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MTA tarafindan 1992 yilinda yayimlanmis olan Tiirkiye Diri Fay Haritas1 giincellenmektedir.
Gincellemedeki esas amag iilke geneline iliskin 1:25.000 6l¢ekli diri fay haritalarinin hazirlanmasi ve
1:250.000 olgeginde Tirkiye Diri Fay haritalarinin yayimmlanmasidir. Ayrica, iilkenin deprem
tehlikesinin belirlenmesine katki saglayacak diri fay veri tabami olusturulmaktadir. Bu caligmada
projeden elde edilen yeni veriler 1s18inda Bat1 Tiirkiye’deki diri fay geometrisi ve bolgenin giincel
kinematigi tartigilmaktadir. Bati Tirkiye’nin giincel tektonigi, Kuzey Anadolu (KAFS) ve Dogu
Anadolu (DAFS) transform fay sistemleri arasinda Anadolu Blogu'nun batiya kagist seklinde
gergeklesen karmasik tektonik siireglerin eseridir. Yeni bulgular, Bati Tiirkiye’nin kuzeyden giineye
dogru KAFS, Kuzeybati Anadolu Gegis Zonu ve Ege A¢ilmali Tektonik bdlgesi olmak iizere ii¢ ana
neotektonik bolgeye ayrildigini gosterir. Her bolgenin fay geometrisi ve kinematik ozellikleri
birbirinden farklhidir. KB Tiirkiye’deki gilincel deformasyonlarin biiyiik cogunlugu Avrasya Levhasi ile
Anadolu Blogu arasinda smir olusturan KAFS’nin ana kolu iizerindeki yanal hareketlerle
karsilanmaktadir. Kuzey Ege Denizi ile Dokurcun vadisi arasinda yaklasik 500 km uzunlugunda olan
KAFS’nin bat1 kesimi giineye bakan genig bir biikliim geometrisine sahiptir. Bati KAFS a¢ilmali veya
sikismali sekme veya biikliimlerle birbirinden ayrilan alt fay segmentlerinden olusur. KB Anadolu ise
KAFS transform rejimi ve Ege Ac¢ilmali Tektonik rejimi arasindaki gecis zonunu olusturur. Kuzeyde,
KAFS giiney kolunun da dahil oldugu bu zon, giineyde ise, transfer yapilar1 niteligindeki 220 km
uzunlugunda sag yonlii dogrulu atimli Simav Fay1 ve Zeytindag-Bergama Fay Zonu tarafindan Ege
Acilmali Tektonik bolgesinden ayrilir. Yeni bulgular bu gecis zonundaki giincel deformasyonlarin
genelde giineye bakan biiklimler olusturan sag yonlii dogrultu atimli fay sistemleri tarafindan
karsilandigint gostermektedir. Bu biiklimlerin genel gidisi Gediz Grabeni ve Bati KAFS’nin
olusturdugu genis biikliime paraleldir. Biikliimleri olusturan fay sistemlerinin dogu uglart KAFS’ne
degil, I¢ Bati Anadolu’daki faylarla baglantihidir. Sag yonlii dogrultu atimli fay sistemleri biikliim
apeklerinde KB—GD dogrultusunda sikigmali/sikigsma bilesenli, D—B ve KB—GD dogrultusunda ise
acilmali/agilma bilesenlidir. Veriler, KB Anadolu’nun giincel kinematiginde aktif faylarla
siirlandirilmis blok rotasyonlarmin etkin oldugunu gdstermektedir. Ege A¢ilmali Tektonik rejiminde
gelismis diri faylar genellikle horst-graben sistemleri boyunca yer alir. Bu rejimin en biiyiik iki
tektonik yapisi olan Gediz ve Biiyiikkmenderes grabenleri, Menderes Masifi’nin merkezinde
gerceklesen domsal yiikselmenin sonucu olarak ortaya ¢ikmugtir. Birbirine simetrik olan bu iki
grabendeki diri faylar Gediz ve Biiylikmenderes siyrilma faylarinin tavan bloklarinda gelismis sintetik
ve antitetik normal fay sistemleri olustururlar. Buna karsin, Ege Acilmali Tektonik bolgesinin giiney
yarisindaki Denizli, Civril, Acigdl, Burdur, Mugla ve Gdkova grabenleri yiiksek acili normal fay
sistemlerine bagli olarak gelismis yapilardir. Diri fay geometrisi ve morfotektonik yapis1 Isparta
dirseginin apeksinde domsal bir ylikselmenin varligini ve bunun, dirsegin kuzey kanadinda 1sinsal bir
geometride kabuk yayilmasina neden oldugunu aciklamaktadir. Bu nedenle, batiya kagis tektonigi
igerisinde Anadolu Blogu’'nda saat yoniiniin tersine gerceklesen rotasyonal donmede Isparta
Dirsegi’nin dis kanadindaki 1smsal agilmanin 6nemli bir rol oynadigini 6nermekteyiz. Bu galismadaki
veri literatiirde tanimlanmis olan sol yonlii dogrultu atimli Fethiye-Burdur Fay Zonu’nun varligini
desteklemez. Veriler Fethiye-Burdur Fay Zonu’nun dogusunda kalan Isparta Dirsegi’nin i¢ kesminde
de giincel tektonik deformasyonlarin normal faylanmalar seklinde gelistigini gostermektedir.

Anahtar Sozciikler: giincel tektonik, fay geometrisi, kinematik, neotektonik bolge, Bat1 Tiirkiye

798



, 13—=17 April 2009, MTA—Ankara, Tiirkiye

Active Fault Geometry and Recent Kinematics of Western Turkey

Omer Emre', Tamer Y. Duman', Ahmet Dogan?, Selim Ozalp', Cengiz Yildirim®,
Akin Kiircer', Volkan Ozaksoy4, Hasan Elmaci' & Giilnur Kog'

" Maden Tetkik ve Arama Genel Miidiirliigii, Jeoloji Etiitleri Dairesi, Balgat,
TR—06520 Ankara, Tiirkiye (E-mail: emre@mta.gov.tr)
2 jller Bankasi Genel Miidiirliigii, Atatiirk Bulvart No: 21 Opera, Ulus, TR—06050 Ankara, Tiirkiye
3 University of Potsdam Institute of Geosciences, Postfach 601553, Potsdam 14415, Germany
* Akdeniz Universitesi Jeoloji Miihendisligi Boliimii, Dumlupinar Bulvari, Kampiis,
TR—07058 Antalya, Tiirkiye

The revision of the Active Fault Map of Turkey published in 1992 has been carried out by MTA. The
main purpose of this project is to produce base active fault maps in scale of 1:25.000 and publish
1:250.000 scale Active Fault Maps of Turkey. Additionally, an active fault database which provides
data to assess earthquake hazard of the country is under the construction. This study presents
preliminary results of the project on the regional fault geometry and recent kinematics of Western
Turkey. The Western Turkey is under the complex tectonic deformation as a result of the westward
extrusion of Anatolian block accommodated by the North (NAFS) and East Anatolian (EAFS)
transform fault systems. Revised data suggest that the Western Turkey mainly could be divided into
three major neotectonic provinces, named NAFS, NW Anatolia Transition Zone (WATZ) and Western
Anatolian Extensional Tectonic (WAET) provinces from north to the south. Each province is
represented by different fault geometry and kinematics. The recent deformations in the NW Turkey
are essentially accommodated by the main strand of the NAFS that is dextral continental plate
boundary between Eurasian Plate and Anatolian Block. About 500 km-long western NAFS between
North Aegean Sea and Dokurcun valley displays a south-facing concave arc geometry. The western
NAFS is divided into several fault segments separated from each others by releasing or restraining
bends and stepovers. The NW Anatolia is a transition zone formed between the WAET province and
the NAFS. Southern strand of the NAFS is included in this zone in the north, however, the zone is
structurally delimited by a 220-km-long dextral Simav Fault together with Bergama-Zeytindag Fault
Zone from WAET province in the south. The new data reveal that the recent crustal deformations in
this zone are essentially accommodated by right lateral strike-slip faults that were localized along
several major bend systems concave to south. The overall geometry of the bends is parallel to the
extending of Gediz Graben and large bend of the western NAFS. Eastern ends of the fault systems in
the bend geometry are included in inner west Anatolia instead of the NAFS. The strike-slip faults
trending of NE-SW are transpressional and trending E-W and NW—SE are transtensional just at the
apex of the bends. The data imply that bend geometry due to block rotations prevails kinematics of
active faults in the NW Anatolia. Active faults in the WAET province were generally localized along
the horst-graben systems. However, the province is divided into sub-regions based on the geometry of
the normal fault systems. Two largest tectonic structures of the province, Gediz and Biiyiilk Menderes
grabens, were formed as a result of domal uplifting at the central part of Menderes Massive. These two
E-W trending grabens display symmetrical geometry respect to each other. Active faults in these
grabens are formed a serial syntethic and antitethic normal faults developed on the hanging block of
Gediz and Biiyiikkmenderes detachment faults. However, Denizli, Civril, Acigdl, Burdur, Mugla and
Gokova grabens located on the southern half of the WAET province were formed by the high angle
normal fault systems. Active fault geometry and morphotectonic data indicate crustal stretching in a
radial pattern at the apex of Isparta Angle as a result of a domal uplifting. We suggest that the radial
extension on the outer flank of Isparta Angle plays an important role counter-clockwise rotation of the
Anatolian Block in the westward escape tectonic of Turkey. There is no clear evidence for left lateral
transtensional Fethiye-Burdur Fault Zone that of in previous studies. The data also reveal that normal
faulting is dominant at the north of the inner Isparta Angle east of Fethiye-Burdur Fault Zone.

Key Words: Recent tectonics, fault geometry, kinematics, neotectonic region, Western Turkey
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Bati Anadolu Genisleme Provensi baskin olarak D-B gidisli grabenleri olusturan normal faylarla
sekillenir. Bununla beraber, Bati Anadolu kabugunu karada ve deniz altinda deforme eden birgok KD
uzanimli dogrultu atimli fayin varligini ortaya koyan bazi galismalar vardir. Izmir Kérfezi ve gevresi
‘Izmir-Balikesir Transfer Zonu’ olarak bilinen ve Bati Anadolu Genisleme Provensi’ nin bati ucunu
olusturan, KD uzanimli baskin dogrultu atimli bir zonun iginde yer alir. izmir Korfezi KD, KB, K-G
ve D-B uzaniml faylarin denetiminde gelisimini siirdiiren s1g denizel bir havzadir. Kérfez topografik
olarak D-B dogrultulu i¢ korfez ve KB uzanimli dis kdrfez olmak iizere iki kisimdan olusur. Izmir I¢
Korfezi, Erken-Ge¢ Miyosen yasli golsel volkano-sedimanter iiriinlerden olusan KD uzanimli eski
havza dolgusu iizerinde gelismistir. Deforme olmus eski havza dolgusu uyumsuzlukla Geg¢ Kretase—
Paleosen yasli Bornova Flis Zonu kayalarini iizerler ve yaklasik yataya yakin yeni havza dolgusu
tarafindan agisal uyumsuzlukla {izerlenir.

I¢ Koérfezin giineyi yaklasik D-B gidisli, kuzeye egimli ve iki ana segmentten olusan izmir fayi ile
sinirlanir. Izmir fayinn dogudaki segmentinin ucunda aymi fay diizlemi iizerinde, fayin yeniden
etkinlik kazandigini gdsteren ilizerlemis iki kayma ¢izigi seti gézlenmistir. Burada dogrultu atimli
faylanmaya ait yash fay cizikleri, egim atimh gen¢ fay cizikleri tarafindan kesilmektedir. Araziye
dayali kinematik caligmalara gore Izmir fayinm son hareketi verev atimli devinim tiiriindedir. I¢
Kérfezin kuzey boliimii Izmir fayinin antitetigi olan Karsiyaka fayi iledenetlenir. Karsiyaka fay1 bu
boliimde giineye egimli verev atimli normal fay karakterindedir. izmir fayma yaklasik dik gelisen
Seferihisar fay1 karada yaklasik 30 km uzunlugundadir. Jeomorfolojik, jeolojik ve sismolojik veriler
Seferihisar fayinin kuzey segmentinin Holosen boyunca aktif oldugunu gosterir. Fay verev atim
bilesenli sag yonlii dogrultu atimlh bir faydir. Fayin Ge¢ Kretase yasli Bornova Filigi ile Kuvaterner
aliivyon birimlerini kestigi giiney kesiminde gidisi K20°D’ dur. Kuzeye dogru fayin dogrultusu
K40°-50°D’ ya degisir ve Izmir fayina baglanir. Fay segmentlerindeki ayrmtili jeolojik haritalama
caligmalarina gore dogrultu atimli faym (Seferihisar fay1) biikiilerek normal faya (Izmir Fay1)
dondstiigii saptanmistir. 13 istasyondan elde edilen kinematik veriler bolgedeki faylarin K—G yonlii
genisleme ve D-B yonlii sikisma kuvvetleri ile denetlendigini gostermektedir. Yukarida sunulan
stratigrafik ve yapisal veriler izmir I¢ Korfezi’nin, kinematik olarak birbirleri ile iliskili olan Izmir,
Seferihisar ve Kargiyaka faylarinin, KD uzanimli ve Erken—Geg¢ Miyosen eski havza dolgusu iizerinde
neotektonik bir havza olarak gelismesine katkida bulundugunu gosterir.

Anahtar Sozciikler: izmir Korfezi, aktif fay, fay kinematigi, iizerlemis havza, Bat1 Anadolu

800



62" Geological Kurultai of Turkey, 13—17 April 2009, MTA—Ankara, Tiirkiye

An Actively Growing Superimposed Basin: Inner izmir Bay,
Western Anatolia, Turkey

Bora Uzel, Hasan Sozbilir, Okmen Siimer & Caglar Ozkaymak

Dokuz Eyliil Universitesi, Jeoloji Miihendisligi Boliimii, Tinaztepe Kampiisii,
Buca, TR-35160 Izmir, Tiirkiye (E-mail: bora.uzel@deu.edu.tr)

The western Anatolian Extensional Province is dominantly shaped by E-W-trending graben-forming
high-angle normal faults. However, there are some studies revealing the presence of a number of NE-
trending strike-slip faults deforming the western Anatolia crust onshore and offsore. The Izmir Bay
and the surrounding area is located at the NE-trending strike-slip dominated zone of weakness known
as the ‘Izmir-Balikesir Transfer Zone’ forming the western end of the west Anatolian extensional
province. The Izmir Bay is an actively growing shallow marine basin that is controlled by NE-, NW-,
N-S- and E-W-trending active faults. The bay of Izmir is topographically divided into an E-W-
trending inner bay and a NW-trending outer bay. The inner bay of Izmir has been superimposed on a
NE-trending ancient basin fill consisting of Miocene lacustrine volcano-sedimentary succession. The
deformed ancient basin infill rest unconformably on the Upper Cretaceous—Paleocene rocks of
Bornova Flysch Zone and in turn overlain by a nearly horizontal modern (neotectonic) infill of the
inner bay with an angular unconformity.

