolar birlikte degerlendirilerek rezervuar alani ¢evresinde 6zellikle
sol sahilde eski ve giincel heyelan konumlari ve igyapilar1 belirlenmis, mevcut yerlesim
yerlerinin gilincel ve/veya eski heyelanlara gére konumlarinin ortaya konulmustur. Son olarak
ise limit denge analizleri yapilarak heyelanlar agisindan riskli alanlar belirlenmistir.

Anahtar Kelimeler: Cetin Baraji, heyelan, jeofizik ve jeoteknik, stabilite analizi
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ABSTRACT

Landslides, which occur due to geological, geomorphological, climatic, and anthropogenic
factors, are among the most devastating natural disasters after earthquakes worldwide and in
Turkey. Therefore, it is crucial to examine the internal structure of landslides and identify
potential risks, particularly in areas where critical engineering structures are located or planned.
Landslides that can develop as a result of factors such as water load and hydrostatic pressure
changes in the reservoir areas of large engineering structures, such as dams, pose significant
risks not only to structural safety but also to the environment, settlements, and socioeconomic
conditions. This study examines landslides occurring in the reservoir area of the Cetin Dam,
constructed on the Botan River (Ulugay) within the borders of the Pervari district of Siirt
Province, from a geophysical and geotechnical perspective. The study area is generally
composed of metamorphic units. The steep slopes on both sides of the Cetin Dam valley
constitute a primary factor in the formation of paleo and active landslides in the region. In this
context, drone flights were first conducted in the region, and a topographic map and 3D terrain
model of the project area were prepared using the resulting orthophotos and point cloud data.
In the second phase, electrical resistivity tomography, seismic refraction tomography, and
multi-channel surface wave measurements were conducted along 12 profiles in the field.
Boreholes were also carried out at various locations. These investigations revealed a slope
debris, varying in thickness but not exceeding 40 meters, underlain by units composed of schist,
phyllite, and quartz. By evaluating the data obtained from field surveys together with the
orthophotos, paleo and active landslide locations and their internal structures were identified
around the reservoir area, particularly on the left bank. The positions of existing settlements in
relation to active and/or paleo landslides were also determined. Finally, limit equilibrium
analyses were performed to identify landslide-prone areas.

Keywords: Cetin Dam, landslide, geophysics and geotechnics, stability analysis
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OZET

Bu calismada farkli zemin siniflaria sahip, toplam 63 farkli noktada yakin yiizey jeofizik
yontemler kullanarak elde edilen Vs30 degerlerinde ortaya ¢ikan sagilmalar degerlendirilmistir.
Kullanilan yontemler arasinda aktif (MASW, sismik kirilma) ve pasif kaynak (ReMi, SPAC)
yontemlerin yaninda, kuyu i¢i PS Logging 6l¢iimleri yer alir. Calismada ii¢ farkli tiniversite
ekibi tarafindan yaklagik 1400 adet sismik kayit analiz edilmistir. Yapilan degerlendirmeler
sonucunda genel olarak yontemler arasi Vs30 degerleri arasindaki uyumun yiiksek oldugu
goriilmiistiir. Yontemler aras1 Vs30 degerleri arasinda en diisiik uyum (R= 0.81) remiL ve
maswR yoOntemleri arasinda, en yliksek uyum ise (R=0.94) maswR-remiR ve remiR-remil
yontemleri arasinda bulunmustur. Genel olarak yiiksek hizli zeminlere dogru yontemler arasi
Vs30 degerleri arasindaki uyum diismekte, sacilmalar artmaktadir. Yontemler arast Vs30
degerlerinde en yliksek standart sapma 325 m/s, en diisiik ise 5.7 m/s olarak hesaplanmustir.
Degisim katsayis1 degerlerine bakildiginda, Vs30 degerlerinde yiizde olarak sapmanin zemin
siift bagimli olmadigr goriilmektedir. En yliksek sapma yiizdesi %41.7 ile ZD zemin sinifinda
ortaya ¢ikmistir. Rayleigh ve Love dalgasi analizine dayali Vs30 degerleri arasinda iligki
katsayis1 R=0.92"dir. Aktif ve pasif kaynak verilerine dayali Vs30 degerleri arasinda ise iligki
katsayis1 0.96 olup, aralarinda oldukga giiclii bir uyum oldugu agiktir. Calisma kapsaminda 7
kuyu noktasinda yiizey Ol¢iimleriyle kuyu i¢ci PS Logging olclimleri karsilastirilmistir.
Ozellikle Rayleigh dalgas1 analizlerine dayanan maswR ve remiR ydntemlerinden elde edilen
Vs30 degerlerinin ¢ogunlukla log 6l¢iimlerinden elde edilen Vs30 degerlerinden daha diisiik
oldugu goriilmistiir. Diger taraftan, Love dalgasi analizlerine dayanan maswL ve remil
yontemleriyle log dl¢limleri arasinda ortaya ¢ikan farklar tek yonlii olmayip, kismen yiiksek,
kismen diisiik degerlerde sagilmaktadir.

Anahtar Kelimeler: Vs30, dispersiyon, zemin, deprem, jeofizik
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ABSTRACT

This study evaluated the scatter in Vs30 values obtained using near-surface geophysical
methods at 63 different locations in different soil classes. The methods used included active
(MASW, seismic refraction) and passive source (ReMi, SPAC) methods, as well as downhole
PS Logging measurements. Approximately 1,400 seismic records were analyzed by three
different university teams. The evaluations revealed that the agreement between Vs30 values

was generally high. The lowest agreement (R=0.81) between the remil. and maswR methods,
and the highest agreement (R=0.94) between the maswR-remiR and remiR-remiL methods. In
general, the agreement between Vs30 values between methods decreases and scatter increases
towards higher-velocity soils. The highest standard deviation in Vs30 values between methods
was calculated as 325 m/s, and the lowest as 5.7 m/s. When the coefficient of variation values

are examined, it is observed that the percentage deviation in Vs30 values is not dependent on
the soil class. The highest deviation percentage, 41.7%, occurred in the ZD soil class. The
correlation coefficient between Vs30 values based on Rayleigh and Love wave analysis is
R=0.92. The correlation coefficient between Vs30 values based on active and passive source
data is 0.96, and it is clear that there is a strong agreement between them. Within the scope of
the study, surface measurements were compared with downhole PS_Logging measurements at
seven well sites. In particular, it was observed that the Vs30 values obtained from the maswR
and remiR methods based on Rayleigh wave analysis were mostly lower than the Vs30 values

obtained from log measurements. On the other hand, the differences between the maswL and
remil methods based on Love wave analysis and the log measurements are not unidirectional,
but are partially high and partially low scattered.

Keywords: Vs30, dispersion, soil, earthquake, geophysics

19



Egimli Zeminlerde Potansiyel Kayma Yiizeylerinin Gelisiminde
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OZET

Heyelanlar, jeoteknik miihendisliginin en kritik tehlikelerinden biri olup 6zellikle sev
topugunda gerceklestirilen kazilar duraysizlig: tetikleyebilmektedir. Bu ¢alisma, farkli kazi
siralarinin sevli zeminlerde potansiyel kayma yiizeylerinin olusumuna etkisini PLAXIS sonlu
elemanlar yazilimi kullanarak incelemektedir. Belirli geometri ve zemin parametrelerine sahip
bir sev, drenajli kosullar altinda modellenmis ve sev topugu bolgesinde uygulanan farkli kazi
asamalar1 analiz edilmistir. Zemin davranisinin temsilinde Mohr—Coulomb modeli
kullanilirken, her kazi adimindan sonra meydana gelen deplasmanlar ile kayma mekanizmalari
degerlendirilmistir. Elde edilen sonuglar, tiim kazi senaryolarinda nihai deplasman ve kayma
yiizeylerinin benzer olmasina ragmen, sev hareketlerinin zamanlamasi ve biiytikliigliniin
onemli oOlgliide degistigini  gostermektedir. Kaziya seve yakin noktadan baslanmasi
deplasmanlarin daha kontrollii ilerlemesini saglarken, kazinin uzak bdolgelerden baglatilmasi
kontrol dis1 kayma riskini artirmaktadir. Caligma bulgulari, sevli zeminlerde giivenli kazi
planlamasi i¢in miithendislik uygulamalarina 6nemli katkilar sunmaktadir.

Anahtar Kelimeler: Sev durayligi, kazi sirasi, sonlu elemanlar yontemi (FEM), sev topugu
kazis1, kayma yiizeyleri
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ABSTRACT

Landslides are among the most hazardous geotechnical problems, with excavation at the toe of
slopes often playing a critical role in triggering instability. This study investigates the influence
of excavation sequence on the development of potential sliding surfaces in sloping ground using
finite element modeling in PLAXIS. A slope with defined geometry and soil properties was
simulated under drained conditions, and different excavation sequences at the toe area were
analyzed. The Mohr—Coulomb model was adopted to represent soil behavior, while slope
displacements and shear failure mechanisms were evaluated after each excavation stage.
Results indicate that although the final displacement and failure surfaces remain similar across
different excavation sequences, the timing and magnitude of slope movements vary
significantly. Excavation beginning near the slope leads to more controllable displacement
patterns, while starting farther away increases the risk of uncontrolled sliding. The findings
provide practical insights for safer excavation planning in sloping ground.

Keywords: Slope stability, excavation sequence, finite element method (FEM), toe excavation,
sliding surfaces

21
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OZET

Fiberoptik kablolar diinyanin bir¢ok boélgesinde telekomiinikasyon amaciyla yaygin olarak
kullanilmaktadir. Son dénemde gelisen Dagitilmis Akustik Algilama (Distributed Acoustic
Sensing — DAS) teknolojisi, yer altindaki fiberoptik kablolarin yalnizca veri iletimi i¢in degil,
ayni zamanda yer hareketlerini algilayabilmesi i¢in de kullanilmasina olanak saglamaktadir. Bu
yontemde kaynaktan gonderilen lazer darbelerinin (pulslarinin) kablo boyunca geri
sacilmasinin algilanmasi sayesinde, kablo ilizerinde metre alt1 ¢oziiniirlikte lokal gerinim
Olciimleri yapilabilmektedir. Boylece mevcut fiberoptik altyapi, ek bir sensor agina ihtiyac
duyulmadan kilometrelerce uzunluktaki sismik dizinler olarak islev gorebilmektedir. Bu
caligmada, 2023 yilinda Istanbul Biiyiiksehir Belediyesi’ne (IBB) ait yaklasik 8 kilometrelik bir
fiberoptik kablo kullanilarak hem yerel depremler hem de 2023 Mw 7.8 biiytkliiglindeki
Kahramanmaras depremi sirasinda kaydedilen gerinim sinyalleri incelenmistir. ilksel analizler,
fiberoptik yontemlerin sismik izleme kapasitesini artirmanin yani sira, yerel sig yapilarin
ozelliklerinin belirlenmesinde de Onemli bilimsel ve pratik avantajlar saglayabilecegini
gostermektedir.

Anahtar Kelimeler: DAS, dagitilmis akustik algilama, deprem izleme
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ABSTRACT

Fiber-optic cables are widely used for telecommunication purposes around the world. In recent
years, the development of Distributed Acoustic Sensing (DAS) technology has enabled these
underground cables to be used not only for data transmission but also for detecting ground
motions. In this method, laser pulses sent from the source are partially backscattered along the
cable, and the analysis of the returned signal allows for local strain measurements with sub-
meter resolution. In this way, existing fiber-optic infrastructure can operate as a dense seismic
array over many kilometers without the need for additional sensors. In this study, an
approximately 8-kilometer-long fiber-optic cable belonging to the Istanbul Metropolitan
Municipality (IBB) was utilized to record and analyze both local earthquakes and the seismic
signals generated by the 2023 Mw 7.8 Kahramanmaras earthquake. Preliminary analyses
demonstrate that fiber-optic methods offer significant advantages for both seismic monitoring
and the characterization of shallow subsurface structures, highlighting their potential for future
urban seismic networks and hazard assessment.

Keywords: DAS, distributed acoustic sensing, earthquake monitoring
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OZET

Marmara Denizi, Kuzey Anadolu Fayi’nin (KAF) en karmasik ve kritik kesimlerinden birini
barindirmakta olup, burada gdzlenen fay catallanmasi ve yiiksek sismik tehlike Istanbul
metropolii i¢in dogrudan risk olusturmaktadir. Bu ¢alismada, KAF 1n Izmit Kérfezi’nde kuzey
ve giiney kollara ayrildig1 bolgede 2023-2024 yillar1 arasinda konuslandirilan Deniz Tabani
Sismometresi (OBS) ag1 tarafindan kaydedilen mikrodeprem verilerine dayali yiiksek
¢ozliniirliiklii sismisite analizi sunulmaktadir. On ay siireyle isletilen OBS ag1, 1.100°den fazla
mikrodeprem kaydetmis, bu olaylarin dnemli bir boliimii (ML < 0.4) karasal aglar tarafindan
algilanamamistir. Boylece, 8-18 km derinlik araliginda deformasyon siireclerinin ayrintilt
ozellikleri belirlenebilmistir. GrowClust algoritmast kullanilarak gergeklestirilen deprem
yeniden konumlandirmalari, maksimum olabilirlik yontemine dayali b-degeri analizleri ve
zamana bagli sismisite istatistikleri, kuzey ve giiney kollar arasinda davranis farkliliklar ortaya
koymay1 amaglamaktadir. Kuzey kol, daha derin ve daginik sismisite ile nispeten kararli b-
degerleri sergileyerek gorece duragan stres kosullarini isaret etmektedir. Giiney kol ise daha
s1g, mekansal olarak yogun kiimelenmis olaylar ve donemsel b-degeri dalgalanmalariyla
karakterize olup, bu durum akiskan gogii, aseismik siiriinme ya da yavas kayma gibi gegici
stireclere isaret etmektedir. Derinlige bagl b-degeri profilleri, iist 10 km’de heterojen stres
kosullarindan daha derin seviyelerde gorece homojen kirilma o6zelliklerine gegisi
gostermektedir. Bu bulgular, fay sistemi boyunca mekanik boliimlenmeye dair 6nemli kanitlar
sunmakta ve OBS aglarinin sismojenik zon geometrisinin ¢oziilmesi, bolgesel stres alani
modellerinin gelistirilmesi ve deprem ile tsunami erken uyar1 sistemlerinin giliglendirilmesi
acisindan kritik onemini vurgulamaktadir.

Anahtar Kelimeler: Marmara denizi, okyanus dibi sismometresi, mikrosismisite, Kuzey
Anadolu Fay1
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ABSTRACT

The Sea of Marmara encompasses one of the most critical and structurally complex segments
of the North Anatolian Fault (NAF), where fault bifurcation and elevated seismic hazard pose
a direct threat to the megacity of Istanbul. In this study, we present a high-resolution seismicity
analysis based on data from a Ocean Bottom Seismometer (OBS) network focused on the Izmit
Gulf, where the NAF splits into northern and southern strands. During a 10-month deployment
between 2023 and 2024, the OBS network recorded over 1,100 microearthquakes, including
many events undetected by the onshore networks (ML < 0.4), providing unprecedented insight
into fine-scale deformation patterns at depths of 8—18 km. Using GrowClust-based earthquake
relocation, maximum likelihood b-value analysis, and time-dependent seismicity statistics, we
identify distinct differences in fault behavior between the two branches. The northern strand
exhibits deeper, more diffuse seismicity with relatively stable b-values, suggesting steady stress
conditions. In contrast, the southern strand shows shallower, spatially concentrated clusters and
episodic fluctuations in b-values, implying localized stress accumulation and transient
processes such as fluid migration, aseismic creep, or slow-slip phenomena. Depth-dependent
b-value profiles indicate a transition from heterogeneous stress conditions in the upper 10 km
to more uniform rupture characteristics at greater depths. These results provide evidence for
mechanical segmentation along the fault system and highlight the critical contribution of OBS
networks in constraining the geometry of the seismogenic zone, refining models of the local
stress field, and enhancing earthquake and tsunami early warning capabilities.

Keywords: Marmara Sea, ocean bottom seismometer, microseismisity, North Anatolian Fault
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Depremi’nin ilksel Dinamik Modellemeleri

Stress Change after the April 23 Earthquake and Preliminary
Dynamic Modeling of the Potential Marmara Earthquake

Yasemin KORKUSUZ OZTURK'

!Erzincan Binali Yildirim Universitesi, Deprem Teknolojileri Enstitiisii, Yer Bilimleri Miihendisligi Anabilim Dals,
Yalnizbag/Erzincan
E-posta: yasemin.korkusuz@erzican.edu.tr

OZET

23 Nisan 2025 Marmara Denizi Depremi (M6.2), yaklasik 260 y1llik bir sismik bosluk olusturan
Ana Marmara Fayi’nin Kumburgaz segmenti iizerinde meydana gelmistir. Bu nedenle, 2025
depremi ile bolgedeki dnceki biiyiik depremler olan 1999 izmit (M7.4) ve 1912 Ganos (M7.4)
depremlerinin olas1 bir Marmara Denizi depremine yonelik gerilme aktarimi ve kirilma
dinamikleri tizerindeki etkilerinin arastirilmasi kritik 6nem tasimaktadir. Bu calismada, s6z
konusu ii¢ depremin toplamda olusturduklar1 kosismik etkiyi ve yalnizca 2025 depreminin
kosismik etkisini inceleyen iki ayr1 3 boyutlu yari-statik blok modellemesi gerceklestirilmistir.
Modeller, bu depremlerin komsu segmentlerde olusturdugu statik gerilme degisimlerini
karsilagtirmali olarak ortaya koymaktadir. Ayrica yari-statik hesaplamalardan bagimsiz bir
ilksel dinamik deprem senaryosu olusturulmus ve olas1 biiylik Marmara depreminde kirilmanin
batiya dogru tiim segmentleri gegebildigi; doguda ise Izmit Fayi girisinde soniimlendigi
gozlenmistir. Bu biitiinlesik yaklasim, 2025 depremi sonrast Marmara’daki gerilme birikimi,
segment etkilesimleri ve potansiyel kirilma yayilimi hakkinda o6nemli bir perspektif
sunmaktadir.

Anahtar Kelimeler: Deprem, sismoloji, dinamik modelleme, yari-statik modelleme, Marmara
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ABSTRACT

The 23 April 2025 Marmara Sea earthquake (M6.2) occurred on the Kumburgaz segment of the
Main Marmara Fault, which has constituted a seismic gap for approximately 260 years.
Therefore, investigating the effects of the 2025 event -together with the major regional
earthquakes, the 1999 izmit (M7.4) and 1912 Ganos (M7.4) earthquakes- on stress transfer and
rupture dynamics relevant to a potential future Marmara Sea earthquake is of critical
importance. In this study, two separate three-dimensional quasi-static block models are
developed: one assessing the cumulative coseismic impact of all three earthquakes, and the
other examining only the coseismic effect of the 2025 event. The models comparatively reveal
the static stress changes induced by these earthquakes on neighboring fault segments. In
addition, an initial dynamic earthquake scenario, independent of the quasi-static calculations,
is constructed. This scenario suggests that, in a potential large Marmara earthquake, rupture
could propagate westward across all segments, whereas it tends to terminate near the entrance
of the Izmit Fault in the east. This integrated approach provides an important perspective on
post-2025 stress accumulation, segment interactions, and potential rupture propagation along
the Marmara Fault system.

