Total offset, slip-rate, and age of the North Anatolian fault system between Bayramoren-
Akyazi
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A study has been conducted along the western section of the North Anatolian Fault (NAF) between
Bayramoren and Akyazi to determine the age, the lateral offset of the fault, and the fault scarps of
recent earthquakes. The istanbul Zone which is the western section of the Pontides in the north and
the Sakarya terrain in the South form the basic units of the region. The basic units are covered
unconformably by Late Maastrichtian-Lutetian aged transgressive sequences. The Intra-Pontide
suture zone makes up the northern boundary of the Sakarya terrain. Extensive volcanites along the
suture zone have developed during Lutetian. The folds with axis trending ENE-WSW and reverse
faults have formed when Bolu Tertiary basin and Almacik Mountain have compressed in the
direction of NNW-SSE during and after the Eocene volcanism. This interval corresponds to a rapid
uplift together with an effective deformation cycle. These structures and the Eocene volcanites can
be used to determine the total offset of the western section of the NAF system which is assumed to
initiate its movement since Pliocene.

The Eocene volcanites are situated in the east and west of Gerede. The comparison of these
volcanites in the north and the south of the NAF indicates 44.5£3.5 km of lateral offset. The
Senonian aged volcanites outcrops in the vicinity of Abant Lake and forms the upper level of the
Sakarya terrain have been offset 43 km by the fault. in addition, the ophiolites takes place with a
tectonic boundary dver the metamorphites which are composed of schist, marble, and metabasites.
These rock units extend in the north and south of the fault from the west of Bolu to SE of Sapanca
Lake along the Mudurnu Valley. The two basic rock units and the thrust boundary between them
have been offset 48 km by NAF. However, the comparison of the eastern ends of the Eocene
volcanites which cover unconformably both units at both sides of the fault indicates an offset of
61.5 km. On the other hand, a reliable offset value cannot be obtained for the Miocene aged
sequences. These offset values, which are close to each other, can be used to determine the slip rate
of this section of the fault.

The Holocene activity which can be used to determine the slip rate of the western portion of the
fault has been indicated by the physiographic data. The stream valleys flowing perpendicularly to
the fault around Gerede and in the east of Abant Lake have been forced to change their course by
the pressure ridges formed by the right lateral movement of the fault. The offset values of the
drainage system have been measured as 900-2.750 m around Gerede and 2.080-4.800 m in the east
of Abant Lake as a result of the successive earthquakes and varying morphologies.

The overlapping surface ruptures, which have been formed by the earthquakes of the past century,
extend from the east of Gerede to the Marmara Sea. During this study, the right lateral offset values
along the surface ruptures of the 1944 event have been determined, the location of the 1957 and
1967 earthquake ruptures have been mapped, and the results have been compared to the
measurements in previous works. The right lateral offset values formed during the earthquake of
1944 are measured in six different locations and shows an even distribution of 6.5+0.5 m. The
relationship between the surface lateral offset values and the magnitude of the earthquake allows the
comparison of the 1944 earthquake with the previous events. The slip rate of this section of NAF,
based on the lateral offset of 1944 event, is 23.7 mm/year. This slip rate obtained is valid for the late
Holocene, and represents the short term slip-rate of the fault. Although one cannot fmd reliable data
about when the movement has started, assuming that the slip rate has not changed &ver the ages, by
taking into account the offset in the Eocene sequences, it can be claimed that the movement in the
system has started prior to two million years (Latest Pliocene). Keywords: North Anatolian Fault,
age of NAFE, Quatemary offset of fault, slip-rate of Holocene.

Kuzey Anadolu Fay Sistemi'nin Bayramore-Akyazi Arasinda Toplam Atimi, Kayma Orani ve
Yasi




Kuzey Anadolu Fayr (KAF)nm Bayramdoren ile Akyazi arasindaki bati boliimii boyunca saha
calismasi yapilarak fayin yasi, fay boyunca olusan atim ve fayin diriligi arastirilmistir. Fay zonunun
kuzeyinde Ponditlerin bati béliimiinii olusturan Istanbul zonu, giineyinde ise Sakarya kitasi
bolgenin temel tniteleridir. Temel iiniteler Ge¢ Maastrihtiyen-Liitesiyen yaslh transgresif istiflerle
uyumsuz olarak ortiilmektedir. Sakarya kitasiin kuzey siirmi Pontid i¢i kenet kusagi olusturur.
Kenet kusagi boyunca Liitesiyen sirasinda genis yayilimi olan bir volkanizma geligsmistir. Eosen
volkanizmasi sirasinda ve sonrasinda, Bolu Tersiyer havzasi ve Almacik Dagi KKB-GGD yoniinde
sikisarak eksen uzanimlari DKD-BGB olan kivrimlar, ters faylar gelismistir. Bu zaman araligi hizh
yiikselme ile beraber etkili bir deformasyon donemine karsilik gelmektedir. Bu yapilar ve Eosen
volkanitleri Pliyosen'den itibaren hareketine basladigi kabul edilen Kuzey Anadolu Fay Sistemi bati
boliimiinde toplam atiminin belirlenmesinde kullanilabilmektedir.

