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Manisa Fay Zonu’nun Holosen Aktivitesine Ait Paleosismolojik Veriler:
Manisa Bolgesindeki Sismik Risk On Sonuclari, Bati Anadolu
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! Dokuz Eyliil Universitesi, Jeoloji Miihendisligi Boliimii, Tinaztepe Yerleskesi,
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Manisa Fay Zonu (MFZ), Gediz Grabeni’nin devamui niteligindeki Manisa Havzasi’n1 giineyden
siirlayan ve jeomorfolojik olarak kuzeye egimli Kuvaterner fay sarpliklart igeren aktif bir yapisal
stireksizliktir. MFZ, doguda Turgutlu ilgesinden baslar ve batiya dogru Manisa ilgesini kat ederek
Akgedik-Giirle kdyiine kadar 50 km izlenebilir. MFZ iki ana bolimden olusur: (i) Doguda KB-GD
dogrultusunda uzanim sunan fay zonu, Manisa kent merkezinden gecerken yaklasik DB dogrultusunda
ilerler, (i) 10 km uzunlugundaki bati ucunda ise, Manisa sehir merkezi-Akgedik koyii arasinda
BKB-DGD uzanimli ii¢ fay segmenti seklinde sonlanir. Tarihsel deprem kayitlarina gore, MFZ
onilinde yer alan Manisa kenti ve civarmin ¢ok sayida deprem ile zarar gordiigii bilinmektedir. Bu
caligmada, fay zonunun bati kisminda Holosen aktivitesine isaret eden jeolojik, jeomorfolojik ve
paleosismolojik veriler sunulacaktir.

Manisa fay zonu, bati ucunda, sol kademeli ve en-eselon dizilimli li¢ fay segmenti igerir. Fay
segmentleri birleserek aralarinda aktarim rampalarinin olusumunu saglamistir. Bu segmentlerden en
batidaki Manastir Fay1 oniinde, yash olani uyumsuzlukla sinirlandirilmis iki Holosen koliivyal
yelpazesi sintetik faylarla kesilip 6telenmistir. Yash koliivyal yelpazede saptanan sekiz eskitoprak
diizeyi C14 teknigi ile yaslandirilmistir. Havza tarafindaki sintetik fay segmenti {izerinde iki hendek
acilmigtir. Paleosismolojik verilere gore bu hendekler igerisinde tarihsel depremlere ait izler
bulunmaktadir. Hendek duvarlarindaki detayli stratigrafik, sedimantolojik ve yapisal gozlemler ile
radyokarbon yaslariyla desteklenen en az ii¢ olaya ait izler tanimlanmistir. Bununla beraber, Manastir
faymin tavan blogunda yer alan Emlakdere kdylinden Manisa havzasina su tagimakta kullanilan antik
donem su kemerinin sintetik faylardan biri tarafindan kesildigi ve deforme edildigi gozlenmistir. Bu
antik kemerin 11. Yiizyildan sonra Osmanlilar tarafindan kullanildig1 bilinmektedir. Toplanan verilere
gore, MFZ’nun bat1 kesiminde bulunan basamak yapisi geometrisine sahip fay segmentleri
Holosen’den beri aktiftir.

Anahtar Sozciikler: batt Anadolu, Manisa fay zonu, aktif tektonik, paleosismoloji, C14 yaslandirma,
sismik risk
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Palaeoseismological Evidence For Holocene Activity on the Manisa Fault Zone:
Preliminary Results for Seismic Risk in Manisa District, Western Anatolia
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Manisa Fault Zone (MFZ) is an active structural discontinuity that is geomorphologically expressed as
a trace of north-facing Quaternary fault scarps bounding the southern margin of the Manisa basin
which is continuation of the Gediz Graben. We note that the present-day fault trace is over 50 km long
from Manisa city in the northwest to the Turgutlu town in the southeast. The MFZ consists of two
major sections: (i) eastern section that strikes NW—SE direction in the south and bends into an
approximately E-W direction around Manisa to the northwest, (ii) an approximately 10-km-long
western section that strikes WNW—ESE direction from Manisa city in the east to Akgedik town in the
west. According to the historical records, many earthquakes destroyed the vicinity of Manisa city
which is located in front of the MFZ. In this study, we present the geologic, geomorphologic, and
palaecoseismologic evidences indicating Holocene activity on the western section of the fault zone.

We identify that the MFZ, at its western end, consists of three fault segments which are en échelon
arranged in left step; the fault segments show evidence for linkage and breaching at the relay ramps.
One of them is named as the Manastir Fault. In front of this fault, two Holocene colluvial fans, older
of which is uncorformity bounded, are cut and displaced by the syntethic faults. Eight paleosoil
horizons which have been found within the older colluvial fans are dated by radiocarbon technique.
Two trenches were excavated on the basinward syntethic fault segment. Palacoseismologic data show
that the syntethic fault segments correspond to the surface ruptures of the historical earthquakes. As a
result of detailed stratigraphic, sedimentologic and structural observations on the trench walls, some
evidences for at least three earthquakes are recorded which are supported by radiocarbon dating.
Besides this, an archaic aqueduct that were used to transport water from Emlakdere town, located on
the hanging wall of the Manastir Fault, to the basin is cut and displaced by the syntethic fault
segments. It is known that this archaic architecture was in use after 11. century by the Ottomans. On
the basis of the mentioned data, fault segments which are belong to the western part of the Manisa
Fault Zone has been active since Holocene time as step-like structural geometries.

Key Words: west Anatolia, Manisa fault zone, active tectonics, paleoseismology, C14 dating, seismic
risk
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Oliideniz Fay Zonu’nun Kuzey Kesimi Aktivitesine
Iliskin Paleosismolojik Veriler
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Diinyanin en énemli aktif tektonik yapilarindan biri olan Oliideniz Fay Zonu, giineyde Kizildeniz ile
kuzeyde Dogu Anadolu fay zonu arasinda uzanir. Antakya'nin dogusundan iilkemiz siirlarina giren
fay zonu K-G dogrultusunda Asi vadisi batisin1 sinirlamaktadir. Hacipasa fay1 olarak adlandirilan bu
fay iizerinde tarihsel ve aletsel donemde bircok deprem meydana gelmistir. Ozellikle Antakya ve
cevresinde uzun donem tarihsel deprem aktivitesini yansitan kayitlar mevcuttur. Ancak fay zonu
Tiirkiye yakinlarinda birkag kola ayrildigindan bu depremlerin hangi faylar tarafindan iiretildigi net
degildir.

Hacipasa fay1 iizerinde yapilan jeolojik ve jeomorfolojik caligsmalar, fayin giincel aktivitesini net
olarak ortaya koymustur. Fayin Amik Ovasi'na girdigi noktada yapilan hendek ¢alismasi ile 5 farkl
tarihsel depremin izlerine ulasilmig ve bu depremler C14 ve OSL metotlart ile yaslandirilmustir.
Hendek verileri ile tarihsel deprem kayitlarinin Kkarsilagtirilmast M.S. 115, 526, 1408, 1872,
depremlerinin ve M.O. 3 yy. da bir depremin Hacipasa fay1 iizerinde meydana geldigini ortaya
koymustur. Ayrica geng bir dere yatagi iizerinde faya paralel agilan iki hendekte terk edilmis dere
dolgularina rastlanilmis ve GPR profilleri ile takip edilen derenin toplam 18+1.5 m &telendigi tespit
edilmistir. Oliideniz fay zonunun kuzey kesimi iizerinde yapilan hendek calismalari, fay zonunun bu
kesimi iizerinde yilizey kirigi olusturan depremlerin tekrarlanma aralifinin yaklasik 400 ile 900
arasinda degistigini ortaya koymaktadir.