The southern sector of the inner bay is bounded by the Izmir fault which is made up of two main
segments trending approximately in E-W-orientation and dipping to the north. Toward the end of the
eastern segment of the Izmir fault, we have observed two distinct striae on the same fault plane, the
older strike-slip striae is overprinted by the younger dip-slip striae, suggesting reactivation of the Izmir
fault. According to field-based kinematic studies, the last movement on the Izmir fault has a normal
oblique-slip character. The northern sector of the inner bay is controlled by the Karsiyaka fault which
is antithetic to the Izmir fault. In this section, the Karsiyaka fault has a characteristic of oblique-slip
normal fault dipping to the south. The NE-trending Seferihisar fault, developed normal to the Izmir
fault, is approximately 30 km in length on the land. Geomorphological, geological and seismological
evidence suggest that the northern segment of the Seferihisar fault has been activated during the
Holocene time. The fault is a dextral strike-slip fault with oblique-slip component. The fault trends in
N20°E at the southern part where it cuts the rocks of Bornova Flysch Zone and Quaternary alluvium.
Towards the north, the strike of the fault changes to N40—50°E and it gets connected with the Izmir
fault. Based on detailed geological mapping of the fault segments, it is established that the strike-slip
fault (Seferihisar fault) is transformed by bending into the normal fault (izmir fault). Kinematic
analyses carried out at 13 stations suggest that the faults have been controlled by a compression
operating in E~W direction. The data support that the kinematically linked Izmir fault, Seferihisar
fault and Karsiyaka fault have been contributing to the development of a superimposed basin, the
Inner Bay of Izmir, on a NE-trending ancient basin infill of Miocene age.

Key Words: izmir Bay, active fault, fault kinematics, superimposed basin, western Anatolia
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Bat1 Anadolu, diinyadaki sismik olarak en aktif ve hizli genisleyen bolgelerinden biri olan Ege
Bolgesi’nin dogu boliimiinde yer alir. Bati1 Anadolu’nun en belirgin yapisal elemanlar1 D-B uzaniml
grabenlerdir. Bunlardan biri olan Biiyllkk Menderes Grabeni, ana hatlartyla D-B gidisini grabenin
bitimindeki bati ucuna dogru KD-GB dogrultusunda degistirir. Bu KD-GB uzanimli parcas1 Soke
Havzasi olarak bilinir. Bu ¢okiintii alant 35 km uzunlukta ve 16 km genisliktedir. S6ke bolgesinde
Neojen—Kuvaterner istifleri birbirlerinden uyumsuzluk ile ayrilan iki ana paketten olusur. Yasl olan
eski havza dolgusunun tortul istifleri, havzanin kuzeybati sinirinda morfotektonik bir hat olusturan
Sazli fay kusaginin (SFK) taban blogunda yiizlek verir. Eski havza dolgusu, isletilebilir komiir
seviyeleri iceren Erken—Ge¢ Miyosen yasl bir kirmtili-gdlsel karbonat istifinden olusur. Istif, Geg
Miyosen yasli bazaltik andezit ve dasit bilesimli volkanik kayalar tarafindan ortiiliir. Eski havza
dolgusu, verev atimli normal faylar ve dogrultu atimli faylarla kesilerek deforme olmustur. Bu
deformasyon, Neojen birimler igerisinde KD yonlii kivrimlarin gelisimini saglamigtir. SFK tarafindan
yiikseltilen denizel camurtasi ve kumtasi arakatkili aluviyal ve fliiviyal ¢okellerden yapili havza
dolgusu, daha yagl istifleri uyumsuzlukla iistler.

SFK bindirimli dizilimli 5 fay pargasi icerir. Faymn kuzey kesimindeki KD uzanimli fay segmentleri,
giineybatiya dogru Doganbey’den baslayarak D-B dogrultusunda doniis yapar. Fay zonunun her bir
pargasi yiikseklikleri birkag metreden yiizlerce metreye degisen topografik sarpliklar olusturur. Fay
segmentleri birbirleri ile aktarim rampalar ile baglanir. Bu tip faylanma sekli daha 6nce olugmus
yapilarin verev hareketle yeniden etkinlik kazandiklar1 genisleme alanlarinda olusmustur. Bunun
verisi, ¢alisilan ayni fay segmenti iizerinde, degisik ve ii¢ farkli tipte fay ¢izigi setlerinin varligidir.
Burada farkli dogrultularda uzanim sunan iki farkli dogrultu atim ¢izikleri, egim atim cizikleri ile
tizerlenmigtir. Bu yapisal gozlemler 1s18inda; SFK’nin evrimi i¢in {i¢ farkli evre onerilmektedir; (i)
birinci agamada sag yanal dogrultu atimli faylanma olusmustur, (ii) ikinci agsamada sol yanal dogrultu
atimli faylanma, (iii) ti¢lincii ve son asamada ise Kuvaterner doneminde gerceklesen ve yeniden
etkinlik kazanmay1 temsil eden yaklasik egim atimli normal faylanma gelismistir.

Stratigrafik ve yapisal veriler, Biiylik Menderes Grabeni bati ucundaki havza olusumunun (1)
duraksamali oldugunu ve (2) Neotektonik donem havza dolgusuna ait birimlerin olusumundan 6nce

bir deformasyon evresinin varligini gosterir.

Anahtar Sézciikler: duraksamali havza olusumu, etkinlik kazanma, dogrultu atimli fay, normal fay,
Soke Havzasi, Biiylik Menderes Grabeni, Bat1 Anadolu
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Western Anatolia is located at the eastern part of the Aegean region that forms one of the most
seismically active and rapidly extending regions in the world. One of the most prominent structural
elements of the Western Anatolia is the E-W-trending grabens. One of them is the Biiyiik Menderes
Graben (BMG), which shows a major change in strike ranging from E-W to NE-SW in its western
end. This NE-SW-trending part of the graben is known as the Soke basin, which is 35 km long and 16
km wide. There are two main basin infills separated by the intervening angular unconformity in the
Soke area. The older sedimentary package is exposing on the footwall of the Sazli fault zone (SFZ),
which is a morphotectonic structure determining the northwestern margin of the basin. This ancient
basin infill consists of Lower to Upper Miocene clastic to lacustrine carbonates with minable coal
horizons. The sedimentary succession is covered by Upper Miocene basaltic andesite and dacite. The
ancient basin infill are cut and deformed by an oblique-slip normal fault and strike-slip faults. This
deformation caused to the development of a series of NE-trending folds within the Neogene
succession. The younger basin infill consists of alluvial and fluvial deposits intercalated with marine
mudstone and sandstone, some of which are elevated by the SFZ.

The SFZ consists of 5 fault segments with an en echelon distribution pattern. The northern segment
that strikes NE in the north and bends into an approximately E-W direction around Doganbey to the
SW. Each segment is identified as steep topographic scarps ranging in height from a few meters to
several hundred meters. Fault segments become to linkage and show breaching of the relay ramps
between them. We interpret that such fault patterns have been formed in a region where extension has
reactivated on pre-existing structures in an oblique sense. Evidence for this is the presence of three
sets of striations of different orientations on the same slip surface of the studied fault segments. Here,
two differently oriented strike-slip slickenlines are postdated by dip-slip striations. Based on our
structural observations, we suggest different episodes of fault evolution for the SFZ; (i) first the fault
formed as a dextral strike-slip faulting, (ii) then, sinistral strike-slip faulting with normal component,
and finally (iii) SFZ was reactivated during the Quaternary as an oblique to dip-slip normal fault.

The stratigraphical and structural data mentioned above suggest that the basin formation in the western
end of the Biiylik Menderes graben is (1) episodic and (2) there is a deformation phase that pre-dates

the Neotectonic basin infill.

Key Words: episodic basin formation, reactivation, strike-slip fault, normal fault, Soke Basin, Biiyiik
Menderes graben, Western Anatolia
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Civril Graben Sistemi (CGS) Bati Anadolu Geniglemeli Tektonik rejimi icerisinde gelismis onemli
tektonik yapilardan biridir. Tarihsel kayitlar ve son yiizyillda meydana gelen yikict depremler grabenin
bolgede O6nemli sismojenik zonlardan biri oldugunu gostermektedir. Grabendeki son deprem 1995
Dinar depremi (Mw= 6.2)’dir. Bu depremin olusum mekanizmasi, ylizey faylanmasi ve ylizey
kirigmin paleosismisitesine iligkin ¢aligmalar yapilmig olmasina ragmen, giincel tektonik yapisi ve diri
fay geometrisine gore grabenin biitiiniindeki deprem potansiyelini yorumlamaya yonelik veriler hala
sinirlidir. Bu ¢aligmada, bdlgenin diri fay geometrisi ve deprem potansiyeli {izerine yeni veriler
sunulmaktadir. CGS Bati1 Anadolu Genislemeli Tektonik rejiminin en biiyiik iki tektonik yapisi olan
Gediz ve Biiylikk Menderes grabenleri ile Isparta Dirsegi arasinda yer alir. Toplam 100 km
uzunlugunda olan CGS gilineye bakan bir yay geometrisinde KD ve KB uzanimli Baklan ve Dinar
grabenleri olmak iizere iki ana geometrik boliimden olusur. CGS’nin kuzey kenari ana faylar, giliney
kenar1 ise bunlarin antitetik yapilariyla sinirlanir. Olusturdugu yayin kesisme yerinde, Isikli GOli’niin
de yerlestigi kesiminde, graben 15 km ile en fazla genislige ulagir. KD uzanimli bati yarisinda
CGS’nin her iki kenar1 da diri faylarla kontrol edilir. Buna karsin, KB uzaniminda olan dogu yarisinda
giiney kenar faylar giincel morfolojide belirsizdir. Graben dolgular1 Pliyo-Kuvaterner yasl gol-akarsu
cokelleri ile Geg¢ Pleyistosen—Holosen yasli taskin ovasi, gol-bataklik ve aliivyon yelpazesi
¢Okellerinden olusur. Yelpazeler ¢ogunlukla grabenin kuzey kenar faylar1 6niinde gelismistir. Kuzey
kenar faylarmin taban bloklarinda Mesozoyik ve Tersiyer yash kirintili, karbonatli ve metamorfik
birimler yeralmaktadir. Grabendeki kuzey kenar yapilar1 Civril ve Dinar olmak iizere iki ana fay
segmentinden olusur. Bu iki fay segmenti taban blok icerisinde gelismis ve grabenin genel yapisina
dik yonde uzanan bir transfer fay zonu ile birbirinden ayrilir. Civril Fayr aktarim rampalar ile
birbirine baglanan ii¢ alt geometrik segmentten olugmaktadir. 38 km uzunlugunda, KD genel
dogrultulu olan faym diizlem egimleri 40—75° GD arasinda degisir. Grabenin dogu kenarini sinirlayan
Dinar Fayi, 55 km uzunlugunda, KB genel uzaniminda normal bir faydir. Ana fay diizleminin egimi
35-75° GB arasinda degisir. Havza kenar1 boyunca zondaki faylar tarafindan kesilmis giincel aliivyon
yelpazeleri, liggen ylizeyler, taze fay sarpliklari, tavan bloktaki morfolojik geriye carpilmalar fayin
Holosen aktivitesini gostermektedir. Dinar Fayi, taban blogunda kendisine dik transfer yapilari ve
aktarim rampalar1 dikkate alinarak Dikici, Kizilli ve Giimiigsu olarak adlanan ii¢ alt geometrik
segmente ayrilmistir. 1995 Dinar depremi fayin Kizilli segmentinden kaynaklanmis ve 10 km
uzunlugunda ylizey faylanmasi olusturmustur. Yiizey kiriginda 6lgiilen en yiiksek diisey yerdegistirme
miktar1 0.50 metreye yaklasir. Onceki galigmalardaki paleosismolojik veriler Kizilli segmentindeki
deprem tekrarlanma araliginin 1500-2000 yil arasinda olduguna isaret eder. Ancak, fayin diger
segmentlerine iligkin paleosismolojik veri mevcut degildir. 1995 depremi grabeni olusturan faylarda
10 km uzunlugundaki alt segmentlerin en az Mw= 6.0 ve daha biiyiik depremlere yol actigini
gostermigtir. 1995 depremi dncesinde CGS’ndeki faylarla iligkilendirilebilecek en son tarihsel deprem
1875°te meydana gelmis ve bu deprem olasilikla grabenin Civril boliimiindeki alt fay segmentlerinden
kaynaklanmistir. Bulgular Dinar ve Civril faylarmin son 150 yilda kirilmamis olan alt segmentlerinin
gelecekte Mw= 6.0 ve daha biiyiik deprem iiretme potansiyeline sahip oldugunu ortaya koymaktadir.

Anahtar Soézciikler: Civril Graben Sistemi, Dinar fayi, Civril fay1, morfotektonik, Dinar depremi, GB
Tiirkiye
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Civril Graben System (CGS) formed under the control of the Western Anatolian Extensional Tectonic
regime, is one of the important neotectonic structures. Destructive earthquakes occurred last century
and historical records show that the graben system is one of the essential seismogenic zones of the
region. The 1995 Dinar earthquake (Mw= 6.2) is the last event in the graben. Although some studies
on the earthquake mechanism, surface faulting and paleoseismology of the surface rupture were
carried out, the data to assess earthquake potential of the entire graben is still limited as to the active
fault geometry of the graben. This study presents data on the active fault geometry and earthquake
potential of the graben. The CGS located between Gediz and Biiyiik Menderes grabens which are the
largest two graben systems of Western Anatolian Extensional neotectonic domain and Isparta Angle.
The 100 km long CGS displays a south-facing arc geometry and consists of two geometric sections
trending to the NE and NW, Baklan and Dinar grabens. The northern boundary faults constitute main
faults of the CGS, however southern margin faults form antithetic structures of these. The graben
reaches to the maximum width of 15 km at the apex of arc where Isikl1 Lake is located. In the western
half of the CGS extending NE direction, the both margins of the graben are controlled by active faults.
However, in the eastern half of the graben, southern margin faults are not evident on the recent
morphology. Graben fills consist of Plio-Quaternary lake-fluvial deposits and Late
Pleistocene—Holocene flood plain, lake/marsh and alluvial fan deposits. Alluvial fans mostly derived
from the northern margin of the graben. Mesozoic and Tertiary clastics, carbonates and metamorphic
rocks crop out on the footwall of the main fault zone. The northern boundary faults composed of two
main fault segments namely Civril and Dinar. These fault segments are separated from each other by a
transfer fault zone within the footwall block that is cross to the graben. The Civril fault is divided into
three sub-sections connecting to each other by relay ramps. The fault is 38 km long, trends to the NE,
and with dips of 40—75° SE. The Dinar fault, which bounds the eastern margin of the graben, is a
normal fault with 55 km in length and trending NW. Main fault plane dips to the SW ranging from 35°
to 75°. Recent alluvial fans cutting by faults in the zone, triangular facets, fresh fault scarps, back-
tilting on the hanging-wall are evidence for the Holocene activity of the Dinar Fault. The fault is
divided into three sub-segments called Dikici, Kizilli and Giimiigsu based on the cross transfer
structures on the footwall and relay ramp geometry. The 1995 Dinar earthquake was originated from
the Kizilli segment of the Dinar fault and ruptured 10 km-long on surface. The maximum vertical
displacement reached about 0.50 m along the rupture. Palacoseismological data in previous studies
indicate that recurrence interval is between 1500 and 2000 years on the Kizilli segment. However,
there is no palacoseismological data on the other segments of the fault. The 1995 earthquake indicated
that a 10 km long sub-segments of the main faults in the graben can be produced earthquakes
magnitude with Mw= 6.0 or larger. The last historical earthquake in the CGS before the 1995 event
occurred in 1875, and this event probably originated from the fault segments in the Civril section of
the graben. The findings imply that un-ruptured sub-segments of the Dinar and Civril faults during the
last 150 years have earthquake potential with a Mw= 6.0 or larger in future.

