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Kabuksal Kalinlasmadan Yay-ardi Genislemesine Ege Tektonigi:
Siyrilma Faylarimin Rolii

Laurent Jolivet, Benjamin Huet, Emmanuel Lecomte, Loic Labrousse,
Evguenii Burov, Olivier Lacombe ve Yoann Den¢le

ISTEP, Université Pierre et Marie Curie, T 46-00 N2, case 129, 4 Place Jussieu,
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Diistik agili genis Olgekli normal faylardan olusan (DANF) (LANF) ve sig-egimli genislemeli
makaslama kusaklari Eosenden giinlimiize biitiin Ege bolgesinin evriminde ana rol oynamistir. Ege
bolgesinin, gdzden gecirme anlaminda (review), degisik siyrilma tipleri sunulacak ve ilgili yapilar ile
P-T evrimi tanimlanacaktir.

Y1gisim kamalari i¢indeki sin-orojenik siyrilmalar. Bunlar ya dalma-batma kanallarinin tavanina ya da
yigisim kompleksleri ic¢indeki genislemeli makaslama kusaklarina denk gelmektedirler. Bunlar,
tizerindeki ortii yiikiinii siipiirdiikleri i¢in yiiksek basing ve diisiik sicaklik metamorfik birimlerin
hortlamasinda (exhumation) ana rol oynamaktadirlar. Ornekleri Cyclades adalarindan olan Syros ve
Tinos da bulunmustur. Vari styrilimi Eosen sirasindaki Cycladic mavi sist hortlamasindan sorumludur.
En yeni ornekleri, Helenidlerin dig kisminda yer alan Girit ve Peloponnese’de gdzlenmistir. Fillit-
Kuvarsit HP-LT naplar1, Geg¢ Oligosen-Erken Miyosen sirasindaki Girit styrilimindan hortlamistir. Bu
tip bir styrilma HP-LT parajenezlerinin iyi bir sekilde korunmasi ile baglantilidir.

Yay-ard1 bolgesi Post-orojenik siyrilimlari. Bunlarin en tipik olanlar1 Naxos, Paros, Andros, Tinos and
Mykonos adalarinda gézlemlenebilir. Ge¢ Oligosen ve Miyosen yasli genisleme. Siyrilimlar amfibolit
fasiyesinin ya da yesil sist fasiyesinin derinliklerinden Cyclades’in mavi gist fasiyesinin hortlamasinin
sonuna konukluk etmektedir (accommodate). Bir ka¢ adada, bunlar granitik sokulumlarla es
zamanhdir, (associate contemporenous) genelde yiiksek sicaklik kosullarina dogru bir evrim kayd
edilmistir. Stinlimliiden kirilgan bir davranisa dogru gecis sirasinda siirekli bir deformasyon
lokalizasyonu gdzlenmistir. Ilk lokalizasyon olay1 biitiin dlgeklerde gdzlenmis olan budinajdir. Daha
sonra ise, genislemeli kesme kusaklari budinlerin arasinda olusmustur. Bu durum, farkh 6l¢eklerde de
gozlenmis ve ayrica bu muhtemelen kabuksal 6l¢ekte dogrudur. Bu makaslama kusaklari siirekli
olarak sig-egimli normal faylara doniismektedir. Kataklastikler zayif kusaklarda bile kirilgan olan bu
styrilimlarin yagsamlarinda 6nemli bir yere sahiptir. Siyrilimalarin altinda olugmus olan ¢ekirdek
kompleksleri ilk olarak genisleme yoniine dik ve sicakliklarin orta yiikseltileri tarafindan karakterize
edilen b-tipi domlar olarak gelismekte; daha sonra zamanla yiiksek sicaklik gnays domlarina
doniismekte ve genisleme yoOniine parallel uzanimlar haline gemektedirler. Domlarin geometrik &
jeodinamik evrimleri termo-mekanik modellemeler ile tanimlanmigtir. Kuzey Ege Siyriliminin
Menderes masifinin kuzeyindeki bazi esdeger yapilari ile tartigilmigtir.

Son olarak, Corinth Rift durumu sunulmustur. Klasik olarak Kuzey Anadolu Fay1 ve Kephalonia Fay1
arast bir ¢ek-ayir havzasi olarak diisliniilmiistiir. Burasi ger¢ekten de Ege Siyrilimi/Cekirdek
Kompleksi sistemi ile ¢arpici benzerlikler gostermektedir. Ege ¢ekirdek kompleksi muhtemelen Ege
riftinin altindaki derinliklerinde aktif deformasyonun iyi bir benzeridir. (analogues) Bu riftin, kabuksal
Olcekteki yeni bir capraz kesiti (cross-section) ve Ege bolgesinde yapilmis olan yeni gozlemler
1s518inda zaman igindeki evrimi sunulmus,
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Aegean Tectonics, from Crustal Thickening to Back-arc Extension:
The Role of Detachments
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Large-scale detachments made of low-angle normal faults (LANF) and associated shallow-dipping
extensional shear zones have played a major role throughout the evolution of the Aegean region form
the Eocene to the present. A review of the different types of detachments in the Aegean region is
presented and the associated structures and P-T evolution described.

Syn-orogenic detachments form within accretionary wedges. They correspond either to the roof of the
subduction channel or to extensional shear zones within the accretionary complexes. They play a
major role in the exhumation of high-pressure and low-temperature metamorphic units as they remove
efficiently the overburden. Examples are found in the Cycladic islands of Syros and Tinos. The Vari
detachment is responsible for the exhumation of the Cycladic Blueschists during the Eocene. More
recent examples can be observed in the external parts of the Hellenides, namely in Crete and
Peloponnese. The Cretan detachment exhumed the Phyllite-Quartzite HP-LT nappe in the Late-
Oligocene and Early Miocene. This type of detachment is associated with a good preservation of HP-
LT parageneses.

Post-orogenic detachments form in the backarc region. The most typical of them can be observed on
the islands of Naxos, Paros, Andros, Tinos and Mykonos. Extension is of Late Oligocene and Miocene
age. The detachments accomodate the end of exhumation of the Cycladic Blueschists from the depth
of the greenschist facies or the amphibolite facies. On several islands they are associated
contemporaneous with granitic intrusions and in general an evolution toward high temperature
conditions is recorded. A progressive localisation of deformation is observed during the passage
through the transition from ductile to brittle behaviour. The first localizing event is boudinage that is
observed at all scales. Then, extensional shear zones form between boudins. This is observed a
different scales and it is probably true also at crustal scale. These shear zones evolves progressively
into shallow-dipping normal faults. Cataclasites play an important an important part in the life of these
detachments that are weak zones still in the brittle field. The core complexes formed below
detachments are first b-type domes perpendicular to the direction of extension and characterized by a
moderate elevation of temperature ; they then evolve with time toward high temperature gneiss domes
and they become elongated parallel to the direction of extension. The geometrical and dynamic
evolution of the domes is described and their evolution described through thermo-mechanical
modelling. The possible connection of the North Aegean Detachment with some equivalent structures
north of the Menderes massif is discussed.

Finally, the case of the Corinth Rift is presented. Classically considered a pull-apart basin between the
North Anatolian Fault and the Kephalonia Fault it indeed shows striking similarities with the Aegean
detachments/core complexes systems. The Aegean core complexes are possibly good analogues of the
deformation active at depth below the rift. A new crustal-scale cross-section of the rift is presented and
its evolution through time discussed in the light of observations made in the Aegean.
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Naxos Gnays Domu’nun Termomekanik Evrimi
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(E-posta: dwhitney@umn.edu)
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Naxos Adasi’nda bir Barrovian istif, metamorfik ¢ekirdek kompleksin (MCK) siyrilma fay1 altinda yer
alir ve istifin en yiiksek dereceli metamorfizma bolgesinde, yiiksek ergime fraksiyonlu, migmatit
domu ile tabanlanir. Naxos migmatit ¢ekirdekli (M¢) MCK’nin termomekanik evrimi, genisleme
oraninin ve ergiyin varligr/yokluguna gore degisen farkli senaryolardan olusan 2D sayisal modellerle
aciklanmistir. Naxos M¢ MCK’nin metamorfik ve kinematik ge¢misi, derinlerde kismi olarak akiskan
tabaka igeren bir orojenik kabuga uygulanan yiiksek gerilme hiziyla en iyi sekilde modellenmistir.
Yiiksek gerilme hizinda (MCK bdlgesinde cm/yil), kismen ergimis kabuk migmatit olarak kristallesir
ve yiiksek jeotermal gradyan boyunca (35-65 °C/km) sogur. Kabuk yiikselme sirasinda si1g kabukta
yiiksek sicaklik-diisiik basing kosullarinda migmatit domu olusturacak sekilde kismen ergimis olarak
kalir. Uzerleyen Barrovian istif egimlenir ve izogradik bosluk, yakindaki domun dikey yiikselmesi
nedeniyle ¢oker. 2D sayisal modellerde domun ig¢yapisi alt kabuktan diisiik viskoziteli malzemenin
doma dogru gegisini saglayan kanallarin yukariya dogru akmasiyla kontrol edilir. Bu yukariya dogru
akma kanal carpismastyla sonuglanir ve bu da diisey yiiksek dereceli deformasyon zonunu olusturur.
Arazi Ol¢limlerini kullanarak migmatitlerin 3D yapisal analizleri Naxos gibi M¢cMCK’nin ig
dinamigini agiklamak i¢in 2D sayisal modelleriyle birlestirilebilir. Arazi ve modelleme sonuglari
domal bolgeler arasinda kismen ergimis kabugun diisey akma zonuyla uyumludur. Mostradaki
kayaclarin yapisal karisikligina ragmen dom 6lgegindeki migmatit kismen ergimis kabuk doma dogru
sikistirildigt igin iki kanal arasindaki ¢arpigmay1 yansitan maksimum akmanin izlerini tagir. Naxos ve
Ege’nin diger M¢MCK’leri gosterir ki; Ege kabugunun muayyen boélgeleri kismen ergimistir ve bu
ergiyigin varligi 1s1 ve kiitle transferinde 6nemli rol oynar.
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Thermomechanical Evolution of the Naxos Gneiss Dome
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On the island of Naxos (Greece), a Barrovian sequence underlies the bounding detachment faults of a
metamorphic core complex (MCC) and is cored by an elongate, high-melt fraction migmatite dome in
the highest-grade region of the sequence. The thermo-mechanical evolution of the Naxos migmatite-
cored (Mc) MCC is illustrated by 2D numerical modeling of different scenarios that vary extension
rate and the presence/absence of melt. The metamorphic and kinematic history of the Naxos McMCC
is best modeled by a high extension rate applied to orogenic crust that contains a partially molten layer
at depth. At high extension rate (cm/year in the region of the MCC), partially molten crust crystallizes
as migmatite and cools along a high geothermal gradient (35—65 °C/km); the crust remains partially
molten during ascent, forming a migmatite dome at high-temperature — low-pressure conditions in the
shallow crust. The overlying Barrovian sequence is tilted and isogradic spacing collapses owing to
vertical ascent of the adjacent dome. In the 2D models, the internal structure of the dome is controlled
by the upward flow of channels that transfer low-viscosity material from the lower crust into the
dome. This upward flow results in channel collision, the formation of a vertical high strain zone, and
partial convection of the low-viscosity layer in subdomes. The results of 3D structural analysis of
migmatite using field measurements can be integrated with the 2D numerical models to illustrate the
internal dynamics of McMCCs such as Naxos. Field and modeling results are consistent with a zone of
vertical flow of partially molten crust between subdomal regions. Despite the structural complexity of
the rocks in outcrop, migmatite on the scale of the dome records bulk flow that reflects the collision of
two channels as partially molten crust is forced into the dome, and the 3D effect of top-to-north flow
that controls the dominant N-S lineation pattern and the overturning of folds and subdomes. Naxos and
other Aegean McMCCs show that significant areas of Aegean crust were partially molten and that the
presence of this melt was significant for heat and mass transfer during extension.

Key Words: gneiss dome, metamorphic core complex, migmatite, modeling, Naxos
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Dogal Basin¢-Sicaklik-Zaman-Gerilme Verilerine Gore Kiklatlardaki Domlarin
Termomekanik Modellemesi

Benjamin Huet, Lactitia Le Pourhiet, Evgueni Burov, Loic Labrousse ve Laurent Jolivet

ISTEP, UMR 7193, UPMC Paris, Universite Pierre et Marie Curie, T46-00 E2, 4 Place Jussieu,
75252 Paris cedex 05, France (E-posta: benjamin.huet@upmc.fr)

Cyclades adasi, Yunanistan, birka¢ siyrilma sisteminin altinda hortlamig (exhumed) yiiksek dereceli
metamorfik dom ardalanmasi o6zelliklerini sergilemektedir. Kuzeydeki adalar, Andros, Tinos,
Mykonos ve Ikaria s1g, kuzeye egimli, siyrilma sistemi altinda, soguk P-T orgiileri boyunca (path)
hortlamis eklojit ve mavi sist 6zellikleri gostermektedir. Merkezi adalardaki, Paros and Naxos’daki
hortlamig olan kayaglar ise daha sicak P-T orgiileri (path) takip etmis olup; ikinci bir siyrilma
trendinin altindaki hortlamalar esnasinda migmatize olmuslardir. Giiney’de yer alan los adasinda ise,
metamorfik kayaglarin hortlamasindan sorumlu deformasyonun son basamagi yesil sist fasiyesinde
meydana gelmis olan kuzeye dogru makaslama (shear) ile baglantilidir. HP kayaclarinin hortlamasinin
ilk adimi agik¢a Eosen sin-siibdiiksiyon tektonigi ile ilgili olsa bile, dom yapilari K-G genisleme
episodunu miiteakip olarak olusmuslardir.

Genel anlamda, dolayisiyla, Ege bolgesi farkli adalarda mostra veren 10km-6lgekli farkli bir sicakli
tarihgeli yada 100km-6l¢ekli sicak bir ¢ekirdek ve soguk bir ¢evre (rim) ile ¢evrilmis olan domlarin
ardalanmasi olarak diisiliniilebilir. Bu ¢alismada, tamamen sicakliksal olarak birlestirilmis (coupled)
visko-elastik-plastik  kodlar1  kullanilarak bir dizi termomekaniksel deneyler yapilmistir.
Termomekanik modelleme bdylesi yapilarin ve termal heteronjenitelerin  uygunlugunun test
edilmesine olanak saglayabilir. Yapay P-T oOrgiilerinin tiretilmesi, teorik yas drneklerinin (pattern) ve
modellerden ¢ikarilmig sonlu birim deformasyon (strain) alanlar1 gergek¢i olan ve gercekei olmayan
fiziksel parameter setlerinin (siiniimlii reoloji, 1s1 akisi, genigleme hizi...) ayrilimasi igin isaretler
ortaya koyabilmektedir.

Bu calismada, termal hikayenin son basamagi olan ve bizim ilksel termal yapiyr kurmak igin
kullanmig oldugumuz 16° C/km’lik bir metamorfik gradyan boyunca farkli metamorfik kayaglarin
eristigi dengelenme zamanina denk gelen son ~30 Milyon yillik zaman ele alinmistir. Domlarin seklini
ve hortlamis kayaglarin P-T- t deformasyon yollarini (paths) control eden en hassas parametrelerin alt
kabugun en iistteki ve en alttaki efektif viskozite contrastinin oldugu gosterilmistir. Ust kabugun
kalinlig1 ve alt kabuktaki stinlimlii kanallarin kalicilik siiresi bir biiyiik ya da bir ka¢ daha kiigiik
domlarin gelisimini control etmektedir. Ayrica, carpismali nap istiflerinden miras kalmis olan
karmasik ilksel sekiller de test edilmistir.

Anahtar Sozciikler: genislemeli domlar, sayisal modelleme, sentetik P-T orgiileri, Ege
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Thermomechanical Modelling of Cycladic Domes Constrained by
Natural Pressure-Temperature-Time-Strain Data
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Cyclades island, Greece, represent a succession of metamorphic domes, with high-grade
metamorphics exhumed below several detachment systems. The northern islands, Andros, Tinos,
Mykonos and Ikaria show eclogite and blueschists exhumed along cold P-T paths below a system of
shallow northward dipping detachments. The rocks exhumed in the central islands, in Paros and
Naxos, followed a warmer P-T path, and were migmatized during their exhumation below a second
trend of detachments. In the south, on los island, the last steps of deformation responsible for the
exhumation of metamorphic rocks are associated to shearing toward the north in the greenschist facies.
Even if the first steps of exhumation of HP rocks is clearly associated to Eocene syn-subduction
tectonics, dome structures result from a subsequent N-S extension episode.

Overall, the aegean domain can therefore be considered as a succession of 10km-scale domes with
different thermal histories or a 100 km-scale dome with a hot core and cold rims, cropping out on
different islands. We have performed a set of thermomechanical experiments using a fully thermally
coupled visco-elasto-plastic code. Thermomechanical modelling can provide a test on the viability of
such structures and thermal heterogeneities. The production of synthetic P-T path, theoritical
radiometric age patterns and finite strain field extracted from the models can provide clues to separate
realistic from unrealistic sets of physical parameters (ductile rheology, heat flux, extension
velocity...).

In this study, the last step of the thermal history is considered, since ~30 Ma when most of the
different metamorphic rocks equilibrated at different depths along a 16° C/km metamorphic gradient
that we used to construct the initial thermal structure. We show that the most sensitive parameters
controlling the shape of the domes and the P-T-t-deformation paths of exhumed rocks are the effective
viscosity contrasts at the top and bottom of the lower crust. The thickness of the upper crust and the
duration of persistence of ductile channels in the lower crust control the development of one large or
several smaller domes. Complex initial geometries inherited from collisional nappe stacking are as
well tested.

