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Kuzey Anadolu Fay Zonu’nun (KAFZ) ve Ege bdlgesi agilma sisteminin karsilastigi Marmara
denizi ve Bat1 Tiirkiye’de yogun deprem aktivitesi gerceklesmekte ve kabukta deformasyona
sebep olmaktadir. Dolayistyla, Bati-Kuzeybati Tiirkiye nin detayli kabuk ve {ist manto yapi-
sinin sismik goriintilleme yontemleri kullanilarak elde edilmesi, bdlgenin sismotektonigi ve
jeodinamiginin daha iyi anlagilmasi i¢in bilylik 6nem tasimaktadir. Bu ¢alismada, bati Ana-
dolu’nun 3-Boyutlu (3-B) sismik hiz yapist dogrusal olmayan tam dalga bigimi tomografisi
ve eklenik yontem yardimiyla incelenmistir. Sismik tomografi, yerin i¢ yapisini incelemek
amactyla farkli veri gruplari ve yaklasimlar kullanarak uygulama alani bulan geleneksel bir
yontemdir. Gliniimiizde ise hesaplamali sismoloji alaninda olan gelismeler ve yliksek basa-
rimh bilgisayar olanaklarinin artmasiyla elastik dalga yayilimi simiilasyonlar1 3-B kiiresel
yer modelleri i¢in yiiksek mertebeli sayisal yontemler kullanilarak hesaplanabilmektedir. Bu
arastirmada, Bati Anadolu’da 2007-2015 yillar arasinda meydana gelmis (M, > 3.7), nitelikli
olarak kaydedilen 62 adet bolgesel (dis merkez <10°) depremin ii¢ bilesen tam dalga bigimleri
i¢in tomografik simiilasyonlar gergeklestirilmistir. Genis band deprem verisi, Kandilli Rasat-
hanesi ve Deprem Arastirma Merkezi (KRDAE), Yunan Birlestirilmis Sismik Agi (HUSN,
Yunanistan) ve Afet ve Acil Durum Yonetimi-Deprem Dairesi Bagkanlig1 Sismik Ag1 (AFAD-
DAD) veri tabanlarindan derlenerek kullanilmistir. 3-B dalga yayilimi simiilasyonlari yapmak
amacityla, dalga denkleminin sayisal ¢ozlimiinii spektral elemanlar yontemi ile gergeklestiren
SES3D algoritmasi kullanilmigtir. Sismik tam dalga bigimi ters ¢ozliimii asamalarinda, biiyiik
Olgekli sismik ters ¢ozlim is akis1 (LASIF) programi kullamilmistir. G6zlemsel ve yapay sis-
mogramlar arasindaki farklar, genlik ve faz bilgisini ayirmay1 saglayan zaman-frekans ortami
uyumsuzluklar yontemi ile belirlenmistir. Uyumsuzluklarin iteratif olarak azaltilmasi esnasin-
da eslenik gradyan optimizasyon yontemi kullanilmigtir. Ters ¢ozlim sirasinda kullanilmamis
depremlere uygulanan model dogrulama testleri, sonug olarak elde edilen 3-B yer modelinin
8-100s periyod araligindaki dalga bigimlerini agiklamakta basarili oldugu goriilmiistiir. Sa-
yisal ¢Oziiniirliik analizleri ise, B-KB Tiirkiye’de ¢oziiniirligiin iyi oldugu bolgelerde s1g ve
derin kabuk yapist ig¢in 15-35 km arasinda yatay ¢o6ziiniirliik uzunlugu elde edildigini goster-
mistir. Tam dalga bi¢cimi tomografisi sonuglari, yaklasik 35 km derinlige kadar yatay ve diisey
yonlerde giiclii (2.55 < V < 4.0 km/s) sismik hiz degisimlerinin oldugunu ortaya ¢ikartmistir.
Elde edilen sismik hiz dagilimi ana fay zonlar ¢evresinde (6rn, KAFZ ve kollart) énemli
6l¢iide deformasyona ugramis ve dagilmis yapilarin, eski ve yeni volkanizmalarin (6rn, Kula
volkanik alani) ve metamorfik ¢ekirdek karmasiklarinin (6rn, Menderes ve Kazdag masifleri)
karakteristik 6zelliklerini sergilemistir. Kabukta elde edilen yiiksek radyal anizotropi (%20)
ise yine kabuktaki gii¢lii deformasyon ve heterojenitenin varligini isaret etmektedir. Sonug
olarak, bu ¢alismada elde edilen 3-B yer modeli bat1 Tiirkiye’nin bilinen aktif tektonigi ile
uyumlu sonuglar géstermistir ve deprem kaynak modellemesinde kullanilabilir.
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ABSTRACT

The Sea of Marmara and western Turkey are characterized by intense seismicity and crustal
deformation due to transition tectonics between the North Anatolian Fault Zone (NAFZ) and
the extensional Aegean region. Seismic imaging of the crust and uppermost mantle in W-NW
Turkey is crucial to obtain a better understanding of its seismotectonics and geodynamics la-
yout. Here, we investigate the 3-D seismic velocity structure in this rapidly deforming region
using non-linear full-waveform tomography based on the adjoint method. Seismic tomography
has been the traditional approach of imaging Earth's interior using different data types and
approximations. Today, advancements in computational seismology and supercomputing fa-
cilities enable us to accurately perform seismic wave propagation simulations using higher
order numerical methods in 3-D spherical Earth models. We have selected and simulated three
component complete waveforms of 62 regional earthquakes with epicentral distance, 4 < 10°,
and with magnitudes Mw > 3.7, which occurred between 2007 and 2015. Earthquake data is
obtained from broadband seismic stations of Kandilli Observatory and Earthquake Research
Center (KOERI, Turkey), Hellenic Unified Seismic Network (HUSN, Greece) and Earthquake
Research Center of Turkey (AFAD-DAD). The spectral-element solver of the wave equation,
SES3D algorithm, is used to simulate seismic wave propagation in 3-D spherical coordinates.
The Large Scale Seismic Inversion Framework (LASIF) workflow tool is also used to perform
Sfull seismic waveform inversion. Discrepancies between the observed and simulated synthetic
waveforms are determined using the time-frequency misfits, which allows a separation betwe-
en phase and amplitude information. The conjugate gradient optimization method is used to
iteratively update the initial Earth model when minimizing the misfit. Validation tests show
that our final 3-D Earth model is able to explain seismic waveforms from earthquakes not
used in the inversion at periods from 8-100 s to within the data uncertainties. Furthermore,
quantitative resolution analyses yield 15 to 35 km horizontal resolution lengths in the shallow
and deep crust beneath well-covered areas of W-NW Turkey. Our full-waveform tomography
results indicate the presence of strong lateral and vertical velocity variations (2.55 <V < 4.0
km/s) down to depths of ~35 km. The seismic velocity distribution is characteristic of highly
deformed and distributed crustal features along major fault zones (e.g. NAFZ and its branc-
hes), historic and recent regional volcanism (e.g. Kula volcanic province), and metamorphic
core complex developments (e.g. Menderes and Kazdag massifs). Radial anisotropy is very
strong (around 20%) throughout the crust, further indicating to strong deformation and hete-
rogeneity. In summary, our 3-D model is overall consistent with the active tectonics of western
Turkey, and it can be adequately used in earthquake source determinations.
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