Keywords: Earthquake, seismology, dynamic modelling, quasi-static modeling, Marmara.
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OZET

10 Agustos 2025 tarthinde, merkez iissii Sindirgi (Balikesir) olan, yerel saat ile 19:53’te
meydana gelen deprem aletsel olarak ML 6.0 — Mw 6.1 biiyiikliiklerinde kaydedilmis ve odak
derinligi 7.7 km olarak belirlenmistir. S1g odakli bu deprem, Bat1 Anadolu’nun giincel tektonik
rejimini karakterize eden onemli bir olaydir. Deprem, ge¢miste bolgede gozlenen deprem
dizileri ile benzer 6zellikler tasimaktadir. Ozellikle 20092012 yillarinda Kiitahya-Simav ve
2017°de Ayvacik-Canakkale’de meydana gelen diziler gibi, Sindirgt depremi de tali fay
zonlarinda gelisen ¢ok segmentli kirilmalarin tipik bir 6rnegini sunmaktadir. Bu tiir dizilerde
birden fazla aktif fay pargasi, dinamik gerilme aktarimi sonucunda birbirini tetiklemekte ve bu
stire¢ sismik etkinligin zamansal olarak uzamasina yol agmaktadir. Sindirgi-Balikesir dizisi de
bolgedeki karmasik fay yapisini ve segmentler arasi etkilesim mekanizmalarini agik bigcimde
yansitmaktadir. 10 Agustos’taki ana soktan sonra 22 Eyliil 2025 tarihine kadar, biiytikliikleri M
0.5-5.0 arasinda degisen yaklasik 10.100 art¢1 deprem kaydedilmistir. Bu art¢1 yogunlugu, Bati
Anadolu’da kabugun ince, kirilgan ve yiiksek 1s1 akisina sahip yapisinin dogal bir sonucudur.
Bu tiir tektonik ortamlarda depremler genellikle s1g odaklidir ve ¢ok sayida kirik pargasinin
birbirini tetiklemesiyle olusan deprem dizileri, giinlerce hatta aylarca devam edebilmektedir.
bir olus diizeni sergilemektedir. Odak mekanizmasi ¢ézliimleri (M > 4.5) incelendiginde,
depremlerin baskin olarak normal faylanma ile meydana geldigi goriilmektedir. Bu durum, Bat1
Anadolu’da halen etkin olan kuzey-gliney yonlii genisleme rejiminin giliniimiizde de
stirdiigiinlin onemli bir gostergesidir. Ayrica, bolgedeki artgilarin mekéansal ve zamansal
dagilimy, tali fay zonlarindaki ¢ok sayida kirik parcasinin devreye girdigini dogrulamaktadir.
Dolayisiyla, 2025 Sindirgi-Balikesir deprem dizisi, Bati Anadolu’nun ¢ok segmentli faylanma
ve dinamik gerilme aktarim mekanizmalarinin giincel ve ¢arpici bir 6rnegini olusturmaktadir.

Anahtar Kelimeler: Deprem dizileri, normal faylanma, odak mekaznimasi
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ABSTRACT

On 10 August 2025, at 19:53 local time, a strong earthquake with a magnitude of ML 6.0 - Mw
6.1 struck near Sindirgt (Balikesir), Tiirkiye. With a focal depth of 7.7 km, the event was
shallow in origin and represents an important case for understanding the present-day tectonic
regime of Western Anatolia. The Sindirgi earthquake shows similarities with past seismic
sequences in the region, such as those observed in Kiitahya-Simav (2009-2012) and Ayvacik-
Canakkale (2017). Like these examples, it illustrates the typical pattern of multi-segment
ruptures along secondary fault zones. In such sequences, several active fault segments are
successively triggered by dynamic stress transfer, extending the duration of seismic activity.
The Sindirgi-Balikesir sequence clearly reflects the complex fault system of the region and the
interaction mechanisms among different segments. By 22 September 2025, nearly 10,100
aftershocks with magnitudes between M 0.5 and 5.0 had been recorded following the
mainshock. This exceptionally high aftershock productivity is linked to the thin, brittle crust
and elevated heat flow that characterize the tectonic framework of Western Anatolia. In such
environments, earthquakes are typically shallow, and sequences involving multiple fault
segments may continue for days to months. The Sindirg1 sequence, in particular, displays a
characteristic pattern marked by distinct earthquake swarms. Focal mechanism solutions for
events with M > 4.5 indicate that the earthquakes are predominantly normal faulting. This
observation provides further evidence that the north—south extensional regime, which has long
shaped Western Anatolia, remains active today. Moreover, the spatial and temporal distribution
of the aftershocks confirms the involvement of multiple fault segments within secondary fault
zones. Therefore, the 2025 Sindirgi-Balikesir earthquake sequence constitutes a striking and
contemporary example of multi-segment faulting and dynamic stress transfer in Western
Anatolia.

Keywords: Earthquake sequences, normal faulting, focal mechanisms
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OZET

Tektonik yatay gerilmeler levha hareketleri ve levha i¢i yogunluk dagilimlarina bagl olarak
ortaya ¢ikar. Bu ¢aligmada Orta-Bat1 Anadolu bolgesi WGM 12 Bouguer anomalileri ve litosfer
yogunluklarindan levha i¢i yatay gerilmelerine yonelik bilgiler elde edilmistir. Bolgenin
gerilme yonelimleri levhanin B-GB dogrultulu kag¢is mekanizmasiyla uyumlu olmakla birlikte,
grid boyutuna indirgenen gerilme alan1 modellemesiyle oldukc¢a ayrintili ¢oziimler elde
edilmistir. Yatay gerilmelerin dogrultu ve biiytikliiklerinden hareketle daha 6nce gézlenmemis
olan tektonik yapilarin gelisimi ve bunlarin depremsellikle iligkilerine yonelik yeni yaklagimlar
da ortaya cikarilmistir. Orta-Bati Anadolu’da gerilme alani genel olarak bolgenin bilinen
tektonik ¢izgisellikleriyle uyumludur. Bununla birlikte Sindirgi-Simav Fay Zonu ve Havran-
Balikesir Fay Zonu’nu i¢ine alan i¢ i¢e elipsoidal gerilme alan1 modellemeleri ilgi ¢ekici
olmustur. 10 Agustos 2025 tarihinde Sindirgi’da tam normal faylanma mekanizmasi ile
meydana gelen Mwo6.1 biiytlikliiglindeki ana soktan sonra sira dig1 bir etkinlik olarak bir ay
icinde dokuz bin civarinda art¢1 deprem meydana gelmistir. Magma indiiklemeli depremler stk
ve kiigiik enerjili depremlerin kiimelenmesiyle karakterize edilirler. Bu 6zellikle iliskili olarak,
elipsoidal gerilme alaninin giiney kesiminde kiimelenen artcilarin kabuk i¢i magma dinamikleri
ile iligkili olabilecegi gostermektedir. Bu durum tektonik kokenli ana sok sonrasi olusan
artcilara, ana sokun etkisiyle gerilen kabuk magma dinamiklerinin de eslik edebilecegini
diistindiirmektedir. Bolgede erken miyosen doneminde gelisen volkanik etkinlik dikkate
alindiginda kabuk magma dinamiklerinin bolgesel gerilme alanina katki yapti§i sonucuna
ulagilabilir. Genel olarak yatay gerilme alaninda boélgenin dogusunda yiiksek gerilme zonlari,
orta ve bat1 kesiminde ise gorece diislik zonlar gozlenmektedir. Bolgenin diisiik gerilme zonlari,
kabuk incelmesiyle ve kabugun magma odalari ile termal 6zellikler kazanmasiyla agiklanabilir.
Bununla birlikte Sindirgi-Simav fay zonunun Simav’a dogru olan parcasinda ve kuzeyde genis
bir alanda gerilme artislar1 dikkat cekmektedir. Bunun yan1 sira izmir korfezi, Candarl kérfezi,
Edremit korfezi ve yakin civarinda yatay gerilmelerde yerel artiglar gozlenmesi de bu
kesimlerde kabugun gii¢lii deprem {iretme potansiyelini ortaya koymaktadir. Orta-Bati
Anadolu’nun son 125 yillik 4 ve 4’den biiyiik deprem etkinligi ile bolgenin yatay gerilme
modeli uyumludur.

Anahtar Kelimeler: WGMI12 Bouguer, Orta-Bati Anadolu, yatay gerilmeler, magma
dinamikleri, deprem

30



1. Miihendislik Sismolojisi ve Kent Jeofizigi Sempozyumu Bildiri Ozetleri Kitab1

ABSTRACT

Tectonic horizontal stresses arise from plate movements and intraplate density distributions.
This study provides information on intraplate horizontal stresses from the WGM12 Bouguer
anomalies and lithospheric densities in the Central-Western Anatolia region. While the stress
trends in the region are consistent with the plate's W-SW escape mechanism, quite detailed
solutions have been obtained through grid-scale stress field modeling. The direction and
magnitude of horizontal stresses have also yielded new approaches to the development of
previously unobserved tectonic structures and their relationship to seismicity. The stress field
in Central-Western Anatolia is generally consistent with the known tectonic lineaments of the
region. Furthermore, nested ellipsoidal stress field models encompassing the Sindirgi-Simav
Fault Zone and the Havran-Balikesir Fault Zone have been of interest. Following the Mw®6.1
main shock, which occurred in Sindirgt on August 10, 2025, due to a fully normal faulting
mechanism, approximately nine thousand aftershocks occurred within a month, an
extraordinary event. Magma-induced earthquakes are characterized by clustering of frequent,
low-energy earthquakes. This suggests that the clustering of aftershocks in the southern part of
the ellipsoidal stress field may be related to crustal magma dynamics. This suggests that
aftershocks occurring after the tectonic main shock may also be accompanied by crustal magma
dynamics stressed by the main shock. Considering the volcanic activity that developed in the
region during the early Miocene, it can be concluded that crustal magma dynamics contribute
to the regional stress field. Generally, high stress zones are observed in the eastern part of the
horizontal stress field, while relatively low zones are observed in the central and western parts.
The low stress zones in the region can be explained by crustal thinning and the crust gaining
thermal properties through magma chambers. However, stress increases are noted along the
Sindirgi-Simav fault zone toward Simav and across a wide area to the north. Furthermore, local
increases in horizontal stresses observed in the Gulf of Izmir, the Gulf of Candarli, the Gulf of
Edremit, and their surrounding areas demonstrate the crustal potential to generate strong
earthquakes in these areas. The horizontal stress pattern of the region is consistent with the
magnitude 4 and greater earthquake activity in Central-Western Anatolia over the last 125
years.

Keywords: WGM12 Bouguer, Central-Western Anatolia, horizontal stresses, magma
dynamics, earthquake
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OZET

Egirdir Goli ve yakin gevresindeki baglica yapisal unsurlarin smirlarini ortaya koymak
amactyla yiiksek c¢oOziintirliikklii manyetik verilerine gelismis kenar algilama teknikleri
kullanilarak analiz edilmistir. Calismada kullanilan manyetik veriler 6ncelikle giinliik diizeltme
ve yon diizeltmesine tabi tutulmustur. Toplam alan manyetik anomali kutba indirgenmis (RTP)
ve ardindan ¢esitli kenar algilama filtreleri uygulanmistir. Jeolojik yapilarin siirlarinin daha
yiiksek dogrulukla belirlenmesi agisindan kenar algilama yontemleri 6nemli bir katkilar
sunmaktadir. Bu kapsamda, hem klasik hem de gelismis yaklasimlar olmak iizere Tilt Acist
(TA), Toplam Yatay Gradyanin Tilt A¢is1 (TAHG) ve Toplam Yatay Gradyan Tabanli Kenar
Algilama (THGED) filtreleri uygulanmis ve kapsaml bir ¢izgisellik analizi gergeklestirilmistir.
S6z konusu yontemler, manyetik anomali kaynaklarinin siirlarinin daha giivenilir bicimde
belirlenmesine olanak tanimigtir. Ayrica sinir ve derinlik analizlerinde kullanilan Euler
Dekonvoliisyon teknigi de uygulanmistir. Elde edilen bulgular, g6liin kuzey ve 6zellikle giiney
kesiminde belirgin ¢izgiselliklerin varligina isaret etmekte olup bu yapilarin &zellikle
Kuzeydogu—Giineybat1 (KD-GB), Kuzeybati-Giineydogu (KB-GD) ve Dogu—Bati (D-B)
dogrultulu fay sistemlerinden etkilendigini gostermektedir. Bu sonuglar, Egirdir Goli
cevresinde farkli deformasyon rejimlerinin ve fay zonlarinin manyetik alan {izerine
yansimalarini ortaya koymakta ve bolgenin tektonik evrimini anlamaya yonelik 6nemli ipuglari
sunmaktadir.

Anahtar Kelimeler: Egirdir Golii, manyetik, tilt agis1, yapisal ¢izgisellikler
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ABSTRACT

High-resolution magnetic data from Lake Egirdir and its surrounding area were analyzed using
advanced edge-detection techniques to delineate the major structural boundaries. The magnetic
dataset was first subjected to diurnal and heading corrections. Subsequently, the total magnetic
anomaly field was reduced to the pole (RTP), and various edge-detection filters were applied.
Edge-detection methods significantly contribute to the more accurate delineation of geological
structures. In this framework, both classical and advanced approaches, including the Tilt Angle
(TA), the Tilt Angle of the Total Horizontal Gradient Amplitude (TAHG), and the Total
Horizontal Gradient-Based Edge Detection (THGED), were employed to conduct a
comprehensive lineament analysis. These methods allowed for a more reliable identification of
the boundaries of magnetic anomaly sources. In addition, the Euler Deconvolution technique
was applied for boundary and depth estimation. The results indicate the presence of prominent
lineaments in both the northern and, more distinctly, the southern parts of the lake, revealing
that these structures are mainly influenced by northeast—southwest (NE-SW), northwest—
southeast (NW—SE), and east—west (E-W) trending fault systems. These findings highlight the
reflections of different deformation regimes and fault zones on the magnetic field around Lake
Egirdir, providing important insights into the tectonic evolution of the region.

Keywords: Lake Egirdir, magnetic, tilt angle, structural lineaments
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Orhanh Fay Zonu ve Cevresine ait Gravite Verilerinin 2B
irdelenmesi

2D Investigation of Gravity Data of the Orhanh Fault Zone and
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OZET

Bat1 Anadolu bolgesi agilma bolgesi litosferik 6l¢ekte pek cok kuvvet etkisinde deformasyona
ugramis igerisinde dogrultu atimli, normal faylar ve transfer zonlar1 gibi pek ¢ok Onemli
tektonik eleman1 barindirmaktadir. Bu karmasik tektonik yapi ve beraberinde bolgede yakin
gegmiste meydana gelen can ve mal kaybina sebep olan Samos ve Buca depremleri, bélgedeki
en biiyiikk metropol olan Izmir ve yakin cevresindeki tektonik elemanlarin incelenmesi
gerekliligini dogurmaktadir. Bu g¢alisma kapsaminda bdlgedeki aktif faylardan biri olan
yaklagik K-G uzanimli, sag dogrultu atimli ve karada gozlenebilen uzunlugu 45 km olan
Orhanl1 (Tuzla) Fay zonu gravite verileri ile incelenmistir. Calisma kapsaminda DEU (BAP)
2018.KB.FEN.010, TUBITAK 106G159 and TUBITAK 108Y285 numarali projelerinden elde
edilen veriler birlestirilerek alana ait Rezidiiel Bouguer gravite anomali haritasi elde edilmistir.
Sonraki asamada gravite verilerine Gii¢ spektrumu yontemi uygulamasi ile ortalama derinlikler
elde edilmistir. Son olarak D-B  uzanimli profil hatlar1 boyunca gravite verilerine Normalize
tam gradyen uygulamalar1 yapilarak kabuk ig¢i siireksizlik smirlar1 incelenmis ve bdlge
depremselligi ile birlikte yorumlanmustir.

Anahtar Kelimeler: Gravite, NTG, gii¢ spektrumu
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ABSTRACT

The Western Anatolia extensional region has undergone deformation under the influence of
numerous forces at the lithospheric scale, it also has significant tectonic elements such as strike-
slip faults, normal faults, and transfer zones. This complex tectonic structure, along with the
recent destructive Samos and Buca earthquakes that caused significant loss of life and property,
highlights the necessity of investigating the tectonic elements in Izmir — the largest
metropolitan area of the region — and its surroundings. Within the scope of this study, the
Orhanli (Tuzla) Fault Zone, an active fault in the region that trends approximately N-S, exhibits
right-lateral strike-slip motion, and has an observable length of 45 km on land, was examined
using gravity data. The gravity data used were collected within the scope of DEU SRP (BAP)
project no 2018.KB.FEN.010, TUBITAK project no 106G159 and TUBITAK project no
108Y285. Data set were combined to produce the Residual Bouguer gravity anomaly data of
the area. Subsequently, the power spectrum method was applied to the gravity data in order to
estimate average depths. Finally, normalized full gradient analyses were performed on gravity
data along E-W oriented profile lines to investigate intracrustal discontinuity boundaries, which
were then interpreted in relation to the seismicity of the region.

Keywords: Gravity, NFG, power spectrum
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OZET

Izmir ilinin yer aldign Bati Anadolu ve Ege Denizi; Hellenik dalma-batma zonu, Bati
Anadolu’nun genislemeli tektonik rejimi ve Kuzey ile Dogu Anadolu fay zonlarinin karmasik
blok hareketleri nedeniyle Dogu Akdeniz’in en aktif sismik bdlgelerindendir. 30 Ekim 2020
tarihinde meydana gelen Izmir-Seferihisar aciklar1 (Sisam) depremi (Mw 6.9), Izmir ve
cevresinde can ve mal kayiplarina yol agmis, bdlgenin sismik acidan detayli incelenmesinin
onemini bir kez daha ortaya koymustur. Bu deprem ile birlikte 2020 y1l1 sonrasinda Ege Denizi
ve Bat1 Anadolu’da gerceklesen diger depremlerin jeodinamik anlami bu bildiride tartigilmastir.
Bu calismada, s6z konusu depremler sismolojik veriler ile sabit ve kampanya tipi GNSS
gozlemleriyle incelenmistir. Elde edilen hiz alanlar1 ve deformasyonlar, gerilme birikiminin
dagilimi ve stres transferi hakkinda 6nemli ipucglari sunmustur. Bulgular, hem eszamanh
(coseismic) hem de deprem sonrasi (postseismic) stlireglerin yerel deformasyon alan degisimi
nedeniyle heterojen hiz dagilimlarina neden oldugunu ve hem deniz agiklarinda hem de karada
meydana gelen depremlerin bolgesel tektonik sistem igindeki yerini ortaya koymustur. Bu
baglamda bu calisma; 2020 yili ve sonrasinda gergeklesen depremlerin, Izmir ve ¢evresinin
jeodinamik c¢ercevesi nasil sekillendigini gostermekte, ayrica Bati Anadolu ve Ege
Denizi’ndeki deprem tehlikesinin degerlendirilmesinde jeodezik ve sismolojik verilerin
biitiinciil bicimde kullanilmasinin gerekliligini vurgulamaktadir.

