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Degerli Uyelerimiz,

Tirkiye 9. Petrol Kongresi 17-21 Subal 1992 tarihleri arasmda Derne-
gimiz ile TMMOB Jeqfizikk Miih, Odast ve TMMOB Petrol Milhendisteri
Odas: tarafindan ortaklasa dizenlenmistir. Uluslararast organizasyon-
lara orania ¢ok lasa stirede gerceklestirilen bu kongrenin basard: ol-
masmda Diizenleme Kurulunda gdérev alan arkadaslarmmizm ozverili
calismalar: énemli rol oynamstir. Peirol Kongrelerinde iki ana amag
hedeflenmektedir. Bunlardan birincisi, petrol sekidritndeki teknolojic ve
bilimsel gelismelerin sergilenip tartistlarak, tiyelerimizin uluslararast
gelismeleri izlemesidir. [liinci amag ise iktidara. tiim siyasi partilere ve
kamuoyuna dogru mesgjlarin verilerek petrolle dgilt tim sorunlarmn,
gercek vertler sifinda kamuoyunda fartisdmasvu saglamakty.

Kongrenin kisa bir degerlendirmesini yapmak, bundan sonraki Petrol
Kongrelerinin daha basariht olmasma yardinct olacaktrr, Kisa haziide
donemine ragmen sunulan teknfk ve ekonomik igerikll bildirilerin nice-
lik ve niteligi iilkemiz pefrol aramacthift acsmndan sevindiricidir. Ulus-
lararas: boyutlarda kongre ve sergi diizenlemek igin uygun sergi salon
larinn Ankara’da olmayisvun sdantdar: bu Kongrede biytik dlgiide
yasarmuste. Bilindigi gibi petroliin {ilkemizdeki varhg: veya mikiart ile
aranmast ve lretimi konularnda basmda ve kamuoyunda sirekli

spekitlatif haberler yaziw ve konusulur. Bu tir yarullice haberlerin

éniine gecmek igin ilgili meslek kuruluslarmun gosterdigi yogun
cabalarin yetersiz kaldjt bu kongrede birkez daha oriaya cienugt.
Titrkiye Petrol Jeologlari Dernegi olarak, Peirol Jeologlaruun petrol
aramasmndaki yerini ve énemini tgili makamlara hikmadan anlatmak
zorundayiz. Bunu gerceklestirirken dogal olarak sektérde beraber
calistifnmiz arkadaslarymzm tye oldugu diger meslek kurdusiaryla bir-
likte olacagnz. Ne yazik ki {itkemizde bugiine kadar meslek kuruluglarma
veya teknik elemanlara sadece petrol sektériinde degil, diger sektorlerde
de yeterli hassasiyet gbsterilmemistir. Jeolofi mithendislerinin etkin
gbrev almast gereken birgok is kolunda, maalesef gereken istihdam
yapimamaktadw. Is bulma sansma erisenler ise egitimlerine ve sorumin-
luklarma uygun icret alamamaktadirlar, Petrol sekidriinde calisan tek-
nik elemaniar tim diinyada, ¢cahsma kosullarma baglh olarak diger
sekiorlerde calisanlardan genel olarak daha yiitksek tcret alvlar,
Tirkiye'de petrol arama ve retiminin basladigt itk ydlardan son 15 yila
gelinceye kadar bu tutarls politika iilkemizde de uygulannust. Son
yillarda ise anlagithmaz bir tutumla ywratdan teknikk elemanlarin
calisma azim ve istekleri adeta yok edilmistir. Bu yil Amerika Birlesik
Devletlerinde "Money Magazine” dergisinin yaplig anket sonucuna gore,
Jeologluk bu lilkede tercih edilen ik on meslek arasmnda tkinct sracda
yeralmusir. Alman ortalama iicret swralamasmda ise jeologlarin doktor-
lar ve veterinerlerden sonra 60008/ayla iiciincit srada yeralmast mesle-
gimizin, gelismis idkelerde ne kadar saygm oldugunun ciddiye almdige
nin en agdc gostergesidir, Bugiin titm mesleltaslaromez iiniversiteleran,
Jeolofi, Jeofizik ve Petrol Mithendisligi Bélimlerine giren genclere
gelecegin issiz mithendisleri gbziyle boakmaktadr. Yer biimcilerin
yakinlarina bu meslekleri tercih etmemelerini {avsiye etmeleri de ac
gerceklerdir.



[Nkemiz petrol ihtiyacwn, gerek yurtici gerekse, yurtdisinda bulaca-
gumuz pelrol sahalarndan karsdamak zorundaywz, Bunu ger¢ekles-
tirmede en bityitk ulusal sorumluluk, stphesiz Petrol Jeologunundur,
Swurlarn icerisinde yelerli petrolit bulamayan iilkeler, duws {ilkelerde ara-
ma calismalarna agueldc vermektedirler. Onemli olan, petroliin iilkede
olup olmamasmdan ¢ok yetismis insan giiciinit akder olarak kullarup,
titm ditnyanm ortak yeralte serveti durumundaki petrolden iilkemnizin de
yararlanmasun saglamaktr. Tiirkiye Petrol Jeologlart Dernegi olarak
yurdumuzda oldugu kadar yurtdismnda da basardi calismalar yapan
Petrol Jeologu, Jeofizik ve Petrol Mithendislerine yabanet petrol sir-
ketlerindeki deger ve tmkanlar verildiginde yurticinde ve dymda basarit
sonuclar alinacagma inancumz tamdar.

Dernegimiz ydlardu ditzenledigi kongrelerle kazandg bilgl ve deneyi-
mini uluslararast platformlarda sunmaya hazwdw. Sizlerle, yurticl ve

disinda daha nice basartt petrol arama calismalarnda ve kongrelerde
birlikte olmak umuduyla herseyin gondiiniizce olmasuu dileriz.
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Geology and Tectonic Evolution of the Southeastern Taurides
in the Region of Malatya

EVREN YAZGAN* and RONALD CHESSEX**

L

ABSTRACT

Easiern Taurus tectonics invoive an arce-
continent collision between the Keban and
Arabian micropiates during the late Campa-
nian-eariy Maastrichtian. This coiiisional
phase continued untl the eariy Eocene. The
Eastern Taurus Belt was later affected by late
Miocene-PHocene deformation and thrusting
events expressed as the Pitilirge-Bithlis intra-
crustal thrust fauit comparabie to the Main
Central Thrast (MCT) of the Himalayas. Initi-
ation of this intracrustai thrust fault is
thought to have produced the Eocene voicanic
rocks.

Identification of different tectonic umnits
along the Malatya Geotraverse, using structn-
rai and stratigraphic features, allow the rec-
ognition of a number of different terranes, as
foiiows: 1) Ophiofitic rocks representing
some form of oceanic mantie and crust
{Giileman, Kocail); 2) continentai metamor-
phic terranes with or without a sedimentary
cover probabiy represent fragments of the Af-
rican-Arabian piate (Pitiirge-Bitiis); 3) a
basement complex composed of ultrabasic to
granitic piutonic rocks and poly-deformed
metamorphosed diorites, amphiholites, py-
roxenites and garnet-peridotites {(Kémiirhan
suture zonej; 4) caic-aitkaline voicanic and
plutonic rocks which represent magmatic arc
products built up partiy on continental crust,
partiy on oceanic crust (Baski Arc).

Investigation of igneous and metamorphic
rocks using radiometric, geochemicai and

* WA General Direclorale of Mineral Research and Explora-
tion 06520 Ankara TURKIVE

** {Universitd de Gendve Département de Minéralogle 13, rue
des Maraichers 1211 Genéve 4 Suisse

stratigraphic techniques provides a basis for
an evolutionary modei at the two stages of the
ophiolitic emplacement. At the firat stage,
ophioiitic nappes were obducted hot with
associated metamorphism and tectonism
onto the passive continental margin prior to
the arc-continent coilision. At the second
stage, during collisional phase, the metamor-
phosed passive continentai margin with its
ophioktic nappes was uplifted along inherit-
ed extensionai listric fauits. Thrusting and
overfolding allowed these nappes to be carxied
coid to the furthest southerly position into
the Arabian fore-deep sedimentary basin by a
gravity sliding mechanism.

Oceanic mantie and crust from the fore-arc
area with young arc-magmatic rocks (up to 76
Ma) were obducted over the passive continen-
tal margin. The arc magmatism provided the
dominant heat source, with some form of
compiementary frictional heat generated dur-
Ing thrusting, and caused the metamorphism
of Pitiirge massif around 75-70 Ma ago.

0z

Dogu Toros tektonigi, Keban ve Arap mik-
roievhalar: arasmda ge¢ Kampaniyen - erken
Maastrihtiyen yay - kita carpismas: ile
yakindan figiiidir. Bu ¢carpigma siresi erken
Eosen'e kadar devam etmigtir. Dogu Toros
Kusagi daha sonra, Himaiayaiarda izienen
"Main Central Thrust” (MCT) Ana Merkezi
Bindirme fayiariyia kiyasianahiiecek,
Piitiirge-Bitlis kahuk ici hindirme fayianyia
ifade edilen, ge¢ Miyosen-Pliyosen deformas-
yon ve bindirme oiayiar: iie etkiienmistir.
Kabuk i¢i bindirme faylarnun ¢aiigmaya
basiayisina bagi oiarak, Eosen voikanik
kayaclannn ofustugu diigiiniitmektedir.
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Maiatya jeotraversi boyunca, stratigrafik
ve yapisal dgelerden yararlanarak farkh
kayag tiirierinin tamimlanmasi, sdzii ediien
carpisma kusag icerisinde, farkls tektonik
birliklerin belirlenmesini olas1 kilmaktadsr.
Bunlar: 1. Okyanusal manto ve kabugu temsli
eden ofiyolitik kayaclar (Gilleman, Kocali); 2.
Afrika-Arap levhasi parcalanindan olusan
¢Okel Ortiilit veyn 8rtiistiz, kitasal metamorfik
birimier{Piitiirge, Bitlis}; 3. bircok deformas-
yon gecirmis, granit, diyorit, amfibolit, pi-
roksenit, eklojit ve granath peridotitier gibi
granitik bilegimden, uitrabazik tHegime ka-
dar kayaclardan olugsan, karmagik bir meta-
morfik temel (Kbmiirhan kenet kusag); 4. or-
takiaga okyanusal ve lutasal kabuk iizerinde
geligen ve yay magmatizmasim temsli eden
kaikalkali volkanik ve plutonlk kayaclar
{Baskil Yayi).

Radyometrik, jeokimyasal ve atratigrafik
teknikier kulianilarak metamorfik ve mag-
masai kayaclar éizerine yapilan aragtirmalar

ofiyolit yerlegmeai icin, 2 ana evreli evrim

modelinin temel ilkelerint saglamigtir, Bi-
rinci evrede, ofiyolit naplari, yay-kita
carpismasi dncesi, pasif kuta kenan tizerine
tektonizms ve metamorfizma egliginde sicak
olarak bindirmislerdir. Carpigma zamanim
belirleyen ikinci evrede, metamorfizmaya
ugrayan paaif kita kenan, ofiyolitik 6rtiisii
iie birlikte, eski "listrik” a¢ilma faylar: boy-
unca yiikseimeye baglapusgtir. Bindirme ve
yatik kivoimlar, ofiyolitik 8rtiiniin, soguk
¢ekim kaymalariyla, Arap kitasi 6n cukar
ctkel havzas: icerisinde en giiney konumuna
tasinmalarin: saglamistir.

Yay Onii okyanusal manto ve kabuk, geng
{76 M. yila kadar) yay magmatizmasi
kayacian ile birlikie pasif kita keaari
iizerine bindirmiglerdir. Pasif kita kenannm
metamorfizmasima {75-70 My) neden olan ana
151 kaynagini, yitim zonu iizerinde bulunan
yay dnit okyanusal mante ve kabuk maize-
mesinin sicak veriesmesi hemen dncesine
- kadar yay magmatizmasimin etkinligiyie
1isinmasi, bindirmeye bagls siirtiinme 15181 ve
- ofiyolitik naplarin yiikit altinda gémiiime
metamorfizmasimin kogullar: olustarmak-
tadsr.

1, INTRODUCTION

The Eastern Taurus orogen at the northern
boundary of the Arablan microplate (Fig, 1)
exhibits well-exposed field evidence of a clas-
sic collision belt. Despite extensive studies
and excellent field exposures, the geology of
the Eastern Taurus range remains incom-
pletely known, poorly understood and contro-
versial,

The pre-collision, collision and late-
collision history of SE-Turkey, especially on
the Malatya-Elazg area, is here documented
by detailed field observational, radiometric
and geochemical data. A geological map based
on personal field observations and on MTA
and TPAO mapping over the last 10 years is
presenteq In Fig. 2. In the light of extensive
field work, the Eastern Taurus realm can be
divided into the following tectonic units from
south to north:

1} The Arabian Platform which becomes
Increasingly deformed northwards by folds
and then imbircate structures as one ap-
proaches the frontal thrust belf of the Piitiirge-
Bitlis metamorphic massifs. The autochthon-
ous sequence includes sedimentary alloch-
thonous units of continental slope character-
istics assoclated with ophiolifes that were
emplaced by gravity gliding during the Late
Campanian-Early Maastirichtian time.

2) The Pittirge and Bitlis metamorpbic
maasif, assumed to bave originally formed
the northern part of the Arabian plate. was
sheared and metamorphosed below the ophio-
litic nappes and then thrust onto the Arabian
Platform.

3) The Kémiirhan autnre zone which is
composed of metaophiolitic rocks, amphibo-
lites, granitic gneisses and syn-tectonic infru-
sive granodioritic rocks; it could have been
assembled in a ductile shear zone correspond-
ing to the Benioff zone, then further deformed
at a later stage of the arc-continent collision.

4) The Baskili batbolith includes cale-
alkaline volcanics, pyroclastics and volcani-
clastic rocks representing a Coniacian-San-
tonian magmatic arc formed as a resulf of the
northward subduction of the southern arm of
the Neotethys beneath the Keban platform.
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Figure 1: Simplified tectonic map of middle East
showing studied area at the northern boundary of
the present Arabian Plate.

5) The Eeban Platform is represented by
shallow marine sedimenis metamorphosed
by intrusive Baskil Arc magmatic rocks. This
piatform was a part of the African-Arabian
plate until Late Triassic or Jurassic fime
whern Tethys ocean staried spreading,

Four principal ophiolite belts were identi-
fied in eastern Turkey, but there is some un-
certainty with respect to the age of formation
of these ophiolites. it is unanimoeusly accept-
ed that most were initially emplaced onto the
continental margins during the Campanian-
Farly Maastrichtian time. Several of these
ophiolites have been subsequently involved
in secondary thrusting. Various models have
been proposed in order to explain the {ectonic
evolution of the Eastern Turkey. Controver-
sial interpretations appear in the literature
concerning the existence of one, two or sever-
al ocearde basins. The parautochthonist hy-
potheses prefer, either to root every single
ophiolite in a different ocean (Sengér &
Yilmaz, 1981) or in several interconnected
basins separated by contiinental slivers {Ro-
bertson: & Dixon, 1984). On the other hand,
the allochthonist hypotheses assume that a
single Tethyan ocean existed between the
Pontides and the Tauric - Arabian Platform

{Smith, 1971; Ricou et al., 1875; Ricou et al.,
1984}, Between these two extremes, there are
some different models arguing about two dis-
tinct ocean modeis {(Dewey et al., 1973, Biju-
duval et al., 1977: Ozkaya, 1982; Yazgan., 1984;
Michard et al., 1984-85). Such two ocean mod-
els Tun into difficuities when attempts are
made to account for the different structural
positions of the ophiolites, e.g. beneath the
Piitiirge or Bitlis massils as well as above
them.

We consider that the structural interpreta-
tion of different tectonic units needs a careful
analysis of the field data in order to define the
prirmary genetic relationship.

The different tectonic units are weli ex-
posed in the Malatya transect because of re-
cent uplilt. Here, we can see the deeper structu-
ral levels in the internal part of the Eastern
Taurus range, and we next describe briefly
these tectonic units and the coniact relation-
ships between them from the Arabian plat-
form to the Keban pilatform. {Figure 3}.

2. ARABIAN PLATFORM AND UPPER
CRETACEOUS ALLOCHTHONS

2.1. Arabian Platform

The first detailed description of the stratig-
raphy of autochthonous sedimentary se-
quences of the Arabtan Platform of southeast
Turkey was presented by Rigo de Righi & Cor-
tesini {1964). According to these authors, the
Precambrian sequence in this area is com-
posed of felsite porphry and clastics overlain
by polygenic conglomerates with coarse sand-
stones and redbeds. This seguence is uncon-
formably covered by a thick section of sand-
stones, siltstones and shales in which
siliceous Hmestones and dolomites are inter-
calated. This section is assumed to be Cambri-
an in age. The next conformably overlying
Bedinan Formation is composed of alterna-
tions of shales, siltstones and sandstones
with varicolored intercalations, about 700 m
thick. The Bedinan Formation, Ordovician in
age, is overlain with a gradational contact by
the Upper Ordovician-Devonian Handof For-
mation which is represented by a 900 m thick
shaly section with subordinate silty-sandy
intercalations and locally bituminous black
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Figure 2: Geological sketch map of the Eastern Taurus between Malatya Bingél (after Perincek, 1979; Yazgan, 1983; Yazgan et al., 1983; Mich-
ard et al., 1984; Aktas and Robertson, 1984; Hempton, 1984; Asutay, 1987): 1. Folded Arabian Piatform, 2. Imbricate Arabian Piatform, 3.
Piitiirge-Bitils Metamorphic Belt, 4. Malatya-Keban metamorphosed platform carbonates, 5. Upper Maastrichtian-Lower Miocene sedimen-
tary cover of the Baskil batholith and Ispendere-Kémiirhan-Giileman unit, 8. Ispendere-Kémiirhan-Gileman suture zone, 7. Ophiolite rocks
emplaced by gravity sliding (Kocali complex), 8, Continental slope deposits (Hezan Unit), 9. Baskil arc magmatic rocks, 10. Flysch-type oro-
genic sedimentation (U, Camp. - L. Maastr.}, 11. Maden volcano-sedimentary and Killan imbricate unit, 12. Miocene and younger volcanics,
13. Upper Cretaceous tectonic thrust boundaries, 14. Post-Oligocene-Pliocene thrust, 15. Piitiirge-Bitlis Thrust Fault, 16. Reverse fault and
imbricate structure, 17, Anticline axis, 18. Syncline axis, 19, Left-lateral East Anatolian Transform Fault,
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Figure 3: Geological cross-sections through the Malatya and Ergani-Gifleman Taurie range. 1: Alkali-basalis
of Karacadag (Flio-Quarternary). 2: The Lice formation {detritic limestone with interbedded sandstone, marl
and claystone) and Selmo formation (conglomeratic sandstone). 3 : The Midyat formation (neritic limestones
of Eocene age}. 4 : Transgiessive series of Upper-Maastrichtian-Paleocene age; consisting of interbedded con-
glomeratic sandstone, marl and claystone. 5 : Ophiolitic nappes; emplaced with gravity sliding onto sedimen-
tary rocks of the Arabian Platform during Middle-Maastrichtian and The Karadut Complex (flysch forma-
tion of slicified claystones, siltstones, maris and limestones}). 6 : Mesozoic platform sediments (upper levels
are Campanian Lower Maastrichtian age}. 7 : Non-metamarphic sedimentary rocks of the Palacozoic. 8 : Ara-
blan basement. 9 : Sub-Taurie slices {Piitiirge thrust belt). 10 : The Maden Complex. 11 : Autochthonous sedi-
ments of Ypresian and Lutetian age; transgressive upon the Pitirge metamorphic. 12 : Marbles and cales-
chists of the Piitirge nappe. 13 : Piitiirge polymetamorphic schists. 14 : Upper Maastrichiian-Paleocene flysch
{Hazar-Simaki formation}). 15 : Gilleman ophiolites. 16 : Tauric neo-platform facies (Harami, Seske, Kirgecit,
and Alibonca formations). 17 : Lava flows and pyroclastics consisting of agglomerates, lapillistones and tuffs
and Late Campanian volcaniclastic flysch cover. 18 : Cale-aiksline hypovolcanics and hypsbyssal rocks. 19
Senonian arc complex : granitoids dated as Coniacian-Santonian (K/Ar), sometimes follated (Karga Dagl. 20:
Malatya and Keban metamerphic Hmestones and eale-schists, mostly Permian and Triassic {roof pendants}).
2% : Overthrust plane, post-Ecocene age. 22 : Overthrust plane, Senonian age.

shale intervals, During Carboniferous time, an time. Here, the northem part of the Arabi-
the region is subjected Lo some teclonic move- an plalform provides an excellent exampie of
menis resulting in an unconformily related the uplified distal side of an extensional ba-
to a regression. The Upper Palaeozoic se- sin during the early Mesozoic as implied by
queniee displays an interfingering of subcon- the sheared lithosphere model of Wernicke
linental, littoral and shaliow marine sedi- (1985). This regional uplift doring Jurassic-
meants. early Cretaceous lime were nol epirogenic
The Mesozoic sections are discussed by movemenis related 1o carly orogernic activity
Altimer (1989} from ihre northern and north- as proposed by Rige de Righi and Corlesind
western of Hazro region {Fig 4), The Lower {1964).
Triassic sequence is represented by the Ulu- The Mardin Formation consists of a reef fa-
dere Shale Formation inierfingering with cies limestone, extensively dolomitized, rang-
sandstones and sandy limestones towards the ing in age from Barremian o earliest Turoni-
souih. The Hazro region is characterized by a an. The evolution of this {ransgressive

regional uplil from Late Triassic to Barremi- sequence was interrupted by a rapid uplift in
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Turonian time probably relatled 1o compres-
sion in the oceanic domain as a result of rap-
id change in the relalive plates motion direc-
tion 85 Ma ago {Livermore and Smith, 1984},

After a non-depositional period during the
Coniacian and Santonian, a relatively nar-
row and strongly subsiding {oredeep type ba-
sin formed during the Campanian-early
Maastrichtian. It is represented by the Kastel
Formation flysch-type sequence whose clas-
tics indicate the early uplifiing of the Bitlis-
Pitiirge metamorphic belt to the north, Sedi-
ments change from shallow water carbonate
facies to deeper water intercalated graywacke-
type sandstones and shales, The initiation of
the Kastel flysch is contemporaneous with the
uplifting of the Bitlis-Piitiirge belt as recorded
by K-Ar cooling ages (Table I}. These ages are
consistent with sudden decrease of the Afri-
can plate motion relative Lo the Eurasian
plate between 70-48 Ma (Livermore and
Smnith, 1984},

2.2 Allochthonous Units

The main phase of deformation in the
Eastern Taurus oceurred in the Late Campa-
nian-Early Maastrichtian as a result of the
arc-continent collision (Yazgan, 1984). Intra-
oceanic imbrication is dated around 94Ma
{Yazgan, 1984} by the infraophiolitic meta-
morphic sheets and termination of the ocean-
ic sedimentary sequence during the earliest
Turonian (Fig. 4). Incorporation of the conti-
nental rise deposits to the ophiolitic melange
seems to be well-documented by termination
of the Arabian Platform margin sedimentary
sequence i the earliest Campanian (Albiner,
1989). Hot ohduction of the ophiolitic slabs
over the Billis metamorphic massif accompa-
nied by {ectonism and metamorphism during
Campanian is now well-dated {Table I} and
unanimously accepted in the Eastern Taurus
({Gonciiogle and Turban 1984; Caglayan et al.
1984). Subsequent cold gravity sliding of the
ophiolitic mélange reaching its more south-
erly position in the Arabian Foreland oc-
curred by isostatic and/or compressional up-
Hft of the Patiirge-Bitlis Belt shortly after the
subduction ended. Thus, there are some asso-
ciated sedimentary allochthonous units of
continental slope characteristics together

with the ophiolitic mélange emplaced cold in
this foredeep by gravity sliding during Late
Campanian-Early Maastrichtian,

The component rocks of the ophjolitic mé-
lange represent remnants of a Mesozoic
oceanic crust and its pelagic cover (Kogali
Unit and Konak Formation respectively} and
detached pieces of continental rise deposits
{Hezan Unit} scraped from the Arabian Plat-
form Margin and mixed together into the Kas-
tel Basin during the final sedimentary em-
placement.

The age of the Konak Formation overlying
the ophiolite has been extended down into the
Berriasian by Calpioneliid fossil finds{Per-
ingek, 1979 and even further down into the
Tithonian by Lhe presence of the faciés 4 fila-
ments reported by Rigo de Right & Cortesini
{1964) and reinterpreted by Altiner (1984 Fig.
4). Consequently, and at least in this area the
age of the oceanic crust and ocean floor
spreading must be older than tbe Tithonian.
On the otber hand, the flysch-type sedimenta-
tion of the Konak Formation had to be de-
rived from a freshly formed relief and most
likely originated from a basin under com-
pressional tecfonics starting from 119 Ma,
when a major change in the relative motion
of the Arabian Plate bas been recorded {Liver-
more and Smith, 1984},

Continental slope deposits (Hezan Unit) of
the Arabian Platform start with the Kilisedag
Formation which is characterized by Middie
Triassic dolomitic limestones or dolomites,
Ladinian pelagic sediments and lower Norian
tulfaceous volcanic rocks (Fontaine, 1981).
This platform margin {ype sedimentation
continued until the earliest Campanian
which is the youngest level recorded in the
contlinental slope type deposits {Altiner,
1989). Then the initial deformation of the
Arabian Continental Margin in this area is
recorded by the termination of the sedimen-
tary sequence in the lowermost Campanian.
Ophiolitic obduction onto the platform mar-
gin occurred after the earliest Campanian.
The timing of southward emplaced ophiolitic
thrust sheets and continental rise deposits by
gravity sliding into the southeast Kastel Ba-
sin are well-constrained stratigrapbically as
Late Campanian-Early Maastrichiian,
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2.3. Transgressive Neoautochthon

The ophiolitic complex and associated
deposils are overlain unconformably by a
post-orogenic sedimentary cover of Upper
Maastrichiian and younger sediments. The
transgressive Loflusia-bearing Upper Maas-
trichtian carbonates and clastics contain de-
bris derived from the erosion of the gravity
nappes and uplified metamorphic belt and
rest uncondormably on ail the other units.
There is an obvious evidence of compression-
at tectonies until the Early Eocene when the
Antak Formation indicates a regression cor-
responding with a strong teclonic event, since
it rests with a sharp unconforriily along the
northern border of the basin with local sedi-
mentary gaps {Rigo de Righi and Cortesini,
1964, p. 1921).

The Gerciis Formaflion clasiics, which can
be correlated with the upper part of the conti-
nental Antak Formation, represenl a marine
offfap related 1o exlensive uplifting of the
Pittiirge metamorphic massif, where the oro-
genic bell was being affected by intense alpine
tectonism during the interval {Y0-48 Ma) in
which the convergence rate between Arabia
and Furasia drastically decreased (Livermore
and Smith, 1984},

After the Middle Eocene, a regional irans-
gression occurred over all Southeast Turkey
with shallow marine massive carbonate de-
posits Midyat Formationy). This period corre-
sponds to a short extensional phase during
which the Maden voleanics extruded on the
Piitiirge metamorphic massif, while the mo-
lasse-like Kirkgecil Formation of the more
internal belt {Baskil Balholith} developed in
response {0 a short extensional phase (Middle
Eocene-Oligocene).

The Midyat Formation grades northwards
into more basinal sedimentis, consisting of
cherty limesiones with thin shaly iniercala-
{jons, approaching the Foothils Siructure
Bell. i is locally overiain by evaporilic and
chalky marls of Oligocenie age. The Eocene
Midyat Formation and, when they exist, the
Oligocene sedimenis are unconformably
overlain by Lice Formation sediments of Up-
per Miocene age. This {lysch-lype [ormation
consists of thick sections of sub-graywackes,
sandstones and shales deposited as turbi-
dites.

At the end of Miocene lime, the Piitiirge
metamorphic massif was thrust onto the Ara-
bian Platform through the Cungiis Forma-
tion. This is the last important diastrophic
event recorded in Southeast Turkey, it over-
printed the previous foreland flexure in a
similar way than the Main Central Thrust
{MCT} of the Himalayas. '

3. EASTERN TAURUS FRONTAL THRUST
BELT

This bell. developed within a narrow fore-
deep of Neogene age in front of the advancing
Piitiirge and Billis metamorphic massils. It
has a gentle N-dipping cleavage paraile to the
feclonic cordacls underneath the thrust plane
of Pitiirge metamorphic massif and over the
Lice Flysch of Lale Miocene age.

The Tortordan Lice Flysch reflects the be-
ginming of thrust Joading {(Dewey et al., 1986).
The Cinghs Formation shows wiidflysch
characteristics easily distinguished from the
commorily lighter grey-brown coloured Lice
Flysch which is much less deformed than the
overlying wildflysch unil. The Cimgiis wild-
flysch teclonically overthrust the Lice For-
matlion it a post-Late Miocene tecionic event,
probably relaled to the Arabian plate motion
caused by Red Sea opening through the Mio-
cene and a small change in Arahian Plate mo-
tionn in the Pliocene {Celeman and McGuire,
1988). The Cingis wildflysch dominartly
coniains interbedded shales, marls and sand-
stones with Luietian limesione and andesile
blocks of the Maden: Complex and has a well-
developed slaty cleavage. Iis upper levels be-
come increasingly richer in exotic blocks.
While Sungurla (1874} assumes that the
Cingiis Formation formed in the interval Up-
per Eocene-Miocene, Erdogan (1883} proposes
that il is the northern deeper basinal equival-
ent of the Lice Formation, both being of the
same age. In any case, there is no evidence of
the accretionary wedge deposits south of the
Pittlirge-Bitlis Thrust Beit related to Creta-
ceous South Tethys subduction as proposed by
Dewey et al., (1973); Hall, {1976}; Dewey and
Sengor, (1979). However, such accrelionary
prism deposils of late Turonian-Santonian
age do exist in front of the Giileman and
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Kémiirhan ophiolitic belt further {o the north
inn the Killan Imbricate Unit [Aktas and
Roberison, 19841

Between the Putiirge thrust plane and the
Cilingiis Wildflysch Formation, there are some
stnall blocks and slices of amphibolite of the
Giileman ophiolitic and of Maden volcanic
rocks {Piskin:, 1972; Hall, 1976 and 1980; Yaz-
gan, 1983). Metamorphic patierns loeally in-
volve blueschist facies which could be inter-
preted as belonging to metamorphic sheets
underlying the ophiclitic nappes.

Foreland flexures and iniracrustal thrust
belis are commeon fo all coilisional systems
which form after the main collisional stage
{Mattauer, 1986; Coward et al., 1986, and De-
wey et al., 1986} along inherited extensional
listric faults reactivated as thrust faulis, We
assume that the Eastern Taurus Fromntal
Thrust Belt is affected by a post-collisional
foreland-type deformation, and those thrust-
ing events have continued throughout a peri-
od starting in the late Campanian-early
Maastrichtian and lasting up to the present
days. We do not believe that this post-
collisional thrusting resulted from Billis
ocean closure as suggested by Sengtér & Kidd
(1979). Sengdr and Yilmaz (1981), Aktas and
Robertson (1984), Robertson and Dixon
{1984), Dewey el al., {1986) and Yilmaz et al.
{1987)

During this late Miocene-Pho-Quaternary
thrusting, there has been continuous conti-
nenial lithosphere convergence between the
Arabian and Eurasian plates, accomparided
by crustal shortening and thickening of
Eastern Anatolia without geiting any signifi-
cant oceanic material in the intracrustial
thrust fauli, except for some small scale im-
bricated ophiolitic slices of several meters to
tens of meters thick which have been in-
volved, in the frontal imbricate overturned
structure, over the Pifhrge metarnorphic
massif, This intracrustal Thrust fault is
located at ihe boundary beiween meta-
morphosed and folded Arabian units,
somewhat similar te the Main Central
Thrust Fault between the High and Lesser
Himalayas.

4. PUTURGE-BITLIS METAMORPHIC BELT

This belt is approximately 30 km wide,
dipping northwards at low to moderate angles,
and stretched in an ENE-WSW direction
roughly paraliel to the Eastern Taurus Frontal
Thrust Fault. It consists of augen gneiss, gra-
nitic gneiss, amphibole-bearing gneiss, mica-
schists, cale-schists, quartz-bearing schists,
marbles, chlorite and sericiteschisis, meta-
graywackes ad arkosic graywackes (Fig. 5)

Gonciioglu and Turban {1984) present a
generalized stratigraphic section of the Bitlis
metamorphic massif in which they distin-
guish a metamorphic basement of pre-
Devonian age {probably Precambrian) over-
lain unconformably by metamorphic plat-
form sedimenis of Palacozolc-Lower Mesozo-
ic age. There are metagranitic rocks intrusive
into the Middle Devonian which show contact
metamorphism along their margins. Meta-
granitic pebbles are found at the base of the
Lower Permian. Géneiiogiu and Turhan (1984)
describe a sudden change in Triassic time
from slielf envirorzneni conditions inio a
deep-sea environment, characterized by radi-
olarian metamudsione, metabasalt, metatull
and metashale. The authors attribute this
lithological and cnvironmental change to a
Triassic rifting in the Bitlis Metaporphic Belt
which thereafter remained as submerged con-
tinental margin up to the Late Campanian-
Early Maastrichtian. Ophiolite emplacement
upon the Bitlis Metamorphic Belt during the
Campanian {75 + 1 Ma) is assumed to have
reheated the Pre-Permian metamorphic
rocks of the Bitlis massif.

The assumption that the Phtirge-Bitlis
metamorphic massifs represent the north-
ernmost extension of the Afro-Arabian Plate

- is almost universal among the geologists who

have been working during the last ten years in
Southeast Turkey (Ozkaya, 1978; Yazgan,
1983; Gonciioghy and Turhan, 1984, 1985;
Caglayan et al, 1984}. A stratigraphical corre-
lation between the Arabian Platform sedi-
ments and the Bitlis metamorphic massif{
from Pevondan io Upper Cretaceous was pro-
posed for the first time by RKellog (1960). This
correlation has been supported by Bastug
{1976), Caglayan et al. (1983), Yazgan (1983,
1984) and Gonciioglu and Turhan (1985).
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4.1. Structural Evolution and metamor-
phism

Hemplon {1984) peinted out ihatl al leasi
four phases of deformalion are present in the
Pitirge massif, Structural analysis and ma-
croscopic fold interference pailerns show
that a transposition foliation in the amphi-
bolite or lower greenschist facies (D1}, origi-
nally striking NE-SW, was folded about an
axis lrending NW-SE during a subsequerd,
less inlense deflormation phase (D2). Recum-
bent isoclinal folds and ductile {lat-lying
syniectonie foliation in the amphibolite or
iower greenschist facies (D1 structures) have
been dated in the Pitturge Massif {Yazgan el
al., 1983) using K/Ar radiometric melhods as
ranging from 85 Ma (o 72 Ma from separated
amphibole and muscovile {Table ). Later eo-
alpine deformation (D2} produced upright
folds, associaled with upper greenschist fa-
cles metamorphism, characierized hy a SE
vergence., The Campanian ophiolile ohdue-
tion gave rise {o a flat-lying folition with a
sirong sireiching lineation related {o ophio-
lile nappe lransport, whose direction is fairly
normal {o the Kémi#rhan sulure zone and the
Eastern Taurus Frontal Thrus{ Bell. This
stretching Hneatlion fransverse {o the bell is
one of the most conspicuous features charae-
leristic of the duclile deep deformation of
Pitiirge metlamorphic massif and is similar
to that observed in the Himalayan BeH (Mat-
laeyr, 1975; Tahirkheli, 1979; and Coward el
al., 1982) and Oman {Michard et al., 1984,
Boudier et al., 19885). 'The NNW sirelching lin-
cation has been bent to hecome paraliel ap-
proaching to the Easl Analolian Fault in the
final fourth tecltonjc phase.