Key Words: Civril Graben System, Dinar fault, Civril fault, morphotectonic, Dinar earthquake, SW
Turkey
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Erdogmus-Gediz (Kiitahya) Grabeni’ nin Neotektonigi, GB Tiirkiye
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Gilineybat1 Tiirkiye genislemeli yeni tektonik bolgeyi temsil eden genisleme tiiriindeki 6nemli yapilardan
birisi Aksehir-Simav Fay Sistemi’dir (ASFS). Aksehir-Simav Fay Sistemi yaklasik 10-30 km genislikte,
500 km uzunlukta, KB-gidisli ve ¢ogunlukla verev atimli normal faylanma ve ilgili graben ve horstlar ile
karakterize edilip sekillenen aktif bir deformasyon alanidir. Bu deformasyon alani iginde aktif olarak
gelisimini silirdiiren grabenlerden birisi Erdogmus-Gediz (Kiitahya) ¢okiintii alanidir. Erdogmus-Gediz
grabeni 6—10 km genislikte, 15 km uzunlukta ve DKD-BGB-gidisli iizerlemis bir havza olup, Aksehir-
Simav Fay Sistemi’nin giineybati yaris1 i¢inde yer alir.

Morfotektonik olarak, Erdogmus-Gediz (Kiitahya) grabeni iki ayr sinira sahiptir. Bunlardan ilki, daha yash
graben dolgusunu da iceren genis ve ylikselmis havza kenari, digeri ise, daha geng graben dolgusunun da
icinde ¢okeldigi dar fakat daha derin havza ortasi, bagka bir deyisle modern grabendir. Yash graben
dolgusu, genel olarak, tabanda andezitik ve bazaltik volkanitler ile bunlara eslik eden piroklastikler, daha
iist seviyelerde ise komiir damarlari igeren golsel kiregtasi-marn ve kiltagi ardalanmasindan olusan
volkano-sedimanter bir istif ile temsil edilir. Gerek volkanitlerden alinan radyometrik yaslara ve gerekse
degisik fasiyes ve seviyelerden elde edilen fosil igerigine gore, 368 m kalinliktaki yash graben dolgusunun
yas1 Miyosen—orta Pliyosen olarak belirlenmistir. Yasl graben dolgusu i¢inde birbirini {izerlemis iki ayr1
fay aynasi kayidi saptanmistir: (a) genislemeli fay aynasi seti ve (b) daralmali-genislemeli fay aynasi seti
(dogrultu atimhi faylanmanin kayidi). Daralmali fay aynasi seti digerini lizerlemistir. Gerek havza ici
dolgusunda ve gerekse havza kenar faylarinda 6l¢iilmiis olan genislemeli fay aynasi verilerinin stereografik
izdiistimleri, yasli graben dolgusunun genigleme tiirii bir tektonik rejimin denetiminde ¢okeldigini ortaya
koymus olup, eski tektonik doneme ait olan bu genigleme rejimi 1. genisleme fazi olarak adlanmistir. Yash
graben dolgusu i¢inde, egemen eksen gidisi KB olan yiizlek ve haritalanabilir 6l¢ekte ¢cok sayida kivrim ile
yiizlek dlgeginde bir seri bindirme fay1 gelismistir. Gerek dogrultu atimh fay aynasi verilerinin stereografik
izdiigimleri ve gerekse kivrim ve bindirme faylarinin analizi, yaghi graben dolgusunun, DKD-BGB
yoniinde etkin olan kisa siireli bir siksma fazi ile deformasyona ugradigini gostermistir.

Geg Pliyosen Oncesi yagl ve deformasyon gecirmis degisik kayalarin aginim yiizeyi {izerinde agili uyumsuz
olarak yer alan gen¢ graben dolgusu baslica taraga g¢akiltasi, traveten, yash ve geng aliivyon ¢okelleri,
yelpaze-Onliik tortullar1 ve giincel graben ortasi sedimanlarindan olusur. Heniiz deformasyon ge¢irmemis
olan geng¢ graben dolgusu, Erdogmus-Gediz (Kiitahya) {izerlemis grabeninin Pliyo—Kuvaterner yash
siirlan i¢inde ylizeyler. Gerek yashi ve genc graben dolgular igcinde ve gerekse graben kenar faylar
iizerinde Ol¢iilen fay aynasi verilerinin stereografik izdiistimleri, dagmik bir gerilim sistemini ve ona uygun
olarak da, baslica KKD-GGB, D-B, ve KD-GB yonlerinde etkin olan ¢ok yonlil bir genisleme rejimini
yansitmaktadir. Tkinci genisleme fazi olarak adlanan bu gok yonlii genisleme ve dagmik gerilim sistemi,
Gilineybat1 Tirkiye’de Ge¢ Pliyosen’de baslamis olan Pliyo-Kuvaterner yasli yeni tektonik dénemi
karakterize etmektedir.

Erdogmus-Gediz (Kiitahya) ilizerlemis havzasminin kenarlarini belirleyip denetleyen faylarin ¢ogu eski
tektonik dénemden kalitsal olup, bu durum, faylar lizerinde saptanmis olan iizerlemis fay aynasi verileriyle
belgelenmistir. Grek morphotektonik arazi verileri ve gerekse kiigiik ve biiyiikk deprem etkinligi (6rnegin:
Ms 0 6.5 biiyiikliigiindeki 25 Mart 1969 Demirci depremi ve Ms= 7.1 biiyiikliigiindeki 28 Mart 1970 Gediz
depremi gibi) bu faylarin ¢ogunun Pliyo—Kuvaterner yasli yeni tektonik donemde yeniden etkinlik
kazandigin1 gostermistir. Diger taraftan, deprem odak mekanizmasi ¢6ziim diyagramlari da, Erdogmus-
Gediz grabeninin giinlimiizde KKD-GGB yo6nde genislemesini siirdiirdiigiinii bir kez daha kanitlamistir.
Grabenin gelisimi, boyunca, grabenin giliney-giineybati, kuzeybat1 ve kuzeydogu kenar faylar1 boyunca
birikmis olan toplam diisey atim miktar1 sirayla ve yaklasik olarak 200 m, 400 m ve 350 m olarak
hesaplanmistir. Sonug¢ olarak yukarida sunulmus olan tiim veriler, Erdogmus-Gediz grabeni igin
duraksamali bir gelisim tarihgesini yansitmaktadir.

Anahtar Sozciikler: Erdogmus-Gediz grabeni, duraksamali gelisim, normal fay, deformasyon fazlari, yeni
tektonik rejim
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One of the major extensional structures characterizing the southwestern Turkey extensional neotectonic
domain is the Aksehir-Simav Fault System (ASFS). It is an about 10-30-km-wide, 500-km-long and NW-
trending zone of active deformation characterized and shaped by mostly oblique-slip normal faulting and
related grabens and horsts. One of these actively growing grabens is the Erdogmus-Gediz (Kiitahya)
depression. It is a 6—10-km-wide, 15-km-long and approximately ENE-trending superimposed basin
located within the southwestern half of the Aksehir-Simav Fault System (ASFS).

Morphotectonically, the Erdogmus-Gediz graben has two different configurations, namely the wider and
uplifted marginal configuration and the relatively narrower but deeper central configuration occupied by
the older and younger (modern) basin infills respectively. In general, older graben infill consists of
volcano-sedimentary sequence made up of andesitic to basaltic volcanics, their pyroclastites at lower levels
and the coal-bearing lacustrine limestone-marl and siltstone alternation at its upper horizons. Based on the
radiometric dating and the fossil content obtained from different facies and horizons, the 368 m thick older
graben infill is Miocene—Middle Pliocene in age. Two sets of slickensides are recorded within the older
graben infill: (a) extensional slickensides and (b) contractional slickensides (strike-slip faulting related
slickensides). The extensional slickensides are superimposed by the contractional slickensides.
Stereographic plots of the extensional slickensides recorded within the graben infill and on margin-
boundary faults reveal that the older graben infill was accumulated under the control of an extensional
regime which is here termed as the 1¥ phase of extension included in the palaeotectonic period. A series of
mesoscopic and mapable scale folds with predominant NW-trending axes, and outcrop-scale reverse faults
occur within the older graben infill of Miocene—Middle Pliocene age. Both the stereographic plots of
strike-slip faulting related slickensides and analysis of folds to reverse faults strongly indicate that older
graben infill has experienced a short-term of contractional phase of deformation, during which the principal
stress was operating in ENE-WSW direction. This short term contractional event is the last record of the
palaeotectonic period.

The modern graben infill which lies with an angular unconformity onto the erosional surface of the various
deformed rocks of pre-Late Pliocene age consists mostly of terrace conglomerate, travertines, older and
younger alluvial deposits, fan-apron deposits and the recent axial graben floor sediments. Younger graben
infill is restricted into the Plio—Quaternary configuration of the Erdogmus-Gediz graben. Stereographic
plots of the slickensides recorded in both the older and modern graben infills and also along the margin-
boundary faults of the graben imply to the distributed stresses and accordingly the multi-directional
extensions in predominatingly N-S, E-W and NE-SW directions (2nd phase of extension). This multi-
directional extension and the distributed stresses characterize the Plio—Quaternary neotectonic period
initiated Late Pliocene in Southwestern Turkey.

Most of the margin-boundary faults of the Erdogmus-Gediz Graben are inherited from the latest
extensional and contractional palaeotectonic periods. This is evidenced by the various sets of superimposed
slickensides on them. Most of these faults have reactivated during the Plio—Quaternary extensional
neotectonic period as indicated by both a series of morphotectonic criteria and small to intermediate
earthquakes such as the 1969.03.25 Ms= 6.5 Demirci earthquake and the 1970.03.28 Ms= 7.1 Gediz
earthquake, during which the northwestern and the southern margin-boundary faults of the graben were
moved. Total throw amounts accumulated on the south-southwestern- the northwestern- and the
northeastern margin-boundary faults of the graben are 200 m, 400 m, and 350 m respectively. Fault plane
solutions of these earthquakes also indicate an extension in the direction of NNE-SSW. Consequently,
aforementioned data imply to an episodic evolutionary history of the Erdogmus-Gediz Graben.

Key Words: Erdogmus-Gediz graben, normal fault, phases of deformation, neotectonic regime
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Inénii-Eskisehir Fay Sistemi’nin Kaymaz (Eskisehir) Bolgesindeki Neotektonik
Ozellikleri; Mahmudiye-Cifteler Yari-Grabeni’nin Gelisimine Etkisi
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[nonii-Eskisehir fay sistemi batida Uludag’dan dogu’da Sivrihisar’a kadar uzanan yaklagik
BKB-DGD uzanimli, Bati Anadolu bdlgesini kuzeydoguda Orta Anadolu bdlgesinden ayiran sag
yanal dogrultu atimli normal bilesenli bir deformasyon alanidir. Bu fay zsistemi genel olarak
dogrultular1 B-D ve KB-GD gidisli, farkli biiyiikliikte deprem {iretme potansiyeline sahip farkl fay
takim ve segmentlerinden meydana gelmektedir. Indnii-Eskisehir Fay Sistemi giineydoguda Giinyiizii
ve Cihanbeyli Fay Zonlaryla birlikte Tuz géliinii glineybatisini denetler.

Olas1 Pliyosen’den beri aktif olan bu faysistemi, aletsel donem igerisinde orta biiytikliikte depremler
tiretmistir (6r; 1956, M= 6.4). Indnii-Eskisehir faysisteminin segmentlerinden olan Kaymaz-Sivrihisar
faylar1 batida Yesilyurt kdyilinden baslayip doguda Sivrihisar ilgesinin batisina kadar K30°B
dogrultusunda uzanmaktadir. Eskisehir-Kaymaz segmenti Kaymaz civarinda sola dogru sigrama
yapmakta ve doguya dogru Sivrihisar segmenti olarak devam ederken bu bolgede yerel olarak bir
sitkisma alan1 meydana getirmektedir Bu sikisma alaninda yaklasik K05°B ve K25°D uzanimh
dogrultu atimli faylar gelismistir. Yapilan gerilme analizleri sonucunda bu bélgede KB—GD yonlii bir
stkismanin ve KD—GB yonlii bir genislemenin oldugu goériilmektedir.

Mahmudiye-Cifteler havzasi, Yiiriikkaracadren’den Emirdag’a kadar kuzeybati—giineydogu
dogrultusunda uzanan yaklasik 85 km uzunlugunda ve ortalama 25 km genisliginde Kuvaterner yagh
cokellerle kapli s1g bir yar1 graben goriiniimiindedir. Bu ¢okiintii alaninin bat1 kenarlari oldukca
diizgiin sekilde uzanmakta ve Mesozoyik yasli mermer-gist ardalanmasi, ofiyolitli melanj ve Liitesiyen
yasli s1g denizel kiregtaglarindan meydana gelen bir temel ile sinirlandirilmaktadir. Bu temeli uyumsuz
olarak tizerleyen ve havza ortasinda ylizeyleyen Ge¢ Miyosen—Pliyosen yaslh golsel kirectaglar: da
yine Mahmudiye-Cifteler havzasinin temeli durumundadir. Havza dolgusu olasilikla Geg Pleyistosen-
Holosen yash akarsu taraga ¢akiltaglar1 ve kumtaglar1 ile goélsel ¢amurtasi ve ince, smirl yayilimli
kiregtaglarindan olusur. Havzanin bati kenarlarindaki aliivyon yelpazeleri ve havza ortasindaki silttagi
ve ¢amurtaglar1 en geng havza dolgusudur.