Anahtar Kelimeler: izmir, Bat1 Anadolu, Ege Denizi, deprem, deformasyon
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ABSTRACT

Western Anatolia and the Aegean Sea, where the city of Izmir is located, are among the most
seismically active regions of the Eastern Mediterranean due to the influence of the Hellenic
subduction zone, the extensional tectonic regime of Western Anatolia, and the complex block
movements along the North and East Anatolian fault zones. The Izmir—Seferihisar offshore
(Samos) earthquake (Mw 6.9), which occurred on October 30, 2020, caused casualties and
damage in Izmir and its surroundings, once again highlighting the importance of detailed
seismic investigations in the region. Along with this earthquake, the geodynamic significance
of other earthquakes that have occurred in the Aegean Sea and Western Anatolia since 2020 is
discussed in this study. These events were analyzed using seismological data together with
continuous and campaign-type GNSS observations. The velocity fields and deformation
patterns obtained provide important insights into the distribution of strain accumulation and the
transfer of stress. The findings indicate that both coseismic and postseismic processes, through
changes in the local deformation field, may due to heterogeneous velocity distributions and
revealed the role of both offshore and inland earthquakes within the regional tectonic
framework. In this context, this study demonstrates how earthquakes that have occurred since
2020 have been shaped by the geodynamic framework of Izmir and its surroundings, and further
emphasizes the necessity of integrating geodetic and seismological data for the assessment of
seismic hazard in Western Anatolia and the Aegean Sea.

Keywords: Izmir, Western Anatolia, Aegean Sea, earthquake, deformation
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OZET

Lofoten kita sahanligi, Baltik denizinin agiklarinda yer alir ve Kuzey Atlantik Okyanusu'nun
kita kenarn tarafindan deforme edilmistir. Eosen déneminin baslarinda Kuzey Atlantik'te kita
ayrigmasi ile olusmus ve ardindan yogun volkanizma ile bazaltik malzeme ¢ikisi ile olmus ve
Senozoik sedimanlarin altina yerlesmistir. Yer kabugu yapisi, Lofoten sahanligi ve okyanus
bolimiinde reoloji ve kalinlik agisindan farkliliklar gosterir. Baltik Kalkani'nin
kuzeydogusunda BKB-DGD yoniinde uzanan Silver Road profilinin modelleme sonuglarin
sunuyoruz. Bu profil, Lofoten kiy1 seridine dik olup, ~300 km'lik kiy1 kesiminde kuzeybati
yoniinde devam etmekte ve 630K ile 710K arasindaki kuzey Iskandinavya'da ~300 km'lik agik
deniz kesiminde ayni yonde devam etmektedir. Genis ag¢1 sismik veriler, Hakon Mosby
gemisinden hava tabancasi atiglar ile tiim agik deniz profili boyunca ve s1g deniz tabani, s1g
deniz tabanindan derin okyanus tabanina gecis ve derin okyanus tabanindaki 16 deniz tabani
sismometresinden elde edilmistir. Karada ise 280 km ve ortalama 1.2 km aralikli alilar ile 5
noktada patlama ile elde edilmistir. Yeni agik deniz kabuk hizi ve derinlik modeli, Kuzey
Atlantik Okyanusu ¢evresindeki kendi kendine okyanus litosferinden kaynaklanan yiiksek
anormal ve heterojen batimetriyi ¢ozmeye yardimct olacaktir. Sonuclar, acik deniz profili
boyunca kabuk kokii ve magmatik intriizyonlarin varligini test edecektir. Kara kisminda ise
Kuzey iskandinavya dag kusaginin listmantoda konumlanmis diisiis yogunlukli yap1 ile
desteklendigi goriilmektedir.

Anahtar kelimeler: Iskandinavya, kirilma, genis acil1 sismik veriler, kontrollii kaynak

profilleri
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ABSTRACT

The Lofoten continental self is located on offshore section of the Baltic Shield and bored by
continental margin of North Atlantic Ocean. It was formed by the continental break up on the
North Atlantic in early Eocene and following by intense volcanism where basaltic material
extruded and located under Cenozoic sediments. The crust presents variation in its rheology
and thickness in Lofoten self and oceanic section. We present results of ray tracing model of
Silver Road profile which extends in a WNW to ESE direction in the northeastern Baltic Shield.
It is perpendicular to the coastline of Lofoten and it continued northwest direction along
~300km onshore section and again continues with the same direction along with ~300km
offshore section in northern Scandinavia between 630N and 710N. Wide-angle seismic data
obtained from air gun shots from the vessel Hakon Mosby along the whole offshore profile and
recordings from 16 ocean bottom seismometers on the shelf, slope and oceanic environment.
Onshore section, it was obtained by detonation at 5 points with 280 km and an average interval
of 1.2 km. The new offshore crustal velocity and depth model will help to solve high anomalous
and heterogeneous bathymetry from self to oceanic lithosphere around the North Atlantic
Ocean. The results will test existence of crustal root and magmatic intrusions along the offshore
profile. Onshore section, it can be seen that it is supported by a structure with a low density
located in the upper mantle of the North Scandinavian mountain belt.

Keywords: Scandinavia, refraction, wide angle seismic data, controlled source profiles
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OZET

Miihendislik sismolojisinde yer hareketi tahmin modelleri (GMM), sismik tehlike analizlerinde
kullanilarak tasarim tepki spektrumlarinin tiiretilmesinde 6nemli bir rol oynamaktadir.
Literatiirdeki yer hareketi modelleri agirlikli olarak tepki spektral parametrelerini (ivme, hiz,
deplasman) tahmin etmeye yonelik gelistirilmistir; ancak bu parametreler yer hareketinin
kendisini dogrudan temsil etmemektedir. Ote yandan, Fourier Genlik Spektrumu (FAS),
sismoloji teorisine gore beklenen yer hareketinin karakteristik 6zelliklerini daha gergekei bir
sekilde yansitmaktadir. Bu nedenle, gelecek yillarda yer hareketi tahmini arastirmalarinda FAS
modelleme caligmalarina yonelik bir trend ongoriilmektedir. Ayrica FAS modelleri, stokastik
yer hareketi simiilasyonlarinda kullanilabilir ve ¢esitli korelasyonlar araciligiyla tepki spektral
parametreleri tiiretilebilir. Bu motivasyonla, bu calismada spektral parametreler yerine yer
hareketinin Fourier Genlik Spektrumu'nu (FAS) tahmin eden bir ampirik model gelistirilmistir.
Gelistirilen model, ¢ikti parametresi olarak Efektif Genlik Spektrumu'nu (EAS) tahmin
etmektedir. EAS, deprem ivme kayitlarinin yatay bilesenlerinin Fourier genlik spektrumunu
yonden bagimsiz olarak temsil eden bir parametredir. Modelleme icin kiiresel 6l¢ekte bir veri
seti hazirlanmigtir. Hazirlanan veri seti, moment biiyiikligii (Mw) 5.8-7.9 ve istasyon-fay
diizlemi mesafesi (RRUP) 0-80km araliginda degisen 72 farkli depremden elde edilmis 3225
adet ivmedlger kaydindan olugmaktadir. Model gelistirme asamasinda, 0.1-30Hz aralig1 i¢in
100 farkl frekans degeri (frekans noktasi) belirlenmis ve her bir frekans i¢in ayr1 ayri regresyon
analizleri gerceklestirilmistir. Regresyon analizleri sonucunda model degiskenlerine ait
katsayilar ve standart sapmalar raporlanmistir. Gelistirilen modelin performansi, sonuglarin
literatiirdeki benzer modellerle karsilastirilmasi yoluyla degerlendirilmis ve modelin tutarlilig:
ortaya konulmustur.

Anahtar Kelimeler: Yer hareketi modelleri, Fourier Genlik Spektrumu, kuvvetli yer hareketi

40



1. Miihendislik Sismolojisi ve Kent Jeofizigi Sempozyumu Bildiri Ozetleri Kitab1

ABSTRACT

In engineering seismology, ground motion models (GMMs) play a crucial role in seismic hazard
analysis for deriving design response spectra. Commonly, the ground motion models in the
literature have been developed to predict response spectral parameters (acceleration, velocity,
displacement); however, these parameters do not directly represent the ground motion itself.
On the other hand, the Fourier Amplitude Spectrum (FAS) more realistically represents the
expected characteristic features of the ground motion according to seismological theory.
Therefore, a trend towards FAS modeling in ground motion prediction researches is expected
in the upcoming years. Furthermore, FAS models can be used in stochastic ground motion
simulations, and response spectral parameters can be derived using various correlations.
Motivated by this, an empirical model that predicts the Fourier Amplitude Spectrum (FAS) of
ground motions, instead of spectral parameters, has been developed in this study. The developed
model targets to predict the Effective Amplitude Spectrum (EAS). EAS is a parameter that
represents the Fourier amplitude spectrum of the horizontal components of earthquake
acceleration records independently of orientation. A global-scale dataset was prepared for the
modeling. The compiled dataset consists of 3225 accelerometer records obtained from 72
different earthquakes, with moment magnitudes (Mw) ranging from 5.8 to 7.9 and rupture
distances (RRUP) varying from 0 to 80km. During the model development phase, 100 different
frequency values (or frequency point) were defined for the 0.1-30Hz range, and separate
regression analyses were conducted for each frequency point. Consequently, the coefficients
and standard deviations of the model variable obtained from the regression analyses are
reported. The performance of the developed model was evaluated by comparing the results with
similar models in the literature, and its accuracy was discussed.

Keywords: Ground motion model, Fourier amplitude spectrum, strong motion
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OZET

Bu ¢alismada Istanbul’da ¢ok katli betonarme bir yap iizerinde titresim kayitlar1 toplanarak
bazi yap1 dinamigi parametrelerinin analizi yapilmistir. Bunun i¢in farkli katlara dagilan 9
noktada Ui¢ bilesen sismometreler kullanarak es zamanli mikrotremdrler (titresimcikler)
kaydedilmistir. Ayn1 zamanda, yapt disinda serbest zemin iizerinde zemin dogal titresim
(rezonans) frekansini belirleme amagli mikrotremor kayitlari toplanmistir. Tiim noktalarda
kayit stireleri 1 saatin lizerindedir. Sismometrelerde kullanilan 6rnekleme aralig1 saniyede 250
ornektir. Olgiimler nispeten insan hareketliliginin az oldugu bir zaman diliminde
gerceklestirilmistir. Ancak, asansor kullanimi, hidrofor benzeri motorlar, etraftaki trafik
hareketliliginin urettigi titresimler kayitlar i¢cinde dagilmis halde gézlenmektedir. Yap1 titresim
modlarimin belirlenmesinde Fourier veya Gii¢ Yogunlugu Spektrumlari kullanilmigtir.
Spektrum hesaplamalart 100 sn uzunlugunda ¢ok sayida zaman penceresi kullanarak
hesaplanmistir. Yapiya ait birinci (temel) egilme mod frekansi her iki yatay eksende 1.33 Hz’te
olarak bulunmustur. Temel egilme moduna ait soniimlenme oranlarinin her iki eksende %1.17-
%1.66 arasinda degistigi goriilmiistiir. Cok sayida sismometre kullanimi, birinci ve ikinci
egilme modu yerdegistirme sekillerinin hesaplanmasina izin vermistir. Yap1 kayma dalga hizi
katlardaki sismik kayitlarin bodrum kattaki kayitla ¢apraz korelasyonuyla hesaplanir. Buna
gore KG bilesende kayma dalga hizi 432 m/sn, DB bilesende ise 397 m/sn bulunmustur.
Bunlara ek olarak, yap1 zemininde bir balyoz ile olusturulan sismik sinyalin kolon boyunca
seyahatinden hesaplanan P dalga hizlar1 1800 m/sn civarinda oldugu goriilmiistiir.

Anahtar Kelimeler: Yap1 dinamigi, yap1 jeofizigi, mikrotremdr, mod, sontim
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ABSTRACT

In this study, vibration recordings were collected on a multi-story reinforced concrete building
in Istanbul to analyze some structural dynamic parameters. For this purpose, microtremors were
recorded simultaneously using three-component seismometers at nine locations distributed
across different floors. Microtremor recordings were also collected outside the building on free
ground to determine the natural ground vibration (resonance) frequency. Recording durations
at all locations exceeded one hour. The seismometer sampling rate was 250 samples per second.
The measurements were conducted during a period of relatively low human activity. However,
vibrations generated by elevator use, hydrophore-like engines, and surrounding traffic were
observed scattered throughout the recordings. Fourier or Power Density Spectra were used to
determine the structural vibration modes. Spectrum calculations were performed using multiple
100-second time windows. The structure's first (fundamental) bending mode frequency was
found to be 1.33 Hz along both horizontal axes. The damping ratios for the main bending mode
were found to vary between 1.17% and 1.66% along both axes. The use of multiple
seismometers allowed the calculation of the first and second bending mode displacement
shapes. The building shear wave velocity was calculated by cross-correlating the seismic
recordings from the floors with the basement recordings. Accordingly, the shear wave velocity
for the NS component was found to be 432 m/s and for the DB component, 397 m/s.
Additionally, P-wave velocities calculated from the seismic signal generated by a
sledgehammer at the building's foundation traveling along the columns were found to be around
1800 m/s.

Keywords: Structural dynamics, structural geophysics, microtremor, mode, damping
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OZET

Deprem miihendisliginde 6nemli yer hareketi gostergeleri olan tepe yer hiz1 (PGV) ve kiimiilatif
mutlak hiz (CAV), yapisal hasar potansiyelinin degerlendirilmesinde kritik 6éneme sahiptir.
Makine Ogrenmesi teknikleri, dogrusal olmayan iliskilerin ele alinmasi, degisen kosullara
uygulanabilirlik, otomasyon, verimlilik ve gercek zamanli tahmin potansiyeli sayesinde PGV
ve CAV parametrelerinin daha dogru ve giivenilir tahminlerini saglayabilir. Bu ¢aligmada,
Tiirkiye’ye veri seti ile makine 6grenmesi (ML) tabanli PGV ve CAV tahmin modellerinin
gelistirilmesi amaglanmistir. Tiirkiye’de 1983-2023 yillar1 arasinda meydana gelen 950°den
fazla deprem kaydi ile birlikte, 24.667 ivme kaydini igeren giincel gii¢lii yer hareketi veri
tabanlar1 kullanilarak cesitli gozetimli makine 6grenmesi algoritmalarinin (Destek Vektor
Makineleri, Dogrusal Regresyon, Rastgele Orman, Yapay Sinir Agi, Bayesyen Ridge
Regresyonu ve Gradient Boosting) performanslar1 degerlendirilmistir. Modellerin bagarimini
artirmak amaciyla 6znitelik se¢imi (LASSO, RFE, Pearson korelasyonu) gibi 6n isleme
yontemleri uygulanmistir. Model sonuglarinin  basaris1  performans Olgiitleri ile
degerlendirilmistir. Elde edilen sonuglar, Gradient Boosting algoritmasinin hem PGV hem de
CAYV tahmininde diger yontemlere kiyasla iistiin performans gosterdigini ortaya koymaktadir.
Ozellikle Mw > 5.5 biiyiikliigiindeki depremlere ait veri setleri ile egitilen modeller, daha
yiiksek dogruluk saglamistir. Calisma kapsaminda gelistirilen ML tabanli yer hareketi
modelleri, mevcut geleneksel yer hareketi denklemleri (GMM) ile karsilastirilmis ve yeterli
kayit verisi saglandiginda ML tabanli modellerin en az GMM’ler kadar giivenilir tahminler
sundugu belirlenmistir. Makine 6grenmesi yontemleri, Tiirkiye’de s1g kabukta meydana gelen
dogrultu atimli ve normal faylanma kaynakli depremler i¢cin PGV ve CAV tahmininde giiclii
bir alternatif olarak 6ne ¢ikmaktadir.

Anahtar Kelimeler: Deprem parametrelerinin tahmini, en biiyiik yer hizi (PGV), kiimiilatif
mutlak hiz (CAV), makine 6grenmesi
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ABSTRACT

Peak ground velocity (PGV) and cumulative absolute velocity (CAV), important ground motion
parameters in earthquake engineering, play a critical role in assessing the potential structural
damage. Machine learning (ML) techniques can provide more accurate and reliable predictions
of PGV and CAV due to their ability to handle nonlinear relationships, adaptability to changing
conditions, automation, efficiency, and potential for real-time forecasting. This study aims to
develop ML-based PGV and CAV prediction models using Turkish earthquake datasets. Using
the latest strong-motion databases, which include over 950 earthquakes from 1983 to 2023 and
24,667 acceleration records, the performance of various supervised machine learning
algorithms—Support Vector Machines, Linear Regression, Random Forest, Artificial Neural
Networks, Bayesian Ridge Regression, and Gradient Boosting—was evaluated. Preprocessing
methods such as feature selection (LASSO, RFE, Pearson correlation) were applied to enhance
model performance. The models’ success was assessed using standard performance metrics.
The results indicate that the Gradient Boosting algorithm outperforms the other methods in
predicting both PGV and CAV. Models trained on datasets with Mw > 5.5 earthquakes achieved
particularly higher accuracy. The ML-based ground motion models developed in this study
were compared with existing traditional Ground Motion Models (GMMs), results indicated
that, with sufficient training data, ML-based models provide predictions at least as reliable as
GMMs. Machine learning approaches thus emerge as a powerful alternative for predicting PGV
and CAYV for shallow crustal strike-slip and normal-fault earthquakes in Tiirkiye.

Keywords: ground motion prediction, peak ground velocity (PGV), cumulative absolute
velocity (CAV), machine learning
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Sismik Dalga Hizlarindan Tiiretilen Parametrelerle Kuzey
Izmir’de Dinamik Zemin Ozelliklerinin ve Yerel Tepki
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Systematic Analysis of Dynamic Soil Properties and Local
Response Indicators in Northern Izmir Based on Parameters
Derived from Seismic Wave Velocities
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OZET

Bu ¢alismada, Izmir ili Karsiyaka, Bayrakli, Bornova ve Cigli ilgelerini kapsayan bolgelerde
dinamik zemin kosullari, sismik kirilma ve ¢ok kanalli yiizey dalgasi (MASW) yontemleriyle
elde edilen 278 profilin degerlendirilmesiyle incelenmistir. Olgiimlerden tabaka kalmlig: (h),
P- ve S-dalgasi hizlar1 (Vp, Vs) ile 30 m derinlik i¢im ortalama kayma dalgasi hiz1 (Vs30)
belirlenmis; bu temel parametrelerden maksimum kayma modiilii (Gmax), elastisite modiili
(E), Poisson orant (v), hacimsel modiil (K), zemin hakim titresim periyodu (TO0), serbest basing
dayanimi1 (qu) ve goreceli zemin biiyiitmesi tiiretilmigtir. Ayrica, zeminlerin rezonans
davranisini tetikleyebilecek esik deprem biiyiikliikleri de hesaplanarak miihendislik agisindan
kritik degerler ortaya konmustur. Dinamik zemin parametreleri, sahil kesimleri boyunca sismik
duyarlhlik indeksi yorumlanarak en riskli alanlarin belirlenmesine imkan tanimistir. Temsili
kesitler i¢in radar diyagramlari olusturularak Karsiyaka ve Bayrakli ilgeleri, genis veri tabani
baglaminda karsilastirmali olarak incelenmistir. Bunun yani sira, yapilarin yatay deplasman
talepleri, sayisal deprem-zemin—yap1 etkilesimi analizleri araciliiyla degerlendirilmis ve farkl
kat yiiksekliklerine sahip tipik binalarin olas1 davraniglart ongoriilmiistiir. Calismanin 6zgilin
yonii, kuzey Izmir bolgesinde genis bir sismik veri setinden hareketle ¢ok sayida yerel zemin
yanitinin dinamik parametreler kullanilarak sistematik bigimde tiiretilmesi ve bu yaklasimin
jeofizik uygulamalarda kullanilabilecek giivenilir ve sistematik bir yol haritasinin ortaya
konmasidir.