Gerede'nin dogu ve batisinda yer alan Eosen volkanitlerinin KAFZ'nun kuzey ve giineyindeki
yiizeylenmelerinin kiyaslanmasi sag-yanal atim degerinin 44.54+3.5 km oldugunu gdsterir. Abant
GOl dolayinda yiizeylenen ve Sakarya platformunun st boliimiinii olusturan Senoniyen yash
volkanitler fay tarafindan 43 km 6telenmektedir. Ote yandan, Bolu batisindan Mudurnu Vadisi
boyunca Sapanca Golii GB'sma dogru fayin kuzey ve giineyinde ofiyolitler tektonik bir dokanakla
sist, mermer ve metabazitlerden olugan metamorfitlerin lizerinde yer almaktadir. Her iki temel birim
ve aralarindaki bindirme dokanagi, KAF tarafindan 48 km sag-yanal 6telenmektedir. Ancak, fayin
iki tarafinda her iki birimi de uyumsuzlukla 6rten Eosen volkanitlerinin dogu uglarinin kiyaslanmasi
otelenme degerini 61.5 km olarak vermektedir. Buna karsilik Miyosen yasl serilerde giivenilir bir
otelenme degeri belirlenememektedir. Eosen yash kaya birimlerinin siirlarindaki bu birbirlerine
yakin sayilabilecek atim degerleri sistemin bu boéliimii i¢in ortalama yillik kayma oranim
belirlemede kullanilabilmektedir.

Fay sisteminin bati boliimiinde ortalama yamulma oranini belirlemeye yonelik Holosen etkinligi ise
fizyografik verilerle kendini belli etmektedir. Gerede dolayinda ve Abant Goli dogusunda faya
dogru dik olarak akan derelerin yataklar1 faymn yer yer oOrglilenmesi ile gelisen basing sirtlari
tarafindan engellenerek yonleri degistirilmekte veya dogrudan fayin hareketi ile sag-yanal olarak
otelenmektedir. Akaclama sistemindeki bu atim degerleri birbirini izleyen depremlerin ve
morfolojinin degisimine bagli olarak Gerede dolayinda 900-2.750 m arasinda ve Abant Goli
dogusunda 2.080-4.800 m arasinda Sl¢iilmiistiir.

Gegtigimiz ylizyilda olan depremler ile agsmali olarak gelisen yiizey kiriklar1 Gerede dogusundan
Marmara Denizi'ne kadar uzanmaktadir. Yiizey kiriklar1 boyunca gelisen yanal 6telenmeler en yakin
deprem olan 1944 kirig1 boyunca arazide belirlenebilmis, 1957 ve 1967 deprem kiriklarinin
lokasyonu saha calismast ile haritalanmig, Otelenme degerleri ise Onceki c¢aligsmalarla
karsilagtirilmistir. 1944 depremi sirasinda gelisen sag-yanal Otelenmeler 6 ayr lokasyonda
belirlenmis olup 6.5+0.5 m olarak diizenli bir dagilim gostermektedir. Yiizeyde gelisen yanal
Otelenme degerleriyle deprem biiyiikliigli arasinda var olan iliskiler, 1944 depreminin &nceki
depremlerle kiyaslanmasina olanak vermektedir. KAFZ'nun bu bélgedeki yanal 6telenmeye dayali
yillik kayma hiz1 23.7 mm/yil dir. Elde edilen bu kayma oran1 degeri Ge¢ Holosen i¢in gegerli olup
faymn kisa donem kayma oranini olusturmaktadir. Bu kayma oraninin, jeolojik zaman i¢inde ne
zamandan bu yana etkin oldugu konusunda giivenilir bir veri olmamasia karsin kayma oraninin
zaman igerisinde degismedigi varsayimiyla Eosen serilerindeki 6telenme dikkate alinarak sistemin
iki milyon yildan 6nce (En Geg¢ Pliyosen) harekete basladigi ileri siiriilebilmektedir. Anahtar
Kelimeler: Kuzey Anadolu Fayi, KAF iyasi, Kuvatemer atimi, Holosen kayma orant