Anahtar Sozciikler: Oliideniz fay zonu, paleosismoloji, tarihsel deprem, Antakya, Amik ovasi
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Palaeoseismological Evidence About the Activity
of the Northern Part of the Dead Sea Fault

Onder Yénli', Mustapha Meghraouiz, Erhan Altunel', Mattheui Ferry3 ,
C. Caglar Yalginer', Volkan Karabacak' & Nafiye Giine¢ Kiyak®

! Eskisehir Osmangazi University, Department of Geological Engineering, Meselik,
TR—-26480 Eskisehir, Turkey (E-mail: oyonlu@ogu.edu.tr)
? Institut de Physique du Globe of Strasbourg, 67100 Strasbourg, Fransa
7 Geophysical Centre, University of Evora, 38043 Evora, Portekiz
4]§1k Universitesi, Fizik Boliimii, 34980 Istanbul, T tirkiye

The Dead Sea Fault Zone (DSFZ) is one of the most active tectonic structures of the world and it
extends from the Red Sea in south to East Anatolian fault zone in north. The fault enters to Turkey
east of Antakya and extends along the western side of the Asi River up to the Amik Basin. This
section of the fault is called as Hacipasa fault. Large earthquakes occurred along this fault in historical
period and during the 20th century. Although long term historical activity has been documented
around Antakya region, it is not clear that, which segments of DSFZ has ruptured during these
earthquakes.

Geological and geomorphologic studies along the Hacipasa fault show the recent activity of the fault.
We have traced the fault rupture and recognized 5 different surface faulting events in the trench study
and used C14 and OSL dating of the alluvial deposits. Comparing trench data with historical
earthquake records, we show that these earthquakes occurred in 115 A.D, 526, 1408, 1872 on the
Hacipasa fault. Beside them there is probably one more earthquake dated in the 3™ century B.C.
Furthermore, 2 trenches were dug parallel to the fault on a young stream bed in addition of Georadar
profiles that show the stream was offset 18 +1.5 m. On the basis of palacoseismological evidence, it is
suggested that the recurrence interval for surface faulting events 400-900 years on the northern part of
the Dead Sea Fault Zone.

Key Words: Dead Sea fault zone, paleoseismology, historical earthquake, Antakya, Amik basin
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Kuzey Anadolu Fay Zonu’nun Bat1 Kesiminde Sapanci-Akyazi Segmentinin
Son 1000 Yillik Deprem Tarihgesi ve Kayma Hizi
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Dogu Marmara bolgesinin deprem tarihgesi, tarihsel kayitlar ile sinirlidir. Deprem ile ilgili kayitlar
esas olarak bolgedeki iki biiyiikk sehir olan izmit ve Istanbul’da tutulmustur. Bu durum, izmit
dogusunda yiizey kirigr meydana getirebilecek depremlerin tarihsel kayitlardan belirlenmesini
zorlagtirmaktadir. Kuzey Anadolu Fayi’'min bu kesimin yaymlanmis paleosismolojik veri
bulunmamaktadir ve bu kesimde elde edilebilecek paleosismolojik veriler bolgenin deprem
tarihgesinin belirlenmesine katkida bulunmasi agisindan 6nemlidir. Bu amagla, Sapanca-Akyazi
segmenti iizerinde li¢ farkli lokasyonda paleosismolojik c¢aligmalar yapilmistir. Sapanca-Akyazi
segmenti, 17 Agustos 1999 izmit depreminde kirilan bes segmentden biridir ve en yiiksek dtelenme
degeri (5,2 m) bu segment {izerinde meydana gelmistir. Segment, Sapanca Go6lii dogusundan Akyazi
(Adapazari) kuzeyine K85B yoneliminde ve yaklagik 25 km uzunlugundadir. Yapilan paleosismoloji
caligmalar1 sonucunda segment tizerinde 27 Mayis 1719, 1 Ekim 1567 ve 1000 yillarinda meydana
gelen depremlerde yiizey faylanmasi gelistigi tespit edilmistir.

Sakarya nehri batisinda, nehrin eski bir teras kenari, fay zonu giineyinde yiizeyde takip edilmis fakat
kuzeyde izlenememistir. Otelenmis teras kenarinin kuzeydeki devaminin gémiilii olabilecegi
diisiincesiyle, kuzey kesim GPR (Yer Radari) ile taranmis ve gomiilii teras kenari tespit edilmistir.
Teodolit ile yapilan O&lgim sonucu eski teras kenarmin toplam 18.5+0.5 metre O&telendigi
hesaplanmigtir. Teras kenar1 OSL yaglandirma yontemi ile tarihlendirilmis ve bolgedeki kayma hizi
hesaplanmustir. Yaklasik son 1000 sene igerisinde bolgedeki kayma hizi 21.9+43 mm/yil olarak
belirlenmistir.

Anahtar Sozciikler: KAF, deprem, Sapanca-Akyazi segmenti, paleosismoloji, GPR, kayma hiz1
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Earthquake History and Slip Rate of Sapanca-Akyazi1 Segment
on Western Part of North Anatolian Fault for the Past 1000 Years
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The earthquake history of the eastern Marmara region is limited by the historical documents which
indicate the felt area mostly as Istanbul and sometimes as izmit. It is hard to determine the earthquakes
that produced surface rupture in the east of Izmit only by searching the historical documents. There is
no paleoseismological data in this part of North Anatolian Fault and research of paleoseismological
data is important for understanding the earthquake history of the region. For this purpose, three sites
on Sapanca-Akyazi segment were chosen for paleosismological investigations. Sapanca-Akyazi
segment is one of the five segments ruptured on 17 August 1999 earthquake and the maximum right-
lateral displacement (5.2 m) was measured on this segment. It trends along 25 km between the Lake
Sapanca and Akyazi town with a strike of N85W. Paleoseismological investigations revealed that the
earthquakes of 27 May 1719 and 1 October 1567, and an earthquake which happened around year
1000 had ruptured the segment.

One the west of Sakarya river, an old terrace riser of the river is visible at the surface on the south of
the fault zone and can not be observed on the northern part. The northern part was investigated by
GPR (Ground Penetrating Radar) to check if the continuation of the riser was buried due to vertical
movement on the northern part, and it is determined in the GPR profile. The cumulative displacement
of the riser is measured as 18.5+0.5 m with teodolite. The OSL dating of the terrace riser revealed a
slip-rate of 21.9+3 mm/year on the region for last 1000 years.

Key Words: NAF, earthquake, Sapanca-Akyazi segment, paleoseismology, GPR, slip-rate
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1942 Erbaa-Niksar Depremi ile iligkili Yiizey Kiriginin Bati Boliimiinde
Paleosismolojik Bulgular ve Degerlendirme, Kuzey Anadolu Fay Sistemi, Tiirkiye
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Kuzey Anadolu Fay Sistemi (KAFS), Diinya’nin en onemli aktif kita i¢i transform faylarmdan
birisidir. KAFS 1939 ile 1999 yillar1 arasinda, genellikle dogudan batiya dogru deprem gocii seklinde
gelismis bir dizi biiyiik deprem ile kirilmistir. Genelde bu deprem serisi igerisindeki depremlerde ¢ok
segmentli yiizey faylanmasi gelismistir. 1942 depremi Niksar-Erbaa fay: iizerinde meydana gelmis
olup 48 km uzunlugunda yiizey kirig1 liretmistir. 1942 depremi ile iliskili yilizey kirigi bir sikismali
sekme (restraining stepover) tarafindan iki ana geometrik segmente ayrilir. 12 km uzunlugundaki bu
stkismali sekme ters faylarla sirli bir yilikselim (push-up) yapist ile karakteristiktir. 1942 depremi
olasilikla bu sikigmali sekmede baglamis ve kirilma iki tarafli olarak ilerlemistir. Kirigin dogu ve bati
segmentleri sirasiyla 21 ve 15 km uzunlugundadir. Bu ¢alismada, Erbaa ilgesinin kuzeybatisindaki
Cevresu sahasinda, kirigin bati segmenti iizerinde gergeklestirilen hendek ¢aligmalarindan ilk sonuglar
sunulmaktadir.