Anahtar Kelimeler: Dinamik zemin parametreleri, deprem-zemin-yap1 etkilesimi, dinamik
zemin davranisi,

46



1. Miihendislik Sismolojisi ve Kent Jeofizigi Sempozyumu Bildiri Ozetleri Kitab1

ABSTRACT

In this study, the dynamic soil conditions of the regions covering the Karsiyaka, Bayrakli,
Bornova, and Cigli districts of Izmir province were examined through the evaluation of 278
profiles obtained by seismic refraction and multichannel analysis of surface waves (MASW).
From the measurements, layer thickness (h), compressional- and shear-wave velocities (Vp,
Vs), and the average shear-wave velocity for 30 m depth (Vs30) were determined; from these
fundamental parameters, the maximum shear modulus (Gmax), elastic modulus (E), Poisson’s
ratio (v), bulk modulus (K), predominant soil period (T0), unconfined compressive strength
(qu), and relative soil amplification were derived. In addition, threshold earthquake magnitudes
capable of triggering the resonance behavior of soils were calculated, thereby revealing critical
values from an engineering perspective. The dynamic soil parameters were interpreted along
the coastal sections by means of the seismic susceptibility index, enabling the identification of
the most risk-prone areas. For representative sections, radar charts were prepared and the
Karstyaka and Bayrakli districts were comparatively evaluated within the context of the larger
database. Furthermore, horizontal displacement demands of structures were assessed through
numerical earthquake—soil—structure interaction analyses, and the possible behavior of typical
buildings with different story heights was predicted. The originality of this study lies in the
systematic derivation of numerous local soil responses from a large seismic dataset in the
northern Izmir region using dynamic parameters, and in presenting a reliable and systematic
roadmap applicable to geophysical practices.

Keywords: Dynamic soil parameters, earthquake—soil-structure interaction, dynamic soil
behavior
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Havza Yerlesimlerinde Sahaya Ozel Analizler I¢in Jeofizik
Uygulamalar

Geophysical Applications for Site-Specific Analyses in Basin
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OZET

Ulkemiz, bilindigi gibi, depremsellik agisindan diinyanin en aktif bolgelerinden biridir. Son 50
yil incelendiginde, sonuncusu Kahramanmaras depremleri olmak iizere, ¢cok sayida yikici
deprem meydana gelmistir. Ulkemizin tektonik yapis1 ve jeomorfolojik 6zelliklerine baglh
olarak ¢ok sayida genis havza bulunmaktadir. Ornegin, Kuzey Anadolu Fay Zonu boyunca
gelisen ve lizerinde yerlesim bulunan bir¢ok havza (Erzincan Havzasi, Niksar Havzasi, Bolu—
Gerede Havzasi vb.) mevcuttur.Bu tip havzalar ¢ok derin ve yumusak sedimanlarla kaplanmig
olup, zemin biiyiitmesinin yiiksek olabilecegi alanlardir. Yikict depremler Oncesinde,
havzalarin zemin davraniglarinin dogru bir sekilde belirlenebilmesi i¢in, derin havza yapisinin
parametrelerinin elde edilmesi ve bu parametrelere gore sahaya 6zel dinamik davranig
analizlerinin gerceklestirilmesi gerekmektedir.Bu tiir alanlarda depreme dayanikli yapi tasarimi
icin sahaya Ozel tasarim ivme spektrumlarmin belirlenmesi zorunludur. Bu analizler i¢in
anakayaya kadar Vs—derinlik kesitlerinin belirlenmesi elzemdir. Ek olarak, mikrogravite
caligmalar1 da havza analizlerinde yaygin olarak kullanilmaktadir.Bu c¢alisma kapsaminda,
iilkemizin farkli bolgelerinde ve farkli projeler kapsaminda gerceklestirilen havza modelleme
caligmalar1 derlenmis ve sunulmustur.

Anahtar Kelimeler: Havza modelleme, jeofizik, Vs, sahaya 6zel analizler, mikrogravite
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ABSTRACT

As is well known, our country is one of the most seismically active regions in the world. An
examination of the past 50 years reveals that numerous destructive earthquakes have occurred,
the most recent being the Kahramanmaras earthquakes. Due to the tectonic structure and
geomorphological characteristics of our country, many large basins are present. For instance,
several basins have developed along the North Anatolian Fault Zone and host settlements, such
as the Erzincan Basin, Niksar Basin, and Bolu—Gerede Basin. These types of basins are covered
by very deep and soft sediments, making them areas where high soil amplification can be
expected. In order to accurately determine the soil behavior of basins prior to destructive
earthquakes, it is necessary to obtain the parameters of the deep basin structure and to perform
site-specific dynamic response analyses based on these parameters. For earthquake-resistant
structural design in such areas, it is essential to determine site-specific design acceleration
response spectra. For these analyses, the determination of Vs—depth profiles down to the
bedrock is of vital importance. In addition, microgravity surveys are widely used in basin
analyses. Within the scope of this study, basin modeling studies carried out in different regions
of our country under various projects have been compiled and presented.

Keywords: Basin modeling, geophysics, Vs, Site-specific analyses, microgravity
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Trabzon-Degirmendere Vadisi’ndeki Heyelanh Alanlarin Aktif
Ve Pasif Yiizey Dalgas1 Yontemleriyle Incelenerek Zemin Kayma
Gerilmelerinin Hesaplanmasi

Investigation of Landslide-Prone Areas in the Degirmendere
Valley, Trabzon, Using Active and Passive Surface Wave Methods
and Calculation of Soil Shear Stresses
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OZET

Bu caligmada, Trabzon ili Ortahisar ilgesinin 10 km gilineyinde yer alan Degirmendere
Vadisi’nin bir boliimiinde, zeminlerin statik ve dinamik yiikler altindaki davranislarini ve
zemin-yap1 etkilesimini belirlemek amaciyla ¢oklu jeofizik yontemler uygulanmistir. Bu
kapsamda, aktif ve pasif kaynakli yiizey dalgas1 yontemleri kullanilmistir. Ozellikle saha icinde
yer alan ge¢cmiste meydana gelmis paleo heyelanlar ve giincel aktif heyelanlar detayli olarak
incelenmistir. Yapilan dlgiimler sonucunda, kesme dalgasi hizi, zemin baskin periyodu ve
zemin biiyiitmesi gibi parametreler elde edilmis ve heyelan duyarliliginda kritik 6neme sahip
olan zemin kayma gerilmeleri hesaplanmistir. Sonuglara gére, heyelanli bolgelerde zemin sinifi
ZD (TDBY), D (NEHRP) ve C (Eurocode 8) olarak belirlenmis; zemin baskin periyodu 0.8-1.3
sn, zemin biiylitmeleri 5-6, Vs30 degerleri 278-460 m/sn ve zemin kayma gerilmesi 10~'-102
araliginda bulunmustur. Heyelansiz bolgelerde ise zemin smifi ZC (C, B), zemin baskin
periyodu 0.1-0.5 sn, zemin biiyiitmeleri 1-2, Vs30 degerleri 301-780 m/sn ve zemin kayma
gerilmesi 103—10"* araliginda tespit edilmistir.

Anahtar Kelimeler: Yiizey dalgasi, mikrotremor, MASW yontemi, Zemin parametreleri, GSS
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ABSTRACT

In this study, geophysical methods were applied to a section of the Degirmendere Valley,
located 10 km south of Ortahisar district in Trabzon, to determine the behavior of soils under
static and dynamic loads and the soil-structure interaction. Both active and passive source
surface wave methods were employed for this purpose. In particular, paleo-landslides that
occurred in the past and current active landslides within the study area were investigated in
detail. Measurements provided parameters such as shear wave velocity, soil predominant
period, soil amplification, and ground shear strain, which play a critical role in landslide
susceptibility, were calculated. According to the results, in landslide-prone areas, the soil class
was determined as ZD (TDBY), D (NEHRP), and C (Eurocode 8); the soil predominant period
ranged between 0.8—1.3 s, soil amplification values were 5-6, Vs30 ranged from 278-460 m/s,
and ground shear strain values were between 107'—1072. In non-landslide areas, the soil class
was ZC (C, B), dominant soil period 0.1-0.5 s, amplification 1-2, Vs30 301-780 m/s, and shear
stress 10°—107.

Keywords: Surface wave, microtremor, MASW Method, Soil Parameters, GSS
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OZET

Tiirkiye’de 2020 Samos ve 2023 Kahramanmaras depremleri, zemin 6zelliklerinin ve 6zellikle
aliivyon havzalarinin karmasik ii¢ boyutlu yapisinin kuvvetli yer hareketi iizerindeki belirleyici
etkisini agik bir sekilde ortaya koymustur. Deprem dalgalarinin havza geometrisi, sediman
kalinlig1 ve kayma dalgasi hiz kontrastlarina bagl olarak énemli 6l¢lide degisim gostermesi,
yer hareketi tahminlerinin giivenilirligini dogrudan etkilediginden bdlgesel Vs yapisinin
ayrintili bicimde ortaya konulmasi kritik bir gereklilik haline gelmistir. Kuzey Anadolu Fay
Zonu’nun aktif segmentleri tarafindan sinirlanan Sakarya Havzasi, geng aliivyon birimleri ve
yiksek sismisite potansiyeli nedeniyle bu tiir calismalar icin karakteristik bir ornek tegskil
etmektedir. Bu ¢aligmada, Sakarya Havzasi’nin kayma dalgas1 hiz yapisini ayrintili bigimde
ortaya koymak amaciyla aktif ve pasif kaynakli sismik yontemlerden olusan biitiinciil bir
yaklasim uygulanmistir. Bolge genelinde 316°s1 yeni olmak {izere toplam 533 noktada MASW
ve ReMi olgiimleri gergeklestirilmis; buna ek olarak 54 istasyonda dizilim mikrotremor
kayitlar1 alinmig ve SPAC yontemiyle degerlendirilmistir. Bu 6l¢iimlerden elde edilen bir
boyutlu Vs profilleri, mevcut jeolojik-jeofizik verilerle karsilagtirilmis ve cografi bilgi sistemi
ortaminda biitiinlestirilerek havzanin s1g ve derin yap1 6zelliklerini temsil eden kapsamli bir hiz
modeli olusturulmustur. Bu model, diisiik hizli sedimanlarin dalga yayilimini yavaslatip belirli
frekanslarda genlikleri artirdigt durumlart analiz etme imkani saglamis, bdylece havza
icerisinde potansiyel risk bolgelerinin belirlenmesine katki sunmaktadir. Bu ¢aligma, Sakarya
Havzasi’nda zemin smiflamasi, yerel zemin etkisi analizleri ve deprem tehlikesi
degerlendirmeleri i¢in giincel, yiiksek ¢oziiniirliiklii ve giivenilir bir kayma dalgasi hiz yapisinin
olusturulmasini saglamistir. Calisma, TUBITAK destekli 124Y 188 numarali proje kapsaminda
yuriitilmistir.

Anahtar Kelimeler: Sakarya, Yiizey dalgalar1 analizi, SPAC, Kuzey Anadolu Fay Zonu
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ABSTRACT

The 2020 Samos and 2023 Kahramanmaras earthquakes in Tiirkiye clearly demonstrated the
decisive influence of soil properties, particularly the complex three-dimensional configuration
of alluvial basins, on strong ground motion. Since seismic wave behavior varies significantly
depending on basin geometry, sediment thickness and contrasts in shear wave velocity, the
accurate characterization of the regional Vs structure has become essential for improving the
reliability of ground motion estimates. Bounded by the active segments of the North Anatolian
Fault Zone, the Sakarya Basin, with its young alluvial deposits and high seismic potential,
represents a characteristic environment for such investigations. In this study, an integrated
approach using both active and passive seismic methods was applied to delineate the shear wave
velocity structure of the Sakarya Basin in detail. Across the region, a total of 533 surface wave
measurements, including 316 newly acquired MASW and ReMi data, were conducted. In
addition, array microtremor recordings were collected at 54 stations and analyzed using the
SPAC method. The one-dimensional Vs profiles obtained from these measurements were
compared with existing geological and geophysical information and combined in a geographic
information system to construct a comprehensive velocity model representing the shallow and
deep structural features of the basin. This model enabled the examination of conditions in which
low-velocity sediments slow wave propagation and increase motion amplitudes at specific
frequencies, thereby contributing to the identification of potentially risk-prone areas within the
basin. This study makes an important contribution to developing a current, high-resolution, and
reliable shear wave velocity structure for soil classification, site response analyses, and seismic
hazard assessment in the Sakarya Basin. The work was carried out within the scope of the
TUBITAK-supported project numbered 124Y188.

Keywords: Sakarya, Surface wave analysis, SPAC, North Anatolian Fault Zone
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OZET

Bu ¢alisma, 44 lokasyonda g6zlenen hasar durumlarini ve 2023 Kahramanmaras depremlerinde
meydana gelen yapisal hasarlari, yer kosullar1 ve kuvvetli yer hareketi parametreleri
kullanilarak makine 6grenimi temelli modeller araciligiyla kapsamli  bicimde
degerlendirmektedir. Kullanilan yer kosulu degiskenleri arasinda Vs30, miihendislik anakaya
derinligi (EBd), baskin frekans (f0) ve yatay/diisey spektral oran degeri (AO) yer alirken;
deprem kaynakli parametreler olarak PGA, episantr uzaklig1 (Repi) ve kirilma uzakligi (Rrup)
dikkate alinmistir. Caligmada lojistik regresyon, CART, rastgele orman, destek vektor
makineleri, k-en yakin komsu ve yapay sinir aglar1 gibi ¢esitli denetimli yontemlerin yani sira
denetimsiz yontemler de uygulanmistir. Sonuglar, modellerin yiiksek basarimlara ulastigini
gostermektedir. Denetimli yontemlerde hasarli yapilari tespit etmede %94, hasarsiz yapilari
belirlemede %92 duyarlilik saglanmis ve genel dogruluk %93’e ulagsmistir. En diisiik dogruluk
seviyesi ise %80 olarak kaydedilmistir. Denetimsiz yontemlerde dogruluk %8690 araliginda
elde edilmistir. Tiim yontemler arasinda EBd’nin en kritik parametre oldugu acik bigimde
ortaya konmustur; degisken oneminin denetimli senaryolarda %100’e ulastig1 belirlenmistir.
0, Vs30 ve AO degerlerinin goreli etkileri ise sirasiyla %24, %18 ve %6°dir. Ayrica hem
denetimli hem denetimsiz modellerde EBd ve f0’mn belirgin ayrim kiimeleri olusturdugu
goriilmiistiir. Bu bulgular, geleneksel deprem tehlikesi degerlendirmelerinde kullanilan kaynak
parametrelerinin genel bir ¢ergeve sunmakla birlikte, yerel zemin kosullariin—ozellikle EBd
ve f0—hasar olusumunun temel belirleyicileri oldugunu gostermektedir. Dolayisiyla, yer
temelli detayli parametrelerin sismik risk analizlerine entegre edilmesi, tahmin dogrulugunu
artirmak ve deprem miihendisligi uygulamalarini gelistirmek agisindan kritik 6nemdedir.

Anahtar Kelimeler: Hasar Tahmini, Makine Ogrenmesi, Kahramanmaras Depremleri
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ABSTRACT

This study provides a comprehensive evaluation of the damage patterns observed at 44 locations
and those recorded during the 2023 Kahramanmaras Earthquakes by utilizing machine-
learning-based models built on ground condition parameters and strong-motion indicators. The
considered geotechnical variables include Vs30, engineering bedrock depth (EBdA),
predominant frequency (f0), and horizontal-to-vertical spectral ratio (A0), while seismic
parameters such as PGA, epicentral distance (Repi), and rupture distance (Rrup) were also
incorporated. Various supervised learning methods—Ilogistic regression, CART, random forest,
support vector machines, k-nearest neighbors, and artificial neural networks—alongside
unsupervised approaches were employed. The results demonstrate that the models achieve high
predictive performance. In supervised analyses, recall values reached 94% for damaged
structures and 92% for undamaged structures, yielding an overall accuracy of 93%, with the
minimum accuracy recorded at 80%. Unsupervised approaches achieved accuracies between
86% and 90%. Across all methods, EBd emerged as the most influential parameter, exhibiting
a normalized importance of up to 100% in supervised scenarios. The relative contributions of
f0, Vs30, and A0 were determined as 24%, 18%, and 6%, respectively. Moreover, both
supervised and unsupervised models revealed that EBd and f0 form distinguishable clustering
boundaries, reinforcing their prominent role in structural vulnerability assessments. These
findings collectively indicate that while earthquake-source parameters provide a broad
framework for seismic hazard evaluation, local site conditions—particularly EBd and f0—serve
as the primary drivers of building damage. Therefore, integrating detailed site-specific
geotechnical parameters into seismic risk assessments is essential for enhancing predictive
accuracy and advancing practical applications in earthquake engineering.

Keywords: Damage Prediction, Machine Learning, Kahramanmarag Earthquakes
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OZET

Deprem tehlikesinin dogru bicimde degerlendirilebilmesi, gegmis depremlerin zamani, yeri ve
biiylikliigiiniin giivenilir sekilde belirlenmesine baglidir. Bu dogrultuda 1990’11 yillardan
giinimiize Tirkiye’de paleosismoloji calismalari yogunlasmis; faylarin Ge¢ Kuvaterner—
Holosen donemindeki deformasyon 6zellikleri, deprem tekrarlanma araliklari, kayma hizlar1 ve
son yikict depremlerden bu yana gecen siireler ortaya konulmustur. Bu amagla hendek kazilari,
denizalti karotlari, speleosismoloji ve fay yiizeyi yaslandirma yontemleri kullanilmakta; tiim bu
caligmalarin temelini ise depremle iliskili seviyelerin giivenilir bigimde tarihlendirilmesi
olusturmaktadir. En yaygin kullanilan yontem radyokarbon olup, kolay uygulanabilirligi ve
hassasiyeti nedeniyle tercih edilmektedir. Ancak organik materyal yetersizligi, tasinma ihtimali
ve sediman kaynakli belirsizlikler yontemsel sinirliliklar yaratmaktadir. Bu eksikleri gidermek
amaciyla liiminesans tarihlendirme giderek daha yaygin hale gelmis; kuvars, feldspat ve kalsit
minerallerinden elde edilen veriler, radyokarbon sonuglarini destekleyerek hata paylarini
azaltmistir. Uygulama zorluklarina ragmen mineral ¢esitliligi ile birlikte radyoaktivite ve nem
parametrelerinin dikkatle degerlendirilmesi yontemin giivenilirligini artirmistir. Bunun yani
sira kozmojenik izotop ve ylizey liiminesans analizleri fay yilizeylerinin giinlenme yaslaring;
uranyum—toryum tarihlendirme magara speleotemlerindeki deprem kayitlarini; tefrakronoloji
ise volkanik tiif seviyelerinin stratigrafik zamanlamasim belirlemede ©Onemli katkilar
saglamaktadir. Tiirkiye’de 1993’te baslayan hendek calismalarinda 6zellikle son sekiz yilda
coklu tarihlendirme yaklasimi yayginlasmis; Batt Anadolu Graben Sistemi, Kuzey Anadolu Fay
Zonu, Orta Anadolu Fay Sistemi ve Dogu Anadolu Fay Sistemi {iizerinde yliriitiilen
arastirmalarda radyokarbon ve liiminesans yoOntemlerinden elde edilen bulgular birbirini
tamamlamistir. Bu bildiri, tek basina uygulanan yontemlerin sinirhiliklarini agsmada ¢oklu
tarthlendirme yaklagiminin 6nemini ve Tiirkiye’deki paleosismolojik arastirmalara sagladigi
katkilar tartismaktadir.