Key Words: extensional domes, numerical modelling, synthetic P-T paths, Aegean
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Kazdag Masifi'nin Erken—Orta Miyosen'de Hizh Yiikselimi
ve Bati1 Anadolu'daki Neojen Tektonigi

Aral I. Okay', William Cavazza® ve Massimiliano Zattin>
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(E-posta: okay@itu.edu.tr)
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Piazza di Porta San Donato, 40127 Bologna, Italy

Bati Anadolu'da Neojen sirasinda egemen olan tektonik rejim konusunda kabaca ii¢ farkli goriis
vardir: (1) Oligosen—alt-orta Miyosen boyunca devam eden kisalmali bir tektonik rejim, Ge¢ Miyosen
ve Pliyosen'de yerini genislemeli bir tektonik rejime birakmustir, (2) Erken Miyosen'den beri Bati
Anadolu'da siirekli bir geniglemeli tektonik egemendir, (3) Bati Anadolu'da genislemeli tektonik
Neojen'de siiresince siireksiz/aralikli ve lokaldir; yiiksek genigmeli yamulma ile tanimlanan siiregleri,
¢ok az deformasyonun meydana geldigi zaman dilimleri izler. Bati Anadolu'nun Neojen tektonigi ile
ilgili bu teoriler metamorfik ¢ekirdek komplekslerden elde edilen termokronolojik veriler ile test
edilebilir. Kuzeybat1 Anadolu'daki Kazdag Masifi ge¢ Oligosen—erken Miyosen yasta bir metamorfik
cekirdek kompleksdir. Kazdag Masifi kayalarindan elde edilen Rb-Sr ve Ar-Ar muskovit ve biyotit
yaglar1 ve apatit fizyon-iz analizleri Kazdag Masifi'nin 20 Ma ile 10 Ma arasinda (Erken—Orta
Miyosen) ~14 km bir derinlikten ~2 km bir derinlige (above the apatite partial annealing zone)
yiikseldigini gostermektedir. Kazdag Masifi'ndeki diisiik a¢ili makaslama zonlarinin ve yiiksek agili
normal faylarin yapisal analizi, radyometrik yaglar ve tavan blogunda ¢okelen sedimanter istiflerin
stratigrafik analizi Masifin iki evreli bir yapisal evrim ge¢irdigini gostermektedir. Geg
Oligosen—Erken Miyosen'deki birinci evrede Kazdag Masifi'nin diisiik acili siyrilma faylari ile hizl
yiikselmis ve buna bagl olarak epiklastik, volkanoklastik ve volkanik kayalardan olusan siyrilma-fayi-
tizeri (supradetachment) havza ¢okelleri (Kiigiikkuyu Formasyonu) gelismistir. Pliyo—Kuvaterner'deki
ikinci evrede ise (i) Kuzey Anadolu Fay sistemine ait dogrultu atimhi faylar gelismis ve, (ii) Ege
geniglemeli rejimine bagli normal faylar meydana gelmistir. Bu ikinci evre apatit fizyon iz yaslarinda
herhangi bir degisim yaratmamistir. Bu durum ikinci evrede 3—4 km'yi asan bir diisey ylikselmenin
meydana gelmedigini gostermektedir. Kazdag Masifi'nden elde edilen termokronolojik veriler kuzey
Ege bolgesinde genislemeli tektonigin siireksiz/aralikli oldugunu ve Erken—Orta Miyosen ve
Pliyo—Kuvaterner'de iki 6nemli genislemenin cereyan ettigini gdstermektedir.
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Rapid Early—Middle Miocene Exhumation of the Kazdag Massif:
Implication for the Neogene Tectonics of Western Anatolia
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There are broadly three views on the Neogene tectonics in western Anatolia: (1) A shortening tectonic
regime during the Oligocene to Middle Miocene gave way to extension in the Late Miocene—Pliocene,
(2) Continuous extension existed in the Aegean region since the Early Miocene, (3) Extension was
episodic and local with high rates of extension followed by periods of little deformation. These
theories can be tested by thermochronological data from metamorphic core complexes. The Kazdag
Massif in the northwest Turkey is a metamorphic core complex of late Oligocene—early Miocene age.
Rb-Sr and Ar-Ar muscovite and biotite ages and apatite fission-track analyses indicate that the Kazdag
Massif in northwestern Anatolia was exhumed froma depth of ~14 km to ~2 km (above the apatite
partial annealing zone) between 20 and 10 Ma (i.e. early-middle Miocene) with a cluster of ages at
20-14 Ma. The structural analysis of low-angle shear zones, high-angle normal faults and strike-slip
faults, as well as stratigraphic analysis of upper-plate sedimentary successions and radiometric ages,
point to a twostage structural evolution of the massif. The first stage — encompassing much of the
rapid thermal evolution of the massif— comprised late Oligocene—early Miocene low-angle detachment
faulting and the associated development of small supradetachment grabens filled with a mixture of
epiclastic, volcaniclastic and volcanic rocks (Kiigiikkuyu Formation). The second stage
(Plio—Quaternary) has been dominated by (i) strike-slip faulting related to the westward propagation
of the North Anatolian fault system and (ii) normal faulting associated with present-day extension.
This later stage affected the distribution of fission-track ages but did not have a component of vertical
(normal) movement large enough to exhume a new partial annealing zone. The thermochronological
data support the notion that Neogene extensional tectonism in the northern Aegean region has been
episodic, with accelerated pulses in the early-middle Miocene and Plio—Quaternary.

Key Words: Neogene, extension, Kazdag Massif, apatite fission track, Aegean
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Kuzey Orta Anadolu’da Pliyosen’den Giiniimiize
Varolan Siirekli Genisleme Donemi

Bora Rojay

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

Kuzey Orta Anadolu’nun Ge¢ Miyosen sonrasi tektonik evrimi Anadolu’nun neotektonik evrimi
acisindan onemli bir yer tutmaktadir. Kaya topluluklariin stratigrafisi, yaslar1 ve deformasyonu
hakkindaki yorum farkliliklar1 nedeni ile bolgenin Ge¢ Miyosen sonrasi evrimi hakkinda farkl
goriigler bulunmaktadir. Kuzey Anadolu ve Dogu Anadolu fay kusaklari arasinda batiya gdgen
neticesinde Akdeniz sirtt boyunca Afrika Levhasini iizerleyen “Anadolu Levhasi” iizerinde gelisen
Pliyo-Kuvaterner genisleme rejimi Ge¢ Miyosen sonrasi sikigsmali rejimi lizerler. Ege Bolgesi’nden
Orta Anadolu’ya uzanan bir alanda etkin olan ¢ok yonelimli genislemeli (multi directional
extensional) rejimler, Anadolu Levhasini simirlayan kenar fay kusaklarina yakin alanlarda sikismali-
genislemeli (transtansiyonel) bir rejime geger.

Kuzey Orta Anadolu’da yeralan Galatya Volkanik Bolgesinde (Ankara) yiiriitiilen bu ¢alismada Geg
Miyosen ile Pliyosen tortul istifleri arasinda varolan agisal uyumsuzluk bélgenin iki farkh
deformasyon evresinden etkilendigini gostermektedir. Ge¢ Miyosen sonrasi ii¢ ana deformasyon
evresi gozlenmistir. Bunlar; (i) kivrim ekseni analizlerinden elde edilen Ge¢ Miyosen—Pliyosen (?)
oncesi KB-GD/K-G sikigsma, (ii) Erken Pliyosen (?) istiflerinde gelisen ¢okelme ile yasit normal
faylanmalar ile tanimlanan Erken Pliyosen sonrast D—B genisleme, ve (iii) fay diizlemi kayma verisi
analizlerinden elde edilen Pliyosen—Giiniimiiz KKD-GGB/KB-GD ¢ok yonelimli genisleme
rejimleridir. Ozetle, Erken Pliyosen(?) istiflerinde gdzlenen ¢okelme ile yasit normal faylanma ile
tanimlanan genisleme rejimi, Pliyo—Kuvaterner doneminde yon degistirerek devam etmistir.

Pliyosen ve sonrasi doneme ait o, ile o; yonelimleri arasindaki iliskide gozlenen o, yoniiniindeki
degisimler, Orta Anadolu’da etkin olan tektonik rejimin Ege Bolgesi genislemeli rejiminin bir devami
niteliginde oldugunu ve bdlgenin ‘cok ydnelimli geniglemeli’ bir rejimin etkisinde kaldigini
gostermektedir.

Anahtar Sozciikler: Ge¢ Miyosen sonrasi, ¢ok yonelimli genislemeli rejim, kuzey Orta Anadolu,
Galatya volkanik bolgesi, Ankara
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Continuous Extension since the Pliocene
in Northern Central Anatolia

Bora Rojay

Middle East Technical University, Department of Geological Engineering,
TR—06531 Ankara, Turkey (E-mail: brojay@metu.edu.tr)

Post-Late Miocene tectonic evolution of the northern Central Anatolia is an important issue in the
understanding of the neotectonics of the Anatolia. The stratigraphhy and age of sequences, differences
in the interpretation of the deformational styles of post-Late Miocene presents different views. The
migration of the Anatolian Plate towards west between the North Anatolian and East Anatolian Fault
Zones along Mediterranean Ridge onto Africa Plate resulted in the development of Plio-Quaternary
extension in Anatolia that follows the post-Miocene compressional tectonic regime. The multi
directional extensional regime extends from Aegean sector to Central Anatolia and passes to
transtensional areas along border fault zones.

The study is carried out in Galatian Volcanic Province (Ankara) of northern Central Anatolia. The
clear angular unconformity between the Late Miocene and Pliocene sequences indicates the existence
of two deformational phases in the region. The deformational order since post-Late Miocene manifests
three tectonic phases. These are; (i) Late Miocene — pre-Pliocene (?) NW-SE to N—S compression
depicted from fold analysis, (ii) Early Pliocene (?) E-W extension depicted from syn-sedimentary
faults and (iii) Plio—Quaternary NNE-SSW to NW-SE multi-directional extension depicted from fault
slip lineation analysis.

The 6,—03 relationship manifests rotations in principal stress o, axes, which indicates the continuation
of multi directional extension in the Aegean terrain in the Central Anatolian.

Key Words: post-Late Miocene, multi-directional extension, northern Central Anatolia, Galatian
volcanic province, Ankara
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Ege-Bati Anadolu Oroklini’nin Evrimi

Douwe van Hinsbergen

Paleomagnetic Laboratory ‘Fort Hoofddijk’, Utrecht University, Budapestlaan 17,
3584 CD Utrecht, The Netherlands (E-posta: douwework@gmail.com)

Ege, batt Anadolu ve Karpat bolgeleri Neojen blok rotasyonlarmin iyi bilindigi alanlardir. Bu
sunumda bati Anadolu ve Bulgaristan’dan, ana blok rotasyonunun dagilimi ve zamanlamasi ile
bunlarin (yay-ardi) genisleme ve sikisma ile olan iligkilerine dair kayitlar1 tamamlayacak olan yeni
paleomanyetik sonuglar verecegiz. Moezya platformu ve Bulgaristan’da Rodop’dan elde edilen yeni
paleomanyetik referans yonleri bu bdlgenin Eosen’den beri Avrazya’nin pargast oldugunu
gostermistir. Bu yeni yonler rotasyon farkliliklarint ve tektonik anlamlarini ortaya ¢ikarmak i¢in Bat1
Yunanistan ve Karpatlardan elde edilen rotasyonu igeren bir referans olusturur. 15 My’dan beri bati
Ege bolgesinin Moezya platformuna gore saat ibresi yoniinde ~40° rotasyona ugradigi sonucuna
vartlmistir. Bu rotasyon farkinin kismen Ege gerilmeli yay-ardinda karsilanmis oldugu ve kismen de
Balkanlarda Arnavutluk ve Sirbistan’da kagma tektonigi ile (muhtemelen tekrarlanmis kisalma)
karsilandig1 sonucu ¢ikmaktadir. Bu da Moezya platformunun kuzeybati kenar1 ¢evresinde yer alan
Tisza blogunun Karpat yay ardina dogru hareketine yol agmustir.

Giineybat1 Anadolu bolgesinde Ege gerilmeli yay-ardinin dogu ucunda, Bey Daglar1 platformunun saat
ibresinin tersi yoniindeki rotasyonun ~15 My’dan beri olustugunu gosteriyoruz. Yeni paleomanyetik
sonuglar kuzeybat1 Tiirkiye’de Avrasya’ya gore rotasyonun olmadigini gdstermektedir. Bu rotasyon
farki ve gerilme oranlar1 15 ile 5 My arasinda Isparta acgisindaki tekrarlanan sikisma gibi Orta
Menderes Masifi’nin yiikselerek yilizeylemesiyle uyumludur.

Bat1 ve dogu Ege bolgesinde rotasyon kutbu, rotasyona ugrayan bdlgenin icerisinde yer alir. Bu da
kisalmaya ve/veya bat1 rotasyon kutbunun batisinin ve dogu rotasyon kutbunun dogusunun kagmasina
yol agmistir. Orta segment bu nedenle genislemektedir ve genislemenin yonii ve oranlari iyi bilinen
Ege yay-ardimin genislemeli evrimiyle uyumludur. Kisalan segmentin kuzeye dogru hareket orani
orta—ge¢ Miyosen’de Afrika’nin kuzeye hareket orania uyumludur.

Ege yay-ardi gerilmesi 15 My’dan once, Oligosen’de basladi; dolayisiyla yay-ardi genislemenin
baglamasinin bu rotasyonlarin olusumunda etkisi olmamistir. Simdilik diistincemiz sudur ki; 15
My’dan once, Ege yay-ardi pek c¢ok kavisli transform faylarla sinirlanmaktadir ki bunlar yitime
ugrayan levhanin ¢ekilmesiyle iliskili olabilir. Afrika’nin hareketiyle kiyaslanabilir olan ve Ege yay-
ard1 diginda kalan alanlardaki yenilenen sikisma bu bdlgelerin yay-ardi sikismaya ugradigini igaret
eder. Bu da 15 My’dan beri iistte bulunan levha ile altta yer alan levha arasinda yenilenen bir iliskiyi
ifade etmektedir.

Sonug olarak, Ege oroklinin olusumu varsayildigi gibi geriye dogru ¢ekilme (roll-back) ve yay-ardi
genislemeyle meydana gelmemistir. Tersine yaym iki tarafindaki bir genisleme-sikisma ciftiyle
meydana gelmigtir. Afrika ve lizerleyen Ege-Bati Anadolu bolgesi arasinda yeniden olusan bu baglanti
kitasal kabugun dalimina bagli olarak dalan levhanin egiminin azalmasindan kaynaklanmis olabilir.

Anahtar Sozciikler: paleomanynetizma, rotasyon, Bey Daglari, Menderes, Moezya platformu,
Bulgaristan, Yunanistan, Tiirkiye
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The Evolution of the Aegean-west Anatolian Orocline

Douwe van Hinsbergen

Paleomagnetic Laboratory ‘Fort Hoofddijk’, Utrecht University, Budapestlaan 17,
3584 CD Utrecht, The Netherlands (E-mail: douwework@gmail.com)

The Aegean, western Anatolian and Carpathian regions are well known for major Neogene block
rotations. In this contribution we show new paleomagnetic results from western Anatolia and Bulgaria,
which complete the record of timing and distribution of major block rotations, and their relation to
(back-arc) extension and compression. A new paleomagnetic reference direction from the Moesian
platform and the Rhodope in Bulgaria show that this region has been firmly attached to Eurasia since
the Eocene. This new direction provides a reference direction with which the rotation results from
western Greece and the Carpathians can be compared to resolve the rotation differences, and their
tectonic accommodations within this complex tectonic province. It is concluded that the west-Aegean
region rotated ~40° clockwise with respect to the Moesian platform since 15 Ma, and infer that this
rotation difference was in part accommodated in the Aegean extensional back-arc, and in part by
extrusion tectonics (and possibly renewed contraction) in the Balkanides of Albania and Serbia,
leading to the motion of the Tisza Block around the northwestern edge of the Moesian platform, into
the Carpathian back-arc.

In the southwestern Anatolian region, at the eastern edge of the Aegean extensional back-arc, we show
that counterclockwise rotation of the Bey Daglan platform also occurred since ~15 Ma. New
paleomagnetic results also show absence of rotation with respect to Eurasia in northwestern Turkey.
This rotation difference and inferred rates of extension are in line with the exhumation of the Central
Menderes Massif between 15 and 5 Ma, as well as renewed contraction in the Isparta Angle.

In both the western and eastern Aegean region the rotation pole is situated within the rotating domain,
leading to contraction and/or extrusion west of the western rotation pole, and east of the eastern. The
central segment is thus extending, and the rates and direction of extension are in line with the well-
established extensional history of the Aegean back-arc. The rates of northward motion of the
contractional segments correspond to the rate of northward motion of Africa in the middle to late
Miocene.

Aegean back-arc extension started, however, in the Oligocene, well before 15 Ma, and the onset of
back-arc extension hence did not lead to these rotations. Prior to 15 Ma, we tentatively suggest that the
Aegean back-arc was bounded by discrete transform faults that may be linked with slab edges
accommodating slab retreat. The renewed contraction outside the Aegean back-arc, with rates
comparable to African motion suggests that these regions experienced back-arc compression,
suggesting a renewed connection between the under-riding and over-riding plates since 15 Ma.

It is thus concluded that the formation of the Aegean orocline was not triggered by roll-back and back-
arc extension, as normally assumed, but by two extension-compression couples on either site of the
arc. This reconnection between the African and overriding Aegean-western Anatolian domain may
have resulted from a decrease in slab dip, e.g. due to subduction of continental crust.

Key Words: paleomagnetism, rotation, Bey Daglari, Menderes, Moesian platform, Bulgaria, Greece,
Turkey
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Rodop’ta 33 My Kadar Siirekli Sinmetamorfik Bindirme: Nestos Makaslama
Zonundan Veriler ve Ege’nin Jeodinamigi Uzerindeki Anlami

Pierre Gautierl, Tanko Gerdjikovz, Gilles Ruffetl, Valérie Bosse® s
Zlatka Chemevaz, Pavel Pitra' ve Erwan Hallot'

Université Rennes 1, Géosciences Rennes, UMR 6118 CNRS, Campus de Beaulieu,
35042 Rennes, Fransa (E-posta: pierre.gautier@univ-rennesl.fr)
? Sofia University «St Kliment Ohridski», 15 Tzar Osvoboditel Blvd, 1504 Sofia, Bulgaristan
? Université Blaise Pascal, Laboratoire Magmas et Volcans, UMR 6524 CNRS, 5 rue Kessler, 63000 Clermont
Ferrand, France

Rodop Metamorfik Kompleksi (RMK) giineybatiya verjansli Hellenidler ile kuzeye verjansli Balkanidler
arasinda, kuzey Ege’de yer alir ve orta-yiiksek dereceli metamorfik kayalar ile pek ¢ok granitoid intriizyonu
igerir. iginde Alpin donemiyle iliskili yiiksek metamorfizma kosullarmin taninmast RMK nin Alpin orojeninin
yiikselmis ¢ekirdegi olarak degerlendirilmesine neden olur. Onemli bir kesimi Yunanistan icinde yer alan Nestos
makaslama zonu (NMZ) RMK’nin ana yapilarindan biri olarak bilinir ve ‘Sidironero {iinitesi’ (SU)’nin,
‘Pangaeon iinitesi’ (PU) (Rodop metamorfik kompleksinin goriiliir en alt birimi) {izerinde yeraldig1 dokanakta
tavan blokunun GB’ya hareket ettigini gosterir kinematik verilerin gelistigi KKD’ya egimli kalin milonitlerden
olusur. Cogu yazarlara gére NMZ’da tavan blokunun GB’ya hareketini gosterir makaslama fabrigi
metamorfizmayla es zamanl bindirmeden kaynaklanir. Ana argiiman makaslama zonu boyunca bir terslenmis
metamorfik derecelenmenin rapor edilmis olmasidir. Literatiirde tanimlandigi sekliyle bu metamorfik
derecelenmenin agiklanmasi zordur. Bunun tersine diger yazarlara gére, NMZ tavan blokunun GB’ya hareketini
veren makaslama, genislemeyle iliskilidir. Bu goriis, daha giineybatidaki Neojen siinek gerilme alan1 ve NMZ
arasindaki goriiniir yapisal siireklilige ve fabrik uyumuna dayandirilir. NMZ boyunca gelisen makaslamanin
yaklasik 37 My’a kadar siirdiigli ogunlukla K-Ar Hbl yaslarina dayali olarak ifade edilmektedir. Bu durumda,
pek ¢ok yayinda ifade edilen, orojen sonrasi gerilmenin RMK ve dolayinda Eosen veya oncesinde bagladigini
savunan ikinci yorumu destekler. Sonu¢ olarak bazi yazarlar, itilmeye bagli gelisen ve {ist diizeylerin GB’ya
hareket ettigi fabrilerin, yaklasik 37 ve >30 My aras1 donemde itilme zonunun genisleme rejimi ile tekrar
hareketlenmesinden kaynaklanan KKD ydnlii yerel makaslama fabrigi ile lizerlendigini ileri siirerler.