Eskigehir Fay Sistemi’nin Kaymaz dolaymda sola sigrayarak yerel bir sikisma alani olusturmast,
Kaymaz-Sivrihisar segmentinde sag yanal hareketi durdurmakta olup kinematik veriler bu segmentin
giinimiizde ¢cogunlukla egim atimli normal fay olarak hareket ettigini gostermektedir. Bu durum aym
zamanda Eskisehir Fay Sistemi ile kuzeydeki Alpu havzasi arasinda kalan kesimin bir horst seklinde
yiikselmesine de yol agmigtir. Ancak fay sisteminde sag yanal hareketin olasilikla Kaymaz’dan batida
devam etmesi ve Anadolu blogunun toptan batiya hareketiyle kiiciik bir yamulma hizi farklilig:
olusturmas1 Kaymaz giineyinde kuzeybati-giineydogu dogrultusunda Geg¢ Pleyistosen—Kuvaterner
yasli Mahmudiye-Cifteler yari-grabeninin gelismesine neden olmustur. Mahmudiye-Cifteler yari-
grabeni her ne kadar zayif bir sismik etkinlikle karakterize edilmekte ise de bati kenar faylarina asili
geng depolanmalar ve bunlardaki ¢ok gen¢ faylanmalar bu kenar faylarinin da aktif olduklarini
gostermektedir.

Anahtar Sozciikler: indnii-Eskisehir fay zonu, neotektonik, Mahmudiye-Cifteler havzasi
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The Inonii-Eskisehir Fault System is a WNW-ESE striking right-lateral strike-slip deformation area
with a normal component that extends from Uludag in the west to Sivrihisar in the east and separates
the western Anatolia region from the central Anatolia to the northeast. This fault istem consists of
E—W- and NW—-SE-trending fault sets and segments which have potential to produce earthquakes in a
wide range of magnitudes. The Inénii-Eskisehir Fault System together with the Giinyiizii and
Cihanbeyli Fault Zones control the southwest boundary of Lake Salt in central Anatolia in further
southeast.

This fault system, which is presumably active since Pliocene, has produced earthquakes in medium
magnitudes in the instrumental recording period (e.g., M= 6.4, 1956). The Kaymaz-Sivrihisar fault set
and other segments of the fault system start from the Yesilyurt village in the west and extend to the
west of the Sivrihisar town in N30°W trend. Eskisehir-Kaymaz segment of the fault system makes a
left over-step around Kaymaz and causes the creating of a local contractional area here. In this area
some NO5°W and N25°E-trending strike-slip faults have been developed. The stres analysis carried
out by kinematic data shows a compression in NW-SE and an extension in NE-SW trends in this
local contractional zone.

The Mahmudiye-Cifteler basin is seen as a fault-controlled shallow half-graben, which is in 85 km
length and 25 km width, extending in northwest—southeast from Yiiriikkaracadren village in the North
to Emirdag in the South. The western margins of the basin are marked by a series of oblique-slip
normal fault segments in NW-SE trends and the basin is bounded by a basement consisting of
Mesozoic marble and schists alternation, ophiolitic mélangé and shallow marine limestones of
Lutetian age. The Upper Miocene—Pliocene limnic limestones outcropping in the middle of the basin
also form the younger basement of the basin. The basinfill is composed of terrace conglomerate and
sandstones, limnic mudstone and thin limestones of presumably Late Pleistocene—Early Holocene age.
The alluvial fan deposits exposing in the western edge of the basin, and the alluvial sediment in the
middle of the basin are the youngest basin infills.

The contractional zone caused by the left step-over of the Inonii-Eskisehir Fault System around
Kaymaz, interlocks the right-lateral strike-slip movement of the Kaymaz-Sivrihisar segment, and the
kinematic indicators prove the dominant dip-slip normal character of this segment today. This strand
also causes the uplifting of the region between the Eskigehir Fault System in the South and the
Southern boundary fault of the Alpu basin in the North. But the possible continuation of the right-
lateral movement of the system in further west of Kaymaz causes to the development of the NW-
trending Mahmudiye-Cifteler half graben during Late Pleistocene—Holocene in the South by rising a
small strain-rate difference in the overall westward movement of the Anatolian block. However a
weak seismic activity characterizes the basin, the young deposits hung on the western boundary faults
and the younger faults affecting them point that these faults are neotectonic products and active.

Key Words: Inonii-Eskisehir fault zone, neotectonic, Mahmudiye-Cifteler basin
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Jeolojik ve Sismolojik Veriler Isiginda Bala (Ankara) Depremlerine Neden Olan
Faylarin Nitelikleri ve Bunlarin Genel Neotektonik Cercevedeki Anlami

Korhan Esat', Begiim Civgin®, Biilent Kaypak®, Veysel Isik' ve Giirol Seyitoglu'

" Ankara Universitesi, Miihendislik Fakiiltesi, Jeoloji Miihendisligi Boliimii, Tektonik Arastirma Grubu,
) 06100 Tandogan, Ankara (E-posta: esat@eng.ankara.edu.tr)
Ankara Universitesi, Miihendislik Fakiiltesi, Jeofizik Miihendisligi Boliimii, 06100 Tandogan, Ankara

31 Temmuz 2005 (M= 5.3), 20 Aralik 2007 (M= 5.7) ve 27 Aralik 2007 (M= 5.5) tarihlerinde
meydana gelen Bala (Ankara) depremleri ve bu depremlerin art¢1 sarsintilariyla birlikte Ankara
cevresinde yogun bir sismik hareketlilik gozlenmeye baslanmistir. Kuzey Anadolu Fay Zonu,
Kirikkale-Erbaa Fay Zonu, Tuzgolii Fay Zonu, Eskisehir Fay Zonu ve Eldivan-Elmadag Tektonik
Kamas1 gibi ana neotektonik yapilarla ¢evrili olan ve bu yapilarin etkisinin hissedildigi bolgede bu
depremlerin ilizerinde gelistigi faylarin niteliginin ve mevcut deprem etkinliginin tektonik bir model
icerisindeki anlaminin ortaya konulmasi 6nem kazanmaktadir.

Onceki ¢alismalar depremlerin yogunlastig1 Afsar (Bala-Ankara) ve ¢evresini, KB ve KKD gidisli fay
kusaklarinin kesistigi ve yamulmanin uzun siiredir biriktigi yapisal bir kavsak olarak yorumlamakta ve
depremlere KB gidisli sag yanal ve KD gidisli sol yanal eslenik dogrultu atimli faylanmanin neden
oldugunu soylemektedir ve 6zellikle 2007 depremlerinin ve artgilariin Afsar Fay Zonu iizerinde
meydana geldigini ve bu fay zonu ile Tuzgolii Fay Zonunun iligkili oldugunu belirtmektedir.

30 Temmuz 2005 ana soku ve sonrasinda 20 ve 27 Aralik 2007 depremlerine kadar olan depremlerin
dagilimina baktigimizda bolgede yaklasik KD dogrultulu bir dizilim dikkati ¢ekmektedir. 2007 ana
soklar1 ve art¢1 depremleri ise yaklasik KB dogrultulu bir dizilim gostermektedir. Bu iki dagilim
bolgede iki farkli faym etkin oldugunu isaret etmektedir. Bolgedeki depremlerden elde edilmis odak
mekanizmasi ¢oziimlerindeki farkliliklar da bu belirlemeyi desteklemektedir.

Inceleme alaminda yapilan arazi gozlemleri, dzellikle 2005 ana soku ve artgilarnin dizilimleriyle
uyumlu olan yaklasik KD gidigli faylarin normal fay karakterinde oldugunu gostermektedir
(Karakegili Fay Zonu). Pliyo—Kuvaterner sedimanter birimler {izerinde gozlenen giincel fay sarpliklar
ve temel ile Neojen birimler arasinda gdézlenen fay diizlemleri normal fay karakterindedir.

2007 ana soklar1 ve art¢ilarinin dizilimiyle uyumlu olarak Afsar yakin g¢evresinde ise birbirleriyle
iliskili ¢cogunlukla sag yanal dogrultu atim karakterinde faylar gézlenmektedir. Bu faylarin varligi
arazide ve uydu goriintillerinde derelerdeki Gtelenmelerden ve birimler arasindaki iligkilerden
gozlenebilmektedir. Ayrica Afsar beldesinin mezarlik duvarinda depremin etkisiyle olusmus
otelenmeler de arazide gozlenmektedir.

Bolgede giincel dogrultu atimli ve normal faylarin varligi ve bu faylarin es zamanli olarak deprem
iiretmeleri, Tuzgolii Fay Zonu dogrultusu boyunca sag yanal dogrultu atimli ana hareketle iligkili
olarak KD gidisli normal faylarin gelistigini ve sag yanal Tuzgélii Fay Zonunun normal faylarla
belirlenen rahatlamali sistemle sonlandigini géstermektedir.

Anahtar Sozciikler: Bala, Afsar, Tuzgolii Fay Zonu, neotektonik, depremsellik
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The Nature of the Faults Causing Bala (Ankara) Earthquakes and Their
Meaning within the General Neotectonic Framework in the Light of the
Geological and Seismological Data
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An intense seismic activity is observed during 30 July 2005 (M= 5.3), 20 December 2007 (M= 5.7),
and 27 December 2007 (M= 5.5) in Bala (Ankara). It is important to understand and display the nature
of the faults causing recent seismic activity (Bala earthquakes) within a tectonic model around Ankara
which is surrounded by the main active neotectonic structures such as the North Anatolian, Kirikkale-
Erbaa, Tuzgolii, Eskisehir Fault Zones, and the Eldivan-Elmadag Pinched Crustal Wedge.

The Afsar (Bala-Ankara) locality is interpreted as a structural junction and a site of long term
accumulating strain in previous studies. According to these studies, the NW- and NNE-trending fault
zones intersect each other and the earthquakes were originated from the NW-trending right-lateral and
the NE-trending left-lateral conjugate strike-slip faults in this site and especially the earthquakes of
2007 were occurred on the Afsar Fault Zone which is related to the Tuzgdlii Fault Zone.

There is an approximately NE-trending cluster of the epicenter locations of the 30 July 2005
mainshock and its aftershocks. However, the 20 & 27 December 2007 main-shocks and their
aftershocks have an approximately NW-trending cluster. These clusters indicate that there are two
different active faults in the region. Differences between the focal mechanism solutions of the
earthquakes also support this view.

The field observations in the investigation area show that the NE-trending faults, which are especially
consistent with the cluster of the 30 July 2005 main-shock and its aftershocks, are normal faults
(Karakegili Fault Zone). The actual fault scarps within the Plio—Quaternary sedimentary units and the
fault surfaces bounding the Neogene units indicate normal faulting.

The right lateral strike-slip linked faults, which are consistent with the mainshocks of 2007 and their
aftershocks, are observed near Afsar district and its surroundings. The existence of these faults can be
observed in the field and the satellite images from the displaced stream channels and the geological
mapping. Besides, the small displacements on the graveyard wall of Afsar district can also be
observed in the field.

The presence of the active strike-slip and normal faults and the synchronous earthquake activity on
them show that the NE-trending normal faults have been formed with the major right lateral strike-slip
movement throughout the Tuzgolii Fault Zone. Thus, the Tuzgoli Fault Zone is terminated with an

extensional system representing by the normal faults.

Key Words: Bala, Afsar, Tuzgolii Fault Zone, neotectonics, seismicity
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Yapisal Analizlerden Cikarsanan Neojen—Kuvaterner
Deformasyon Fazlari1 (KB-B Ankara)

Cengiz Y. Demirci', Vedat Toprak® ve Bora Rojay”

Mugla Universitesi, jeoloji Miihendisligi Béliimii, 48000 Kétekli, Mugla
(E-posta: cengizdemirci@msn.com)
Orta Dogu Teknik Universitesi, Jeoloji Miihendisligi Béliimii, 06531 Ankara

Neojen—Kuvaterner donemi deformasyonlarinin tipi ve sirasinin anlagilabilmesi maksadi ile Galatya
Volkanik Boélgesinin glineyinde yeralan Kazan, Ayas, Celtik¢i, Pecenek ve Beypazar alanlarindan
(KB-B Ankara) toplanan 1000 adet kayma ¢izgisel verisinden toplam 761’nin matematiksel
modellemesi ‘Angelier’in Dogrudan Donilisiim Yontemi kullanilaraktan yapilmigtir. Deformasyon
donemlerinin sirasi ise (i) bindirmeli fay c¢iziklerine, (ii) kivrim dokularina, ve (iii) yapilarin arazideki
kesisme iligkilerine dayanilarak yapilmistir.

Miyosen ile Pliyosen arasindaki uyumsuzluk sikisma ile genisleme deformasyonlar arasinda ki temel
¢izgiyi olusturmaktadir. Pliyosen’den itibaren siiregelen genisleme rejimi son deformasyon donemi
olup I¢ Anadolu bélgesindeki netektonik donemi temsil etmektedir.

Analizlerden elde edilen 66 ¢oziim ile ii¢ tektonik donem ayiklanmigtir. Buna goére, Miyosen
birimlerinde gelismis KD—-GB kivrimlar ve bunlari kesen BKB-DGD kesme faylar ile ilk donem
yaklasik D-B (107°, 13°) sikigma rejimidir. Ikinci dénem ise K—G (186°, 16°) sikisma rejimidir.
Beypazari’ndan Ayas’a degin uzanan DKD-BGB dan KD—-GB gidisli monklinal yapilar bu dénemde
gelismistir. Son faz ise Pliyosen’de baslayan ve halen devam etmekte olan KKD-GGB dan
KKB-GGD ya degisen ¢ok yonelimli genisleme neotektonik donemidir.

Anahtar Sézciikler: Neojen, ¢cok yonlii genigsleme, Ankara
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Neogene to Quaternary Deformational Phases from Structural Data Analysis,
(Northwest-West of Ankara, Turkey)

Cengiz Y. Demirci', Vedat Toprak® & Bora Rojay”
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Tiirkiye (E-mail: cengizdemirci@msn.com)
Orta Dogu Teknik Universitesi, Jeoloji Miihendisligi Boliimii, TR-06531 Ankara, Turkey

To understand the style and the order of the Neogene—Quaternary deformations, a total of 761 slip
lineation data out of 1000 were used for mathematical modeling collected from south of Galatian
Volcanic Province around Kazan, Ayas, Celtik¢i, Pegenek and Beypazari (northwest-west of Ankara).
The data that is collected from the faults crosscutting the Neogene-Quaternary sequences are
processed and analyzed by using Angelier’s direct inversion method. The order of these phases is
identified from (i) stratigraphy of the Neogene, (ii) overprinting slickenlines, (iii) fold patterns, and
(iv) cross-cutting relationships of the structures observed in the field.