Anahtar Kelimeler: Paleosismoloji, Radyokarbon, Liiminesans, Tarihlendirme, Tiirkiye
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ABSTRACT

A reliable assessment of seismic hazard requires accurate determination of the timing, location,
and magnitude of past earthquakes. Since the early 1990s, paleoseismological research in
Tiirkiye has intensified, aiming to resolve deformation patterns of faults during the Late
Quaternary—Holocene time period, earthquake recurrence intervals, slip rates, and the elapsed
time since the most recent large events. To achieve this, a range of techniques such as trench
excavations, subaqueous paleoseismology, speleoseismology, and fault-surface dating have
been employed, with the critical foundation being robust chronological control of earthquake-
related stratigraphic horizons. Radiocarbon dating is the most commonly applied method,
preferred for its ease of use and high precision. However, limitations arise from insufficient
organic material, the potential reworking of sediments, and associated uncertainties. To address
these shortcomings, luminescence dating has become increasingly widespread. Data obtained
from quartz, feldspar, and calcite minerals have supported radiocarbon results and reduced error
margins. Despite certain practical challenges, careful evaluation of mineral diversity together
with parameters such as radioactivity and moisture has significantly enhanced the reliability of
the method. In addition, Cosmogenic nuclide and surface Luminescence dating are used to
constrain fault-scarp exposure ages; Uranium—Thorium dating offers age control of seismically
disturbed speleothems; while tephrochronology enables temporal calibration of volcanic ash
horizons within stratigraphic sequences. Applying multiple techniques together minimizes
method-specific uncertainties and significantly enhances chronological reliability. Since the
initiation of trenching studies in 1993, a multi-dating approach has increasingly been adopted
in Tirkiye, particularly over the last eight years. Research conducted across the Western
Anatolian Graben System, Central Anatolian Fault System, North Anatolian Fault Zone, and
East Anatolian Fault System demonstrates that radiocarbon and luminescence methods provide
mutually supportive, consistent, and complementary chronological results. This paper
highlights the methodological significance of multi-dating strategies, discusses the limitations
of single-method approaches, and evaluates their contributions to advancing
paleoseismological research in Tiirkiye.

Keywords: Paleoseismology, Radiocarbon, Luminescence, Dating, Tiirkiye

57



Erzincan’in Yer Hareketleri ve Hidro-Meteoroloji Kokenli Afet
Tiirlerinin Cesitliligi
Diversity of Earth Movements and Hydro-Meteorological Disaster

Types in Erzincan

Sevda OZEL'

! Sivas Cumhuriyet Universitesi, Miihendislik Fakiiltesi, Jeofizik Miihendisligi Béliimii, 58140, Sivas, Tiirkiye
E-posta: sozel@cumhuriyet.edu.tr

OZET

Bu calismada, kurumsal ve akademik olarak, Erzincan iline iliskin yapilmis ¢alismalara ait afet
ve ilgili haritalari, raporlari, makaleleri ve sayisal verileri incelenerek, Erzincan’in afet
cesitliligi, yer hareketleri ve hidro-meteorolojik kokenli afetler olarak irdelenmistir. Bunlara
gore, en etkili afetlerinin, doga kaynakli afetler oldugu, en sik olusan afet tiirlerinin ise heyelan,
kaya diigmesi, sel, ¢1§ ve deprem oldugu ifade edilmistir. Tekli afetler disinda, az sayida ve
cogunlukla heyelantkaya diismesi olarak c¢oklu afetlerin de olustugu belirlenmistir. Afet
tirlerinin ~ ¢esitli  olmasi,  jeolojik-topografik-cografik-meteorolojik  6zellikleriyle
iligkilendirilmistir. Ayrica, kentsel biiylime ve artan niifusla birlikte, yerlesim tiirleri
cesitliliginden dolayi, farkli yapilagsmalarin ve gesitli yasam yerlerinin ve sayilarinin fazla
olmasiyla da iliskilendirilmistir. Tiirkiye genelinde, afetlerden etkilenmede, en sik ve cesitli
tirde afet yasanan ve afetzede sayisi yiiksek olan illerden biri oldugu ve il ¢evresindeki
afetlerden etkilendigi de dikkat cekmektedir. En sik olusan afet tiirlerinin ve ¢esitliliginin, ilin
dogu, kuzey-kuzeydogu ve giiney-giineydogu alanlarinda oldugu belirlenmistir. Afete doniisen
depremlerinin ise KAF zonu ve Ovacik fay1 kaynakli olsalar da DAF zonunun etkisi de
gozlenmistir. M>5.5 olan ve afete doniisen en biiyiik depremlerinin 1930-2011 yillar1 arasinda
olustugu ve ¢ogunlukla il merkezli depremler oldugu belirlenmistir. Ayrica, depremsellik ve
diger afetler acisindan, Refahiye, Giinebakan, Cayirli, Uziimlii ve Kemah ilgelerinin, en aktif
alanlar ve bliylik depremler olusan ilgeleri olduklar1 belirlenmistir. Bu yerlesimlerde, her tiirlii
afete hazirlik ve planlama g¢alismalar1 yapilirken, her zaman dikkat edilmesi Onemlidir.
Afetlerden, insan/canli yasami ve kentsel/kirsal yapilar 6nemli dlglide etkilendigi i¢in bu
etkilenmeler gelecekte de devam edebilir.

Anahtar Kelimeler: Afet literatiirii, Afet tiirleri ¢esitliligi, Yer-Meteorolojik kokenli afetler,
Tekli-Coklu afetler
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ABSTRACT

In this study, disaster and related maps, reports, articles and numerical data of institutional and
academic studies on Erzincan province were examined and the disaster diversity of Erzincan
was examined as earth movements and hydro-meteorological origin disasters. Accordingly, it
is stated that the most effective disasters are natural disasters, and the most common types of
disasters are landslides, rock falls, floods, avalanches and earthquakes. Apart from single
disasters, it has been determined that there are also a small number of multiple disasters, mostly
landslides+rockfall. The diversity of disaster types is associated with geological-topographical-
geographical-meteorological characteristics. In addition, with urban growth and increasing
population, it is also associated with the diversity of settlement types and the high number of
different constructions and various living places and their numbers. It is also noteworthy that
the province is one of the provinces with the most frequent and various types of disasters and
high number of disaster victims and is affected by disasters around the province. It is determined
that the most frequent disaster types and diversity are in the eastern, north-northeast and south-
southeast areas of the province. Although the earthquakes that turned into disasters originated
from the CAF zone and Ovacik fault, the effect of the DAF zone was also observed. It was
determined that the largest earthquakes with M>5.5 that turned into disasters occurred between
1930-2011 and were mostly province-centred earthquakes. In addition, in terms of seismicity
and other disasters, Refahiye, Giinebakan, Cayirli, Uziimlii and Kemah districts were found to
be the most active areas and the districts where large earthquakes occurred. In these settlements,
it is important to always pay attention to all kinds of disaster preparedness and planning
activities. Since human/living life and urban/rural structures are significantly affected by
disasters, these effects may continue in the future.

Keywords: Disaster literature, Diversity of disaster types, Earth-Meteorology origin disasters,
Single-Multiple disasters
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OZET

Bu caligmada, Erzincan ve civariin giincel ve gelecek deprem potansiyeli/tehlikesi {izerine
istatistiksel analizler yapilmis ve 2025 yil1 baslangicindaki depremsellik oran degisimleri ortaya
konmaya ¢alisilmistir. Bu amagla, depremlerin magnitiid-frekans iligkisini tanimlayan b-degeri,
olusma olasiliklar1 ve tekrarlama periyodlari, sismik durgunluk Z-degeri ve Coulomb gerilme
degisimleri gibi farkli parametreler arasindaki iligkiler degerlendirilmistir. Erzincan ve
civarinda 2020 yilindan sonra meydana gelen 14 Haziran 2020 (Mw=5.8), 25 Haziran 2021
(Mw=5.3), 17 Subat 2023 (Mw=5.0) depremleri, bu bdlgedeki giincel depremselligi net bir
sekilde ortaya koymaktadir. Analizler i¢in, 26 Aralik 1939-31 Aralik 2024 yillar1 arasinda,
39.0°K-40.2°K enlem ve 38.2°D-41.0°D boylamlar1 arasinda magnitiidleri 1.0<Mw<7.7
arasinda degisen 14.542 depremi iceren veri seti kullanilmistir. Tamlik magnitiidii, Mc-degeri,
2.9 kabul edilmis ve b-degeri 0.79+0.05 olarak hesaplanmistir. Bu deger, bolgedeki biiyiik
magnitiidlii deprem olusumlariyla ve artan gerilme dagilimiyla iligkili olarak aciklanabilir.
Bolgesel dlcekte, diisiik b-degerleri (<0.9) Ilig civarinda, Erzincan, Yedisu, Elmali, Karliova ve
Kargapazar1 segmentleri iizerinde, Tercan ve Bahcekdy faylar civarinda, Uziimlii-Cayirh-
Otlukbeli-Tercan arasinda gozlenmistir. Sismik durgunluk analizi i¢in Mw>2.9 alinarak,
ayristirilmis ve 3480 depremden olusan veri seti kullanilmigstir. 2025 yili baslangicinda
Refahiye-ili¢-Kemah arasinda, Uziimlii civarinda, Helfete-Piiliimiir faylar1 iizerinde ve Kandilli
faymin kuzeybatisinda onemli sismik durgunluk bolgeleri gozlenmistir. Pozitif gerilme
degisimleri Erzincan, Yedisu, Elmali, Karliova ve Kargapazari segmentleri iizerinde, Uziimlii-
Cayirli-Otlukbeli-Tercan arasinda, Helfete, Piiliimiir, Tercan, Sancak-Uzunpinar, Kandilli ve
Bahgekdy faylar civarinda gozlenmistir. Gliglii/yikici depremler icin Mw=5.0, 6.0, 7.0 ve 7.7
biiytikliigiindeki depremlerin orta vadede (~10 yil) olusma olasiliklar1 sirastyla ~%92, ~%33,
~%6 ve ~%?2 olarak tahmin edilmistir. Bu biiytikliikteki depremlerin tekrarlama periyodlari ise
sirastyla ~4 yil, ~25 yil, ~160 y1l ve ~540 yi1l olarak hesaplanmistir. Diislik b-degerli, pozitif
gerilmeli ve yiiksek Z-degerli alanlar bolgedeki sismo-tektonik yapiyla ve faylanma
mekanizmalariyla oldukga iliskilidir ve deprem davraniglarinin tanimlanmasi agisindan
onemlidir. Dolayisiyla bu bdlgeler, Erzincan ve civart i¢in gelecekteki deprem olusumlari
acisindan en olas1 bolgeler olarak yorumlanabilir ve deprem potansiyeli/tehlikesinin nicel
olarak degerlendirilebilmesi i¢in bu bdlgelere dikkat edilmelidir.

Anahtar Kelimeler: b-degeri, deprem olasiligi, tekrarlama periyodu, sismik durgunluk,
gerilme
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ABSTRACT

In this study, statistical analyses on the current and future earthquake potential/hazard of
Erzincan and its vicinity were made and the seismicity rate changes at the beginning of 2025
were attempted to be revealed. For this purpose, the relationships between different parameters
such as b-value describing the magnitude-frequency relation of earthquakes, occurrence
probabilities and recurrence periods, seismic quiescence Z-value and Coulomb stress changes
were evaluated. The earthquakes of June 14, 2020 (Mw=5.8), June 25, 2021 (Mw=5.3) and
February 17, 2023 (Mw=5.0) that occurred in Erzincan and its surroundings after 2020 clearly
reveal the current seismicity in this region. For the analyses, a dataset including 14,542
earthquakes with magnitudes ranging from 1.0<Mw<7.7 between the latitudes of 39.0°N-
40.2°N and longitudes of 38.2°E-41.0°E, from December 26, 1934 to December 31, 2024, was
used. Completeness magnitude, Mc-value, was accepted as 2.9 and b-value was calculated as
0.7940.05. This value can be explained by related to the occurrence of large magnitude-
earthquakes and increasing stress distribution in the region. On the regional scale, small b-
values (<0.9) were observed around ili¢, on the Erzincan, Yedisu, Elmali, Karliova and
Kargapazar1 segments, around the Tercan and Bahgekdy faults, and between Uziimlii-Cayirli-
Otlukbeli-Tercan. For the seismic quiescence analysis, a dataset that was declustered by taking
Mw>2.9 and consisting of 3480 earthquakes was used. At the beginning of 2025, significant
seismic quiescence areas were observed between Refahiye-ilig-Kemah, around Uziimlii, on the
Helfete-Piiliimiir faults and northwest of Kandilli fault. Positive stress changes were observed
on the Erzincan, Yedisu, Elmali, Karliova and Kargapazari segments, between Uziimlii-Cayirli-
Otlukbeli-Tercan, around the Helfete, Piiliimiir, Tercan, Sancak-Uzunpinar, Kandilli and
Bahgekdy faults. For the strong/destructive earthquakes, occurrence probabilities of the
earthquakes with magnitudes Mw=5.0, 6.0, 7.0 and 7.7 in the intermediate-term (~10 years)
were estimated as ~92%, ~33%, ~6% and ~2%, respectively. Recurrence periods of earthquakes
with these magnitudes were computed as ~4 years, ~25 years, ~160 years and ~570 years,
respectively. The regions with low b-value, positive stress and high Z-value are quite related to
the seismo-tectonic structure and faulting mechanisms in the region, and they are important in
terms of defining the earthquake behaviors. Therefore, these regions can be interpreted as the
most likely regions for the earthquake occurrences in Erzincan and its surroundings in the next,
and attention should be paid to these regions in order to evaluate the earthquake potential/hazard
quantitatively.

Keywords: b-value, earthquake probability, recurrence period, seismic quiescence, stress
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OZET

[zmir-Ankara-Erzincan Zonu’nun dogu boliimiinii olusturan Erzincan Kenedi, kuzeyde Sakarya
Zonu ve giineyde Anatolid-Torid Bloku arasinda yer alir. Bu kenet kusagi, Jura ve Kretase yash
ofiyolit kiitleleri ile ofiyolitik melanjlardan ve metamorfik birimlerden olusur. Sakarya Zonu
temelde Pulur ve Karakaya komplekslerine ait metamorfik kayaclarla temsil edilir. Pulur
Kompleksi Karbonifer doneminde granulit fasiyesinde metamorfizmaya ugramis olan Petekli,
Pir6renler ve Serenli birimlerinden olugmaktadir. Pulur Kompleksi’nin altinda tektonik pencere
seklinde Permiyen yash Karakaya Kompleksi’ne (Dogankavak Birimi) ait diisiik dereceli
metamorfik kayaglar yiizeyler. Bu birimler Hamurkesen Formasyonu (Erken-Orta Jura)
tarafindan uyumsuzlukla ortiiliir. Uzerinde Berdiga Formasyonu (Orta Jura-Erken Kretase) yer
alir. Berdiga Formasyonu iistte Konakyeri Formasyonu’na (Geg¢ Jura-Erken Kretase) gecis
gosterir. Sakaeya Zonu en Ustte ise Aygukuru Formasyonu (ge¢ Erken-Geg¢ Kretase) ile
sonlanir. Kenedin kuzey kesimlerinde (Esence Daglari) Jura yash oldugu degerlendirilen
tektonit ve kiimiilat peridotitler ile kiimiilat ve izotrop gabrolardan olusan ofiyolitik kayaglar
ylzeylemektedir. Bu ofiyolitler okyanus i¢i yay ortamini karakterize eden olas1 Jura yash
metabazit, metadasit, metatonalit ve metapiroklastik kayaclar ile fillit, kuvarssist, kalksist ve
mermerlerden olusan Uziimlii Metamorfitleri’nin iizerinde yer alir. Kenedin orta ve giiney
boliimlerinde ise Geg Kretase yasl ofiyolitik melanj ve ofiyolit kiitleleri gozlenir. Anatolid-
Torid Bloku’na ait Munzur Kiregtas: iizerinde tektonik dokanakla yer alan bu ofiyolitik
birimleri Kampaniyen-erken Paleosen yasli Cerpagindere Formasyonu uyumsuzlukla
ortmektedir. Cerpagindere Formasyonu icerisinde Ge¢ Kretase yay volkanitleri olarak
degerlendirilen Karadag Volkanit Uyesi yer alir. Bélgedeki Senozoyik oncesi birimler, gec
Paleosen-orta Eosen yaslh Giilandere Formasyonu tarafindan uyumsuz olarak Ortiliir.
Giilandere Formasyonu iizerinde uyumsuz olarak yer alan Erken Miyosen yashi Kemah
Formasyonu, allivyon yelpazesi, lagiin, sig-derin denizel cokeller, resifal kirectaslart ile
bazaltik volkanit ara katkilartyla temsil edilir. Pliyo-Kuvaterner yashi Yalnizbag
Formasyonu’nun fliiviyal cokelleri tim bu birimleri uyumsuz olarak orter. Erzincan
Volkanitleri’ne ait Kuvaterner yaslh lav ve piroklastikler ile yine Kuvaterner yaslt aliivyon,
yamag molozu, taraga ve moren ¢okelleri bélgenin en geng kaya birimlerini olusturur.

Anahtar Kelimeler: Erzincan kenedi, ofiyolitik melanj, Pulur kompleksi, Uziimlii
metamorfitleri
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ABSTRACT

The Erzincan Suture, forming the eastern part of the Izmir-Ankara-Erzincan Zone, lies between
the Sakarya Zone to the north and the Anatolide-Tauride Block to the south. It comprises
Jurassic and Cretaceous-aged ophiolites, ophiolitic mélange and metamorphic units. The
Sakarya Zone is represented at the base by the metamorphic rocks of the Pulur and Karakaya
complexes. The Pulur Complex consists of Petekli, Pirérenler and Serenli units, which
underwent granulite-facies metamorphism during the Carboniferous. Low-grade metamorphic
rocks of the Karakaya Complex (Dogankavak Unit) are exposed in a tectonic window beneath
the Pulur Complex. The Lower-Middle Jurassic Hamurkesen Formation unconformably
overlies these units. The Hamurkesen Formation is covered by the Middle Jurassic-Lower
Cretaceous Berdiga Formation, which transitionally passes into the Upper Jurassic-Lower
Cretaceous Konakyeri Formation. The Sakarya Zone ends at the top with the late Early to Late
Cretaceous-aged Aygukuru Formation. Ophiolites of probable Jurassic age, composed of
tectonite and cumulate peridotite, cumulate and isotropic gabbro, crop out in the northern part
of the suture zone. These ophiolites tectonically overlie the Uziimlii Metamorphics, which
comprise possible Jurassic-aged metabasite, metadacite, metatonalite, and metapyroclastic
rocks along with phyllites, quartz-schists, calc-schists and marbles, characterizing an intra-
oceanic arc setting. In the central and southern parts of the suture zone, the Upper Cretaceous
ophiolitic mélange and ophiolites are present. These ophiolitic units, which tectonically rest on
the Munzur Limestone of the Anatolide-Tauride Block, are unconformably overlain by the
Campanian-early Paleocene aged Cerpacindere Formation. The Karadag volcanite member,
which is considered as Upper Cretaceous arc volcanics, occurs within the Cerpagindere
Formation. The pre-Cenozoic units of the region are unconformably overlain by the upper
Paleocene-middle Eocene Giilandere Formation. The Early Miocene Kemah Formation, which
covers the Giilandere Formation unconformably, is represented by alluvial fans, lagoons,
shallow to deep marine deposits, and reefal limestones with basic volcanic intercalations.
Fluvial deposits of the Plio-Quaternary Yoliistii Formation unconformably overlie all these
units. The youngest rock units in the region are the Quaternary lava and pyroclastics of the
Erzincan volcanics, as well as the Quaternary alluvium, colluvium, terrace deposits and
moraines.