NMZ iizerinde tarafimizdan yapisal, petrolojik ve jeokronolojik (U-Pb ve *Ar-**Ar) calismalar yapilmis ve
terslenmis metamorfizmanin ispatlanarak GB’ya olan hareketlerle yasit oldugu bulunmustur. Biitin SU (NMZ
ile kismen iizerlenen, tabani dahil) T>700 °C’de kismi ergimeye maruz kalmistir. Lokal olarak ana fabrigi kesen
l6kosomlar metamorfik istifin sogumasindan hemen once; >50 ila yaklasik 39 My (U-Pb zirkon ve monazit
yaslar1) aras1 donemde kristallenmistir. Bu durumda migmatizasyon en azindan bir kismiyla makaslamayla yasit
metamorfik evrimin bir parcasidir ve daha eski bir olay degildir. Bunun tersine, SU’nun hemen altindaki PU
kayalar1 anateksi kosullarina ulagamamustir. Falakron Dagmin kuzey eteklerinde PU igin tipik olan kalin
mermerlerle birlikte granat amfibolitler ve granat-disten sistler mostra verir. Bunlar, yiiksek metamorfik
kosullara (T ~650°C) ulasan ‘Ust Pangaeon’ alt iinitesinin varhigma isarettir. PU biriminin, ana mermer
katmanini tizerleyen birka¢ km kalintaki porfiritik ortognayslardan olusan diger kesimleri T < 550 °C sicakliga
maruz kalmislar ve daha yiiksek dereceli kosullara ait kalintilar1 icermez. Bdylece yiiksek dereceli metamorfik
kayalar daha diisiik dereceli metamorfiklerin iizerine, NMZ boyunca metamorfizmayla yasit bindirmeyi dogrular
sekilde, GB yoniindeki makaslama siirecinde yerlesmistir. NMZ’dan elde edilen *Ar-**Ar Hbl tek kristal yaslart
yaklagtk 39 ila 37 My arasindadir. Bu yaslar1 amfibolit fasiyesindeki makaslamanin sonu olarak
degerlendiriyoruz. Daha sonraki deformasyon artisi, daha 6nceki fabrik ve kinematik verilerle uyumlu olan, yesil
sist fasiyesi milonit ve ultramilonitlerini tiretmistir (tavan blokunun K/KD yoniinde asagiya hareket ettigi bir
makaslamanm izleri NMZ boyunca gériilmemektedir). Bu kayalardan elde edilen *Ar-*’Ar Ms plato yaslari
yaklagik 36 ila 33 My arasidir ve milonitlesme yasi olarak yorumlanmistir. PU’nun pik kosullarna gelince;
deformasyon diisiik dereceli kosullar veya esdegerinde olustu. Bdylece terslenmis metamorfizmanin
aciklamasina gerek kalmadi. Veriler gesitli sekillerde degerlendirilse de deformasyon bindirmeden dolayidir.
Sonug olarak NMZ boyunca gelismis olan metamorfizmayla yasit bindirme ~33 My kadar genctir. Bu durum,
Oligosen dncesinde baglayan ve Kuzey Ege’de halen aktif olan orojen sonrasi genisleme goriisiinii tekzip eder.
RMK’deki ¢aligmalarimiz ayrica genislemenin 27 My’dan 6nce baslamadigina isaret eder. Boylece, bazi giincel
jeodinamik sentezlerdeki farkliliklarla birlikte, bu genisleme, Kikladlar ve Menderes bolgesindekilerle yaklasik
ayn1 zamanda baglamistir.

Anahtar Sozciikler: bindirme, terslenmis metamorfizma, jeokronoloji, Rodop, Hellenid, Yunanistan, Ege
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The Rhodope Metamorphic Complex (RMC) is located in the northern Aegean, between the southwest-
vergent Hellenides and the north-vergent Balkanides. It exposes medium- to high-grade metamorphic rocks
and many granitoid intrusions. Following the recognition that even the highest conditions of metamorphism
in it relate to the Alpine cycle, the RMC can be viewed as the exhumed core of the Alpine orogen. The
Nestos Shear Zone (NSZ), mostly on the Greek territory, is recognized as one of the major structures of the
RMC. 1t consists of a thick NNE-dipping pile of mylonites with top-to-SW kinematics encompassing the
contact of the ‘Sidironero Unit’ (SU) onto the ‘Pangaeon Unit’ (PU, the lowest exposed unit of the RMC).
For most authors, the top-to-SW shear fabric of the NSZ reflects synmetamorphic thrusting. The main
argument is the report of an inverted metamorphic gradient across the shear zone. As it is described in the
litterature, however, this gradient remains difficult to interpret. In contrast, for other authors, top-to-SW
shearing across the NSZ reflects extensional shearing. This view relies on the apparent structural continuity
and the consistency of fabrics between the NSZ and a domain of Neogene ductile extension further
southwest. Based mostly on K-Ar Hbl ages, it is usually argued that shearing across the NSZ persisted until
ca. 37 Ma. If so, support to the second interpretation may be found in the growing number of studies
suggesting that post-orogenic extension started in and around the RMC during the Eocene or before.
Finally, some authors argue that the top-to-SW shear fabric, due to thrusting, is overprinted by top-to-N/NE
localized shear zones reflecting extensional reactivation of the thrust zone between ca. 37 and >30 Ma.

We carried out a structural, petrological and geochronological (U-Pb and 39Ar—4OAr) study of the NSZ.
Inverted metamorphism is confirmed and is found to be coeval with top-to-SW shearing. The whole SU
(including its base, overlapping with the NSZ) experienced the conditions of advanced partial melting, at T
> 700°C. Leucosomes that locally crosscut the main fabric crystallized between > 50 and ca. 39 Ma (U-Pb
zircon and monazite ages), just before cooling of the metamorphic pile. This shows that at least part of the
migmatization is not an old event but is part of the syn-shearing metamorphic evolution. In contrast, rocks
of the PU right beneath the SU did not reach the conditions of anatexis. The northern foot of Falakron Mt
locally exposes garnet-kyanite schists and garnet amphibolites associated with thick marbles typical from
the PU, which indicates the presence of an ‘Upper Pangaeon’ subunit that reached high metamorphic
conditions (T ~650 °C). The rest of the PU, including a discontinuous pile (up to several km thick) of
porphyritic orthogneisses overlaying the main marble layer, has experienced temperatures of < 550°C
during shearing and shows no relics of higher grade conditions. Thus, higher-grade rocks were emplaced
onto lower-grade rocks during top-to-SW shearing, attesting for synmetamorphic thrusting along the NSZ.
9 Ar-**Ar Hbl single-grain plateau ages from the NSZ are ca. 39 to 37 Ma, which we interpret as dating the
end of amphibolite facies shearing. Later strain increments have produced greenschist facies mylonites and
ultramylonites concordant with the earlier fabric and with identical kinematics (no trace of top-to-N/NE
down-dip shearing was found along the NSZ). I Ar-YAr Ms single-grain plateau ages from these rocks are
ca. 36 to 33 Ma, which we interpret as dating mylonitization. With respect to peak conditions in the PU,
this deformation occurred at equivalent or lower grade conditions, therefore inverted metamorphism cannot
be invoked in this case. Nevertheless, several lines of evidence indicate that this deformation reflects
thrusting as well. Consequently, our study documents persistent synmetamorphic thrusting along the NSZ
as late as ca. 33 Ma. This contradicts the view that post-orogenic extension was already active in pre-
Oligocene times in the northern Aegean. Our analysis of the RMC further indicates that post-orogenic
extension did not start before ca. 27 Ma. Hence, it started at about the same time than it did in the Cyclades
and Menderes region, at variance with the statement in some recent geodynamic syntheses.

Key Words: thrust, inverted metamorphism, geochronology, Rhodope, Hellenides, Greece, Aegean
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Genislemeli tektonizma ile es yasl granitler, genlesmeli orojenik kusaklarin evriminin anlagilmasi
bakimindan 6nemli yapisal 6zelliklere sahiptir. Genislemeli tektonizmanin en iyi gelistigi bolgelerden
biri olan Ege Bolgesi, Alpin orojenezini izleyen evrede gelisen metamorfik ¢ekirdek kompleksleri ve
gerilme ile es yash granitik kayaglar igerir. Kuzeybati Anadolu’da yer alan Alagam sahasi, farkli
tektonik birliklerin sinirlar1 boyunca yiizlek veren anahtar bir alan niteligindedir. Erken Miyosen yash
Alagamdag granitlerinden elde edilen yapisal veriler, granit sokulumlari ve metamorfik ¢ekirdek
kompleksinin gelisiminin anlasilmasina 11k tutabilecek iki farkli deformasyonu isaret etmektedir.
(1)Yiiksek agili makaslama zonu, K—-G dogrultulu olup tektonizma ile yasit granit stoklarinin
yerlesimini denetlemistir. izmir-Ankara Zonu ile Menderes Masifi’ne ait kayaglari yan yana getiren bu
zon boyunca tavan blogu giineybatiya dogru hareket etmistir. (2) Diisiik a¢ili makaslama zonu, yapisal
olarak alt kesimlerde Menderes Masifi’ne ait sistleri kesen granitik stoklar icerisinde gelismistir.
Foliye granitlerden elde edilen kinematik veriler, Simav ve Kazdag metamorfik c¢ekirdek
komplekslerinde oldugu gibi tavan blogunun kuzeydoguya dogru hareketi ile uyumludurlar. Bu
makaslama zonu Menderes Masifi ve iizerleyen izmir-Ankara Zonu kayaglar1 arasinda bir siyrilma
faymin varligina isaret etmektedir. Diisiik acili makaslama zonu igerisinde gelisen foliyasyon
diizlemlerini deforme eden, yiizlek ve harita Slgegindeki kivrimlar ise Erken Miyosen’de stiniimlii
deformasyona ugrayan kabugun KD-GB dogrultulu genislemeli tektonizma ile yasit/eslik eden
KB—-GD dogrultulu sikigma ile olustugu diistiniilmektedir.

Yiiksek a¢ili makaslama zonu, Kikladlar ve Menderes Masifi arasindaki farkli gerilmeye neden olan
bolgesel dlcekli, KD-GB dogrultulu sol atimli bir burkulma koridorunun kuzeydogu kenarinda yer
almaktadir. Izmir-Balikesir transfer zonu olarak adlandirilan bu kabuksal 6l¢ekli burkulma koridoru
olasilikla orojenik bolgelerdeki simetrik ve asimetrik gerilmeyi de kontrol etmistir. Ege bolgesinde
yaygin KD-GB dogrultulu makaslama zonlarinin gelisiminde, gerek Ege dalma-batma zonunun
giineye hareketi gerekse Avrasya st levhasinda oblik sol atimli yirtilmaya neden olan yanal dilim
segmentasyonun etkili oldugu diisiintilmektedir.

Anahtar Sozciikler: metamorfik ¢ekirdek kompleksi, sintektonik granitoyidler, transfer zonu, Ege
dalma-batma zonu, Alagamdag graniti, kuzeybat1 Tiirkiye
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Syn-extensional granitoids may have significant structural features, leading to the understanding of the
evolution of extended orogenic belts. One of the highly extended regions, the Aegean region, includes
a number of metamorphic core complexes and syn-extensional granitoids developed following the
Alpine collisional events. The Alagamdag area in northwestern Turkey is one of the key areas where
Miocene granitoids crop out along the boundary of various tectonic units. Structural data from the
Early Miocene Alagamdag granitoids demonstrated two different deformation patterns that may
provide insights into the development of granitic intrusions and metamorphic core complexes. (1)
Steeply-dipping shear zones caused emplacement of syn-tectonic granite stocks; they include
kinematic indicators of a sinistral top-to-the-SW displacement. This zone has also juxtaposed the
Izmir-Ankara Zone and the Menderes Massif in the west and east, respectively. (2) Gently-dipping
shear zones have developed within the granitic stocks that intruded the schists of the Menderes Massif
on the structurally lower parts. Kinematic data from the foliated granitoids indicate a top-to-the-NE
displacement, which can be correlated with direction of the hanging-wall movement documented from
the Simav and Kazdag metamorphic core complexes. The gently-dipping shear zones indicate the
presence of a detachment fault between the Menderes Massif and the structurally overlying Izmir-
Ankara Zone. Mesoscopic- to map-scale folds in the shallow-dipping shear zones of the Alagamdag
area were interpreted to have been caused by coupling between NE—SW stretching and the
accompanying NW-SE shortening of ductilely deformed crust during Early Miocene.

The NE-trending, steeply-dipping shear zone was interpreted to form the northeastern part of a
sinistral wrench corridor, which caused differential stretching between the Cycladic and the Menderes
massifs. This crustal-scale wrench corridor, the izmir-Balikesir transfer zone, may have controlled the
asymmetrical and symmetrical extension in the orogenic domains. The combination of retreat of the
Hellenic subduction zone and the lateral slab segmentation leading to the sinistral oblique-slip tearing
within the Eurasian upper plate appears to be plausible mechanism for the development of such
extensive NE-trending shear zones in the Aegean region.

Key Words: metamorphic core complex, syn-extensional granitoids, transfer zone, Aegean
subduction, Alagam granite, northwestern Turkey
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Ege bolgesinde, Neotetis okyanusunun kuzey kolunun kapanmasi, sikisma rejimi, kabuksal kalinlagma
stirecleri Ge¢ Kretase’den Eosen’e kadar devam etmis ve birgok tektonik birligin bir araya gelmesine
neden olmustur. Bolgede, genislemeli tektoniginin Geg¢ Oligosen—Erken Miyosen’de basladigi ve
glinimiize kadar devam ettigi kabul edilmesine karsin, deformasyonun siirekliligi ve/veya kesintiye
ugradigr gibi konular halen tartismalidir. Bu tektonik siirecler yaygin magmatik aktiviteye ve
magmatik kayaclarin D—B dogrultulu bir kusak boyunca yogunlagmasina neden olmustur. Bu kusak
Alacamdag volkano-pliitonik kompleksine ait granitik ve es yash dasit-andezitik bilesimli volkanik
kayaclarint da igermektedir. Bolgede yiizlek veren granitik kayaclar, kabuksal o6lgekli stintimlii
deformasyona ugramis ve sonucunda milonit-ultramilonitler gelismistir. Bolgede siiniimlii makaslama
zonlar1 genislemeli tektonik rejim altinda gelismis ve s1g yerlesimli granitlerin ylizeylemesinde 6nemli
bir role sahiptir. Jeolojik, jeokimyasal ve jeokronolojik veriler, bolgede iki farkli granit fasiyesinin
varligmi gostermektedir. Her iki fasiyese ait kayaclar benzer mineralojiye ve magma karisim
dokularma sahip olup tek fark birisinin holokristalin hipidiyomorf tanesel, digerinin ise iri K-feldispat
megakristalleri ile belirginlesen porfirik doku gostermesidir. Granitlerin ¢evresinde yayilim sunan
andezit-dasit bilesimli volkanik kayaglar ise, intriizyonlar, domlar, lav akintilari, dayklar ve
volkanojenik tortul kayaclardan olugmaktadir. Granitik kayaglar 20.8 ve 19.5 My Ar-Ar soguma yasi
verirken, 19.2 My yasl andezit-dasit bilesimli volkanikler ise granitler ile zamansal ve mekansal iligki
sunarlar. Granitik ve volkanik kayaglar sirasi ile, 7Sr/%6Sr 0.708-0.709; "*Nd/'**Nd 0.5122-0.5123;
¥781/*°Sr 0.707-0.709; "*Nd/***Nd 0.5122-0.5123 degerlerine sahiptir.

Granitik ve volkanik kayaglar metaliimino, yiiksek K’lu, kalkalkalin, I-tipi karakter sergilemektedir.
Granitlere ait mafik birimlerin SiO,, Ni, V degerleri zenginlesmis MORB ile karsilastirildiginda,
astenosferik kokenli kayaglar ile benzerlik sunmaktadir. Yiiksek LILE, Ba/La, negatif Nb, Ta, Ti
anomalileri dalma batma ile iliskili manto ile astenosferik kaynagin kirletildigini belirtmekte ve yay
verisi olarak kabul edilmektedir. Granitik ve volkanik birimlerin mineralojik, jeokimyasal, izotopik ve
yas verileri bakimmdan biiyiik benzerlikler sundugu, ancak olusum ve katilagmalar sirasinda farkli
stireclere (fraksiyonel kristallesme, kismi erime, vb.) maruz kaldiklar1 goriilmektedir. Bu kayaglarin tek
bir magma kaynagindan tiiredigi, magmanin farklt zamanlarda yerleserek (pulses) bdlgedeki
magmatizmay1 olusturdugu diisiiniilmektedir. Kabuk katkis1 fazla olan tek hibrid magma kaynagimin
derinlerde fraksiyonlagmasi ile once granitlerin, sonra volkanik kayaglarin olustugu ileri stirtilebilir.
Tektonik ayirtman diyagramlarinda granitik ve volkanik kayaclarin volkanik yay, volkanik yay-
carpisma sonrasi bolgede yerlerini aldiklart goriilmektedir. Elde edilen veriler, bolgenin jeolojisi ile
birlikte degerlendirildiginde, Alagcamdag volkano-pliitonik kompleksi’nin, Bat1 Anadolu’da diisiik ac1
ile dalan okyanusal dilimin giineye dogru hareketi ve dilimin ergimesi ile iligkili olabilecegi
goriilmektedir. Dilimin gilineye hareketi, sirasiyla yay gerisi kabuk incelmesi, metamorfik ¢ekirdek
kompleksi ve makaslama zonu gelisimi, astenosfer yiikselimi ve levha altt mafik magma yerlesimine
neden olmustur. Ege adalarinda yeralan yay-ardi gerilme ile iliskili oldugu oldugu kabul edilen
granitoyitik kayaglar ile Alagamdag granitleri gerek jeolojik gerekse jeokimyasal ve izotopsal veriler
bakimindan biiylik benzerlikler gostermektedir.

Anahtar Soézciikler: Alacamdag volkano-plutonik kompleksi, kuzeybati Anadolu, hibrid magma,
Nd/Sr izotopu, jeokronoloji, I-tipi granitler
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In the Aegean region, processes of closure of the northern Neotethyan Ocean, compressional regime
and crustal thickening occurred since Late Cretaceous to Palacocene and resulted in amalgamation of
various tectonic units. Although extensional regime was accepted to have been active since Late
Oligocene Early Miocene, topics regarding the presence of any quiescence and/or episodicity in the
regime are still subjected to debate. These tectonic processes caused extensive magmatic activity that
formed volcanic/plutonic rocks along an E—W-trending belt across the northwestern Turkey. The belt
also includes the granitic and coeval andesitic-dacitic volcanic rocks of the Alagamdag volcano-
plutonic complex. The granitic rocks in the Alacamdag region were ductilely deformed at a crustal
scale and partly transformed into the mylonites and ultramylonites. Ductile shear zones developed
under extensional tectonic regime and contributed to the exhumation and uplift of the shallow-seated
granites in the region. Geological, geochemical and geochronological data indicate two distinct granite
facies. Both facies have similar mineralogy and their major diagnostic feature is the presence or
absence of porphyritic texture defined by the megacrysts of K-feldspars. These facies also include
common magma mingling textures. Andesitic-dacitic volcanic rocks are made up of intrusions, domes,
lava flows, dykes and volcanogenic sedimentary rocks. While granitic rocks have Ar-Ar ages between
20.8 ve 19.5 Ma, volcanic rocks yielded 19.2 Ma Ar-Ar cooling ages, suggesting a spatial and
temporal relationship between plutonic and volcanic rocks. Granitic and volcanic rocks have *'Sr/*Sr
0.708-0.709, '“Nd/"*Nd 0.5122-0.5123 and *’Sr/*°Sr 0.707-0.709; '*Nd/'**Nd 0.5122-0.5123
isotope ratios, respectively.