Cevre su sahasinda (Koordinatlar; 37 286765 D — 45 14356 K), Yesilirmak ve Kelkit ¢aylarinin tagkin
diizligi iizerinde, 1942 kirig1 boyunca faya dik dogrultuda iki hendek kazilmigtir. Tarimsal faaliyetler
nedeniyle degisiklikler meydana gelmis olsa da yiizey kiriginin izi genel morfolojide hala belirgin
olarak izlenebilmektedir. Holosen fayi, tagskin diizliigiinde 1 kilometre uzunlugunda agikea izlenebilen
taze fay sarpligi ile temsil olunur. Fayin giiney tarafi goreli olarak 0.7 metre yiliksektedir. Hendeklerin
yakin ¢evresinde kirik zonu boyunca 1942 depremi ile iliskili olarak 2 metre sag yonlii yer degistirme
Olclilmiistiir. Fay sarplig1 iizerinde faya dik dogrultuda kazilan iki hendek birbirinden 100 metre
uzaklikta yer alir. Hendekler 10 metre uzunlugunda, 2.5 metre genisliginde ve 2.5 metre
derinligindedir. Hendek duvarlarinda tagkin ovast ve kanal ¢okellerinden olusan sekiz farkli
stratigrafik birim tanimlanmistir. Hendek duvarlarindaki tektonostratigrafik iligkiler ve radyokarbon
yaslari, son 1300 y1l igerisinde 1942 depremi de dahil olmak iizere ii¢ yiizey faylanmasinin meydana
geldigini gostermistir. Olaylarin zamanlamasindan hareketle, Cevresu hendeklerinde tanimlanan son
iki deprem, 1942 kirigmin dogu segmenti iizerindeki Ayvaz hendeklerinde tanimlanan olaylarla
denestirilebilmektedir. Cevresu hendeklerinde gozlenen 1942 oOncesinde meydana gelen deprem,
KAFS’ nin yarnsindan fazlasinin kirildigi 1668 Anadolu depremine karsilik gelmektedir. Her iki
hendekte de bir dnceki olay horizonunun hemen altinda, fay zonunun kuzey ve giiney bloklarinda
belirgin bir stratigrafik farklilik gézlenmistir. Fay zonunun kuzey blogu daha ¢ok odun komiirii iceren
kumlu ve cakilli birimlerden olusurken giiney tarafi daha ince taneli kil ve siltten meydana gelir. Bu
durum 1668 depremi ile iliskili sag yonlii yer degistirmenin 1942 depreminden ¢ok daha fazla
olabilecegini gosterir. Her iki hendekten derlenen veriler 1668 depremi 6ncesindeki depremin M.S. 8.
ve 13. yiizyillar arasinda meydana geldigini gostermektedir. Tekrarlanma verileri, Erbaa-Niksar
faymin bati segmentinin son 1300 yil icerisinde periyodik olmayan bir tekrarlanma araligi oldugunu
gostermektedir. Ayrica, 1668 depremi oncesindeki depremin yast Ayvaz hendeklerindek bulgular ile
tutarl degildir. iki alanda belirlenen bu farkli tekrarlanma davranisi, bir yiikselim (push-up) yapisi ile
birbirinden ayrilan 1942 kinginin farkli paleosismik tarih¢e sergileyen iki fay segmentinden
olustuguna isaret eder.

Anahtar Sozciikler: Erbaa-Niksar depremi, paleosismoloji, hendek, Kuzey Anadolu Fay Sistemi,
ylizey faylanmasi
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The North Anatolian fault system (NAFS) is one of the most major intra-continental active transform
faults in the world. The NAFS ruptured in a sequence of large earthquakes between 1939 and 1999,
generally progressing from east to west. In general, multi-segment surface faulting developed
associated with the earthquakes in this sequence. The 1942 event occurred on the Niksar-Erbaa fault
and produced a 48-km-long surface rupture. The surface rupture associated with the 1942 earthquake
is divided into two main geometric sections by a restraining stepover. The 12-km-long restraining
stepover is characterized with a push-up structure bounding by reverse faults. Probably, the 1942 event
nucleated below this restraining stepover and propagated bilaterally. The eastern and western sections
of the rupture are 21 and 15 km, respectively. In this study, we present preliminary results of trench
survey performed on the western section of the rupture at the Cevresu site northwest of the Erbaa
town.

At the Cevresu site (GPS coordinates: 37 286765 E — 45 14356 N), two cross trenches along the 1942
rupture were excavated on the flood plain of the Yesilirmak and Kelkit rivers. Although agricultural
modification has been developed, the rupture trace can be still seen clearly in general morphology.
Holocene fault is characterized by an evident of fresh fault scarp extending for one km long on the
flood plain. The southern side of the fault is relatively uplifted at the height of 0,7 m. Right lateral
displacement of 2 meter associated with the 1942 event was measured along the rupture zone near the
trench sites. Two cross trenches were placed 100 meter apart from each other across the linear fresh
fault scarp. The dimensions of trenches were 10-m-long, 2.5-m-wide and 2.5-m-deep. On the trench
walls, eight different stratigraphic units consisting of stream channel and flood plain sediments were
identified. Base on the tectono-stratigraphic relations on the trench walls in addition with radiocarbon
dates, three surface faulting events including the 1942 event occurred within the last 1300 years.
Judging from the timing of individual events, the recent two events can be correlated with the ones
identified at the Ayvaz trench site located on the eastern section of 1942 rupture. The penultimate
event observed in Cevresu trenches corresponds to the 1668 great Anatolian earthquake, which
ruptured through longer than half of the NAFS on land. Just below the penultimate event horizon on
the both trenches, there is a clear stratigraphic difference at the northern and southern side of the fault
zone. While the units in the northern side of the fault zone mostly consist of sandy and gravelly
sediments and include charcoal, the ones in the southern side consist of thinner particles as clay and
silt. This suggests that right lateral displacement related with the 1668 event might have been larger
than the 1942 event. The data which are collected from each two trenches indicate that the ante-
penultimate event occurred between in 8" and 13™ centuries A.D. The recurrence data also indicates
that the western segment of Erbaa-Niksar fault has a periodic recurrence interval during the last 1300
years. In addition, the age of the ante-penultimate event at this site is not consistent with that of the
Ayvaz site. This difference of recurrence behavior at two sites implies that the 1942 rupture consists of
two fault segments with different palacoseismic history, in accordance with the geometric sections
divided by the push-up structure.