Keywords: Erzincan suture, ophiolitic mélange, Pulur complex, Uziimlii metamorphics
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Imar Planlarinin Hazirlanmasindaki Onemi: Erzincan-Bolu
Ornekleri

The Effects of Disasters on Urban Development and the
Importance of Geological-Geophysical Data in the Preparation of
Development Plans: Erzincan-Bolu Examples
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OZET

Erzincan ve Bolu Illeri kapsaminda, deprem, yangin, su baskini ve kitle hareketleri gibi farkli
afetlerden etkilenen yerlesim yerleri bulunmaktadir. Ancak en fazla can ve mal kaybina neden
olan afet tiirii olarak belli araliklarla meydana gelen depremleri gérmekteyiz. Bugiine kadar,
iilkemizde Erzincan ve Bolu Illerinde daha énce yasanmis olan deprem afetlerinden pek ders
alinmadigi, bircok afete hazirliksiz yakalanildigi ve gelecekteki olaylara da etkin
hazirlanilmadig1 goriilmektedir. Bu ¢alismada; Tarihsel depremler ile 1939, 1992 Erzincan ve
1999 Marmara depremleri sonrasinda Bolu, kent merkezlerinin yeni gelisme alanlar1 ve bu
yonelmede deprem afetinin ne diizeyde dikkate alindigi siireci degerlendirilecektir. Bu
kapsamda ilk once bu kentlerin ve yakin ¢evrelerinin depremselligi, 1939-1992 Erzincan
depremleri ile 17 Agustos ve 12 Kasim 1999 depremleri sonrasi Erzincan ve Bolu’daki
yapilarda meydana gelen hasar durumu ve hak sahipligi ¢alismalari, degerlendirilmektedir.
Depremden hemen sonra birkag ay igerisinde olusturulan gecici iskan alanlarindaki barinaklar
(cadirlar veya konteynerler) yogun olarak kullanilmistir. Bu kentlerde gerceklestirilen gegici
iskan alanlar1 ve kalici konut alanlarinin yer se¢imi ¢aligmalari, afetzede yerlesim alani imar
planlarinin hazirlanmasz ile bu alanlarin bazilarinin, kentin yeni gelisme odaklari olarak goriilen
toplu konut alanlarma (TOKI konutlar1) déniisiimii, giiniimiize kadar gegen siire¢ kapsaminda
degerlendirilecektir. Bu ¢alismada amaglananlar; deprem fay hatlari, kitle hareketleri, taskin
alan1 smirlar1 ve benzeri esiklerin, afet sonrasi planlama siireci ile bu siirecte jeolojik-jeofizik
verilerin ne diizeyde dikkate alindig1 ve kentin yeni gelisme yonlerinin belirlenmesi ile
makroformlarinin olusumlarindaki 6nemine dikkat cekmektir. Ayrica burada, Erzincan ve Bolu
[llerinde giiniimiize kadar olmus afet olaylarinin sonuglari da dikkate alinarak gelecekteki olasi
deprem ve diger afetlerin zararlarii azaltmada, kentsel direncliligi artirmada, afet sonrasi
planlama ve yeniden yerlestirme siirecinin dnemine vurgu yaparak, ilgili kamu kurumlarindan
elde edilen veriler ve uydu goriintiileri tizerinden giincel ve gelecege yonelik degerlendirmeler
yapilacaktir.

Anahtar Kelimeler: imar Planlari, Jeolojik-Jeofizik Veriler, Kentsel direnglilik, Kent
makroformu, Yer se¢imi.
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ABSTRACT

Within the provinces of Erzincan and Bolu, settlements are affected by various disasters,
including earthquakes, fires, floods, and mass movements. However, the most common type of
disaster that causes the greatest loss of life and property is earthquakes, which occur
periodically. To date, it has been observed that little has been learned from previous earthquakes
in Erzincan and Bolu provinces, that many disasters have been unprepared, and that future
events have not been effectively prepared. This study will evaluate the new development areas
of Bolu's urban centers following historical earthquakes and the 1939, 1992 Erzincan, and 1999
Marmara earthquakes, and the extent to which earthquake disasters have been taken into
account in this process. In this context, the seismicity of these cities and their surrounding areas,
the damage to structures in Erzincan and Bolu following the 1939-1992 Erzincan earthquakes
and the August 17 and November 12, 1999 earthquakes, and the entitlement studies will be
evaluated. Shelters (tents or containers) were used extensively in temporary settlement areas
established in the few months immediately after the earthquake. The site selection efforts for
temporary and permanent housing in these cities, the preparation of zoning plans for disaster-
affected settlement areas, and the transformation of some of these areas into mass housing
(TOKI housing)—considered new development centers for the city—will be evaluated within
the context of the process that has taken place to the present day. The aims of this study are to
highlight the extent to which geological and geophysical data are considered in the post-disaster
planning process for earthquake fault lines, mass movements, floodplain boundaries, and
similar thresholds. Furthermore, considering the consequences of disasters that have occurred
to date in Erzincan and Bolu provinces, this study will emphasize the importance of post-
disaster planning and resettlement processes in mitigating the damage from potential future
earthquakes and other disasters, enhancing urban resilience, and providing current and future-
oriented assessments using data obtained from relevant public institutions and satellite imagery.

Keywords: Development Plans, Geological-Geophysical Data, Urban resilience, Urban
macroform, Site selection,
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OZET

Tiirkiye’de bircok yerlesim hoyiik seklindedir. Bu tiir yerlesimlerin biiyiik bir ¢cogunlugu
Kentsel Sit ve Arkeolojik Sit alanlar1 olarak ilan edilmistir. Kentsel alanlardaki gomiilii
arkeolojik mirasin tanimlanmasi ve korunmasi en karmasik zorluklardandir. Modern yapilagma,
Kentsel Sit ve Arkeolojik Sit alanlarinda, kiiltiirel mirasin korunmasi ve gelecege aktarilmasi
stirecinde onemli riskler olusturmaktadir. Bunun yani sira bazi yerlesimler de Kentsel ve
Arkeolojik Sit alanlari ilan edilmemis olmasina ragmen eski donemlere ait tarihsel yap:
kalintilart alt ve st yapi imalati sirasinda ortaya ¢ikmaktadir. Gegmisten glinlimiize kadar
gecen siirede kat kat bir biri iizerine konumlanmis yerlesmelerin alt ve iist yapt unsurlarinin
ayirt edilerek glinimiiz yapilagmalarin tarihsel ve arkeolojik yapilara zarar vermeden
projelendirilerek imalatlarinin gerceklestirilmesinde, hdyiik yapilagsmasi dikkate alinarak, Kent
Arkeojeofizigi kavrami gelistirilmistir. Kent Arkeojeofizigi Kentsel yeraltindaki jeofizik
ozelliklerin tanimlanmas1 ve yorumlanmasi sorunlari, 6nemli vaka ¢aligmalarinda uygulanacak
ve dogrulanacak 6zel prosediirlerin gelistirilmesini gerekli kilar. Kuzey Anadolu Fay Zonu
iizerinde yerlesmis kentlerden biri de Erzincan’dir. Tirkiye’de vuku bulan en biiytlik
depremlerde bu cografyada meydana gelmistir. Depremlerle Erzincan sehri, giiniimiize kadar,
birkag kere, yer degistirmistir. Eski tarihi Erzincan yerlesmesinin, Kiiltiirel Mirasin korunmasi,
Turizm destinasyon giizergahlar1 ve tarihi yapilarin restorasyonu i¢in, giin yiiziine ¢ikartilmasi
ve yasatilmasi istenmektedir. Bugiin harabe halde olan tarihi Erzincan Kent yerlesmesinde
toprak altinda ve kismen ayakta kalan yapilarinin restore edilmesi ve kent dokusunun ortaya
cikartilabilmesi i¢in kentsel yapilasma 6zellikleri dikkate alinarak yeralt1 haritalarinin iki ve ti¢
boyutlu goriintiilenmesi icin tahribatsiz test yoOntemlerinden olan jeofizik yontemler
kullanilarak yapilmalidir. Ayrica sivilagsmaya bagli olarak gelisen ¢cokme, batma, devrilme gibi
tarihi yapilardaki tahribatlarin jeofizik yontemlerle belirlenerek zemin iyilestirmelerinin,
restorasyon Oncesi, yapilmasi énem arzetmektedir.

Anahtar Kelimeler: Kent Arkeojeofizigi, Kiiltiirel Miras, Arkeolojik Sit, Erzincan,
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ABSTRACT

Many settlements in Turkey are mound-shaped. The vast majority of such settlements have
been declared urban and archaeological sites. Identifying and protecting buried archaeological
heritage in urban areas is one of the most complex challenges. Modern construction poses
significant risks to the process of protecting and transmitting cultural heritage to the future in
urban and archaeological sites. Furthermore, although some settlements have not been declared
urban or archaeological sites, historical remains from earlier periods are uncovered during the
construction of infrastructure and superstructure. The concept of urban Archaeogeophysic,
taking mound construction into account, has been developed to distinguish the infrastructure
and superstructure elements of settlements built upon each other, from the past to the present,
and to design and construct modern structures without damaging historical and archaeological
structures. Urban Archaeogeophysic challenges the identification and interpretation of
geophysical features in urban subsurface necessitate the development of specialized procedures
that can be applied and validated in significant case studies. Erzincan is one of the cities located
on the North Anatolian Fault Zone. The largest earthquakes to occur in Turkey have occurred
in this region. The city of Erzincan has been relocated several times due to earthquakes. It is
desired that the ancient historical settlement of Erzincan be unearthed and preserved for the
protection of cultural heritage, tourism destination routes, and the restoration of historical
structures. Restoration of the partially standing structures underground in the historical
Erzincan city settlement, which lies in ruins today, and the revealing of the urban fabric should
be carried out using geophysical methods, a non-destructive testing method, for two- and three-
dimensional imaging of underground maps, taking into account urban structural characteristics.
Furthermore, it is crucial that damage to historical structures, such as subsidence, sinking, and
overturning due to liquefaction, be identified using geophysical methods and ground
improvement should be implemented before restoration.

Keywords: Urban Archaeogeophysics, Cultural Heritage, Archaeological Site, Erzincan
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OZET

Bu calismanin amacit Erzurum ili Aziziye Ilgesi’nin sivilagsma potansiyelinin jeofizik
yontemlerle arastirilmasidir. ilge, geng kuvaterner aliivyonlar iizerine kurulmus olup yiiksek
yeraltt su seviyesi nedeniyle sivilasmaya yatkin zemin oOzellikleri gostermektedir. Dogu
Anadolu Bolgesi’nde yer alan Erzurum, Anadolu mikroplakasinin Arap ve Avrasya levhalari
arasinda sikigsmasi sonucu gelisen aktif tektonik kusak {lizerinde bulunmakta ve bu nedenle
depremsellik agisindan Tiirkiye’nin kritik bolgelerinden birini olusturmaktadir. Yerlesim
alanlarmin biiyiik bolimii gevsek aliivyon zeminlerden olusmakta, bu zeminlerde deprem
sirasinda sivilasma ve zemin biiyilitmesi riskleri artmaktadir. Caligma alaninda daha once
acilmis olan temel kazilarinda su birikmeleri ve sizintilar gézlenmis ve bu durum zeminlerin
suya doygun oldugunu ortaya koymaktadir. Calisma kapsaminda Sismik Kirilma, Cok Kanalli
Yiizey Dalgas1 Analizi (MASW) ile yer alt1 tabaka sinirlar1 belirlenmis ve Vs30 degerleri
hesaplanmigstir. Elektrik Rezistivite Tomografi (ERT) yontemiyle yeralti yapisinin elektriksel
ozellikleri incelenmis ve suya doygun tabakalarin seviyeleri ortaya koyulmustur. Yapilan
caligmalar sonucunda yer alt1 su seviyesinin s1§ oldugu alanlara diisiik Vs degerleri ve diisiik
rezistivite degerleri tespit edilmistir. Ayrica Aziziye ilgesi genelinde YASS’nin alansal
degisimi de haritalanarak bolgenin hidrojeolojik karakteri daha ayrintili sekilde
degerlendirilmistir. Bu bulgular, Aziziye Ilgesi’nde deprem sirasinda meydana gelebilecek
stvilasma ve zemin bilyiitmesi faktorlerinin daha 1yi anlasilmasina katki saglamis, gilivenli
yapilagsma, deprem risk azaltma ve zemin iyilestirme ¢aligmalarina yonelik bilimsel bir altyap1
olusturmustur.

Anahtar Kelimeler: Erzurum, Sivilasma, Yer Alti Suyu, Jeofizik, Elektrik Rezistivite
Tomografi
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ABSTRACT

The aim of this study is to investigate the liquefaction potential of Aziziye District in Erzurum
Province using geophysical methods. The district is located on young Quaternary alluvium and
exhibits soil properties susceptible to liquefaction due to the high groundwater level. Erzurum,
situated in the Eastern Anatolia Region, lies on an active tectonic belt formed by the collision
of the Anatolian microplate between the Arabian and Eurasian plates, and therefore constitutes
one of the critical seismic zones of Turkey. Most of the residential areas are founded on loose
alluvial deposits, where the risks of liquefaction and site amplification increase during
earthquakes. Field observations in previously excavated foundations revealed water
accumulation and seepages, indicating that the soils are water-saturated. Within the scope of
the study, Seismic Refraction and Multichannel Analysis of Surface Waves (MASW) methods
were applied to determine subsurface layer boundaries and to calculate Vs30 values. Electrical
Resistivity Tomography (ERT) was employed to investigate the electrical properties of the
subsurface and to identify the levels of saturated layers. The results indicated that areas with
shallow groundwater levels are characterized by low Vs values and low resistivity values. In
addition, the areal distribution of the groundwater level (GWL) was mapped, allowing a more
detailed assessment of the hydrogeological characteristics of the district. These findings have
contributed to a better understanding of the factors of liquefaction and site amplification that
may occur during earthquakes in Aziziye District and have provided a scientific basis for safe
urban development, seismic risk reduction, and soil improvement studies.

Keywords: Erzurum, Liquefaction, Groundwater, Geophysics, Electrical Resistivity
Tomography
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OZET

Aktif tektonik kusak {izerinde yer alan Tiirkiye’de sik sik biiyilik ve yikici depremler meydana
gelmektedir. Deprem risklerinin azaltilmasindaki kritik asamalardan bir tanesi deprem aninda
zemin davranisinin giivenilir bir sekilde belirlenmesidir. Kayma dalgasi hizi (Vs) zeminin
deprem sirasinda gosterecegi dinamik davranis ile dogrudan iligkili bir parametredir. Vs
degerinin belirlenmesinde Cok Kanalli Yiizey Dalgas1 Analizi (MASW) ve Kirilma
Mikrotremor (ReMi) yontemleri diinyada yaygin bir sekilde kullanilmaktadir. Toplanan yiizey
dalgasi verilerinin ilk veri islem asamasinda Rayleigh dalgasi1 dispersiyon egrisi elde edilmekte
ve daha sonra bu egrinin ters ¢oziimiiyle Vs profili elde edilmektedir. Ters ¢oziim silirecinde
geleneksel Levenberg—Marquardt algoritmasi gibi yOntemlerin yani sira, metasezgisel
yontemler olan Genetik Algoritma, Komsuluk Algoritmasi gibi yontemlerde de yaygin olarak
kullanilmaktadir. Levenberg—Marquardt algoritmasi iyi bir baslangic modeline duyarliyken,
Metasezgizel algoritmalar hata paylarina ragmen daha kararli sonuglar verebilmektedir. Ayrica
ardisik ters ¢oziim yontemler ile metasezgisel yontemlerle elde edilen sonuglar geleneksel
yontemlerde baslangi¢ modeli olarak kullanildiginda daha diisiik hata oranlar ile Vs-derinlik
modelleri elde edilebilmektedir. Bu ¢calismada, Balikesir ili Havran ilcesinde MASW yoéntemi
ile elde edilen ylizey dalgas1 verileri farkl ters ¢oziim yontemlerine (Levenberg—Marquardt
algoritmasi, Genetik Algoritma) gore analiz edilmis ve elde edilen Vs-derinlik kesitleri, RMS
degerleri karsilastirilmistir. Calisma sonucunda, yoOntemlerin performans farklari
degerlendirilmis ve yerel zemin kosullarinin miithendislik agisindan 6nemi tartigilmastir.

Anahtar Kelimeler: Cok Kanall1 Yiizey Dalgas1 Analizi (MASW), Kayma Dalgas1 Hizi, Ters
Coziim
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ABSTRACT

Tiirkiye is located within an active tectonic belt, where large and destructive earthquakes
frequently occur. A critical stage in reducing earthquake risks is the reliable determination of
soil behavior during an earthquake. Shear wave velocity (Vs) is a parameter directly associated
with the dynamic response of the soil during seismic events. To determine Vs, the Multichannel
Analysis of Surface Waves (MASW) and Refraction Microtremor (ReMi) methods are widely
applied worldwide. In the initial data processing stage of surface wave measurements, the
Rayleigh wave dispersion curve is derived, and subsequently, the Vs profile is obtained through
inversion of this curve. During the inversion process, in addition to conventional approaches
such as the Levenberg—Marquardt algorithm, metaheuristic methods including the Genetic
Algorithm and Neighborhood Algorithm are also commonly employed. While the Levenberg—
Marquardt algorithm is highly sensitive to the choice of an appropriate initial model,
metaheuristic algorithms can yield more stable results despite inherent error margins.
Furthermore, when the outcomes derived from sequential inversion techniques or metaheuristic
methods are used as initial models in traditional algorithms, Vs—depth models with lower error
rates can be achieved. In this study, surface wave data acquired through the MASW method in
the Havran district of Balikesir province were analyzed using different inversion techniques
(Levenberg—Marquardt algorithm and Genetic Algorithm). The resulting Vs—depth sections and
RMS values were compared. Based on the findings, the performance differences between the
methods were evaluated, and the engineering significance of local soil conditions was
discussed.