The Pitirge massif is unconformably over-
lain by the Eocene Maden Formation {see
next section)., Bui further to the East in the
Billis massil, the Upper Maastrichlian Kinzu
Formation unconformably covers the D1 and
D2 structural features and ophiolitic nappes.
The southward emplacement of ophiolilic
nappes over the Plliirge metamorphic massif
appears o be responsible for the S-facing re-
cumbent isoclinal foids, the syn-melamorp-
hic cleavage and folialion prior Lo Late Maas-
trichtian transgressive overlap,

The third deformation event {3} trends
N60°-70° which is the main Eastern Taurus

range direction in the Malalya-Flaxg area.
This {eclonic phase is responsible for the
Pitiirge and Bitlis metamorphic nappes
thrusting over the Upper Miocene proximal
flysch {Lice Formalion} of the Arabian Fore-
land, and thrusling of the Kdmirhan metao-
phiolilic rocks over the Maden voleano-
sedimentary complex and for the imbricate
siruciure of {he later uni{. Then this over-
{hrusting phase is much younger than the
deep ductile deformalion of the Patirge-Billis
metamorphic massifs. The Eastern Taurus
Fronial Thrust Fauli acted as a decoupling
zone for large overturned folds in the frontal
part of the Patdarge Massif formed by its cover
of ophioliles and Maden voleanics lenses in a
fronial imbricate zone. The similar ophiolit-
ic and Maden volcano-sedimentary rocks
were also trapped in frond of the Bitlis massi{
in forming an imbricate slruclure in the Mut-
ki area as shown by Caglayan et al., {1984).

The fourlth non-penetrative delormation
phase {D4) folded the Paturge massif-Maden
sedimentary boundary inle large {o isoclinal
folds {Fig. 2) with NW-SE axes broadly oblique
{o the East Anatolian Transform Faull {EATF}
In {he southern part of the EATF, in the Piliirge
metamorphic massif, the augen gneiss body
and other lithological or deformalional strue-
{ures are affected by large upright open folds
{rending WNW-ESE. A similar struclural over-
printing with a NW-SE sirike is visible along
{he Eastern Taurus Fronial Thrust Fault. A fi-
nal britile phase of deformation caused nu-
merous displacements parallel to EATF and
randomly oriented intersecting iransverse
faults cross-cut the Pitiirge Massil.

Ii should be emphasized that the regional
metamorphic schistosity, early fold axial
planes and all planar fabrics dip consistentlly
towards the N, although these siructiural {ea-
{ures have been modified by imbricate siruc-
tures related o the post-Upper Miccene colli-
sional thrusling event and by late broad open
folds {rending roughly NW-SE and related to
the EATF.

The melamorphism of the Arabian Platl-
form margin appears to be limited {¢ the
Pitirge-Bitlis massifs in the south of the
Kémiirhan-Giilleman sulure zone, in a similar
way as H only cccur in the High and lesser
Himalayan Belis {o {he south of the Indus-
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Tsangpo suture zone (Gansser, 1964: Stdcklin,
1980; Burg and Chen, 1984; and Le Fort, 1986).
The main alpine metamorphic phase seems
to be contemporary with the ophiolitic obduc-
tion and are-continent collisional events in
the Campanian time. Most authors who
worked in the Piitiirge-Bitlis Belt (Hempton,
1982, 1984; Yazgan, 1983, 1984; Yazgan et al.,
1983, Caglayan, 1984, Gonciioghu and Turhan,
1984, 1985; assumed that the emplacemennt
of the ophiolitic nappes was synchronous
with the first S-verging deformation and met-
amorphism of this belt. It appears from the
same works that a regional metamorphism of
Barrovian type, from greenschist to upper
amphibolite facies, affected the Pitarge-
Bitlis Belt with chloritoid, garnet-biotiie,
garnet-muscovite, slaurolite, kyanite and sil-
limanite zones in the metapelitic sequences.

It has been pointed out that the first penet-
rative phase occurred before the late Maas-
trichiian transgression in the Bitlis massif,
We believe in the light of this evidence that
the main alpine metamorphism of the
Pitarge-Bitlis massifs may be related to the
ophiolitic obduction event in the Campanian.
The Upper Campanian-Lower Maastirichtian
cooling ages of muscovite and biotite are con-
sistent with the collisional event and uplift-
ing of this belt (Table 1}.

Series of ductile shear zones are found in
alumina-rich levels in the Piitiirge massif
(Yazgan, 1987} with the development of
chlorite - pyrophyiiite - diaspore mineral
assembilages at least 50-100 m thick between
augen gneisses and granitic gneisses of the
basement and overlying micaschists, Pres-
ence of the carpholite-chloritoid assernblage
has not been found, but chicritoid (Metin
Sengiin, personal cornn,) and phengite (Hall,
1974, 1980; Gonclioglu, 1983) occurence has
been reported in the Bitlis massif. The chlor-
ite-pyrophylilite-diaspore mineral assem-
blage indicates prograde metamorphism im-
plying approximately 300°C and less than 3
kbar corresponding to a geothermal gradient
near 33°C km-1 with 8 km-thick thrust sheets
above {Goffé, 1984). The underthrusting of
cold external units {Arabian passive conti-
nental margin} below the warmer internal
zones is responsible for the occurrence of the
chiorite-pyrophyllite-diaspore mineral as-
semblage,

4.2. The Main Heat Souwrce: Fore-Arc QOcean-
ic Crust

The heat source problem has drawn atien-
tion of several authors to explain thie appar-
ently reverse geothermal gradient beneath the
large ophiolitic nappes. The obducted ophio-
lites are commonly less than 20 Ma ocider

oo pock type | Mineral | K20 et S Lrad D jogaatod o0

| 4879 Metaabitre  onlodtet Ll 0610 | 4168 335 4712
s0/7g Bltite Muscovite Biotite 737 | 6180 886 57.5+2
gasrg| Bloe MuscoVe | gyt 8as | 871 65.4 56.322
45/79| Augen Gnelss Biotite 593 | 5801 78 66.7+2
45/79| Augen Gnelss: Biotite 4.810 56.96 s 877
8/79 | Muscovite schist Muscovite 10.02 106.7 a4.5 72.5:2
7179 Muscovite schist Muscovite 0.95 106.5 236 7322
8/79 1 Muscovite schist Muscovite 9.94 | 10838 91 7412
61/79|  Amphibolite Amphibole 0.54 6.077 736 76.5:2.6
EE/76]  Amphibolite Biotite 5.76 85861 76 77512
54/79]  Amphibolite Amphibole 0.636 7.996 86 65:2.6
54/79  Amphibolite Amphibole 0553 | 7.52 — 85412

Table 1: K-Ar analytical dsta from Piitiirge metamorphic massif,
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than underlying metamorphic rocks {Jamie-
son, 1986), even less than 15 Ma older than
their emplacement event. Dunning and Krogh
{1983}, McCaig {1983} and Spray {1984} em-
phasized the role of residual heat rather (han
shear heatling for sub-ophiolite metamorph-
ism. Recently formed hot oceanic crust has
been invoked for metamorphism al the time
of its obduclion over the continental margin
{Malpas, 1979; Dunning and Krogh, 1983},
Recent works on the Piiliirge-Bitlis meta-
morphic massifs and Kémiirhan-Gitleman
suture zone sugges! thal the main heal source
for the down-going passive conlinental mar-
gin is predominantly due to the overriding,
fore-arc type oceanic crust which had been
heated up previously by arc magmatic activi-
ties. Fore-arc nature of the overriding
Kdémirhan ophiolites is supported by their an-
desitic volcano-sedimentary cover and grano-
dioritic intrusions, as well as by the initial

875r/86sr isotopic ratio (0.70440 + 0.00004,
0.70481 + 0.00005} of the Ispendere-Komiirhan
ophiloitic rocks. The palaeontological datla
that date the sedimeniary subduction com-
plex (Killan Imbricale Group} from Late Turo-
rdan to Lale Santonian {Aklas and Robertson,
1984) are consistent with the geochronologi-
cal data {Coniacian-Santonian cooling ages)
for the Baskil arc magmatic rocks, which pre-
dale the hol ophiolitic emplacement and the
main alpine metamorphism event of the
Piitiirge-Bitlis massifs which appear to have
occurred daring the Campanian,

The melameorphic conditions in the Ko-
miarhan salite-bearing amphibolite are esti-
mated al 700-750°C and 3-4 kbar. A small
quantity of partial melting in this amphibo-
lile reflects an increase in ambient tempera-
ture and pressure owing to burial beneath an
overriding ophiolitic mass previously heated
up by arc magmatic activities,

4.3. Radiometric Dating

Seperated minerals, including amphiboles,
muscovites and biotiles gave us K-Ar ages
ranging Ifrom 85 to 56 Ma {Table 1}. Radiomet-
ric age dala were corrected using the decay
constants of Steiger and Jéager {1977}, Amphi-
bole minerals yielded radfometric K-Ar ages
ranging between 85-76 Ma depending on the
exteni of the earlier bul still eoalpine orogen-
esis.

Rb/Sr isolopic data from scouthern part of
the Bitlis massif in the Cacas area suggested
"simiiar” ages between 100-70 Ma {Yilmaz et
al., 1981}, The geochronological data on the
Avnik area from feldspathitized metavolcan-
ics gave an age of 91 &+ 9 Ma which is regarded
as an eo-alpine metamorphic age (Helvac and
Griffin, 1984). The same authors did not atl-
tach any particular significance to an amphi-
bole-bearing Avnik albitite which gave 71 =
28 Ma. Gonctiogls (1983) obtained 75 Ma by K-
Ar method from the phengites of the Mus Met-
agranite. He interpreted this event as due to
reheating of the rocks of the Bitlis metamor-
phic belt related to the obduclion of the
Giileman ophiolite in Early Campanian lime.

All the available ec-alpine dala in the
Pitlfirge-Biilis massis suggest that the begin-
ning of the compressional event which in-
fluenced these massifs were as carly as the
earliest Late Cretaceous. On the other hand,
the mica cooling ages between 74 and 56 Ma
may indicate a pronournced pressure drop to
normal greenschist facies conditions (Hun-
ziker, 1986} afler the ophiolitic nappes have
heen emplaced onto lhe metamorphosed
northern passive margin of the Arabian Plat-
{orm. However, these mica ages have to be in-
terpreted as cooling ages which were con-
{rolled by uplift and erosion of the Eastern
Taurus Range during the arc-continent colli-
sion event, shortly after the subduction of the
south Tethys ocean ceased.

5. MADEN VOLCANO-SEDIMENTARY UNIT

The Maden volcano-sedimentary rocks
formed during the Eocernte as a narrow short-
lived basin, paraliel to the Piititrge-Bitlis oro-
genic bell. Corresponding volcanic rocks of
Palaeogene age in {he northern Azerbaijan in
N.W. Iran were well described from the Zagros
suture zone by Leterrier et al. {1980} and Riou
et al. {1981}, These rocks represent generally
high level intrusives, submarine volcanics
{pillow-lavas), pyroclastics, epiclastics and
interbedded sedirnents.

The Maden Unil has an internally imbri-
cale structure and consists of transgressive
sediments at the lowermost levels. The Ypre-
sian-Lutetian claslic sediments of the Maden
Unit, which unconformably overlie the
Pitiirge mefamorphic massif, generally start
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Figure 6 : Section across the Maden Complex, SE Malatya, 1 ; Post-Eocene overthrust planes. 2 : L. Eocene mn-
conformity plane. 3 : Malatya nappe. 4 : Hypabyssal rocks of the Maden Complex. B : Lava fows and pillow la-
vas. 6 ; Pyroclastic comprising lava fiows. 7 : Pacite. 8 ; Olistostromal Maden Formation. 9 : Tectonic contact
containing serpentinic slices. 10 : Quartz veins. 11 : Nummulitic lirmestone (L. and M. Eocene}. 12 : Reddish,
brownish or greenish coloured calc-schisis, comprising sandy and tuffaceous levels, 13 : Greenish calc-
schists including some volcanic fragments. 14 : Silicified limonitic zone. 2 m. thick. 15 : Sandy limestone
with fragmenta from the metamorphic basement and carbonate cement, 16. : Reddish, micritic limestone, 10
m. thick. 17 : Basal conglomerate and breccia with ﬁ'ag‘ments from the basement. 18 : Basement rock {mics-

schists, granitic gneiss and quartzite}.

with conglomerate or sandstone levels. Fur-
ther east, the same sediments locally overiap
Gillerman ophiolitic rocks which were obduct-
ed over the Bitlis metamorphic massif prior
fo the Maden deposition. The middle part of
the Maden Unit contains an olistostromal
formation which is composed of Upper Lute-
tian lmestone, andesitic epiciastlite, sand-
stone, voleanie and diabase blocks and frag-
ments In a matrix of silistone and sheared
shale. A series of basaltic and andesitic flows,
pyroclastic and hypabyssal rocks form the
uppermost tectonic slice of the Maden Unit

{Fig, 6}, The Maden igneous rocks iniruded
through Piifirge-Biilis metamorphic base-
ment with whom they display sharp cross-
cutting coniacts (Piskin, 1972; Caglayan et
al,, 1984}, The Maden Unit has undergone
moderate deformation and prehnite-pum-
pellyite facies metamorphism {Yazgan, 1972},

5.1. Tourmaline-Bearing Leucogranite

Tourmaline-bearing micro-lteucograniie
occurs as large ilectonic lenses immediately
above the autochthonous Maden sediments
(Cakcak Tepe). Foliated and laminated my-
lontic tourmaline-bearing leucograniie is
also observed close 1o a chlorite-pyrophyilite-
diaspore-bearing shear zone in the Pitarge
meiamorphic massif,

The lourmaline-bearing leucogranites as-
sociated with high-grade meiamorphic rocks
and migmatites occur in the Higher Himalay-
as and posidate the main compressional
phase due o continental collision (Gansser,
1964; Le Fort, 1973, 1975, 1981; Vidal ¢t al.,
1982; Searle, 1983, Searle and Fryer, 1986). Le
Fort (1975) suggesied a large-scale intracrus-
{al subduction fo account for the anatectic
origin of the leucogranite after the main colii-
sional orogenesis. Nicolas et al. (1977} pro-
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posed frictional heating along the intracrus-
lal shear zones as a main cause of melting.
Searie and Fryer {1986) found production of
leucogranite to be associaled with Barrovian
metamorphism and high lithostatic pressure
prior to the last major phase of thrusting, In
their model for the development of leucogra-
nites, lhey envisaged crusial thickening by
basement/cover duplexing. Increased litho-
slatic pressure causes regional Barrovian met-
amorphism with crustal analexis in kyanite«
and sillimanite-grade rocks. Then the hot
melamorphosed slab overthrust relatively
cold Indian Plate along an intracontinental
subduction zone MCT). A large amournd of
fluid enriched in boron driven off the under-
thrusting Indian Plaie has risen into the over-
Iying hot plate giving rise {o partial meling of
the Tibelan Slab. Abundant tourmaline-hea-
ring pegmatite veins are widespread indicat-
ing that boron was an importanl component
of the magma and increased the mell propor-
tion by lowering the solidus temperature.

The tourmaline-hearing leucogranite in the
Piitiirge massif and micro-leucogranite of the
Maden: Unil show evidence of a boren-rich
fluid phase during crystallisation. Moreover,
lithium-rich micas {lepidolite] have been re-
ported by Yazgan (1972, p. 76} in the aliered
plagioclase phenocrysis in the spiiilised dia-
bases. We suggest thal the Maden volcanics
were partially derived from a water salurated
melt enriched in boron, lithium and {lucrine
and showing a greal resembiance with the
leucograniles of the Higher Himalayas (Le
Fort, 1986; Bearle and Fryer, 1986),

5.2. Discussion

The geochemical {eatures and porphyritic
characler, typical of orogenic lavas, suggest a
genetic and common relationship among all
the Maden volcanic rocks. An upper mantle
peridotile wedge overlying {he subduction zone
seems {0 be the more probable tectonic setting
for them. However, 1hiere is no obvious geologi-
cal evidence for the presence of a subduction
zone during the Eocene. A previously enriched
upper manile source which underwent parlial
meiling along inclined deep-seated faults reac-
tivaled during Early Tertiary times and con-
taminaled by the continental crust appear to
be a likely process to account for geochemical

characieristics of the Maden and Eocene vol-
canie rocks of northern Azerbagjan.

The geochemical characteristics of a colli-
sional and post-coilisional mantle melt would
have "within-plate" characteristics depending
on 1he geomelry of the collision zone, if crustal
thickening were to develop within the conli-
nental erust. However, the post-coliisional
mantle melt shows many geochernical simi-
larities with subduction related pre-colli-
sional volcanism, especially with volcanic arc
rocks (Harris et al., 1986} There is a conspicu-
ous degree of overiap with island arc volcan-
ism {Table 2 and 8}. Nevertheless, some degree
of discrimination has been successiul using
the Rbh-Ta-Hf triangle {Harris el al.,, 1986},

1800 MIBBLE EOCENE BASALTS
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# Gima basalia
a Kiltan haxalia
= Glileman gabbrow
£r ppm * Ungilf baanlta
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‘Table 21 Cr-Y discrimination diagram for Middle
Eocene basalts, Upper Cretaceous Gdéma, Killan
basalts and Gilleman gabbros (after Aktay and
Robertson, 1984,

England and Thompson {1986) emphasize
the diversity ol magma types which can result
from the continental crust thickening and the
degree of mantle involvement in the thermal
budget of such terranes. The main dehydra-
tion meliing of the lower crust amphibolites
oceurs 20-60 Ma after the end of the thicken-
ing event, The thickening of the continental
crust with an intiial geotherm corresponding
to a surface heat flux of 75 mWwrn # is capable of
producing dehydration partial melting of am-
phibolite with consequent production of cale-
alkaline magmas (England and Thompson,
1086). The tectonic setiing ol the Maden vol-
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Table 3: TiOg versus Zr plot for both Tertiary and Upper Cretaceous basalts and andesites (after Akias and Ro-

bertson, 1984).

canics is consisteni with this model, yet some
complementary gecchemical studies should
be carried out to precise the late or posi-
collisional magmatic evolution of this unit.

Origin of Maden volcaines melt could be
interpreted in terms of frictional heating
along continental shear zones. For this pur-
pose, two types of shear zones have been pro-
posed:

1. The vertical strike-slip shear zones such
as the South Armorican Shear Zone in Brit-
tany (Strong and Hanmer, 1981) and such as
the northern Azerbaijan in Iran {Riou ef al.,
1981) and the Eastern Taurus in Turkey
(Aktas and Robertson, 1984).

2. A gently inclined shear zone penetrating
at depth most of the crust such as in the Nepal
Himalayas to explain the origin of leucogra-
nitic mell {Le Fort, 1978} and perhaps pe-
neirating most of the mantle io account for the
Maden volcanic melts (Yazgan, 1983, 1984).

Upper and middle-crusial extension seems
to act in many areas by large-scale regionally
uniform sinple shear. The upper crustal shear
systerm may penetrate the entire lithosphere
as single eniities [Wernicke, 1985). The
sheared lithosphere model successfully ac-
counts for a number of observations in

Arizona, Utah and The Red Sea region. An ex-
cellent example of a distal topographic dome
and associated volcanism are found in the Red
Sea rift to predict the uniorm-sense, low-
angle normal sbear bypotheiss. Such an ex-
fensional basin was pointed out by Laubscher
{1971} and Van Bemmelen {1972} in the Alpine-
Apennine continent-continent suture zone,
evolving into a region of extension within a
few million vears. The comparable extension-
al basin existed across the Intra-Carpathian
region during the Middie and Late-Miocene,
but any oceanic ¢rust may have existed at this
time {Royden et al., 1983}

Petrological and geochemical studies of
Maden volcanic rocks indicate that the upper
manile or/and lower continental amphibolit-
ic crust seem 10 be the most likely sources
with subsequent crustal contamination which
occurred during iniracrustal convergence
along an uniform-sense simple shear zone
and thickened continental crust {Fig. 14},

6. KILLAN IMBRICATE UNIYT

it has not been possible to distinguish any
accretionary wedge deposits related to a sub-
duction zone in Eastern Taurus until the
study of Aktas and Roberison {1984}, Tectonic



¥7

Geoloqy and Tectonic Evolution of the S.E. Taurides

slices of mafic extrusives form several difier-
ent structural levels in the Killan Imbricate
Unit. The upper tecionic slices are mostly pil-
low lavas {somelimes vesicular with subordi-
nate hyaloclastites and radiolarian chert in-
tercalations of late Turonian o Sanfonian in
age. The following fossils were reported in
Aktas and Robertson {1884): Turris smewingi,
Twrris sp., Pseudoaulophacus ap., Dictyomi:
tra formosa and Archaedictyomifra sp.
which represent the same time inferval as the
radiometric K-Ar ages for the Baskil arc mag-
matic rocks {Yazgan, 1983).

The lower siTuctural levels of the Killan
Imbricate Unit are composed of serpentinized
dunite, peridotite, gabbro, diabase and both
tholeiites and basaltic andesites, The Eocene
Maden Unit unconformably overlies the
Gitlemar ophiolitic rocks and Killan Imbri-
cate Unit. This raises the possibilily {hat
some form of obducted and deformed Kilian
mnbricate Unit and ophiotitic basement could
have been present prior to the Upper Maas-
trichtian-Lower Eocene Simaki Flysch
(Perincek, 1978} and Maden Unil. The post-
Eocene probably post-Upper Miocene tectonic
phase complicated even more the primary
sedimentary and structural relationship in
such a manner that we were nof able to map
separalely the Maden and Killan lmbricate
Units {Fig. 2}. Tectonical slicing of the Kilian
subduciion complex coupled with insufficient
fossil evidence do not aliow us to confirm a
north to south age transport as required by
the accretionary hypothesis, However, we
consider that the imbricate structure and def-
ormalion may be related to subduction pro-
cesses during arc formation and more likely
to closure of the oceanic basin during arc-
continent collision. The presence of the Kilan
Imbricate Uni in the sliced front of the
Kémiirhan-Gitleman ophiotitic rocks and
north of the Pitiirge-Bitlis metamorphic belt
supports the existence of the Mesozoic Te-
thyan ocean crust in between the Keban Plat-
form and the northernmost metamorphosed
Arabian Platform {Puttrge-Billis Belt).

Geochemisiry of Killan group mafic exiru-
sives show two types of suiies {Aktas and Ro-
bertsorn, 1984). The {irst type with high LiL ele-
ments abundance, and depletion of HFS
elements, consists of tholetites and hasallic

andesites possesing tholeiitic volcanic arc
characier, Basalts of this {ype are generally
attributed to an above subduction zone genesis
(Gill, 1976, Pearce, 1982).

The second type is enriched in all incompat-
ible elements relative to the first type except
for Ti, Y and $c¢. These voleanic rocks, namely
8ma basalts {Table 2 and 3), plot in the within
plate basalis (WPB) and MORB fields. and they
are compatible with a seamount origin (Wood
et al., 1979; Alabasler et al., 1982).

The Killan Imbricate Unit was probably
related {o a fore-arc subduction complex dur-
ing late Turonian-Campanian {ime. It should
be viewed as an accretionary wedge in {ront of
the Baskil volcanic arc connected to north-
ward subduction of the South Tethys ocean.

7. iSPENDERE-KOMURHAN-GULEMAN
UNIT

This tectonic unit, which stretches in an
E-NE alpine direction, mainly consists of
north-dipping tectonic slabs, slices and lens-
es of ophiolite, metaophiolite, amphibolite
and continental crust componentis. i has
been interpreted as a suture zone of the south
branch of the Tethyan ocean between the Bas-
kil arc magmatic rocks to the north and the
Maden Unit and the Pittiirge-Bitlis metamor-
phic belt to the south,

7.1. The Ispendere Division

This is the western pari of the Unit which is
tectonically overlain by the Keban-Malatya
Nappe at its westernmost boundary. The base
of this ophiolitic complex is constituted by
wehrlitic and gabbroic cumulates and isotrop-
ic gabbros. It passes upward to a diabasic sheet-
ed dyke complex. The division continues with
spilitic basalts and is cross-cut by some dykes
of dacitic composition ending with a succes-
ston of hyaloclastites, pillow-lavas, radiolar-
ites, micritic limestones and andestlic epicias-
tics. The overlying formation is an Upper
Campanian-Lower Maastrichtian fiysch char-
acterized by andesitic debris. The flysch is de-
formed by folds overturned {owards the SE and
is unconformably covered by detrital sedi-
ments and limestones of Upper Lutetian age.
Some andesitic lava flows {pillows in places)
observed above the unconformity plane below
the Upper Lutetian defritic cover are reminis-
cent of the Maden Unit volcanism,



18

Evren YAZGAN and Ronald CHESSEX

Figure 7: Folded leucodioritic intrusions within arnphibolites that have experienced fin situ} partial melting.

Figure 8: Leucodioritic intrusions locaily form magmatic breccias with the enclosing pyroxenitic rocks
showing amphibolitic rims.
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Figure 9 : Amphibolites cut across by synkinematic leucogranodiorites.

Figure 10: Metaultramafic rocks in a tectonic mélange composed of sheared and mylonitizated gabbroic
rocks.
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7.2, The Komiirhan Division

This is a basement complex composed of
metamorphosed and poly-deformed ophio-
liles, dicrites, amphibolites, migmatites, py-
roxenites and garnet-peridotites. These rocks
are cross-cut by younger Baskil magmatic
rocks predominantly of dioritic to granodio-
ritic composition giving Coniacian-Santo-
njan radiometric dates. This division thrusis
over the Piitlirge massif and its voleano-
sedimentary Maden Einit.

The base of the XKémiwrhan division con-
sists of foliated diorites and quartz-dioriies.
Over these foliated diorites, there are amphi-
bolites that have experienced (in sitw) partial
melting; they are intruded by leucodiorites re-
sulting from partial meliing of the amphibo-
lites {Figure 7). These leucodiorites locally
form magmatic breccia with the surrounding
rocks (Figure 8). Some local partial melting
textures are 10 be observed in the upper level
of the amphiboliles which are cross-cut by
synkinematic leucogranodioriies. The latter
rocks exhibil {fine-grained {exture at the am-
phibolile contact without any foliation on
30-40 cm from chilled margin., Synintrusive
foliation develops closer to the internal part
of the granitoid intrusion which is not seen
in the surrounding amphibolitic rocks. The
foliation of the amphibolite does not contin-
ue into thé granitoid intrusion (Figure 9).
This intrusive phase is characterized by the
presence of muscovite and biotite giving radi-
omeiric ages around 75 Ma which Is approxi-
mately contemporaneocus with the main
ophiciitic obduetion event. The upper part of
the amphibolites consists of chaotically ar-
ranged decimetric to heciomeiric lenses of
metaultramafic rocks in a tectonic mélange
composed principally of sheared and mylo-
nitizated gabbroic rocks (Figure 10). The
lenses and silees of ultramafic rocks which
principally consist of harzburgiie, wehrlite
and pyroxenile show metamorphic mineral
assemblages of the greenschist to amphibo-
lite facies. At the upper levels of the division,
there occur some granitic gneisses topped by
pegmatitic gabbros of erescumulate {exiure.
This is followed by a ductile shear zone at
least 250-300 m-thick composed of blocks of
granitic gneisses, foliated dioriles, migma-

lites and, towards the iop, gabbros within a
mairix of crushed amphibolifes.

This shear zone is overlain by banded
gabbros {Karga Dag, 1977 m) that show no di-
rectional fabric and arc probably the lower-
most mafic member of the Baskil magmatism
(Fig. 11).

There is a zone of strong ductile deforma-
tion: at the northern part of the Kdmiirhan
Unil showing an intense mylonitization with
tremolite, clinozoisite and plagioclase recrys-
tallization. The observation may indicate
that the metaophiolitic mélange originally
dipped northwards under the Baskil magmat-
ic arc from which it was separaied by the
main subduction surface. The deepesi shear
zones formed under conditions of greenschist
facies {Michard el al., 1984), or even of epi-
dote-amphiboiile facies. However, the earliest
shear zones are cross-cut by the granifoids
which, in turn, are foliated and occasionally
folded as is the Upper Campanian-Lower
Maastrichtian flysch itself,

Preliminary amphiboie and plagioclase
geobarometer/geothermometer siudies {in
progress} from the amphibolites gave temper-
atures of 700-735°C and pressures of 3-5 kbar
for analysed plagioclase (An % 44-52) and
amphibole compositions (Al = 1.3-1.6).

The amphibole-plagioclase assemblage
seems {o be stable over a wide P-T range, but
the rare preservation of primary clinopyrox-
ene and recrystallization of a salitic clinopy-
roxene suggest that temperatures were greater
than 775°C {Spear, 1981}, The formation of
sphene at the expense of ilmenite in some
samples suggesis relrograde conditions of
about 600 + B50°C in the pressure range 3-5
kbar.

7.2.1. K-Ar radiometric dating. The cldest
radiometric ages were obtained from amphi-
bolites, 1.e. 127 & 14, 951 9, 89,5 + 5 Ma; they
are related probably to the first oceanic com-
pressional events. K-Ar radiometric dating of
biolite from the quariz-bearing leucodiorite
vielded ages of 85 * 3 IMa and of muscovite
from the frondhjemitic granophyre, which
cross-cui harzburgites, provided an age of 78.5
+ 2.5 Ma. Those ages are in the range of the
Baskil magmatic arc activities which suggest



Geology and Tectonic Evolution of the S.E. Taurides

21

KARGA DAGI (1977m}

TEFF

Gabbro

~250.300m

‘Bonded olivine-gabbro

o T Sekmon villoge{1700m]

Amphibolite with oliving -
gobbro blocks

Amphibolite with blocks
of granitic gneiss, foliated
diortte and migmatite

: Unfolinted citered gubbro
: with amphibolite blocks
o A TTFodul hamlet (1450m)

% Amphibolite blocks
- L eas .
§ % Pegmatitic gabbro
O 3 a3 Granitic intrusions
ol 9 AT . .
e Wlliia i Granitic gneiss
§ Tectonic blocks of ultramafics
i
S Bt Amphibolite
i I m e -‘.‘ ¥ * - .
Eintat . WS Partiol melting
i S S T S N A S
e T . . O S . - e S
A T T T
S S S S S N S TN N S s
R S B A S A S ; iori
PO o i S S S e T i Foliated diorite
L T I . S, S O 3
* I S U N N S I SR S
W S T A N R S SN 0
+ & & 4+ + 4+ 4 4 A+
R TR & & & ¥ ¥ &
+ + + 4+ 4 4 4 e 4+




Evren YAZGAN and Ronald CHESSEX

that the Kémarhan metaophiolitic rocks at
least locally evolved in a fore-arc tectonic set-
ting. The high level dacitic intrusives and the
andesitic volcaniclastic cover of the Ispen-
dere Division confirm this assumption.

In the Kémirhan Division, syntectonic in-
trusive granodiorites yielded ages around 76 &
2,5 and 75,5 * 2.5 Ma which are consistent
with ophiolitic obduction and main meta-
morphic events of the Patiirge massif. This
syntectonic intrusive event which is charac-
terized by muscovite and biotite suggests the
partial melting of the thickened continental
crust untderneath ophiolitic nappes.

7.3. The Giileman Division

The Galeman ultramafic and mafic rocks,
which occur to the northeast of Maden, cover
an area of approximately 200 km2 (Fig.2} and
differ from the Ispendere and Komiirhan
rocks in numerous ways:

With their Pattrge-Bitlis type metamor-
phic basement and the Killan Imbricate Unit
these rocks are thrust over the Lice Forma-
tion of the neoautochthonous Arabian Plat-
form. They are transgressively overlain by
the Upper Maastrichtian-Palaeocene Simaki
Flysch. The volcano-sedimentary Maden
Unit covers all the previous structures and
rocks and is in turn sliced by the post-Upper
Miocene tectonic event,

Structural deformation such as kinkbands
and plastic bending are rarelly observed in
the harzburgites. The exsolution lamellae of
clinopyroxene into the ortho-pyroxene
minerals suggest a high temperature solid-
solution recrystallization (Ozkan & Oztunah,
1984). Contrary to the low Al, O, content
{2-3%) of orthopyroxene in the ophiolitic
harzburgites, the orthopyroxenes from the
Guleman harzburgites contain high ALG,
values (4-5 %) indicating probably undepleted
mantle origin.

One of the distinguishing features in the
harzburgites is the freshness of the olivine
minerals characterized by aggregates of small
grains occupying the interstices of much larg-
er and rounded grains of the same minerals
in a mortar texture, while the lspendere and
Koémiirhan ophiolites show an intense ser-
pentinization.

The cumulate sequence also presents a
different succession than other well known
ophiolitic cumulates in Turkey {e.g. Hatay
and Antalya cumulate sequences} and starts
with dunite overlain by wehrlite, olivine-
clinopyroxenite and clinopyroxenite, then by
troctolite, olivine-gabbro, normal gabbro and
quariz-bearing hornblende diorite. The later
facies can contain up to 20 per cent of quartz
minerals. The petrographic succession of the
Gualeman cumulate which reflects a single
magmatic differentiation not displays any
cyclic units, and does not contain any orthop-
yroxene, contrary to the cumulates of most
ophioltic rocks in Turkey. The Gtileman ophi-
olite does not show any sheeted dyke complex
either. All these characteristics require more
detailed geochemical studies of the Giitlemnan
ophiolitic rocks to determine their tectonic
setting.

7.4. Discussion

The Ispenderc-Kémiirhan-Gaileman and
Gevas (further to the East, south of Lake Van)
ophiolites are considered to mark the sufure
zone of the south branch of the Neotethys
ocean closed by Late-Campanian-Early Mas-
strichtian arc-continent collision between
the Keban Plate and the Patiirge-Bitlis meta-
morphic belt which is the northernmost met-
amorphosed part of the Arabian Plate. This
suture zone has been regarded as the root zone
for the Kogali ophiolitic nappes (Yazgan, 1983
and 1984j. The moderate pressure mineral as-
semblages and relatively high temperature
conditions may represent a tectonic setting
inferred to have been the upper part of a sub-
duction zone {(Jamieson, 1986) for the
Kémiirhan metaophiolitic and amphibolitie
rocks. The ophiolitic rocks of scutheastern
Turkey were therefore displaced from a fore-
arc magmatic environment shorily after the
Baskil arc magmatic activities ceased while
they still retained a high heat content.

Evidence of high-pressure low tempera-
ture metamorphism has not yet been found in
the Kémiirhan-Gileman suture zone possibly
owing to the limited uplift rate of the whole
belt. Hall {1976, 1980) recognized glauco-
phane-bearing schists in the frontal thrust
belt in the vicinity of Bitlis, where they seem
to be associaled either with the earliest intra-
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oceanic slicing events, or with a later ophio-
litic obduction event. Preliminary geobarom-
eter studies based on total Al in the amphi-
boles suggest a pressure range between 3-5
kbar for amphioblites and foliated quartz-
bearing diorites corresponding to a 10-18 km
depth of recrystallization.

There is no agreement with respect to the
age and location of the south Tethys suture
zone. Dewey et al. (1973), Sengdr (1977},
Sengdr & Yilmaz {1981) and Robertson & Dix-
on (1984} consider that this suture formed
during Late Miocene-Pliocene, while Yazgan
et al. {1983), Michard ef al. {1985} and Yazgan
(1984} assume the southern Neotethys o have
sutured during the Late Cretaceous-
Palacocene, .