Key Words: Erbaa-Niksar earthquake, palacoseismology, trench, North Anatolian Fault System,
surface faulting
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Kuzey Anadolu Fayr’nin Hersek Burnu’ndaki Geometrisi
ve 1999 izmit Depremi Yiizey Kirigi Ilerlemesine Etkisi
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Kuzey Anadolu fayi lizerinde 1999 yilinda meydana gelen yikici depremleri takiben sismik tehlike
duyarlilign Marmara bdlgesinin sismik potansiyeline odaklandi. Yiiksek niifus ve sanayi bolgelerinin
diinyanin en hareketli dogrultu atimli faylarindan birine yakinligi riskin boyutlarint ve dolayist ile
tehlike analizlerinin 6nemini arttirmaktadir. Ancak Kuzey Anadolu faymin bu boélgedeki kesiminin
cogunlukla deniz altinda bulunmasi sismik tehlike boyutlarinin  belirlenmesini  oldukca
zorlagtirmaktadir. Olasi bir depremin biiyiikliigiiniin belirlenmesi i¢in kullanilan yontemlerden biri
s6zkonusu depremi iiretecek fayda meydana gelecek yiizey kirigi uzunlugunun ve atim miktariin
belirlenmesini gerektirmektedir. Yiizey kirig1 uzunlugunu belirlemek icin ise beklenen olasi depremde
fayin hangi kisimlarinin yiizey kirig1 meydana getireceginin kestirilmesi gerekir. izmit Korfezi’nde bu
amagla pek ¢ok deniz arastirmasi ve modelleme calismasi yapilmig olup, s6zkonusu arastirmalar genel
olarak 1999 Izmit depremi yiizey kiriginin Hersek deltasinin batisna devam ederek sona erdigine
isaret etmektedir. Ancak bu ¢alismalarin 6nerdigi modeller Hersek deltasinda son depremde yiizey
kirigi olugsmamasiyla celismektedir. Bu gozlem Hersek deltasi’ndaki fay geometrisini anlamamizin
son depremin nerede ve neden sonlandig1 ve dolayisi ile muhtemelen bir sonraki depremin nerede
baslayacagi ile ilgili 6nemini ortaya koymaktadir. Hersek Delta’sindaki fay geometrisini ortaya
koymak i¢in ¢aligmalarimizi yeryiizii sekli yorumlama, paleosismik hendek kazilar, jeofizik, ve
arkeo-sismik arastirmalar etrafinda yogunlastirdik. Arastirmalarimiz Hersek deltasi’nda meydana
gelmis tarihsel depremleri belgelemis ve Kuzey Anadolu Fayi’nin Hersek deltast civarinda sikismali
bir sigrama ya da biikiiliim yaptigini ortaya koymustur. Bu fay geometrisini yar1 esnek ortamda sonlu
elemanlar modellemesi ile sinadik ve giincel yeryiizii sekillerinin modelleme sonuglar ile uyumlu
oldugunu gosterdik. S6zkonusu fay geometrisi ve tarihsel ylizey kiriklarmin tespiti 1999 depremi
ylzey kirigmin calisma alanimizda sonlandigini gostermektedir. Calisma sonuglarimiz Marmara
bolgesinde beklenen biiyilk depremin ylizey kiriginin Kuzey Anadolu Fayi’nin Hersek deltasi’ni
iceren Yalova kismini da igermesini 6ngérmektedir.

Anahtar Sozciikler: Kuzey Anadolu Fayi, fay geometrisi, yiizey kirig1 ilerlemesinin durdurulmast
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North Anatolian Fault on Hersek Peninsula, Turkey: Its Geometry and
Implications on 1999 Izmit Earthquake Rupture Propagation
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Seismic hazard awareness has shifted to the seismic potential of the Marmara region, becoming a
newly identified area of concern following the destructive 1999 North Anatolian fault earthquakes.
Regional high risks result from dense population and concentrated regions of industrial developments
in close proximity to one of the most active strike-slip faults in the world, making hazard assessment
critical. However, inherent complexities associated with the offshore section of the North Anatolian
fault has made assessing the regional seismic hazard extremely challenging. One approach to
determine the potential size of an earthquake requires the knowledge of rupture length and
displacement amounts on a given fault. In order to determine the surface rupture length we need to
know which fault segment(s) are likely to experience surface rupture during the next big earthquake.
Numerous offshore and modeling studies performed over the Gulf of izmit suggest that the 1999
rupture continued west of the terminus of surface rupture near Hersek. These findings, however, do
not coincide with the lack of surface rupture observed at Hersek peninsula during the most recent
earthquake. This observation indicates the importance of understanding the fault geometry at this
particular site in order to understand the western termination of the last and possibly the eastern extent
of the next surface rupture. We aimed our efforts at resolving the fault geometry on the Hersek
peninsula by applying geomorphic analyses, palacoseismic trenching, geophysical surveys, and
archaeo-seismological approach in the field. Our studies provided evidence for past surface ruptures as
well as demonstrating a restraining step-over/bend on the North Anatolian fault in the vicinity of
Hersek peninsula. We tested this fault geometry with a finite element model in half elastic space and
correlated the results successfully with the existing topography. Such fault geometry combined with
the evidence of past surface ruptures implies that the 1999 izmit earthquake surface rupture was
arrested at this location. Our results suggest that the next large earthquake surface rupture in the
Marmara region will probably include the Yalova segment and extend as far east as the Hersek
peninsula.

Key Words: North Anatolian Fault, fault geometry, rupture arrest
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Arkeolojik ve Jeolojik Malzemelerin Yaslandirma Calismalarinda
Isik Uyarimh Luminesan Yontemin Uygulanmasi

Nafiye Giine¢ Kiyak
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Jeolojik sedimentler ve arkeolojik buluntular gémiilii olduklan siire iginde bulunduklari g¢evrenin
dogal radyasyonu ile cevrilidirler. Yer kabugunda bulunan dogal radyoaktivite ile kozmik 1sinlardan
kaynaklanan bu dogal radyasyon ortami malzeme i¢inde var olan minerallerin -6zellikle yer kabugu
icinde bol miktarda bulunan quartz mineralinin- kristal yapisinda enerji depolanmasina ve bazi kalici
degisimler meydana gelmesine neden olur. Kristal yapida meydana gelen bu degisimlerin miktar
malzemenin bu ¢evrede gdmiilii kaldig: siire ile orantilidir ve dolayisiyla bu degisimler malzemenin
geemisi hakkinda, bir bagka deyisle malzemenin yasi hakkinda, bilgi edinmemize olanak tanir.
Liiminesan yontemler, dogal radyasyon kaynakli ve kristal yapida meydana gelen bu degisimlerden
hareketle istenilen bilgiye ulasmamizi saglayan fiziksel tekniklerdir. Bu tekniklerde saati sifirlayan
olay, yani baslangi¢ ani, seramik ve toprak ¢omleklerde oldugu gibi malzemenin 400 °C sicakligin
tizerinde 1sitilmasi ya da deprem, tsunami gibi bir olay esnasinda bir bigimde 1s18a maruz kalmasidir.
Son yillarda bu metotlar, 6zellikle 151k uyarimli Luminesan (OSL) yontemi, ¢ok farkli tiirde sediment
malzemenin yaglandirilmasinda giivenilir kanitlar sunmaktadir. Bu teknik 50 yil ile 500 bin yil
arasinda yaglandirma yapabilmekte ve Ozellikle geleneksel yontemlerin bazi kisitlamalar nedeniyle
kullanilamadig1 birgok alanda basari ile uygulanabilmektedir.

Bu sunumda luminesan yontemlerin kisa tanitimi, bazi jeolojik ve arkeolojik uygulamalar hakkinda
kisa bilgilendirme ve potansiyel problemlerin tarisilmasi amaglanmaktadir.

Anahtar Sozciikler: liiminesan, yas tayini, 151k uyarimli liiminesan, OSL, jeoarkeoloji, kuvars
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Application of Optically Stimulated Luminescence (OSL)
on Dating Studies of Archaeological and Geological Materials
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Geological sediments and archaeological materials are surrounded by the background radiation that
originates from natural terrestrial radioactivity, which is present in all deposits, and from cosmic
radiation. This radiation environment can store energy in the lattice structure of the minerals,
particularly in quartz that compose the majority of sediments on earth crust. The amount of energy
stored in the lattice is proportional to the burial time and some permanent changes taking place in the
lattice allow us to get valuable information about the history, in other words, about the age of the
buried materials. As a physical technique, luminescence is based on these solid state properties of
mineral grains and used to determine the depositional age of sediments and artifacts by measuring the
energy stored within the electronic lattice of the minerals during burial time. The clock-resetting event
in this technique is the last heating to a temperature above 400 °C such as ceramics and pottery, or the
last exposure to light such as earthquake and tsunami events. In recent years there has been convincing
evidence that many different types of sediments can be dated by luminescence techniques, particularly
by Optically Stimulated Luminescence (OSL). This technique produces ages from 50 years to about
500 ka and allows dating of sediments and artifacts that could not be dated directly by other
conventional methods due to some limitations.

In this study we aim to present a brief description of luminescence techniques and some geological
and archaeological applications performed and to discuss potential problems.