They are metaluminous, high-K, calc-alkaline and I-type in character. When SiO,, Ni and V values are
compared to those of enriched MORB, mafic units within the Alacamdag granite are geochemically
similar to the asthenospheric rocks. High LILE and Ba/La ratio, negative Nb, Ta, Ti anomalies
indicate that asthenospheric source was contaminated by the subduction-related mantle, confirming the
presence of arc setting. Mineralogical, geochemical, isotopic and geochronological data revealed that
granitic and volcanic rocks in the Alagamdag region are also similar in origin and have undegone
diverse processes such as fractional crystallisation and partial melting. These rocks are thought to have
been derived from a single magma source as magma pulses in the region. Granitic and volcanic rocks
can be suggested to have been formed by the fractionation of a hybrid magma source with significant
crustal input. In tectonic discrimination diagrams, samples of the granitic and volcanic rocks appear to
plot on volcanic arc and volcanic arc/post-collision fields. Presented data combined with pre-existing
regional geology show that the Alagcamdag volcano-plutonic complex may have been related to the
southward retreat and melting of a shallow-dipping oceanic lithosphere. Retreat of the subducted slab
caused back-arc crustal thinning, metamorphic core complex and shear zone development,
asthenospheric rise and formation of underplating mafic magma, respectively. Granitoids in the
Aegean region related to the back-arc extension show close similarity to the Alagamdag granites in
terms of geological, geochemical and isotopic characteristics.

Key Words: Alagamdag volcano-plutonic complex, northwestern Anatolia, hybrid magma, Nd/Sr
isotope, geochronology, I-type granite
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Bati Anadolu’daki baslica grabenlerde (Gediz ve Biiyilk Menderes Grabenleri gibi) Neojen-
Kuvaterner istifleri havzalar boyunca yiizlek verdigi halde, Kii¢iik Menderes Grabeni’nde haritalanan
Neojen—Kuvaterner istifleri birbirinden bagimsiz yiizlekler seklindedir. Bunlardan, grabenin dogu
ucunda yer alan Kiraz gevresindeki istif ayrintili olarak calisildigi halde, batida Tire, Bayindir ve
Odemis cevresinde yiizlek veren Neojen—Kuvaterner istiflerle ilgili bilgiler kisitlidir.

Kiraz yoresinde Menderes Masifi kayalar1 Orta Miyosen yasli Basova Andezitleri tarafindan kesilir.
Havzanin temelini olusturan bu birimler, Suludere ve Aydogdu Formasyonlar1 tarafindan
uyumsuzlukla tstlenir. En ge¢ Orta Miyosen—Ge¢ Miyosen yasli Suludere Formasyonu’nun alt
kesimleri, ostrakodlu, algal karbonat kabuk ve mikrobiyal karbonatlarla simgelenen, karasaldan tath
veya aci suya degisen, sig gol cokellerinden olusur. Formasyon, iiste dogru akarsu denetimli aliivyon
yelpazesi ¢okelleriyle devam eder. Suludere Formasyonu’nu agisal uyumsuzlukla iistleyen Aydogdu
Formasyonu ise Pliyo—Pleyistosen yaslidir ve fay denetimli aliivyon yelpazesi ¢okellerinden olusur.
Suludere Formasyonu sikigsma tektonigi denetiminde gelismis, ters ve dogrultu atiml faylarla deforme
edilmistir. Aydogdu Formasyonu'nun ¢okelimi ise, genislemeli Neotektonik rejimin blok
faylanmastyla iliskilidir.

Kii¢iik Menderes Grabeni’nin giineybati ucunda, Tire yoresinde ise, Neojen istifi, metamorfik temeli
uyumsuz olarak {istleyen Ayaklikin ve Aydogdu Formasyonlari’yla temsil edilir. Ayaklikir
Formasyonu’nun alt boliimleri, ostrakodlu, gastropodlu, komiirlii, karasal, ac1 veya tath su, s1g golsel
karbonatlardan, kalan bdliimleri ise akarsu denetimli aliivyon yelpazesi tortullarindan olusur.
Birbirinden bagimsiz yamalar seklinde yiizlek veren Ayaklikiri Formasyonu, agisal uyumsuzlukla
Aydogdu Formasyonu tarafindan iistlenir. Tire kuzeyindeki Bayindir ve Odemis cevresinde ise, havza
dolgusunu sadece Aydogdu Formasyonu olugturur.

Blok faylanma sirasinda gelisen ana faylar, Kiraz ¢evresinde KB—GD uzanimli oblik normal fay
sistemi seklinde oldugu halde, Tire ve Bayindir ¢evresindeki baskin faylar KD—-GB uzanimli oblik

normal faylardir. Tiim graben boyunca gozlenen K—G uzaniml faylar ise oblik ve dogrultu atim
bilesenlidir.

Bu calismada Tire, Bayindir, Odemis ve Kiraz istifleri ayrintili bir sekilde anlatilacak ve Kiiciik
Menderes havzasinin evriminde etkin olan faylarin arazi verileri tanitilacaktir.

Anahtar Sozciikler: Kiiciik Menderes Grabeni, Neojen—Kuvaterner, stratigrafi, sikisma tektonigi,
genisleme tektonigi, havza i¢i uyumsuzluklar, tortullagsmayla yasit kivrimlanma
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Even though the Neogene—Quaternary successions of the major West Anatolian grabens (such as
Gediz and Biiyilk Menderes Graben) outcropped throughout the basins, Neogene—Quaternary
successions of the Kiiciikk Menderes Graben are in the shapes of discrete exposures. The most
investigated and well-known one is located around Kiraz, in the easternmost part of the Kiigiik
Menderes Graben. However, western Neogene—Quaternary successions in Tire, Bayindir and Odemis
surroundings are less investigated.

In the Kiraz surrounding, the rocks of the Menderes Massif are cut by the Basova Andesite of Middle
Miocene age. The above mentioned rocks are unconformably overlain by the Suludere and Aydogdu
Formations. The lower most part of the late Middle Miocene—Late Miocene Suludere Formation was
precipitated in an environment changes from terrestrial to fresh or brackish water shallow lacustrine
representing by ostracoda bearing algal carbonate crust and microbial carbonates. The upper part of
the formation is characterized by stream controlled alluvial fan deposits. Plio—Pleistocene Aydogdu
Formation is formed by fault-controlled alluvial fan sediments and unconformably overlays the pre-
existing units. The Suludere Formation is developed under control of the compressional tectonics and
deformed by thrust and strike-slip faults. However, sedimentation of the Aydogdu Formation is related
to the block faulting in neotectonic period.

In the south-western end of the Kiigilk Menderes Graben, around Tire, the Neogene succession is
represented by Ayaklikiri and Aydogdu Formations that unconformably covering the metamorphic
basement. The formation consists of ostracoda, gastropoda and coal bearing, fresh or brackish water
shallow lacustrine carbonates at the lower part and stream controlled alluvial fan deposits toward the
top. The Ayaklikir1 Formation outcropping as discrete Neogene patches is unconfomably overlain by
the Aydogdu Formation. To the north of Tire, around Bayindir and Odemis, the basin fill is only made
up of Aydogdu Formation.

While the major faults which formed during the block faulting, shown as NW—-SE-trending oblique
normal fault system around Kiraz, NE-SW-trending oblique normal faults are mapped around Tire
and Bayindir. The N-S-trending faults observed in the whole graben have oblique and strike-slip
components.

In this study, Neogene-Quaternary successions mapped in Tire, Bayindir, Odemis and Kiraz regions
will be presented and the field evidences of the faults those are active during the evolution of the

Kiiciik Menderes basin will be established.

Key Words: Kiigiik Menderes Graben, Neogene-Quaternary, stratigraphy, contractional tectonics,
extensional tectonics, intrabasin unconformity, syn-sedimentary folding
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Bat1 Anadolu’da Menderes Masifi’nin stratigrafisi 1994 yilina kadar metamorfizma derecesine gore
kurulmustur. Buna gore masif, gnayslardan olusan bir ¢ekirdek ile bunu uyumsuzlukla orten sist ve
mermer istifinden olusmaktadir ve bu istif izmir-Ankara zonu kayalar tarafindan tektonik olarak
tizerlenmistir. Bat1 Anadolu grabenlerine ait Neojen tortul dolgu istifleri ise tiim birimler ilizerinde
uyumsuzlukla oturmaktadir. Fakat 1994 yilindan sonra yapilan jeokronoloji destekli ayrintili yapisal
caligmalar, Masifin diisiik agili normal faylar boyunca yilizeylemis bir metamorfik ¢ekirdek kompleksi
oldugunu kanitlamis ve metamorfik ¢ekirdek i¢ine sokulum yapmis olan Miyosen granitlerinin Bati
Anadolu’da genislemeyle esyasl havza olusumuyla dogrudan iliskili oldugunu gostermistir.

Bugiine kadar yapilan ¢aligmalarda Masifin yiizeyleme mekanizmasi ile Neojen grabenlerinin olusumu
arasindaki iliski (a) asimetrik ¢ekirdek kompleksi, (b) simetrik ¢ekirdek kompleksi ve (c) ‘Rolling-
hinge’ mekanizmalariyla agiklanmaya calisilmistir. Fakat her {ic mekanizmay1 desteklemeye yonelik
olarak sunulan veriler yeterli bir olgunluga erisemediginden, modellerin gegerliligi belirsizligini
korumaktadir. Bu calismada s6z konusu sorunun ¢oziimiine katkida bulunmak amaciyla Gediz
Grabeni’ndeki kilit alanlarda 1/25.000 Olceginde, stratigrafik ve yapisal ¢alismalar yapilmistir. Bu
caligmalara gore, Gediz Grabeni’nin giiney sinir fayini olusturan Gediz siyrilma fayinin yapisal
stratigrafisi batidan doguya dogru 6nemli degisimler sunmaktadir.

En batida Turgutlu-Ahmetli giineyinde, fayin tavan bloku kayalar1 rudist-fosilli mermer bloklari i¢eren
amfibolit mercekli sistlerdir. Daha doguya dogru, Salihli giineyinde, faym tavan bloku kayalari
milonitik ortognayslardir. Gediz siyrilma faymin gozlenebildigi en dogu ucunda ise, Alasehir
giineyinde, fayin tavan bloku kayalarmi silislesmis peridotit tiirli Neotetis okyanusuna ait kayaglar
olusturur. Tavan blogu birimlerinin genislemeli alloktonlarini olusturan her tektonostratigrafik paket
farkl1 i¢ stratigrafiye sahiptir ve Erken—Orta Miyosen yash graben dolgulartyla uyumsuzlukla
ortiiludir.

Bunun yaninda, Alagehir giineyinde yapilan ¢aligmalarda farkli agilarda gelismis {i¢ fay grubu
saptanmustir: (i) diisiik acili normal fay-I: Menderes Masifi ile Izmir—Ankara zonu kayalar1 ve
Miyosen tortul istifi arasinda geligmistir. Faylarin egimi 02°-25° arasinda degisir; (ii) diisiik acil
normal fay-II: Menderes Masifi, Izmir-Ankara zonu kayalar1 ve Miyosen tortullarini taban blogunda
bulundurur. Faylarin egimi 25°-35° arasinda degisir; ve (iii) yiiksek agili normal fay-III: grup I ve
grup II faylarini ile Miyosen tortul istifini keser. Faylarin egimi 40°—65° arasinda degisir.

Bu kompleks stratigrafik iligskiler ve yapisal veriler, (1) Gediz siyrilma faymin genisleme 6ncesinde
Menderes Masifi’'ndeki ana bindirme fayma karsilik geldigini, (2) metamorfik c¢ekirdek kompleksi
olusumu sirasinda yeniden hareket ederek normal fay niteligi kazandigimi gosterirken (3)
grabenlesmenin ii¢ farkli evrede gelistigine de isaret etmektedir.

Anahtar Sézciikler: siyrilma fayi, normal fay, genislemeli tektonizma, Gediz Grabeni, Menderes
Masifi, Neotetis ofiyolitleri, tektonostratigrafi
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The stratigraphy of the Menderes Massif in western Anatolia was established according to the metamorphic
grade of the constituent lithologies until 1994. Accordingly, the Massif is made up of a gneissic core and an
unconformably overlying cover sequence of schists and marbles, and in turn is tectonically overlain by the
rocks of the Izmir-Ankara zone. Neogene sedimentary fill of the west Anatolian grabens rests
unconformably on the older rock units. However, detailed structural research supported by geochronologic
studies since 1994 have revealed that the Massif is a typical metamorphic core-complex exhumed in the
immediate footwall of now low-angle normal faults (detachment faults). The research also demonstrated
the interrelationships between Miocene granitic magmatism and syn-extensional basin formation, which are
coeval with the extensional tectonics and associated metamorphic core- complex formation.

The relationship between exhumation mechanisms of the massif and coeval Neogene basin formation is
attributed to three different models: (a) asymmetric core-complex formation, (b) symmetric core-complex
formation, or (¢) Rolling hinge mechanism, albeit no overwhelming evidence is presented in support of
these models. Therefore, the validity of each model is highly debated. The present paper aims to shed light
on the existing controversies and documents evidence from detailed stratigrapic and structural studies, and
geological mapping (at 1/25.000 scale) in the key areas selected along the southern margin of the Gediz
Graben. There, upper plate rocks to the Gediz detachment fault show significant along the strike variations
from west to the east.

In the west, to the south of Turgutlu-Ahmetli, hanging-wall rocks comprise schists characterized by
amphibolite lenses and rudist-bearing marble blocks. Farther to the east, south of Salihli, hanging-wall
rocks is made-up of mylonitic orthogneisses. At the eastern end of the Gediz detachment fault, to the south
of Alasehir, hanging-wall rocks consist of silicified peridotites of possibly the Neotethyan origin (Izmir-
Ankara zone). Each tectonostratigraphic package forming extensional allochthonous of the hanging-wall
units has characteristic internal stratigraphy and is unconformably covered by the Lower—Middle Miocene
graben fill units.

Furthermore, the faults to the south of Alasehir fall, based on dip amounts, into there major groups: (i) low-
angle (02—25°) normal fault-I forming the boundary between Menderes metamorphics and the structurally
overlying Miocene sediments, (ii) low-angle (25-35°) normal fault-II hosting Menderes metamorphics,
Izmir-Ankara zone rocks and the Miocene sediments in its footwall, (iii) high-angle (40-65°) normal faults,
which cut and displace the preceding fault groups and Miocene sediments.

This complex stratigraphic relationships and structural data imply that: (1) the Gediz detachment fault may
represent a (pre-extensional) thrust fault within the Menderes Massif, and (2) it was later reactivated as a
normal fault during the core-complex formation. The data is also consistent with three distinct stages
during graben formation.

Key Words: detachment fault, normal fault, extensional tectonics, Gediz Graben, Menderes Massif,
Neotethyan ophiolites, tectonostratigraphy
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Normal Faylarda Taban Blok Geometrilerinin Tavan Blok Deformasyonuna
Etkisi: Tiirkiyedeki Capraz Grabenlerin Gelisimi icin Alaternatif bir Mekanizma

Nuretdin Kaymakc1 ve Ayten Kog

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

Normal faylar diizlemsel veya kiireksi geometriler sunacak sekilde gelisirler. Bu geometrilerden
hangisinin gelisecegi malzemenin 6zelliklerini yaninda bolgesel ve yerel gerilme tensorlerine baglhidir.
Diger bir deyisle, fay geometrisi asl gerilme biiyiikliiklerinin farkinin bir fonksiyonudur. Ornegin, ana
asal gerilmenin ¢ok biiyiik ve digerler asal gerilme biiyiiklgklerinin esit veya esite yakin oldugu
durumlarda radial veya konsantrik fay desenleri olusur. Gerime biiyiikliiklerinin énemli miktarlarda
farkli oldugu, homojen ve izotrop ortamlarda faylar ortag asal gerilmeye paralel veya yar1 parallel
bicimde gelismeye zorlanirlar.

Bati Anadolu-Ege bolgesinde oldugu gibi biiylik genisleme provenslerinde, normal faylar yatay
diizlemde hilal —konkav- geometriye, aksi taktirde harita diizleminde ¢izgisel fakat kesitte kiireksi
geometriye sahiptirler. Bu geometriler deformasyon sirasinda minimum enerji gerektiren en optimum
konfigiirasyonlardr. Dolayisiyla, konvex normal faylar reaktive olmus eski zayiflik zonlar1 olmak
durumundadir ve literatiirde genelde gbz ardi edilmislerdir. Konveks normal faylar, geometrileri
geregi hemen hemen her zaman kiireksi bir geometriye sahip olmalan gerekmektedir. Bu durum,
diisen blok asagiya dogru kaydik¢a kayma miktarina ve fay diizleminin egrilik yarigapina bagl olarak,
kademeli bir bi¢imde daha genis bir alan1 kaplamasini1 gerektirir. Bu tip dolayli genisleme, diisen blok
tizerinde, ana faya dik yonde ¢apraz grabenlerin olugmasina neden olur. Kurultayin bu oturumunda fay
geometrilerinin ¢apraz garaben gelisimine etkisini ve 6nerilen bu mekanizmanin Tiirkiye’deki ¢apraz
grabenlere uygulanabilirligini tartisacagiz.

Anahtar Sézciikler: konveks normal faylar, fay geometrileri, capraz-graben, fay kinematigi
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Effect of Footwall Block Geometries on the Hanging-wall Block Deformation of
Normal Faults: An Alterative Mechanism for the Development of Cross-Grabens
in Turkey

Nuretdin Kaymakc1 & Ayten Kog

? Middle East Technical University, Department of Geological Engineering,
TR—06531 Ankara, Turkey (E-mail: kaymakci@metu.edu.tr)

The faults generally develop either on a planar surface or display listric geometry. These geometries,
as well as material properties, are dictated by the regional and local stress tensors. In other words, the
fault pattern is the function of the difference in the magnitudes of the principal stresses. For example,
in the case of uniaxial stress conditions, where major compressive stress (o)) is considerably larger
and other principal stresses are equal or close to equal, this gave rise to the development of radial or
concentric fault patterns. In the case if the principal stress magnitudes are considerably different the
fault patterns are constrained more or less parallel to the direction of the intermediate principal stress
axis, provided that, the medium is homogeneous and isotropic.