The second major disagreement is about
the suture location; the ophiolitic rocks in
the Eastern Taurus occur in three different
teclonic positions:

1. Above the Plitlirge-Bitlis Belt represented
by the Killan Imbricate Unit interpreted as an
accretionary wedge deposit {Ispendere-
Komurhan-Giileman-Gevas).

2. Below the Putlirge-Bitlis Belt, represent-
ed by the Kastel Basin foredeep sediments,
emplaced during the Late Campanian-Early
Maastrichtian as gravity gliding sheets and
overlain by the Upper Maastrichtian sedi-
ments.

3. Below the Piitiirge-Bitlis Belt as the fron-
tal thrust sheets related to post-Late Miocene
overthrusting and imbrication.

The presence of the ophiolilic rocks to the
soulh of the Piitiirge-Bitlis Belt misled several
authors into assuming an opening of the
south branch of Neotethys betwecn the Arabi-
an Platform and Pitiirge-Bitlis metamorphic
massifs. The recognition of the suture and
root zones for all ophiolitic nappes in the
Eastern Taurus along the Ispenderc-
Kémiithan-Giileman and Gevag areas have
not as yet resulted in complete agreement be-
{ween different authors apart from those
have been working in this region (Yazgan,
1983, 1984; Caglayan et al., 1984; Bingdl,
1984; Gonclioglu & Turhan, 1984, 1985). Re-
cent field work justify this new interpreta-
tion of the suture zone of the Mésogée ocean.

A regional magnetic anomaly map has been
produced by Canadian Aero Service LTD
(1962) in the area {(Fig 18). We have tenlatively
correlated magnetic and geological maps and
their major structural features which are the
ispendere-Kémiirhan-Giileman ophiolitic
belt, and the Baskil arc magmatic rocks, both
of which are associated with large posilive
magnetic anomalies. On the contrary, small
magnetic anomalies are conspicuous between
the Keban platform, which mainly consists of
metamorphosed limestones and calcschists,
and Baskil arc magmatic rocks. The magnetic
anomaly map suggests that the Piitiirge-Bitlis
massifs and Arabian platform are stractural-
Iy continuous. We are drawn to the conclusion
that subduction-related structures and litho-
logical differences between Keban Platform
and Baskil rocks appear to be an important
feature to create the negative magnelic anom-
aly, Finally, it is evident from the magnetic
anomalies map that any major accident or
ophiolitic suture zone could not exist to the
south of the Pittiirge and Bitlis massifs.

8. BASKIL ARC MAGMATIC UNIT

The Baskil magmatic rocks are predormi-
nantly gabbros, diorites, monzodiorites,
quartz-dioriies, quartz-monzodiorites,
quartz-monzonites, granodiorites and tonal-
ites of Coniacian to Earlest Campanian age
(Fig. 12), They crop out in a NE-SW {rending
belt in the Baskil and Elazif area extending
up to 50 km (from Hazar Lake to the Keban
Platform) at the norih of the ispendere-
Komirhan-Gitleman suture zone {Fig. 2). The
Baskil batholith intrades the Keban platiorm
Permo-Carboniferous carbonate deposits E of
Keban town, NW of Birivan {Ulupinar) village.
The intersection of the village road with sur-
rounding metamorphosed Keban Platform
carbonates displays well-exposed hornfels
and skarm tocks at the olivine-bearing gabbro
norite-contact. These hornfelses contain
mineral assemblages such as garpet (andra-
dite-grossular} hornfelses + clinohumite +
spinel + clinopyroxene (diopside-salite} + dol-
omite + caleite + magnetile. Such a skarn con-
tact is also found SE of Agvan village, near
the Keban dam, between a diorile intrusion
and the Keban marbles with a large magnetite
mineralization. In the vicinity of Keban
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town, well-known silver-lead mineralization
occurs al the Keban marble-microsyenite
contact. Radiometric dating of sanidine min-
erals yielded 76 £ 2.5 and 78.5 + 2.5 Ma. The
contacts of the Baskil batholith with the Ke-
ban marbles country rock are sharp and no-
where show any sign of tectonic deformation
during or after intrusion.

The evidence of the contact skarn meta-
morphic rocks between the Baskil magmatic
Intrusions and Keban Platform marbles at
the southern margin of the Jatter exclude the
southwards subduciion of the southern arm
of the Neotethyan oceanic crust. On the con-

trary, the presence of voluminous cale-
alkaline magmatism in the Baskil arc mag-
matic unit north of the Ispendere-Kémiwrhan-
Giileman ophiolitic suture zone implies the
existence of northwards-dipping subduction
zone, through Coniacian, Santonian and ear-
liest Campanian time beneath the Keban
"Plate”,

The characters and geological environ-
ments of the Baskil intrusions on the basis of
the petrology, geochemistry and field rela-
tions support the genetic classification of the
Baskil batholith as an I-type granite {Pitcher,
1983 Yazgan, 1987; Asuiay, 1987},
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Figure 12: Geological map of the Baskil arc magmatic rocks and metamorphic rocks with skams at contact
with magmatic rocks based upon unpublished map by E. Yazgan and J. Asutay,
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8.1, Flysch-type Orogenic Sedimentation

After the ophiolitic nappes and Killan Im-
bricate Unit were obducted over the passive
Arabian Margin, and the entire oceanic crust
had been subducted, the passive continental
margin began to collide with the aclive conti-
nental margin of the Baskil arc-magmatic
unit, The passive margin was subjected to
compression causing subsidence of the thin-
ner crust at the front of the margin and eleva-
fon at the rear (Murrell, 1986]}. In the Eastern
TFaurus Belt, the uplift of the Pitiuge and Bit-
iis massifs caused rapid subsidence in the
late-Campanian-carly Maastrichtian at the
front of the elevation {Kastel Basin}, as well
as at the back on the suture zone. As a result
of this tectonic phase, the Baskil arc magmat-
ic rocks and Ispendere-Kémurhan ophiolites
are commonly overlain by andesitic pyro-
clastics and subsequently by andesitic vol-
caniclastic Late Campanian-Early Maas-
trichtian flysch (Fig. 13). Interbedding of
argillaceous and marly-limestones, rich in
andesitic clastics and showing wcll-
developed slump structures, occurred during
the main collision and closure stage of the
oceanic basin. This tectonic event is respon-
sible for the contemporaneous uplift of the
Patiirge-Bitlis metamorphic belt and gravity
sliding of the Kocali ophiolites into the Kastcl
foredeep basin of the Arabian foreland. As a
resulf of this tectonic phase. the whole Baskil
and Ispendere-Kémiirhan Units were affected
by a southward -verging polyphase deforma-
tion prior to the late Maastrichtian sedimen-
tation.

Following the Late Campanian-Early
Maastrichtian tectonic phase which produced
N 70-90° trending folds, the folded flysch to-
gether with tlie Galeman ophiolites, Killan
Imbricate Unit and Baski! rocks were uncon-
formably covered by transgressive overlap of
Late Maastrichtian-Early Eocene sediments
{Simaki Formation) made up of a thick suc-
cession of greyish-green, interbedded sandy
and conglomeratic limestones carrying Hip-
purites, calcarenites, sandy and marly lime-
stones, silistones and mudstones. The first
conglomerate levels overlying the folded
units consist of well-rounded cobbles and
boulders of basalt, chert, pelagic sediments,

granodiorite, serpentinite and rare metamor-
phic rocks with small volumes of interstitial
red mudstone [Perincek, 1979; Aktas & Ro-
bertson, 1984). The northernmost and young-
er equivalent of the Simaki formation which
covered the Baskil Unit and Keban Platform
during the Middle Palacocene-Early Eocene
consists of shallow marine coastal deposits of
well-rounded cobbles and pebbles derived
from Baskil magmatic rocks and Keban mar-
bles with small volume of interstitial pink-
ish-reddish reefy sandy carbonate.

The Simaki "molassic flysch” could be in-
terpreted as deposits of a deepening basin de-
veloped In the already deformed fore-arc and
sulure zone between the Keban Platform and
paturge-Bitlis belt, The uplifting of the
Pattrge-Bitlis belt allowed this subsiding ba-
sin to move gradually further to the N permit-
ting the deposition of the "{llyschoid molasse”
Kirkgecit Formation of Middle Eocene-Late
Oligocene age. The recorded Late Maaastrich-
tian-Early Eocene tectonic pulses can be cor-
related with the beginning of the post-
ophiolitic nappe emplacement and compres-
sional events as Arabia and Eurasia were con-
tinuing their rapid collisional approach
{Livermore & Smith, 1984) 70-48 Ma ago.

8.2. Molasse-type Post-orogenic Sedimen-
tation

The above described Simaki Formation
constitutes a transition between the flysch
and molasse periods of the Eastern Taurus
tectonic evolution. In lithological and tecton-
jc terms, the slightly younger Kirkgecit For-
mation appears to be typically a post-
orogenic molasse-series rather than a {ransit-
tional “Molassic flysch”. The deposition of
the Kirkgecit Formation began in the Middle
Focene and ended in the Late Oligocene
(Avsar, 1983; Turan, 1984) and shows deltaic
features composed of the conglomeratic and
sandy levels at its base, then continues with
marly limestones, clayey limestones and
marly levels. These post-orogenlc transgres-
sive sediments are lypically of shallow-water
origin with chaotic conglomerate levels indi-
cating that an important relief was created by
the previous orogenic phase.
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To the West of Baskil, the youngest
Kirkgecit Molasse levels are overthrust by the
RBaskil arc magmatic and Keban metamor-
phic rocks. Finally, additional shortening
took place by thrusting of the Keban Platform
rocks {norithern Tethyan active continental
margin) over the Piitiirge massif (basement of
the southern passive continental margin] be-
tween Malatya and Maras in Miocene-
Pliocene time, probably related to the initia-
tion of the compressional segment of the East
Anatolian Transform Fauit.

9. TECTONIC EVOLUTION

Although the Eastern Taurus belt at the Ke-
ban and Arabian microplate boundary has
well-exposed field evidence typical of a clas-
sic collision belt, the geodynamic interpreta-
tion of southeastern Turkey has been con-
flicting and controversial. Various models
have been suggested to explain the tectonic ev-
olution of the Eastern Taurus (Smith, 1971;
Dewey et al., 1973, Ricou et al.,, 1975; Biju-
Duval et al., 1977; Sengdr & Yilmaz, 1981;
Ozkaya, 1982; Delaune-Mayere et al., 1983;
Michard et al., 1984; Yazgan, 1984).

On the basis of the above well-documented
ficld evidence from the Malatya-Elazig area,
we will discuss interpretations of the Eastern
Taurus tectonic evolution.

9.1. Upper Triassic Aborted Rifting or
Continuous Spreading

In the Eastern Taurus, the southern branch
of the Neotethys had started to spread during
Late Triassic and throughout Jurassic and
Lower Cretaceous. Oceanic spreading operated
up to the fnitial imbrication of oceanic litho-
sphere which migrated from north to south
between 104 Ma and 88 Ma (Michard et al.
1084). Spreading was still active and the
southern ophiolites of Troodos, Hatay and
Antalya are the youngest formed around 80
Ma {Delaloye et al.,, 1979; Delaloye et al.,
18R0; Montigny et al., 1983}, A K-Ar isochron
age of 75 Ma has been interpreted as repre-
senting the age of ophiolitic emplacement
{Delaloye & Desmet, 1979). The Upper Trias-
sic rifting has been unanimously accepted by
different authors (Dewey et al., 1973; Biju et
al., 1977; Perincek, 1980; Sengdr & Yumaz,
1981; Sengor, 1984; Sengdr et al.,, 1984 De-

laune-Mayer et al., 1983; Michard et al., 1984,
Yazgan, 1984).

Altiner {1989) gives another tectonic inter-
pretation on the basis of the chronostrati-
graphic and lithostratigraphic studies of the
Mesozoic Platform Margin sequences found
as allachthonous units in the Kastel basin
pear Hazro. He emphasizes the aborted nature
of the Upper Triassic oceanic opening of the
Mésogée which was extinguished sbortly after
starting. Garfunkel & Derin (1984} describe
similar evidence for the aborted Late Triassic
rifting in the Levant area in Isracl.

A significant change in the direction of mo-
tion of Eurosia relative to Africa occurred
when the Central Atlantic began to open at
173 Ma {Livermore & Smith, 1984) or when
North America was detached from Africa 180
Ma ago (Patriat et al., 1982), Whatever the
cause, in tbe Middle Jurassic or in the latest
Early Jurassic, there was & recorded relative
motion of Africa which was probably respon-
sible for the Mesozoic Tethys rifting. Furiher-
more, in tbe Alpine Belt, the oldest ophiolite
sequences and widespread subsidence event,
which are of Middle Jurassic age, mark the
peginning of spreading (Channel et al., 1979).
D'Argenio (1976) considers the oceanic rifting
to be Liassic in age resulting in accelarated
rates of continental margin subsidence. It
should be assumed that continental rifting re-
sulted as part of a continuous process which
could be diachronous westwards in the Meso-
zoic Tethys. The earlier continental rifting
appears to have propagated from East to West
reaching Greece in Early Triassic (Scandone,
1975) and Sicily in Middle Triassic times
{Catalano & D'Argenio, 1978).

The disirtbution of the K-Ar isotopic ages in
the whole rocks and on hornblende separates
yielded 150-110 Ma in the Hatay ophiolite
{Late Jurassic-Early Cretaceous) {Delaloye et
al., 1979). These ages are very consistent with
the palaeontological datation of tbe pelagic
sediments overlying the ophiolitic assem-
blage of Kogali (Mantis, 1971; Foniaine, 1881;

. Altmer, 1989). igneous ages of the Hellenic-

Dinaric ophiolites are in the range of 180-160
Ma and were most probably generated at an
oceanic spreading centre in the Latest Early
Jurassic and Middle Jurassic.
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In the western sector of the Bitlis metamor-
phic belt, near Dol village, Perincek {1980}
presents a metamorphosed Upper Triassic se-
quence with cherts, marbles and interbedded
alkaline mafic volcanics representing the be-
ginning of the oceanic rifting of the south
branch of the Neotethys. North of the Bitlis
metamorphic belt, Goncitoglu & Turhan (1984)
described an Upper Triassic volcano-
sedimentary unit which could be put forward
as an evidence of the Neotethys oceanic rifting
further to the north. In the aborted rifting
model, Altiner {1989}, did not point out the
palaeogeographic position of his platform
margin sequence relative to the passive conti-
nental margin. Hence a gradually southward
subsiding platform margin model may ex-
plain this conflicting view, or at the beginning
of the continental rifting an asymetrical
leaky transcurrent fault could be suggested.

In the context of extensional tectonics {Wer-
nicke, 1985}, the distal zone (Fig. 14) presents
an evident topegraphic culmination which is
recorded by the Mardin-Hazro {uplift} emer-
gence on the Arabian Platform from the Upper
Triassic to the Barremian (Fig. 4) which could
begin from the latest Early Triassic,

9.2, The Spreading Model of the Southemn
Branch of the Neotethys

Sengdr {1979} and Sengdr & Yiimaz (1981}
constder the southern branch of the Neoteth-
¥s as a back-arc spreading basin due to Tras-
sic-Early Jurassic subduction of the Paleo-
tethys beneath Gondwanaland.

Michard et al. (1984} suggest that the
Ispendere-Kémirhan ophiolitic suture zone,
which separates the Keban Platform from the
Putirge-Bitlis Metamorphic Belt, was either a
back-are basin generated by Late-Cretaceous
southward subduction of a single Mesozoic

(a)

AT A MM A W o A

Arabian Foreland
NN

(b)

Exientionat Thinnest
Allochthons Crust

. o

Topographic
Culmination

+ SE
s DISTAL

o L ~
A A TN
O N EAP T 40

| 8o

o vt T 20

Km

- 80

120
km




ST

v,
H

o
S

SIPUME]L 'S 213} JO UOHNIOAT D003, pue ABo10aD

5300 ~ 5000
5000 — 4800 Gama

-woze Jofug-sAeTeN ‘snany], WIS 943 JO dwu sonwwous opjeuieui-oxow fuoiioy




Evren YAZGAN and Ronald CHESSEX

Tethys of the North Anatolian Suture zone

(Model 1), or a purely extensive basin approx-
imately coeval with the southern branch of
the Mesozoic Tethys, represented by the Giile-
man and Ko¢ali ophioliles south of the Pii-
tiarge-Bitlis Metamorphic Belt (Model 2}, Both
models face a number of major difficuliies.
Principally, in island arc systems, back-arce
extension seems to post-date the initiation of
arc magmatism {Toksz & Hsui, 1978}, while
Baskil calc-alkaline magmatism post-dates
the Ispendere-Kémirhan ophioliles accord-
ing to field relalions and K-Ar radiometric
data.

Ozkaya (1982} assumed that the ophiolites
of sputheastern Turkey are of Late Crelaceous
age {80 Ma). This assumption does not fit
either with oceanic deposits of Lower Creta-
ceous or even Uppermost Jurassic age which
overlie the ophilotiic sequences (Fig. 4), nor
with a NW-SE spreading axis related to the
leaky {ranscurrent faulf ophiolites, since the
Triassic extension shows a common structiu-
ral trend of N 70°E represeniing the direclion
of spreading in the Antalya, Pozanti-Karsan-
11, Hatay and Troodos ophiolites (Juleau et al.,
1977; Cakir, 1978 and Michard et al., 1984}

Akiag & Robertson {1984) favor northward
dipping subduction from an oceanic basin lo-
cated to the south of the Piitiirge-Bitlis Belt.
This seems {o be unlikely owing to the ophio-
litic obduction mechanism over the arc-
trench gap onfo the active continenial mar-
gin. It is also evident from {he magnetic anom-
aly map (Fig, 15) that there is no conspicuous
magnetic anomaly between the Piitiirge-Billis
Bel and the Arabian Platform. On the-other
hand, an fmportant magnelic anomaly zone
does exist to the north of this Belt which is
consistent with the observed field evidence,

The Ispendere-Kémiirhan-Giileman ophio-
litic zone which separates the Keban Platiorm
from the Piitiirge-Bitlis Belt seems to be the
most likely position for the southern branch
of the Neotethys suture zone between the Ke-
ban and Arabian plaies (Fig. 16},

9.3. Oceanic Imbrication and Baskil Are-
Magmatism

The South Tethys oceanization had started
by Late Liassic time, according to radiometric
age consiraints (Spray et al., 1984} and mag-

netic anomalies data {(Patlriat et al., 1982). Th:
extensional regime changed over {o compres
sion, presumably starting during the lale Bar-
ly Crelaceous. The rate of convergence in-
creased remarkably from 2 cm {o 4 em per
year with a change of direction towards NE in
relative plate molion of Africa with respect to
Eurasia between 110-85 Ma (Michard, 1987).
The oceanic crusl was subjected to preobduc-
tion shearing and melamorphism of the ophi-
olites soles between 104-97 Ma (Thuizat et al.,
1981), 104-88 Ma (Michard et al., 1984). This
change of direction has also been recorded by
magnetic anomalies data between 110-83 Ma
{Patriat et al., 1982} with a first change of di-
rection between 119-98 Ma, and a second be-
tween 95-83 Ma {Livermore & Smith, 1984).
No Turonian or younger sediments have heen
documented from the oceanic assemblage ac-
cording {o Altmer (1989}, This fact could be
due to the initial imbrication of oceanic lith-
osphere approximately 84 Ma ago having af-
fected the sedimentation.

The field observations, X-Ar radiometric
dating of Baskil batholith hetween 85-76 Ma
and the Late Turonian-Early Campanian
palaeontological data of the Killan imbricate
Unit favor northward subduction of the
southern branch of Neotethys beneaih Keban
Platform during Lale Crelaceous lime. The
rate of convergence decreased from 4 em to 2
cm per year and the African Plate motion

oriertated towards N-NE,

9.4. Pre-Collisional Ophiolite Obduction

The complex tfectogenesis of an are-
continent or continent-coniinent collision in-
volves closure of an oceanic basin by subduc-
tion and possibly obduclion processes. When
the entire oceanic crust has been consumed,
the passive continental margin begins io col-
lide with the oppostie active margin during the
main arc-continent collision phase, when the
earlier obducted ophiolitic thrust sheets ad-
vance {urther 1o the foreland by the uplift of
the passive continenial margin. The late-
collisional phase is accompanied by shorten-
ing and thickening of the continental crusi,

Evidence for the ophiolitic emplacement
onto the southern passive continental margin
of Arabia, as a result of the Arabia-Eurasia
convergence between 95-75 Ma, is found from
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Eastern Taurus down to Oman {Ricou, 1971:
Michard, 1987). The age of the ophiolite ob-
duction is assumed to be Campanian, approx-
Imately contemporaneous with the deforma-
tion and metamorphism of the Patirge
massif. Some K-Ar dates are older than the
Campanian which may suggest either precol-
lisional or diachronous ophiolitic emplace-
ment between 85-77 Ma (Table 1.

9.5. Are-Continent Collision and Main
Fastern Taurus Orogenesis

The main phase of deformation, meta-
morphism, uplift of the continental margins
and flysch deposition occurred during Late-
Campanian-Early Maastrichtian in Eastern
Taurus when the entire oceanic crust was al-
ready consumed by Baskil subduction to the
north and ophioclite obduction {o the south.
At that thme the Arabian passive continental
margin began to collide with the Keban active
margin.

The following factors are considered in the
timing of orogenic events and magmatic arc-
continent collision in the Eastern Taurus:

1. Oceanic magnetic anomalies data suggest
that the northward movemnent of the Arabtan
Plate decreased dramatically in the period 70-
48 Ma (Late Campanian to Early Eocene, Liv-
ermore & Smith, 1984}, or even earler at

about 80 Ma (Patriat et al., 1982; Michard,

1987). Some K-Ar radiometric ages of the
Patiirge metamorphic massif are older (85 +
1.2, 72.5 + 2 Ma, Table 1}, which may actually
suggest compressional tectonics and ophiolite
emplacement as early as the Coniacian.

2. Spread of mica ages of the Piittirge massif
between 74 + 2 and 47 + 2 may suggest a pro-
nounced pressure drop to normal greenschist
facies conditions (Hunziker, 1986) that have
to be interpreted as cooling and uplift ages of
the metamorphosed passive continental mar-
gin due to arc-continent collision. The thick-
ened crust of the passive margin heats up due
to ophiolitic emplacement and intracrustal
slicing and shortening prior to or during the
collision. Then the thickened and obducted
continental margin becomes unstable, proba-
bly suffering tectonic denudation, and may be
separated from the deepest lithosphere,
which leads to a rapid isostatic uplift {Mur-
rell, 1986).

3. Baskil arc magmatic activifies ceased
when the oceanic crust between the Keban and
Arabian Plate was totally consumed during
the Campanian. At the end of the Campanian,
the convergence was blocked due to the Baskil
arc-continent collision. The interruption of
the arc activitly, sudden decrease of the rela-
tive plate motion and the blocking events re-
sulted in the main orogenic period of the East- .
ern Taurus,

4. The foredeep orogenic Kastel Basin may
indicate a compressive regime during the Late
Campanian-Early Maastrichtian as well as
the flysch basin which developed over the
ispendere-Komiirhan suture zone and Baskil
arc magmatic rocks.

5. Uplift of the passive continental margin
involves the detachment of the initially em-
placed ophiolitic nappes from their metamor-
phosed basement. The ophiolitic thrust sheets
moved further away towards the foreland into
the foredeep basin together with the continen-
tal rise deposits which have been scraped off,
from the metamorphic continental margin
(Pathirge massif), in front of the advancing
ophiolitic nappes fo finally reach the Kastel
Basin by gravity sliding. Thus, the ophiolite
emplacement onto the northern Arabian
Margin corresponds to closure of Neotethys
during the Campanian and even hefore, but
uplift of the Piitirge massif and further gravi-
ty sliding of the ophiolites correspond to the
arc-continent collision.

6. The Upper Maastrichtian transgressive
sediments everywhere cover the ophilolitic
nappes previously emplaced onto the Arabian
Foreland and the Piitiirge-Bitlis massifs, the
metamorphic and structural features of the
Piitiirge-Bitlis massifs and, finally, the uplift-
ed and eroded Baskil magmatic arc and Ispen-
dere-Komiirhan-Giilleman suture zone rocks.

9.6, A-Type Subduction

Although B-subduction related to arc-lype
magmatism may stop after the arc-continent
collision, the convergent system is likely to
continue to operate and lithospheric shorten-
ing must be accommodated by intracrustal
thrusting and thickening, eventually by de-
tachment of the lower continental crust from
the upper mantle. Arc-continent collision is
often followed by ductile, then briitle shear
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displacements parallel ie the collisional
plate boundary toward the passive continen-
tal margin side beneath the advancing ophio-
litic nappes (Shackielon, 1986).

Chatelain et al. (1980) postulated continen-
tal subduction in the Hindu-Kush. The
amount of subducted continental lithosphere
couid be around 750 km since continental
subduction began 40-50 Ma ago. Malitauer
{1986) proposed that there was iniracontinen-
tal subduction without any oceanic stage
along the MCT in the Himalayas,

Bird {1978} proposed a tectonic process

which involves a delamination model to ex-

piain duplication of the continental crust un-
der Tibet, consisting of separaiion of the up-
per buoyant crust from the denser lower crust
and, eventually, from the upper mantie which
may continnue to be subducted. Such an intra-
continental subduction, called A-type subduc-
tion, evolves during or after collision,

A-subduction is described as collisional
and post-collisional ensialic thrusting event
without oceanic or trench sedimenis in ihe
thrust fault which cannot be described as a
suiure zone as it is observed in the Himalayas
(MCT and MBT) or in the Piitiirge-Bitlis
Thrust Fault (PBTF}). On account of smail
ophiolitic lenses found in the PBTF, we would
cail it a "pseudosuture” zone.,

Following the closure of ihe soulhermn arm of
Neotethys along the [spendere-Kémiwrhan-
Giileman suture zone, in a similar way io the
MMT in the Himalayas, tectonic activities
moved southwards to the PBTF during the Up-
per Maastrichlian-Lower Eocene. In this
maodei, the Killan Imbricate Unit and associat-
ed ophiolitic and volcanic rocks could be a trnue
subduction complex {accretionary wedge)
formed above a northward dipping subduction
zone, and the Simaki "{lysch"” would represent
late-collisional fore-arc basin sediments,
Then the Middle Eocene Maden volcanism
would have to be related {o the deep-seated 1ini-
Torm-sense, reverse shear fault penetrating
probably into the upper mantle, due to further
intracontinental convergence.

In this model, any Palaeogene volcanisn:
would not be related 1o contfinuing subduction
as proposed by Aktas & Roberison (1984). Ob-
served palaeogeographic setting, along 1o the

PBTF, exclides the possibility of short-Hved
pull-apart basins related to magor sirike-slip
fauciting {Riou et al., 1981; Aktas & Robertson,
18984}, Consequenily, this iecionic seiting
would be consistent with the complex and hy-
brid chemistry of the Maden velcanic rocks
which were derived by partial meliing of the
uppermantlle with contamination by the
continenial crust (Riou et al., 1981: Akias &
Robertson, 1984},

The presenied scenario satisfies enlirely
the requirements of fieid observations, or-
ganization of the different tectonic units and
chemislry of the Maden volcanic rocks. it
seerns lhat an important part of the continen-
tal lithosphere has disappeared by continen-
ial subduction, thickening ant lateral expul-
sion along sirike-slip faulting in Fastern
Anatolia, since the arc-continent coliision
occurred as it has been proposed for ithe Hima-
layan Belt (Molnar & Tapponnier, 1975; Tap-
ponnier ef al., 1981}

As a general remark, we can note that East-
ern FTaurus would offer two types of inlracrus-
tal displacement shear with associated vol-
canism., The f{irst one is found in an
intracontinental, then suboceanic, rifting en-
vironment during extensional tectonics and
continenial thinning along uniform-sense
low-angle normal shear zone {Kréner, 1983.
Wernicke, 1985: Beach, 1886} {Fig. 14 a); the
second one is found in orogenic belis domi-
nated by a compressional teclonic regime re-
sulting in intracrustal thrusting on the de-
formed passive continenial margin along
uniform-sense, reperse shear zone {Bird,
1978} {Fig. 14 b}

9,7, Late-Collisional ‘Fectonic Phase

The main compressive orogenic event of the
Late Campanian-Early Maasirichlian ap-
pears to show down with the Late Maaslrich-
{ian {ransgression and probably with the ini-
tiation of ithe metamorphosed coniinental
margin thrusting over the unmetamorphosed
platform, This late-stage crustal thrusiing
conld be explained by a new tectonic regime
involving a cyclic sedimentation up to the
late Barly Eocene, This tecltonic period is re-
corded by flysch-like or transitional deposits
onto the Arabian foreland as well as onto the
suture zone {Simaki Formation}. The Middle
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Eocene is everywhere of post-orogenic ten-
sional character. The shelf carbonates of the
Midyat Formation covered the Arabian Fore-
land, the Maden volcanism and associated
shaliow (or moderately deep} water sediments
were deposited on the Phtiirge and Bithis mas-
sifs, and the molasse-like Kirkgecit Forma-
tion covered the back-arc region during this
post-orogesndc phase.

The late-colisional event on the Arabian
Foreland determined the Patirge-Bitlis Belt
thrusting over the Upper Miccene flysch-like
Lice Formation which unconformably over-
lies the Midyat Formation. This late-
collisional {cctonic phase is related o a
smali change in the Arabian Plate motion in
the beginning of the Pliocene probably ini-
tiated by seafloor spreading in the Red Sea
{Coleman & McGuire, 1988}, This late infra-
crustal shortening was initiated along the
PBTF and accompanied by foreland deforma-
tion characterized by repeated reverse faults
and imbrications up to 20-30 km wide from
the PBTF and by more distant, large wave-
length upright folds. In this part of the Arabi-
an foreland evidence of convergent strain is
visible as far as two hundred km from the
PBTF {Fig. 2}.

it has been proposed by McKenzie (1972},
Dewey & $engdr (1979) and Sengér & Kidd
(1979) that this convergence was taken up
parily by thrusting and partly by lateral west-
wards expulsion of {he Anatclian Plate
bounded by sirike-slip faulls along the North
and East Anatolian TFransform Faults. As a
result of this laie-collisional event the thick-
ening of the crust in the East-Anatolian Con-
vergent Zone reached about 52 kan {(Dewey et
al., 19886).

The post-lpper Miocene intracrustal
thrusting was considered as an occagnic clo-
sure and suturing by Sengdr & Kidd {1979),
Sengor & Yilmaz (1981}, Robertson & Dixon
(1984) and Dewey et al. {1986). There is a ma-
jor problem for this “open-ccean” model until
Late Miocene time, namely the absence of any
preserved accretionary wedge deposits of
Upper Cretaceous-Paleogene age between the
Patarge-Bitlis metamorphic massi{s and the
structurally underlying Arabian Platform. It
should be noted that the ophioclitic mélange

or oceanic crust materials are lacking in this
pseudosuture zone, except for overthrusting
ophiolitic rocks which have been involved in
the overfolded frontal structure as small iens-
es (Fig. 2). Furthermore, in most part of the
Pittirge-Bitlis metamorphic massifs, the
original structural position of the Giilleman
ophiolitic rocks are on the thrusted Patarge-
Bitlis crystalline rocks, especially in Gevas,
Mutkd, Girbelek Dag: and Gileman areas, as a
vesult of the Upper Cretaceous obduction. The
same ophiolitic complex was subsequently
emplaced onto the Maden Unit and as part of
large thrust sheets during the post-Middle Eo-
cene, probably Late Miocene-PHocene tecton-
ic phase, :

- The innermost Bitlis metamorphic massif
and northern adjacent Guleman ophiolitic
rocks. are steepened, uplifted and even over-
turned in the late rétrocharriage stage related
to compressional tectonics of the Eastern
Taurus Belt {Caglayan et al., 1984). The Arabi-
an crustal stacking wedge is bounded in the N
by lefi-lateral East Anatolian Transform
Fault which is still active. The horizontal off-
set along this fault amounts to 22 km in a st~
nistral sense (Dewey ef al.,, 1986} 15 km SW of
Lake Hazar along the Euphrates River {Fig. 2}.

Along this fault, there is a major locking
segment between Marag and Celikhan to the §
of Malatya for a distance of about 160 ki {(De-
wey ¢t al, 19886}, where the EATF has roughly a
E-W trending direction. North of this seg-
ment, a large uplified area appears within the
thrusted and repeatedly imbricated Malatya-
Keban metamorphic platform sediments, Ma-
den volcanic rocks and Platirge metamorphic
massif. This uplified structure of the
Celikhan-Sincik area explained by progres-
sive steepening of thrust faults due to this
compressional segment of the EATF south of
Malatya {Fig. 2).

10. CONCLUSIONS

The Eastern Taurus realm in Turkey may
be mainly subdivided into three major tecton-
ic units, namely: 1} the Heban aclive conti-
nental margin, Baskil batholith and their
Upper Maastrichtian-Lower Miocene sedi-
mentary cover; 2} the occanic thrust sheets of

the Ispendere-Kémiurhan-Giileman suture
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zone and their accretionary wedge deposits,
and the southmost Kogali ophiolitic mélange
with associated oceanic type pelagic and pas-
sive continental slope deposits emplaced into
the Arabian foredeep basin; 3) the Arabian
Parautochthon and Autochthon comprising
the Putirge-Bitlis metamorphic massifs
which probably formed {he northernmost
margin of the Arabian Plate, and the imbri-
cated and folded Arabian Platform itself (i.e.
the Autochthonous Foreland).

These three major units have been involved
in a polyphase tectonic evolution: 1) The pre-
collisional phase includes intraoceanic im-
brication {Cenomanian-Turonian}, north-
ward subduction of the south Tethyan oceanic
crust below the Keban Platform margin hav-
ing resulted in the Baskil arc-magmatism
{Condacian-Santonian) and ophiolitic obduc-
lion over the Arabian Platform (Campanian).
2) The main collisional orogenic phase con-
sists of arc-continent collision, uplifting of
the passive continental margin with its meta-
morphosed basement, and gravity sliding of
the ophiolitic thrust sheets into a foredeep
basin {Late Campanian-Early Maastrich-
tian); this compressional tectonic phase last-
ed up to the Middle Focene. 3) The post and
Iate collisional phase includes the Maden
volcanism relaled to A-type subduction (Mid-
dle Eocene), overthrusting of the Piitiirge-
Bitlis massifs onto the unmelamorphosed
Aragbian Platform {post-Late Miocene) and
imbrication and folding of this platform (PH-
ocene-Recent).

The pre-, sy~ and post-late collisional tec-
tono-melamorphic events, thus, migrated
from N to S and were accompanied by appro-
priate sedirnentation, folding, unconformi-
ties, magmatism and metamorphism. The
main heat source for the metamorphism of
the passive continental margin may be found
laterally in the above subduction zone fore-
arc type ophiolites heated up by arc magmatic
aclivities shortly prtor to the emplacement of
ophiolitic nappes.

Two stages of ophiolitic emplacement are
suggested on the basis of field observations
and radiometric dating: I) Compressional ob-
duction accompanied by tectonism and meta-
morphism over the passive continental mar-

gin (Campanian}; I} Gravity sliding reaching
the most southerly position in the Arabian
Foreland during arc-continent collision and
subsequent uplift of the passive continental
margin {Late Campanian-Early Maastrich-
tian}.

Field observations and high regional posi-
tive magnetic anomaly values associated with
ispendere-Kémiarhan-Giileman ophiolitic
rocks locate the south Neotethys suture zone
to the south of Baskil bathoiith and to the
north of Patirge-Bitlis metamorphic belt,

The Coniacian-Santonian building of the
Baskil magmatic are in the active continental
margin, Upper Cretaceous overthrusting, Eo-
cene intracrustal subduction and crustal
stacking wedge affecting the northern margin
of the Arabian Plate caused the thickening of
the continental crust of the Eastern Taurus.