The main unconformity between the Miocene and Pliocene is presumed to be the basic boundary
between the deformational phases, namely, contractional and extensional phases. The extensional
phase is the last operating deformational period since Pliocene that is the neotectonic period in Central
Anatolia.

Analysis produced 66 solutions that can be categorized into three tectonic phases. Accordingly, the
first phase is an almost E-W (107°, 13°) contraction manifested by the NE-SW folds and cross-
cutting WNW-ESE tear faults that are developed in Miocene units, particularly around Kazan basin.
The second phase is a N-S (186°, 16°) contraction. ENE-WSW to NE-SW monoclines around
Beypazar1 to Ayas are formed during this phase. The last phase is NE-SW to NNW-SSE multi
directional extensional neotectonic phase, which is still operating in the region since Pliocene.

Key Words: Neogene, multi-directional extension, Ankara
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Karamik Grabeni’nin Neotektonigi (Isparta Acis1), GB Tiirkiye
Aydin Cigek ve Ali Kogyigit
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Aktif Tektonik ve Deprem Aragtirma Laboratuvari, 06531 Ankara
(E-posta: aycicek@metu.edu.tr)

Karamik Grabeni yaklagik 6—14 km genisliginde, 29 km uzunlugunda KKD-gidisli aktif bir ¢okiintii alani
olup, giineybat1 Tiirkiye genislemeli yeni tektonik bolgenin (GTYTB) alt alanlarimi olusturan Goller
Bolgesi ve Isparta Agisi icinde yer alir. Karamik Grabeni glineyden DKD-gidisli Karacadren fay kusagi’nin
Armutlu kesimi, dogudan KKD-gidisli Kogbeyli-Akkonak fay kusagi, kuzeyden BKB-gidigli Aksehir fay
kusagi, batidan ise KKD-gidisli Devederesi fay kusagi tarafindan siirlanir ve denetlenir.

Karamik Grabeni, birbirinden a¢ili uyumsuzlukla ayrilmis iki farkli graben dolgusu igerigiyle kanitladigi
gibi lizerlemis bir havzadir. Yash ve deformasyon gecirmis olan (kivrimlanmis-ve dogrultu-atimli
faylanmaya ugramis olan) graben dolgusu baslica Miyosen volkano-sedimanter istifi ve Geg
Miyosen—Erken Pliyosen yasli akarsu-g6l ortam iiriini sedimanter istif olmak iizere iki farkli kaya
grubundan olusur. Yash istif ayrica, Mesozoyik Oncesi bagkalasim kayalari, Mesozoyik yash denizel
platform karbonatlar ve Kretase—Eosen yasli ofiyolitli karisik kayalarindan olusan napplar tarafindan agili
uyumsuzlukla altlanir. Yash graben dolgusu, Karamik Grabeni’nin bati ve kuzeybati kenari boyunca,
faylara asili kalmis sekiler halinde yiizeyler. Yasl graben dolgusu igerisinde birbirini iizerlemis iki fay
aynasi veri seti gézlenmis ve Ol¢iilmiistiir. Bunlar: (a) genisleme kokenli fay aynasi veri seti ve (b) sikisma-
daralma (dogrultu atimli faylanma) kokenli fay aynasi seti. Genisleme kokenli fay veri setinin stereografik
izdiistimleri, yash graben dolgusunun, genisleme tiirlinde bir tektonik rejimin denetiminde ¢okeldigini
acikca gostermektedir. Eski tektonik doneme ait olan bu genigleme rejimi, duraksamali graben olusumu
sirasindaki ilk genigleme fazi olarak adlanmustir. Diger taraftan, Miyosen-Erken Pliyosen yasli graben
dolgusu igerisinde, ylizlek ve haritalanabilir 6l¢ekte ve genel eksen gidigleri KB olan ¢ok sayida kivrim da
gbzlenmis ve haritalanmistir. Gerek dogrultu atimli faylanmaya ait fay aynasi setinin stereografik izdiigtimii
ve gerekse anilan bu kivrimlarin analizi, yagh graben dolgusunun, sedimantasyon sonrasinda, sikigma tiirii
bir deformasyon gecirdigini ve deformasyon sirasinda enbiiyiik sikisma geriliminin KD—GB yonde etkin
oldugunu gostermistir. Kisa siireli bu sikigsma fazi, eski tektonik dénemin bolgedeki enson kayididir.

Geg Pliyosen dncesi deforme olmus cesitli kayalarin asginim yiizeylerini agisal uyumsuzlukla 6rten geng,
baska bir deyisle modern graben dolgusu ise ¢ogunlukla seki ¢akiltaglari, yash ve geng aliivyon tortullari,
yelpaze-6nliik tortullart ve graben ortasi giincel aliivyon sedimanlarindan olusur ve heniiz deformasyon
gecirmemistir. Geng graben dolgusu, Karamik Grabeni’nin Pliyo-Kuvaterner yasli sinirlar iginde ylizeyler.
Grek yash ve geng graben dolgularinin igerisinde ve gerekse graben kenar faylari boyunca kayid edilmis
olan fay aynasi veri setlerinin stereografik izdiisiimleri, inceleme alaninda dagmik bir gerilim sistemi ve
buna uygun olarak da baslica K-G, D-B ve KD—GB yonlerinde etkin olan ¢ok yonlii bir genislemenin
varligin1 ortaya kymustur. Daginik gerilim sistemi ve ¢ok yonlii genigleme ise, giineybati Tiirkiye’deki
Pliyo—Kuvaterner yasli Yeni tektonik rejimi karakterize etmektedir.

Karamik Grabeni’nin kenar faylarinin ¢ogu, fay aynalarindaki tizerlemis faylanma verilerinin de gosterdigi
gibi, eski tektonik donemin genisleme ve sikisma tiirii deformasyon fazlarindan kalitsaldir. Ancak bu
faylarin ¢ogu, gerek cok sayidaki morfotektonik veri ve gerekse 2002.02.02 Mw= 6.5 Cay depremi gibi
kiigiik ve orta biiyiikliikteki depremlerle de kanitlanmis oldugu gibi, Pliyo—Kuvaterner yash yeni tektonik
donemde yeniden etkinlik kazanmistir. Ayrica, grabenin kuzey kesimi de, 2002 Cay depremi sirasinda
etkin hale elmis fakat grabenin giineyde kalan biiyiikk kesimi ve onun kenar faylari giiniimiizde sismik
bosluk olma 6zelligini siirdiirmektedir. Karamik Grabeni’nin giiney-, dogu-, ve bati kenar faylan iizerinde
gelismis olan toplam atim miktarlar sirayla 1500 m, 1800 m ve 900 m olarak hesaplanmuistir.

Anahtar Sézciikler: Karamik Grabeni, Isparta Agisi, GB Tiirkiye, neotektonik, graben dolgusu
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Neotectonics of the Karamik Graben (Isparta Angle), SW Turkey
Aydin Cigek & Ali Kogyigit
Middle East Technical University, Department of Geological Engineering. Active Tectonics and

Earthquake Research Laboratory, TR—01531 Ankara, Turkey
(E-mail: aycicek@metu.edu.tr)

Karamik Graben is an approximately 6—14 km wide, 29 km long and NNE-trending active depression
located within the Isparta Angle included in the Lakes District sub-domain of the Southwestern
Turkey extensional neotectonic domain (STEND). The Karamik Graben is bounded by ENE-trending
Armutlu section of the Karacadéren Fault zone to the south, NNE-trending Kogbeyli-Akkonak Fault
zone to the east, WNW-trending Aksehir fault zone to the north-northeast, and the NE-to NNE-
trending Devederesi fault zone to the west.

The Karamik Graben is a superimposed basin evidenced by two graben infills separated from one
another by an intervening angular anconformity. The older and deformed (folded to strike-slip faulted)
graben infill consists mainly of Miocene volcano-sedimentary sequence and Upper Miocene-Lower
Pliocene fluvio-lacustrine sedimentary sequence underlain with an angular anconformity by the pre-
Miocene rocks such as the pre-Mesozoic metamorphics, Mesozoic marine platform carbonates, and
the Cretaceous-Eocene ophiolithic mélange nappes. Older graben infill exposes well as the fault-
perched terraces at various elevations along the west-northwestern margin of the Karamik Graben.
Two groups of slickensides are recorded within the older graben infill: (a) extensional slickensides and
(b) contractional slickensides. The extensional slickensides are superimposed by the contractional
slickensides. Stereographic plots of the extensional slickensides reveal that the older graben infill was
accumulated under the control of an extensional neotectonic regime which is here termed as the 1%
phase of extension. A series of mesoscopic and mapable scale folds with the NW-trending axes occur
within the older graben infill of Miocene—Middle Pliocene age. Both the stereographic plots of strike-
slip faulting related slickensides and analysis of folds strongly indicate that older graben infill has
experienced a short-term of contractional phase of deformation, during which the principal stress was
operating in NE—-SW direction. This short term contractional event is the last record of the
palaeotectonic period.

The younger graben infill or modern graben infill, which rests with an angular unconformity on to the
erosional surface of the various deformed rocks of pre-Late Pliocene age, consists mostly of terrace
conglomerate, older and younger alluvial deposits, fan-apron deposits and the recent axial graben floor
sediments. Younger graben infill is restricted into the Plio—Quaternary configuration of the Karamik
Graben. Stereographic plots of the slickensides recorded in both the older and modern graben infills
and also along the margin-boundary faults of the Karamik Graben imply to the distributed stresses and
accordingly the multi-directional extensions in predominatingly N—-S, E-W and NE-SW directions.
This multi-directional extension and the distributed stresses characterize the Plio—Quaternary
neotectonic period initiated Late Pliocene in Southwestern Turkey.

Most of the margin-boundary faults of the Karamik Graben are inherited from the latest extensional
and contractional palaeotectonic periods evidenced by the various sets of superimposed slickensides
on them. Total throw amounts accumulated on the southern-, eastern- and the western margin-
boundary faults of the Karamik Graben are 1500 m, 1800 m and 900 m. Most of these faults have
reactivated during the Plio—Quaternary extensional neotectonic period evidenced by both a series of
morphotectonic criteria and small to intermediate earthquakes such as the 2002.02.02 Mw= 6.5 Cay
earthquake during which northern parts of both the western- and the eastern-margin-boundary faults of
the Karamik Graben were reactivated. However, the rest most parts of these faults are still in the
nature of seismic gap.

Key Words: Karamik Graben, Isparta Angle, SW Turkey, neotectonics, graben infill
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Kiziirmak Nehri’nin Evrimsel Tarihi, Kapadokya Kesimi: i¢ Anadolu
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Kizilirmak, Tiirkiye topraklarinda denize dokiilen en uzun (1355 km) nehirdir. Sivas dogusundan
kaynagini alan nehir, yar1 kurak iklime sahip olan i¢ Anadolu Bélgesi’nin platolari igerisinde, genis bir
yay cizdikten sonra, kuzeye yonelir ve Samsun’dan Karadeniz’e dokiiliir. Nehrin izledigi bu yol biiyiik
Olclide neotektonik donemde olugmus aktif fay kusaklari tarafindan belirlenmistir. Bu c¢alisma
Kizilirmak Nehri vadisinin Kapadokya yoresinde ve Giilsehir-Sahinler arasinda kalan kesiminde
yapilmigtir. Nehir, bu alanda, paleotektonik donemdeki genisleme rejimi denetiminde ¢okelmis olan,
Geg Orta Miyosen—Erken Pliyosen yagli, ignimbirit aratabakali akarsu-gol ortami sedimanter istifi
icerisine vadisini kazmistir. Dolayisiyla Geg Orta Miyosen-Erken Pliyosen yasl istifin olusumundan
daha genc¢ olan Kizilirmak akaglama sistemi, Ge¢ Pliyosen’de, iklimde meydana gelen degisime ve
Neotektonik donemde kendini gdosteren K—G yonlii sikigmaya bagli olarak, nehrin i¢ Anadolu Neojen
gollerini kapmasi sonucunda kurulmustur. Nehrin, bdlgedeki dogrultu atimli Neotektonik rejimin
onemli yapilarindan birisi olan ve Kirsehir fay sisteminin giineydogu kesimini temsil eden
Glimiiskent-Tuzkoy dogrultu atimli fay havzasi i¢ine yerlesmis olmasi da bu goriisii desteklemektedir.

Kizilirmak Vadisi’nde yapilan jeomorfolojik arastirmada, nehirin gliniimiizdeki seviyesinden +160
metreye kadar ulasan yiikseltilerde, giiniimiize kadar asinimdan korunabilmis olan 15 seki basamagi
saptanmugtir. Sekilerin olusumuyla 1ilgili kesin zaman c¢izelgesi, nehrin bazi sekilerini Orten
bazaltlardan alinan Orneklerin, *Ar/’Ar yontemiyle tarihlenmesi sonucunda olusturulmustur.
Vadideki en eski seki olarak kabul edilen yankolu (~+160 m) fosilize eden bazalt akintis1 Geg
Pliyosen’e (~2 My ), digerleri Erken, Orta ve Geg Pleyistosen’e tarihlenmistir. Bu veriler, Kizilirmak
akaglama sistemi kurulusunun, Ge¢ Orta Miyosen—Alt Pliyosen yasli volkanosedimanter birimleri
izerleyen ve bolgesel bir anahtar diizey 6zelligi tagayan Valibaba ignimbiritinin olusumundan sonra
fakat fosilize yankol oncesindeki (~2.6—2.1 milyon yil arasi) bir zaman dilimi i¢inde gerceklesmis
oldugunu gostermektedir.