In large extensional provinces, such as West Anatolian-Aegean region, the normal faults have sub-
crescent shape on plan view and have listric -concave- geometry, otherwise, they are straight on plan
but listric in cross-section. These geometries are kinematically the most optimum configurations
where least energy is spent during deformation. The convex normal faults are, therefore, reactivated
planes of weaknesses and are overlooked in the literature. Due to geometric constraints the geometries
of convex normal faults are almost always listric. This implies that as the hanging wall-block moved
downwards it has to cover an increasing fault area, so that depending on the radius of curvature and
displacement amount, the hanging-wall block needs to extend perpendicular to the main fault plane.
Such an induced extension, on the hanging-wall block, results in development of cross-grabens
orthogonal to the main fault. In this session, we will discuss the effect of fault geometries on the
development of cross-grabens and their applicability on the cross-grabens in Turkey.

Key Words: convex normal faults, fault geometry, cross-graben, fault kinematics
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Ankara KB’sindaki Miyosen Sonrasi Cok Fazh Deformasyonun Onemli Kaniti:
Abdiisselam Antiklinali (Orta Anadolu, Tiirkiye)

Alkor Kutluay' ve Kadir Dirik'

! Hacettepe Universitesi, Jeoloji Miihendisligi Boliimii, 06532 Beytepe, Ankara
(E-posta: alkor@hacettepe.edu.tr)

Orta Anadolu’nun kuzeyinde yer alan sikisma tektonigine bagli yapilar genel olarak KD-GB
dogrultulu asimetrik kivrim serileri, bindirmeler ve ters faylarla temsil edilir. Bunlar, Orta
Anadolu’nun tektonik evrimini daha iyi anlamak ag¢isindan 6nemlidir. Bu yapilardan birisi Ankara’nin
kuzeybatisindaki Kazan Havzasi’nin batisinda yer alan ve bu ¢calismada Abdiisselam antiklinali olarak
adlandirilmis olan KD-GB dogrultulu, karmasik bir kivrimdir. 30 km uzunlugunda, 8 km
genisligindeki bu asimetrik antiklinal, bir¢ok daha kiiciik 6lgekli yeniden kivrimlanmis capraz
kivrimdan meydana gelmektedir. Kivrimin dogu kanadinda, batisina gére daha yogun bir deformasyon
gbzlenmektedir. Kivrimin ¢ekirdeginde Ust Miyosen 6ncesi kayaclar yiizeylenmektir. Bunlar Galatya
Volkanik Yay Karmasasi’na ait volkanik/volkanoklastik kayaglar ve Ust Kreatse ofiyolitli
karmasiginin bloklarini icermektedir. Bu kayaclarn {izerine sirasiyla, tiif seviyeleri igeren akarsu-gol
sedimanter serilerinden meydana gelen Ust Miyosen—Alt Pliyosen Pazar Formasyonu, pekismemis
akarsu c¢okellerinden olusan ve bolgedeki sikigmali tektonige bagli yapilar1 da érten Ust Pliyosen—
Pleyistosen birimleri ve Kuvaterner aliivyon/aliivyal yelpaze ¢okelleri gelir. Abdiisselam antiklinalinin
kivrimlanma mekanizmasini ve bdlgenin yapisal evrimini ortaya koyabilmek icin fay-kayma verileri
toplanmig ve kivrimlarin geometrileri incelenmistir. Kinematik analiz sonuglari ve kivrim
geometrileri, Pazar Formasyonu’nun ¢dkelmesini kontrol eden genislemeli tektonik evreden sonra
bolgede iki farkli sikisma evresinin varligimi gostermetedir. Bunlar sirasiyla KB-GD ve KD-GB
sikismalaridir. Ayrica, bu donemlerle iliskili baz1 yerel tektonik hareketlerin de varligi saptanmis ve
bunlarin faylanma ve kivrimlanma mekanizmalariyla iligkileri ortaya konmustur. Bu sonuglar disinda,
Abdiisselam asimetrik antiklinalinin, KD—GB dogrultulu ters faylara bagl olarak gelismis bir kivrim
oldugu saptanmustir.

Anahtar Sozciikler: Orta Anadolu, Kazan, kivrimlanma, ¢apraz kivrim, kinematik analiz
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Abdiisselam Anticline: An Important Evidence for Post-Miocene Polyphase
Deformation in the NW of Ankara (Central Anatolia, Turkey)

Alkor Kutluay & Kadir Dirik

Hacettepe Universitesi, Jeoloji Miihendisligi Boliimii, Beytepe, TR-06800 Ankara, Turkey
(E-mail: alkor@hacettepe.edu.tr)

The compressional structures of northern part of Central Anatolia are mostly characterized by a series
of NE-trending asymmetric folds, thrust and reverse faults. They are important features to understand
the tectonic evolution of the Central Anatolia. One of these structures is a NE-trending double
plunging complex fold, which is here named as Abdiisselam anticline, is located to the west of Kazan
Basin (NW Ankara). This is a 30 km long and 8 km wide asymmetric anticline on which a lot of minor
refolded cross folds were superimposed. The eastern flank of the structure was subjected to much
more intense deformation than the western flank. In the core of the fold, pre-Upper Miocene rocks
outcrop. These basement units consist of the volcanic/volcaniclastic rocks of the Galatian Volcanic
Arc Complex and blocks of the Late Cretaceous ophiolitic mélange. Upper Miocene—Lower Pliocene
Pazar Formation consists of fluvio-lacustrine sedimentary sequences with tuff intercalations and the
unconsolidated Upper Pliocene—Pleistocene units composed of fluvial clastics, which seal the
structures of compressional/contractional tectonic regime, overlies the basement rocks. Quaternary
alluvium and alluvial fan deposits take place above all older units. To state the folding mechanism of
Abdiisselam anticline and the tectonic evolution of the area, fault-slip data were gathered and fault
geometries were observed. Results of the kinematic studies and fold geometries show that two
compressional/contractional tectonic periods, which are NW—SE and NE-SW compressions, have
been dominated the area following an extensional regime controlled the deposition of Pazar
Formation. Besides, several different tectonic events related to these periods were determined and
their relationships with the faulting and folding mechanism were stated. Other than these results,
Abdiisselam anticline, which is an asymmetric anticline, is considered a forced fold related to NE-SW
striking reverse faults.

Key Words: Central Anatolia, Kazan, folding, cross fold, kinematic analysis
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Yeniceoba Fay Zonu’nun (In6nii-Eskisehir Fay Sistemi’nin
Orta Segmenti, Orta Anadolu) Yapisal Evrimi

Biilent Akil! ve Kadir Dirik?
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[nonii-Eskisehir Fay Sistemi (IEFS), Orta Anadolu’daki en 6nemli yapisal unsurlarindan biridir.
Batida Uludag’dan (Bursa) giineydoguda Sultanhani’na (Konya) kadar devam eden bu fay sistemi,
gidisi KB—GD ile BKB-DGD arasinda degisen bir dizi fay zonundan olusmustur. Bat1 ucundaki kolu
Eskisehir fay zonu olan sistem Sivrihisar dogusunda Ilica (IFZ), Yeniceoba (YFZ), Cihanbeyli (CFZ)
ve Sultanhan1 (SFZ) fay zonlar1 olarak devam eder. KB—GD gidisli Yeniceoba fay zonu, doguda
Yeniceoba’ nin giineydogusundan bagslar, kuzeybatida Glinyiizii’'ne kadar devam eder. Genelde kuzeye
egimli faylardan olusur ve hem temel hem de ortii birimlerini keser. Fay zonu Yeniceoba ovasi’nin
gliney kenarmi, Kelhasan yiikselimi’nin ise kuzey kenarmni kontrol eder. Fay-kayma diizlemi
verilerinin kinematik analizi ii¢ deformasyon fazinin varligini ortaya koymustur. Ilk faz siiresince
(Orta—Geg¢ Miyosen) fay sag-yanal dogrultu atiml bir fay olarak gelismis ve bolge KKB—-GGD yonlii
bir sikismanin etkisinde kalmistir. Fay zonunun birinci sikigma evresinin ardindan c¢alisma alaninda
alt—orta Pliyosen doneminde kisa siireli KKD—GGB dogrultulu ikinci bir sikisma evresi saptanmistir.
Yeniceoba fay zonunun son deformasyon evresinde ise (Ge¢ Pliyosen—Kuvaterner) KD—GB ac¢ilmaya
bagli normal fay karekterli olarak calistig1 tespit edilmistir. YFZ’nun gilineydogu ucunda yer alan
giincel teras ¢okellerini kesen olduk¢a dik egimli ve az miktarda dogrultu atim bilesene sahip normal
faylar, YFZ’nun Kuvaternerde de aktif oldugunu ve KKD-GGB yonlii agilmanin devam ettigini
kanitlamaktadir.

Anahtar Sozciikler: Orta Anadolu, inénii-Eskisehir fay sistemi, Yeniceoba Fay Zonu, tektonik evrim,
kinematik analiz
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Structural Evolution of Yeniceoba Fault Zone (Central Segment of Inénii-
Eskisehir Fault System, Central Anatolia)

Biilent Akil' & Kadir Dirik?

! Jller Bankas: Genel Miidiirliigii, Makina ve Sondaj Dairesi Baskanlig1,
TR—-06110 Ankara, Turkey (E-mail: bakil@hacettepe.edu.tr)
? Hacettepe Universitesi, Miihendislik Fakiiltesi, Jeoloji Miihendisligi Boliimii, Beytepe,
TR—06532 Ankara, Turkey

The Inénii-Eskisehir Fault System (IEFS) is one of the most important fault systems in Central
Anatolia. This fault system consists of a series of NW-SE- to WNW-ESE-trending fault zones,
extending from Uludag (Bursa) in the northwest to Sultanhani in the southeast. Eskisehir fault zone is
the western branch of this fault system where Ilica (IFZ), Yeniceoba (YFZ), Cihanbeyli (CFZ) and
Sultanhani fault zones (SFZ) form the eastern branches from Sivrihisar to the east. The NW—-SE-
trending Yeniceoba fault zone (YFZ), exposed between southeast of Yeniceoba in the east and
Gilinylizii in the northwest. It generally dips to the north, cuts and deforms both the basement and
cover units. The fault zone controls southern margin of Yeniceoba plain and northern margin of the
Kelhasan Horst. The kinematic analyses of the fault-slip data indicate the presence of three
deformation phases. During the first phase (Middle—Late Miocene), the fault has developed as a
dextral strike-slip fault and the area experienced NNW—-SSE compression. After the first phase of
compressional regime, the short-term diachronic second phase of compression which was operated in
approximately NNE-SSW  direction was determined. During the last phase (Late
Pliocene—Quaternary), Yeniceoba fault zone react as a normal fault, confirming a NE-SW extension.
Recent terrace deposits cut by a series of steeply dipping normal faults with minor strike-slip
component in southeastern tip of YFZ indicate that the activity of YFZ continues, controlled by
NNE-SSW-directed extension, in the Quaternary.

Key Words: Central Anatolia, indnii-Eskisehir fault system, Yeniceoba fault zone, tectonic evolution,
kinematik analysis
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Inénii Eskisehir Fay Sistemi Dogu Kesiminin Tektonik Evriminde
Isparta Acist’’nin Rolii, Orta Anadolu, Tiirkiye

Erman Ozsayim ve Kadir Dirik

Hacettepe Universitesi, Jeoloji Miihendisligi Boliimii, Beytepe 06800, Ankara
(E-posta: eozsayin@hacettepe.edu.tr)

Inénii-Eskisehir Fay Sistemi (IEFS), Orta Anadolu’da yer alan ve etkinligini giiniimiizde de devam
ettiren en Oonemli makaslama zonlarindan biridir. Bu sistem, dogusundaki sikismali, kuzeyindeki
makaslamali ve batisindaki genislemeli ana sistemler arasindaki dengeyi saglamasi bakimindan
onemlidir. BKB-gidisli Eskigehir fay zonu sistemin bati kesimini olusturur ve Uludag ile Sivrihisar
arasinda normal bilesenli sag yanal faylarla temsil edilir. Sivrihisar’in dogusunda Ilica, Yeniceoba ve
Cihanbeyli olmak iizere ii¢c fay zonuna ayrilan IEFS, Tuzgélii’'niin giineyinde yer alan Sultanhani’na
kadar devam eder. Ilica fay zonu sag yanal, Yeniceoba fay zonu sag yanal bilesenli normal ve
Cihanbeyli fay zonu ise salt normal faylarla karakteristiktir. Buna ek olarak Yeniceoba fay zonu
iizerinde tespit edilen bir fay diizlemi iizerinde birbirini kesen iki farkli fay cizigi seti, bolgeyi
etkileyen iki farkli tektonik fazin varligna isaret eder. Oncel ¢alismalarda IEFS’nin Trakya’ya kadar
devam ettigi ve Kuzey Anadolu Fay Sistemi tarafindan 6telendigi vurgulanir ki, bu veri Anadolu’nun
batiya kagigindan onceki saf makaslama evresine 151k tutar. Bu makaslama Yeniceoba fay zonunun sag
yanal hareketini olusturan birinci tektonik fazdir.

Cihanbeyli ve Yeniceoba fay zonlarindaki giincel aliivyon c¢okellerini kesen fay diizlemlerinin
kinematik analizleri, bélgenin KKD-GGB dogrultusunda agildigini gosterir. Dig Isparta Agisi’nin
dogu kanadmi olusturan Aksehir-Simav Fay Sistemi’ndeki faylarin kinematik analizleri KD-GB
dogrultulu, Konya fay zonundaki diizlemler ise yaklasik D—B dogrultulu agilmay1 isaret eder. Buna ek
olarak, onceki calismalarda Isparta Ag¢isi’nin bati kesiminin saatin tersi yonde bir rotasyonu oldugu
belirtilir. Bu veriler birlikte degerlendirildiginde, Isparta Agisi’nin kuzeydogusunda kalan ve IEFS’nin
dogu kesiminin de i¢inde bulundugu bolgenin, saat yonlii donme hareketi gostermesi gerekir. Bu
donmeli hareket Yeniceoba fay zonunda tespit edilen ve KKD-GGB dogrultulu agilmaya neden olan
ikinci fazdir. Cihanbeyli fay zonunun kinematik analizleri, Yeniceoba fay zonunun ikinci tektonik
faziyla Ortiigiir. Bu da Cihanbeyli fay zonunun Yeniceoba fay zonundan sonra olustugunu gosterir.
Ayrica, Cihanbeyli grabeni ve Kusca yari-grabeni olarak adlandirilmis iki 6nemli yapisal unsur,
Cihanbeyli ve Yeniceoba fay zonlariin dogusunda yer alir. Bu zonlarda agilma miktar1 doguya dogru
artar. Bu veriler, Tuzg6li’niin bati ve giineybatisindaki Isparta Agisi’ndan kaynaklanan saat yonlii
hareketin en 6nemli kanitidir.

Anahtar Sézciikler: Inonii-Eskisehir fay sistemi, Isparta agis1, kinematik analiz, Yeniceoba fay zonu,
Cihanbeyli fay zonu, Kuvaterner etkinlik, Orta Anadolu
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The Role of Isparta Angle in the Tectonic Evolution of the Eastern Part
of Inonii-Eskisehir Fault System, Central Anatolia, Turkey
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Inonii-Eskisehir Fault System (IEFS) is one of the most important active shear zones in Central
Anatolia. The importance of this system is its balancing role between the eastern contractional, the
northern shear and the western extensional main systems. WNW-trending Eskisehir fault zone
constitutes the western part of the system and it is characterized by dextral faults with normal
component between Uludag and Sivrihisar. IEFS branches into three fault zones namely Ilica,
Yeniceoba, Cihanbeyli and continues to Sultanhani which is located in the southern part of Tuzgolii.
Ilica fault zone is characterized by dextral faults where Yeniceoba fault zone is normal with dextral
component and Cihanbeyli fault zone is pure normal. Additionally, a superimposed slickenline set
which is observed on a fault plane in Yeniceoba fault zone, points out two different tectonic phases. In
previous studies, it was emphasized that IEFS continues to Thrace and shifted by North Anatolian
Fault System which irradiates the pure shear phase before the westward escape of Anatolia.

The kinematic analyses of the fault planes which cut recent alluvium on Cihanbeyli and Yeniceoba
fault zones shows that the region is experiencing a NNE-SSW extension. Other kinematic analyses on
Aksehir-Simav Fault System which constitutes the eastern limb present a NE—SW extension where
Konya fault zone performs E-W extension. Besides, previous studies indicate a counter-clockwise
rotation of the western part of Isparta Angle. By interpreting these data, a large area where located at
the northeastern part of Isparta Angle and which comprises the eastern part of IEFS must be in a
clockwise rotation. This rotational deformation is the cause of NNE-SSW extensional second phase in
the Yeniceoba fault zone. The kinematic analyse results of Cihanbeyli fault zone overlap with the
second phase of Yeniceoba fault zone and this important evidence shows that the initiation of
Cihanbeyli fault zone improves after Yeniceoba fault zone. Furthermore two important extensional
structures namely Cihanbeyli graben and Kusca half-graben are located in the eastern parts of both
zones. The extension amount increases eastward in these zones. These data are the most important
evidences of the clockwise rotation derived from Isparta Angle in the western and southwestern part of
Tuzgolii.

Key Words: inénii-Eskisehir fault system, Isparta angle, kinematic analysis, Yeniceoba fault zone,
Cihanbeyli fault zone, Quaternary activity, Central Anatolia
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Yeni Ar-Ar Jeokronolojik Yas Verilerine Dayanarak
Usak-Giire Havzas’min Miyosen Volkano-stratigrafisi
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Usak-Giire Havzasi, Bati Anadolu’da KD—GB uzanimli havzalarin dogu ucunda yer almaktadir.
Onceki ¢alismalara gore Usak-Giire havzasmin sedimanter istifi birbirinden uyumsuzluklarla ayrilan
ti¢ farkl1 tortul birim ile temsil edilir. Bunlar Hacibekir ve Inay gruplari ile Asartepe Formasyonu’dur.
Seyitoglu (1997), Usak-Glire havzasindaki volkanik kayalarin stratigrafik ozellikleri ve elde ettigi
14.94£0.6-15.5+0.4 My (K-Ar) arasinda degisen yaslara gore volkanizmanin sadece Inay grubuna ait
sedimanter kayalar ile girik oldugunu gdstermistir. Buna gére havzada Inay grubuna ait volkano-
sedimanter istif erken orta Miyosen’den itibaren ¢okelmeye baglamistir.