The tectonic history of Eastern Taurus
differs from that of Western Taurus by many
geological features. Both segments were in-
volved in a strike-slip collision process dur-
ing Upper Crelaceocus-Middle Eocene along
the Ecemis Sinistral Fault Belt as assumed by
Ricou & Siddans {1986) in the Western Alps,
and by Sengtr (1987} for SE Asian terranes.
Stratigraphic, palaeoniological and structu-
ral data indicale that the Ecemis Faultl Bell
{Ecermis Corridor) obtained its major strike-
slip character before the Lutetian (Yetis,
1984). The overall NE-SW trend of the major
tectonic units owing to NNE-SSW sinistral
strike-slip displacement along the Ecemis
Corridor allowed the Arabian Plate to ap-
proach Eurasia independentily probably after
the first compressional phase {Cenomanian-
Turonian) and up to Lutetian when the Arabia
collided Eurasia. OQur present aitempt re-
mains hypothetical in resolving this major
tectonic problem until further field evidences
and accurate palinspastic reconsiructions are
presented.
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Changing Stress Orientation in Progressive Intracontinental
Deformation as Indicated by the Neotectonics of the Ankara Region
(NW Central Anatolia)

ALI KOCQYIGiT*

0

ABSTRACT

Neotectonic events have lasted since the
Late Mioceoe in the northern part of the Ana-
tolan biock. The neotectonic period has been
dominated by: (1) fault-controlied continen-
tai sedimentatioo, (2) calc-alkaline to aika-
fine volcanic activity that was coeval with
the sedimentation of the Yuva Group, and (3)
compiex atructural patterns of various young
and reactivated older geologic structures such
as folds, low-aod high-aogle thrust faults,
strike-siip fauits, normal fauits and fault-
paraliei Hnear depressiooa. These atructures
are classified into two major groups: {1) pre-
Late Piioceoe atructures, and {2) Late PHo-
cene-Quaternary atructures. The first group is
dominated by NE-trending reactivated thrust
faults and thrust-fanited moooclines. These
structurea are inherited from the former col-
lisional regime and suggest that an approxi-
mately NW-SE- directed cootractiooai strain
prevailed in the Ankara regioo before Late
PlHocene. In contrast, the aecood group, con-
aisting mainly of NE-and NW-trending oor-
mai fauits, ENE-treoding thrust fanita and
folds, reveals an approximately N-S directed
contractional atrain operating since the Late
Plioceoe in the same area.

Considering both the first and second group
of structures, it is proposed that the cootrac-
tional strain orientation in progressive in-
tracontinentai deformatico has been
changed from NW to N-S direction during the
ocotectonic period. The 1974 YenlmehmetH,
1985 Kogker and 1989 Ankara earthquakes
substantiate that thia intracontinentai
strain is still active and operating in the N-§
direction.

* METU, Geological Engineering Depariment, 08531 Ankara,
Turkey

6z

Neotektooik olayiar, Anadoiu biogunun
kuzey kesiminde Geg Miyoseo'den bext devam
etmektedir. Neotektonik dénem ii¢ ana unsur-
1a belirginlik kazanir, Buniar sirayla fay de-
oetimi karaaal sedimantasyon, Yuva Gru-
bunun sedimentasyoon lie yas:it kalkalkalin-
aikalio voikanizma ve karmasik jeolojik
yapilardir. Jeolojik yapiiar genc¢ ve yeniden
etkinlik kazanmig eski yapilardao olugur ve
boniaro basiicaiar: kivrumlar, kiiciik ve
biiyiik acil: bindirme faylan, dogrultu atumh
fayiar, normai fayiar ve fayiara paraiei
uzaosmh ¢izgisel ¢bkiintiilerdir. Jeoiojik
yapilar, yaglarnina gére iki ana gruba aynlir:
(1) Geg Pliyoseo dncesi yash yapular ve (2) Geg
PHyoseo-Kovaterner yagh yapiiar. Birinei
grop jeoiojik yapilar, KD-dogrultulu, yeniden
etkinlik kazannus hindirme faylan ve hin-
dirme faylariyla kesilmisg tek kanath kivnm-
lardan (monoklinlerden)} olusur. Birinel grup
yapilar daha Boceki carpigma rejiminin Gri-
oiidiir ve buniar, Gec Plivosen dncesinde (Gee
Eosen-Ponsiyen), Ankara bbigesinde, yak-
lagik KB-GD dogruitulu bir sikigma-daraima
deformasyonunun etkili oidugonu gosterir,
Buna karsmn, baghea KD ve KB dogrultulo nor-
mal faylar, DEKD-dogrultulu bindirme faylan
ve kiveimiardan olusao ikinci grup yapalar
ise, yakiagik K-G-dogruituiu bir sikigma-
daralma deformasyonunun aym bdigede Gec¢
Pliyoseo'den beri etkin oidugunn gostermek-
tedir. Birinel ve ikinei grup yapilar esas alma-
rak, sikisma-daralma titrtindeki kita ict sit-
rekli deformasyoo dogrultusunun, neotekto-
nik dénem arrasinda, KB'dao K-G dogrulto-
suna degismis oldugu sonucuna varihir. 1974
YenimehmetH, 1985 Kisker ve 1989 Ankara
depremieri, kata i¢ci deformasyonun bugiin de
etkin olduguno ve bu etkinlifini K-G dogrultu-
sunda siirditrdiifiinii agikea kamitlamaktadhr,
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INTRODUCTION

The study area is a N-S-trending zone about
140 km wide and 255 km long located between
the North Anatolian Fault Zone (NAFZ) to the
north and northwestern part of Central Ana-
tolia to the south {Fig. 1},

A general neotectonic synthesis of the
whole of Turkey was first attempted by
Sengor {1980) and Sengér et.al. {1985). They
divided Turkey into four neotectonic provine-
es: {1) East Anatolian Contractional Prov-
ince, {2) Central Anatolian "Ova® Province, {3}
West Anatolian Extensional Province, and {4)
North Turkish Province. Sengor {1980} also
attributed the origin of the Central Anatolian
depressions to faults produced by the west-
ward increasing N-S-directed extension.
Savcer (1985) studied the Salt Lake (Tuz Giliy
Fault located at the southeastern corner of
the study area and reported that this area had
experienced two different tectordc deforma-

tion phases, during the Late Eocene, Late Mio-
cene and the Recent, respectively, The SSE
part of Central Anatolia was studied by Pas-
quare et al. (1988). They discussed the origin
of volcanics, faults and their mutual relation-
ship. Finally, Centra! Anatolia was located
outside of the earthquake zones on the Turk-
ish erathquake map (Tabban and Gencoghu,
1975} and was considered largely aseismic by
Jackson and Mc Kezic {1984}, Apart from
these, there have been no studies dealing spe-
cifically with the neotectonics of Central
Anatolia. .

This paper concentrates mainly on the
young geologic structures in the Ankara re-
gion, and its main purposes are: {1} to describe
recently recognized Late Pliocene structures,
{2) to discuss iniracontinental polyphase
crustal deformation, and (3) to discuss the
seismicity of the Ankara region, where an
earthquake took place on 1989.10.14-15,
Magnitude 3.9.
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Figure 1: Simplified neotectonic map showing the location of the study area and some of the major neotec-

tonic structures of Turkey. A-Ank

i B-Beypazary, D-Dokurcun; E-Erzincan; -Karitova: LS SaH Lake;

BSZ-Bitlis Suture Zone, CA-Cyprian arc; DSF2Z-Dead Sea Fault Zone; EAFZ-East Anatolian Faalt Zone:
NAFZ-North Anstolian Fault Zone; I-Beypazari-Cayirhan fauited monocline; 2-Elmadag imbricate thrust
zone; 3- Kirikkale-Erbaa fault; 4- Almus Fault; 5- Ankara-Exzincan Suture; 6- Akpinar-Tagova fault; 7- Sa-
landa Fault; 8- Ecemis Fault Zone: 9- Salt Lake Fult Zone; 10- Eskisehir Faunlt Zone; 11- Inegél fault; 12-
Aksehir Fault, Short black arrows show the orientations of the maximum compressive siress along the
NAFZ; white arrows show the sense of piate motion, and the half arrows show the relative sense ¢f move-

ment on the faults.
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STRATIGRAPHIC CUTLINE OF THE
SYNTECTONIC ROCK UNITS

The youngest rock uniis in the Ankara re-
gion are fluvial-lacustrine deposits of Late
Miocene-Pliocene age and associated cale-
alkaline volcanic rocks. Based upon their
lithology, age and stratigraphic positions,
they were divided into two major rock-
stratigraphic units, namely the Yuva Group
and the Yahnecak Formation {Fig.2) (Tokay
et.al., 1988) : -

Yuwa Group

The Yuva Group rests unconformably on
the eorosional surface of pre-Miocene base-
ment rocks and consists of various volcanics
and continental sedimentary facies, includ-
ing mostly unsorted basal conglomerates, an-
desitic pyroclastic rocks, {luvial sandstone
and red conglomerate, coal-bearing lacus.
trine shale, marl, limestone, evaporite, ande-
sitic to dacitic and basaltic lavas and sills,
All contacts between these Hthofacies are gra-
dational {Fig. 2).

Large-scale planar to trough cross-bedding,
graded bedding, pebble imbrication, load
casts, channeling and normal to reverse
growth faults are typical mesoscopic syndep-
ositional features observed within the Yuva
Group. Steeply tilted or folded beds of the
Yuva Group are either overlain unconforma-
bly by horizontal beds of the Upper Pliocene
Yahncak Formation or thrusted over by the
large tectonic slices of the pre-Miocene base-
ment rocks which are mostly pre-Campanian
ophiolitic melange of the Anatolian Nappe of
Kocyigit (1987} (Fig.2). The various lithofacies
and syndepositional mesoscopic {eatures
strongly suggest that the Yuva Group was de-
posited in a tectonically active system with
various depositional settings such as alluvial
fan, braided plain, meandering plain and
lake. The sedimentation was accompanied by
calc-alkaline wvolcanic activity (Karayigit,
1983; Pasquare et al,, 1988}

According to the previous studies of Erol
{1984), Unalan et al. (19786), Goriir {1981), Uy-
gun (1981}, Karayigit {1983}, Akytrek et al.
{1984) and Kocyidit {1989), the Yuva Group
ranges in thickness from 20 m to 1 km, and it
is Late Miocene-Pliocene {Pontian} in age.

Yalincak Formation

The type locality for this unit is Yalincak
village, located about @ kin SW of Ankara. The
vahncak Formation is widely exposed in and
near {ault-bounded depressions such as the
Kuraked!, Balaban, Mogan, Cubuk, Ankara-
Etimesgut, Mahkdy-Kazan and Uruc-Celtikel
depressions {Fig.3).

Although the Yalincak Formation varies
slightly in Hthology, it consists mainly of
gray and unsorted loose conglomerate, red-
brown silty mudstone with carbonate concre-
tions, and lensoidal stream-channel con-
glomerates deposited in various subcontinen-
tal depositional settings, such as alluvial
fans, braided to meandering river plains and
playa lakes. In places, these facies also inler-
finger with dark green to black, columnar-
jointed vesicular basalis and related pyro-
clastic rocks. The Yahncak Formation rests
unconformably on the erosional surface of
the highly deformed and steeply dipping older
basement rocks, and it is overlain by Quater-
nary alluvial deposits or. rarely, thrusted over
by older rocks such as serpentinite(Fig.3). The
vahncak Formation is usually horizontal
However, at the fault terraces at higher eleva-
tions along the margins of the fault-bounded
depressions, it is tilted up to 15°.

One of the dislinctive facies of the Yalncak
Formaiion: is the growth-faulted, lensoidal
stream channel conglomerates that strongly
suggest that the Yalincak Formation was also
deposited in a tectonically active depositional
regime (Fig.4). The Yalmcak Formation rang-
es in thickness from a few meters to 200 m
and its age is Late Pliocene, based on its strat-
igraphic position and vertebrate-fossil con-
tent {Kleinsorge, 1940; Erol, 1954,; Kogyigit,
1989).

Quaternary alluvial deposits

The Quaternary alluvial fill is widely ex-
posed at the central parts of the fauli-bounded
depressions drained by numerous large tribu-
taries of both the Sakarya and Kuuhrmak
rivers. From west to east, these are the Koca
River, the Ova River, the Ankara River, the
Balaban River and Thcaézii River (Fig. 3). The
Quaternary alluvial [ill forms a relatively
thick fup to 35 m} and disconformable veneer
of sediment on the pre-Quaternary rocks and
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Figure 3 : Neotectonic map of the Ankara region. A-Ayas; B-Beypazar; BD-Balaban depression; C-Celtikelh
CU-Cubuk; CUD-Cubuk depression; D-Derekiy: DB-Dértdivan basin; DT-Derekdy thrust; E-Edige;
ED-Elmadag; EDT-Elmadag thrust; IFS-fhea Fault Set; EH-Erenter hill: EM-Etimesgut; ET-Edige thrust;
G-Gerede; GD-Gokdere; BT-Bedesten thrust; H-Haymana; 1i-Tisca; IP-Ismetpaga train ststion; R-Karaali;
KD-Kurakesl depression: KH-Kizilcahamam; KK-Kirikkale; KR-Bésker; KZ-KEazan, EL-Eymir Lake;
ML-Mogan Lake; SLD-Salt Lake depression; SLFS-Salt Lake Fault Set; SML-Samsam Lake; M-Mahikéy:
MED-Malikéy-kazan depression; Mi-Meliksah; NAFZ-North Anatolian Fault Zone; NH-Nevruz hill;
P-Pegenck: UD-Urus depression; Y-Yuvaksy:; YCB-Yenicaga basimYK-Yakacik; Yi-Yaiincak;
YM-Yenimehmetli: g, b, ¢, and d-locations of Fig. 8a, b, ¢ and 4; 1- Quaternary alluvial deposlts; 2low-and
high-angle thrust faults; 3-strike-slip faults; 4-normal faults; 5-faunlted monociine; 6- fold axes in the Late
Miocene-Pliocene Yuva Group; 7- hot water springs; S-erathquake epicenters; 8-Late Miocene-Plocene vol-
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Figure 4: Sketches from photographs of syndepositional normal mesofaulfs (F) within the Upper PHocene
Yalincak Formation. A-A' (2.1 m) and B-B' (60 cm)-amounts of dip-slips; 1-red ality mudstone with white
limestone concretions; 2-stream channel conglomerate; 3,dark brown soil {2 km N of Yalincak village).

consists of both coarse-grained marginal and
fine-grained axial depositional systems. The
coarse-grained depositional system is com-
posed of terrace and alluvial fan conglomer-
ates deposited by debris flows and braided
rivers. The axial depositional system com-
prises fine-grained alluvial plain sediments
such as sand, silt, and clay.

The terrace deposits are well-exposed at
- different elevations at the margins of fault-
bounded depressions. One of these outcrops is
" located to the west of Erenler Hill where the
Koca River has cut deeply into its bed, leaving
a terrace deposit 125 m above its present
channel (Fig.5). Similar features also occur at
the margins of the Malikdy-Kazan, Cubuk,
Mogan, Balaban and Kurakgdl depressions
and mark an active tectonic {relative} uplift
in the Ankara region.

GEOLOGIC STRUCTURES

The study area is located at the junction of
the Intra-Pontide, Izmir-Ankara and Intra-
Tauride sutures of Seng6r and Yilmaz {1981).
Therefore, the Ankara region displays a very

Figure 3: Cross-section illustrating the Quater-
nary terrace conglomerate located 50 m and 3125 m
above the present bed of the Meragay: to the SE ad
Koea River to the NW, respectively. 1- Paleocene-
Miocene calealkaline volcanie yocks of the Galate-
an magmatic arc; 2-Upper Pliocene fluvial clastics;
3-Qurternary terrace conglomerate, and 4-
Quaternary tulus brecceia,

complicated structural pattern, in which
strike-slip faults with both thrust and
dip-slip components, and open to south-
southeastward slightly overiurned folds of
the neotectonic regime, are superimposed on
the tight to overfurned fold-and low-angle
thrust-dominated contraciional structures of
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the earlier collisional tectonic regime (Figs.1
and 3}. The most common relatively young ge-
ological struclures in the Ankara region are
folds, low-to high-angle thrusis, and strike-
slip faults {Fig.3}).

Folds

The two major syntectonic rocks units of
the Ankara region are Upper Miocene-
Pliocene (?} Yuva Group and the Upper Plio-
cene Yalincak Formation. The continental
deposits and volcanics of the Yuva Group
Were deformed both folding and faulting,
while the Yahncak Formation was tilted 5°-
15° by faulting. The folds in the Yuva Group
range from hroad open types at the cenlers of
the basins, to the tight and locally overtumed
folds passing into thrust-faulted monoclines
near the margins of the hasins {Erol, 1954;
Arikan, 1975; Ongtir, 1977, Karayigit, 1983;
Saver, 1985; Yagmurlu el al., 1988). The
trends of the fold axes are not uniform
throughout the study area. Two dominant
{rends ocecur: (1} approximately NE-SW trend-
ing folds in the northwestern section and in
the southeastern corner of the study area, and
{(2) ESE-WNW and SE-NW trending fold axes
located in the central part of the Ankara re-
gion {Fig.3). :

Low-to high angle thrusts

In the Ankara region, both local and re-
gional thrusts are well exposed. The large-
scale regional thrusts are low-angle in char-
acter and were inherited from the former col-
lisional tectonic regime that governed the
last closure of the lzmir-Ankara branch of
the northern Neo-Tethys ocean during early
Tertiary (Seng6r and Yilmaz, 1981). The well-
defined, regional low-angle thrusts in the
Ankara region are the Derekdy, Elmadag and
Bedesten thrusts {Fig.3). The Derekdy thrust
{rends approximately NW-SE direclion and
becomes a vertical faull along its northwest-
ern segment. Along most of its southeastern
Himit. the pre-Middle Campanfan Ophiolitic
meifange was thrusted, from NE to SW, onlo a
mid Campanian-Lutetian sedimentary se-
quence. Both the Elmadag and Bedesten low-
angle thrusts are located to the east of the
study area and ihey have trends that range
from almost E-W to NNE-SSW {Fig.2). Along
these thrusts, older tectornic units, pre-Middle

Campanian ophiolitic melange (Anatolian
Nappe) and the Upper Triassic Karakaya
Nappe were thrusted, from NW to SE, onlo a
Paleocene-Lutetian sedimeniary sequence
{aAkytrek et al.,, 1984; Kogyigit, 1887). Thus,
the timing of this thrusting may have been as
early as Lutetian.

There are also some well-defined, local,
Tow-to high-angle thrusts in the Ankara re-
gion. They are exposed Southeast of Celtiket,
around Yuvakdy, at the NE of the Salt Lake,
and in the vicinity of Edige village {Fig.3].
They trend in various directions (N-5, E-W,
and ENE-WSW)] and range in length from

¥igure 6: Sketched cross-Sections showing: a-the
thrust fauit (T¥! between the Upper Miocene-
PHocene (?) Incustrine marl-limestone alternation
{1) and pre-Middle Campanian serpentinite {2) {1
km W of Yuva village): b-the thrust fault {TF¥) be-
tween the Upper Miocene-Pliocene (?) fluvial red
conglomerate (1) and pre-Middle Campanian ser-
pentinite {2) (0.5 km SE of Edige village); e-the re-
verse fault (RF) between the Hettangian conglomer-
ate {1}, Upper Pliocene fluvial conglomerate (2} and
tipper Triassic graywacke {3} (0.4 km NE of Yakacik
village):; d-the reverse fault (RF) between the Upper
Pliocene fine clastics {1) and pre-Middie Campani-
an serpentinite {3) underlain by 30 m thick crushed
zone (2} (nlong road cut 2 km N of Edige village).
Haif arrows show the relative sense of movement
on faults.
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about a few hundred meters to 10 km. Along
these small-scale low-to high-angle thrusts,
older units {particularly the pre-Middle Cam-
panian ophiolitic melange) were thrust onto
both Upper Miocene-Pliocene {?) and Upper
Pliocene continental deposits (Fig.6). Thus,
their age may be as early as Late Pliocerie.

Both smail-scale low-to high-angle thrusts
and large-scale low-angle thrusts form an ap-
proxtinately 15 lun wide imbricate thrust
fault zone to the east of the study area. The
youngest rock unit invoived in this imbricate
thrust fault zone is Late Pliocene in age. This
observation suggests that the large-scale low-
angle thrust faults reactivated since the Late
Miocene.

Strike-sHp fault systems

In addition to the North Anatolian FAuit
Zone (NAFZ), numerous small-scale strike-
slip faults are present in the Ankara region
{Fig.3). They occur in four dominant sets
based upon a rose diagram of their trends
(Fig.7); they trend N50°-60°, N20°-30°, N150°-
160° and NO°-10°. Both the NAFZ and the
other dominant fault sets are briefly
described below,

N
I
Ni1¢ 2-N20-3¢
Ly 1~ Nso-ef
St
W B
s
3~ N1 16’

I
s

Figure 7: Rose dingram of the normal and strike-
sip fault {rends. NAFZ-North Anatolian FAult
Zone; Numbers 1, 2, 3 and 4 are the dominant fault

sets, respectively.

North Anatolian Fault Zone (NAFZ).

The NAFZ is an infracontinental trans-
form fault boundary between the Eurasian
plate in the north and the Anatolian block in

the south (Sengdr, 1979). It is a dextral strike-
slip fault zone about a 1200 km long along
which the Anatolian block moves in a WSW
direction relative to the Eurasian plate
{Sengdr, 1979). The NAFZ bends towards the
north at its central part and results in a
northward convex arc, Its eastern end trends
about 110° while western segment strikes 75°-
80°. In addition, the NAFZ has also a thrust
component at the center of its northward con-
vex are, even though it is not recorded seismi-
cally {Jackson and Mc Kenzie, 1984) (Fig. 1),

Both the Gerede and Ismetpasa segments of
the NAFZ follow a strike of 75°-80° and are lo-
cated at the northernmost part of the study
area. They consist of numerous parallel and
subparallel faults, but they are not all plotted
on the map for the sake of clarity. The Gerede
segment of NAFZ is marked by a sertes of
fault-parallel sag ponds, pressure ridges and
strike-slip basins such as the Yenicaga fault
wedge and Dortdivan pull-apart basins. In
contrast, the Ismetpaga segment of the NAFZ
is dominated by a half-ramp basin, the Cerkes
basin located on its southern biock (Fig. 3).

NBO° - 80° fault set. This fault set predomi-
nates in the Ankara region. It consists of ap-
proximately 40 km long, parallel faults. They
are concerrated at three localities which are,
from NW to SE, the Celtik¢i, Etimesgut and
Karaali villages and vicinities (Fig.3). Some
of the faults invoived in this set are located
along the boundary zone between the Late Mi-
ocene-Quaternary basins and the older base-
ment rocks, and display an en echelon pat-
tern. The Urug, Celtikel and Balaban basins
are the fault-parallel depressions located on
the downthrown blocks of this fault set
(Fig.3). Around Karaali village, some of
streams show sinistral offset by about 300 m
on the sarne fault set. The N80°-80° fault set is
orientated 20°-30° to the NAFZ, and forms a
conjugate fault set with the N150°-160° set
{Salt Lake Faull set).

N20°-30° fault setf. This set is orientated at
50°-60° to the NAFZ, and also forms, a corju-
gate set with the N150°-150° fault set {Salt
Lake Fault set}, The faults involved in this set
are mostly located in the Ayas, Cubuk, Mogan
and Haymana areas, and they define the mar-
gins of some NE-SW trending Late Miocene
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Quatermary basins such as the Malbkdy-
Kazan, Cubuk and Mogan depressions {Fig.3}.
As in Mahkdy and Meliksah villages, some
hot water springs also occur along the fauits
involved in this set. in addition, a sinistral
movement with a thrust compoment has been
observed on some fanlts of the N20°-30° set to
the NW of the Mabkéy-kazan depression
around Haymana County {Fig.3).

N1IS0°-160° fault set {Salt Lake Fault set}.
This set occurs in the southern and southeast-
ern parts of the study area. Because the Sait
Leke Fault is involved in this set, the N150°-
160° set is herein named as the Sait Lake
Fault set. It is an approxmately 100-150 km
long and 15-20 km wide intracontinental
franscurrent faull zone consisting of severatl
paraliel to subparallel fault segments. The
Salt Lake Fault set displays a step-itke fault
pattern and also has a thrusl or compression-
al component in places {Sengdr el al., 1985).
Some of the well-defined depressions such as
the Sail Lake, Samsam and Karakedl, are lo-
cated on structurally downthrown blocks of
the N150°-160° fault set {Fig.3). The Sall Lake
Fault defines the easlern margin of Sait Lake
along which lake terrace deposils of Pliocene-
Quaternary age are located at different eleva-
tions, suggesting that the bottom of 8alt Lake
is subsiding {Erol, 1973, 1980). Consequently,
the dextral offset drainage system, fault-
paraliel alignment of hot waler springs (such
as those at Ayas, Mal:ikdy, and Haymana)
{Fig.3} and the seismic activity {the 1985.4,27
Kogker earthguake of Magnitude 4.7 that
took place at the NW tip of the Salt Lake
Fault) iIndicate that the N150°-160° fault set is
active and dexiral in character.

NO°-10° fault set. This set occurs rarely
compared to the other three fault sets. it con-
sists of steeply dipping, short single normal
fauits. Some of these normal fauits are well
exposed E of Dereksy village and Kalecik
County, N of Yuvaksy and around the Erenler
Hiil. Here, both the Koca River and the
Meracayr River have cul deeply into their
beds of volcanic and fluvial clastics, leaving
behind Quaternary terrace deposits at differ-
ent elevations on the step-favlted margins
{Figs.3 and 5). Thus, the deep incision of the
Koca and Meracay:l Rivers into tilted Quarter-

nary terrace deposits obviously reflect the re-
cent teclonic uplift around Erenier Hill
{Fig.5}.

Ihea Ffault set. Apart from the above-
mentioned fault sets, there is another well-
defined structural lineament located at the
SW comer of the study area {Fig.3}. It is here
named the Iica falut sel and consists of WNW-
ESE trending, paraliel to subparaliel fault
segments of varying size. The Ilcadzis stream
and some smaller tributaries are offsel dex-
trally by the major branch of the Ilica fault
sef. Both seismic aclivity {The 1974 Yenimeh-
metli earthquake of Magnitude 4) and some
hot water springs occurring within this set
strongly suggest that the Ihca fauit set is ac-
tive, In addition, around Yahncak viliage.
They are 1 to 3 km long, have strikes of N95°-
100°, and define the contact between the Tri-
assic basement rocks and the Upper Pliocene
fluvial clastics. One of the latest seismic
events occurred along these faults, namely the
1989.10.14-15 Ankara earthquake of Magni-
tude 3.9, which probably implies that they
have been reactivated {Fig.3).

DISCUSSION AND CONCLUSIONS

The following geological structures are well
exposed in the Ankara region: {1) folds, (2)
normal faults, (3) low-to high-angle thrust
faults, {4} strike-siip faults, and {5} fault-
parallel depressions, that are marked by
widespread Quaternary alluvial {ili deposits
(1g.3). Based upon their age and origin, these
structures are classified into two major
groups:(1) pre-Late Pliocene structures, and (2)
Late Pliocene-Quaternary structures {Figs.8
and 9). The earlier group is dominated by N-
trending thrust faults, southeast-vergent,
thrust faulted monoclines, NE-trending
strike-stip fault with thrust conponent, ap-
proximately E-W trending strike-slip fauits,
and NE-trending folds. Although the [lirst
group of structures was inherited from the
last phase of the former collisional tectonic
regime, these structures were reactivated dur-
ing the neotectonic regime that has operated
since the Lale Miocene. Consequently, the
first group of structures indicates that a NW-
SE directed contraction prevailed before Late
Pliocene in the Ankara region {Fig.8}.
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The second group of structures comprises
the NNE-trending normal faults, NE-and NW-
trending sinistral and dextral strike-slip
faults, oblique-slip fault {strike-slip + thrust-
slip}, ENE-trending thrust {aults and folds
(Fig.9). These Late Pliocene-Quaternary struc-
tures coliectively form a well-developed
strike-slip fault system that suggest an ap-

proximately N-S directed contraction contin-
uing since Late Pliocene in the Ankara region
(Fig.9). Thus, these two groups of structures re-
veal that the contractional stress orientation
in the progressive intracontinental deforma-
{ion in the Ankara region has changed from
NW.SE to N-5 direction during the neotectonic
perlod (Pliocene - recent} [Figs.8 and 9},
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Figure 8: Simplified map of the pre-Late Pliocene coniractional strucuteres in the Ankara region, 1-thrust
faulted-monocline; 2-strike-slip fault with thrust component; 3-strike-slip fault; 4- thrust fauit, and 5-fold
axis. Large arrows show the contraction direction (See Fig.3 for expianation of abbreviations).
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Figure 8: Bimplified map of the Late Pliocene-Quaternary contractiopal strucuteres in the Ankara region.
1-thrust faulted-monocline; 2-strike-slip fanlt with thrust componont; 3-strike-slip fanlt; 4- thrust fanlt,
and 5-fold axis. Large arrows show the contraction direction (See Fig.3 for explanation of abbreviations).
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Giineydogu Anadolu Orojenik Kusagmmn Ekayh Zonu

[mbricated Zone of the Seutheast fnatelion Oregenic Ball

MUSTAFA YILDIRIM* ve YUCEL YILMAZ*

Oz

Kahramanmarag iii kazeyinde Engizek
Daglarinin giiney cephesinde yaklagik E-W
dogrultuda ozanao Saryaj Cephesinde, SE
Otoktoounda ve Nap Alaninda giriileo birim-
ierden farkl: kaya gruplan yer almakta olup,
bunlar ekayii bir yapiy: oiustaran dilimier
halindedir. Nap Alaniol oiugturan ofiyolitik
ve metamoriik naplarin aitinds yer alan bn
birimierin tavaomda st Kretase {Senoma-
niyen)-Alt Eosen yasin maro-kirectas: ve
tirbiditik komtasindan olusan Harami For-
masyoou yer almaktadir. Onun altimda Berit
metaoflyolitinio bir dilimi vardir. Offiyolitik
diliminin aitindaki tektonik dilim ve volka-
oik ve voikaoojenik kayalaria temsii ediieo
Orta Eosen yash bir istiftir. Heiete formasyo-
no ads verileo ho birim Orta Eoseode bir ada
yay: ortaminda gelismis kalkalkaleo tiirde
bir voikaoizmaoin diriioiidiir. Voikanik
kugagio Orta Eoseo-Oiigosen ddneminde
biiyfimesi onuo doiinde tirbiditik maize-
meyie volkanojenik Savran formasyonu ve
daha {stte Alacik Formaayonunun geligme-
sine oedeo olmugtur, Saryaj Cephesine aiten
alt dilim Arap Otoktoou lHe smir teskil eden
Alt-Orta Miyoseo yash mavi kiitagi-geyi-
marn ardalanmalt biokl: Hompur formasyo-
oudur. Bo birim, onun daha s1§ deoizei
egdegeri oian Lice Formasyonu iizerine itli-
migtir, Saryaj Cepbesinde gériileo siiriikie-
nimier Alt Serravalliyen sononda aon bul-
magtur. Denizei hirimlerin iizerinde yer alan
kirmmiza karasai ¢dkeiierde biie, tektoniz-
mamo devam eden etklierl krerimlar balin-
de kendini gostermektedir, Serravalliyen so-
oundan itibaren N-S yénii: kompresyon ya-
oal atanls faylarla telaft edilmigtir,

iy Y.U,_ Mihendishk Fakiitesi Ing.M0h.BaL. Geoleknik, Yidez, ist,
" 1.T.0. Maden Fakiitesi Jeoloji Mh. BaL, Ayazaga, ist.

ARBRSTRACT

An east-westerly treoding frontai tbruat
beit along the sonthern part of the soutbeast
Anatolian orogenic beit is present in which
rock groups distinet from that both of the oro-
genic beit and of the Arabian platform occur.
This zone forms an imbricated structure in
which the thrust slices comprise a asgueoce
from the Upper Cretaceous to the Miocene, The
imbricated zone repreaents a portion that is
squeezed between the nappe region in the north
and the autochthonous region in the south.

Uoderneath the ophiolitic and metamor-
phic nappes, Upper-Cretaceous (Ceoomanian)
- Lower Eocene age Mari-limestooe-turbiditic
aandatooe alternations oameiy the Harami
Formatioo occurs as the uppermost slice. It
overliea an opbiolitic alice which in tum ia
underiain by the Middie Eocene-volcanic and
volcanogenic units (the Helete fm.). These calc-
alkaline volcanics are regarded as the product
of an ensimetic Island are. This voicanie
chain deveioped ontil the end of the Eocene,
and reached above the sea ievei. It provided
detritals to the adjacent basins where voican-
ogenic flysch and olistoatromea (the Savran
and Alacik formations) were deposited.

The iowermost stice of the imbricated zone
that is in touch with the autoucbthonous Ara-
bian platform units ia the Lower-Middie Eo-
cene shaie-mari-aiternationa (the Hompur
fm.). it was thrust on a Iaterally equivalent an-
tochthonous flysch segoence {the Lice Fm.).
The thrusting episode between the oortherly-
situated allochthons and the Arabian plate
lasted to the end of early Serravallian. The first
common cover segoence that covered the al-
iochthons as weli as the aotochtous the conti-
oental red beds of the Middle Miocene, was af-
fected by this compresaion and tbus was in-
tensely foided. Since then the north-south in-
tracontinental coovergence began to be taken
up mostly by sideways; strike-slip movemeots,
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GiRris

Giineydogu Anadolu Orojenik Kusag, farkh
tektonik birliklerin biraraya geldigi bir bol-
geyi temsil eder. Ba kusak inceleme alamn-
dan doguya dogru devamhdir. Calisma saha-
smda Kahramanmaras i kuzeyini kapsayan
Allokton nitelikli Nap alanim: olusturan
farkl: toplulukiann (Géztibol-Géirpinar, 1980;
Sungurlu, 1972; Yilmaz 1984; Yilmaz vd.,
1985; Yilmaz-Yigitbas-Yidirom, 1987) Otok-
ton Arap Platformunun tizerine ilerlemesiyle
her ikl kita arasmda bir kenet kugag: ve
Saryaj Cephest olusturmustur, Bu cephe Arap
Levhasmin goriilebildif! en kuzey ncanun Al-
lokton Engizek Daglanyla biraraya geldigi
bir hat olup, giney ydnde itibmis dogu-bat:
dogrultuda uzanan tektonik dilimlerden olug-
maktadr ve bu uzun zonun genigligi 2 km. ile

7 lan. arasinda degismektedir (Sekil 1).