Key Words: luminescence, dating, optically stimulated luminescence, OSL, geoarchaeology, quartz
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Biiyiik Menderes Fay Zonu’nun Son 2000 Yillik Deprem Aktivitesi
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Diinyanin 6nemli aktif a¢ilma bolgelerinden biri olan Bati Anadolu, yaklasik K-G yonli gerilmelere
bagh olarak gelisen horst-graben sistemleri ile sekillenmektedir. Bilyiik Menderes grabeni, bu sistem
igerisinde Anadolu’nun i¢ kesimlerinden Ege Denizi’ne kadar uzanan 6énemli bir koridordur. Verimli
topraklar1 ve gecis giizergahi olmasi nedeniyle, grabende ¢aglar boyu 6nemli yerlesimler kurulmustur.
Grabeni kuzeyde sinirlayan faylar iizerinde tarihsel donemlerde ve yakin ge¢miste biiyiik depremler
meydana gelmis, bu depremler sirasinda gelisen ylizey kiriklar1 graben boyunca yer alan dogal ve
insan yapimi yapilarda izler birakmustir.

Ayrintili haritalama ¢alismalari, Biiyilk Menderes grabenini sinirlayan ana fay zonunun grabenin
kuzeyinde yer aldigin1 ve alt1 ana segmentten olugtugunu ortaya koymustur. Segmentler birbirlerinden
sola sicrama ile ayrlirlar. Yapilan detayli paleosismolojik g¢alismalar ve yas analizleri, Biiyiik
Menderes Fay Zonu (BMFZ) {izerinde son 2000 yilda 9 adet yiizey kirig1 olusturmus depremin
meydana geldigini ve bu siire icinde giiney blogun yaklasik 3 m diistiigiinii ortaya koymustur. Bu
depremlerden, MS 68 ve 1955 depremlerinin Priene fay1 iizerinde, 1846 depreminin Sazlikdy fay1
tizerinde, 10. yy ve 1899 depremlerinin Umurlu fay1 {izerinde meydana geldikleri belirlenmistir. MS 3.
yy ve 6. yy depremlerinde Sultanhisar ve Nazilli faylarinin birlikte kirildigi belirlenmis, 10. yy ve
1653 depremlerinde ise Umurlu, Sultanhisar ve Nazilli faylarinin birlikte kirildigia ait veriler elde
edilmistir.

Priene, Sazlikéy ve Sultanhisar segmentleri degisik donemlere ait arkeolojik kalintilar1 kesmektedir.
Arkeolojik kalintilarda, normal faylanmanin yaninda 6nemli miktarda sag yonlii dogrultu bilesenin de
oldugu goriilmektedir. Arkeosismolojik ve paleosismolojik ¢aligmalar, Roma donemine ait
kalintilardaki diisey yerdegistirmenin 2.5 m ye ulastigini ortaya koymustur. Bu veriler bir arada
degerlendirildiginde, BMFZ iizerinde diisey kayma oraninin 1.76 mm/yil ile 0.96 mm/yil, yatay
acilmanin ise 0.98 mm/y1l ile 0.35 mm/y1l arasinda degistigi ve her iki oranda da doguya dogru bir
azalma oldugu goriilmektedir. BMFZ’ nun Aydin ile Germencik kisminin depremselligini
degerlendirebilmek icin yeterli bilgi elde edilememistir. Ancak, fay zonunun diger kisimlarinin
tarihsel deprem aktivitesine bakildiginda, Sultanhisar ve Nazilli faylariin en son 1653 yilinda kirilldigi
ortaya konmustur. Fay zonu flizerindeki tarihsel deprem aktiviteleri ve kayma hizlar1 géz Oniine
alindiginda grabenin 6zellikle dogu kesiminde her an yiizey kirigi olusturabilecek biiyiikliikte bir
deprem meydana gelme olasiligi oldukga yiiksektir.

Anahtar Sozciikler: Biiyliik Menderes Fay Zonu, paleosismoloji, arkeosismoloji, depremsellik
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Western Anatolia is one of the most active and rapidly extending regions of the world and it is
currently experiencing an approximately N-S extension which gives rise to the horst-graben system.
The Biiyiik Menderes Graben is an important corridor in this system that extends from the central
Anatolia to Aegean Sea. Being an important route-way from east to west and its fertile lands attracted
people from very early times, thus, many ancient and modern cities have been established along the
graben. The main active faults are reactivated in the historical period and during the 20th century and
involved surface rupturing earthquakes which left evidence both on man-made structures and
geological records.

Detailed field studies show that the main active faults are located on the northern margin of the graben
and there are six main segments on en-echelon style. Paleoseismological studies show that 9 surface
rupturing earthquakes occurred on the Biiyilk Menderes Graben and the southern side downthrown up
to 3 m in the last 2000 years. Evaluation of obtained results suggest that the 68 A.D. and 1995
earthquakes occurred on the Priene segment, the 1846 earthquake was on the Sazlikdy segment and
the 10th century A.D. and 1899 earthquakes took place on the Umurlu segment. The 3th century A.D.
and 6th century A.D. earthquakes ruptured both the Sultanhisar and Nazilli segments, the 10th century
A.D. and 1653 earthquakes involved faulting along the Umurlu, Sultanhisar and Nazilli segments.

The Priene, Sazlikdy and Sultanhisar segments offset man-made structures belonging to different
historical period. Detailed investigations on the offset ruins show that the motion on the fault is normal
combined with considerable right lateral component. Archeoseismological and paleoseimological
results suggest that vertical slip rate varies between 1.76 and 0.96mm/year and extension rate varies
between 0.98-0.35 mm/year along the BMFZ and there is a decrease in these values towards east.
There is no enough data to consider the seismicity of the BMFZ between Aydin and Germencik.
However, paleoseismological studies reveal that the last rupture on the Sultanhisar and Nazilli faults
was in 1653. Considering the historical earthquake activity and slip rates, it can be concluded that
probability of occurrence of a surface rupturing earthquake in the eastern part of the Biiyiik Menderes
graben is high.

Key Words: Biiyiikk Menderes Fault Zone, paleoseismology, archeoseismology, seismicity
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Biiyiik Menderes Fay Zonu'nun Bati Kesiminde Yer Alan Otelenmis
Tarihsel Yapilar ve Bunlarin Bolge Tektonigi Acisindan Yorumu
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Bat1 Anadolu'nun en 6nemli aktif tektonik yapilarindan biri olan Biiyiikk Menderes Grabeni doguda
Denizli havzasindan batida Ege denizine kadar uzanir. Genel uzanimi1 D-B olan graben Germencik ile
Ege denizi arasinda KD—GB dogrultusunda uzanir. Grabeni sinirlayan ana faylar grabenin kuzeybati
kenarinda yer alir ve bu faylar {izerinde tarihsel ve aletsel donemlerde bir ¢ok biiylik deprem meydana
gelmis ve bunlardan bazilart yiizey kirigi olusturmustur. Grabenin KD—GB dogrultulu bati kesimi
iizerinde yapilan detayli arazi gozlemleri arkeolojik kalintilarin tarihsel donemde meydana gelmis
biiyiik depremlerin yiizey kiriklarindan etkilendiklerini ve deformasyona ugradiklarini géstermistir.

Yiizyillar boyu 6nemli medeniyetlere ev sahipligi yapmis olan Biiyliik Menderes grabeni arkeolojik
kalintilar agisindan oldukga zengindir. Priene antik kenti kalintilar1 ve Sazlikdy yakinlarinda bulunan
Osmanli kopriisii grabenin kuzeybati kenarinda yer almakta ve tarihsel depremlerin izlerini
tagimaktadirlar. Priene sehir merkezindeki Otelenmis yapilarda ve Osmanli kopriisiinde yapilan
LIDAR c¢aligmalari, grabenin kuzeybatisini sinirlayan fay {izerindeki hareketin normal faylanmanin
yaninda 6nemli 6lgiide sag yanal bileseninin de oldugunu gostermektedir. Tarihi Osmanli kdpriisiiniin
giineydogu ucunda 6lgiilen 76 cm diisey ve 43 cm sag yanal yer degistirme muhtemelen grabenin bu
kesiminde meydana gelen 1846 depremi sonucu olmustur.