Bu caligmada, Usak-Giire havzasinda yapilan jeolojik haritalama (1/25.000 &lgekli) ve enine kesit
caligmalart ile volkanik kayalardan elde edilen yeni radyometrik yaslar (9 adet Ar-Ar) tartisilmis ve
Inay Grubu’nun yas1 revize edilmistir. Usak-Giire havzasindaki volkanizma ii¢ volkanik birim altinda
degerlendirilmigtir. Bunlar felsik bilesimli (andezit-dasit-riyolit bilesim araliginda) Beydag
volkanikleri, daha mafik bilesimli Payamtepe volkanikleri ve Karaaga¢ dayklaridir. Beydagi
volkanikleri KD-GB dogrultuda yerlesmis iic adet volkanik merkezden olugmaktadir. Bunlar
giineyden kuzeye dogru Beydag, itecektepe ve Elmadag kalderalaridir. Beydag: kalderas1 ¢ok yiiksek
hacimde blok-kiil ve volkanik moloz akmalar1 agi3a ¢ikarmistir. Itecektepe kalderas: tektonizmadan
asir1 sekilde etkilenmis olup kalderanin orta kesiminde metamorfik temel yiizeylemektedir. Elmadag
kalderas1 farkli evrimsel asamalara sahiptir ve gilinlimiizde kalderanin ancak dogu kenari
korunabilmistir. Payamtepe volkanizmast KD—GB yonlii fay sistemlerine bagli olarak gelismis olup
havzanin bati kesiminde baskin olarak gozlenmektedir. Payamtepe lavlar ile Ulubey golsel
karbonatlar1 arasinda giriklik iligkisini gosteren peperitik dokular gézlenmektedir. Karaagac dayklari
Asartepe Formasyonu’nu (iist Miyosen) kesmekte olup mafik bilesimlidir. Beydag volkaniklerine ait
Elmadag kalderasindan elde edilen en yasli radyometrik veriler 17.90+£0.13, 16.48+0.33 ve 16.48+0.08
My arasinda olup volkanizmanin Burdigaliyen’den (erken Miyosen) itibaren etkin oldugunu gosterir.
Beydag kalderasindan elde edilen en gen¢ radyometrik yas verisi ise 12.15£0.15 My olup
volkanizmanin Serravaliyen’e (ge¢ orta Miyosen) kadar devam etti§ini gosterir. Payamtepe
volkaniklerinden elde edilen yas verileri ise 16.01£0.08-15.93+0.08 My arasindadir. Bu veriler
1s18inda Usak-Giire havzasinin evrimine iliskin 2 énemli sonug¢ vurgulanabilir: (1) Inay Grubu erken
orta Miyosen degil, erken Miyosen’in sonundan itibaren ¢okelmeye baslamis ve bu ¢okelim orta
Miyosen’in sonuna kadar (Burdigaliyen—Serravaliyen) devam etmistir. (2) Beydagi (erken—orta
Miyosen) ve Payamtepe (Orta Miyosen) volkanik faaliyetleri, erken Miyosen’den itibaren genislemeli
tektonik rejimin 2 farkli donemine karsilik gelmektedir.

Anahtar Sozciikler: Usak-Giire havzasi, volkano-stratigrafi, Ar-Ar jeokronoloji, Inay Grubu
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Miocene Volcano-stratigraphy of the Usak-Giire Basin
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The Usak-Giire basin is NE-SW-trending basin located on the eastern end of the western Turkey. The
basin fill consists of three contrasting sedimentary packages (Hacibekir Group, inay Group and
Asartepe Formation) separated by angular unconformities in-between. It is argued, based on the
stratigraphic position and the radiometric age of volcanic rocks dated at 14.9+£0.6 to 15.5+0.4 Ma (K-
Ar), that the volcanic rocks of the Usak-Giire basin are exclusively interrelated with sedimentary
deposits of the Inay Group and that the deposition of the group commenced by early middle Miocene.

We mapped the Usak-Giire basin at 1/25.000 scale and revised the stratigraphy of the Miocene
volcano-sedimentary units on the basis of field expeditions, cross sections and 9 Ar-Ar geochronologic
data. Three distinct volcanic successions occur in Usak-Giire basin: (1) Beydagi volcanics (consists of
andesite, dasite and rhyolite rocks), (2) Payamtepe volcanics (mafic rocks), and (3) Karaaga¢ dikes.
Beydag1 volcanics are composed of three different NE-SW-trending volcanic centres. These are, from
southwest to northeast, Beydagi, itecektepe and Elmadag calderas. Beydag: caldera produced high
voluminous debris with block and ash flows. itecektepe caldera was intensely deformed and affected
by synchronous tectonism; the metamorphic rocks crop out in the middle of the caldera. Elmadag
caldera has different evolutionary stages and eastern half of the caldera structure has been exclusively
preserved. In general, Payamtepe volcanic rocks are interrelated with NE-SW-trending fault systems
and dominate in eastern part of the Giire basement. The Payamtepe volcanics display interfingering
relations with Ulubey carbonate rocks. Karaaga¢ mafic dikes intrude the Asartepe Formation (late
Miocene). The oldest new ages obtained from the Elmadag caldera (Beydagi volcanism) are
17.90+0.13, 16.48+0.33 and 16.48+0.08 My and indicate volcanism during the Burdagalien (early
Miocene). The youngest radiometric age of 12.15+0.15 is from the Beydagi caldera (Beydagi
volcanism) and implies that the Beydagi volcanism were active until Serravalien (late middle
Miocene). The Ar-Ar analysis of the payamtepe volcanics yielded ages between 16.01+0.08 and
15.93+0.08 My. The significance of new age data on the evolution of the Usak-Giire basin can be
summarised as: (1) Inay Group acumulated from late early Miocene (not early middle Miocene) to
middle Miocene (Burdagalien—Serravalien) in the basin; (2) Beydag (early-middle Miocene) and
Payamtepe volcanic processes (middle Miocene) correspond to two different stages of extensional
tectonism in the region.

Key Words: Usak-Giire basin, volcano-stratigraphy, Ar-Ar geochronology, inay Group
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Caligma alani, Bat1 Anadolu’da KD—GB uzanimli Neojen havzalardan olan Selendi ve Giire havzalar
ile D-B uzanimli Kuvaterner yasli Simav Grabeni’nin kesistigi bir alanda yer almaktadir. Calisma
alaninda basta ekonomik jeolojiye yonelik olmak iizere ¢ok sayida galigma yapildigi halde bolgenin
Neojen stratigrafisi heniiz kurulamamistir. Bu yilizden alanin stratigrafisi ve bolgesel korelasyonu hala
tartisilmaktadir.

Bu galismanin amaci, ¢aligma alanindaki volkanitlerin tortul kayaglarla olan iligkileri belirlemek ve
havza istifinin yeniden kurulmasini saglamaktir. Bu kapsamda, calisma alaninin stratigrafisini
olusturmak ig¢in 1/25000 olgekli jeolojik harita ve stratigrafik kesit Glglimleri ve bunun yani sira
volkanik kayaclardan alinan 6rneklerinin petrografik incelemeleri yapilmistir.

Caligma alaninda yiizlek veren birimlerin tanimlamalar1 ve adlandirmalar1 baglica, Selendi, Usak-Giire
havzalar1 ile Simav ve Gediz bdlgelerinde yapilan Onceki calismalara gore yapilmistir. Bu
caligmalarda havzalarin istifi iki ana volkano-sedimanter gruba ayrilmistir: erken Miyosen yash
Hacibekir Grubu ve orta Miyosen yash Inay Grubu. Bu birimler ge¢ Miyosen—Kuvaterner yasl
sedimanter ve volkanik kayalar tarafindan stlenir.

Calisma alanindaki Neojen volkano-sedimanter birimlerin temel kayaglarini Menderes Masifi’ne ait
metamorfik kayalar, [zmir-Ankara zonuna ait ofiyolitik melanj birimleri olusturmaktadir. Neojen
oncesi bu birimler Miyosen yasli Egrigdz granitoidi tarafindan kesilmektedir.

Caligma alanmin Neojen stratigrafisi erken Miyosen yasli Hacibekir Grubu ile baslar. Hacibekir
Grubu, Kiirtkdyii ve Yenikdy formasyonlarma ait sedimanter kayalar ve bunlarla giriklilik sunan
Akdag volkanikleri ile kiigiik yiizlekli lamproitik lav akintilarindan olusur. Kiirtkdyii formasyonu
genel olarak havzanin dogu kesimlerinde yiizlek verir. Bordo, sarabi-kirmizi renkli birim egemen
olarak metamorfik bilesenli kaba kirmtili tortullardan olusur ve Yenikdy formasyonu tarafindan
uyumlu istlenir. Yenikdy formasyonu tiim havzada genis yiizlekler verir ve sarimsi kahverenkli
kumtaglar1 ve camurtaglarindan olusur. Yenikdy formasyonu ayrica lamproit bilesimli volkanik
kayalar ile giriklilik sunar. Bu volkanik kayaglar Saphanedagi lamproiti (Gediz havzasi batisinda) ve
Ulaglar lamproiti (Emet havzasi giineyinde) olarak isimlendirilmistir. Yenikdy formasyonu Saphane
bolgesinde genis yiizlekler veren Akdag volkaniklerine ait andezit, dasit ve riyolit bilesimli volkanik
kayagclar tarafindan uyumlu iistlenir.

Hacibekir Grubu agisal uyumsuzlukla orta Miyosen yasl Inay Grubu tarafindan istlenir. Inay Grubu,
Ahmetler ve Ulubey formasyonlari, Gediz volkanikleri ve Derekdy bazaltindan olusur. Ahmetler
formasyonu tabanda ¢akiltaslari ve {iste dogru kiltagi-silttasi ardalanmasindan olusur. Bu birim Ulubey
formasyonu ve Gediz volkanikleri tarafindan uyumlu iistlenir. Gediz volkanikleri andezitik lavlar ve
piroklastik kayaglardan olusur. Ulubey formasyonu baskin olarak golsel kirectaslarindan yapilidir ve
Derekdy bazaltina ait bazik lavlar tarafindan uyumlu {istlenir. Inay Grubu, uyumsuzlukla
Pliyo—Kuvaterner yasli Asartepe formasyonuna ait kaba kirintili karasal ¢okeller tarafindan tistlenir.
Tiim birimler giincel travertenler ve aliivyon tarafindan uyumsuzlukla iistlenir.

Anahtar Sozciikler: Simav, Saphane, Gediz, Bati Anadolu, Neojen stratigrafisi
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The study area is located at the intersection of E-W-trending Plio—Quaternary Simav Graben and NE—
SW-trending Neogene Selendi and Gtire basins in western Anatolia. Although many studies have been
carried out in the area, which are mainly focused on economical aspects, Neogene stratigraphy of the
area have not yet been well-established. Therefore, the stratigraphy of the area and its regional
correlation is still controversial.

The aim of this study is to determine the relationships between the sedimentary and volcanic units and
to reconstitute the stratigraphy of the basin. In order to establish the stratigraphy of the region,
geological mapping at 1/25.000 scale and measured stratigraphic sections have been carried out, as
well as petrographic studies on volcanic rock samples.

The rock units in the study area have been defined and named mainly on the basis of the previous
studies carried out both in the area and in the neighbouring Selendi and Usak-Giire basins. The
previous studies have revealed that the basin stratigraphy is made up of two main sedimentary groups,
namely Hacibekir and Inay groups; they are unconformably overlain by upper Miocene to Quaternary
sedimentary and volcanic rocks. The basement rocks of the Neogene volcano-sedimentary units in the
study area are represented by Menderes Massif metamorphics and ophiolitic mélange units of the
[zmir-Ankara zone, which were intruded by Miocene Egrigdz granitoid.

The Neogene stratigraphy of the area begins with the early Miocene Hacibekir Group that includes
sedimentary rocks of Kiirtkoyii and Yenikdy formations and interfingering volcanic rocks of the
Akdag volcanics and minor lamproitic flows. The Kiirtkdyii formation mainly crops out in the eastern
part of the area. Claret, red coloured unit is made up of coarse-grained detrital sedimentary rocks
derived mainly from the Menderes Massif, and is conformably overlain by the Yenikdy formation.
The Yenikoy formation widely crops out throughout the basin and is mainly composed of brownish
yellow sandstone-mudstone alternations. The Yenikdy formation also interfingers with lamproitic
volcanic rocks. These volcanic intercalations are named here as Saphanedagi lamproite (in the west of
Gediz basin) and Ulaslar lamproite (in the south of Emet basin). The Yenikdy formation is also
conformably overlain by andesitic, dacitic and rhyolitic volcanic rocks of the Akdag volcanics in the
Saphane region.

The Hacibekir Group is unconformably overlain by the middle Miocene inay Group that is composed
of Ahmetler and Ulubey formations, Gediz volcanics and Derekdy basalt. The Ahmetler formation is
composed of, from bottom to top, conglomerates and claystone-siltstone alternations. The Ahmetler
formation is conformably overlain by the Ulubey formation and Gediz volcanics. The Gediz volcanics
are made up of andesitic lavas and pyroclastic rocks. The Ulubey formation is composed of lacustrine
limestones and is conformably overlain by the syn-sedimentary basaltic lavas of the Derekdy basalt.
The inay Group is unconformably overlain by the Plio-Quaternary Asartepe formation, which is
composed of coarse-grained detrital deposits. All these units are unconformably overlain by the recent
travertine and alluvium.

Key Words: Simav, Saphane, Gediz, Western Anatolia, Neogene stratigraphy
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Bati Anadolu’da genis alanlar kaplayan Neojen c¢okellerinin bir bdliimii Emet ve Cavdarhisar
(Kiitahya) havzalarinda ¢okelmistir. Emet havzasinin dogu kesimi ile Cavdarhisar havzasinin
kuzeybat1 boliimii, kuzeydogu—giineybati uzanimli yiiksek bir esikle birbirinden ayrilir.

Calisma alaninda, Neojen yasli ¢okellerin acisal uyumsuzlukla iizerledigi temel kaya birimlerini
Paleozoik yaslh Saricasu formasyonu ve Arikayasi formasyonu olusturur. Saricasu formasyonu yesil
sist fasiyesini temsil ederken, Arikayasi formasyonu kristalize kiregtaglarindan olusur. Bolgede Neojen
¢cokelimi Erken Miyosen yash Kiirtkoyii formasyonu ile baglar. Genel olarak bordo-sarabi kirmizi
renkli, ¢amurlu kiitle akmasi diizeylerinden olusan birim, aliivyal yelpaze ortaminda ¢okelmis
olmalidir. Kiirtkoyli formasyonu iginde sig g6l ortamimi yansitan kiregtasi diizeyleri de yer alir.
Caligsma alan1 disinda (Hisarcik giineyi) Kiirtkoyii formasyonunu diisey gegisli olarak {izerleyen, golsel
nitelikli ge¢ Erken Miyosen yaslhi Yenikdy formasyonunun yanal eslenigi durumundaki Karbasan
formasyonu egemen karbonat diizeylerinden olusur ve g¢alisma alani igerisinde olduk¢a dar alanda
yayilimlidir.

Erken Miyosen c¢okeliminin ardindan, bdlgede erken orta Miyosen yasli Emet ve Cavdarhisar
havzalan gelismeye baglamistir. Her iki havzanin tabaninda aliivyal yelpaze ortaminda gelismis olan
Kizilyar formasyonu g¢okelleri bulunur. Birim Emet havzasinda, Kiirtkdyii formasyonu {izerinde
uyumsuz olarak yer alirken, Cavdarhisar havzasinda dogrudan temel kayalar {iizerine agisal
uyumsuzlukla gelir. Genel olarak kizil-kizilims1 kahve-siitli kahve renkli c¢akilli ¢amurtasi
diizeylerinden olusan Kizilyar formasyonu, kanal dolgusu as fasiyesini yansitan ¢akiltasi ara diizeyleri
kapsar. Inceleme alaninda, Kizilyar formasyonu iizerinde diisey ve yanal gegisli gdlsel ¢okeller, Emet
havzasinda tiif/yeniden igslenmis tiif ve kiltag1 ara katmanli egemen ¢ortlii kirectaslariyla temsil edilir.
Cavdarhisar havzasinda golsel ¢okelim, Kizilyar formasyonunun 1raksak seviyeleriyle diisey gecisli
kirintili  ¢okeller ile baglar. Kirectasi-tiif/yeniden islenmis tiif-silttasi ara katkili kiltagi-marn
diizeylerinden olusan kirintili ¢okeller iizerinde egemen kiregtasi istifi geligir. Cort bant ve yumrulari
iceren kirectas: istifinde, genis yayilimli oolitik kirectast diizeyleri olagandir. iki havzanin gélsel
kiregtas1 diizeyleri, olasi ge¢c Miyosen yasgli Merkezsihlar formasyonu ile uyumlu olarak {izerlenir.
Aliivyal yelpaze ortaminda ¢okelmis olan Merkezsihlar formasyonu, kolay asinabilir olmasi nedeniyle
genelde yersel olarak gozlenir. Emet ve Cavdarhisar golsel havzalart muhtemelen Merkezsihlar
formasyonunun ¢okelimiyle daralip siglagsmaya baslamistir. Merkezsihlar formasyonunun ¢okeliminin
ardindan yogun asimim siirecleri etkisi altinda kalan inceleme alaninda, Kuvaterner evresinde aliivyal
malzeme ¢okelimi gergeklesmistir.

Anahtar Sézciikler: Miyosen, aliivyal yelpaze, golsel ¢Okelim, yeniden islenmis tiif, Emet,
Cavdarhisar
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The Neogene deposits cover extensive areas in western Anatolia and a portion of these sediments
occur in Emet and Cavdarhisar (Kiitahya) basins. The eastern section of the Emet and the northwestern
part of the Cavdarhisar basins are separated from each other by a northeast—southwest-trending
topographic high.

In the study area, Palaeozoic Saricasu and Arikayasi formations constitute the basement and they are
overlain by the Neogene deposits with an angular unconformity. The Saricasu formation consists of
greenschist facies rocks while the Arikayasi formation is composed of crystallized limestones. The
Neogene sediments commenced with Early Miocene Kiirtkdyii formation. This unit is generally
marked by its wine red colour and is made up of muddy-mass flow levels interbedded with
conglomerates deposited possibly in an alluvial fan environment. Furthermore, the presence of
limestone layers within the Kiirtkdy formation indicates the existence of a shallow lake environment.
Karbasan formation accompanies late Early Miocene lacustrine sediments of the Yenikdy formation,
which gradationally overlies the Kiirtkdyii formation to the south of Hisarcik. The Karbasan formation
is composed mainly of carbonates exposed in a rather narrow zone.

Early Middle Miocene Emet and Cavdarhisar basins developed subsequent to the Early Miocene
sedimentation. Kizilyar formation was deposited in the alluvial fan environment and occurs at the
bottom of the sedimentary fill to both basins. The unit unconformably overlies the Kiirtkdyii formation
in Emet basin whereas it lies directly on the basement rocks with an angular unconformity in
Cavdarhisar basin. The Kizilyar formation is composed mainly of red-brown and caramel coloured
pebbly mudstones, interlayered with channel conglomerates. Lacustrine sediments of the Kizilyar
formation generally indicates vertical and lateral transitional relationships with other lithologies where
in the Emet basin the carbonates are represented mainly by cherty limestones interbedded with
tuff/reworked tuff and clay. On the other hand, in the Cavdarhisar basin, lacustrine deposition starts
with clastic deposits of mainly clay-marl interbedded with limestone, tuff/reworked tuff and siltstone;
these lithologies show vertical gradation with distal levels of the Kizilyar formation. The clastic
sediments is replaced upward by carbonates. Widespread oolitic limestone layers are coomon in the
carbonate sequence; the occurence of chert bands and nodules are common. The limestone sequences
of either basins are overlain conformably by alluvial fan sediments of upper Miocene Merkezsihlar
formation. Because it is easily eroded, the unit crops out locally. With the sedimentation of the
Merkezsihlar formation, both Emet and Cavdarhisar lacustrine basins start to become narrower and get
shallower. Widespread formation of alluvial sediments during the Quaternary is common due to the
extensive erosion of the Merkezsihlar formation.