Saryaj Cephesinin stratigrafik ve yapisal
ayird: Giiney-degu Anadolunun jeolojik bir-
cok sorununua anlama ve ¢ézmede atilacak bir
adinn olugturacaktsr,

Bu amacla ¢alisma sahas: olarak secilen bu
holge, Ik defa aynntih {1/25000 dlcekdi) ha-
ritalanms, kaya birimleri ayiard edilmis,
bunlarm kendi aralannda ve farkh tektonik
birliklerle iliskileri, gelisme-zaman ve or-
tamlar: {tanmmlianmagiir,

Engizek Daglan giimey cephesint oIns»turan
Allokton-Otokton simurmda, Allokton Bir-
liklterin Ontinde geligmis Cephe Saryajlan
Kugag:, kuzeyden ghneye genclesen bindirme-
leri olusturur. Malatya Metamorfiti nap:
altinda yer alan bu kusaktaki en vagh for-
masyon en Gstte, en genci ise en alttadr,
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STRATIGRAFI

Sarvaj dilimleri arasmda yer alan birim-
ler inceleme alamnda, Ust Kretase-Alt
Miyosen zaman arabgmu kapsayan bir dizi
olugtururlar, Bunlar arasmnda istif her ne ka-
dar terslenmis ise de, yer yer dilimlerin lito-
loti kontaklarn: fakip etmemesi nedeniyle
istifte dilimlenme 6ncesi bir devamhhgmn ol-
dugunu gdstermektedir. Bu bakimdan bolgede
Ust Kretase (Maastrihtiyen)-Alt Miyosen ara-
s1 diizenli birimler, bugiinkil diizenlerine gére
degil, yaghdan gence dodru anlatilacaktir.

dizi Harami Formasyonu ad: verilen birim-
dir,

Helete Nahiyesi gitneyinden baslaywp bats,
kuzey ve tekrar doguya dogru yarmn daire
seklinde mostra veren tektonik pencerede
(Sekil 1) dik gevlert olusturan Berit meta-
ofiyoliti dilimleri Helete Nahiyesi kuzeyinde
kurguni-mavi renkli banth ve masif gabro-
lardan olusur ve Helete formasyonu {zerine
itilmigtir. Daha doguda Fatmanmbag Sirfi
civannda ise {Sekil 2), Helete formasyonu ve
Savran formasyonu tizerine itilmis gozlenen

1UIST KRETASE

Berit Metaofiyolitl

Berit metaofiyoliti {(Perincek-
Rozlu, 1984), uliramafik ki
malat, maflik kiimilat, som ve
levha dayklanndan olusan ve
metamorfizmaya ugrarms Ust
Kretase yash bir ofiyolif toplu-
lugudur. Nap alamanda yayginca
yer alan bu birim Saryaj Cephe-
sinde kendisinden tiireme, yanal
devamsiz tektonik dilimlerden
olusur, Istifin bu konury, stirek-
11igi izlenebilen Berit metaofi-

»
561*0 Yotay mésafe =7 km,

Diigey mesafe™ 450m.

volitinden geng itflmelerle kopa-
rak Saryaj Cephesi birimieri
arasina yerlegmis oldugunu be-
lirtmektedir. Bu birimin fizerin-

ONMunT

ghsterilen

Eekil 2: Berit metaoiiivolitinin Hamzalar Koyl civarinda yapsal

erir jeolojik eni:;c kesit (Resit, gekil T'deki haritada
tir).

kesitine karmlik

Figure 2 Geoioglilcai cross section showing the tectonic position of
the Berit metaop

iolite around the Hamzalar village N of Kahraman-

de ¢Okelmis epiofiyolitik ¢okel

marag {This section corresponds to VI in fig. 1}

NAP ALANI =if SARYA] KUS A [ :6.[2:??
N o N N, S .
M‘T YRS R O e
~ TEET L e g *ﬁ-""\%(if‘““@ S R Sl
maf' Wf.’f’ AR ,\ ﬂ\,ﬁ \s xo® mﬁ\\ﬁ‘\t\ w\‘{ﬁ? ‘ie'“\ \*e. X LY
RS i R
AT,
5
Yatay mesfe3 km.
Ukiyey mesafe750 m.

Sekil 3: Sarlakderede Saryaj Cephesinl olusturan formasyonlarin litolojik szelliklerini ve yapisal
konumilarin: gosterir jeolcjik enine kesit, (Kesit, sekil 1'deki haritada gésteriien I kesitine kargiliktar),

Figure 3: Different litho-stratigraphic units and their tectonic positions along the thrust front near the
Sarlak stream (This section corresponds to [ in fig. 1), '
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Berit metaofiyolitinin ince kesit tayinle-
rine ghre, tabandan tavana kisa mesafelerde
degisen dilimlerden olustugu gozlenmistir,
Tabanda gabro ile baslayan istif {iste dogru
diyabaz ve tekrar gabro-gabro amfibolit
duazeylerine gecen dilimlerden olusur. Saryaj
dilimlerinin son buldugu fist kesimde ise
ofiyolitik dilimler {izerine Nap alamim
olugturan Berit metaofiyoliti ile metamorfik
napa ait Kogdag formasyonu {{J. Permiyen)
diizenli ve kesiksiz izlenebilen tektonik
dokanakla ofurmaktadir.

UST KRETASE - £OSEN

Barami Formasyonn

Harami Formasyonu {Erdogan, 1975},
allokton Engizek Daglannin gimeyini olus-
turan dik yamaclarda Saryaj Cephesinin en
iist birimini olusturur.

Harami Formasyonunun Sarlak Dereden
itibaren yilizeylenen mostralan (Sekil 3, 4)
yaklasik dogu-bati dogrultuda uzanmak-
tadir, N5-40 egimli Harami Formasyonu
Sarlak Dere, Topalali Sirts, Kozbogaz ve Ha-
vami Dere civarinda mostra vermektedir,

Harami Formasyonu, birincil olarak ofi-
yolitik bir temel tizerinde ve bir kita sevinde
¢Okelmis olup, altindaki Berit metaofiyolit
dilimi ile birlikte Helete formasyonu ve
Hompur formasyonu dzerine itilmistir.
Itilmenin taban kesimlerinde tektonik dilim
ve olistolitler halinde bircok mermer mer-
cekleri yer almaktadir. Bloklarin cevresi
¢ogun marn hamuruyla da sarlmustir, Istif
uste dogru marn-tarbiditik kumtasi-pelajik
kirectas: ile devam eder. En Ostte gevsek tut-
turulmus kimmzr marn-sarms: kirectas: ar-
dalanmasiyla son bulur. Ust kesimlerde
bloklar yok denecck kadar azdir. Harami
Formasyonunun {izerine Naplarin, Ust Per-
miyen yasli Kogdag formasyonu {Malatya
Metamorfitlerl) ile Orta-Ust Triyas yasl
Karabayr formasyonu yer almaktadir. Isti-
fin kalinligs yaklasik 200 metredir,

Yukanda taniilan Harami Formasyonu-
nun dizenli siralanimm ¢ofu yerde (Sarlak
Derej terslenmis ya da giney yodne stirtikle-
nimlerle birkac¢ kez tekrarlanmustir (Sekil
5). Istifin diizeninin korunabildigl kesim-
lerde killi seyrek bivomikritler Koniasiyen-
Santoniyen yasim veren Globofruncana
(Marginotruncanata} angustricarinata (Gon

LITOLOJI £3 |3
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Sekil 4: Harami Formasyonunun $ar28.k Derede
oicitlmilg stratigrafi kesitl

Figure 4: The Sarlak stream measured stratigrap-
hic section.

dolfi), Dicarinella primitiva (Dalbiez), Reosila
Jornicaia {(Plummer}, Hedbergella sp., Helero-
helix sp., fist seviyelere dogra kuvars kinntih
seyrek bivomikritler {ist Kampaniyen vasun
veren Globotruncanita calcarata {Cushman),
Globotruncanila elevata (Brotzen), Globo-
fruncanita ¢f conica {White}, Globotruncana
bulloides Vogler, Globoiruncana lapparenti
Brotzen, Marginotruncana angustricarinata
(Gandolfi), daba Ustteki camurtasi-pelajik
kirectaslar: Orta-Ust Maastrihtiyen yasim
veren Globotruncana ¢f. arca (Cushman),
Gansserina gansseri {Bolli}, en st dazey-
lerdeks marmdar At Eosen yasim veren Num-
mulites leavigatus (Bruguiere), Nummuliles
aff. diokdjokartae {Martin), Cuvillierina eo-
centica Ruiz de Gaona f{osillerini icerir. Bu
diizeyden itibaren Harami Formasyonunu
Ypresiyen-Littesiven yash Gozlu formasyonu
diskordan Orter.
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Sekil 5: Harami Formasyonunun Incirinbasi Tepe civarinda gézlenen jeolojik enine kesiti (Kesit, gekil 1

deki haritada gosterilen X kesitine kargiliktsr).

Figure 5: Geological cross section around the Incirinbas: Hill showing the structural position of the Harami

formation (This section corresponds to 1T in fig. 1)

Harami Formasyonu, gec Senomaniyen'de
itk dénemde pelajik bir ortamda ¢dkelen ve
ditgiik enerjili bir ortarm temsil eden mikrit-
¢trt ardalanrnasiyla basiar. Bunun lizerine
fiirhiditik fiis benzerd bir kumtasi-¢cakiltasi-
seyl ardalanmasindan olusan kesim gelis-
migtir. Ba birimin icine tarbiditik ¢akl cep-
leri iginde gérillen mermer ¢akil ve kumn-
lannm (Sarlak Dere) varusira mermer blok-
fanimin da katilmas: ¢8kelme ortarmmn
yitksek bir alanda yer alan Malaiya Mela-
mosfiti kiitlestiyle irtibath olmasin: gerek-
tirmektedir. Derin denizel marn-cdri, fis
benzeri tarbiditik kamlasi-seyl-mam arda-
lanmas1 ve mermer Bloklan gibi farklh kaya
gruplarnmdan olugsan Harami Formasyonun-
da ver alan mermer blokian, ¢éke! istif icine
iki wyolla kangrustir., Birincisi, birimin
ctkelmesi sirasinda flis benzeri {{irbiditik
birimler i¢ine bleklar halinde kansmas,
ikincist ise, teklonik mercekler halinde mer-
merierin sokulmasidir. Cokelme ile kangan
blokiar bile ¢ofu kez icktonizma etkisinde
kalarak belli bir yonde uzarmstir {Seksl 3}

Mermerlerin tekionik yolla derin denizel
Harami Formasyonu igine kangmalar: Alt
Eosen sonunda gecrnistir. Ciinkdi Harami For-
masyonu ¢okelimi Ust Kretase'den Alt Eosen
sonuna kadar devam etmis, daha sonra teklo-
nik kangma gelismis ve bu birtmlerin dze-
rinde Alt-Qria Eosen yasl Gozlu formasyonu
¢okelmistir. Paha sonra giiney yoénde ilerle-
yen Malatya Metamorfik kitlesi, kendi di-
Hmileri {le dilimlenmis olan Harami Formas-
yonu fizerine itilerek yverlesmistir.

ALT - ORTA EOSEN

Gozlu formasyoni

Gozlu formasyonu kirrnuzi calkiltasianyla
temsil edilen bir birimdir. Kirmoze-kszil-gri,
marn-camurtas: hamuruyla sanlmmg Permo-
Trivas vasli mermerleri, gri-beyaz-kKirmm-
zimns1 rekristalize kirectas: ve Eosen yash
gri-beyaz Nummulites'li kiregtagsi cakil ve
bloklarmn igerir. Tipitk 6zellikleri ¢alisma
sahasi iginde Gozlu Mahallesinde goriilen is-
tif, bu nedenle tarafimuzdan Goziu formasyo-
nut olarak tantslmagtir,
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Saryaj Cephesinde, Kalek8y civanindan
bagiayip doguda Helete Nahiyesi kuzey
yamaclarma kadar kesiksiz 20 km. boyunea
vzanan, uzaktan tipik kil rengiyle dikkati
¢ceken Gozlu formasyonu, Harami Formasyo-
nunun dedisik lilolojtleri {izerine kumizm
kaba konglomeralarla diskordan baslamak-
tadwr, Cakillar ortalama 5-6 ¢m. capmdadir,
Az gbrilen bioklar ise birka¢ 100 metreye
ulagabilmektedir. Gozlu formasyonunun iize-
rine Ko¢dag formasyonu itllmistir. Gozlu for-
masyonu Jaryaj Cephesinin en Gst birimini
olusturmaktadir.

Gozlu Mahallest civarnnda birimin konglo-
meralarmm izleven killi sevrek biyomikritle-
ri, Orta Eosen yasiu (Liztesiven) veren Num-
mulites millecaput {A) Boubee, Nummulites
cf. aturicus Joly-Leymerie, Assilina granulo-
sa d'Archiac fosillerini icermektedir. Bu killi
seyrek biyomikritler orta-yiitksek enerdill ic
self ortarminda ¢okelmiglerdir.

Gozlu formasyonu, Ust Kretase-Alt Eosen
yagh Harami Formasyonunu, Alt Eosen so-
nunda diskordan olarak érten ve Liitesiyen
sonuna kadar ¢bkelimint sfirdfiren hir birim-
dir. Bu birimin tabani:, yamac molozu gibi
karasal bir ortarm temsil eimektedir. Zira
kommz: camurtashh hamurlu bu birimin
icinde kothi boylanmus ve kdseli Malatya
Metamor{iti cakil ve bloklan egemendir.
Daha sonra si§ denizele gecen ve boylan-
manin giderek arttigns bu agk gri renkli
dizeylerinde Nummulites vardir. Fosilli de-
nizel kesim, birimin karasaldan sif denizele
gectigini gostermektedir,

Gozlu formasyonu cakillannin bayik
¢oguniugunu, Malatya Metamorfilinden ak-
tardan mermer-rekristalize kirectaslan
olusturur. Bu veri Gozlu formasyonunun
Malatya Metamorfiti kiitlesinin Oneyinde,
bir fay sevi dneyinde gelistifinl yani yitksek
bir alandan izl gereg birikmesi sonucunda
¢Okelmis oldugunu gostermektedir. Bu kara-
sal-sif denizel hareketll ortarmn Malatya
Metamor{iti Naplarimn glineye ilerlemesiyle
gelistigi sdylenebilir.

ORTA EOSEN
Helete formasyonu

Bu birini, gri-boz-kursuni renkll bazaltik
andezit-andezit-riyolit gibi volkanik kaya-
laria, bunlarla birlikte goriiden pirokiastik

kayalardan olusmaktadir. Nadiren volkanit-
lerle arakatkils g¢ogunlukla olistostromal
cbkelleri ve baz: kiregtasy dizeylerini de
igeren Helefe formasyonunda ayrica diyabaz,
serpantinit ve Nummulites’li kirectas: ¢akl
ve bioklarn da géralitr. Tiim istif asitik dayk-
lar tarafindan sik kesilmistir {Sekil 6}. Tipik
tzellikleri Helele Nahiyesi civarinda gériilen
birim Helete formasyonu olarak adlandiril-
msiar. -
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Sekii 6: Helete formasyonu ve Savran formasyo-
nunun genecllestirilmis stratigrafi kesiti.

Figure 6: Generalized stratigraphy section of the
Helete and Savran formations.

Berit metaofiyoliti {izerinde diskordan
olarak oturan HMeleie formasyonunun alt ve
itst dokanag: ¢ofu kez tektonik niteliktedir.
Mostra. verdigi ¢ogu yerde Savran {ormasyo-
nu fizerine-itildigi goriilen birim st doka-
naginda ise degisik formasyonlar larafindan
icktonik olarak sritalmasgiar. Helete {formas-
yonu Uzerine saryvaila oturan bu birimleri
Berit metaoftyoliti diiiminin gabro ve lav-
lan, Harami Formasyonu ve Malatya Meta-
morfitierinin mermerleridir. Helete formas-
yonunun kalnhgl 20 metre ile 200 metre
arasmnda degismektedir.




Cahsma alaninda dofu-bait: dogrultuda
uzanan ve 20-30 derece kuzeye egimli Helete
formasyonu yanal ve digey devamliligy sik
degisen litolojilerie temsil edilmekiedir. He-
lete formasyonunda, volkanik kayalar ve
aglomera diizeyleri arasinda yer alan olistos-
{romal calaitas: diizeylerinden Orta Eosen
yast teshit edilmistir. Birimde yer yer makas-
lama zonlar: goériiliirse de ileri derecede
kataklasizma veya metamorfizma etkilert
gortiimez,

Saryaj Cephesinde yer almas: ve meta-
morfizmaya ugramamsg olmas: yamsira
iitoloitlerinin de farkl: olmas1 ve ayrnica asi-
tik lavlarla kesilmesi gibi nedenierle nap
alamnda mostra veren Maden Grubu kaya-
lanindan aynicaliklar gésteren Helete for-
masyortu, Helete Nahiyes! giineyinde Santas
Tepede direkt Berit metaofiyolitinin gabro
{iird kayalan izerinde ofurmaktadr. Bu géz-
fem, volkanizmanim birineil olarak ofiyoli-
ik bir temel Gzerinde gelistigini gdstermek-
tedir.

Helete formasyonu Orta Eosen'de okyantu-
sal bir temel tizerinde gelismis kalkalkalen-
andezitik tdrde bir volkanizmadir. Bu
volkanik kusagin baytyerek yitkseimesi
olusturdugu sevlerin 6ntinde birimin igine
tirbiditik ve olistostromal malzeme gelmest-
ni saflamms ve gelisimint Orta Fosen sonras
da devam ettirmistir. Bunun sonucunda fize-
rinde yer alan Ust Eosen-Oligosen yash Sav-
ran formasyonunun gelisip olusmasma da
neden olmustur, Volkanizmanin demniz dize-
vine ulastify seviyelerde resifal kirectaslar:
(Seske formasyonu; Erdogan 1975) gelismis-
tir.

Sadece Saryaj Cephesinde gériilen Hcelete
formasyonunun alt ve st dokanaklanmn
tektonik olmasi ve Oligosen-Alt Miyosen
yasgl formasyonlar tzerinde glimey yéntnde
ilerlemis olmas:, birimin bdlgeye Al Miyo-
sen sonu bir dénemde saryajlarla yerlegtigini
gdstermektedir.

Boigede Saryai Cephesinin en dnfinde yer
alan olistostromal nitelikdi aliokion birim-
ler dnceki calismalarda Cinglis Karmasif
olarak tammlanan birimlere karsiikiar, Bu
yizden, Savran formasyonu, Alactk Formas-
yonu ve Hompur formasyonu adi altinda
famiilacak birimler, Clinglis esdeferi olarak
degerlendirilebiiirier,

Mustafa YILDIRIM - Yiicel YILMAZ

Savran formasyonn

Savran formasyonu kirmizi-mor renkli
olistostromal bir c¢akilias: istifidir. Karmuz
camurtasi, kumiasi matriksli bu ¢alkl-
tasmmn cakillan, ¢ogunlukia ¢ok iri boyvutla-
ra varabilen granit, mor bazalt, gri diyabaz,
andezit lavi, aglomera blok ve ¢ak:llar:, ¢brt,
mermer, kalksist, Nummulifes'li beyaz
kiregtas:, kirmz pelajik kirectas), serpain-
tinit, bazik lav, gabro ve mikrogabrodan
clusmaktadir, Hamur malzemesi ¢ok az olan
bir megabres goriintmiindedir.

Tipik &zellikieri Savran Kéyd civarinda
gortilen birim Savran formasyonu olarak ad-
lanmugtir. Normal stratigrafik diziliminde
Helete formasyonu {izerinde konkordan du-
ran bol blokiu bu istifin {zerine Hompur for-
masyonu ¢ikelleri dereceli gecislidir. Ancak
Saryaj Ceplesinin bat: kesimlerinde bu sira-
laumin topluca terslendigi gorilmektedir.
Aynica Savran forinasyonu tzerine cogu yer-
de Harami Formasyonu ¢bkelleri siriiklen-
mistir. istifin kalmlig: batida Sarlak Derede
20-30 metre, Alinca Mahallesi civannda 300
metredir. Helete glineybatisinda Sarttas Tepe-
de formasyonlann birincil iligkisi goérdle-
bilmekiedir. Burada Berit metaofiyoliti tize-
rinde diskordan olarak oturan Helete for-
masyonu tiste dogru Savran formasyonuna
normal geciglidir. Aynica Cataltepe ve Haci-
lar Mahalleleri civannda Alt Miyosen yash
Hompur formasyonu, Savran formasyonu
fizerinde normal konumda durmakiadir
{Sekil 7).

Savran formasyonunun st seviyelerinde
karmiz: camurtas: hamuru Ust Eosen'i ka-
rakierize eden: Globigerina linaperta Finlay,
Globigerina corpulenta Subbotina, Globigeri-
ria eocaena Gimbel, Globorotalia increbes-
cens Bandy, fosillerini icerir. Savran formas-
yoru Alacik Formasyonuna {Oligosen} gecis-
lidir. Dolayisivla birim Orta-Ust Eosen-
Oligosen yash olmaldsr.

UST EOSEN - OLIGOSEN

Alacik Formasyonu

Kirmuzn ¢camuriagl ve marn hamurundan
olusan bir ¢okel istiftir. Tipik kimmmz: ren-
givle farkedilebilen istif icinde kimmmz: pela-
jik kirectas:, manganit ¢ort, Nummmulites'li
kirectas), gabro ve mermer bloklart yer al-
maktadir.
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$Sekil 70 Savran ybresinde Hompur formasyonunun difer birimlerie yapisal fliskisini gistexir jeolojik
enine kesit (Kesit, gekil 1 deki haritada gosterilen V kesitine kargsthiktaz),

Figure 7:  Geological eross section showing the structural position and relationship with other lithological
units of the Hompur fin. around the Savran village, N of Kahramanmaras {FThis section corresponds to V in

fig. 1).

Alacik mevkiil, Sarlak dere, Cataltepe
Mahallesi civannda mostra veren Alacik
Formasyonu (Erdogan, 1975}, Sarlak Derede
dogu-bati dogrultulu ve 30 derece kuzeye
egimle, Hompur Formasyonu lzerine itil-
migtir. Kahnligs yver yer 50 metreye varan is-
tifin Gzerine ise Savran Formasyonu itil-
migtir,

Sariak Derede diger birimlerie birlikte
terslenmis olarak ve tektonik iliski icinde
géritlen Alacik Formasyonunun, normal
straligrafik diziiiminde Savran Formasyonu
tzerinde yer aldig: ve onunla tedricen gegigh
oldugu girtimektedir. Savran Formasyonu
ile Hompur Formasyonu arasmda yer alan
bir gecis birtmini olusturdudu stylenebilir,

Alacik Formasyonu icindeki kirectas:
bloklar: da, Orta-Ust Eosen yasim: vermigtir,
Birimin kendi gelisme yas: ise Ust Eosen-
Oligosen olmahdsr. Zira birimin stratigrafik
olarak st Eosen-Oligosen yash Savran for-
masyonu ile Alt Mivosen vash Hompur for-
masyonu arasinda yer almasi bu birimin de
bagil olarak Ust Eosen-Qligosen zaman ara-
hfmda ¢okelmis oldugunu goéstermektedir,

ALT-ORTA MIYOSEN
Hompux formasyonu

Ekay zonunda en altta yer alan Hompur
formasyonu, kiltasi-geyl ve marn ardalan-
masindan olusur. Seyrek baz: itdrbiditik
kumtas: ve cakiitas: arakatkilar dsa
icermektedir. Hompur formasyonu icinde
ayrica, Malatya Metamorfitine ait beyaz
mermer, gri kirectas:, kalksist bloklan ile
degisik formasyonlardan aktanlan ince
taneli Nummulitest kireciasg:, olisiostromal
cakiltast, diyabaz serpantinit ve gabro blok-
lanm da icerir.

Istifin tipik Htolojileri Hompur civarmda
gorlildtiginden birim, Hompur Formasyonu
glarak adlanmigtir. Saryai Cephesinin en alt
{formasyonunu olusturan birim, Lice Formas-
yonu lizerine stirtiklenmistir, Bloklu olusn ve
daha az diizenli i¢ yapisiyla Lice Formasyo-
nundan ayirdedilebilmektedir. Savran-
Alacik-Hompur ad: verilen birtmler topluca
Guneydogu Anadoluda Cinglis Formasyonu
{Sungurlu, 1985} ad: verilen birimin esdege-
ridir {Sekil 7, 8).
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Sekil 8: Degirmen dloiili stratigrafi kesiti (Kesit,
sekil 1'deki haritada gésterilen II kesitine
kargiliktim}.

Figure 8: Degirmen measured stratigraphic section
{This section corresponds to Il in: fig, 1}

Allokton nitelikteki Hompur Formasyonu,
otokton Lice Formasyonu fizerine giiney
yoniinde itilerek yerlesmisgtir. Engizek bin-
dirmesi ads verilen bu itilme yer yer diisey ve
yanal atimh faylarla kesilmistir. Birincil
olarak Savran Formasyonu fizerinde ve nor-

mal dokanakil olan Hompur Formasyonu,
Saryaj Cephesinde itilmelerle, Alacik For-
masyonu, Savran Formasyonu ve Harami
Formasyonu itilmelerinin aitinda kalmstir
(Sekil 7, 8],

210 metre kalmhiga ulagabilen istifin tipik
mostralanndan birt Sarlak Derededir{Sekil
3}

Hompur Formasyonunun taban seviyeleri-
ni olusturan kiltasi-marn-seyl litoloitleri
Al Miyosen (Burdigailyen) vasl: Globigeri
noides altiaperturus Bolli, Globorotatice {Tur-
borotalia) siakensis Le Roy, daha 0st diizeyler
ise, Oria Miyosen (Al Serravalliyen} vasm
veren: Globigerinoides irilobus fmmaiurus Le
Roy, Globigerinoides sp., Globorotalia mayert
Cushman-Ellisor, Globorotalia obesa Bolli,
Globoquadrinag allispire Cushman-Jarvis,
fosillerini icerir {Sekil 9, 10%

Cangiis Formasyonu (Sungurlu, 1985} gibi,
Alioktonlarin en alt siritklenim dilimini
olusturan ve aymni litolojik-stratigrafik ko-
numda olan Hompur formasyonu, igerdigi fo-
sillere ve litolojisine gore kifa yamacinda
¢Skelmis blokiu bir birimdir. Bu verilere gore
Hompur formasyonu, Lice Formasyonunun
wtadan daha uzaginda gelismis esdegeri bir
birimdir.

Hompur Formasyonunun Lice Fomasyonu
ile mukayesest

Alt Miyosen'de Aliokion ve Ofokfon Birlik-
lerin ik ortak 6rtfl birimini olusturan Hom-
pur formasyonu ve Lice Formasyonu birbir-
lerinin yanal devami olan birimlerdir.
Ancak Alt Miyosen dénemi sonunda devam

]

Hompur fm.

Helete
fm.

Yoloy masafe™ 7 km
{iisey mesafé §50m.

i Sekil 9! Haecilar mahailesi Géimeybas
Tepede Hompur formasyonu-
nun komumunu gésteren jeo-
loji enine kesiti {Kesit, sekil
1'deki haritada gésterilen 1V
kesitine kargilikiar),

Figure 9:Geological cross seclion sho-
. wing the siraligraphic posi-
tion of the Hompur fin. at
the Goneybas Hill, Hacilar
Hamlet N of Kahramanma-
rag {This seclion corres-

ponds to IV in fig. 1}
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Sekil 10: Hacstar Mahallesi-Glineybas tepe dlciilii
stratigrafi kesiti.

Figure 10: Hacilar measured stratigraphic section
at the Gilineybag hill, N of Kahramanmaras.

eden giiney yonde itilmeler, aym &t biri-
minde, kuzeyde Aloktona yakin kesimdeki
ltolojilerini etkilemistir. Boylelikle Saryaj
Cephesinin en alt formasyonunun (Hompur
formasyonuj olusmasina neden olmustur. Ba
olusum her iki formasyonda temel farkh-
Iiklar meydana gelirmistir. Bu farkhliklar
suniardir:

a) Hompur Formasyonu degisik tiirde ve
yaslta olistostromal blokiar icerir. Lice For-
masyonu ise ¢oguntukla bloksuz veya az biok
icermekiedir,

b} Hompur Formasyonu litelojilerinin
asir1 konum bozuklugu gostermesine karsi«
lik, Lice Formasyonun oldukea diizenli bir i¢
yap:s: vardr.

¢) Hompur Formasyonu Akilaniyen-Alt
Serravalliven dineminde c¢okelmistir. Lice
Formasyonu da Akitaniyen-Serravalliyen
déneminde ¢okelmistir, ancak bu istil lHom-
pur formasyonu gibi kesiklife ugramadan
daha geng Besenli grubu ¢okellerine kesiksiz

gegish oldugu goriilmiistiir.

d} Hompur formasyonunu, Begenli grubu
¢ikelieri diskordan olarak Ortmektedir
{Alacik mevkii giineyi Kale Tepe civariy.

¢} Hompur Formasyonu bir kta sevi ¢ikel
istifird temsil etmektedir. Lice Formasyonu
ise, kita sevinde, kismen de daha s18 ve
dfizenli bir ortamda ¢dkelmistir. All Serra-
valliyen ddneminde, derinden baslayarak
yvavas yvavag sig denizel ¢dkellere geemistir.

f) Hompur Formasyonu, Savran Formas-
yonu izerinde; Lice Formasyonu Midyat gru-
bu klregtaslarn tiizerinde normal gegislidir.
Hompur Formasyonu, Lice Formasyori fze-
rinde {ektonik olarak oturmakiadir,

ORTA MIYOSEN
Besgenli Grubu

Begenli Grubu, gevsek tutturulmus gri kum-
tasi, marn, mavi yesil renkli ki, kiamiz -
sart marn, camuriasmdan olusmaktadir. Ge-
neilikle kirmizims: renkileri igeren liiolo-
jistyle diger formasyonlardan ayirdedile-
bilen Besenli Grubu Otokion nitelikli Lice
Formasyonu ilizerinde normal konumiu ve
gecislidir. Gecis zonunda birkag¢ diizeyde
kalinkklan 10-20 metreler arasinda degisen
resifal kirectasian yer ahr. Istif dste dogru
kumtasi-kiltasi-marmn-kirmizy camurias: ve
gevsek tutturulmus gri kumias: e devam ede-
rek son bulur. Istifin kalinhg yaklasik 100
metredir. Istifin tabarndan alinan numune-
lerden derlenen fosiller Oria-Ust Miyosen
yvasi veren Globigerinoides frilobus {Reuss),
Globigerinoides sp.. Globigerina sp., Cibicides
sp., Heterostegina sp. fosillerini icerir. Istifin
st seviveleri {osilsizdir.

Besenli Grubunun #Ast seviyelerine karsi-
ik gelen gri, gevsek lutturulmus kumtas:
mostralar: Kalekdy, Kamalakkaya Tepe ve
Kale Tepe civaninda gorildagis gibi Allokion
Saryaj Cephesinin Helete, Savran, Alack ve
Hompur formasyonlarnn: diskordan olarak
drter,

Begenli Grubu yukarida belirtilen 6zel-
likieriyle, sig denizelden karasala gecen bir
ortarm, daha tste dofru ise karasal bhir or-
tam: temsil etmektedir. Ustteki bu karasal li-
tolotiler Amanos Tektonik Birligi ve Engizek
Saryaj Cephesinde yer alan birimleri ortak-
lasa Orten bir ortd birimi niteligindedir.
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YAPISAL JEOLOJI
Bindirmelerin yaslan

Yogun tektonik hareketlere ugrams
Saryaj Cephesinde guney ydnde itilmeler
sonucunda yaklasitk dogu-batr dogrultuda
uzanan bindirmeler ile bu bindirmeleri ke-
sen siireksizlikler sik gelismistir (Sekil 11).

Saryaj Cephesinin en alt smurmn: olus-
furan bindirme {Engizek bindirmesi}, Hom-
pur formasyonunun Lice Formasyonu {ize-
rine itilmsiyle gelismis Allokton-Otokton
s olusturan Snemli bindirmelerden
biridir. Bu bindirme, Gst seviyelere dogru
regresif birimlerle temsil edilen Akitaniyen-
Alt Serravalliyen yasli Lice Formasyonu
tizerine, Alloktonlan yerlestiren bir dizlem-
dir. Bélgede, Engizek bindirmesinin 1 km.
glineyi kadar kisa bir mesafede yer alan 100
metre kalinhga erigen Alt Serravalliyen'den
daha genc, kizil-gri renkl karasal ¢okeller,
bu zon boyunca giériilmekte olup, bindirme
diizleminin altinda gézlenmemistir, Dolay:-
siyla, Engizek bindirmesi, inceleme alam
icinde Alt Serravalliyen sonunda siirdikleni-
mini tamamlamstir. Kirmizi karasal ¢b-
kellerin ¢6kelimi esnasinda, bolge sikisma-
ya devam etmis, ancak bu etki, itiimeler ha-
linde gelismemistir. Bu hareketler, bashca
yvanal atimli faylar, ya da geng birimler
icinde gelisen ters faylarla telafi edilmigtir.

Ekay zonu, en alf siirmm olusturan Engi-
zek bindirmesi Hle baslar. Engizek Daglan

Naplarmmn altinda {Hoytik bindirmesi] biter.
Engizek bindirmesi ile Hoytk bindirmesi
arasinda tanifilan ve dar bir kusakta yer
alan {fim bu bindirmeler, ekay zonunu
olusturmakiadir. Bu gelisim stireci, en alita
yer alan Engizek bindirmesinden, en flistiekl
Haylk bindirmesine kadar yas: gittikce
vaslanan birimleri dilimlemistir.

Saryajlanma yas: ise, kestikleri en geng
birimler dikkate alindifinda Al Serravalli-
yen sonu-Alt Miyosen ddnemi olarak verile-
bilir. Dolayisiyla en altta gortlen Engizek
bindirmesi Alt Serravalliven sonu, Nap
alamna ait Kogdag formasyonunun (Malatya
Metamorfit]] tabamm olusturan Hoytk bin-
dirmesi ise, muhtemelen Alt Miyosen sonun-
da gelismigtir,

Faylarmm yaslarn

Inceleme alaninda ters fay ve saryajlann
disinda ¢ok sayida ve tiirde diger faylar da yer
almaktadir. Bunlann ¢ogu dogu-bati dogrul-
tulu yanal atiml faylardir ve gogu, kilomet-
reler meriebesinde uzuniukia olup bir kisrm
Dogu Anadolu Fayma birlegirler. Birlesen bu
faylar Hompur formasyonunu ve Engizek bin-
dirmesini kesmektedirler. Dolayiswyla, Ser
ravalliyen sonundan itibaren gelismislerdir,
Dogu Anadolu Fayiun yagim da Saryaj Cep-
hesinin alt symrm olusturan Engizek bindir-
mesi ile karsidastomayla yaklasim yapi-
labilir. Saryaj Cephesinde yer alan diigey fay-
larn timmi Al Serravalliyen sonu yasli Engi-

ARAP OTOKTONU

$ekil 11:  Ekay zonuna dik ybnde gecen bolgenin genel tektonigini gosterir jeoloji enine kesiti,
Figure 11 Geological cross section showing the overall tectonics across the zone of imbircation.

D.AF. Dogu Anadolu Fay: (East Anatolian Fault)
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zek bindirmesint kesmektedir. Dolayisiyla,
yoredeki tim faylar Engizek bindirmesinin
giney yondeki itilme hareketini tamamia-
diktan sonra geligmistir, O halde Dogu Ana-
dolu Fay1 ve bu faya birlesen kollant Serra-
valliven sonundan itibaren olusmuslardir.

TARTISMA VE JEOLOJIK EVRIM

Guneydogu Anadolu orojenik kusagimn
ekayl zonu, yaklasik eni 7 km.'ve ulasabilen
dar bir kugak olup bu kugak kuzeyde yer alan
naplarla Arap Kitasi1 arasinda sikigtinlnus
bir bélgeyl temsil etmektedir. Bu kusak
icinde tektonik birlikier dilimler halinde yer
almistir, Bu tektonik bhirliklerin arasinda,
Arap kitasindan. okyanusa uzanan bir or-
tarmn temsileisi {Harami Formasyonu}, bir
ensimatik ada yvay1 kalimtis1 {Helete formas-
yonu) gibi olusma dénemierinde kilometre-
lerce geniglikte yer Isgal eden ortamlann
kahmtilar1 yer almaktadir. Bunlardan bir
kistmu, drnegin ensimatik yay, olusumundan
sonra, dnemli bir oranda yitikmis olabilir,
Naplarm gliney yontnde ilerlemeleri ve Arap
kitasmna ¢arpmalan stresindeki dilimlen-
meler ve sikismalar sirasinda da belli bir
kisunlar: biitiinden ayrnilarak naplann
alinda kalmg veya yanal atimh faylarla,
ana kidatleden siynlarak yanal yénde
Stelenmis ve uzaklastinlnus da olabilirler.
Bu farkii etkilerin hangisinin ne kadar rol
oynadikiarmm aywrt etmek mimkan degiidir.
Kusagin dnemli bir kesiminin naplarnn
altmda yer aldiklan da tektonik pencerele-
tin varhikian nedeniyle de aslinda bilinmek-
tedir. Kusagm bugtinkii eni ve kahnhgmm bu
bakimdan bélgenin ne denil siddetli bir de-
formasyonlar zincirinin etkisi altinda kal-
digimn iyl bir géstergesidir.