Anahtar Soézciikler: Biiyilk Menderes Grabeni, aktif fay, arkeosismoloji, tarihsel deprem, LIDAR,
Priene
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Biiyiik Menderes Graben is one of the most significant active tectonic structures of Western Anatolia.
The graben lies between Denizli Basin in east and Aegean Sea in west. General trend of the graben is
E-W but it changes to NE-SW between Germencik and Aegean Sea. The major boundary faults are
located on the northwestern side of the graben and they are reactivated in historical and instrumental
periods involved surface faulting. Detailed investigations on the NE-SW-trending part of the Biiyiik
Menderes Graben shows that, archeological relics are affected and offset by large earthquakes during
the historical period.

Biiyiik Menderes Graben is rich on well exposed archeological relics where historical earthquakes
should have left some evidences. The ruins of the ancient city of Priene and an Ottoman bridge near
Sazlikdy are located on the northwestern side of the graben and they are displaced by large historical
earthquakes. LIDAR studies in the city center of the Priene and Ottoman bridge shows that the motion
on the fault is vertical with considerably amount of dextral component. The 1846 earthquake probably
occurred between Soke and Germencik and involved surface faulting which offsets the Ottoman
bridge by 76 cm vertically and 43 cm dextrally.

Key Words: Biiyiik Menderes Graben, active fault, archeoseismology, historical earthquake, LIDAR,
Priene
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Arkeolojik sitelerdeki sismik kaynakli hasarlar tarihsel depremler hakkindaki bilgimizi arttirmak
acisindan ¢ok 6nemli ipuglart vermektetdir. (Yar1) Nicel yontemler (yonsel-cizgisel 6lgiimler, sayisal
tarama teknikleri vs.) antik yapilardaki depreme bagli hasarlarin insani veya diger dogal sebeplerle
ortaya ¢ikmis hasarlardan ayird edilmesi konusunda giivenilir veriler sunmaktadir. Bu yontemler
ayrica depreme bagli hasarlarin sayisal olarak degerlendirilmesinide miimkiin kilmaktadir. Ustiinde
duracagimiz bu tarz yontemlerin arkeolojik arastirmalarda sik¢a kullanilmasi elde edilen sonuglarin
daha giivenilir ve belirleyici olmasini saglayacaktir.

Likya donemine ait Pinara antik kentinde bulunan yapilardaki sismik kaynakli hasarlarin detayl olarak
incelenebilmesi icin yari-nicel yontemler uygulanmistir. Pmara antik kenti (MO 500 — MS 900) Esen
havzasiin (GB Tiirkiye) bati sinirini olusturan fay zonu iizerine kurulmustur. Arkeolojik ve tarihsel
veriler kentin en az {i¢ biiylik depremde(MS 141, 240 ve 1851) hasar gordiigiinii gdstermektedir, fakat
bu depremlere ait fiziksel veriler (merkez {issii, biiyiikliigii, sebep olan fay vs.) hakkinda ¢ok az sey
bilinmektedir. Caligma yapilacak bdlgenin arkeosismolojik potansiyelinin degerlendirilmesi igin
yontemsel bir yaklasimla, paleosismolojiden arkeosismolojiye uyarlanmis olan mantik agaci yontemi
Pinara’da uygulanmistir. Pinara i¢in hesaplanan bolge potansiyel faktorii arkeolojik kalintilarin eski
depremlere ait kayitlar1 barindirabileceklerini géstermektedir.

Pinara’da yapilan arkeosismolojik goézlemler ve yikilmis kolonlar, gerilme ¢atlaklari, egimlenmis veya
yikilmig duvarlar ve pozisyonlar1 degismis yapilardan elde edilen dl¢limler varolan hasarin sisimik
kaynakli oldugunu isaret etmektedir. Yapilan Ol¢limler ayrica sistematik bir ydnlenme ortaya
koymaktadir. Yikilmis kolonlara ve ayrilmis yapisal eklemlerden elde edilen veriler DGD-BKB ve
KKB-GGD yonlerini gostermektedir. Bu yonler genel olarak Pmara yakimindaki havza sinir
faylarinin gidisatina paralellik veya diklik teskil etmektedir. Olduk¢a yeni ve giivenilir bir tarama
teknolojisi olan yersel-LIDAR (Light Detection and Ranging) cisimlerin veya yiizeylerin uzamsal
ozelliklerini yiiksek ¢oziiniirliikkte 3 boyutlu sayisal veri olarak aktarmaktadir. Bu teknik Pinara antik
kentinde bulunan Roma doénemine ait tiyatroya uygulanarak mevcut deformasyonlarin sayisal
haritalanmasinda kullanilmistir. Tiyatroya ait basamaklarin yatay ylizeylerine ait Ol¢limler
basamaklarin sistematik olarak KB yoniinde 0.65 ile 0.95 derece arasinda egimlendigini
gostermektedir. Daha Once pusula ile yapilan dl¢limlerden hata paymin 2 dereceden biiyiik olmasi
nedeniyle bu hassasiyette sonu¢ almamamistir. Egimlenmenin KD gidisathi havza sinirim1 olusturan
faya dik olmasi, tiyatronun ve lizerine insaa edildigi pleistosen terasin, faylanmig blogun rotasyonu ile
deforme olmus olabilecegini isaret etmektedir. Tiyatronun egimlenmesinin bu faya bagl oldugu kabul
edildiginde geometrik olarak hesaplanan, fay iizerinde gelisen hareketin diisey bileseni roma
doneminden bu yana yaklasik 4 m civarindadir. Hesaplanan yerdegistirme degeri, fayin ozellikleri ve
Pinara’da gozlemlenen siddet degerinin en fazla VII-IX (MSK) civarinda olmasi bdlgede
gerceklesmis depremlerin biiyiikliiklerinin Mw ~6.5 degerini gegmedigini gostermektedir. Ozetle,
gozlemlenen ve hesaplanan bulgularin 1s18inda Pinara antik kentindeki yikimlarda ve tiyatronun
egimlenmesinde birden fazla depremin rol oynadigi ortaya ¢ikmaktadir.

Anahtar Sozciikler: arkeosismoloji, deprem kaynakl hasarlar, nicel degerlendirme, aktif normal fay,
lidar, giineybati Tiirkiye
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Seismically induced damage at the archaeological sites gives very important clues to increase our
knowledge on historical earthquakes. The (semi)quantitative methods (e.g. directional measurements,
digital scanning techniques) provide reliable data to distinguish seismic related damage from
anthropogenic and other natural damages. These methods make also possible the numerical
assessment of earthquake-related damage on archaeological structures. Archaeological research will
benefit from a more frequent application of the discussed methods by gaining more significant and
reliable results.

The semi-quantitative methods have been applied in Lycian ancient city of Pinara to get reliable data
for the assessment of seismically induced damage. The ancient city of Pinara (500 BC — 900 AD) is
located in the western margin fault zone of Esen basin (SW Turkey). Archaeological and historical
data suggest that the city has been struck by at least three major earthquakes (141, 240, and 1851 AD).
To date, little is known about the physical parameters of these earthquakes (e.g. epicenter, magnitude,
causative fault). To use a methodological approach which provides reliable evaluation of
archaeoseismological site potential is needed for a dependable archaeoseismological work. The logic-
tree methodology for archacoseismology applied to Pinara. The evaluation of site potential factor for
Pinara indicates that the palacoearthquakes may have been recorded in the archaeological relicts.