Key Words: Miocene, alluvial fan, lacustrine sedimentation, reworked tuff, Emet, Cavdarhisar
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Aksu Havzasi; Afrika-Avrasya sikisma zonunda meydana gelen yapisal hareketler sonucunda,
biikiilme tektonigine bagl olarak olusmus bir Oniilke (foreland) havzadir. Aksu Havzasi’nda
Mesozoyik yashi Beydaglar1 karbonat platformu ile Geg Kretase—Paleosen yasli ofiyolitler ve derin
deniz sedimanlarindan (Antalya Naplar1) olusan temel kayagclar iizerine, Orta Miyosen ve sonrasi yasl
kirmntililar ve karbonat kayaglar uyumsuz olarak gelir. Havza, Pliyosen’e kadar yelpaze deltasina ait
s1g denizel ¢okeller, Pliyosen sonrasinda ise karasal bir istifle temsil edilir. Aksu Havzasi ¢okelme
sistemleri; tektonik hareketlilikten ve Miyosen sonlarinda gézlenen deniz seviyesi oynamalarindan
onemli sekilde etkilenmistir.

Afrika-Avrasya plaka simirinda meydana gelen dalma-batma ile iligkili Kibris ve Ege yaylarmin
tektonik hareketlerine, Anadolu plakaciginin batiya kacis1 da eklenince Aksu Havzasi ve yakin ¢evresi
onemli sekilde deformasyona ugramistir. Bu tektonik hareketlilik, yapilan kinematik analizler
sonucunda ardalanmali olarak gelisen iki sikisma ve iki acilma rejimi ile agiklanabilmektedir.
Havzanin olusumunda etkili olan Likya Naplari’nin GD yo6nlii yerlesimi ile olusan KB—GD dogrultulu
sikisma rejimi Langiyen’de sona ermis ve dalma-batma zonundaki hareketlilige bagli KB-GD
dogrultulu agilma rejimi onu takip etmistir. Tortoniyen sonunda baslayan, Anadolu’nun batiya kagisi
ile gelisen KD—GB dogrultulu sikisma rejimi (Aksu Fazi), Geg Pliyosen’de yerini KD—GB dogrultulu
acilma rejimine birakmugtir.

Aksu Havzasi’nin deformasyon 6zelliklerinin tanimlanmasi, tektonik olarak aktif bir bolgedeki havza
olusumunun ve evriminin anlagilmasinin yan1 sira, komsu havzalarin ve Isparta A¢isi’nin Miyosen’den

giintimiize 6zelliklerinin belirlenmesine de yardime1 olacaktir.

Anahtar Sozciikler: Aksu Havzasi, Isparta Agisi, Oniilke havza, tektonizma, deformasyon, kinematik
analiz
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Deformational Characteristics of Aksu Basin: Inner Isparta Angle, SW Turkey
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Aksu Basin is a foreland basin that occured as a result of flexural tectonism in the African-Eurasian
compressional zone. Middle Miocene and younger clastics and carbonates unconformably overlie the
Mesozoic Beydaglari platform carbonates and Upper Cretaceous—Paleocene ophiolites and deep
marine sediments (Antalya Nappes) in Aksu Basin. Till Pliocene the basin is represented by fan-
deltaic shallow marine deposits and later by terrestrial deposits. The depositonal characteristics of the
basin reflect the importance of the tectonic activity and sea level fluctuations that took place during the
Miocene.

Aksu Basin was deformed by tectonic activity of Cyprus and Aegean arcs which was related to the
subduction along African-Eurasian plate boundary and westward movement of the Anatolian block.
This tectonism can be explained with an alternation of two compressional and two extensional regimes
based on the results obtained from kinematic analyses. Aksu Basin was formed by southeastern
emplacement of Lycian Nappes. This movement created a NW—SE compressional regime that lasted
in Langhian. This contractional regime is followed by NW—-SE extensional regime which is related
with the activity of subduction zone. The subsequent NE-SW compressional regime known as ‘Aksu
Phase’ is the third phase and it is involved with the westward escape of Anatolian block started in Late
Tortonian. Neotectonic regime is represented with a NE-SW extensional regime in the Aksu Basin.

Defining the deformational characteristics of Aksu Basin will help both better understanding the
evolution of a basin in an active region and determining the properties of Isparta Angle and

neigbouring basins from Miocene to Recent.

Key Words: Aksu Basin, Isparta Angle, foreland basin, tectonism, deformation, kinematic analysis
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KB Anadolu KYJFYA Projesi: Zonguldak-Aksehir Dogrultusu Boyunca Kabuk
Yapisinin Manyetotelliirik, Sismoloji, Gravite, Havadan Manyetik ve
Jeokimyasal Calismalarla Arastirilmasi
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Cok disiplinli bir TUBITAK projesi olan ‘Kuzeybati Anadolu’ nun Kabuk Yapismin Jeofizik
Yontemlerle Arastirilmasi” projesi kapsaminda yaklasik 350x550 km® bir alanda 6lgiilen
Manyetotelliirik (MT), Gravite, Havadan Manyetik, Sismoloji ve Jeokimyasal veriler toplanacaktir. Bu
projenin amaci Slgiilen verilerin birlikte yorumu ile bdlgenin yaklasik ilk 50 km derine kadar olan
jeolojik ozellikleri arastirilacaktir. Proje alaninda toplam dokuz dogrultu boyunca 3 km araliklarla
yaklasik 1000 istasyonda MT verileri ve yaklasik 21500 noktada Gravite dlgiileri alinacaktir. Havadan
manyetik veri olarak ise daha 6nceden MTA tarafindan bolgede 6l¢iilen veriler kullanilacaktir. Ayrica,
proje kapsaminda bolgeye kurulan 10 deprem istasyonu ile Bogazici Universitesi ve Afet isleri Genel
Miidiirliigii tarafindan bdlgede isletilen deprem istasyonlarinin kayit ettigi deprem verileri ile bolgede
onceden Olgiilmiis deprem kayitlar1 ise sismolojik calismalar kapsaminda kullanilacaktir. Yine
bolgedeki MT 6l¢ii hatlarmin kestigi toplam 18 adet Pliiton icin jeokimyasal veriler yorumlanacaktir.
Sonugta jeofizik verilerin iki- ve iig-boyutlu ters ¢ézlimleri sonucu bolgeye ait 6zdireng, yogunluk,
manyetik Ozellik ve hiz modelleri elde edilecektir. Elde edilen bu modeller ve jeokimyasal analiz
sonuglart birlikte kullanilarak, KB Anadolu’ nun kabuk yapis1 hakkinda yorum yapilacaktir.

Bu sunuda, Zonguldak-Aksehir arasinda kalan K—G yonlii iki dogrultu boyunca MT, gravite, havadan
manyetik, sismolojik ve bolgedeki iki Pliiton i¢in jeokimyasal verilerin yorum sonuglar1 verilecektir.
Bu iki dogrultu kuzeyden giineye dogru sirasiyla; Istanbul Zonu, Intra-Pontit kenet kusagi, Sakarya
Kitasi, Izmir-Ankara-Erzincan kenet kusagi, Anatolid Torid Blogu, ayrica Kuzey Anadolu Fay Zonu
ve Eskisehir Fayi ile bolgedeki Neojen havzalarinin bir bolimiinii kesmektedir. MT verilerinin ters
¢Oziimiinden elde edilen ve ylizeyden 50 km derine kadar bilgi veren 2B 6zdiren¢g modellerinde bu
zonlar belirgin bir sekilde fark edilmektedir. Bu zonlarin geometri ve derinlikleri hakkinda elde edilen
yorum sonuglar1 dnceden yapilan ¢aligmalarin bazilarmin sonuglart ile uyum gostermektedir. Ayrica
her iki hat boyunca iist kabugun kalinlagtig1 ve inceldigi yerler ¢ok iyi goriilmektedir. Her iki paralel
MT hatt1 boyunca gravite ve havadan manyetik profil verileri kullanarak 2B yogunluk ve manyetik
0zellik modelleri de elde edilmistir. Bilindigi gibi ‘transform levha’ sinirlarinda depremler olmaktadir.
Sismoloji verilerinden, bdlgede bu hatlar boyunca olmus depremlerin odak merkezleri 6zdireng
modelleri {izerinde gosterilmistir. Boylece 6zdireng modelleri tizerinde levha smirlarinin belirlenmesi
kolaylasmigtir. Ayrica her iki dogrultu igin deprem verilerinden, bolgedeki gerilim dagilimini gésteren
b-degeri-derinlik kesitleri elde edilmistir. Sivrihisar, Giinylizii ve Beypazari granatoidlerinden alinan
orneklerin jeokimyasal analiz sonuglari da yorumlamada kullanilmistir. Beypazari granitoidlerinin
bagimsiz kiigiik mostralar vermelerine ragmen mineralojik ve kimyasal bilesimleri bunlarin derinde
tek kiitleye bagh bir batolit seklinde intruzif kayalar olabilecegini gdstermektedir. Sonug olarak bu
caligmada Zonguldak-Aksehir dogrultusu boyunca yiizeyden 50 km derine kadar olan yapilar jeofizik
ve jeolojik caligmalar bir araya getirilerek yorumlanmastir.

Anahtar Sézciikler: kuzeybati Anadolu, tektonik, kabuk yapisi, model, jeofizik, jeoloji
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NW Anatolia CSGM Project: Investigation of Crust Structure along Zonguldak-
Aksehir Transect with Magnetotellurics, Seismology, Gravity,
Aeromagnetic and Geochemical Studies
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Under the multidisciplinary TUBITAK project, ‘NW Anatolia Crust Structure investigation by using
Geophysical Methods (NW Anatolia CSGM)!, magnetotellurics (MT), gravity, aeromagnetic,
seismological and geochemical data are going to be collected in a 350x550 km” area. The aim of this
project is to investigate geological structures of the area from surface to 50 km depth range by using
interpretation of the collected data. We are going to collect MT data along 9 profiles with 3 km station
interval that yields approximately 1000 stations and approximately 21500 gravity data in the project
area. The airborne magnetic data previously collected by MTA in the project area will be used. The
earthquakes’ data recorded by using the currently used seismological stations setup in the project area
by us, Bogazi¢i University and Earthquake Disaster Affairs and previously occurred earthquakes
records are going to be used under the seismological studies. The geochemical data are going to be
interpreted for the 18 plutons crossed by MT profiles. Finally, two-dimensional resistivity, density and
magnetic properties models and three-dimensional velocity model will be obtained after inversion of
the geophysical data. These models and geochemical analysis results are going to be used to interpret
crust structure of the NW Anatolia.

In this presentation, interpretation result of MT, gravity, aeromagnetic and seismology data collected
along N-S directional two parallel lines and geochemistry data for two pluton’s in this area will be
given. These two parallel lines are crossing the main geological units from North to South; Istanbul
zone, Intra-Pontide suture zone, Sakarya continent, Izmir-Ankara-Erzincan suture zone, Anatolid
Tauride Block, in addition, North Anatolian Fault Zone, Eskisehir Fault and some Neogene’s basins in
the investigated area. These main geological units can be seen accurately in the resistivity models
including information from surface to 50 km depth range obtained from two-dimensional inversion of
MT data. Interpretation results of these models show that geometry and depth of these zones are
agreed with some previous studies results. Additionally, thin and thick part of lower crust can be easily
recognized in these two resistivity models. We obtained two-dimensional density and magnetic
properties models by using gravity and airborne magnetic data collected along these two parallel MT
lines. It is known that the earthquakes occurred along transform plate boundaries. Earthquake
epicenters occurred nearby these parallel lines acquired from seismological data are shown on the
resistivity models. This helps us to define plate boundaries in the resistivity models. Additionally, we
obtained b-values-depth sections that show stress distributions from seismological data for the two
parallel lines. Geochemical analysis results of the collected samples from Sivrihisar, Giinyiizii and
Beypazar granitoids are used in the interpretation. Although, Beypazari granitoids shows independent
outcrops in the field, mineralogical and chemical compositions show that these small outcrops may be
united as a unique intrusive body at the depth in the form of batholiths. To sum up, along Zonguldak-
Aksehir transect, the structures from surface to 50 km depth range are interpreted combining
geophysical and geological studies results.

Key Words: northwest Anatolia, tectonics, crust structure, model, geophysics, geology
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Cardak-Dazkir1 Havzasindaki Tersiyer Cokellerinin Depolanma Ortamlar:
ve Sedimanter Fasiyesleri, GB Anadolu, Tiirkiye

Ezher Toker' ve Fuzuli Yagmurlu®
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Bu ¢alisma, Acigdl Grabeni’nin kuzey kenart boyunca yiizeyleyen Tersiyer yasli ¢okellerin depolanma
ortamlarni, fasiyes ozellikleri ve bolgesel tektonikle olan iliskisini arastirmayi amaclar. Inceleme
alani, bolgeye allokton olarak gelip yerlesen Likya naplarinin {izerinde yeralmakta olup, bu alanda
yiizeyleyen birimler, Bascesme Formasyonu (Orta—Ust Eosen), Armutalan1 Formasyonu (Alt
Oligosen), Cardak Formasyonu (Alt—‘orta’ Oligosen), Hayrettin Formasyonu (‘orta’~Ust Oligosen),
Tokg¢a Formasyonu (Ust Oligosen) ve Cameli Formasyonu (Pliyosen) olarak goriilmektedir.

Caligma alanindaki Tersiyer ¢okellerinde yapilan fasiyes ¢aligmalarinda toplam yirmiyedi fasiyes ve
14 fasiyes birlikleri belirlenmistir. Her bir fasiyes ayirtlamasi, ¢okellerin bilesenine, rengine, tane
boyuna, tortul yapilarina, organik kalintilarina ve sinir iligkilerine bakilarak degerlendirilmistir. Eosen
¢okelleri, allivyal yelpaze ile baslayip, kiy1 gerisi ile devam etmekte ve resifal kirectaslarinin yer aldigi
s1g denizel ortam ile sonlanmaktadir. Oligosen yasli formasyonlara ait tortullar, aliivyal yelpaze ile
baslayip, yelpaze deltas1 ve s1g denizel ortamlarda ¢okelmislerdir. Pliyosen tortullari, tabanda akarsu
ortaminda depolanip yukariya dogru golsel ortam ile devam eden ¢okellerdir.

Tersiyer ¢okelleri lizerinde yapilan fasiyes analizleri sonucunda, temelde transgresif olarak ¢okelen
birimler, Oligosen donemindeki karasallasmaya ve tektonik agidan yiikselmeye bagli olarak kaba
kirintili, masif iri ¢akilli, birimler olarak c¢okelmistir. Bolgesel dlgekte KB—GD yoniinde sikigsma
Oligosen yagli birimleri kivrimlandirmistir. Oligosen sonunda sikisma devam ederken bir yandan da
sedimantasyon slirmekte ve havzanin kuzeyine dogru birimlerin tane boyu incelmekte ve havza
kuzeye dogru giderek derinlesmektedir. Pliyosen ¢okelleri Oligosen ¢okellerinin iizerine uyumsuz
olarak gelmekte ve bolgesel olcekte gerceklesen KB—GD yoniindeki agilmaya bagli olarak olusan
golciiklerde golsel kirectaslar1 ¢okelmektedir. Normal faylanmalara bagli olarak da ¢ikan sicak sularin
etkisiyle depolanan traverten, Pliyosen ¢okellerinin en {ist birimini olusturmaktadir.

Anahtar Sozciikler: fasiyes analizi, Cardak-Dazkir1 havzasi, Acigdl Grabeni
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In this study, the depositional environments and facies characteristics of the Tertiary deposits exposed
along the northern margin of the Acigdl Graben have been investigated and their relation to regional
tectonics explored. Three stratigraphic units have been investigated. These are Eocene, Oligocene
(Acig6l group) and Pliocene units. The Eocene units are represented by Bascesme Formation
(Middle—Upper Eocene), the Oligocene units by Acigdl Group made up of Lower Oligocene
Armutalan1 Formation, Lower—‘middle’ Oligocene Cardak Formation, ‘middle’—Upper Oligocene
Hayrettin Formation, Upper Oligocene Tok¢a Formation, and Pliocene Units, by Cameli Formation.

The facies analyses have been performed in these Tertiary deposits and a total of twenty-seven facies
and 14 facies associations have been determined, with respect to the composition of components,
colours, grain size, sedimentary structures, organic remnants and boundary relations of sediments.
Eocene deposits commenced as alluvial fan deposits (proximal and distal fan), then continued with
backshore deposits and ended up as shallow marine reefal limestones. The sediments of Oligocene
formations have deposited in aluvial fan, fan delta and shallow marine environments. The Pliocene
sediments were deposited in fluvial and lacustrine environments.

The facies analyses have shown that the sediments commenced as a transgressive sequence and
became coarser (massive cobbles and pebbles) due to the tectonic activity and consequent uplift of the
region. The Oligocene units were deformed and folded during a NW-SE compression which
continued till the end of the Oligocene. The compressional deformation was accompanied by
sedimentation as the basin became deeper in the north as suggested by a pronounced northward
decrease in the grain size of sediments; a deeper fan delta and/or shallow marine sedimentation in the
north of the study area is characteristic. Pliocene sediments unconformably overlie the Oligocene
deposits and is characterized by lacusturine clayey limestone deposited in pools formed as a result of
NW-SE extension. Travertines occur on top of the Pliocene sediments and deposited by hot waters
reaching ground surface along normal faults.

Key Words: facies analysis, Cardak-Dazkir1 basin, Acigdl Graben
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Iki Evreli Graben Modeli icin Bir Test
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Cay’mn (Afyon) yaklagik 13 km DGD’sunda yeralan Yakasenek kasabasi civarindaki metamorfik
temel birim ile Neojen ¢oOkelleri arasindaki tektonik dokanak bir grup arastirmaci tarafindan
Sultandagi fay1 olarak isimlendirilmis ve bindirme fay1 olarak yorumlanmis, diger bir grup tarafindan
ise normal fay oldugu ileri siiriilmiistiir. Baz1 ¢caligmacilar da Sultandagi fayini normal fay olarak kabul
etmekle birlikte bu fay tarafindan kesilen daha eski Yakasenek ters faymi tanimlamiglardir. Bu
calismada soz konusu Yakasenek ters fay1 iizerinde jeolojik ve jeofizik g¢aligmalar yapilmustir.
Dokanak yakininda fayin karakterini belirleyecek fay ¢izikleri korunmamistir ancak dokanak boyunca
bazi lokasyonlarda yogun parg¢alanmaya ugramis bresik zonlara rastlanmistir. Ayrica sahada temelden
kopup gelen biiyiik bloklarin olusturdugu heyelan alani tespit edilmistir. Bu dokanak {izerinde
uygulanan ‘Sismik Isin Yonlendirme® yontemi ile Yakasenek ters fayma karsilik gelen tektonik hat
kuzeye egimli olarak belirlenmistir. Buradaki fayin giineyin aksine kuzeye egimli olarak saptanmasi,
bolgede Miyosen—Pliyosen’de sikigsmanin varligimi ortaya koyan ve iki evreli graben modelini
destekleyen Yakasenek ters fayinin bulunmadigimi gostermistir. Bolgede yapilan arazi gézlemlerinde
de ters faya yonelik herhangi bir veriye rastlanmamustir.