Bolgenin jeolojik evrimini iartisan asa-
Sidaki bélimtn degerlendirilmesi de, kusa-
gin gintmitzdeki darbimm bu cergeve icinde
gozénimde tutulmas) yararhdsr,

Asagida, bdlgenin Ust Kretase'den giniti-
miize kadarki dénemde evrimine, bu dar
kusagin ortaya koydugu tnceki bélimlerde
tamntilan bilgt ve bulguianm siginda bir yak-
lagim yapiacakir.

Malatya Metamorfitinin Ust Kertase'den
itibaren gtneve ilerlemesi sirasinda,

giniimiizde Saryaj Cephesinde gérdGgiimiz
{ormasyonlar da olusmaya baslamiglardir.
Olusan ilk formasyon, st Kretase-Alt Eosen
zaman aralifinda ¢dkelimini strdfirmdas Ha-
rami Formasyonudur. Sadece Saryaj Cephesi
boyunca yayginca gelisimi gézlenen, Nap Ala-
minda rastlammavan bu formasyon, Malatya
Metamorfitlerinin giineyinde, kuzeye dala-
rak kapanma evresine girmis okyanus ka-
bugu ile naplar arasmda yer alan derin deni-
zel bir ortamda gelismis bir birimdir. {Sekil
12). Formasyonun litolojik diizeni, gelistigi
ortam ve zamam karakterize etmektedir.

Asin tektonize bir birim olan Harami
Formasyonu, okyanus kabufu tzerinde,
Malatya Metamorfitinin olusturdugu dik geve
bafimh olarak gelismis bir birimdir. Bu ne-
denie, igine sayisiz mermer bloklan almmshr.
Birimde sik sik gériilen yanal degisimler ve
tlirbiditik ditzeyler, Harami Formasyonunun
daima tektonik aktivitenin olugtugu bir
dénem boyunca kesiksiz olarak geligtigini
ghstermektedir. Bu veri, aynca o dénemde,
Malatya Metamorfiti Kiitlesinin yiiksek bir
alan olusturdugunu da gostermektedir (Sekil
12},

Alt Fosen diénemi, ¢bkelim sirecini ta-
mamlamig Harami Formasyonunun igine
Malatya Metamorfitleri mermerlerinin tek-
tonik yolla sokuldugu bir dénemdir. Zira
daha dnceki ddnemde, gineye dogru yakin-
lasmakta olan Malatya Metamorfiti mermer-
leri, yitkselim alamndan, Harami Formasyo-
nu icine ancak blok verebilirken, Alt
FEosen’de Harami Formasyonuyla dokanaga
geldigi an, glneye itilmenin devam etmesi
sonucu, Harami Formasyonu icine zorlamp
tektonik dilimler halinde yerlesmislir.
Harami Formasyon: ltolojilerine ilave olan
degisik boyuitaki bu mermerlerden olugan
tektonik dilimlerin, ¢ogunlukla Berit meta-
ofiyoliti Gizerinde yer alan Harami Formas-
yonunun taban seviyelerinde goézlenmesi,
muhiemelen tektonik kansmun tabil olarak
zayifhik diizlemleri boyunca gelismis ol-
masn sonucudur. Gliney yonde itilmelere
bagh olarak Harami Formasyonu ¢ogu yerde
kendi i¢ diizeninde bile, giney yonde birkag
kez dilimlenmistir. Tektonikle kansms bi-
rimlerin iizerinde, Alt Eosen sonu-Orta Eosen
bas1 dénemde Gozlu formasyonu ¢okelmistir
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(Sekil 12}, Gozlu formasyonu, Alt Eosen sonu-
Orta Eosen bas: dénemde, Malatya Metamor-
fitleri ¢akillanndan olusan karasal-sig or-
tam Oriinid olup, Malatya Metamorfitinden
hizla gere¢ gelen, yitksek bir sev dniinde

gelismis bir birimdir (Sekil 12, Yilmaz vd,

1987 deny).

Orta Eosen'de sadece Saryaj Cephesinde
goriilen birim Helete formasyonu volkanit-
leridir. Bu volkanik birimde, denizel ortam-
da ¢okelmis aglomeralar ve akma bresleri
tamnmaktadir., Helete volkanik yayr fize-
rinde yer yer resifler gelismistir (Seske For-
masyonu, Erdogan, 1975). Bu arada volkanik
vay, ghneyindeki havzaya gere¢ vermeye
baslarmistir {Sekil 12).

Ust Eosen, Alloktonlarda giiney yénli nap
hareketinin gelisimine devam ettigi
dénemdir. Ust Eosen-Oligosen déneminde
volkanitler Gizerinde, dnce Savran formasyo-
nu ve onun fistiinde ise, Alacik Formasyonu
¢cOkelmistir. Bolgenin tektonik aktivitesi-
nin, Alt Miyosen baslangicmda kismen azal-
mastyla, daha diizensiz birimlerin fizerinde
daha dilzenli flis benzeri tiirbiditik istifler
{(Hompur formasyonu) gelismistir (Sekil 13).
Olduk¢a dizenlt flis istifleri bdlge capmda
denizalts rolivefindeki diizensizliklerin Alt
Miyosen'de ani yikselim ve algahimlann
azaldigi gostermektedir. Alt Miyosende
Hompur formasyonunun esdederi ve daha
ganeyde yer almasiyla, bloklarm ulasama-
digs alanda ¢bkelmis Otokton nitelikil blok-
suz Lice Formasyonudur {Sekil 13).

Alt Miyosen, okyanusal orfamin yok olup,
Allockion ve OQickion kiitlelerin yakin-
lagarak ilk defa ortak bir ortiy birim ila-
rafindan oOrtiilmeye basladify donemdir. Bu
donemde, kuzeyden giineye ilerleyen Alok-
ton Kiitlelerin ilerlemeye devam etmesi,
bélgede silusma ve kisalma mevdana getir-
mistir. Bu, yiikselmeye ve denizel ortammn
siflagmasma neden olmustur (Sekil 13).

Al Miyosen sonu - Orta Miyosen bas,
Otokion ve Allokton Birliklerin birbirine
cok valkiasiig: bir ddnemdir, Lice Formasyo-
nu bu dénemde bdlgenin yikselimine bagh
olarak daha ¢ok siglasmstir. Allokton Engi-
zek Birliginin {Nap Alam} gineye ilerlemesi
devam etmis, Serravalliven'de Engizek
Saryaj Cephest bugiinkd yapsal konumunu
kazanrusiir, Bu flerleme sonucunda, cephede
yer alan ¢ogu birimler terslenerek bholgeye
yverlesmistir. Saryaj Cephesinde olugmusg tim
birimlerin tektonik dokanaklan, Oria Mivo-
sen [(Serravalliven) déneminde degisiklige
ugrarmstir (Sekil 14},

Allokton-Otokton s olusturan Engi-
zek bindirmesi saba gozlemlerine gore, Alt
Serravalliven sonu yaslidir. Serravalliyen
ddnemt ile birlikte bélge viikselmis, son
denizel alanlar yerind yavas yavas karasal
ortama {Besenli grubu) hrakmustir. Boy-
lelikle iki kitasal birligin {Engizek Birligi ile
Arap Kitasiy} carpismayia, Paleotekionik evre
son bularak verini Neotektonik evreye
birakmstir.

Malatya
metmorfiti

$ekil 12: Boligenin Orta Eosen'deki paleojeolojisini gésteren blok diyagram (Yilmaz vd. 1987'den).
Figure 12: Block diagram showing the paleogeology of the region during the Middle Focene {After, Viimaz

et. al. 19871,
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Sekil 13:
Bélgenin Alt
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Miyosen'deki
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diyagram (Yimaz
vd. 1987"den}
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Figure 13:

Block diagram
showing the
paiecageotogy of the
region during the
Early Miocene {After,
Yitmaz et. al. 1987}
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Sekil 14: Bélgenin
Orta Miyosen'deki
paleojecloiisini
gosteren blok
diyagram (Yilmaz vd.
1987'den). :

Figure 14: Block
diagram showing tha

paleogeology of the
region during the
Middle Miocene
(After, Yilmaz et, al.
1987}

Serravalliyen sonunda, sikisma sistemi-
nin saryajlarla daha fazla telafl edilemeye-
cek bir dilzeye uilasmas) sonucu yanal atimh
faylar gelismistir (Sengér ve Yimaz, 1983).
Neotektonik evre olarak adlandinlan bu
dénemde, Seryaj Cephesi ve giineyindeki
Otokion Birliklerde ver alan faylar ve Dogu
Anadolu Fayi geligmistir. '

Serravalliven sonunda, béigenin hizla
yikseimesi, Saryaj Cephesini karasal ortam
haline getirmistir. Glineybat yvéninde geki-
len deniz, Arap Otokionunda sig denizel-
karasal gecis ortammin gelismesine yol
acgrmstir. Phiyosen déneminde g8l ve akarsn
gokelieriyle temsil edilen Besenl grubunun
yayihm alam, giineybat: yoniide ¢ekilen de-
nizin terkettigi alanlar olup, istif bu yoénde
genclesmektedir. Bu karasal ortam, iskende-
runt Korfezinde henifiz kapanmanus bugiinkii
Akdenizin ([Neotetis} denizel ortamiyla

birlesmektedir. Gergekten de Maras Orta
Miyosen istifi, Iskenderun Orta Miyosen isti-
fi ile ortak ozellikler sunmaktadir. Dolayi-
swyla bunlarm birbirleriyle iligkili oldukian
ve aym denizin korfez boyunca genglegen ya-
nal esdegerleri oldukian stylenebilir.

Serravalliyen sonundan itibaren sikigip
hizla yiikselen bolge, Pliyosen'den itibaren
bugiinkii morfolojitk yapisim kazanmustir.
Bslgede, yanal atunh faylar, etkilerini gini-
mitizde de stirdiirmektedir.

SONUCLAR

Guneydogu Anadolu Orojenik RKusagi 3
dogu-bat gidisli tektonik kugaktan olugmak-
tadir. Bunlar gineyden kuzeye dogru, Arap
Otoktonu, Ekay Zonu ve Nap Bdlgesi olarak
tamtilabilir.

Ekay zonu, Allokton-Otokton arasmdaki
dilimH bir zon olup, naplann otokion bdl-
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geye yerlesmeleri sirasinda onlann éneyinde
stirdklenip dilimlenen kesimi temsil eder, Bu
nedenie, Allokton-Olokton sinirmda olusan
Cephe $aryajlan nitelifinde olan bu kusakta
yver alan degisik kabnhklardaki tektonik di-
limlerin dokanaklan ezik zonlar halindedir,
Saryajlar kuzeye egimli olup, egim acilan O-
35 derece arasinda degismektedir. Saryaflar,
yer yer dogu-bati dofrultuda uzanan geng
diigey faylarla kesilmis olup, baz alanlarda

ditsey atim nedeniyle derine gﬁmuierek giz-

lenebmistir,

Cogunlukla her bir saryaj dzhmz ayn bir
litoloji grubundan olusmaktadir ve kendi
icinde tabandan tavana dogru genellikle dii-
zenkidir,

Her bir dilimin st kesimi genellikle altta-
ki dilimin alt kestminin devami halindedir.
Bdgylece. saryajlanma dncesinde bu dilimler,
arasinda birincil bir stratigrafik iliski
oldugu gorilmektedir,

Saryaj dilimlerindeki istiflerin yaslan en '

st dilimden, en alt dilime dogru gencles-
mektedir,

Saryaj dilimleri icinde yer alan istifler
topluca Ust Kretase-Alt Serravalliyen done-
mini eksiksiz olarak kapsamaktadir. Istif-
lerde, diskordans vb. gibi bir ¢okelmezlik
dénemi gézlenmemistir. Alloktonlarm ke-
siksiz ve eksiksiz bu dizilimi, olustuklan
bdlgeyi temsil eden, Arap Otoktonunun
tizerinde yer alan alanlarda denizel ortanun,
Alt Serravalliyen sonuna kadar varhm ko-
rudugunu ortaya koymaktadir, Bu denizel or-
tam, Ust Kretase-Orta Eosen arasinda okya-
nusal niteliktedir.

Ekay zonunda yer alan saryaj dilimlerin-
deki istif, Ust Kretase-Ust Eosen dénemi
agisindan Otoktondaki ve Nap Alamndaki es
zamanl istiflerden farkhdir. Ust Eosen'den
itibaren Nap alan: ile, Alt Miyosen'den iti-
baren ise Otoktondaki istifie ortak hale gelir,
Buna gtre, Naplarmn Ekay Zonunu temsil
eden birlikler ile biraraya gelmeleri Ust
Eosen baginda olusmus, Nap paketinin Arap
kitas: fizerine bindirmeye baslamas: {le Alt
Miyosen'de gelisme géstermistir.

Dilimlerin gelisimi Alt miyosen sonunda
ortaya ¢iknms, bu déneme kadarki biitiin bi-
rimler, Nap Cephesi éniinde ckaylanarak
bugiinkft dizilimlerini kazanmustir. Orta

Miyosen c¢okelleri bu dilimli konumun
tzerinde gelismis ilk ¢ékel Sritdiar. Ancak
dilimlenmeyi izleyen dénemde devam eden
kuzey-glney yonlii sikisma, Orta-{Ust Miyo-
sen ¢dkellerini de kivirarak bigim degisi-
mine ugratmstir.

Serravalilyen sonu, Giinevdogdu Anadolu
Bolgesinde, denizel ortarmm, bolgesel sikisma
ve yitkselmeye bagh olarak kayboldugu
donemdir. Sikigma sisteminin, yanal atimh
faylarla giderilmeye baslamasiyla, Paleotek-
tonik evre yerini, Neotektonik evreye
birakmistir,

Kuzey-giney sikisma, dogu-bati genig-
lemeyle, vanal atiml faylarla telafi edilmeye
baglayinca en-echelon faylan ve bunlara
bhagl yerel yapilan olusturrnustur.

Halen sikigmaya devam eden bdlge
bugiinkii morfolojisini PHyosen'den iiibaren
kazantpnaya baslanmustir.
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Devrekani Havzasi (Kastamonu Kuzeyi) Ust Jura-Alt Kretase Yagh
Karbonat Istifinde Mikrofasiyes Analizleri

Wierelades Analysis of the Upper Jurassic - lewer Crofaceous
Corbonate Sequemnce of Dewrekant Busln (Nerthern Kustameny)

CEMAL TUNOGLU*
m

0z

Ust Jura-Alt Kretase yaghx kiregtaglan
olarak tanimlanan Yahanhdere formasyonu,
Devrekani havzas: kuzey kesiminde genis hir
yayiima sahiptir. Bu fortnasyonda gercekles-
tirlimis olao mikrofasiyes analiz calisma-
lar: Hle, istifl olugturan kayaciarno bagheca;
intrahiyosparit, intramikrit, oointrasparit,
biyoiitit, hiyopeimiktrit, intrapeimikrit,
intrasparit, hiyomikrit ve onkomikrit olarak
tammlanabilen kire¢tas: titrevierindeo olug-
tugu saptanmigtir. Bu kayaclardn mikritik se-
viyeler ve sparitik ¢imeoto ardalanmal ola-
rak izlenmektedir,

Titm mikrofasiyes anailz sonogclars, arazi
goziemieri ve fosii fauna-flora icerigi ile hir-

likte degeriendirildiginde, istifio "az cok ¢al- -

kantilt” ile "kuvvetli calkantiiy” bir ¢8kelme
ortamioda, bagiaogicta sinirh hir piatform-
da, self ve gelgit diizliigiinde ¢bkeldigi; baz: ke-
simierinio ise gelf lagitoit ortammmin niteik-
lerini yansittigh ortaya kooulmustur,

ABSTRACT

The jate Jurassic-Early Cretaceous Ya-
banhdere formation has a wide expension in
the oorih of Devrekani Pasin, Yabanhdere
formation generally camprises intrahiospar-
ite, intramicrite, oointrasparite, biolitite, hi-
opelmicrite, intrapelmicrite, cointrasparite,
intrasparite, oocomiecrite and hiomicrite
characterised limestooe types. Micritic levels
and sparitic cement have been found aiterna-
tively in these lmestone,

Yahaoirdere formatioo was deposited
within stightly to highly agitated depositional

*H.). Mih. Fak. Jeolof Mih. Boltma, 06532 Beytepe/Ankara

environmeots, based on fleld observation, fos-
sil fauna and flora content, and microfacies
analysis at the beginning of the Hmited plat-
form, shelf and tidal flat but some of the loca-
tions reflect shelf lagune environment charac-
ter.

G‘ -

Kastamonu E31 cl, ¢2 ve d2 paftalanm
kapsayan inceleme alam, Devrekani, Seydi-
fer, Agh ve Kire ilgelerl arasinda yer almak-
tadrr {Sekil 1),

Tam Bahi-Orta Pontidlerde, Jura-Eosen
zaman arah@da, baslica ¢ farkl dénemde
¢Okelnds, bir bitin halinde karbonat istifi
meveuttur, Bunlar; Ust Jura-Alt Kretase done-
minde ¢Gkelmis Yabanlidere { = nalh = Yuka-
rikdy), Maastrihtiven ddneminde ¢Okelmis
Tomalar (=Kapanbofazi= Kirenstkiasi) ve Ust
Paleosen, Alt-Orta Eosen déneminde ¢dkel-
mis Giirleyikdere (Atbasi=Boyabat) formas-
yonlaridir,

Her ¢ litostratigrafi birimi bu zamana
degin, Blumenthal {1948}, Goktunali (1955},
Ketin {1962}, Gedik ve Korkmaz {1984}, Aydin
vd. (1986}, Akyol vd. (1974), Yimaz {1979,
1980}, Besbelli {1984), Terlemez ve Yilmaz
{1980}, Boztug (19883}, Dilaver (1984), Yilmaz
ve Boziug {1986, 1987), Sarn {19580], Derman
(1990}, Taysiiz vd. (1990}, Tunoglu (1991a)
tarafindan inceleme alam ve cisindaki loka-
litelerde gerceklestirilmis ¢alismalarda ele
alinnmustiir.

Yukardaki ¢alismalannm pek cogunda, bu
makalenin konusuna giren Yabanlidere for-
masyonu hakkinda, bélgesel kapsamda
deginilmis, baularinda ise dogrudan ilgi
alanlan disinda kaldi igin yiizeysel olarak
gecilmistir, Bu ¢ahgmada, Ust Jura Alt Kre-
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Figure 1: Location map of the study area,

tase yash Yabanhdere formasyonunda ger-
ceklestirtlen mikrofasiyes analiz calisma-
Ian ile s6z konusu Birimin ¢dkelme dénemi
ve gartlarina ayrmtids bir yaklagmn getiril-
mistir.

Yabanlidere formasyonunda gercekles-
tirilen mikrofasiyes analiz calismalar, bu
formasyona ait i¢ adet 0.8.K.'ne {Sekil 3} aii
omekler {izerinde, klrectas: petrografisi ve
mikrofasives analiz calismalar: olarak
yarttitlmigtir,

Kirectaglarinin petrografik tamumlan-
masmda Folk {19508, 1962) ve Bunham (1962)
simiflandirmalar:  kullamlmastir. Calis-
malarda her iki y6éntemin birbirini tamam-
layan yinleri birlikte degerlendirilmis ve ad-
landirmada ele alinmugtir. Kirectaslanrmn
ortamsal dzelliklerinin belirlenmesi icin
Plumley et.al. (1962} ve Flugel (1982} enegji
indeks smiflamalan kullandoustir, Béylece
kire¢taglanmn litolojik tanumiamalarmda
arazi verilerinin yanisira minerolojik
ozellikleri de birlikte deferlendirilmistir.

incekesitteki fauna ve floranm tanunmas;
ve incelenmesinde, uzman arastinicdann
ayrintil1 tanumlamaya yénelik yardmmlar:
beraberinde, Johnson (1951, 1861), Bathrust

" (1971), Horowitz and Potter(1971), Flugel

{1982}, Clark et al (1984) ve Kéylioglu

{1886} nin c¢alismalarmndan da yaray-
lanibrmstiy, Wilson'un (1975} fasives zonlan
{FZ) ve standart mikrofasiyes zonlanmn

{SMF} kullamidig: bu ¢aligmada, Flugel'in

{1982} tanmmlama ve nygulamalanndan da
yvararlanslmustsr.

Kirectasldarin: olusturan bilesenlerin
yiizdelerinin belirlenmesinde kalitati{ ve yan
kantitatif-tahmin metodn ile karsilastirma
tablo ve kartlan kullarulrustir (Bacella and
Basselini, 1965; Schafer, 1969: Flugel
1982'den). Mikrofasiyves karakteristikierini
clusturan térn bilesen yapi-doku Szellikleri
Chilingar et.al. (1967) ve Koylioglu (1986)nin
calismalanndan, ¢imentolanma ve diyajene-
tik Ozellikler ise Bathrust (1971) ve Flugel
{1982)den yararlanularak belirlenmistir,

Mikrofasiyes analiz calismalarn esnasin-
da paleontolojik ve sedimantolojik &zel-
likler de birlikte degerlendirilmigtir, Belirle-
nen fauna, flora ve diger bilegenlerin ne tiir
ortamlara dzgii olabilecegi, hangi paleokli-
matik sartlarda ve derinliklerde bulunmas:
gerektigi gz Onfinde tutularak, ¢fkelme orta-
maniy yorumu yapilbrmstir,
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Cemal TUNOGLU

Mikrofasiyes analiz ¢ahsmalan sirasin-

da, kayac: olusturan taneler ve mairiks, do-

kusal ézellikler, fauna flora igeridi, petrogra-
ik ve enerji indeks siuflamasi, karbonat
Diyajenezi, fasiyves kusagi/fasiyes zonu {FZ),
standart mikrofasives zonu (SMF) ve model
ife olusum, kéken, karsilastirma ve yoram
kavramlarumn ortaya konulmasina c¢ahsil-
mshit,

Yabanhdere formasyonunun élgiminiin
yapildigi her fi¢ 6lcliliy stratigrafik kesitinde
{oplam 40 &rnek incelenmis ve baz drnek-
lerden iki farkh ydnde olmaz {izere, toplam
73 adet mikrofasiyes calismalarina uygun
incekesitlerde gerekli incelemeler tamam-
lanmistr,

STRATIGRAFI

Yabanhdere formasyonu, inceleme ala-
rurnn kuzeyinde ve topografi olarak en
viksek kesimierinde yer ahlmaktadir {Sekil
2). Birim, ¢calisma alammnin kuzey ve kuzey-
dogusuna dogru daha yaygin ve kalmlasarak
devam etmektedir,

Inceleme alaninda, Yabanhdere formasyo-
nu, genelde paraotokion ve yer yer allokton
kittleler olarak izlenmekiedir. Paraotcklon
ktitleler megabloklar olarak goézlenirken,
daha kigiik bloklar Kampaniyen vash Inci-
gez lormasyonu igerisinde allokion kitleler
halinde yer almaktadir. Birim; bashca
Hasandag1, Dervent Tepe, Hirakaya Tepe,
Kuskaya Tepe ve Cigbas1 Tepe gibi yiiksel-
tileri olusinrmaktadir, Ozellikle, Devrencik
ve Giiney Mahalleleri ile buniann inceleme
alam dismdaki dofir ve kuzeydog: devam:
olan Yarahgdz Dag: cevresinde, son derece
dik yariar ve falezler olusturmusgtur. Batiya
dogru ise birimin kalmbgmda belirgin bir
azalma stz konusudur. Bu kesim aym za-
manda Yaraligséz Dagr kompleksi ile birlikle
Jura-Alt Kretase déneminden sonra, Kampa-
niven donemine kadar bir yitkselim alam
olarak yer almig ve Kampaniyen denizi ile bu
denize ait ¢dkeller, bu yitkselim ve agimim
bolgesinin bosluklanm doldurarak asmal
sedimentasyonla ¢dkelmistir.

Yabanhdere formasyonu icerisinde
magaralar, karstik karenler, dolinler, uvala-
lar ve kokurdanlar gibi karstik olusumlar

yaygin olarak izlenmektedir. Yiizeyde olusan
pekeok karstik yapi, bluylik olgtide hava
fotograflarmdan da takip edilebilmekiedir.
inceleme bélgesinde ve cevresinde karstik
akifer niteligindeki Yabanhdere formasyo-
nu, yiin dért mevsimi aktif olarak kaynak-
jarla bosalmaktadar.

Ayrintili tarsmi Tunoglu {1881 a.by'de ve-
rilmis olan bu formasyonda bashes fic adet
olotiliy stratigrafi kesiti (0.8.K.} alinmistir.
Bunlardan Ahlaick O.8.K'i tip kesif, Ya-
banlidere ve Delimusa O.8.K.'lert ise referans

* kesit olarak deferlendiriimistir {Sekil 3).

Ahlataik slefilfy stratigrafi tip kesitinde
taban iliskisi, alttaki Ahlateik formasyonu
ile uyumlu olarak, Yabanhdere formasyonu-
na dogru tedrict bir gecis seklinde izienmek-
tedir. Yabanhdere [formasyonunun oldugu
kadar, Ahlalak formasyonunun da kahn bir
istiflenme olarak izlendigi inceleme ala-
min XD kesimine karsin, KB kesimi daha az
kabnhklarda izlenmektedir. Formasyor:, in-
celeme alanmda 200-400 metre arasmda bir
kahnhkta gizlenmektedir,

Hirim tabanda, kirectas:, kumtias: ve mam
ardalanmasi ile baslayrp, kiregtaslanmn
tamamen baskmn oldugu bir istillenme ha-
linde devam eimekiedir. Daha {istte mikritik
nitelikle, desimetrik kalhnbikfa, iyi tabaka-
lanmah kirectas: seviyelerinin géziendigi
formasyon, en fstte masif gériintmia kireg-
taslan ile tamamlanmaktadir.

Yabanhdere ormasyonunun taban sevi-
yelerinden ahnan érneklerde, agaguiaki mer-
can formlar Sevin TUZCU (MTA) tarafindan
tayin edilmis ve Axosmillia sp., Actinostraea
sp., Celamophylliopsis sp. {formlian ile birirne
Ust Jura yas: verilmistir,

Thm kirectas: istifinde bol miktarda
gézlenen bentik foraminifera drnekleri Dem-
it ALTINER (ODT(} tarafindan tanmmlanmsg
ve altta verilen ayirtman tiiirierie birime
Portlandiven (Titoniyen) - Berriasiyen yasi
verilmistir. Evertycyclammina virgulina
(KOECHLIN], Pseudocyclammina lituus{(YABE
and HANZAWA), Nautiloculina oolithica
{(MOHLER], Protopencroplis trochoangulata
SEPTFONTAINE, Conicosprillina bassilensis
{MOHLER), Trocholina gr. alpina {LORENZ),
Kastamonina abanica SIREL
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MIKROFASIYES ANALIZLERT
Matriks ve taneler: Yabanldere formas-

- yonu, Ahlatcik O.8.K.nde taban kesiminde

mikritik niteliktedir. Daha istte sparitik
¢imento dzelliginde izlenen istif, tekrar mik-
ritik seviyelere geemektedir (Levha 1 Sekil 3,
Levha 2; $ekil 1,2). kesitin orta seviyelerinde

sparitik ¢imento, mikritik matrikse tedrici

gecis gosterirken, kayac tancli bir dzeliik de
kazanmaktadir (Levha 1, Sekil 1,2). En (st se-
viyelerdeki sparikalsit cimento ise fibrill,
mozayik, kopekdisi ve iginsal lifst dzellikler
gostermekiedir (Levha 1, Sekil 4). Bu matriks
icerisinde yer alan taneler, tabanda 8zellikie
¢ok az oranda silt boyu detritik kuvars tane-
leri fle onkoid, ooid, pellet, lito, intra ve
ekstraklastlarm bulundugu karmasik bir
nitelik gostermektedir {Levha 1, Sekil 1,2,3:
Levha 2, Sekil 2,3,4). Yer yer ¢aplan cm ve
mm mertebesindeki onkoeid tanelerin
olusturdugu yi@isimlar ve merceklenmeler
2.3 m kalinhga kadar iabakalar halinde ara-
zide izlenmektedir {Levha 2, Sekil 5,6). Bu
kesimin iizerindeki seviyelerde sparikalsit
¢imento igerisinde ekstraklastlar, intra-
kiastlar, mikropelletoidler ile en az oranda
ooidler de gozlenmektedir {Levha 2, Sekil
3.4). Benzer nitelikler Yabanhdere ve Deli-
musa 0.8 K. lerinde de izlenmektedir. Ancak,
Anlataik O.8.K.'nde pelletler ve onkoidler ek-
srakiastlara nazaran baskmdir.

Dokusal Ozellikler: Yabanhdere formas-
yonu kirectaslannin bilesenlerini olusturan
taneler genelde mikritik bir zarf ile ka-
planmis durumda izlenmektedir {Levha 1,
Sekil 1; Levha 2, Sekil 2), Ahlateik O.8.K.'nde
sadece iki drnekte biyotiirbasyon yapisi iz-
lenmigtir. Bu tir yapilar icinde bulunduklan
ortamu olusturan tanelere gore daha iri mal-

zemenin, bu tanelerle birlikie olusturdukian

yumakiar geklinde goézlenmektedir. {lk ba-
kigta oldukea iri, grantler kavkl yapisinda
fauna formlan izlenimi veren bu olusuklann
biyotiirbasyon iiritnii detritik malzemenin
toplanmas: ve mikritik bir matriks ile tuttu-
rulmas: ile olustuklan belirlenmigtir.

Fosil igerigh: Ayrmtilh cins ve tir {anim-
lamalan litostratigrafi béliimtnde verilen
fosil Ornekleri bashea Ahlataak O.8.K.
boyunca izlenmig ve tanmmlanmstir. Tam
kesitler boyunca formasyonda bentik fora-

miniferler baskindir (Levha 1, Sekil 1; Levha
2, Sekil 1). Bununla beraber mercanlar, gas-
trapoda, bryozoa, alg ve bunlara ait kavki
parcalan da yer almaktadir {Levha 1, Sekil
1,3.5,6; Levha 2, Sekil 2).

Petrografl ve enerji indeks smiflamasy:
Ahlatcik O.S.K.'nde Yabanhdere formasyonu,
tabandan itibaren Ustle dogru vaketasi, bag-
lamtas:, istiftas: ve tanetas: olarak izlenirk-
en (Dunham, 1962), Folk (1862) smiflama-
sma gire intrabiyosparit, intramikrit, ooin-
{rasparit, biyolitit, biyopelmikrit, intrapel-
mikrit, intrasparit, onkomikrit ve biyomik-
rit olarak izlenmektedir {Levha 1,2), Yaban-
hdere 0.8.K.'nde ise Dunham (1862) smufla-
masma gore istiftas:, Folk (1862) smiflama-
sma gore ise intrabiyomikrit ve intrapelmik-
rit olarak adlandinlabilen litoloji tiirevieri
sergilenmekiedir. Benzer 6zellikler Delimusa
0.8.K.'nde de mevcuttur,

Plumley et al. {1862} enerji indeks siuf-
lamasimna gore, stz konusu ¢dkeller hichir za-
man sakin su ortammda c¢okelmemistir,
Mikritik ve sparitik ¢imentonun hemen
hemen ardalanmalt yer almasi, ortamn
durayl: olmad:gim, c¢ékelmenin "az ¢ok
¢alkantil” ile "kuvvetli calkantih” sig deniz-
el kosullarda gerceklestigini gostermekiedir,
Ortamda siddetl akinh ve calkantilann ol
madig: dénemlerde, mikrokristalin kalsit
camuru, kayac bilesiminde etkin olmus, bu
dinemde ortamda daha serbest olarak ta-
smmis intraklastlar ve fosiller yer almustir,
"az ¢ok dalgal”, "galkaniil® ve "kuvvetli
calkantih” su ortarminda sparitik ¢cimentolu
urimnler, harekedilik ile yikanmslifin sim-
gesi olarak, si1g dalgah ortamian belirlemek-
tedir. Bu nedenle Plumley et al. (1862} enerji
indeks smifiamasma gdre Yabanhdere for-
masyonu 1V2 ve V3 numaraly kirectasy ti-
pinde ¢Skelmistir. Kalsitin baskin oldugu bu
kirectas: tipinde, kaba taneli karbonat kum-
lart yogunluktadir. Bu malzeme "az" ve "iyi"
yuvarlak arasmda derecelenmekie ve bunun-
la beraber yer yer ooldlere de rastlaml-
maktadir {Levha 2, Sekil 3}. Az ¢cok bentik fo-
raminifera topluluklarmin da yer aldig: bu
grupta, kolonial mercan ve alg olusumlar da
hirlikte izlenmekiedir {Levha 1, Sekil 1,5.6%

Karbonat diyajenezi: Yabanhdere formas-
yonuna ait drneklerin pek ¢ogu mikritik



Cemal TUNOGLU

matrikslidir {Levha 1, Sek: 3.8: Levha 2,
Sekil 1,2). Kriptokristalin kalsit ozelli-
gindeki bu matriks, kayacin sedimantasyon
hmzinun disak oldugu, denizalty ortaminda
olustugunu gistermektedir. Aynca Yabank-
dere formasyonu kirectaslarmnda lifsi ve
{aneli ¢imento tipt de izlenmektedir {Levha 1,
Sekil 1,4,6). Tanell tip kristallerde yénlenme
stz konusu degtidir. Bu tip ¢imenioda bosluk
¢eperleri boyunca geligen lifsi ¢imento {erken
diyajenetik A" tipindedir {Levha 1, Sekil 4),
Bu tip ¢imento denizalts ve genellikie sig de-
nizel karakteri igsaret etmektedir. Boglugun
diger merkezi kism ise "¢cimento B” fle doldu-
rulmustur {Levha 1, Sekil 4). Diyajenez sii-
resince olugan tanell tip cimento, denizalts
ortamlarinda sikisma sonrasinda A tipi
cimentodan itibaren de tireyebilmektedir
{(Flugel, 1982},

Fasiyes zonu {FZ), standart mikrofasiyes
zonu {SMF} ve modeli: Yapilan tiim mikrofa-
siyes analiz ¢alismalan, makro gozlemle-
rinde deferlendirilmeye ahnmas: ile, Wilson
(1975} fasiyes zonu (FZ} ve standart mikrofa-
sives zonu (SMF} degerierine gére yerlerine
konuldugunda, Yabanhdere formasyonu,
Ahlateik 0.8.K.'nde tabandan tavana dogru
yer yer ardalanmah 3 ayn fasiyes zonunda,
toplam alt1 adet mikrofasiyes zonu ile temsil
edilmektedir {Sekil 4}, '

Bu ¢alsmada belirlenmis mikrofasiyes
zonlar: Ozel olarak ayrica adlandinimarnms,
Wilson (1978)in standart aumaraland:r-
malar: ile yetinilmistir,

Formasyon baslangicta sirurh bir plat-
formda, self ve gel-git dizligiinde cékehmis-
{ir. Cokelmenin olustugu 7 ve 8 nolu fasiyes
zonunda 8, 9, 16, 17 ve 22 SMF zonlan sap-
tanmstir. SMF 22 zonu bol mercanh, onk-
oidal niteliktedir. 3 ve 4 nola fasiyes zonunda
yer alan tabakalar SMF 4 tipini karakterize
etmektedir. SMF 18 ve 17 zonlannda ise self
lagiind ortammnda olugmus, istiftasi nite-
liginde kirectaslan bulunmaktadir.

