Thermochronological evidence for a precursor of the North Anatolian Fault in the Marmara Sea
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According to common interpretation, the North Anatolian Fault (NAF) nucleated in eastern Anatolia
(Bitlis-Zagros suture zone) during the Late Miocene (ca. 11 Ma) following the collision of the
Arabia and Anatolian plates, and propagated westward reaching the Marmara region during the
Pliocene. So far the inception of the NAF activity has been inferred based mainly on the study of
the associated sedimentary basins, with earlier studies relying mainly on the scarce palacontological
data from terrestrial sedimentary records (see Sengor et al. 2005, for a review). in this work, using
fission-track (FT) and (U-Th)/He analysis on apatite, we document that the Marmara segment of the
active North Anatolian Fault (NAF), regarded as a post-Miocene structure, has instead a complex,
multiphase evolution, as shown by the presence of pre-Late Miocene structural discontinuities along
which significant vertical displacements occurred.

The exact age of these earlier discontinuities is difficult to determine but should be older than the
extension that affected the Aegean region since the Late Oligocene (e.g. Jolivet & Faccenna 2000).
Thermochronological data by Zattin et al. (2005) demonstrate that in the Late Oligocene vertical
displacements along a precursor of the Ganos fault were active. A Late Oligocene age for fault
displacement along the NAF is supported by Uysal et al. (2006) who studied a ca. 500 km long
segment of the NAF east of the Marmara Sea by radiometric dating of fault gouges. Furthermore,
Kaymakeci et al. (2007), on the basis of palacomagnetic data, proposed that the Ganos fault and
other ENE-trending faults experienced dextral strike-slip activity before the Late Pliocene
development of the NAF. The additional thermochronological dataset presented in this work
suggests that E-W-trending tectonic structures were active not only in the Ganos region but
throughout the Marmara region. These structures had significant vertical displacements and induced
the development of topographic lows and highs. We suggest that the location and kinematics of the
western NAF are controlled by position and geometry of the basement block margins inherited from
Mesozoic-Cenozoic closure of oceanic basins belonging to the Tethyan realm and the ensuing
collision between the bordering microcontinents.

Both transcurrent and dip-slip tectonics occurred across a wide E-W-trending deformation zone
before the Pliocene, whereas the activity of the NAF since the Pliocene has been dominated by
dextral transcurrence with negligible vertical movements. This is shown by (i) the absence of
significant AHe age differences across the main branches of the fault system, and (ii) the virtual
absence of ages younger than Pliocene. The only exception is the western sector of the Ganos fault,
where an AHe age (2.5 Ma) implies active erosion in the Pleistocene. East of Marmara Island, no
significant vertical displacements are recorded throughout the Neogene, with the only exception of
the northern border of the Uludag massif (Okay et al, 2008). Keywords: Thermochronology,
exhumation, North Anatolian Fault, Marmara Sea
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Marmara denizi bolgesinde Kuzey Anadolu Fayinin 6nciilii i¢in termokronolojik kanit

Ortak yoruma gore, Kuzey Anadolu Fay1 (KAF), Ge¢ Miosen'de (yaklasik 11 milyon yil dnce)
Dogu Anadolu'da (Bitlis-Zagros siitur zonu), Arap ve Anadolu plakalarinin ¢arpismasinin ardindan
niivelenmis ve Pliosen'de batiya ilerleyip Marmara bolgesine ulasmistir. Simdiye degin, KAF'm
aktivitesinin baslangici, agirlikli olarak ilintili sedimanter havzalarin ¢alisilmasina dayanilarak ve
karasal sedimanter kayitlardan edinilen siirli paleontolojik verilere dayandirilan 6nceki
calismalardan c¢ikarsanmistir (gozden gecirme igin, bkz Sengdr ve dig., 2005). Bu caligmada,
apatitlerde fizyon-izi ve (U-Th)/He analizi uygulama yoluyla, aktif Kuzey Anadolu Fayinin (KAF)
Miosen-sonrast yap1 oldugu diisliniilen Marmara diliminin, bunun yerine, karmasik ve {lizerinde
onemli diisey yer degistirmelerin gelisti§i Ge¢ Miosen-Oncesi yapisal siireksizliklerin varliginin da
gosterdigi gibi, cok-evreli bir evrim sergiledigini belgelemekteyiz.

Bu eski siireksizliklerin tam yasimi belirlemek giictiir; ancak, Ge¢ Oligosen'den buyana Ege
bolgesini etkilemis olan geniglemeden/agilmadan daha yasli olmalidir (6rnegin, Jolivet & Faccenna,
2000). Zattin ve dig., 2005'in termokronolojik veriler, Ge¢ Oligosen'de Ganos fayinin bir onciili
boyunca diisey atimlarin aktif oldugunu gosterir. KAF boyunca kayma icin Geg Oligosen yast,
KAF'in Marmara Denizi dogusundaki 500 km'lik segmentini fay oluklarimin radyometrik
tarihlendirilmesi yoluyla ¢alisan Uysal ve dig. (2006) tarafindan desteklenir. Dahasi, Kaymake1 ve
dig. (2007), paleomanyetik verilere dayanarak, Ganos fay1 ve DKD-gidisli diger faylarin, KAF'm
Geg Pliosen'deki gelisimi Oncesinde sag yanal atim sergiledigini 6ne siirmistiir. Bu g¢alismada
sunulan ek termokronolojik veri grubu, D-B gidisli tektonik yapilarin sadece Ganos bolgesinde
degil, tiim Marmara bolgesinde aktif olmus olduklarini diislindiiriir. Bu yapilar 6nemli diisey atimlar
sergilerler ve topografik yikselti ve algaltilarin gelisimine neden olmuslardir. KAF'm bati
boliimiiniin  konumu ve kinematiginin, Tetis bolgesine ait okyanusal havzalarin Mesozoik-
Senozoik'te kapanmasindan ve bunun ardmdan gelisen smirdas mikro-kitalar arasi carpismadan
kalit alman temel blogu kenarlarinin konumu ve geometrisi tarafindan kontrol edilmis oldugunu
diistinmekteyiz.

KAF'm Pliosen'den giiniimiize gelisen aktivitesinde ihmal edilebilir diisey bilesen igeren sag yanal
atim egemen olsa da, Pliosen'den 6nce D-B uzammli genis bir deformasyon zonunun bir ucundan
digerine yanal ve diisey-atim tektonigi gelismistir. Bu, (i) fay sisteminin ana kollarinda 6nemli AHe
yas farkliliklarinin olmayis1 ve (i1) Pliosen'den geng yaslarm yoklugu ile belirginlesir. Tek istisna,
Ganos faymin bati boliimiidiir; bu bolgede AHE yas1 (2.5 milyon yil) Pleistosen'deki bir aktif
erozyonu cagristirtr. Marmara Adast dogusunda tim Neojen boyunca hicbir diisey atim

kayitlanmamistir; bunun tek istisnasi, Uludag masifinin kuzey smiridir (Okay ve dig., 2008). Anahtar
Kelimeler: Termokronoloji, exhumation, Kuzey Anadolu Fay:, Marmara Denizi