The observations and measurements from fallen columns, tensile cracks, tilted or collapsed walls and
disoriented structures in Pinara indicates that the damage are seismic related. These measurements
reveal also a systematic of directions. The measured fall direction of columns show ESE-WNW and
NNW-SSE directions and the measurements of opened joint directions indicate also ESE-WNW
directions which are about perpendicular or parallel to the basin margin fault close to the Pinara.
Ground-based LIDAR (Light Detection and Ranging) is a promising, rather new, scanning technology
that determines spatial position of an object or surface and provides high-resolution 3-D digital data.
This technique has been used to map the damage and overall attitude of a Roman Theatre in the
ancient Lycian city of Pinara. The measured seating rows of the theatre show a systematic NW-
trending tilt ranging between 0.65° and 0.95°, a resolution that could not be attained by previous
manual compass readings because errors involved with compass are usually >2°. This tilt appears
perpendicular to the NE-trending basin margin fault, suggesting that fault-block rotation may have
been responsible for the tilt of Pleistocene terrace and the theatre which is build on. The estimated
total normal-fault displacement on basin margin fault with the tilt of roman theatre is about 4 m since
roman period. This displacement value, characteristics of fault and the damage pattern at Pinara which
is indicating a maximum intensity of VIII-IX (MSK), earthquake magnitude for each event would not
have exceeded Mw ~6.5. To sum up, the evidence suggests that several earthquakes are responsible
for the damages and total tilt of the theatre in Pinara ancient city.

Key Words: archaeoseismology, earthquake damage, quantitative assessment, active normal fault,
lidar, southwest Turkey
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Kuzey Anadolu Fay Sistemi’nde Karakteristik
ve Karakteristik Olmayan Tekrarlanma Davranisi
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Deprem dongiileri arasindaki kayma (atim) dagiliminin tekrarlanabilirligi, diri faylarin gelecekte
iiretebilecegi depremlerin biiyilikliigii ve zamanlamasmin degerlendirilmesinde temel teskil eder.
Kuzey Anadolu Fay Sistemi (KAFS)’'nde gergeklestirilen bu calismanin amaci karakteristik atim
varsayimint aragtirmaktir. KAFS’nin 1942 Erbaa-Niksar ve 1944 Bolu—Gerede deprem kiriklar
iizerinde gerceklestirilmis olan ii¢ boyutlu hendek g¢aligmalarindaki amag¢ eski depremlere iliskin
tarihlendirme ve kayma dagilimini eszamanli olarak ortaya koymaktir. Tarihsel kayitlardan bu iki
deprem segmentindeki eski depremlerin olus zamani ve kirikk uzamimlar goreli olarak iyi
bilinmektedir. Arastirmadaki sonuglar; (1) KAFS’nin birkag on km uzunlugundaki segmentlerden
olustugunu, (2) gecmisteki biiylik depremlerin ¢ok segmentli faylanmalar tarafindan tiretildigini, (3)
her bir fay segmentinin kendine has tekrarlanma davranisi sergiledigini ongdérmektedir. 1944
depreminde (M7.4) en biiyiik yerdegistirmenin meydana geldigi Gerede segmenti {izerindeki Demir
Tepe lokalitesinde agilan hendeklerde 330 yillik yari-periyodik bir deprem tekrarlanma araligi ve
yaklagik 5 metrelik atim tekrarlanmasi oldugu ortaya g¢ikarilmistir. Uzunluklari birka¢ on km ile
yiizlerce km arasinda degisen yiizey kirig1 olusturmus farkl biiytikliikteki eski depremlerde kirilmig
olmasina karsin bu segmentteki her depreme iliskin kayma miktarlar1 karakteristik atim davranisin
destekler. Diger taraftan, 1942 depreminde 2.5 m atim gelismis Niksar segmenti ilizerinde Ayvaz
lokalitesinde agilan {i¢ boyutlu hendek g¢aligmalarindan elde edilen 6n sonuglar 1942 odncesindeki
depremde 6 metrelik atim gelistigini ve bunun olasilikla 1668 Anadolu depremine karsilik geldigini
gostermektedir. Devasa biiyiikliikteki (~M 8) bu depremde 1942 ve 1944 deprem segmentlerini de
kapsayacak sekilde neredeyse KAFS’nin yarisi kirilmistir. Bu nedenle 1942 depremi karaktersitik bir
deprem 0zelligi gostermemektedir. Karakteristik olmayan bu davranis KAFS’inde farkli biiyiikliikte
birgok depremin olustuguna isaret eder. Faydaki ¢ok segmentli faylanmalari anlamanin yolu 1942
deprem segmenti gibi makroskobik bariyer segmentlerini tanimaktan geger.

Anahtar Sézciikler: diri fay, paleosismoloji, Kuzey Anadolu Fay Sistemi, 1944 Bolu-Gerede
depremi, 1942 Erbaa-Niksar depremi
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Characteristic and Non-characteristic Recurrence Behaviour
on the North Anatolian Fault System

Hisao Kondo', Akin Kiircer?, Selim Ozalp® & Omer Emre’

! Geological Survey of Japan, AIST, Site 7, 1-1-1, Higashi, Tsukuba, Ibaraki,
305-8567 Japan (E-mail: kondo-h@aist.go.jp)
? General Directorate of Mineral Research and Exploration of Turkey (MTA),
Geological Research Department, Balgat, TR—06520 Ankara, Turkey

Repeatability of surface slip distribution through earthquake cycles is basis to evaluate size and timing
of future large earthquakes generated by active faults. In order to examine characteristic slip
hypothesis on the North Anatolian fault system (NAFS), we have systematically performed 3D
trenching survey on the 1944 Bolu-Gerede and the 1942 Erbaa-Niksar earthquake ruptures, to
simultaneously reconstruct timing and slip associated with palaeoearthquakes. These two earthquake
segments are relatively well-known on historical earthquake records indicating the timing and the
rupture extent. The results suggest that (1) the NAFS is highly segmented in several tens km long, (2)
past large earthquakes have been produced by the multi-segment faulting, and (3) each fault segment
seems to have their own characteristics of recurrence behavior. At Demir Tepe site on the Gerede
segment which recorded the maximum slip during the 1944 earthquake (M7.4), we revealed the
repetition of ~5-m-slips and quasi-periodic repeat time of ~330 year. The reconstructed slip history
gives us to support characteristic slip behaviour on the segment, although the segment had ruptured
during the historical earthquakes with greatly varied rupture length from tens to hundreds km for each.
On the other hands, at Ayvaz site on the Niksar segment which recorded 2.5-m-slip during the 1942
earthquake (M 7.0), the preliminary results of 3D trenching exhibit 6.0-m-slip during the penultimate
event, probably corresponding to the 1668 Anatolian earthquake. Since this gigantic ~M8 earthquake
ruptured through almost half of the entire NAFS, including both the 1944 and the 1942 earthquake
segments, the 1942 type earthquake is not characteristic earthquake. This non-characteristic behavior
implies various sizes of large earthquakes have occurred on the NAFS. The key for understanding
multi-segment ruptures may be recognition of such macroscopic barrier segment like the 1942
earthquake segment.

Key Words: active fault, palacoseismology, North Anatolian fault system, 1944 Bolu-Gerede
earthquake, 1942 Erbaa-Niksar earthquake
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Kuzey Anadolu Fay Zonu’nun Bati Kesiminde Karadere Segmentinin
(Akyazi-Golyaka Arasi) Paleosismolojisi
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17 Agustos 1999 Izmit depreminde kirilan 5 segmentin en dogusunda yer alan Karadere Segmenti
Akyaz1 (Adapazar1)-Golyaka (Diizce) arasinda uzanir. Segmentin gidisi K60-70°D, uzunlugu yaklasik
25 km dir. Segment iizerinde 1999 Izmit depremine bagli maksimum sag yanal yerdegistirme bir yol
Otelenmesinden 1.55 m. olarak dl¢lilmiistiir. Depremde kirilan diger segmentler cogunlukla engebesiz
bir morfolojiyi keserken Karadere segmenti daglik bir bolgede yer alir. Gerek konumu, gerekse
otelenme dagilimiyla kirilan diger segmentlerden farklilik gosteren Karadere segmenti, Kuzey
Anadolu Fayr’nm catallandig1 kollardan biri lizerinde olmasi nedeniyle de 6zel bir éneme sahiptir.
Segmentin daglik bir bolgeyi kesmesi morfolojik ve jeolojik agidan 6nemli veriler saglar. Morfolojik
veriler Karadere segmenti ilizerindeki toplam sag-yanal yerdegistirmenin yaklasik 10 km oldugunu
gostermektedir. Karadere segmenti {izerindeki tarihsel depremleri belirlemek amaciyla segmentin
merkezi kesimlerinde iki adet hendek agilmistir. Acilan her iki hendekteki stratigrafik ve yapisal
iliskilerin degerlendirilmesi sonucunda 1999 o6ncesi 5 eski deprem belirlenmistir. Her iki hendekte
belirlenen deprem seviyelerine ait yas araliklarinin birbiriyle korelasyonu miimkiindiir. Bu korelasyon
ve tarihsel kayitlarla denestirne sonucunda Karadere segmentinin 358, 554 ve 1419 depremlerinde
faylandig1 belirlenmistir. Tarihsel depremlerden belirlenemeyen fakat 554—1000 yillar1 arasinda ve
1000 yillar1 civarinda meydana gelen diger iki depremin izleri de tespit edilmistir.