Olusum, kiken, kargitlagtirma ve yorum:
Tiam mikrofasives analiz verileri ile birilkte,
arazi gézlemleri de degerlendirildiginde, Ya-
banhdere formasyonu baglangicta oldukca
s olan ve gel-git ortarmim yansitan self
béigesinde ¢dkelmis plaiform karbonatlan
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Sekil 4: Yabanhidere Formasyonunun Wilson
(1978)e gire fasiyes zonlan (FZ) ve standart mik-
rofasiyes zonlarmna (SMF) ait ¢Okelme ortamiarn
{Fluge! 1982'den uyarlanmigtr).

Figure 4: Depozited environments of Yabanhdere
Formation according to Wilson's {1975} Facies
7Zones {FZ} and standart microfocies zones {SMF}.
{Adaptation from Flugel, 1982),

niteligindedir, Burada self ortamna ozgi
kayaclar yer almaktadir. Bu kayaclarda yer
ver gelf lagtiind ortarmim da gosteren ve actk
sirkillasyonu yansitan hareketli bir ¢tkelme

- ortarmun izleri de gézlenmektedir.

Standart mikrofasiyes kusag 22, sakin su
sedimanlarmin karakteristigi oldugu kadar,
yer yer harcketli su sedimanlanyla da belir-
gindir, B kusaktaki birikim yelpazeleri, i¢
gel-git bélgelerindeki ytdkseltilerin kenar-
lannda bulunmaktadir. Bu yelpazeler ayrica,
sif denizel kiy1 dzelligindeki ortamlarda da
olusabilmektedir.

SONUCLAR
Bu calismada, Yabanhdere formasyonu
olarak tammlanan Ust Jura Alt Kretase yash
birimde gerceklestirilen mikrofasives analiz
cahsmalanmun, arazi gézlem ve verilere ile de
denestirilmesi. su sonuglann elde edilmesini
saglamistir. :
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Formasyona ait kirectaslarmda, sif deniz-
el-platform karbonatiarmm bir 6zel-ligi ola-
rak, mikritik ve sparitik seviyeler yer yer bir
arada ve bazende ardalanmalar halinde
izienmektedir,

Mikritik ve sparitik c¢imento igerisinde
basghea, onkoid, ocoid, ekstra ve intraklastiar
fle fosil forinlanndan olusan bir tane igerigi,
yer almaktadsir,

Bivotiirbasyon yapis: olarak nitelendirile-
bilecek, tane kiimelenmelerinin izlendigi bir
ka¢ trmek beraberinde, genelde taneler mik-
ritik bir zarf ile kaplanmis durumdadar.

Petrografik simifiama sonucu, hirimi
olusturan kirectasi titrevieri baslica; intra-
biyosparit, oointrasparit, biyolitit, biyopel-
mikrit, intrapelmikrit, intrasparii, onko-
mikrii ve biyemikrit olarak saptanmusgtir,

Plumley et al. (1962} enerji indeks simnfla-
masma gore, ¢dkelme ortamunn V2 ve V3
numarah kesimlerde ve "az ¢ok gaikangm“
ite "kuvvetli calkantill" su crtammda ger-
cekiestifi belirlenmistir.

Mikritik ve sparitik clusumlar sekiinde
izlenen karbonat diyajenezinde, kriptokris-
talin kalsit niteliinde izlenen mikritik ¢i-
mernto, sedimaniasyon heamn dilstk oldugu
denizally ortamunda olustugunu yansitmak-
tadwr. Cdzelme hizinm daha yiitksek oldugu
kesimlere ait lillsi ve taneli ¢cimento tipinde-
ki sparitik olusumlar ise, erken diyajenetik
cimento A ve B iiirlerinde izlenmektedir,

Yapilan mikrofasiyes analiz calismalar
sonucu, Yabanhdere formasyonunda dort
ayrs fasiyes zonunda (FZ), alty adel standart
mikrofasives tipi (SMF) ayiriedilmigtir, Bun-
far: baslica sell kenar:, yamag¢ o6nfl ve self
fagiinii e gel-git diizloga ortamiarmda, SMF
3.4, 4, 9, 16, 17 ve 22 SMF tipleridir.

Igerdigi bol bentik foraminifera, gastropo-
da ve mercan fosilieri de, birimin cdkelme
ortammin 81§ denizel litoral kosullan yan-
sitifim gbstermektedir. Formasyon baslan-
gicta, sumrl bir platformda, self ve gel-git
diizligiinde ¢dkelmistir. Yer yer derin sgelf
kenar ve yamag 6nd karakteri de kazanan
ortam, resif ve self lagini gibi resif gerisi
karakteri niteleyen ¢dkel olusumiarnm da
icermektedir, '
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LEVHA ACIKLAMALARI / PLATE EXPLANATIONS
Fotograflarda kullanilan simgeler/ Symbols used in the photomicrographs:

A 1 alg/aigea

E :  eckstraklast/exiraclast

i © intaklast/intraclast

B : bentik foraminifera/benthic foraminifera
S I sparit ¢imento/sparite cement

m 1 mikril matriks/micrite matrix
GS : granuler ¢imento/granular cement
FS : lifsi ¢cimento/fibrous cement

G 1 gasiropoda

P! : pelecypoda

K :  koral/coral

0 r ooid

on : onkoid/oncoid

P ;. peliet

LEVHA -1 Yabanhdere Formasyonu kirectas: tiplerinin mikroskopik goritniimleri (tek nikol)
PLATE - 1  Photomicrographs of limestones types of Yabanhdere {formation (single nicol)

Sekil 1:  Intrabiyosparit, Ornek no: 412, Yabanhdere 0.,

Figure 1: Intrabtosparite, Sample number, 412, Yabanhdere M.S.S.

$ekil 2: Intrabiyosparit, Ornek no: 410, Yabanlidere 0.8.K.

Figure 2: Intrablosparite, Sample number; 410, Yabanhdere M.S.S.

Sekil 3: Gastropodal Intrapeimikrit, Ornek no: 409, Yabanlidere 0.8.K.

Figure 3: Intrapeimterite wtth gastropoda, sample mimber; 409, Yabanhdere M.S.S.

$ekil 4: Baglamtast icinde geligmis taneli ve fifsi cimentolanma, drnek no: 523, Ahlatcik G.8.X.
Figure 4: Granular and fibrous cement in boundstone, sample number: 523, Ahlateik M.S.S.
Sekil 5:  Baglamtag: icinde tayin edilmemis faviid tip korallit, Ornek no: 524, Ahlatcik O.8.K.
Figure 5: Undetermined favitd type coral in the boundstene. sample number, 524, Ahlatak M.S.8.
$ekil 6: Biyolitit icinde algler ve pelleler, Ornek no: 535, Ahlateik .8.K.

Figure 6; Bioltthite with algea and pellets, sample number: 525, Ahlatcik M.S.S.

LEVHA -2 Yabanhdere Formasyonu kiregtas: tiplerinin mlkroskopik gorimnimleri (Tek nikal)
PLATE - 2 Photomicrographs of limestones types of Yabanhdere Formation (single nicol)

Pekil 1. Biyopelmikrit icinde bentik foraminiferier, 6rnek no: 526, Ahlatcik 0.8.K.

Figure 1: Btopelmtcrite with benthic foramtnifera, sampie number, 523, Ahlatak .85

Sekil 2:  Intramikrit, 6roek no: 532, Ahlateik 8.8.K.

Figure 2: Intramierite, sample number: 533, Ahlatoik M.S.S.

$ekil 3: Intrasparit, srnek no: 533, Ahlateik O.S.K.

Figure 3: Intrasparite, sample number: 533, Ahlataik M.S.S.

$ekil 4 :  Biyopelmikrit, 6rnek no: 536, Ahlateik O.8.X.

Figure 4: Biopelmicrite, sample number: 536, Ahlatertk M.S.S.

Sekil 5: Onkomikrit, 8rnek no: 539, Ahlateik 0.8.K.

Figure 5: Oncomicrite, sample number: 539, Ahlateik M.S.S.

Sekil 6:  Onkomikrit, pelecypoda ve ekstraklast tanesinden itibaren olusmus, drnek no: 541, Ahlntark O.8.K.

Figure 8: Oncomicrite, The nucleus of them have pelecypoda shell fragments, gastropoeda or eksiraclast.
sample numnber: 541, Ahlatok M.8.S.



Cemal TUNOGLU &

LEVHA -1
PLATE - 1

S‘ekil i Sekil 2
Figure 1 Figure 2

Sekil 3 Sekil 4
Figure 3 Pigure 4

$mekii 5 Sekil 6
Figure b Figure 6
1.8 mm
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LEVHA -2
PLATE - 2

Sekil 1 Sekil 2
Figure 1 Figure 2

Sckil 3 Sekil 4
Fievre 3 Figure 4

Sekil 5 Sekil 6:
Figure 5 Figure 6

1.8 mm
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Trakya'da Kuzey Anadolu Transform Fay Zonu'nda Gelismis
Normal Faylarm Olusumuna Yaklasimlar
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Tirklye'yi Dogu-Bat: yéniinde kateden
1200 km nzunlugundaki, sag-yanal dogrultu
atimh Kuzey Anadolu Transform Fay: Avras-
ya ve Anadolu levbalarmin simirim: olus-
turmaakta ve Marmara Bblgesinde ii¢ kola
ayriimaktadir. Bunlardan en knzeydeki kol
Marmara Denizi'nl agip batrxda, Trakya'da
Gazikdy'de karaya glrmekte, DKD-BGB y6-
niinde 45 km kadar uzand:tktan aonra Saroa
Korfezi'nde iilkemizi terketmektedir. Kuzey
Anadolu Transform Fay: Gazlkdy ile Saros
Korfezl araamnda kalan calisma alaninda
ayrilan, tamamlayicr ve kiyidtesl faylaniyla
Geg¢ Neojen ve Kuvaterner birimlerinl etkile-
mekie ve bir zon olusturmaktadir. Bu zon
fcinde Kuzey Anadolu Transform Fayr'nin bl-
Inen sag-yanal hareketiyle iliskill R,, R,, P
ve Y yurtilmalan olarak yorumlanan lkineil
formlarin yamsira, KB-GD dogrultulu baz
normal faylar da gbzlenmektedir.

Bua calismada, Kuzey Anadolu Transform
Fayi'nin bilinen bu sag-yanal hareket meka-
nizmast I¢lnde yorumianmas: zor olan ve
morfolojiyi etkileyen KB-GD dogrultulu ikin-
cil normal faylarin olngumuna baz: neotek-
tonik yaklasimlar getirilmektedir. Bu neo-
tektonik yaklagimda adzkonusu normal
faylar a} Kuzey Anadolu Transform Fayinmm
olugturdugu zondaki bir transpreayonia ilglil
olabillr, b} Kuzey Anadolu Transform
Fayrmin Marmara Denizl altinda uzanan ka-
zey kolu fizerindeki pull-apart havza dizisint
olnsturan faylarin batrdaki uzantilar: olabi-
Hir, ¢} caligma alan: knzeyindeki Ergene Hav-
zas1 altinda uzandig: varsayilan Makedonya-
Karadenlz mikrolevhalar: simrinim uzanim
alan: fdriinleri olabllir.

Y MTA Genel MBdirligl, Jeololl Fiidleri Daresi,
06520 Ankara

ABSTRACT

1200 km length right-lateral Nortb Anato-
Han Transform Fault extending £-W In the
north of ‘Firkiye forms the boundary between
the Eurasia and Black Sca plates. The main
trace of the North Anatolian Transform Fault
is divided into three branches in the Marmara
region. Its northern branch cuts across the Sea
of Marmara and extends about 45 ki in ENE-
WSW direction in the south of Thrace before
entering the Gulf of Saros. The North Ana-
tolian Transform Fault which forms a broad
ahear zone has affected Neogene-Quaternary
sediments in the studicd area where the North
Anatolian Transform ¥ault has splay, com-
plementary and offshore faults. Apart from
R,, R,, P and Y shears related to well-known

right-lateral motion of the North Anatollan
Tranaform Fault some NW-trending secon-
dary normal faulis have also been observed.

In this stady some neotectonle Interpreta-
tion of the NW-trending aecondary normal
faults which are not related to the right-
lateral movement of the North Anatolian
Transform Faalt and are effective on the mor.
phology of the Sarkdy area was made. Accord-
Ing to this neotectonic interpretation tbree
alternatives for the development of the NW-
trending normal faults are purposed. a} These
faults can be related to a transpresslve regime
In the North Anatolian Tranaform Fault, b)
NW-frending normal faults can be onshore
expresaions of the fanlts forming a range of
pull-apart basin beneath the Sea of Marmara
on the northern branch of the North Anato-
lian Tranaform Fault and ¢} normal faults
can be products of a strain field related to a
putative extensional boundary between the
Macedonian and Black Sea microplates under
the Ergene Basin to the north of the studied
area.
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GiRrig

Bu calismanin amac1 Kuzey Anadolu
Transform Fayir (KATFYmn Marmara
Bolgesi'nde t¢ kola ayrnlmasiyia oriaya
¢ikan kuzey kolunun olusturdugu zon
icindeki neotektontk kékenli normal fay-
larm varhgindan, olusum nedenlerinden,
karakteristiklerinden sézetmek ve bhoigesel
tektonik yorumilamalara kalk: koymaktir.
Trakya'yi DED-BGB yiniinde kateden
KATF'min bu kesiminde gézlenmis normal
faylar, daha doguda, KATF'nin Anadolu'daki
kesimierinde, yvaklasik 45° ik act ile konum-
fanan normal faylardan farkhdir, Ciinki
Anadolu'dakiler KATF'nin basil makaslama
zonundaki (simple shear zone) sag-yanal ha-
reketiyle iliskili normal faylardir ve geomet-
rileri de bunu dogrulamaktadir {Barka ve
Hancock, 1985; Dewey ve dig,, 1986; Hancock
ve Barka, 1981} Trakya kesiminde gozlenmis
normal faylar ise fay zonu ile hemen hemen
dik ag: yapmakta, geometrileri sag-yanal ha-
reket mekanizmasina uymamaktadsr,

STRATIGRAFI

Calisma alan, Tirkiye'de "neolekionik”
kapsamina giren Serravaliyen sonrasy {De-
wey ve dig., 1986) kayaclar icermektedir. Te-
melde mermer, serpaniinit, sisi, radyolarit
ve cakilastarindan olusan Krelase-Paleosen
kayalan bulunmakia, burnlarm dzerine 4000
m kalmhkia bir Eosen-Oligosen flisi gelmek-
tedir (Platl, 1959

Temel tizerine cesitli ¢dkel ortamiarmda
{trnegin deniz, g6l, laghn, deHa ve akarsu)
gelismis ¢aksl, kum, kil, lnyil ve ender ola-
rak kirectaslanndan olusan bir istd ayaum-
suzlukia gelmekledir (Turgat ve dig., 1987}
Yer yer birbirleriyle girik bu ¢éke! kaya bi-
rimleri 1775 m kalinhktadir (Saner, 1985,
Erkal, 1987, Ternek ve dig., 1987, Turgul,
1987). Tekionik yonden hareketli bir ¢ukur-
lukta ¢okelmis bu Klastiklerin yag1 Unay ve
deBrulin (1984})a gdre Miyosen'dir. Saner
(1985} vasin Miyosen-Erken Pliyosen arasin-
da olabilecegdini belirtmekie, fakat bu ¢okei-
lerin batidaki devarmii cahisan S{imengen ve
dig. (1987} ise Unay ve deBrujin (1984)'mn
yvaslandirmasina katilmaktadir. Geg Nesien
yas konagina giren bu codkeller {dzerine geien
birim, Geg Plyosen-Erken Pleyistosen yas-

taki si deniz oolilik kirectastan ile kalkerii
kumtaslandir (Erkal, 1983, 1887). Daha da
tistte Orta-Geg Pleyistosen'e ait denizel seki
cokelleri yeralmaktadir {Ternek ve dig.,
1987). Holosen ise aliivyon yelpazeleri, delta
ve kiy1 ovasy ¢bkelleri ffe temsil edilmekie-
ir,

TEKTONIK KONUM

Anadoln Yanmadasi, Dogn Anadoh: Trans-
forrm Fay: fle Kuzey Anadoln Transform
Fayinm {Sengdr, 1979) sinurladsg: bir mikro-
jevha (Dewey ve Sengdr 1979'a gére schole)
olup haliya dogru kagis harckeli gbslermek-
tedir {McKenzie, 1972; Dewey ve dig., 1973).
Anadolu mikrolevhasinin bu hareketi, Ara-
bistan ve Avrasya levhalarimn hareketine
bagl: olan Suriye ve Karadeniz bloklarnnn
garpismas: senucunda ortaya cionaktadir
{Dewey ve dig., 1986; Barka ve Kadinsky-Cade,
1988).

Bilindigi gibi KATF, Marmara Bélgesi'nde
ti¢ kola ayrilmakta, bunlardan en kuzeydeki
Marmara Denizi'ni gegtiklen sonra Ergene
Havzasi'min gineyinde Trakya'y1 ikiye
bélmektedir {Sekil 1), KATF bu kesimde DXD-
BGB dogrultusunda 45 km kadar nzandikian
sonra Saros Korfezine ulasmakiadir. Barks
ve Kadinsky-Cade {1988)e¢ gdre Gelibolu
Yanmadasi'min kuzey kiyisiny izieyen fay,
buna B0 km kadar kuzeybalida ikinci bir
kola aynlmaktadar.

Giineyde Trakya'y: ikiye bolen KATF, ku-
zeyde kalan Ergene {Trakya} Havzasi'nda
BRB-DGD dogruliula Xarklareli, Lileburgaz ve
Babaeski fay zonlanyla kesilir. Sag-yanal
dogrultu atiml olan bu fay zonian Orta
Miyosen'de KATF'nin bir koln olarak ortaya
citkmis, daha sonra aklivilesini kaybelmigler
ve KATF guneye, Marmara Denizi'ne dogru
yer degistirmisierdir. Trakya fay sislemi
KATF'min en yash bati uzantis: ve atkuy-
rugunun "horsetail” dyeleri olup KATF'nm
kollan bu havzamn icine girmistir {(Perin-
cek, 1987, 1991).

Yas1 ve toplam atimi konusunda pekgok
farkl: gériis aretilen KATF en yeni bir gorise
(Barka ve Gillen, 1988} gore Ge¢ Tortoniyen'de
genis bir zon halinde olusmaya baslamus,
giderek daralarak Erken Pliyosen'de gore-
celi dar bir zona déntismidstiar. Barka ve
Gialen(1988Ye goére KATF'nmin Marmara
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$ekil I Caligma alamm ve tektonik konumuny gosterir harita. 1} Dogruitu atimh fay, 2) bindirme, 3) nor-
mal fay, 4} blok harcket, 5) volkanik gereg cikis hatty {Dewey ve dig., 1986 Sekil 8, Hancock ve Barka, 1987
$ekill; Barka ve Kadinsky-Cade, 1988 Sekil 2'den degistiriterek),

Figure 1: Map showing the location of the studied area and its {ecionic setiing. 1) Strike-slip fauit, 2} thrust, 3}
normal fault, 4} block metion, 8) line of volcanic center {modified from Dewey ¢t al., 1986 Figure 8. Hancock
and Barka, 1987 Figire 1 Barka and Kadinsky Cade, 1988 Figure 2},
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Sekil 2: Marmara Béigesinin aktif faylar: ve baz depremierin fay dizlemi ¢ézitmleri. 1) Dogrultn atimls fay,
2} normal fay, 3} fay diizlem; goziimii (Mc Kenzie, 1072 Sekil 8, McKenzie, 1978 Sekil 8; Jackson ve McKenzie,
1984 $ekil 7; Barka ve Kadinsky-Cade, 1988 Seckil 4 den desleme.)

Figure 2: Active faulis occurred in the Marmara region and fault plane solulion of some earthquakes, 1}
Strike-slip fault, 2} normal fault, 3} faull plane solution with date (Compiled from McKentie, 1972 Figure 8,
McRenzie, 1978 Figure 8 Jackson and McKenzie, 1984 Figure 7; Barka and Kadinsky-Cade, 1988 Figure 4).
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Bélgesi'ndeki toplam sag-yvanal atimn 25 km
kadardir. Fakat atim miktann KATFnin daha
dogu kesimierinde, drnegin orta-dogu arasi
kesiminde, 85 km ye kadar ulagmaktadir

(Seymen, 1975}

KATF'min kuzey kolu Marmara Denizi
aitinda Dogu-Bat yoniinde uzanmakia ve
sag-vanal atumyla ilgili olarak bax kicik
havzalar olusturmakiadrr, Bu havza dizisi,
Marmara Denizi'nin batisinda bir "sikisti-
ran bukiim™iin {restraining bend) smrladig,
denizalinda KD-GB dogrultusunda uzanan
parcalarinmn “basamakh” {enéchelon) ko-
numlanmasimn olugiurdugu hir pull-apart
havzalar dizisidir (Sekil 2) {Sengdr, 1979
Barka ve Kadinsky-Cade, 1988). Sikistiran
biklarnden sonra KATF, Trakya'tun gine-
yvinde 9 Agustos 1912 Depreminin olustur-
dugu kinkla izienir, Allen {1975)a gore
"Sarkiy-Mirefte Depremi”, Sengdrii979)'e
gore "Mirefte Depremi”, Ambraseys ve Finkel
{1987)'e gbre "Saros-Marmara Depremi” ola-
rak adianan deprem sonycunda olustugn
digiintilen bu kingin kdkeni gercekte ¢ok
karmasgiktr, Ambraseys ve Finkel (1987)¢
goreyse 9 Agustos 1912 Depremi sonucunda
Hogkdy ile Mirefte arasindaki kiyinm kara
bélimt deniz tarafina gore yilkselmistir.
Buna gore kuymin hemen dnimden gecen bir
normal fay veya diigey atimu daha g¢ok olan
obiik atonl hir fay stzkonusudur,

KUZEY ANADOLY] TRANSFORM FAYINA
ILISKIN YAPISAL OZELLIKLER

RKATF'min bélgedeki sag-yvanal atimuuna
itiskin jeoloitk, jeomorfolojik ve sismolojik
kamtlarm:mn verildigi pek ¢ok ¢alisma varcar
{Ornedin McKenzie, 1972; Dewey ve Sengdr,
1979, Sengtr, 1979; Erkal, 1983, 1987; Ambra-
seys ve Finkel, 1987; Stumengen ve dig., 1987;
Barka ve Gilen, 1988; Barka ve Kadinsky-
Cade, 1988). Fakal calisma alar: icinde ka-
lan kuzey kol lizerindeki gergek atimn sapla-
mak fay dtzleminin her iki tarafindaki jeo-
lojik ve jeomorfolojik kanitlarn yetersizligi
nedeniyle kesin olarak belirlenernemekiedir,
Ote yandan Dewey ve Sengdr {1979) ile Sengor
{1979)e gore KATF, ana izinin dogudan ka-
rava ulasiifl verin hemen oiesinde bir
“sikistiran  bikitm” {restraining bend}
olusturmasimmdan dolay: ters fay karakterin-

dedir ve oblik kompresyonla olusmustur,
Buna ek olarak, Sengdr {1979Ye gire, KATF
ana izinin hemen kuazeyinde 945 m yiiksel-
tidek: Ganosdag ile giineydeki -1000 m'lik bir
cukurlugun yanyana bulunmas: bu diisiinceyi
destekler gériilmektedir. Ancak, g¢esgitli
goriislere karsin birlegilebilecek bir nokta,
KATF'nda dasey hareketin de olabilecegy,
baskin bir sag-yanal hareketin varli:dir,

Sengér (1979)'0n KATF'nda ditsey atmm
olduguna iliskin savina karsin, yorede ay-
rintih jeolojik ve jeomorfolojik cahgmalar
yvapan Erkal (1983} Ozellikie mezoskopik
yap: analizleri, KATF'nin bu bélamande yal-
nea sag-yanal dogrultu atiml bir hareketin
var oldugunu gostermektedir (Sekil 3).

Caligma alanmda, ki gizgisinin kara ta-
rafinda, KATF'nin ayrilan faylan nife-
liginde, ¢ok glizel jeomoriolojtk ve jeclojik
ozellikler gésteren dogrultu atimli faylar
vardir (Sekil 4) (Erkal, 1983, 1984, 1985,
1887, Erkal ve Hancock, 1984, 1986, Hancock
ve Erkal, 1990). Bu faylar 3 km atimh
Cengelli fay1, 1,5 km atimh Kuzey Tepekdy
fay: ve 125 m atimh Glney Tepekdy fay-
landir {Erkal, 1983, 1984, 1885, 1987}, Yérede
1/25.000 slgek aynntisinda yap:lan bir
calismada (Erkal, 1983} bu faylann yanal
abimina iHiskin kansdlar verflmesine karsin
bir bagka ¢alismada (Stimengen ve dig., 1987)
Cengelli ve Tepekoy faylarmm kuzey blok-
lanmn giineye dogru bindirdigi one siiral-
mekte ve Ganey Tepekdy fayimin varolup ol-
madigs da belirtilmemektedir. Hava fotograh
ve arazi calismalan ise, aynlan faylara ek
olarak ikineil nitelikie KD-GB uzanmmh sag-
yvanal, bunlaria bilesik {conjugate} sol-yanal
ve KKB-GGD uzanunh sol-yanal dogrultu
atimli faylann varhgm: tartigmasiz ortaya
koymaktadir {Sekil 4).

Ote yandan, Mitrefie agiklannda kiyiwyva
paralel olarak uzanan, KATF'min aynian fay-
farmdan (splay fault} kabul edilebilecek geo-
metride bir bagska faym varhig {lhan (1963} ta-
rafindan jeofizik vertiere dayandinlmakta
fakat, bunun ne tiir bir fay oldugu belirtilme-
mektedir. Ayrica Ardel ve Kurter {1873} de
Eriklice'nin ganeyinde denizalfy topografya-
smnm gineydoguya dogru birden diklestigine
deginmektedir. Murefte fay:r olarak ad-
landuridan bu fay hakkinda veri yetersizligi
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$ekil 3: Sarkéy cevresinde, KATF'mn sag-yanal hareketini gésteren orta-dlcek yapilarin stereografik pro-
Jeksiyondaki izdiigtimleri. I¢i bos ok cifti acilmayz, icl dolu ok ¢ifti ise sikistirmay: gostermektedir. Harita-
da A) Cengelli fay:, B) Kuzey Tepekdy fay:, C) Giiney Tepekdy fayi, D) Miirefte fayr. Aciklamalarda 1) Orta-
Gleek normal fay, 2} orta-dlgek bilesik normal fay, 3) orta-slcek ters fay, 4) graniilasyon daman, 5) bilesik
granitlasyon damarlars, 6} catlakiar, 7) bilesik ¢atiaklar (Erkal, 1983 Sekil 4.15).

Figure 3: Equal-area stereographic diagrams of the mesofracture sets showing the right-lateral movement
of the NATF in the Sarkoy area. Numbers indicate stations, blank arrow pairs inmediately external of each
diagram are the horizonial projections of the inferred compression and extension directions. A) Cengelli
fauit, B3} North Tepekdy fault, C) South Tepekdy fault, D) Marefte fault. Numbers in the key: 1) single set of
normal mesofaults, ticks in hanging walis 2) conjugate sets of normal mesofaults, ticks in hanging walls, 3)
single set of reverse mesofaults, ticks in hanging walls, 4} single set of granulalion seams, 5} conjugate sets of
granulation seams, 6) single set of joints, 7} conjugate sets of joints (from Erkal, 1983 Figure 4.15).

gozbniine alinarak disey atim: da olan sag-
yvarnal dogrulta atunh bir fay oidugunu kabui-
lenmek, geometrisi itibariyvie uygun goral-
mektedir. Bununla beraber Miirefte ile Ga-
zikdy arasmdaki DKD-BGB uzammb baz
kitctik norma! faylarin diisen bloklarnmn
giineydogu (deniz) tarafinda bulunmasy
Mirelte faysmn disey atimimun oldufunu ve
kara bélamaniin yitkselen blok olmasi gerek-
tigi gortistinid kuvvellendirmektedir. Ancak
Stelenmis asimm sekilerinin tiltlenmeleri,
fay bloklarnm geriye rotasyonlarmm oldu-

gunu ve XD-GB uzamml: baz: normal faylann
kasik faylar (listric faulis) olabilecefini akla
getirmektedir (Hancoek ve Erkal, 1990

KB-GD UZANIMLI NORMAL FAYLAR

Haritalanabilir 8lgekteki normal laylar
Gimey Tepekoy fayinin giineyinde yaygin ola-
rak goriilmektedir (Sekil 4). Bunlarmn dagih-
mina iliskin ayrmtilar ite Kuvaterner yash
asmnm ve birikim sekilerinin Slelenmeleri
ve {iltlenrnelerine iliskin bilgiler ise Sekil 5
de verilmekiedir. Sekilerin Gazikdy gibi baz:
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Sekil 41 Cahsma alarundaki neotektonik faylar. A) Cengelli fay1, B} Kuzey Tepekdy fay1, C) Giney Tepekoy
fay1, D} Miirefte fay1. 1) Normal fay (centikier diigen biok tarafindadir), 2) dogrultu atzmlh fay, 3) karakteri bi-
linmeyen fay, 4) Neojen ve Kuvaterner arazi, 8) Neojen dncesi arazi (Erkal, 1683 Sekil 4.8'den degistirilerek).

Figure 4. Neoteclonic faults in the studied area. A) Cengelli fanit, B) North Tepekoy fauilt, C} South Tepekdy
fanit, D) Miirefle fault, 1) Normal fault #icks on downthrown side), 2) strike-slip fault, 3} fault of uncertain

character, 4) Neeogene and Quaternary terrain, 5§ pre-Neogene lerrain (afier Erkal, 1983 Figure 4.8).

yerlerde icerdikieri fauna nedeniyle Kuvater-
ner‘in Akdeniz stratigrafisindeki ik bir dé-
nemi karakterize ettigi kabul edilerek deni-
zel olduklan ve biiyik bir olasihikla Tyr-
rhenian (Orta Kuvaterner) yast verilebilecegi
Nutall {1982) kigisel gorisme} taralindan
belirtilmektedir.

Haritalanabilir 6lgekteki normal faylara
ek olarak, uzanmnlar: BRB-DGD ve KKB-GGD
arasmda degisen orta-oleek (mesoscale)
normal fayiar da saptanmstir (Sckil 41

Ayrica orta-6lgek bu normal faylarm uzam-
mma yari paralel konumda catlaklar da ol-
dukca yaygindir, Ancak Miyosen istifinin
gevrek kumtaslarinda KB-GD uzammh, ¢
ayr: set olusturan bu fay ve ¢atlaklarn hep-
sine birden aym goziem yerinde rastlamak
herzaman olas) degildir. Angelier (1989)in
gbériistine gore bilesik fay setleri oldukca
yaygin formlar olmasma karsin, hemen he-
men dik konumiu, makasianma ile iliskisi
saptanamayan liciined form ise a¢iima ¢atla-
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$ekil 5: Haritalanabilir ve orta-8igek normal faylar ile Kuvaterner yasl aginim ve birikim sekilerini
gésterir harita, 1) Faylarin ve ¢atlaklarin stereografik izdiigiimleri (Oklar agilma yoniinit géstermektedir), 2)
normat fay, 3) dogrultu atimh fay, 4) Kuvaterner agmin sekisi, 5) Kuvaterner birikim sekisi (Erkal, 1083,
Sekil 4.14, 5.12 ve 5.21'den dedeme).

Figure 5. Map-scale and meso-scale nermal faults and Quaternary aged erosional and depositional terraces.
Stereographic projections of the mesofaults at the localities marked with a small solid circles. 1) Stereoplot
of mean attitudes of normal fault and fracture sets with interpreted horizontal extension trajectory. 2) nor-
mal fault, pecked where uncertain, 3} strike-slip fault, 4) Quaternary erosional terrace, height in metres, 5)
Quaternary depositional terrace, height in metres {Compiled from Erkal, 1983 Figures 4.14, 5.12 and 5.21).
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Sekil 6: Hogkdy'iin 1.5 km BKB'sinda, kumiaglan icinde gézienmis granidasyon damarlar ve oluginrdugn

orta-dlcek normal faylar. Olcek yaklagik 5 em'dir.

Figure 6: Conjugate sets of normal mesofaults formed by granulation seams, in the sandstones, about 1.5 km

WNW of Hoskdy. Lid of camera is about 5 cm.

g durumundadwr. U¢ setin birarada bulundu-
gu yerlerde setler biraz egimienmis olup cogn,
normal faylar olarak gortilar, Bu durum Ay-
din ve Reches {1982)e gore ¢ boyvulu bir uza-
mm alammn {strain fieid} etkisini yansit-
maktadir.

Miyosen istifinin gevrek ve yiiksek gdze-
nekli kumtaslannda gidzlenen oria-digek
normal faylar, kkeninde hacim artrnasmun
oldugu, genislikleri mm-cm arasmda degisen
zonlardwr. Sézkonusu hacim degisimi faym
olusumuna baglh olarak tane boyunun kiigtii-
mesini saglamakta, boéylece ortaya ¢ikan
vapisal form, ¢evresindeki kumtagina gore
daha cok sertlesmis bir zonu olusturmak-
fadir {Sekil 6}, Pittman {1981)m "grand-
lasyon damarlan” (granulation seams},
Aydmm ve Johnson (1983)1n "deformasyon

bandlary” {deformation bands) adim verdigi
bu tiir yapilar, bunlann kdkenini aragtiran
Jamison ve Stearns {1982] ile Underhill ve
Woodcock {1987)a gore bir dizlem hoyunca
olusan kaymanin sertlestirdigi yiksek
gézeneklt kumtaslanimn smrladig: bir fay
cesididir. Calisma alanmda gozlenmis olan
ve yazar tarafindan graniilasyon damarlar:
adi benimsenen yapilar ise Aydmn ve Johnson
{1983} mkilere ¢ok benzermekie olup bunlarn
bir kisminda kayma goézleyebilmek olanak-
sizdsr {Sekil 7). Bu durumda grantilasyon da-
marian diisitk permeabilitelerl nedeniyle
yeralli suyu hareketine karst bir bariyer
olusturmus gibi goriinmekiedir. Cinki gev-
rek kumtasiannmn damarlar boyunca daha
cok sertlegmeleri genellikle ¢evredeki kurnun
harekelini durdurmaktadir.
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Sekil 7: Miurefte'nin yaklagtk 5 km BGB'sinda, kumtaslam iginde gozlenmis, stun goéstermeven
granidasyon damarlarimn olugturdugu bilestk setler. Olcek 30 cm'dir.

Figure 71 Conjugale sels of granulation seams which lhey do niot contain offset, in the sandstone, about & km
WEBW of Mtrefte, scale 30 cm.