Diger taraftan, gerek seki basamaklar1 ve gerekse bazalt akintilarinin yaslar1 baz aliarak, Kizilirmak
Vadisi’nin son 2 milyon yildaki evrim siirecinde, akarsu kazma oranimnin ortalama ~0.08 mm/y1l
oldugu ve zaman igerisinde 6nemli degisimler gosterdigi de saptanmustir. Bu siire icerisindeki en
yiiksek akarsu kazma oranin (~0.11 mm/y1l) ge¢ Erken ve orta Orta Pleyistosen arasinda gergeklesmis
oldugu da belirlenmistir. Kazilma oranlari aynm1 zamanda bdlgesel yiikselim oranlarmi da
yansitmaktadir. Bolgesel yiikselimin tersine Ge¢ Erken Pleyistosen—Giiniimiiz arasinda, Giimiiskent
(Salanda) Ana Fay1 iizerindeki diisey atim orani, akarsuyu denetleyen rejimin dogrultu-atiml
faylanma o6zelliginin dogal yansimasi olarak diisik (~0.036 mm/yil) kalmigtir. Bolgesel yiikselim
oranlarindaki degisimler, sekiler arasindaki ytikselti farklarina da yansimistir. Yiikselme hizinin diisiik
oldugu, ge¢ Geg Pliyosen—erken Erken Pleyistosen ve kismen ge¢ Orta Pleyistosen—Geg Pleyistosen
seki basamaklar1 arasindaki seviye farklar1 diisiik, bu donemler arasinda olusan sekilerde ise bolgesel
yikselim oranina uygun olarak seviye farklar1 da yiiksektir. Evrim siireci igerisinde zamanla giineye
kayan akarsu, Orta Pleistosen’de faylarla iliskili olarak vadinin giineyine hapsolmustur.

Anahtar Sozciikler: Kizilirmak, neotektonik, akarsu sekisi, akarsu kazmasi, bolgesel yiikselim, Ar-Ar
tarihlemesi, Giilsehir
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Evolutionary History of the Kizihrmak River, Cappadocia Section: Implication
for the Initiation of Neotectonic Regime in Central Anatolia, Turkey

Ugur Dogan', Ali Kogyigit® & Jan Wijbrans®

! Ankara Universitesi, Dil ve Tarih-Cografya Fakiiltesi, Cografya Boliimii, Sithhiye,
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The Netherlands

The Kizilirmak is the longest river (1355 km) which reaches the sea within Turkey. Its source is east
of Sivas province and it draws a large arc on the plateaus of semiarid Central Anatolia, turns towards
the north and reaches the Black sea in Samsun province. The route which the river follows was
determined by the active fault zones formed mainly in the neotectonic period. This study was carried
out in the area between Giilsehir-Sahinler in the Cappadocia region of the Kizilirmak valley. The river
incised its valley into late—Middle Miocene and Lower Pliocene ignimbrite intercalated with fluvial-
lacustrine sedimentary deposits accumulated under the control of an extensional tectonic regime in the
palacotectonic period. Thus the Kizilirmak system is younger than this formation, and river was
formed in Late Pliocene, as a result of the climatic change accompanied by a north—south -irected
compression in the Neotectonic Period. The fact that the river is settled in the Giimiiskent-Tuzkdy
strike slip fault basin, which was one of the most important structures of the strike slip neotectonic
regime representing the southeastern region of the Kirsehir Fault System, supports this idea.

The geomorphologic investigations carried out in the Kizilirmak valley showed 15 terrace staircases
maintained against erosion at elevations up to 160 m from the river level. The absolute time
chronology was established by “’Ar/*’Ar dating of basalt samples capping some of the river terraces.
The basalt flow which fossilized the tributary (~+160 m), regarded as the oldest terrace in the valley,
was dated to the Late Pliocene (~2 Ma), and the other basalts were dated to the Early, Middle and Late
Pleistocene. These data show that the formation of the Kizilirmak drainage system occurred after the
Valibaba ignimbrite, which is the regional key horizon, overlay the late-Early Miocene and Early
Pliocene volcano-sedimentary units and before the fossilization of the tributary (between ~2.6-2.1 Ma
years average time span).

By the use of terrace sequences and basalt dates, the incision rate of the river during the last 2 million
years was determined as approximately ~0.08 mm a™', and showed important variation within that time
span. The highest incision rate during this period was determined to be ~0.11 mm a™ between the late
Early and mid-Middle Pleistocene. The river incision rates also reflect the regional uplift rates. In
contrast to regional uplift, the vertical slip rate of the Giimiiskent Master Fault remained low (~0.036
mm a’') between the late Early Pleistocene and today because of the strike-slip faulting feature of the
regime which controls the river. The changes of the regional uplift rates manifest themselves in the
elevation differences between the terraces. The elevation difference was low between the terraces
formed between the late Late Pliocene—early Early Pleistocene and partly the late Middle
Pleistocene—Late Pleistocene, when the uplifting rate was slow. On the other hand, the elevation
differences in the terraces between these periods were high in accordance with the uplift rate. The
river, which shifted towards the south in the evolution process, confined to the south of the valley in
the Middle Pleistocene related to the faults.

Key Words: Kizilirmak, neotectonic, river terrace, river incision, regional uplift, Ar-Ar dating,
Giilsehir
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Dogu Anadolu Fay Sisteminin Yas1 ve Atimi

Erdal Herece

Maden Tetkik ve Arama Genel Miidiirliigii, Jeoloji Etiitleri Dairesi,
06520 Ankara (E-posta.: herece@mta.gov.tr)

Tiirkiye’'nin yiiksek deprem riski tasiyan onemli fay kusaklarindan birisi olan Dogu Anadolu Fay
Sistemi (DAFS), Karliova-Tiirkoglu arasinda 1:100,000 6l¢eginde ayrintili olarak haritalanmugtir.
Calisma kapsaminda, bolgede yilizeylenen Paleozoyik ve Mesozoyik yash temel kaya birimleri
ayirtlanmig, bunlart uyumsuzlukla 6rten ge¢ Maastrihtiyen—Paleojen yasli ¢okeller yaslandirilmis,
Neojen yash ¢okeller litolojik olarak tanimlanmistir. Elazig-Palu arasindaki Caybagi Pliyosen havzasi
ise ayrintili olarak aragtirilmis ve kiigiik memeli faunasina dayali olarak da yaslandirilmigtir. DAFS’ni
olusturan bolitler (segmentler) ve boliitler arasindaki yiikselim ve ¢okiintii alanlar1 da ayirtlanarak
adlanmig, uzanimlar ve 6zellikleri ile ilgili ayrintilar saha ¢calismasina dayali olarak ortaya konmustur.
Yapilan bu galigmalar sonucunda fayin yeri, atimi1 ve yasi ile ilgili bazi yeni veriler elde edilmistir.
Fayin her iki tarafindaki jeolojik birimlerin kiyaslanmasi ile olusan sol yanal 6telenme degerleri,
Karliova-Sincik arasinda Goyniik boliitiinde 14+1 km, Palu ve Siro béliitlerinde 15 km dir. Celikhan
ile Tiirkoglu arasinda uzanan Erkenek boéliitiinde ise 22.5-26 km ve Golbagi boliitiinde 19-26 km
olarak saptanmigtir.

Caybag1 Pliyosen havzasi, K—G yoniindeki sikismayla yaklasik %50—-60 kisalmis ve dogu—bat1 eksen
uzanimli, birbirine paralel olan ¢ok sayida kivrim gelismistir. Bu kivrimlarin faydan yaklasik 20 km
uzaklikta olusmasi, fayin haraketinden 6nce, bolgede etkin olmus bir K—G kisalmina isaret etmektedir.
Benzer durum, Palu-Geng ve Bingdl arasinda ylizeylenen volkanit ve volkano-tortullardaki kivrimlar
icin de gegerli olup kivrim eksenlerinin gidisleri DAFS’nin uzanmimi ile uyusmamaktadir. Bu
kivrimlar1 olugturan K—G yakinsamasinin ileri evresinde DAFS boyunca baglayan ilk hareket, fayin
olusum yagini en ge¢ Pliyosen olarak simirlamaktadir.

DAFS’nin olusum yas1 ve fay boyunca gelisen yanal ételenme degerleri arasinda var olan iligkiler,
faym yillik kayma hizim1 7.9+0.3 mm/y1l olarak gdstermektedir. Bu kayma hizt DAFS’nin Karliova-
Sincik arasindaki bolimii i¢in gegerlidir. Ancak DAFS’nin giiney uzantilarini olugturan Erkenek ve
Golbas1 boliitleri boyunca atim degerlerinin 19-26 km arasinda olmasi, bu boliitlerin ge¢ Pliyosen
sirasindaki 743 km olan atiminin Diizigi fayi, yerleri belirlenemeyen diger faylar, plastik deformasyon
ve/veya siiriiklenim-kivrimlanma ile emilmis olmasimi gerektirir. En ge¢ Pliyosen’den beri olan DAF
sisteminde benzer kayma hizinin olustugu varsaymu ile tiim béliitler boyunca kayma hiz1 7.940.3
mm/y1l olarak diigiiniilmektedir.

Anahtar Sozciikler: havza, deprem, fay, boliit, kivrim, atim
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Left-Lateral Offset and Age of East Anatolian Fault System

Erdal Herece

Maden Tetkik ve Arama Genel Miidiirliigii, Jeoloji Etiitleri Dairesi,
TR—06520 Ankara, Turkey (E-mail: herece@mta.gov.tr)

East Anatolian Fault System (EAFS), which is one of the highest earthquake risk carrying important
fault zones in Turkey, is mapped 1:100.000 scale between Karliova and Tiirkoglu. Within this study,
the Paleozoic and Mesozoic basement units cropping out in the region are differentiated,
unconformably overlaying late Maastrictian—Paleogene deposits are dated and the Neogene deposits
are lithologicaly described. The Caybagi Pliocene basin, extending E-W between Elaz1g and Palu, is
studied in detail and dated based on the micro mammal fauna (MMF). The segments that form the
EAF and the uplift and depression areas between these segments are differentiated, and the details of
elongations and properties are stated as supported by field study. This work has brought some new
data about the location, the total offset and the age of the fault. By comparing the geological units on
both sides of the fault, the left-lateral movement values are determined as 14+1 km along Goyniik
segment between Karliova-Bing6l, and 15 km along Palu and Siro segments. However, the amount of
total offset is obtained as 22.5-26 km along Erkenek segment and 19-26 km along Go6lbasi segment.

The Caybag1 Pliocene basin has been shortened by 50-60% in N—S direction and consequently many
parallel folds in east—west axial direction were formed. These folds are approximately 20 km away
from the fault which indicates an effective N—S shortening was prevailing in the region before the
movement along the master fault of the system. A similar situation is valid for the folds in the
volcanics and volcanosedimentary rocks cropping out between Palu-Geng and Bingdl, the trends of the
fold axes do not comply with the general trend of the EAFS. The first movement which began along
the EAFS during the further stage of the compression, which forms these folds confines the age of the
fault system as latest Pliocene.

The relations between the formation age of the EAFS and the lateral offset values imply that the slip
rate of the fault is 7.9+0.3 mm/year. This slip rate is valid for the section of the EAFS between
Karliova-Sincik. However, along the Erkenek and Golbasi segments which form the southern
extensions of the EAFS, the offset is around 19-26 km and accordingly the slip rate which is about
7+3 km during the latest Pliocene must have been absorbed by Diizici fault, faults of which locations
have not been located, ductile deformation and/or thrusting-folding. With the assumption of similar
slip rates were formed along the EAFS since the latest Pliocene, the slip rate must be accepted as
7.9+0.3 mm/year along all of the segments.

Key Words: basin, earthquake, fault, segment, fold, offset
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Dogu Anadolu Fay Sistemi Uzerindeki Palu-Uluova
Cek-Ayir Havzasinin Neotektonigi

Serap Colak', Ercan Aksoy', Murat incedz' ve Ali Kogyigit®
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? Orta Dogu Teknik Universitesi, Jeoloji Miihendisligi Béliimii, 06531 Ankara

Palu-Uluova havzasi, Dogu Anadolu Fay Sistemi (DAFS) fiizerinde gelismis tipik bir ¢ek-ayir
havzadir. Elaz1g yakinlarinda Dogu Anadolu Fay Sistemini olusturan Uluova, Sivrice ve Adryaman
fay zonlarmin denetiminde gelismis bir havza olup, DAFS’nin genel uzanimi olan KD-GB
dogrultusunda, kuzeydoguda Palu’dan gilineybatida Gozeli yakinlarina kadar yaklasik 70 km’lik bir
uzunluga sahiptir. Havzanin genisligi, denetiminde gelistigi faylarin karakterine bagli olarak degisiklik
gostermekle beraber, genelde KD’dan GB’ya dogru artmakta, 2—10 km arasinda degismektedir. Havza
dolgusunu olusturan Pliyo-Kuvaterner yasli Palu Formasyonu, travertenler ve giincel aliivyonlar, Palu-
Uluova ¢ek-ayir havzasii sinirlayan faylarin denetiminde ¢okelmis neotektonik birimlerdir.

DAFS, gerek Palu-Uluova havzasi ve gerekse yakin ¢evresinde, dogrultu atimli faylara 6zgii basing
sirtlari, tiggen yiizeyler, 6telenmis akarsu yataklari, basamakli morfoloji, ¢izgisel uzanimli vadiler,

kesilmig faysekileri gibi morfotektonik 6zellikler sergiler.

Anahtar Sézciikler: Dogu Anadolu Fay Sistemi, neotektonik, ¢ek-ayir havza, Elaz1g, Tiirkiye
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Neotectonics of the Palu-Uluova Pull-apart Basin on the
East Anatolian Fault System, SE Turkey
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? Orta Dogu Teknik Universitesi, Jeoloji Miihendisligi Béliimii, TR—06531 Ankara, Tiirkiye

The Palu-Uluova basin is a typical pull-apart basin on the East Anatolian Fault System (EAFS). The
EAFS consists of four fault zones around Elazig. These are, from north to south, the Elazig fault zone,
the Uluova fault zone, the Sivrice fault zone and the Adiyaman fault zone. The Palu-Uluova basin has
been developed under the control of these fault zones. The 2—10 km wide and 70 km long Palu-Uluova
pull-apart basin trends in NE-SW direction, and its width increases from NE to SW. The
Plio—Quaternary Palu Formation, travertine and Holocene deposits altogether comprise the neotectonic
basin infill accumulated under the control of a strike-slip neotectonic regime.

Above-mentioned fault zones comprising the Elazig section of the East Anatolian Fault System
display numerous strike-slip faulting-related features such as pressure ridge, triangular facets,

deflected stream, step-like morphology, linear stream and dissected fault terraces along their length.