Anahtar Sozciikler: KAF, deprem, 17 Agustos 1999, paleosismoloji, Karadere segmenti.

1016



, 13—=17 April 2009, MTA—Ankara, Tiirkiye
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on the Western Part of the North Anatolian Fault

Aynur Dikbasl, H. Serdar Akyﬁzz, Pinar Gutsuz', Cengiz Zabct?,
Taylan Sancar' & Volkan Karabacak’

! [stanbul Teknik Universitesi, Avrasya Yer Bilimleri Enstitiisti, Maslak,
TR—-34469 Istanbul, Tiirkiye (E-mail: adikbas@jitu.edu.tr)
2 [stanbul Teknik Universitesi, Maden Fakiiltesi, Jeoloji Miihendisligi Béliimii,
Maslak, TR—34469 Istanbul, Tiirkiye
3 Eskisehir Osmangazi Universitesi, Jeoloji Miihendisligi Boliimii, Meselik,
TR-26480 Eskisehir, Tiirkiye
% Istk Universitesi, Fen-Edebiyat Fakiiltesi, Fizik Boliimii, Sile, TR-34980 Istanbul, Tiirkiye

Karadere segment is the easternmost segment that ruptured on 17 August 1999 Izmit earthquake. The
segment trends N60—70°E between towns Akyazi (Adapazar1) and Gdlyaka (Diizce) with a length of
approximately 25 km. The maximum right-lateral displacement on the segment is measured as 1.55 m
on a offset road during the August 1999 earthquake. The ruptured segments of the earthquake mainly
trend along a plain morphology whether the Karadere segment cuts a mountainous area, that it
prevents important morphological and geological data. Morphological data reveals a 10 km. of
cumulative right-lateral displacement on Karadere segment. The segment has an importance in being
an area where North Anatolian Fault splits into two branches, and it is different from the other seismic
segments in means of the fewer amounts of slip and different strike. Two trench locations were chosen
in the mid-part of Karadere segment in order to determine the past earthquakes. The analysis of
structural and stratigraphical relations in the trenches revealed 5 past earthquakes except 1999
earthquake. Correlating the date of event horizons in the trenches with each other and with historical
earthquakes, it is determined that 358, 554 and 1419 earthquakes may have ruptured the segment. Two
past earthquakes, which could not be correlated directly with historical earthquakes, one on the second
half of the first milennium, and the other around year 1000 are also determined in the trenches.

Key Words: NAF, earthquake, 17 August 1999, palaeoseismology, Karadere segment
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Kuzey Anadolu Fayr’nin Orta Kesiminde Meyda Gelmis Tarihsel
Depremlerin Agac Halkas1 Yaslandir Yontemiyle Tespiti
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Biiytik aktif faylarin davranis 6zelliklerinin belirlenmesi ciddi toplumsal sonuglari acisindan temel
bilimsel sorunlardan biridir. S6zkonusu 6zelliklerin belirlenmesi aktif faylarda meydana gelen biiyiik
depremlerin zamansal ve mekansal dagilimlarinin tespitini gerektirir. Paleosismik hendek kazilari
Kuzey anadolu Fay1 iizerinde s6zkonusu verilerin elde edilmesinde ciddi katkilar saglamis olmakla
birlikte verimli kazi alanlar1 sirli sayida olup, '*C yaslandirmasi i¢in uygun numune bulmak her
zaman muimkiin olmamaktadir. Diger bir alternative yontem aga¢ yaslandirma teknikleri kullanarak
mevsimsel aga¢ biliylime halkalarindaki depremlere bagli ani degisimlerin incelendigi
dendrosismolojidir. Bu yontem paleosismik ¢alisamalar1 desteklemekte ve bazi hallerde
tamamlayabilmektedir. Dendrosismolojik yontemleri Kuzey anadolu Fayi’nin orta kesimindeki Ilgaz
Ilgesi yakinlarinda bulunan ve paleosismik hendek kazisi1 yapmanin miimkiin olmadigi, en yakin kazi
alan1 verisine batida 30 km, doguda ise 160 km mesafede bulunan 15 km’lik bir kesimde uyguladik.
Caligma alanimizda 1943 depreminin ylizey kiriklar1 hali hazirda gesitli yerylizii sekilleri vasitasi ile
kolaylikla tanimlanabilmektedir. 1943 depremi yiizey kirigi boyunca gelisen agaglar faydan uzakta
yetisen ayni tiirden agaclara kiyasla oldukca farkli bir sekil sunmaktadirlar. Caligma alanimizda 6n
arastirma olarak on adet agagtan numune topladik. S6zkonusu agaglardan sekiz adedi bariz bir sekilde
onceki diger aragtirmalar sirasinda da belirlenen sekilde hasar gordiigiinii belgeledik. Numune
topladigimiz agalarin yaslar1 >65 to >306 yil arasindadir. Calismalarimiz 1943 depremi ile ilgi klasik
derecede numune Ozellikleri sergileyen biiylime halkasi1 gostermis olup, tarihsel 1668 depremi Oncesi
ya da sonrasinda faym bu kesimi iizerinde bagka biiyiik bir deprem meydana gelip gelmedigini
gostermesi agisindan énemlidir.

Anahtar Sozciikler: Kuzey Anadolu Fay1, dendrosismoloji
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Understanding the behavior of major active faults is a fundamental scientific challenge of great
societal relevance. Such an understanding can be achieved by documenting temporal and spatial
distributions of large earthquakes along major faults. Paleoseismologic studies have contributed a
significant amount of information about the spatial and temporal distribution of previous major
earthquakes along the North Anatolian fault, however, good paleoseismologic trench sites are rare and
it can be difficult to find appropriate materials for '*C dating. An alternative method is
dendroseismology, in which perturbations in the annual growth rate of trees resulting from seismic
damage can be detected using dendrochronological techniques. This approach can complement or, in
some cases, supplant trench studies. We applied the dendro-seismological technique to a 15-km stretch
of the central section of the North Anatolian fault (NAF) near the town of Ilgaz in north-central
Turkey, where paleoseismic trenching is not applicable and the nearest paleoseismologic sites are
located 30 km to the west and 160 km to the east. At our study site the surface rupture of the 1943
earthquake is still readily visible with well-defined mole tracks, scarps, and other geomorphic features.
The trees that are situated along the fault trace present a distinct difference in their physical
appearance relative to trees of the same species that are growing away from the fault trace. At our
study site we cored and documented 10 trees along the fault as part of a preliminary study. Eight of
these trees have clearly been disturbed in ways similar to tree disturbance documented at other sites
during earlier dendro-seismological studies. The maximum ages of the trees yielded ages from >65 to
>306 years. The core from a Pinus sylvestris exhibited a classic example of tree ring growth trauma
associated with the 1943 earthquake. Our ongoing study should be able to either confirm or refute the
possibility that no significant surface ruptures occurred along this stretch of the fault between the
major 1668 and 1943 earthquakes.

Key Words: North Anatolian Fault, dendroseismology
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