Anahtar Sozciikler: Afyon, Yakasenek, graben, Sultandagi fayi, normal fay, neotektonik
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The tectonic contact between the metamorphic basement and the Neogene units, which is located
around Yakasenek town in the approximately 13 km ESE of Cay (Afyon), is interpreted as a thrust
fault and is named as the Sultandag fault by some researchers. On the contrary, the others claim that
the Sultandagi fault is a normal fault. Some researchers define the Yakasenek reverse fault which is
cut by the Sultandagi normal fault. In this study, the geological and geophysical studies have been
made on this tectonic contact. The slickenlines could not be observed around the contact but there are
intensively brecciated zones along it in some localities. Moreover, the landslide area, which has large
blocks of the basement, was determined. The tectonic contact corresponds to the Yakasenek reverse
fault was determined as a N-dipping plane using with the ‘Seismic Beam Steering’ method. The
identification of the N-dipping plane instead of S-dipping shows that the Yakasenek reverse fault,
which is interpreted as a product of the Miocene-Pliocene contraction supporting two-stage graben
model, is not a thrust. There is also no field evidence of thrust fault in the area.

Key Words: Afyon, Yakasenek, graben, Sultandag: fault, normal fault, neotectonics
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Tepeoba (Havran-Balikesir) Bolgesinin Jeolojik
ve Petrografik incelenmesi
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Calisma alani, Balikesir ili Edremit il¢esinin kuzeydogusunda ve Camdibi koyiiniin kuzeyinde yer
almaktadir. Bu c¢aligma, inceleme alam1 ve yakin dolaynin jeolojik ve petrografik incelenmesini
amaglamaktadir. Bu kapsamda 36 km? lik alanda jeolojik harita alimi yapilmis (1/25000 ve 1/10000
Olcekli) ve bu bolgedeki litolojik birimlerden hazirlanan 80 adet petrografik 6rnegin mikroskopta
incelemeleri gergeklestirilmistir.

Calisma alanin temelinde Permokarbonifer—Erken Triyas yasli, tektonik dilimlerden olugsan Karakaya
Karmasigina ait birimleri yer alir. Bunlar, en alttan baglayarak Kalabak birimi, Niliifer birimi, Hodul
birimi ve Tepeoba birimi olarak siralanir. Caligilan alanda Oligo—Miyosen yash Eybek granodiyoriti
Karakaya Karmasigina sokulum yapmis olup, Tepeoba birimi ile dokanak olusturur. Bu alanda Eybek
granodiyoritine ait aplitik dayklar da yer alir. Tiim birimlerin {izerine agisal uyumsuzlukla Kuvaterner
yasl aliivyon ve yamag¢ molozlarinin geldigi saptanmistir.

Kalabak birimi, kalksist, fillit ve metabazitlerden olusmaktadir. Birim arazide yer yer altere olmus
sekilde kahverengi renkte izlenmektedir. Kalabak birimi’nden almman metabazit Orneklerinin
mikroskobik incelemelerinde kalinti ofitik dokuda olduklart belirlenmis plajioklas, piroksen, epidot,
hornblend (tremolit) kuvars, kalsit ve opak mineraller tespit edilmistir.

Niliifer birimi egemen olarak spilitik kayaglar icermektedir ve arazide yesil ve yesilin farkli tonlardaki
renklerinde izlenir. Ayrica Niliifer birimi igerisinde metabazit, metatiif, metakumtas1 katkilar1 da yer
almakta ve st diizeylerinde yaygin olarak mermer yilizeylemeleri bulunmaktadir. Spilit ve
metabazitlerin mikroskobik incelemelerinde, ofitik ve subofitik dokuda olduklari plajioklas (albit)
piroksen (ojit), epidot, prehnit, termolit/aktinolit, ilmenit, kuvars, kalsit ve opak mineraller igerdikleri
belirlenmistir.

Hodul birimde egemen olarak arkozik metakumtaslar1 yer alir. Bunlar arazide genellikle beyaz ve
beyazimsi renklerde izlenirler. Arkozik metakumtaslarin mikroskobik incelemelerinde kuvars, K-
feldispat, plajioklas, serizit, kalsit, FeO ve opak mineraller i¢erdigi tespit edilmistir.

Tepeoba birimi fillit, kuvars-serizitsist ve yer yer metabazit, metatif ve ince taneli arkozik
metakumtaglarindan olusur. Matabazitlerin mikroskobik incelemelerinde mikrolitik dokuda olduklari
belirlenmis ve plajioklas, piroksen, klorit, epidot (pistasit + zoisit), kalsit, FeO ve opak mineral
icerdikleri tespit edilmistir.

Oligo—Miyosen yasli Eybek granodiyoriti, hornbend-biyotit granodiyorittir. Granodiyorit incelenen
alanda, Karakaya Kompleksi’'ne ait Tepeoba birimine sokulum yapmis ve bu birime ait sistleri
dokanak metamorfizmasina ugratmistir. Ayrica sistlerin zayif serizitik alterasyona ugrattiklari da
belirlenmistir. Granodiyoritin mikroskopik incelemelerinde genellikle kataklastik dokuda olduklar1 ve
mineral igeriginin plajioklas (oligoklas ve andezin), K-feldispat, kuvars, hornblend, biyotit, sfen,
zirkon, apatitden olustugu tespit edilmistir. Eybek granodiyoritine ait aplitik dayklar sahada beyaz
renkli ve oldukg¢a kirilgan yapida goriilmektedir. Aplitik dayklarin mikroskobik incelemelerinde
kuvars, plajioklas, K-feldispat (ortoklas), biyotit, klorit, kalsit, serizit ve opak mineral icerdikleri
belirlenmistir.

Anahtar Sozciikler: Karakaya Karmasigi, Eybek granodiyoriti, aplitik dayk, serizit, tektonik dilim,
Tepeoba, Havran-Balikesir
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The study area is located between northeast of Edremit and north of Camdibi in Balikesir. The aim of
this paper is to document the basic geological and petrographical characteristics of different
lithological units exposed in the area. Detailed geological maps (1/25000 and 1/10000 scale) were
prepared for an area of about 36 km”and 80 unit thin sections were studied for petrographic purposes.

The basement is represented by Permo—Carboniferous to Lower Triassic Karakaya Complex. The
complex comprises, from bottom to the top, Kalabak unit, Niliifer unit, Hodul unit and Tepeoaba unit.
Oligo—Miocene Eybek granodiorite intrudes the Karakaya Complex with a contact aureole developed
within the Tepaoba unit. Aplitik dykes of the Eybek granodiorite are also common. Quaternary
alluviums and slope depris uncoformably overlie the older units.

The Kalabak unit consists of calc-schist, phyllite and metabasics. Alteration is expressed by typical
brown colour. Metabasics display a typical residual ophitic texture and are composed of plagioclase,
pyroxene, epidote, hornblend (tremolite), quartz, calcite and opaque minerals.

The Niliifer unit consists of spillites and is characterized by green or different shades of green colour.
The unit comprises metabasic, metatuff, sandstone and metasandstones with widespread marble
occurrences at the upper parts. Spillites and metabasics display ophitic and subophitic texture and
contain quartz, albite, pyroxene (augite), calcite, epidote, prehnite, tremolite/actinolite, ilmenite and
opaques.

The Hodul unit consists dominantly of whitish arkosic metasandstone, made up of quartz, potassium
feldspars, plagioclase, sericite, calcite, iron oxide and opaque minerals.

The Tepeoba unit is represented mainly by phyllite and quartz-sericite schist with some metabasic,
metatuff and fine-grained arkosic metasandstone. Metabasics display microlitic texture and consists of
plagioclase, pyroxene, chlorite, epidote (pistacite/zoisite), calcite, iron oxide and opaques.

Oligo—Miocene Eybek granodiorite is a typical hornblende-biotite granitoid. It intrudes into the
Tepeoba unit of the Karakaya complex; along the contact schists has experienced contact
metamorphism. In addition, sericitic alteration of schists is also a common phenomenon. Granodiorite
shows typical cataclastic texture and is made up of plagioclase (oligoclase and andesine), potassium
feldspars, quartz, hornblende, biotite, sphene, zircon and apatite.

Aplitic dykes of the Eybek granodiorite are white in colour and show evidence of brittle deformation.
Dykes are characterized by spherulitic and pegmatitic textures and are composed of quartz,

plagioclase, potassium feldspars (orthoclase), biotite, chlorite, calcite, sericite and opaques.

Key Words: Karakaya Complex, Eybek granodiorite, aplitic dyke, sericite, tectonic sheet, Tepeoba,
Havran-Balikesir
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Calisma alani, Canakkale ili Bayrami¢ ilgesinin 25 km giineydogusunda bulunmakta olup, Evciler
kasabasi ve ¢evresinde yer almaktadir. Bu calisma, inceleme alanindaki litolojik birimlere ait jeolojik
ve petrografik ozelliklerin incelenmesini amaglamaktadir. Bu kapsamda ayrintili jeoloji haritasi
yapilmig (1/10000 ve 1/5000 6lgekli ) ve cok sayida ince kesit 6rnegi mikroskopta incelenmistir.

Caligma alaninin temelini, Permo—Karbonifer—Erken Triyas yasli Karakaya Karmasigi icerisinde
bulunan Hodul ve Cal birimlerine ait litolojiler olusturur. Cal birimi Hodul birimi {izerinde tektonik
dokanakli olarak yer alir. Karakaya Karmasig1 birimleri Ge¢ Oligosen—Erken Miyosen yash Evciler
granitik pliitonlar1 tarafindan kesilirler. Hodul ve Cal birimleri ile Evciler granitoyiti dokanaklarinda
kontakt metamorfik zonlar ve skarn kayaclari gelismistir. Tiim alttaki birimler, riyodasit ve dasit
bilesiminde olan Erken—Orta Miyosen(?) yasli Can volkanitleri tarafindan kesilmektedir. Bu birimler
iizerine de agisal uyumsuzlukla Kuvaterner yasl aliivyonlar gelmektedir.

Hodul birimi metabazalt, metadolerit ve arkozik metakumtaglarindan meydana gelmektedir. Hodul
Birimi’nin i¢inde ara katkilar halinde ince taneli ve tabakamsi goriiniimde spilitik seviyeler yer alir.
Cal birimi ise arazide kirmizi ve sarabi renklerde, agirlikli olarak kirmizi ¢camurtaslart ve mor spilitler
igerirler. Hodul ve Cal birimlerine ait metabazitler, mikrotaneli-porfirik, doleritik, entersertal,
mikrolitik, hyalopilitik dokuludurlar. Mineralojik bilesim olarak da plajioklas (labrador), piroksen
(0jit), aktinolit, klorit, epidot (pistasit), kalsit, opak mineral ve demiroksit tespit edilmistir.

Geg Oligosen—Erken Miyosen yash Evciler granitoyiti sahada, ferromagnezyen mineral bollugu
nedeniyle koyu gri renkli ve iri taneli faneritik dokuda izlenen granitoyitler, granodiyorit, monzogranit
ve biyotit-hornblend granit, hornblend granit olarak adlandirilmiglardir. Mineralojik bilesimleri; alkali
feldispat (ortoklas-mikroklin), plajioklas (oligoklas), kuvars, hornblend, biyotit, manyetit, sfen, zirkon
ve apatittir. Evciler granitoyiti ¢calisma alaninin batisinda Hodul birimi’ne ait metabazitler ile dokanak
yapmaktadir. Diger tarafta, doguda, Cal birimi’ne ait seyller ve spilitler ile dokanaklidir. Bu alanda
Evciler granitoyiti ile iligkili olarak kontakt metamorfik zonlar gelismistir. Kontakt metamorfizma
kayaclar1 ‘hornfels’ genellikle ince taneli olup, mikroskopik incelemelerinde plajioklas (albit), epidot,
klorit, aktinolit, kuvars, kalsit, FeO mineralleri ve opak mineraller saptanmustir.

Incelenen alanda karbonathi kayaglar (kirectasi/mermer) ile granitoyit dokanaklarinda goriilen skarn
kayaclari acik ve yer yer koyu yesil renkli silisli kayaglardan olusur ve tespit edilen mineraller granat
(andradit/grassiiler), piroksen, epidot (pistasit/zoisit), kuvars, aktinolit/tremolit, klorit, kalsit ve opak
minerallerdir. Granitoyid ile kiregtasi/mermer dokanaklarinda gelisen mineralizasyonda manyetit,
spekulerit, pirotin, kalkopirit, galen, bornit, kovellin, malakit ve azurit saptanmistir.

Erken—Orta Miyosen(?) yasli Can volkanitleri, andezit, trakiandezit, riyolit, riyodasit ve dasit
bilesimindeki lav ve tiiflerden olusmaktadir. Bunlar arazide beyaz, sari, kirmizi ve kahverengimsi
renklerde goriiliirler. Tif ve lavlarin biiyiik bir kismi alterasyona ugramis, pek cogu da silislesmistir.
Volkanitler, mikrolitik, porfirik dokulu olup, saptanan mineraller kuvars, sanidin, plajioklas, biyotit,
hornblend, +piroksen, kalsit, opak ve demir oksittir.

Anahtar Sozciikler: Karakaya Karmasigi, Evciler granitoyiti, Can volkanitleri, kontakt
metamorfizma, skarn, Bayramig, Canakkale
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The study area is located in Evciler village and its immediate surroundings, about 25 km southeast of
Bayrami¢ (Canakkale). The aim of this paper is to document basic geological and petrographical
characteristics of different lithological associations exposed in the area. Detailed geological maps
(1/10000 and 1/5000 scaled) were prepared and numerous thin sections were studied for
petrographic purposes.

The basement is represented by Permo—Carboniferous to Lower Triassic Karakaya Complex. The
complex comprises Hodul and Cal units where the latter tectonically overlies the former. These units
are intruded by upper Oligocene—lower Miocene Evciler granitic pluton. Contact metamorphic zone
and skarn have developed along the contacts with the Hodul and Cal units. Rhyodacitic and dacitic
rocks of the Lower—Middle Miocene(?) Can volcanics intrude the preceeding units. Quaternary
alluviums forms the youngest lithologic association and unconformably overlie the older units.

The Hodul unit consists of metabasalt, metadolerite and arkosic metasandstone. Fine-grained spillitic
levels also occur in different horizons. Cal unit is characterized by red and purple colours and consists
of red mudstone and purple spilites. Metabasic rocks of the Hodul and Cal units display
microgranular-porphric, doleritic, intersertal, microlitic and hyalopilitic textures and are composed of
plagioclase (labradorite), pyroxene (augite), actinolite, chlorite, epidote (pistacite), calcite, opaques
and iron oxide.

Upper Oligocene—lower Miocene Evciler granitoid is dark grey in colour and contains ferromagnesian
minerals. Fine-grained phaneritic texture is characteristic. The pluton is composed of granitoid,
monzogranite, biotite-hornblende granite and hornblende granite. Dominant minerals are alkaline
feldspars (orthoclase and microcline), plagioclase (oligoclase), quartz, hornblende, biotite, magnetite,
sphene, zircon and apatite. The Evciler granitoid intrudes the metabasics of the the Hodul unit to the
west of study area and the shale and splites of the Cal unit in the east. In each case, a well-developed
contact metomorphic zone occurs along the Evciler granitoid body. At the contact metamorphic zone,
hornfels is generally fine-grained and comprises plagioclase (oligoclase), epidote, chlorite, actinolite,
quartz, calcite, iron oxide and opaque minerals.

The contact of the granitoid with the carbonates (limestone/marble) is characterized by a light to dark
green coloured skarn zone where silicification is extensive. Skarn rocks are composed of garnet
(andradite/grossular), pyroxene, epidote (pistacite/zoisite), quartz, actinolite/tremolite, chlorite, calcite
and opaque minerals. Mineralization in the skarn zone is characterized by magnetite, sphalerite,
pyrrhotine, chalcopyrite, galena, bornite, covalline, malachite and azurite.

Lower—Middle Miocene Can volcanics consist of andesitic, trachyandesitic, rhyolitic and rhyodacitic
lava and tuffs. They occur as white, yellow, red and brown in colour. Much of the tuffs and lavas are
alterated and silicified. The volcanic rocks display microlitic and porphric textures and consists of
quartz, sanidine, plagioclase, biotite, + hornblende, + pyroxene, calcite, iron oxide and opaque
minerals.

Key Words: Karakaya Complex, Evciler granitoid, Can volcanics, contact metamorphism, skarn
Bayramig, Canakkale
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Balikesir Universitesi Cagis Kampus alan1 ve ¢evresinde yapilan oncel arastirmalar, bdlgenin borat,
bentonit ve kaolen yataklarinca zengin olusu nedeniyle ekonomik jeoloji g¢alismalari iizerinde
yogunlagmistir. Bu ¢aligma ile ilk defa kampus alanimin ayrintili genel jeolojik 6zelliklerinin ortaya
konmasi amaglanmistir. Caligma alaninin diginda yer alan Paleozoyik ve Mesozoyik yash kayaclarin
yerlesmesinden sonra faylanmalar ile olusan yiikselti ve ¢okiintii alanlarinda, Miyosen birimleri
karasal ve golsel ortamlarda ¢okelmistir. Inceleme alanindaki Miyosen yasli birimler alttan iiste dogru
taban volkanikleri ve Bigadi¢ Formasyonuna ait taban kiregtasi, alt tiif, alt borat, iist tiif ve list borattan
olusur. Inceleme alanmin giineydogusunda kiiciik bir alanda yer alan taban volkanikleri andezit ve
trakiandezitlerden olusur ve kalinlig1 yaklasik 250 metredir. Bigadi¢c formasyonu yaklasik 300 ile 900
metre arasinda bir kalinliga sahiptir. Bigadi¢ formasyonunun taban kiregtasi, alt ve list borat birimleri
volkanizmanin durgun oldugu doénemlerde, tiif birimleri ise bolgenin volkanik acidan aktif oldugu
Miyosen doneminde olugsmustur. Borat iceren (baslica kolemanit ve iileksit) alt ve iist borat birimleri
ve bentonit igeren tif birimleri ekonomik 6éneme sahiptir. Miyosen birimlerinin iizerinde konglomera,
kumtas1 ve kiltasindan olusan giincel ¢okeller uyumsuzlukla yer alir. Miyosen ve Oncesine ait
birimlerden beslenen aliivyonlar tiim birimlerin {izerini uyumsuzlukla orter.

Anahtar Sozciikler: Miyosen, stratigrafi, Bigadi¢ formasyonu, Balikesir
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The previous research in the Cagis Campus area of Balikesir University and its surroundings
concentrated on the economic geology because the area is rich in borate, bentonite and kaolinite
deposits. The present paper aims to document, for the first time, the basic geological characteristics of
the campus area. The study area is characterised by Miocene continental and lacustrine sediments,
deposited in fault-controlled basins; they unconformably overlie the Palacozoic and Mesozoic
basement rocks. The Miocene is represented by basement volcanic rocks and overlying Bigadic
formation; the latter is composed of lower limestone, lower tuff, lower borate, upper tuff and upper
borate units. Basement volcanics are composed of mainly andesite and trachyandesite in a small area
at southeast of investigated area and have a thickness of approximately 250 meters. Bigadi¢ formation
has a thickness of between approximately 300 metres and 900 metres. The lower limestone, lower and
upper borate units formed when volcanism in the region was inactive; however, tuff units formed
when the region was volcanically active during Miocene. Borate-bearing (mainly colemanite and
ulexite) lower and upper borate units and also bentonite-bearing tuff units have economic importance.
Miocene units are unconformably overlain by recent alluvials, made up of conglomerate, sandstone
and claystone; Miocene and pre-Miocene units form the source areas.

Key Words: Miocene, stratigraphy, Bigadi¢ formation, Balikesir
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