Key Words: East Anatolian Fault System, neotectonics, pull-apart basin, Elaz1g, Turkey
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Kuzey Anadolu Fay Sistemi’nin Orta Kesimi Icinde Aktif Bir
Birlesik Cek-Ayir Havza: Merzifon-Suluova Havzasi, Tiirkiye

Bora Rojay ve Ali Kogyigit

Orta Dogu Teknik Universitesi, Jeoloji Miihendisligi Boliimii, 06531 Ankara
(E-posta: brojay@metu.edu.tr)

Kuzey Anadolu Fay Sistemi (KAFS) yaklagik 1700 km uzunlukta, 1-110 km genislikte ve kita ici
doniigiim tiirii fay niteliginde bir plaka smiridir. Kuzeyde Avrazya plakasi ile giineyde Anadolu
plakacigim ayiran KAFS sag yanal dogrultu-atimli birka¢ fay kusagi, ¢cok sayida fay takimi ve tekil
faydan olusur. KAFS orta kesiminde (doguda Vezirkoprii yakin giineyi ile batida Kargi ilgesi
arasinda), batiya dogru biikiilerek giineye bakan bir yay olusturur. KAFS i¢inde ¢ok sayida degisik tiir
ve yash dogrultu atimli havza yer alir. Bunlardan biri de Merzifon-Suluova iizerlemis birlesik ¢ek-ayir
havzasidir. Merzifon-Suluova havzasi, KAFS’nin orta kesimindeki yaym giiney i¢ kesiminde yer alir.
Merzifon-Suluova havzasi yaklagik 55 km uzunlugunda, 22 km genisliginde ve D-B-gidisli bir
¢okiintii alan1 olup kuzeyde Tavsandag, doguda Ladik Akdag, giineyde Cakirdag, ve batida Inegdldag
basing sirtlariyla ¢evrelenir.

Merzifon-Suluova havzasi, birbirinden acili uyumsuzluk ile ayrilan iki havza dolgusu igerir. Daha
yash ve deformasyon gecirmis (kivrimlanmis) olan havza dolgusu, havzanin faylarla denetlenen kenar
kesimlerinde yaygin olarak yiizeyler ve egemen olarak gol-akarsu ortaminda ¢dkelmis, Ge¢ Miyosen-
Erken Pliyosen yaslt sedimanter bir istiften olusur. Geng ve deformasyon gegirmemis (hemen hemen
yatay konumlu) olan dolgu ya da yenitektonik dolgu ise baglica ¢akil-blok tiirii ¢akiltasi-mavi marn-
camurtagi ardagimui ile kalin yelpaze-onliik tortullari, yash ve giincel yelpaze tortollar1 ve giincel havza
taban1 sedimanlarindan olusur. iki farkli havza dolgusu, dolgular arasmdaki agili uyumsuzluk ve daha
yaslt dolgunun deformasyon bi¢imi, Merzifon-Suluova dogrultu atim havzasinin iizerlemis niteligini
gosterir.

Merzifon-Suluova havzasi, kenarlar1 boyunca bir seri dogrultu atimli fay kusag: tarafindan belirlenir
ve denetlenir. Bunlar havzanin kuzey kenarmi smirlayip denetleyen D-B-gidisli Merzifon dogrultu
atimh fay kusagi, havzanin giiney kenarini belirleyip denetleyen Eraslan sag yanal dogrultu atimli fay
kusagi, ve havzanin dogu kenarimi sinirlayip denetleyen KB-gidisli Suluova normal fay kusagidir.
Bunlarin diginda, havzanin evriminde 6nemli rol oynayan iki tekil fay daha vardir. Bunlar D-B-gidisli
Cetmi ve Uzunyazi sag yanal dogrultu atimli faylaridir. Cetmi ve Uzunyazi tekil faylart havzanin
icinde yer alir, havzanin Kuvaterner yasli yenitektonik dolgusunu kesip &teler ve onu daha yash
birimlerle tektonik olarak karsi-karsiya getirir. Bu iki tekil fay, ayn1 zamanda sismik olarak da etkin
olup, diger kenar fay kusaklarindan ¢ok daha genctir. Daha dnce olugmus, eskenar dikdortgen bigimli
bu tekil havza, 6zellikle bu iki geng fay tarafindan birkag¢ alt havzaya béliinerek, onun birlesik havza
tiirinde yeni bir havzaya degisimine yol agmistir. Bu yeni havza ilk kez burada Merzifon-Suluova
iizerlemis birlesik ¢cek-ayir havzasi olarak adlanmistir. Merzifon-Suluova iizerlemis-birlesik ¢ek ayir
havzasinin gelisimi sirasinda, havzanin kenar faylari boyunca birikmis olan toplam sag yanal dogrultu-
atim miktar1 yaklasik 12 km olarak hesaplanmistir. Havzanin gelisimi aktif olarak siirmektedir.

Anahtar Sozciikler: Kuzey Anadolu Fay Sistemi, birlesik ¢ek-ayir havza, Merzifon-Suluova
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North Anatolian Fault System: Merzifon-Suluova Basin, Turkey

Bora Rojay & Ali Kogyigit
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TR—06531 Ankara, Turkey (E-mail: brojay@metu.edu.tr)

The North Anatolian Fault System (NAFS) is an about 1700-km-long and 1-110-km-wide intra-
continental transform fault type of plate boundary. It separates the Eurasian plate in the north and the
Anatolian platelet in the south, and consists of several fault zones, numerous fault sets to single faults
in the character of strike-slip. The NAFS bends and makes a northward arch-shaped trace pattern
along its central part between the near south of Vezirkdprii in the east and Kargi County in the west. A
number of strike-slip basins of dissimilar type and age occur within the NAFS. One of them is the
Merzifon-Suluova superimposed composite basin. It is located on the southern inner side of the
northerly-arched section of the NAFS. The Merzifon-Suluova basin is an about 55 km long, 22 km
wide and E-W-trending depression surrounded by the Tavsandag push-up in the north, Ladik-Akdag
push-up in the east, the Cakirdag push-up in the south and the inegdldag push-up in the west.

The Merzifon-Suluova basin has two infill separated from one another by the intervening angular
unconformity. Older and deformed (folded) one is widely exposed along the fault-controlled margins
of the basin, and consists mainly of fluvio-lacustrine sedimentary sequence of Late Miocene-Early
Pliocene age. The younger and undeformed (nearly flat-lying) basin infill or neotectonic infill consists
mainly of boulder-block conglomerates and blue marl-mudstone alternation, thick fan-apron deposits,
older and recent alluvial fan deposits and recent basin floor sediments. These two basin infill, the
angular unconformity between them and the deformed pattern of the older infill reveal the
superimposed nature of the Merzifon-Suluova strike-slip basin.

The Merzifon-Suluova basin is determined and controlled by a series of strike-slip fault zones along
its margins. These are the E-W-trending Merzifon dextral fault zone along its northern margin, the
E—W-trending Eraslan dextral fault zone along its southern margin and the NW-trending Suluova
normal fault zone along its eastern margin. In addition, there are other two faults, namely the E-W-
trending Cetmi and the Uzunyazi dextral faults. Both of them run parallel to both the northern and
southern margin-boundary fault zones and display a well-developed overlapped relay pattern. These
two faults occur inside the basin, cut across the Quaternary neotectonic infill and tectonically
juxtapose it with the older rock units. These two faults are also seismically much more active than the
other margin-boundary faults, i.e. these are relatively younger faults. The early formed rhomboidal
single basin is divided by these E-W-trending younger faults into several sub-basins converting it into
a composite pull-apart basin. It was first termed here as the Merzifon-Suluova superimposed
composite pull-apart basin. Total right lateral offset accumulated along the margin-boundary faults of
this basin is about 12 km. The development of the basin is actively lasting.

Key Words: North Anatolian Fault System, composite pull-apart basin, Merzifon-Suluova
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Amasya ve Cevresinin Neojen Stratigrafisi ve Neotektonik Evrimi:
Kuzey Anadolu Fay Sistemi’nin Orta Kesimi

M. Korhan Erturag¢ ve Okan Tiiysiiz

Istanbul Teknik Universitesi, Avrasya Yerbilimleri Enstitiisti, 34469 Maslak, Istanbul
(E-posta: erturac@itu.edu.tr)

Kuzey Anadolu Fay Sistemi (KAFS), doguda Karliova ile batida Saroz Koérfezi arasinda Karadeniz
kiyisina kabaca paralel uzanan, yaklasik 1200 km uzunlugunda genis bir i¢biikey yay ¢izmektedir.
Jeodezik veriler KAFS iizerinde yilda 24+1 mm sag yanal harekete isaret ederken, hattin giineyindeki
Anadolu levhasi saat yoniiniin tersine donmektedir. KAFS’nin geometrisinde goriilen en belirgin
sacilma, doguda Niksar’dan batida Corum’a kadar devam eden ve KAFS’den ayrilan iki yan kol ve
iligkili fay segmentlerinin olusturdugu kama sekilli alanda goriiliir. Amasya Makaslama Zonu (AMZ)
olarak adlandirilan bu alan igerisinde geng havzalar, aktif yiikselimler ve belirgin bir sismik aktivite
bulunmaktadir. Neotektonik donem igerisinde gelisen AMZ’nun evriminin anlasilabilmesi i¢in havza
cokellerinin stratigrafisi, fasiyes topluluklar1 ve memeli fosilleri yardimiyla yaslar1 arastirilmistir. Elde
edilen bulgular, makaslama zonunda bugiine kadar Geg¢ Miyosen’de oldugu diisliniilen havza
olusumunun Orta Pliyosen’de basladigin1 ve sinir faylarinin zaman igerisinde aktifligini kaybederek
yerlerini D-B dogrultulu devamli hatlara biraktigini gdstermistir. Bu donem ayni zamanda AMZ
icerisinde bloklarin tanimlandig1 giincel tektonik donemin baslangicina karsilik gelmektedir. Havza
cokellerini kesen faylardan derlenen kinematik verilerin analizi, havzalarin, giinlimiize olduk¢a benzer,
KD-GB yonlii genislemeli bir gerilme rejimi igerisinde olustugunu gostermektedir. Bu genel
gercevenin yanisira bulgulanan yerel gerilme terslenmelerine ait veriler ise makaslama zonu igerisinde
son donemde tanimlanan bloklar arasinda diferansiyel hiz ve rotasyonel farkliligi isaret etmektedir. Bu
caligmada, genis bir alan igerisinden toplanan yas ve kinematige ait veriler, KAFS’nin bolgesel
ozellikleri ve evriminin anlagilmasina, bunun yanisira bolgenin gilincel deprem tehlikesinin
tanimlanmasina yardimci olmaktadir.

Anahtar Sézciikler: Kuzey Anadolu Fay Sistemi, Amasya makaslama zonu, havza olusumu, memeli
| stratigrafisi, kinematik analiz
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The Neogene Stratigraphy and Neotectonic Evolution of the Amasya Region:
Middle Section of the Convex Arc of the North Anatolian Fault System

M. Korhan Ertura¢ & Okan Tiiysiiz

Istanbul Technical University, Eurasia Institute of Earth Sciences, Maslak,
TR-34469 Istanbul, Turkey (E-mail: erturac@itu.edu.tr)

The North Anatolian Fault System (NAFS) forms the northern boundary of the Anatolian plate and is
characterized by a right-lateral strike slip motion. The system starts approximately at 40° east and ends
at 26° west forming a broad arc roughly parallel to the coast of the Black Sea following a former
suture zone. On the large-scale, one observes a 24+1 mm/yr slip on the NAFS and a very comfortable,
nearly rigid counterclockwise rotation of the Central Anatolian Block with respect to the stable
Eurasia that fits very well the GPS data. The only visible perturbations to the smooth geometry of the
NAFS are two main splay faults with several related minor fault segments that bifurcate from the main
fault line at around 34-37° E longitude possibly due to the convexity of the NAFS geometry. These
secondary fault structures show remarkable morphological expression accompanied with elongated
basin formations, narrow uplifts and microseismicity. These basins were used to be regarded as Late
Miocene in age but precise micromamal dating of the related basin stratigraphy indicate that branching
off the NAFS main strand and basin formation at the shear zone initiated at Middle Pliocene and
evolved to the south. The activity of basin bounding faults decreased later on and E-W-trending
transcurrent splays are formed as a part of shear zone evolution. All these structural elements indicate
progressive development of a broad dextral shear zone (named Amasya Shear Zone) located within the
Anatolian micro-plate. Kinematic data derived from the basin sediments indicate a NE—SW extension
direction during basin formation which is identical to recent stress tensor deforming the area. On the
other hand, localized but significant kinematic incompatibilities (reverse extension directions) are
observed probably formed due to differential slip and rotational behaviors of the defined blocks.
Understanding the properties of the study area will improve our knowledge on shear zone evolution
within the NAFS and help to built the seismic hazard evaluation of a large intensely populated area.

Key Words: North Anatolian Fault System, Amasya shear zone, basin formation, mammal
stratigraphy, kinematic analysis

825



, 13—=17 April 2009, MTA—Ankara, Tiirkiye

Biga Yarimadasi’min Yeni Tektonigi: Biga Fay Sisrtemi, KB Tiirkiye
Ali Kogyigit

Orta Dogu Teknik Universitesi, Jeoloji Miihendisligi Boliimii,
Aktif Tektonik ve Deprem Arastirma Laboratuvari, 06531 Ankara (E-posta: akoc@metu.edu.tr)

Biga Yarimadasi batidan Kuzey Ege Denizi, kuzeybatidan Canakkale bogazi, kuzeyden Marmara
Denizi, giineybatidan Edremit Korfezi ve dogu-giineydogudan Havran-Manyas hatt1 ile sinirlanmig
aktif bir deformasyon alanidir. Biga Yarimadasi tektonik olarak ¢ok aktif bir alan olup, Orta-Kuzey
Ege dogrultu atimli Yeni Tektonik bolge i¢inde yer alir. Bu yeni tektonik bolgedeki en biiyiik sikigsma
gerilimi yaklasik olarak D-B yoniinde ¢aligmaktadir. Biga Yarimadas’inmi sekillendiren ve bu yeni
tektonik bolgeyi karakterize eden ana yapi, sag yanal dogrultu atimli Kuzey Anadolu Fay Sistemi’nin
(KAFS) giiney koludur. KAFS’nin giiney kolu, batida Edremit Korfezi ile doguda Bandirma Korfezi
arasinda yer alan bir esige (ylikseltiye) kadar, tiim giiney Marmara kiy1 alan1 boyunca yaklasik D-B
gidigli bir yol izler; daha sonra giineye dogru 35° kadar biikiiliir (Edincik sikismali biikliimil) ve bu
yeni dogrultuda yaklaik 18 km boyunca Siringavus yerlesimine degin devam eder. Bu noktadan
baslayarak, KAFS’nin giiney kolu, egemen olarak KD ve KKD gidisli bir seri fay kusagina ve tekil
faya ayrilir ve yaklagik 110 km genislikte, 200 km uzunlukta, ve KD-gidisli basit bir kesme kusagi
olusturur. Bu basit kesme kusagi burada ilkin Biga Fay Sistemi (BFS) olarak adlanmustir. Arazide
gergeklestirilen ayrintili jeolojik haritalama sonucunda, Biga Fay Sistemi i¢inde 10 dogrultu atimhi fay
kusag, 16 tekil fay ve 13 adet de dogrultu atimli fay havzasi belirlenmis, haritalanmis ve ayr1 ayr
adlanmistir. Fay kusaklari arasinda, kuzeyden giineye dogru, Edincik-Bandirma, Lapseki, Sarica,
Biga-Can, Sarikoy, Etili, Gonen-Yenice, Hamidiye, Havran-Danigment ve Ilica-Darica fay kusaklari
sayilabilir. Biga Fay Sistemi’nin ana fayi, Génen-Yenice sag yanal dogrultu atimli fay kusag: icinde
yer alir. Dogrultu atimh faylara 6zgii iyi gelismis orgiilii faylanma bi¢imi nedeniyle, Biga Yarimadasi
degisik boyutta ve mercek bigiminde ¢ok sayida bloga boliinmiistiir. Bu bloklardan bazilari, 6rnegin
Kazdaglar gibi, basing sirt1 olarak yiikselirken, diger bazilar1 dogrultu atimli havzalar olarak, 6rnegin
Edremit fay kamasi havzas: gibi, Biga Fay Sistemi’nin evrimi siiresince ¢okmesini siirdiirmiistiir. lyi
gelismis dogrultu-atimli fay havzalar arasinda Sarikdy, Gonen, Kalkim, Edremit, Yenice, Ayvacik,
Truva, Behramkale, Ezine-Bayramic, Kazabat, Can, inova ve Biga-Cinarkdprii havzalari sayilabilir Bu
havzalarin ¢ogunlugu Pliyo—Kuvaterner yagh tek bir dolguya sahip olup modern fay kamasi havzasi
tiirindedir. Buna karsin diger bazilar1 ise, Ge¢ Pliyosen Oncesi yagh eski tektonik donemden kalitsal
olup, bir birinden agili uyumsuzluk ile ayrilmis iki farkli dolguya sahip tizerlemis havza tiiriindedir.