Keywords: Multichannel Analysis of Surface Waves (MASW), Shear Wave Velocity (Vs),
Inversion Technics
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OZET

Diisiik kayma hizina sahip diri faylarda, deprem tekrarlanma arali§inin, son depremden bu yana
gegen siirenin, liretilen depremlerin biiytikliik ve sikliginin ve kayma hizlarinin dogru bigimde
belirlenmesi biiylik 6nem tagimaktadir. Bu parametrelerin giivenilir sekilde ortaya konabilmesi
icin faym yilizeydeki konumunun olabildigince hassas bi¢cimde saptanmasi kritik rol
oynamaktadir. Ancak bu tiir faylarda yiizey deformasyonu ¢cogunlukla erozyon, sedimantasyon
ve antropojenik Ortiilme siirecleriyle siliklesmekte, bu da dogrudan hendek kazilarina dayali
paleosismolojik calismalarin etkinligini sinirlamaktadir. Bu baglamda Yer Radar1 (Ground
Penetrating Radar—GPR), faym yilizey ve sig derinlikteki geometrisinin belirlenmesinde,
hendek yerlerinin se¢ciminde ve gecmis faylanma izlerinin ortaya konmasinda tahribatsiz, hizli
ve maliyet-etkin bir yontem olarak 6ne ¢ikmaktadir. Tiirkiye’de diisiik kayma hizi sergileyen
fay zonlar1 tizerinde paleosismoloji ¢alismalarina baglanmadan énce GPR ’nin uygulanmasi,
hendek kazilarinin verimliligini artirmakta ve yanlis konumlandirmadan dogabilecek zaman ve
maliyet kayiplarin1 6nlemektedir. Bu ¢aligma kapsaminda, Orta Anadolu Fay Sistemi igerisinde
yer alan sol yanal dogrultu atimli ve diisiik kayma hizina sahip Deliler Fayr’nin Biinyan,
Sarioglan—-Gemerek ve Dokmetas segmentlerinde gergeklestirilen uygulamalarda, fay
dogrultusuna dik alian GPR profilleri sayesinde eski deprem izleri belirlenmis ve bu bulgular
hendek kazilariyla dogrulanmistir. Elde edilen sonuglar, GPR’ nin Tiirkiye’de diisiik kayma
hizina sahip diri faylarin paleosismolojik incelemelerinde kritik bir baslangi¢ araci1 oldugunu
gostermektedir. Boylece GPR teknigi, faylarin paleosismolojik 6zelliklerinin giivenilir bicimde
ortaya konmasma onemli katki saglamaktadir. Bu aragtirma, 123G0O11 numarali 1007
TUBITAK-KAMAG projesi kapsaminda 2023-2025 yillari arasinda desteklenmektedir.

Anahtar Kelimeler: Yer Radar1 Yontemi (GPR), Aktif Tektonik, Paleosismoloji, Dokmetas
Segmenti
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ABSTRACT

In low-slip-rate active faults, accurately determining parameters such as earthquake recurrence
intervals, elapsed time since the last event, the magnitude and frequency of past earthquakes,
and slip rates is of critical importance. Reliable assessment of these parameters requires precise
identification of the fault’s location at the surface. However, on low-slip-rate faults, surface
deformation is often obscured by erosion, sedimentation, and anthropogenic coverage, limiting
the effectiveness of trench-based paleoseismological investigations. In this context, Ground
Penetrating Radar (GPR) has emerged as a non-invasive, rapid, and cost-effective method for
delineating fault geometry at the surface and shallow depths, selecting optimal trench locations,
and detecting traces of past faulting. Applying GPR prior to paleoseismological trenching on
low-slip-rate faults in Tiirkiye enhances the efficiency of excavations and prevents time and
cost losses due to misplacement. In this study, GPR surveys were conducted along the Biinyan,
Sarioglan—Gemerek, and Dokmetas segments of the Deliler Fault, a left-lateral strike-slip fault
with low slip rate located within the Central Anatolian Fault System. Profiles oriented
perpendicular to the fault strike successfully identified traces of past earthquakes, which were
subsequently confirmed through trenching. These results demonstrate that GPR serves as a
critical preliminary tool in the paleoseismological investigation of low-slip-rate active faults in
Tiirkiye, significantly contributing to the reliable characterization of their paleoseismic
behavior. This research was supported by TUBITAK-KAMAG 1007 under project number
123G011 (2023-2025).

Keywords: Ground Penetrating Radar (GPR), Active Tectonics, Palacoseismology, Dokmetas
Segment
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OZET

Erzurum ili, jeolojik yapis1i ve topografik ozellikleri nedeniyle farkli Olceklerde kiitle
hareketlerine siklikla maruz kalmaktadir. Bu calismada, Abdurrahman Gazi Tiirbesi ve
cevresinin zemin stabilitesinin tlimlesik jeofizik yoOntemler ile arastirilmistir. Zemin
ozelliklerinin belirlenmesinde sismik P-kirilma, Cok Kanall1 Yiizey Dalgast Analiz Y 6ntemi
(MASW), tek istasyon mikrotremor ve Elektrik Rezistivite Tomografi (ERT) yontemleri ile
kullanilmistir. Sismik yontemler kullanilarak Vp, Vs degerlerine bagli olarak zeminin elastik
parametreleri hesaplanmis, tek istasyon mikrotremor Olctimleri ile de zemin hakim periyodu,
biiyiitme faktorii degerleri ortaya konulmustur. ilksel bulgulara gére; ERT yontemi ile elde
edilen 2B’lu rezistivite kesitleri incelendiginde yaklasik 15 metre derinlikte heyelan yiizeyi
potansiyeline sahip bir yap1 dikkat ¢cekmektedir. Ayrica ¢aligma alaninda ¢okel kalinliginin
fazla oldugu ongoriilen alanlarda diistik frekanslarda yiiksek zemin biiyilitme faktorii degerleri
ve diisiik sismik hizlar elde edilmistir. Bu arastirma, bolgedeki tarihi ve kiiltiirel mirasin
korunmasi agisindan 6nemli sonuglar sunmakta olup, ileride yapilacak miihendislik ve kentsel
planlama caligmalarina katki saglayacaktir.

Anahtar Kelimeler: Heyelan, zemin stabilitesi, tiimlesik jeofizik yontemler, Abdurrahman
Gazi Tiirbesi, Erzurum.
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ABSTRACT

Due to its geological structure and topographic features, Erzurum province is frequently
exposed to mass movements of different scales. In this study, the soil stability of the
Abdurrahman Gazi Tomb and its surroundings was investigated using integrated geophysical
methods. To determine the soil properties, seismic P-wave refraction, Multichannel Analysis
of Surface Waves (MASW), single-station microtremor, and Electrical Resistivity Tomography
(ERT) methods were employed. Based on the seismic methods, elastic parameters of the soil
were calculated depending on the Vp and Vs values, while single-station microtremor
measurements revealed the soil’s dominant period and amplification factor. According to the
preliminary findings, the interpretation of 2D resistivity sections obtained from the ERT method
indicates the presence of a potential landslide surface at approximately 15 meters depth.
Furthermore, in areas where sediment thickness is estimated to be deeper, high soil
amplification factors at low frequencies and low seismic velocities were observed. This
research provides significant results for the preservation of the historical and cultural heritage
of the region and will contribute to future engineering and urban planning studies.

Keywords: Landslide, soil stability, integrated geophysical methods, Abdurrahman Gazi
Tomb, Erzurum.
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OZET

Hatay ili, etkin fay hatlar1 ve karmasik tektonik yapisi nedeniyle Tiirkiye’nin en yiiksek deprem
tehlikesine sahip bolgelerinden biridir. Fay zonlarina yakin konumu ve hizla artan kentsel
yogunlugu ile Antakya ilgesi bu tehlikenin en belirgin hissedildigi alanlardan biri haline
gelmistir. Ozellikle 6 Subat 2023 Kahramanmaras merkezli depremler sonrasinda Antakya, afet
risk yonetimi agisindan kritik bir inceleme sahasi olarak 6ne ¢ikmistir. Bu ¢calismada, Antakya
kent merkezinde bina ve niifus yogunluguna (maruziyet) gore se¢ilen dort mahallede deprem
riski Onceliklendirmesi yapilmistir. Bu ¢alismada, AFAD Tirkiye Deprem Tehlike
Haritasindan elde edilen En Biiyiik Yer Ivmesi (PGA), yerel zemin siiflar1 ve maruziyet
gostergeleri kullanilmis; bu veriler normalize edilerek Analitik Hiyerarsi Prosesi (AHP) ile
agirliklandirilmis ve VIKOR yontemiyle mahallelerin goreceli risk diizeyleri hesaplanmustir.
Calismada dikkate alinan kriterler fay hattina uzaklik, zemin sinifi, PGA, niifus ve bina
yogunlugu gibi farkli boyutlar1 kapsayan kriterlerin birlikte degerlendirilmesi, Cok Kriterli
Karar Verme (CKKYV) yaklagiminin deprem riski analizinde sagladigi avantaji ortaya
koymaktadir. FElde edilen sonuglar, zemin kosullarinin zayif ve yapilasma yogunlugunun
yiksek oldugu mahallelerin risk agisindan 6ncelikli oldugunu géstermektedir. Sonuglar, afet
oncesi planlama asamasi i¢in mahalle 6l¢eginde deprem risk onceliklendirmesinde CKKV
yontemlerinin etkin bir karar destek yaklasimi olabilecegini 6nermektedir.

Anahtar Kelimeler: Antakya, CKKV, Deprem Riski, Hatay, VIKOR
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ABSTRACT

Hatay province is one of the regions with the highest seismic hazard in Tiirkiye due to its active
fault lines and complex tectonic structure. With its proximity to fault zones and rapidly
increasing urban density, the Antakya district has become one of the areas where this hazard is
most evident. Especially after the earthquakes centered in Kahramanmaras on February 6, 2023,
Antakya has emerged as a critical area of study in terms of disaster risk management. In this
study, earthquake risk prioritization was conducted in four neighborhoods selected from the
city center of Antakya based on building and population density (exposure). In this study, Peak
Ground Acceleration (PGA) values obtained from the AFAD Tiirkiye Earthquake Hazard Map,
local soil classes, and exposure indicators were used; these data were normalized, weighted
with the Analytic Hierarchy Process (AHP), and the relative risk levels of the neighborhoods
were calculated using the VIKOR method. Considering criteria such as distance to the fault
line, soil class, PGA, population, and building density, the evaluation demonstrated the
advantage of the Multi-Criteria Decision-Making (MCDM) approach in seismic risk analysis.
The results revealed that neighborhoods with weak soil conditions and high building density
were prioritized in terms of risk. The findings suggest that MCDM methods can be an effective
decision-support approach for earthquake risk prioritization at the neighborhood scale during
the pre-disaster planning stage.

Keywords: Antakya, Earthquake Risk, Hatay, MCDM, VIKOR
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Son Yillarda Erzincan Cevresinde Meydana Gelen 5’ten Biiyiik
Depremlerin Siddet Dagiliminin PGA Tabanh Analizi

PGA-Based Analysis of the Intensity Distribution of Earthquakes
Greater than Magnitude 5 Occurring in the Erzincan Region in
Recent Years
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OZET

Tiirkiye'nin Dogu Anadolu Fay1 (DAF) ve Kuzey Anadolu Fayr (KAF) kesisme noktasi
yakininda yer alan sismik aktivitesi yiiksek sehri Erzincan’nin civarindaki dort sehirde meydana
gelen son donemdeki orta biiyiikliikteki depremlerin siddet dagilimi, maksimum yer ivmesi
(PGA) verileri kullanilarak hesaplanmistir. 2020 Karliova (Bing6l) (Mw 5,7), 2020 Sivrice
(Elaz1g) (Mw 6,8), 2024 Kale (Malatya) (Mw 5,9) ve 2024 Sulusaray (Tokat) (Mw 5,6)
depremlerinin maksimum Modifiye Mercalli Siddeti (MMI) degerleri, Tiirkiye icin farkli
aragtirmacilar tarafindan sunulan farkli deneysel iliskiler kullanilarak karsilastirilmistir.
Depremin merkez iissiindeki en yliksek MMI degerleri hesaplanip, AFAD istasyonlarinda
kaydedilen PGA degerlerine dayali olarak sismik aktivite analiz edilmistir. Elde edilen
sonuglar, depremlerden sonra yayinlanan makrosismik siddet haritalariyla iyi bir uyum
icindedir. Bu ¢alisma, gergekci siddet tahminleri i¢in sahaya 6zgli makrosismik formiillerin
onemini, daha iyi kentlesme ve hazirlik yoluyla gelecekteki depremlerle iliskili kayiplar
tahmin etme potansiyelini vurgulamaktadir.

Anahtar Kelimeler: Erzincan, MMI, PGA
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ABSTRACT

The intensity distribution of recent moderate earthquakes in four cities near Erzincan, a city
with high seismic activity located near the intersection of Turkey's East Anatolian Fault (EAF)
and North Anatolian Fault (NAF), has been calculated using peak ground acceleration (PGA)
data. 2020 Karliova (Bingol) (Mw 5.7), 2020 Sivrice (Elaz1g) (Mw 6.8), 2024 Kale (Malatya)
(Mw 5.9), and 2024 Sulusaray (Tokat) (Mw 5.6) earthquakes were compared using different
empirical relationships presented by different researchers for Turkey. The highest MMI values
at the epicenter of the earthquake were calculated, and seismic activity was analyzed based on
the PGA values recorded at AFAD stations. The results obtained are in good agreement with
the macroseismic intensity maps published after the earthquakes. This study highlights the
importance of site-specific macroseismic formulas for realistic intensity predictions and the
potential for estimating future earthquake-related losses through better urban planning and
preparedness. Translated with DeepL.com (free version)

Keywords: Erzincan, MMI, PGA
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Izmir Koérfezi Kuzeyinin Sivilasma Potansiyeli Dagiliminin
Irdelenmesi

Investigation Of The Liquefaction Potential Distribution In The
Northern izmir Bay
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OZET

Zemin sivilagsmasi, suya doygun ince taneli ve gevsek kumlu zeminlerin deprem gibi sismik
etkiler altinda gecici olarak sivi gibi davranmasidir. Bu durum zeminin tagima kapasitesini
kaybetmesine yol agarak yapilarin oturmasina, devrilmesine veya ¢okmesine neden olabilir.
Deprem sirasinda ortaya ¢ikan sivilasma, hem yap1 gilivenligini hem de can giivenligini ciddi
sekilde tehdit etmektedir. Bu ¢aligmanin amaci, zemin sivilagsmasinin olusma potansiyelini
belirlemek, binalar {izerindeki etkilerini incelemek ve can giivenligi agisindan olusturdugu
riskleri degerlendirmektir. Jeofizik miihendisliginde kullanilan MASW (Multi-Channel
Analysis of Surface Waves) ve REMI (Refraction Microtremor) yontemleri ile zeminlerin
stvilagma potansiyelinin ayrintili sekilde analiz edilmesi hedeflenmektedir. Bu yontemler
sayesinde zeminin kayma dalgas1 hizlar 6l¢iilerek riskli tabakalar belirlenebilmekte, sivilagma
potansiyeli haritalar1 olusturulabilmektedir. Projede MASW ve REMI teknikleri ile zemin
profilleri ¢ikarilacak, riskli katmanlarin fiziksel 6zellikleri belirlenecek ve deprem sirasinda
yap1 gilivenligini artirmaya yonelik oOnlemler gelistirilecektir. Ayrica MATLAB tabanl
kullanict dostu bir yazilim gelistirilerek izmir Korfezi’nin kuzeyinden daha &nce elde edilmis
veriler kullanilacak ve olas1 senaryo depremleri i¢in sivilasma riski degerlendirilecektir. Elde
edilecek sonuglarin, sehir planlamasi ve afet yonetimi stratejilerine katki saglayarak toplum
giivenligini artirmasi beklenmektedir.

Anahtar Kelimeler: Zemin Sivilagmasi, MASW, REMI, Deprem, Jeofizik Miihendisligi
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ABSTRACT

Soil liquefaction is the phenomenon in which water-saturated, fine-grained, and loose sandy
soils temporarily behave like a liquid under seismic effects such as earthquakes. This condition
causes the soil to lose its bearing capacity, leading to the settlement, tilting, or collapse of
structures. Liquefaction occurring during an earthquake poses a serious threat to both structural
safety and human life. Within the scope of this TUBITAK 2209-A Undergraduate Research
Project, the aim of this study is to determine the potential for soil liquefaction, to investigate its
effects on buildings, and to evaluate the risks it creates in terms of human safety. In this context,
geophysical engineering methods such as MASW (Multi-Channel Analysis of Surface Waves)
and REMI (Refraction Microtremor) will be employed to analyze the liquefaction potential of
soils in detail. Through these methods, shear-wave velocities of the soil will be measured,
enabling the identification of critical layers and the generation of liquefaction potential maps.
Using MASW and REMI techniques, soil profiles will be obtained, the physical properties of
risk-prone layers will be defined, and measures to improve structural safety during earthquakes
will be proposed. Additionally, a MATLAB-based user-friendly software will be developed,
utilizing previously obtained data from the northern part of izmir Bay to assess liquefaction risk
for potential earthquake scenarios.The results obtained are expected to contribute to urban
planning and disaster management strategies, thereby enhancing public safety.

Keywords: Soil Liquefaction, MASW, REMI, Earthquake, Geophysical Engineering
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Kiiciik Menderes Grabeninde Gravite Yontemi ile Jeotermal
Potansiyelin Arastirilmasi

Investigation of Geothermal Potential by Gravity Method in
Kiiciik Menderes Graben
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OZET

Jeotermal enerji, yenilenebilir ve siirdiiriilebilir 6zellikleri sayesinde giiniimiizde hem diinya
genelinde hem de Tiirkiye’de giderek 6nem kazanan enerji kaynaklarindan biri olmustur.
Ulkemizde jeotermal enerji; konut 1sitmasindan sera ve termal tesis uygulamalarina, elektrik
{iretiminden turizm faaliyetlerine kadar genis bir yelpazede kullanilmaktadir. Ozellikle Bati
Anadolu Bolgesi, jeotermal enerji potansiyeli acgisindan Tiirkiye’nin en zengin sahalarini
barindirmakta olup elektrik iiretimine yonelik basarili uygulamalarla dikkat ¢ekmektedir.
Jeotermal sistemlerin arastirilmasinda, yeralti yapilarinin yogunluk, manyetik 6zellikler ve
ozdireng gibi fiziksel parametrelerindeki farkliliklarin ylizeyde Olgiilmesi 6nemli veriler
saglamaktadir. Bu baglamda gravite yontemi; 6l¢iim kolayligi, hiz ve ekonomik avantajlari
nedeniyle jeotermal aramalarda yaygin sekilde kullanilmaktadir. Gravite verileri, alan daraltma,
yanal siireksizliklerin belirlenmesi ve ikincil yontemlerin daha verimli uygulanmasina katkida
bulunmaktadir. Bu ¢alismada, Bati Anadolu’da yer alan Kii¢clik Menderes Grabeni’nin
jeotermal potansiyeli, MTA ve TUBITAK (108Y285 nolu proje) tarafindan saglanan Bouguer
gravite anomali verileri iizerinden incelenmistir. Ayrica bu proje, TUBITAK 2209-A
Universite Ogrencileri Arastirma Projeleri Destekleme Programi kapsaminda desteklenmistir.
Verilere, yap1 sinirlarini belirlemede basarili sonuglar veren Normallestirilmis Tam Gradiyent
(NTG) yontemi uygulanmistir. NTG analizleri, yanal ve diisey yonde yapilarin siirekliligini
ortaya koyarak, bolgedeki jeotermal potansiyelin belirlenmesine katki saglamistir. Sonug
olarak, ¢alismanin bulgulari, Kiiciik Menderes Grabeni’nin jeotermal enerji liretimi agisindan
onemli bir alan oldugunu ortaya koymakta ve elde edilen sonuglar, bdlgenin siirdiiriilebilir
enerji yatirimlart agisindan biiyiik bir potansiyele sahip oldugunu gostermektedir.