Biga Fay Sistemi’ni olusturan gerek fay kusaklar1 ve gerekse tekil faylar, degisik yas ve fasiyese sahip
cesitli kayalar1 kesmis, onlar1 egemen olarak sag yanal yonde otelemis ve bu birimleri gerek kendi
aralarinda ve gerekse Pliyo—Kuvaterner yasli modern havza dolgusu ile tektonik olarak yan yana
getirmistir. Otelenmis cografik belirte¢lere gore, Biga Fay Sistemi iginde birikmis olan sag yanal
dogrultu atim miktar1 yaklasik 40 km dolayindadir.

Gerek tarihsel ve gerekse giincel depremlerin de ortaya koydugu gibi, Biga Fay Sistemi’ni olusturan
yapisal fay segmentlerinin ¢ogu sismik olarak da aktiftir. Aktif fay segmentlerinden bazilari moment

biiyiikliigii 7.0 ve daha iizerinde biiyiik deprem iiretme potansiyeline sahiptir.

Anahtar Sozciikler: Biga Yarimadasi, dogrultu atimli fay, dogrultu atimli havza, atim, 6rgiilii bicim

826



62" Geological Kurultai of Turkey, 13—17 April 2009, MTA—Ankara, Tiirkiye

Neotectonics of Biga Peninsula: Biga Fault System, NW Turkey
Ali Kogyigit
Middle East Technical University, Department of Geological Engineering,

Active Tectonics & Earthquake Research Laboratory, TR-06531 Ankara, Turkey
(E-mail: akoc@metu.edu.tr)

Biga Peninsula is an active deformational area bounded by northern Aegean Sea in the west,
Dardanelles in northwest, Sea of Marmara in the north, Gulf of Edremit in southwest and the line
Havran-Manyas in the east-southeast. The Biga Peninsula is a tectonically very active area included in
the Central-northern Aegean strike-slip neotectonic domain in which the principal compressive stress
is being operating in approximately E—W direction. Major structure, which shapes the Biga Peninsula
and characterizes the Central-northern Aegean strike-slip neotectonic domain, is the southern strand of
the North Anatolian dextral fault system (NAFS). The southern strand of the NAFS follows an
approximately E-W trace along the southern coastal area of Sea of Marmara up to the sill between the
Gulf of Bandirma in the east and Gulf of Erdek in the west, and then bends 35°S (restraining bend),
later on, it runs in this new trend for about 18 km distance up to the near east of Siringavus settlement.
Starting from this point, it bifurcates into a series of fault zones and single faults of predominant NE
and NNE trends resulting in an approximately 110-km-wide, 200-km-long and NE-trending zone of
simple shear, which is here termed to be the Biga strike-slip fault system (BFS). Based on the detailed
field geological mapping, 10 strike-slip fault zones, 16 single faults and 13 strike-slip basins within
this shear zone have been identified, mapped and named separately. Among the strike-slip fault zones,
from north to south, the Edincik-Bandirma, Lapseki, Sarica, Biga-Can, Sarikdy, Etili, Gonen-Yenice,
Hamidiye, Havran-Danigment and Ilica-Darica fault zones can be mentioned. The Master fault of the
Biga Fault System is included in the Gonen-Yenice strike-slip fault zone. Biga Peninsula has been
divided into a number of lens-shaped blocks of differing size due to the well-developed pattern of
anastomosing peculiar to the strike-slip faulting. Some of these blocks have been uplifting to be
pressure ridges, such as the Kazdag mega-pressure ridge, while some others have been subsiding as
the strike-slip basins, such as the Edremit fault wedge basin, during the evolutionary history of the
BFS. Among the well-developed strike-slip basins the Sarikdy, Gonen, Kalkim, Edremit, Yenice,
Ayvacik, Truva, Behramkale, Ezine-Bayramic, Kazabat, Can, Inova and Biga-Cinarkdprii basins can
be mentioned. Most of these basins in the type of modern fault wedge depression with a single
Plio—Quaternary basin infill, while some others are the superimposed basins, which are inherited from
the pre-Upper Pliocene paleotectonic period and have two basin infills separated from one another by
the intervening angular unconformity.

Both the fault zones and single faults comprising the Biga Fault System cut various rocks of dissimilar
age and facies, displace these older rocks in predominant lateral direction and juxtapose them with to
each other and also with the Plio—Quaternary modern basin infill. Based on the offset geographical
markers, total right lateral displacement accumulated within the BFS is about 40 km.

Most of the structural fault segments comprising the BFS are also seismically active as indicated by
both the historical and recent earthquakes. Some of them have a potential of creating big earthquakes

with a moment magnitude of 7.0 or higher.

Key Words: Biga Peninsula, strike-slip fault, strike-slip basin, displacement, anastomosing pattern
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Kuzey Anadolu Fay1 Pasif Sismik Deneyi: ilk Bulgular

A. Arda Ozacarl, C. Berk Biryolz, Hande Tokz, Christine R. Gansz,
George Zandt’, Susan L. Beck?, Linda M. Warren® ve Tuncay Taymaz’

" Orta Dogu Teknik Universitesi, Jeoloji Miihendisligi Bolimii, 06531 Ankara
(E-posta: ozacar@metu.edu.tr)
2 University of Arizona, Department of Geosciences, 85721 Tucson, Arizona, USA
3 Istanbul Teknik Universitesi, Jeofizik Miihendisligi Boliimii, 34469 Istanbul

Kuzey Anadolu Fay1 Pasif Sismik Deneyi (2005-2008) kapsaminda fayin orta kesimine 39 adet ii¢
bilesenli genis bant sismometreden olusan gegici bir sismik ag kurulmustur. Toplanan sismik veriler
lizerinde su ana kadar yapilan ¢aligmalar bdlgenin kabuk ve manto yapisi ile ilgili yeni bulgular ortaya
koymaktadir. Cevre giiriiltii analizlerinde iist kabukta faz hizlarinin Kuzey Anadolu Fay1 etrafinda
artif1, st mantoda ise kuzeybatidan giineydoguya acik bir azalma oldugu goézlenmistir. Alict
fonksiyon analizleri ¢aligma sahasinda kabuk kalinliginin yaklagik 35-40 km civarinda oldugunu
gostermektedir. Ayrica iist kabuk yapisinda Kuzey Anadolu Faymma baghi keskin degisimler
gozlenmektedir. Pn tomografi sonuglarina gére Pn hizlar1 Kirsehir Masifi altinda yiiksek (>8.1 km/s),
Orta Anadolu Fay Kusaginin dogusunda ise disiiktiir (<7.8 km/s). Kesme dalgasi ayrimlanma analizi
ise bolgede hizli S dalgasi polarizayonunun KD-GB dogrultusunda oldugunu ve anizotropi
biiyiikliiklerinin 0.6—1.5 saniye arasinda degistigini ortaya koymaktadir.

Anahtar Sozciikler: Kuzey Anadolu Fayi, kabuk, manto, ¢evre giiriiltii, alic1 fonksiyon, Pn tomografi,
kesme dalgasi ayrimlanmasi
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North Anatolian Fault Passive Seismic Experiment: Preliminary Results

A. Arda Ozacarl, C. Berk Biryolz, Hande Tokz, Christine R. Gansz,
George Zandt’, Susan L. Beck?, Linda M. Warren® & Tuncay Taymaz’

" Orta Dogu Teknik Universitesi, Jeoloji Miihendisligi Boliimii,
TR—06531 Ankara, Tiirkiye (E-mail: ozacar@metu.edu.tr)
? University of Arizona, Department of Geosciences, 85721 Tucson, Arizona, USA
3 [stanbul Teknik Universitesi, Jeofizik Miihendisligi Boliimii, 34469 Istanbul

North Anatolian Fault Passive Seismic Experiment (2005-2008) is a temporary deployment and
consists of 39 three component broadband seismometers located across the central segment of the
fault. Analysis of the collected seismic data show new findings related to the crust and mantle
structure of the region. Ambient noise study indicates increasing phase velocities near North Anatolian
Fault in the upper crust and clear regional decrease from northwest to southeast in the upper mantle. In
the study area, receiver function analyses show a crustal thickness of approximately 35—40 km and
sharp upper crustal variations correlating with North Anatolian Fault. According to Pn tomography
results, Pn velocities are high (>8.1 km/s) beneath Kirgehir Massif and low (<7.8 km/s) east of the
Central Anatolian Fault Zone. In the region, shear wave splitting analysis indicates NE-SW trending
fast S wave polarizations with anisotropy magnitudes varying between 0.6 and 1.5 seconds.

Key Words: North Anatolian Fault, crust, mantle, ambient noise, receiver function, Pn tomography,
shear wave splitting
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Kuzey Anadolu Fay Sistemi’nin Tosya-Havza Boliimii
Uzerindeki Morfotektonik Yapilar

Okan Tiiysiiz ve M. Korhan Erturag

Uistanbul Teknik Universitesi, Avrasya Yer Bilimleri Enstitiisti, 34469 Maslak, Istanbul
(E-posta: tuysuz@itu.edu.tr)

Kuzey Anadolu Fayi, genisligi 100 km yi bulan Kuzey Anadolu Makaslama Zonu (KAMZ) igerisine
yerlesmis sag yanal atimli aktif bir fay sistemidir. KAMZ nun morfolojisi genellikle bu makaslama
zonunu olusturan faylarla denetlenmektedir. Faylar boyunca dere 6telenmeleri, batik goller, gevseten
ve sikigtiran biikliimler, siirgii sirtlari, taragalar, g¢icek yapilar1i gibi yapilar tanimlanmistir. Bu
calismada Tosya (Kastamonu) ile K&priibasi (Havza, Samsun) arasinda KAMZ nun merkezi kesiminin
morfolojisi morfometrik yontemler kullanilarak arastirilmistir. S6z konusu alanda g¢ek-ayir havza
olarak gelistigi kabul edilen iki biiyiikk ¢okel havza bulunmaktadir. Bunlardan Tosya Havzasi Geg
Miyosen, Kargi havzasi ise Kuvaterner ¢okelleri ile doldurulmustur

Kargi Havzasi’nin dogusunda Kuzey Anadolu Fayi’nin ana kolu dar ve derin bir vadi igerisinde
uzanir. Fayin kuzey ve giineyinde ise pozitif ¢icek yapisi seklinde yiikselmis yiiksek daglik alanlar
bulunmaktadir. Doguda Kopriibasi’na dogru makaslama zonu yeniden genisler. Fay zonu Neojen ve
Kuvaterner havzalarina yaklastikca genisler, ana kaya icerisinde uzandigi kesimlerde ise genellikle dar
ve derin bir vadi igerisinde uzanir. Bu yap1 fay zonunun geometrisinin kabugun yapisi tarafindan
kontrol edildigini isaret etmektedir. Diger yandan, Kopriibasi ve Tosya arasinda ana aktif fay boyunca
belirlenen morfolojik yapilar bu bolgede fay boyunca 11 km sag yanal 6telenme oldugunu isaret
etmektedir.

Anahtar Sézciikler: morfotektonik, morfometri, Kuzey Anadolu Fay Sistemi
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Morphotectonic Features Along the Tosya-Havza Section
of the North Anatolian Fault System

Okan Tiiysiiz & M. Korhan Erturag

Istanbul Technical University, Eurasia Institute of Earth Sciences, Maslak,
TR-34469 Istanbul, Turkey (E-mail: tuysuz@jitu.edu.tr)

North Anatolian Fault System is an active right-lateral strike slip zone of deformation emplaced into a
broad shear zone, the North Anatolian Shear Zone (NASZ), reaching up to 100 km width. Morphology
of the NASZ is mainly controlled by the faults within the NASZ. Different morphological entities such
as river offsets, sag ponds, releasing and restraining bends, shutter ridges, terraces, push-up structures
etc have been mapped along the shear zone. In this study, morphology of an area in the central part of
the NAFS between Tosya (Kastamonu) and Kopriibagi (Havza, Samsun) have been studied by using
morphometric methods. In this area there are two sedimentary basins developed as pull apart basins
along the central part of the North Anatolian Fault System. Tosya Basin filled by Upper Miocene
deposits and the Karg1 Basin filled by Quaternary sediments.

To the east of the Kargi Basin, main branch of the North Anatolian Fault System extends along a
narrow and deep valley. In the north and south of the fault there are mountainous areas elevated as
positive flower structures. Close to the Kopriibasi in the east, the shear zone widens again. The fault
zone widens close to the Neogene and Quaternary basins while it is represented by a single fault
branch lying in a very narrow depression in the other areas. This widening and narrowing structure of
the shear zone indicate that the geometry of the fault is controlled by the structure of the crust. On the
other hand, morphological features along the main active North Anatolian Master Fault between
Kopriibasi and Tosya indicate 11 km of right lateral offset for this region.

Key Words: morphotectonics, morphometry, North Anatolian Fault System
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