Anahtar Kelimeler: Jeotermal Enerji,Gravite Metot,Kiiclik Menderes Grabeni,NTG Metot
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ABSTRACT

Geothermal energy has become one of the increasingly important energy resources worldwide
and in Turkey thanks to its renewable and sustainable characteristics. In our country,
geothermal energy is utilized in a wide range of applications, from residential heating to
greenhouse and thermal facility operations, from electricity generation to tourism activities. In
particular, the Western Anatolia Region hosts the richest geothermal fields of Turkey and stands
out with successful applications in electricity generation. In geothermal system investigations,
measuring the differences in physical parameters of subsurface structures such as density,
magnetic properties, and resistivity provides significant data. In this context, the gravity method
is widely used in geothermal explorations due to its ease of measurement, rapid application,
and economic advantages. Gravity data contribute to narrowing down exploration areas,
identifying lateral discontinuities, and enabling more efficient application of secondary
methods. In this study, the geothermal potential of the Kiiciik Menderes Graben, located in
Western Anatolia, was examined using Bouguer gravity anomaly data provided by MTA and
TUBITAK (Project No. 108Y285). Moreover, this project was supported within the scope of
the TUBITAK 2209-A Research Projects Support Program for Undergraduate Students. The
Normalized Total Gradient (NTG) method, which has been proven successful in delineating
structural boundaries, was applied to the data. NTG analyses revealed the lateral and vertical
continuity of subsurface structures, contributing to the assessment of the geothermal potential
of the region. As a result, the findings of this study demonstrate that the Kii¢ilk Menderes
Graben is a significant area in terms of geothermal energy production, and the outcomes
highlight its considerable potential for sustainable energy investments.

Keywords: Geothermal energy, gravity method, Kiigiikk Menderes Graben, NTG method
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Bir Boyutlu Zemin Tepki Analizlerinin Lineer Varsayimlar
Altinda Parametrik incelenmesi

Theoretical Parametric Evaluation of One-Dimensional Site
Response Analyses under Linear Assumptions

Ibrahim Can BEZIKLIOGLU’

!stanbul Teknik Universitesi
E-posta: beziklioglul 8@itu.edu.tr

OZET

Bu calisma, bir boyutlu zemin tepki analizleri araciligtyla zemin tabakalarinin sismik dalgalara
kars1 dinamik davranigini lineer varsayimlar altinda parametrik bir yaklasimla incelemektedir.
Arastirmada tabaka kalinligi, kayma dalgasi hizi, yogunluk, soniim orani ve zemin—kaya
empedans kontrasti gibi temel parametrelerin transfer fonksiyonlari tlizerindeki etkileri
sistematik olarak degerlendirilmistir. Bulgular, rezonans frekansinin 6zellikle tabaka kalinlig1
ile kayma dalgas1 hizinin etkilesimine duyarli oldugunu ve diisiik séniim oranlarinda biiyiitme
katsayilarinin ¢cok yiiksek degerlere ulagtigini ortaya koymustur. Ayrica, elde edilen maksimum
biiylitme degerlerinin biiyiik 6l¢iide zemin ile anakaya arasindaki empedans kontrastina baglh
oldugu, kontrastin diisiik oldugu kosullarda transfer fonksiyonunda belirgin bir rezonans piki
olugsmadigr belirlenmistir. Soniim oranlarinin artmasi ise biiylitme fonksiyonlarinin tepe
degerlerini azaltmakta, rezonans tepkisini daha yayvan hale getirmekte ve bu sekilde
biiyiitmenin etkisini sinirlamaktadir. Sonug olarak bu parametrik inceleme, tek tabakali zemin
ortaminin bilylitme ve rezonans Ozelliklerini kontrol eden baslica faktorleri ortaya koymakta;
elde edilen bulgular klasik 1-B zemin dinamigi kuramiyla uyumlu olup zemin parametreleri ile
sismik tepki arasindaki iligkilerin daha agik ve sistematik bicimde anlagilmasma katki
saglamaktadir.

Anahtar Kelimeler: Zemin Tepki Analizi, Rezonans Frekansi, Biiytlitme Katsayisi, Soniim
Orani, Empedans Kontrasti
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ABSTRACT

This study investigates the dynamic behavior of soil layers subjected to seismic waves through
one-dimensional site response analyses under linear assumptions using a parametric approach.
The effects of fundamental parameters such as layer thickness, shear-wave velocity, density,
damping ratio, and soil-rock impedance contrast on transfer functions are systematically
evaluated. The findings indicate that the resonance frequency is particularly sensitive to the
interaction between layer thickness and shear-wave velocity, and that low damping ratios lead
to amplification factors reaching very high values. Furthermore, the maximum amplification is
found to be largely dependent on the impedance contrast between the soil and the underlying
rock; in cases of low contrast, no distinct resonance peak appears in the transfer function.
Increasing damping ratios, on the other hand, reduce the peak values of amplification functions,
broaden the resonance response, and thereby limit the overall amplification effect. In
conclusion, this parametric investigation identifies the principal factors controlling the
amplification and resonance characteristics of a single-layer soil deposit; the results are
consistent with the classical one-dimensional soil dynamics theory and contribute to a clearer
and more systematic understanding of the relationships between soil parameters and seismic
response.

Keywords: Site Response Analysis, Resonance Frequency, Amplification Factor, Damping
Ratio, Impedance Contrast
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Aykut TUNCEL', Bilal SARF, Bora UZEL’, Ziilfikar ERHAN', Ali ALHASSANI', Gék¢em ATALAY',
Berk Yasar BILGIN', Serdar COBAN?, Bayram GUVEN', Muhammed Emin KARATAS’, Ali Atakan
KESER’, Meltem BEYAZ MEZDE?, Koray TEMEL?, Erol YALCIN?, Oya ANKAYA PAMUKCU",
Tolga OYMAN?

! Dokuz Eyliil Qniversitesi Miihendislik Fakiiltesi Jeofizik Miihendisligi Béliimii, Buca—fzmir
? Dokuz Eyliil Universitesi Miihendislik Fakiiltesi Jeoloji Miihendisligi Béliimii, Buca-Izmir
E-posta: aykut.tuncel@deu.edu.tr

OZET

Bu calismada, boliim arazi staji kapsaminda, Kocagay Deresi’nin yaklasik 400 metre yon
degistirmesine neden oldugu disiinillen Gilimiildir Fayi’nin aliivyon Ortiisii altindaki
konumunun belirlenmesine yonelik jeofizik caligmalar gerceklestirilmistir. Bu kapsamda, hem
yapay hem de dogal kaynakli jeofizik yontemler kullanilmistir. S6z konusu ¢aligmalar, fayin
bolgedeki jeomorfolojik etkilerinin anlagilmasmna ve aliivyon altinda gomiili fay
segmentlerinin konumlarinin belirlenmesine yonelik olarak planlanmistir. Giimiildiir ve
cevresindeki faylarin genel jeolojik ve tektonik 6zellikleri ele alinmis, ancak aliivyon Ortiisii
altindaki fay uzanimlar1 sinirli 6lgiide gozlemlenebilmistir. Bu ¢alismanin amaglarindan bir
tanesi, dogrudan jeofizik yontemlerle faym yer altindaki belirtilerinin arastirilmasidir.
Kullanilan jeofizik yontemlerden elde edilen bulgular ayrintili olarak sunulmus, sonuglarin
jeolojik birimlerle ve tektonik yapilarla korelasyonu tartigilmigtir. Bu kapsamda jeoloji
miihendisligi boliimii 6gretim liyeleri ve 6grencileri tarafindan hazirlanan jeoloji haritasi, enine
kesit ve kolon kesit de bu postere eklenerek jeofizik ¢aligmalardan elde edilen verilerle ortak
yorum yapilmasi amaglanmstir.

Anahtar Kelimeler: Kocagay deresi, Glimiildiir fay1, jeofizik, jeoloji
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ABSTRACT

In this study, as part of the department's field internship, geophysical studies were conducted
to determine the location of the Giimiildiir Fault, which is thought to have caused the Kocagay
Stream to shift approximately 400 meters beneath the alluvial cover. Both active and passive
source geophysical methods were used in this study. These studies were designed to understand
the fault's geomorphological effects in the region and to determine the locations of fault
segments buried beneath the alluvium. The general geological and tectonic characteristics of
the faults in Giimiildiir and its surrounding area were examined, but the fault extensions beneath
the alluvial cover were observed to a limited extent. One of the objectives of this study was to
investigate the fault's subsurface manifestations using direct geophysical methods. The findings
obtained from the geophysical methods used are presented in detail and the correlation of the
results with geological units and tectonic structures is discussed. In this context, the geological
map, cross-section and column section prepared by the faculty members and students of the
geological engineering department were added to this poster and it was aimed to make a joint
comment with the data obtained from geophysical studies.

Keywords: Kocagay stream, Giimiildiir fault, geophysics, geology

87
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OZET

Deprem kaynakli yapisal hasarlarin genellikle yatay yondeki deprem hareketinden
kaynaklandig1r g6z oniinde bulundurulur. Buna karsilik, diisey yondeki hareket nedeniyle
yapilarda ortaya ¢ikan sismik talepler goz ardi edilebilmektedir. Oysa, ge¢mis deprem kayitlari
incelendiginde, Ozellikle depremin kaynagina yakin sahalarda diisey en biiyiik yer ivmesi
(PGAYV), yatay en biiyiik yer ivmesinden (PGAH) biiyiik olabilmektedir. Hatta bazi durumlarda
yergekimi ivmesinin iizerinde degerlere ulasildigi dahi rapor edilmistir. Nitekim 1995 Kobe
Mw 6.9, 2011 Christchurch, Yeni Zelanda Mw6.1) ve 6 Subat Kahramanmarag M7.8 2023
depremlerinde diisey yer hareketinden kaynaklanan yapisal hasarlar sahada gozlemlenmistir.
Diisey yer hareketinin genliklerini etkileyen baslica unsurlar kaynak-saha mesafesi, yerel zemin
kosullar1 ve yapinin dogal titresim periyodudur. Tiirkiye’de aktif fay hatlarinin yogun yerlesim
bolgelerine yakinligi, yakin-fay etkilerinin deprem taleplerinin degerlendirilmesinde dikkate
alinmasini zorunlu kilmaktadir. Ancak uzun tekrarlanma periyotlarina sahip biiyiik depremlere
ait yakin-fay kayitlarinin siirli olmasi, diisey bilesenin kapsamli sekilde incelenmesini
zorlastirmaktadir. Bunun yani sira, bina tiirli yapilarin diisey yonde aktif modlara karsilik
gelen spektral taleplerin yatay yonde aktif olan modlara karsilik gelen spektral taleplerden 6nce
meydana gelmesi, hasar potansiyelini artiran kritik bir diger unsurdur. Tiirkiye’deki mevcut
yap1 stogunda miihendislik hizmeti almamis, diisiik malzeme dayanimina sahip ve yetersiz
kolon kesitleri ile insa edilmis standart alt1 yapilarin yayginligi bu etkiyi daha da yikici hale
getirmektedir. Bu calisma kapsaminda 6 Subat 2023 Kahramanmarag-Pazarcik merkezli Mw
7.8 depremine ait ivme kayitlar1 analiz edilmistir. Diisey ve yatay kuvvetli yer hareketi
bilesenleri; genlikleri, spektral degerleri ve olus zamanlar1 agisindan karsilastirmali ve
sistematik olarak degerlendirilmistir. Analizler, 6zellikle yiiksek frekans araliginda (=5 Hz),
diistik Vs30 degerine sahip faya yakin istasyonlarda diisey/yatay spektral oraninin 2/3
seviyesinin tlizerinde gergeklestigini gostermektedir. Elde edilen bulgular, yiiksek diisey
ivmelerin ve diisey bilesenin yataydan Once ortaya ¢ikmasinin, yapilardaki hasar oranlarini
artirdigini ortaya koymaktadir. Bu durum, diisey talebin yapiya daha erken etki ederek dayanim
kapasitesini azaltabildigini, dolayisiyla agir hasarlarin ve yikimlarin kagmilmaz hale
getirebildigini géstermektedir.

Anahtar Kelimeler: Kahramanmaras depremi, diisey yer hareketi, gelis zamani, deprem talebi,
deprem hasari.
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ABSTRACT

While structural damage is generally considered to be caused by horizontal earthquake motion,
vertical seismic demands may be overlooked. However, when past earthquake records are
examined, the peak ground acceleration (PGAV) in the vertical direction can be greater than
the peak ground acceleration (PGAH) in the horizontal direction at stations located close to the
source. In fact, values exceeding gravitational acceleration have been reported in some cases.
Indeed, structural damage caused by vertical ground motion was observed in the field during
the 1995 Kobe Mw 6.9 earthquake, 2011 Christchurch, New Zealand Mw6.1 earthquake and
2023 Kahramanmaras, Turkey M7.8 earthquake. The main factors affecting the amplitudes of
vertical components of ground motions are the source-site distance, local ground conditions,
and the natural vibration period of the structure. The proximity of active fault lines to densely
populated areas in Turkey makes it necessary to consider near-fault effects in the assessment of
earthquake demands. However, the limited availability of near-fault records for large
earthquakes with long recurrence periods restricts the comprehensive investigation of the
vertical component. In addition, the occurrence of high-frequency vertical spectral demands
before lower-frequency horizontal demands is another critical factor that increases the potential
for damage. The prevalence of substandard structures in Turkey's existing building stock, which
have not received engineering services, have low material strength, and were constructed with
inadequate column cross-sections, makes this effect even more destructive. Within the scope of
this study, acceleration records from the February 6, 2023, Mw 7.8 earthquake centered in
Kahramanmaras-Pazarcik were analyzed. The vertical and horizontal components were
evaluated comparatively and systematically in terms of their amplitudes, spectral values, and
occurrence times. The analyses show that, especially in the high frequency range (=5 Hz), the
vertical/horizontal spectral ratio exceeded the 2/3 level at stations close to faults with low Vs30
values. The findings reveal that high vertical accelerations and the vertical component
appearing before the horizontal component increase the damage rates in structures. This
situation indicates that vertical demand affects the structure earlier, and have the potential to
reduce its resistance capacity, thus making severe damage and collapse very likely.

Keywords: Kahramanmaras earthquake, vertical ground motion, arrival time, seismic demand,
earthquake damage.
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OZET

Metasezgisel algoritmalar, karmasik optimizasyon problemlerinin ¢éziimiinde son yillarda 6ne
¢ikan giiglii araglardir. Ozellikle dogrusal olmayan ve tekil ¢oziime sahip olmayan jeofizik ters
¢oziim problemlerinde, bu algoritmalarin esnekligi biiyiikk avantaj saglamaktadir. Klasik
optimizasyon yontemleri genellikle iyi bir baslangic modeline ihtiya¢ duymakta ve ¢6ziim
stirecinde yerel minimumlara sikisabilmektedir. Buna karsilik, metasezgisel yontemler genis
¢Ozilim uzaylarin tarayarak global optimumu bulma konusunda daha basarilidir. Bu ¢aligmada,
dogadaki giivelerin 151k kaynagina spiral hareketi temel alinarak gelistirilmis Moth-Flame
Optimization — Gilive-Ates Optimizasyon (MFO) algoritmasi, dogal potansiyel (SP)
anomalilerinin ters ¢ozlimiinde uygulanmistir. Algoritma, R programlama dili kullanilarak agik
kaynak paketler araciligiyla gelistirilmistir. Algoritmanin performansi, Siileymankdy (Tiirkiye)
arazi verisi tlizerinde test edilmistir. Elde edilen sonuglar, MFO algoritmasinin diisiik rms ve
hizli bir yakinsama ile model parametre kestiriminde kullanilabilecegini ortaya koymustur.
Ayrica elde edilen parametreler farkli meta-sezgisel yontemlerle karsilastirilmis ve MFO
algoritmasinin rekabet¢i bir performans ortaya koydugu goriilmiistiir. Bu bulgular, MFO
algoritmasinin jeofizik ters ¢6ziim ¢alismalarinda gilivenilir ve etkin bir ara¢ oldugunu ve diger
jeofizik uygulamalarina basariyla uyarlanabilecegini ortaya koymaktadir.

Anahtar Kelimeler: Giive-Ates optimizasyon algoritmasi, dogal potansiyel, jeofizik
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1. Miihendislik Sismolojisi ve Kent Jeofizigi Sempozyumu Bildiri Ozetleri Kitab1

ABSTRACT

Metaheuristic algorithms have become increasingly popular in recent years as effective tools
for solving complex optimization problems. Their flexibility makes them particularly suitable
for geophysical inversion problems, which are inherently nonlinear and non-unique.
Conventional optimization techniques often rely on well-defined starting models and are prone
to becoming trapped in local minima, which may lead to inaccurate or incomplete solutions. In
contrast, metaheuristic methods are capable of exploring large search spaces efficiently to
identify global optima without depending on prior assumptions. In this study, the Moth-Flame
Optimization (MFO) algorithm, inspired by the spiral navigation of moths around light sources,
was implemented for the inversion of self-potential (SP) anomalies. The algorithm was
developed in the R programming environment using open-source libraries. Its performance was
assessed using field data from Siileymankoy (Tiirkiye). The results indicated that the MFO
algorithm can be used for model parameter estimation with low rms and rapid convergence.
Moreover, the outcomes were compared with those obtained by other metaheuristic approaches,
confirming the competitive performance of the MFO algorithm. Overall, the findings indicate
that the MFO algorithm is a reliable and high-performing tool for geophysical inversion
problems and can be effectively adapted for other applications in geophysics.

Keywords: Moth-flame optimization algorithm, self-potential, geophysics
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ABSTRACT

The Mw 6.2 Marmara Ereglisi Earthquake occurred in the central part of the Marmara Sea on
23 April 2025. The epicenter is located in the southwest of Marmara Ereglisi in Tekirdag
province. The shaking of the earthquake was felt in Istanbul, Sakarya, Tekirdag, Kocaeli, Bursa
and Yalova provinces with the maximum MMI intensity of VII in Corlu (USGS, 2025). More
than 300 people were injured in the provinces. Although some of old buildings were severely
damaged, most of the buildings are not damaged. However, some of the buildings were
significantly vibrated, and their vibration behaviors were captured in videos. Such videos were
published on social media. We found two videos that show the vibrations of a minaret and a
high-rise building during the earthquake. These two structures are located in the northeast of
the epicenter in Esenyurt, Istanbul. The high-rise building is approximately 73 meters high with
23 stories, while one of the tall minarets of Beylikdiizii Fatih Sultan Mehmet Mosque is 61
meters high. The videos of the high-rise building and the minaret are 53 and 12 seconds long.
The videos were analyzed to extract earthquake structural responses from a pixel tracking
analysis (Wenzel et al., 2025). We selected a target point at the top of the structures and
reference points at a near-by low-rise building. The two reference points were used to eliminate
a camera movement in the video analysis to extract displacement of the top of the target
structures. The extracted displacement time history was used to estimate its spectra which
provide natural periods of the buildings during the earthquake. The estimated natural periods
of the high-rise building and the minaret are 7.2 and 4.0 seconds with the maximum
displacement amplitudes of 19 and 58 cm, respectively. The earthquake responses of the tall
structures are closely related with long-period ground motion for the event. We therefore
investigated the characteristics of long-period components in records observed at strong motion
stations around the epicenter. The PGAs for this event are similar to those estimated with an
existing empirical equation. However, some of the stations located along the coast of the
Marmara Sea in the northeastern part of the epicenter show larger PGVs than those expected
from the empirical equations. In particular long-period ground motion are dominant at the
stations with the large PGVs. The site effects for one of the strong motion stations in the
northeastern part by Yamanaka et al. (2016) indicate large site amplifications at frequencies
lower than 1 Hz. This clearly suggests that the long-period motion was amplified in the
sedimentary layers and shook the tall structures in the area to generate the large earthquake
responses despite the moderate magnitude of the earthquake.

Keywords: Long-period motion, site amplification, video data, structural response, marmara
sea
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