FAYLARA ILISKIN YORUMLAR

Bir dogrultu atiml: fay sisteminde ana ize
(main trace} verev olarak katilan ikincil
dogrultu atimi: faylarin ana izle olan ilis-
kileri dogadaki érneklerinden ve Iaboratu-
var deneylerinden gayet ivi bilinmektedir
(Bartlett ve dig., 1981; Harding, 1985; Wood-
cock ve Fisher, 1988). Gercekle bu tiir
orneklere KATFnm Anadolu Yanmadasin-
daki bagka kesimierinde de rastlanmisiir
(Barka ve Hancock, 1985; Sengér ve dig.,
1985). KATF gibi bir makasiama zonundaki
ikincil faylarin mekanik yonden yorumlan-
malari, zonun her iki tarafinda birbirlerine
gére ¢ift olusturmalarina baghdir. Analiz-
lerde daha sonra ikincil faylarm fay kusag
ile yaptifa ag1 ve makaslama durumuna gore
degerlendirmesine gecilmektedir. fkincil
faylar ile fay zonu arasmndaki acisal
fligkiler, fay zonu boyunda ve bu fay zonu
icindeki harekel sirasinda "hasit makasla-
ma”, "transpresyon” {verev sikistirma} veya
"transtansiyon”un {verev a¢ilma) olup olma-

masma bagh olarak degisir, Sanderson ve
Marchini (1984}ye gore bir basit makasiama
yerine gayet {ranspresyon olmussa normal
olarak 45°den bityik bir dar a¢: sdzkonusu
olur ve normal fay gibi acilma/gerilme yapi-
lanmmn (extensional siructures) gelismesi
beklenir, Bu durumda R, Riedel yirtilmalar:

(Riedel shears) 15° den. R, Riedel yirtilmalar:
ise 75° den biiyiik dar agilarla olugsacakiir,

KATF'mn, Gazikdy-Sarkdy yoéresini kap-
sayvan ¢alisma alamunda bir sitkistiran bitk-
Iimm olusturmasina bagl: olarak ikinecil fay-
lar ile fay zonu arasmdaki agisal iliskilerin
bir transpresyonun karakteristiklerini gos-
termesl beklenir. $ekil 4'de gbrilecegt fizere
R, Riedel yirtilmalarmin KATFmn ana
iziyie oluglurdugu ac: dar ac1 olup 15° degii,
daha biiyltk agilidir ve 30-80° arasinda
degismektedir. R, yirt:simalar: olarak yorum-
lanan sol-yanal dogrullu atimb favlar ise
KATF'nm ana iziyle 75° degil, daha bifyiik
{80-120°) agilarla konumlanmakiadr.
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KATF'mn ana izine yan paralel konumda
uzanan, sag-yanal Otelenmeli birkac
virtillma ise "Y wirtilmas)” {Y shear) olarak
yorumlanmaktadir. Ciinkii Cengelli, Kuzey ve
Giiney Tepekdy faylan sag-yanal dogrultu
atumh faylar olup, KATF'nin ana izi ile orta-
Iama 10° lik bir aq olusturmakiadular ve "P
yvirtilmalar:” olarak kabul edilmekiedir.
Gizlenen 10° lik a¢: bir "basit makaslama
kusagl” {simple shear zone) icin bekienen P
yirtilmalan deferinden 5° daha kiictiktir ve
transpresyon olugturan KATF'mn Gazikay-
Sarkdy yotresindeki hareketine de uymak-
tadr {(Hancock ve Erkal, 19903,

Orta-dl¢ek yapilar icin Slgiun yaplan se-
kiz gozlem verinde saptanan orta-8leek nor-
mal faylann yapilan mezoskopik yap: ana-
lizlerl KB-GD uzammh normal faylardan
elde edilen agilmaya uygun yonieri vermekte-
dir {$ekil 5). Bu agiimamn ydnii, KATF'mn
ana izi fle 12° lik bir a1 olusturmaktadr.
Fakat makaslamamn basit tirde olmasi
halinde a¢imin 45° olmasi beklenir. Trans-
presyon durumunda ise aym seyin daha
kii¢lik bir ag1 He gerceklesmesi gerekir. Hal-
buki KB-GD uzamml normal faylardan
yvapilan gézlemler, bunlann KATFmn ana
iriyle 45° lik degil, 78° lik bir ag1 olusturdugu
ve aym olaym bir benzeri oldugunu goster-
mektiedir. Buradan KB-GD uzammh normal
faylann uzamm ydnlerine bakilarak KATF'
mn bdlgede bir transpresyon olusturdugu
diistincesine vanlabilir, Bdylesi bir acikiama
ise KB-GD uzamml normal faylarm kdékeni
icin kugkusuz tek segenek olamaz, diger
segenekier ise yeni béliimde verilmektedir.

BOLGESEL TEKTONIK UZERINE YORUMLAR

Caligma alam iginde rastlanan KB-GD
uzamml normal faylann kékeni, olusumu
ve tektonik rejim i¢indeki yerleri itibariyle
bélgesel nitelikte ¢ segenekli goriis
{iretilebilir,

1} KB-GD uzanmh normal favlar, KATP
boyunca ve fay zonu iginde transpresyon
sirasinda olusan bir uzamm alam {strain
field) mn ikincil {ritnleridir. Buna iliskin
actklama daha Once aynnidarmyla verilmis
olup, bu digimceye gére KATF'mn Marmara
Bélgesi'ndeki ii¢ kolundan biri olan kuzey

kolunun bafi ucundaki sikisthiran bdkliim,
KATF'mn Gazikdy-Sarkoy kesimiyle uyus-
maktadir.

2) Barka ve Kadinsky-Cade (1988)'e gore
KB-GD wzananh normal faylar, Marmara De-
nizi'nin kuzeyinde yeralan normal faylardan
birinin kara kesiminde kalan koludur. Bu
¢alismacilara gore D-B ve BKB-DGI arasmda
uzanan bu normal faylar Marmara Bjlge-
sinde kabaca D-B, bati béliimiinde ise DKD-
BGB olarak degisik bir dogruliuda uzanan
pull-apart havza serisinin acundaki faylan
olusturur. Giincel depremlerin fay diizlemi
cziimlemeleri (faull plane solution} (McKen-
zie, 1978; Jackson ve McKenzie, 1984} (Sekit
2], bilgede faylanma kaydediimemesine kar-
sin, calisma alamrin 75 km kadar doga-
sunda KB-GD uzamml faylar {zerinde nor-
mal fay hareketinin oldugunu gostermek-
tedir,

3} GazikOy-Sarkdy ydresindeki KB-GD
uzammh normal faviar, KATF'run kuzey ko-
lunun kuzeyinde yeralan Ergene Havzasy
altinda olustufu McKenzie (1972, 1978) ile
Dewey ve Sengdr (1979} larafindan kabul edi-
len, Makedonya-Karadeniz bloklarim bir
acimayla ayirdig diisiindilen (puiative exten-
sional boundary} mikrelevha siurlaryla
ilgili uzamm alan: (strain field} nin bir
iriimiidiir {Sekil 2). Bu kuranun savanulacak
vam, Gazikdy-Sarkéy ydresinin ortalama
149° uzammh {aylan ile McKenzie (1972,
1978} ve Dewey ve Sengdr (1979} tarafindan
kabul edilen kuramsal simnn 145°%%k
uzammumn yakin paralellik géstermesidir,
KEATF'nun kuzey kolu fle iigili bu fikir, Ergene
Havzasimn tektonik rejimi igin umulan
giiney ssmindir. Sayet kuzey smur zaman za-
man kilitlendiyse, harecketin merkeze ve
giineye dogru transfer olmas: durumunda Er-
gene Havzas) reiimi herhangi bir sekilde
gimey yoniinde bir agilmay: saglams da
olabilir. Ger¢cekie KD-GB dogruitulu gerilmeyi
iceren "Ergene Havzas: acilma rejimi”, Ana-
dolu'nun batiya kagisim saglayan KKB-GGD
ile K-G arasimnda degisen gerilme icinde Bata
Anadolu'nun acilma rejimiyle birlikte
gerceklesmis olabilir (Sekil 1) (McKenzie,
1972, 1978; Dewey ve Senglr, 1979; Hancock
ve Barka, 1987}



Trakya'da Normal Faylarm Olusumu

SONUCLAR

Sag-yanal dogrultu atsmlh KATF'mn Trak-
yva'daki GazikOy-Sarkdy bolama, Neojen-
Kuvaterner ¢Okel istifi ile Ge¢ Kuvaierner
agmun ve birikim sekilerini Steleyen, XB-GD
uzammh, haritaianabilir ve orta-dlcek
bi-lesik normal fay sistemi icermekiedir.
KATF'min daha dogu boliimlerinde goézle-
nemeyen bu neotektonik normal faylar,
RATF'nin Trakya ve dogu béltmlerinde ka-
rakteristik olarak R,, R,. P ve Y gibi dogrultu
atunly ikincil yartilmalar igceren KATF zonu-
na yakiasik dik a¢: fle uzanmakiadarlar.

BATF'min Trakya'daki DED-BGB uzam-
mimn KB-GD uzamml normal faylarmn
varhgiyla iliskin durumu ise g sekiide
aciklanabilir.

a) KB-GD uzammli normal faylar, {rans-
presyonu denetieyen zon igindeki ikineil ge-
rilmelerle iliskili yapilardir. Bu yiizden bu
faylann KATF ile yaptikiar: acgilar 45° den
daha ¢ok olup, orialama 78° olarak gdriil-
mektedir.

b} KB-GB uzanimh normal faylar, Marma-
ra Denizi aliinda uzanan ve KATF'rin kuzey
koiu iginde gelismis pull-apart havzalar
dizisinin ueclanm olusturdugu ditsiiniilen
normal favlarin kara tarafinda kalan
uzantilandir.

¢) KB-GD uzanmimh normal faylar,
EATF'mn kuzey kolunun da kuzeyinde yera-
lan Ergenc Havzasi’mn altinda uzandig: var-
sayillan KB-GD uzammi mikrolevhalarn
agilma smnyla {extensional microplate
boundary} iligkili bir uzamm alam {sirain
field} drimleridir. Béyle bir uzamm alamnda
sayet zaman zaman kiliflenme olduysa, ha-
reketin orta ve giiney kola aktanlmas: duru-
munda KATF n kuzey kolunun ghneyinde
kalan ¢alssma alanim etkilemesi clagandir.
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ONUR KOSESI

1991 YILI "TPJD 6DI'JL§'J" _
DURSUN ACIKBAS'A VERILDI

Dernegimiz tarafindan her yil verilmekie
olan "TPJD Odalii"ntn dérdanclsit TPAO
Arama Grubu Bagkam Sayin Dursun ACGIK-
BAS'a verildi.

Yoénelim Kurulumuz'un 14 Nisan 1982
tarikli toplantismda;

Tiirkiye'deki petrol aramalanna yoénelik
her torliyr calismay: desiekleyerek katiln
saglama cabalar, TPAO'nun ve Turkiyenin
peirol arama polilikasimda yveni allernatifler
yaratma cabalan, TBJD'nin gelismesinde ve

flerive gilmesinde, sorunlarm asilmasmda
defferli ¢caba ve destekleri ile drnek bir ara-
mac: kisilifine sahip olan Sayin Dursun
ACIKBASa 1991 vilh "TPJID Ozel Odiilir'niin
veriimesi kararlas{inlmastir,

Halira plakeii ve ghmis labakian olusan
1891 yi1 "TPJD Ozel Oduld” TPAO Genel
Midorta Saym Okan OZDEMIR tarafindan
Saymn Dursun ACIKBAS'a 9 Mayis 1992'de
TPAO kafeleryasinda yapilan TPJD 33, Yils
Gecesitide verilmistir,




BILIMSEL VE SOSYAL ETKINLIKLER

SUNGURLU SEMPOZYUMU YAPILDI

Ozan Sungurlu Bilim Egilim ve Yardimm
Vakfi laralindan diizenlenen "Ozan Sunguriu
Sempozyumu” Ankara Hilion salonlarinda
yapilmustir. Dernegimiz fyelerinin bircogu-
nun da tye oldugu Ozan Sungurlu Bilim, £§i-
tim ve Yardmm Vakf{imn ilk kez diizeniedigi
sempozyurn yurticinden ve digindan yogun
ilgi gérmisttir. Baganlanmn ve peirol ara-
macidgina kaiky koyacak cahsmalanm de-
varmn dileriz.

ARAZI SONU KOKTEYLI

15 Kasmm 1991 larthinde Ankara'da TPAO
Kafeteryasmda diizenienen Arazi Sonu Kok-
teyli ve &ncelikie Ankara'da bulunan fye-
lerimnizin  katilirm olmustur, Uyelerimizle
degisik zamanlarda, farkli mekaniarda bir
arada olmak, hem fiyelerimizin kaynasmas:
hem de Dernek Yénetim Kurulu'nun etkin-
liklerini yonlendirmesi agisindan énem ka-
zanmaktadr.

BATMAN PETROLCULER GECESI

6 Aralk 1991 tarihinde TPAO Baiman
Bolge Midirlagh Kristal Park Salonunda
dernefimizin 33, Kurulusg Yilddéniimiy'ni kut-
lamak amaciyla Peiroletler Gecest diizenien-
mistir, Batman Orkestras: eglifinde M. Al
ERBIL-Cigdem TUNC ikilisinin gosterileri ve
Gilnur TUGCEnn yasaltig miizikli saatler,
Batman'daki ttyelerimiz ve katuan peirol ca-
mias: tarafindan takdirle karsilanmastir,

ANKARA PETROLCULER GECESH

TPJD Ankara Petrolciiler Gecest 9 Mayis
19892 iarikinde T.P.A.O Salonlannda vapil-
mugtir, Gecede, 15, 25 ve 30 yilin doldurmus
fiyelerimize  6d{l plaketler! He 1991 yils
TPJD sdiili verilmistir. Odiil alan fGyelerimi-
zin adlan agsafida verilmigtir,

TPJID Ozel Odiiliy
Dursun ACIKBAS

30. it Odiilii
Yilmaz DAGDELEN
Abdullah GEDIK
Mehmet GUREL
Sefa OZBEY

Ozcan OZMUMCU
Mehmet TOPKAYA

285. vit Odiilil
Turgut BOLGI
Ozkan GUMUS
Mustafa P. KOKCUO

15, Yil Odiidit

Erdal AHISEA
Rusen ERSQY
Alaattin METE
Hasan ONCU

Hasan OZBAHCECT
Ziynet SIMSEK
Ahmet TOSUNKARA

9. PETROL KONGRESI YAPILDI

Tirkiye 9. Petrol Kongresi 17-21 Subat
1992 tarihleri arasinda Ankara Hilion salon-
larinda yapsimustir,. TMMOB Jeofizik Mith,
Odas) ve TMMOR Petrol Mith. Odast ve Der-
negimiz tarafindan ortaklasa diwzenlenen bu
kongre ¢ok kisa hazirhik siiresine ragmen,
Ditzenleme Kurulunun Ozverili ¢calismalarsy-
la basanh olarak tamamlanmstir. Kongrede
sunulan 137 bildiriden 834 TPJID dyeleri ta-
rafindan verilmisiir.

OZAN SUNGURLU'yva TUBITAK HIZMET
¢ pULU VERILDI

Bilim adamlarimin mitshet bilimierinin
temel ve uygulamals alanlarnndaki seckin
arastirma ve hizmetlerini degerlendirmek ve
bir tesvik unsuni olmak tizere, TUBITAK ta-
rafindan her wil verilen Bilim, Hizmei ve
Tegvik odillerinden 1991 Hizmet Oditli 14.
12, 199i'de M. O, SUNGURLU admna kst K.
Sungurlu'va verilmigtir,



ULUSLARARASI ETKINLIKLER

1992
21-24 SUBAT
TURKIYE 9. PETROL KONGRES],
Hiiton-ANKARA,

Petrol Jeologlar: Dernefi, Petrol Miithen-
disleri Odas:, Jeofizik Mithendisleri Odas,
Ersin Us, T.P.A.O. Mustafa Kemal Mahallesi
2. Cadde No. 86, 06520, ANKARA.

FEBRUARY 23-27

FIRST SOUTH ASIA GEOLOGICAL

CONGRESS,

ISLAMABAD-PAKISTAN.

Contact : Hilal A, Riza, Director General,
Hydrocarbon Development Institute of Paki-
stan, 230 - Nazimuddin Road, F-7/4, PO Box
1308, ISLAMABAD-PAKISTAN.

24-27 SUBAT

45. TURKIYE JEOLOJI KURULTAYI,
T.M.M.O.B. Jeoloji Mithendisleri Odasi, AN~
KARA,

MARCH 30 - APRIL 1

4th CONFERENCE ON PETROLEUM GEQL-
OGY of NW EUROPE, LONDON, ENGLAND,

Contact ! Petroleum Gelogy of NW Europe
Conference 1992, Conference Associates &
Servecis LAd., Congress House, 55 New Ca-
vendish Street, London, England WIM 7RE.
APRY, 6-9

7th INTERNATIONAL SYMPOSIUM ON
SALT, KYOTO-JAPAN,

Contact : Secreterial, ¢/o Japan Tobacco
inc,, Sall Administration Headquariers, 8 th
Floor, Shinkasumigaseki Building, 3-2, Kas-
umigaseki 3-Chome, Chivadoku, TOKYO 100,
JAPAN,

APRIL 6-10

XVII GENERAL ASSEMBLY OF THE EURO-
PEAN GEOPHYSICAL SOCIETY, EDIN-
BURGH, SCOTLAND.

Contact ; EGS Office, Postfach 49, 3411
Katlenburg-LINDAU, FEDERAL REBUBLIC
of GERMANY.

JULY, 13-18

7 th INTERNATIONAL SYMPOSIUM ON
WATER - ROCK INTERACTION, PARK CITY,
UTAH, USA. Followed by a field trip io Yel-
lowstone National Park, WYOMING, July, 19-
22, :

Conlact : Yousif Kharaka, Secretary - Gen-
eral, U.5. Geological Survey, MS 427, 345
Middlelield Road, Menlo Park, CALIFORNIA
24025, U.SA.,

JULY, 1-8

EUROPEAN ASSOCIATION OF EXPLORA-
TION GEOPHYSICIST {5 ih Annual Meeting),
PARIS, FRANCE.

Evert Van der Gaag, EAEG Wassenaarseweg
22, NL-2596 CH THE HAUGE, THE NETHER-
LANDS,

JUNE 28-JULY 1

PALEONTOLOGY {5th North American
Convention), CHICAGO, 1ISA.

Dr. Peter R. Crane, Field Museum of Natu-
ral History, Roosevell Road at Lake Shore
Drive, CHICAGO, 1i. 60605-24986, 1ISA,.
AUGUST 24-SEPTEMBER 3

INTERNATIONAL GEOLOGICAL CON-
GRESS (28th}, KYOTO, JAPAN.

Dr. Tadasahi Sato, Chairman, Japanese
National Committe on Geology, Inst. of Geos-
cience, The University of Tsukuba, IBARAKI,
305 JAPAN.

7-11 EYLUL

KARADENIZ BOLGESI JEOLOJIST ULUS-
LARARASI SIMPOZYUMU, ANKARA,

1SGB Sekreteriigi, MTA Genel Midiirlaga
06520 ANKARA.

13-16 EXKIM

1. ULUSLARARAS] DOGU AKDENIZ JEO-
LOJISI SIMPOZYUMU, ADANA. _

Cukurova Universitesi Mih. Mim, Fak. Je-
oloji Milhendisligl B&lama 01130 BALCALI-
ADANA.

OCTOBER 26-29

GEOLOGICAL SCCIETY of AMERICA, {An-
nual Meeting), CINCINATI, OHIO, USA. :

Meetings Department, GSA, P. O. Box 9140,
BOULDER, CC 80301, 1I8A,

1993
OCTOBER 17-20
AAPG INTERNATIONAL CONFERENCE
and LXHIBITION, THE HAGUE, THE NETH-

ERLANDS,

Gen. Chmn., Roelof 8. Murris, Shell Inter-
national Petroleum, P.O. Box 162, 2501 AN,
THE HAGUE, THE NETHERLANDS.
OCTOBER 25-28

GEQOLOGICAL SOCIETY of AMERICA {An-
nual Meeting), BOSTON, MASS., USA.

Meetings Department GSA P.O. Box 9140,
BOULDER, CQ 80301, USA.




YAYIN TANITIMI

TREATISE OF PETROLEUM GEOLOGY

Edited by L.J. Doyle and H, H, Roberts,
1688, Vol. 1 - 7. AAP.G. Tulsa-OK., USA.

AAP.G. taralindan yaymnlanan ve editor-
igimi Norman Foster ve Edward Beaurmont'
un yaptify "Treatise of petroleum Geoloy” seri-
si 17 kitaptan olusmaktadr. Bu seri pelrol je-
olojisinin biittin konulannda yazilrms ¢esith
makaleler fle kltaplardan ahnmis dnemll
konulan icermektedir. Bu makaleler genis bir
yayin kurulu tarafindan titizlikle secilmis ve
konulanna gére de sumflandimmimiglardr. 17
kitapta toplam 443 makale yer almaktadar.
“Treatise of Petroleum Geology" serisi petrol
jeologlanmn her zaman el aliinda bulundur-
malan gereken ¢ok dnemli ve yararh kaynak-
larm basinda gelmektedir. Bu kitaplarda yer
alan konu ve makalelerin ana bashklan
sunlardir.

1. ve 2. kiHaplar :
sinflamasi, modelleri, stratigrafileri, deger-
lendiritmeleri, bu havzalardaki kaynaklarnn
tahmin edilmesi ve diinya pejgol ve dogal gaz
yatskiannm bulunuslan {48 makale).

3, ve 4. kitaplar: Rezervuaariar I-II-II ;
Rezervuarlarin genel 08zellikleri, bosluk
geometrisi, permeabilite, akiskanlar, basing,
catlaklar, tiretim jeoloiisi kumtaslan, kum-
taglarimin  ¢bkelme ortamlan., kumtaslan-
nin diyajenezi, karbonatlar, karbonatlann
cbkelme ortamlan ve karbonat diyajenezi (76
makale).

6. ve 7. kltaplar; Kapanlar ve Ortii Kayaglar
I-11: Yapisal kapanlar, Hidrodinamik kapan-
lar, stratigrafik kilcal kapanlar, ortit kayac-
lar: {42 makale).

8. kitap: Jeokimya : Petroliin bulunusu, ana
kaya degerlendirmesi, migrasyon ve ylizey
jeckimyas: {35 makale).

9., 10 ve 11. kilaplar; Yapisal Kavramiar ve
Teknikler I-1I-1I: Temel kavramlar, kivrim-
lanma, yapsal leknikler, sikima ve gerilme
deformasyonlarn, dogrultu atimh faylar,
temel deformasyonlan ve {uz tektonigf, (93
makale).

12, ve 13. kilaplar: Formasyon / Log
degerlendirmeleri I-II:  Genel ozeillikler, Rezis-
tivite, SP, Gamma - Ray, Porozite, Dipmeter
loglar, kuyu testleri, yorumlama ydniem-
leri, catlak hazneleri, rezervuar sicakligy, ana
kaya degerlendirmesi (89 makale).

14., 15, 16. ve 17, kitaplar: Jeofizik I-II-III-
IV: Sismik yéntemler, sismik yontemlerin yo-
rumlanmalari, stratigrafik yorumlamalar,
gravite, manyetik ve magnetotelllirik yon-
femler {85 makale). Sadettin Korkmaz

K.T.U. Jeoloil Mith. Bolimi

Jeoloiik havzalarin -

DU
PHBIOMARKERS FOR GEOLOGIST-A
PRACTICAL GUIDE TO THE APPLICATION
OF STERANES AND TERPANES IN
PETROLEUM GEQOLOGY: AAPG METHODS IN
EXPLORATION, NO.2 by Douglas W. Waples
and Tsatomn Machihara: AAPG Publication,
Tulsa, USA, 91 s. {1991},

Petrol aramacihfinda biyomarker(biolo-
gical marker} uygulamalanmn baslangic,
Alman kimyacisy Triebs'in 19301u yillarda
porfirin molekiiliinii ham petrolde buil-
masina dayarur. Uygulamalann dénemi gaz
kromatografi-kiitle spektrometresi (GC-MS}
teknolojisinde son on-onbes yilda yaganan
gelismelere paralel olarak biyiik ilerlemeler
kaydetmigtir.

Kitabn 1. Bolimit biyomarker kavrami
icin gerekl olan sterokimyasal konfigiiras-
yonlara {configuration) aynlmsg, 2, Béliimde
ise okuyucu biyomarkerlerin koékeni hak-
kimnda aydinlafslmastir. 2. Bolimde kisaca
GC-MS ile yapilan biyomarker analizierine
6z olarak deginilmigtir. Cesitli biyomarker
olgunluk parameliereninin tartisiidigs 4.
Béltrmde, bu parametrelerin petrol ara-
macihifindaki kullammlan yeterli ve yeter-
siz yonleri ile verilmistir, Cokelme ortami,
litoloji, yas, tuzluluk ve organik madde tipi
gibi kaynak kaya oOzelliklerine hassas biyo-
markerlan drinekieyen 5. Bbltimf biyodegra-
dasyon degerlendirilinelerinin igerildigi 6.
Bsliim takip elmekiedir, Diinyanmn Gnernli
petrol basenlerinde sec¢ilmis petrol-petrol,
petrol-kaynak kaya korelasyonlart ise
kilabin 7. ve son Baliimini ohisturmaktadir,
Ancak, kitap az sayida {203) referansla sona
ermektedir.

Kitap, verilen bitin gizel Orneklere
ragmen bir {est kilaln olmaklan uzak. Ancak,
biyomarker konusunda tecriibeli ohnayan
peirol jeologlarina ve petrol jeolojisi (maale-
sef Tiarkiye'de pelirol jeokimyas: O4gretil-
miyor) 6grenimi veren Universitelerimize el
kilab olarak yararl olacag inancmdayim.

Kadir Giirgey
TPAQ Arastirma Merkezi
068520 Ankara



YAZIV KURALLARI

1.

TPJD Biilleninde yer alacak imakaleler
asagidaki niteliklerden en az birisini
tagimahdr.

a) Yerbilimlerine, Szellikle de petrol,
dogalgaz ve jeotermal enerji konulann-
dan birine, yeni bir katkisi bulunan
aragtirma.

b) Yerbilimleri alaninda bilimsel yodn-
temlerle yapiloms Gzgfin sonuclan olan
bhir cahsma,

¢} Yerbilimlerinin, &zellikle petrol,
dogalgaz ve jeotermal enerji konulannda
daha énce yapilmus ¢cahsmalan elestirici
bir yaklagimia ele alan, o konuda yeni bir
gorits ortaya koyan elestirii derleme
(critical review).

d) TPJD Billteni'nin en son sayisinda yer
alan herhangi bir yazimun, timindn veya
bir boRimiintin elestirisi nitelifinde olan
yazilara Biilten'de yer verilir, Makale ya-
zarrmmn elegtiriyi cevaplamas: durwmmun-
da, cevap yazs ile elestiri yazis: birlikie
yaymlanir,

TRJD Biilteni yida 1 (bir) kez Arahk
ayinda yaymlanr., Yénetim Kuruli, aym
yi iginde ikinci yaymn kararmm verme
yetkisine sahiptir.

TPJD BaHeninin yayvin dili Tiirkce ve
Ingilizce'dir. Ingilizce yazilarda Ab-
stract'tan sonra Tiirkce Oz bulunmahdir,
Tirkce yazamayan yabanc: yazarlarm Oz
kismm icin gerekli ceviri TPJD tarafindan
yapiiir,

TRJD Bidtenimde yavinlanacak makalel-
erin, Tirkee olarak daba 6nce herhangi
bir yerde yayinlanmamms olmas: sarthir,
Daha Once yabanci dilde yaymmlanmms
olan makaleler petrol, dogalgaz ve jeoter-
mal enerji konulanmn aramacihifum
dogrudan ilgilendiriyorsa Tiirkge olarak
TPJD Biilleni'nde yayinlanabilir,

Yazar{lar} makalenin daha once herhangi
bir yerde yaymlanmadigim yazih olarak
bildirmek zorundadir.

Yaymlanacak makalelerin tiim haklan
TPJD'yve ait olup, makaleler geri gbnderil-
mez, Yayma kabul edilmeyen makaleler
yazar{larla génderilir.

7.

8,

a)

b)

Makaleler 1 {bir} asil (7i¢} kopya olarak
ditzenlenip ghindertimelidir.

Tirkce gonderilecek makalelerin Baghk
ve Oz bolimlerinin Ingilizceleri mutlaka
verilmelidir. Yazar{lar}in adresleri-
invanlan belirtilmeden -kurulug ad-
larmda kisalima olmaksizin ve baska
dile ¢evrilmeden yazilmabdir. Adresler
ik sayfarun altinda verilmelidir.

TPJD Balteni'ne goénderilecek makaleler
agsagidaki baghk sirasim izlemelidir.
TURKCE BASLIK

INGILIZCE BASLIK

Yazar(lar)

Oz

ABSTRACT

250 sozei gl geememelidir,

GIRIS

ANA METIN

Bu bashk rullambmaksian ana metne
gecilmelidis,

TARTISMA :

Gerekli oldugu hallerde, yapimahdir,

SONUCHLAR)
KATKI BELIRTME

DEGINILEN BELGELER

Bu bolimde yalnizea melin igerisinde

deginilen cahsmalara yer verilecektir.

Deginilen belgeler asagidaki gibi ol-

makhidar.

Periyodiklerdeki makaleler,

Yalen, N., and Welie, D., 1988, The ther-
mal evolution of sedimentary basins
and signifance for hydrocarbon gen-
eration: Turkiye Petrol Jeologlan
Dernegi Biilieni, ¢.1, San. 1, 8. 11-26.

Sempozyinn, dzel basmn, kitap, tez, vs..

Debois, D., and Prade, ., 1988, Possiblity
theory : New York, Plenum Press, 263
p.

Kuru, F., 1987 Mardin - Derik yorest Ust
Kretase vash birimlerinin plankto-
nik foraminiferalarla biyostratigra-
fi incelemest: Yiiksek Hsans tezi, An-
kara Universitesi Fen Fakiiltesi,
Ankara, 107 s,
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10.

1L

12,

Kozlu H., 1987, Misis - Andirmm dolay-
lanimn stratigrafisi ve yapisal evri-
mi : Tirkiye 7. Petrol Kongresi, bil-
dirileri, Ankara, s. 104-1186,

Aym yazar'a ait yasymlann her birinde
yazar soyadi ve adh yazlmalidir, Birden
fazla yazarl: belgelerde son iki yazar adi
arasma -Tirkge yazilarda- belgelinin ya-
ym diline bakimaksizin "ve" sdzceiigil ko~
nur,

Deginilen belgelerde, yavin adlanmn ya-
zmmda, karnsikug: Snlemek igin kisalt-
maya gidilmemelidir. Kisaltma yamla-
caksa "International List of Periodical
Tittle Word Abbreviations"daki kisalt-
malar kullamlmalidir,

EXLER

"pekil” ve "Tablo"lar metin icine konu-
labilir. Ancak, "Levha'lar mutlaka met-
nin sonundaki Ekler bélamiine konul-
malidir. Her tiirli: ¢izimin ash génderil-
melidir. Aksi durumlarda yaym kabuj
edilmez,

"SEKIL" "TABLO"

Her tiirla harita Grafikler

Her tiirlii kesit Denklemler

Korelasyon cizimleri Matematiksel
esitlikler

Arazi fotograllan Cizelgeler

Her tarid fotomikrograf. ievhalardaki
Fotomikrograflar "Foto" olarak degil,
"Sekil" olarak amlmalidir. Sekil ve
Figure soézcakleri kisaltilmamal: ve
biiytik harfl ile baslamalidir. Sekil ve
Figure sdzciikierinde $ ve F harfleri alt
alta gelmeli. Sekil numaralarmdan son-
ra ' igareti konmahdr.

TPJD Biltenime génderilecek makaleler
"Sekil", "Tablo” ve "Levhalar" dahil 40
sayfa ile smurlandinimistir,
Makaleler 29.7x21 cm'lik A4 boyui-
lannda kagitlann bir yiztine ¢ift arahkh
olarak daktile edilmis olrnalidr.
Kagitlarin ¢evresinde 2.5 em bosluk
birakilmalidar,

"$ekil”, "Tablo” ve "Levha'lar da A4 bo-
yutlarinda olmalidir.

13.

i4,

15.

16.

I~

18,

A4 BOYUTLARINI GECEN HICBIR SAYFA
KABUL EDILMEZ.

Sayfa numaralan kagitlann saf ali
kagelerine kursun kalemle yaziimalidar.

GCizimler siyah-beyaz basdacak sekilde
diizenlenmelidir, Thm ¢izimlerde ¢izgisel
Slcek kullamiimalidir. Cizimlerde yaz
karakterinde standartiara dikkat edil-
melidir.

TPJD Biilteni'nde yaymlanmak dzere
gonderilecek makaleler, bicim yéniyle
Yaym Sorumlusu ve Yaym Kurulu ta-
ralmdan, bilimsel icerik ve jeolojik uygu-
lamalardaki sonuglar: yéniyle de en az
iki makale inceleme Kurulu Uyesi ta-
rafindan incelenir. Makalenin hangi Ma-
kale Inceleme Kurutha Uyeleri tarafindan
degerlendirilecegi Yayin Sorumlusi ve
Yaym Kurulu Kararn ile olur. Makaleler
Yayinr Kurulu, Yayin Sorumliusu, Makale
Inceleme Kurulu Uyesi, ve TPJD Yénetim
Kuruly Onayn ile yayinlanir.

Yazar(lar) ile Makale Inceleme Kurulu
arasmmda makalenin yayim: ile ilgiii ola-
rak olusabilecek herhangi bir problemde
Makale inceleme Kurulu, Yaym Sorumlu-
su, Yaym Kurulu Uyelerinin yapacag or-
fak toplantida ¢ogunlugun verecegi karar
kesin ve nihai olur.

Makale géndermek icin TPJD fiyesi olma
zoruntulugu yokiur,

Peirol jeolojisi ile ilgili yaymlary tzen-
dirici kilmak amac: ile 1891 yilinda ma-
kale basma 100.000.- {Yiizbin) TL. édene-
cektir.

INSTRUCTIONS TO TAPG BULLETIN
AUTHORS

1.

Papers submitted to the "TAPG BULLE-
TIN" should meet at least one of the fol-
lowing criferia :

a} Criginal study in one of the subdiscip-
lines of earth science, especially oil, gas
and geothermal energy explorations.

b} Study which has original resulis ob-
{ained by using the scientific methods of
earthsciences.



¢} Critical reviews of previously published
papers, especially on ofl, gas and geother-
mal energy,

d} Discussions of all and / or part of pa-
pers published in the last TAPG Bulletin
are encouraged, and are published as soon
as possible along with the authors reply,

TAPG BULLETIN will be published in De-
cember once a year; however, the TAPG
Executive Commiltee has a right to decide
Lo publish the second bulletin within the
same year,

Languages of the TAPG BULLETIN are
Turkish and English, Papers written in
English must have a Turkish abs{ract af-
ter the English abstract. Turkish ab-
stracts of papers in English will be pre-
pared by TAPG if necessary.

. Author {s} must submit a statemerst indi-

cafing that the paper has not been previ-
ously published in any bulletin, journal,
etc.

All rights of papers reserved for the Turk-
ish Assoctation of Petroleum Geogists. If a
paper is not accepted by the Editorial
Board it will be sent back to the author{s).
Four {4} copies of manuscript must be sub-
mitted {one must be original).

English translation of titles and absiracts
of papers in Turkish must be included.
Addresses of author{s} should be written
in the original language without any ab-
breviation, and any professional title,
Addresses should be given under the first
page.

Papers are arranged accordingly :

TITLE {Turkish and English)

AUTHOR (s}

ABSTRACT {maximum 250 words)
INTRODUCTION

TEXT

DISCUSSSION {If necessary)

RESULT {s)

ABBREVIATIONS

ACKNOWLEDGMENTS

APPENDIX (es)

REFERENCES {only those references
mentioned in the paper should be given in
this section. Examples are showa below.:
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a} For papers in journals, serials, society
proceedings, etc;

Yaloin, N., and Welte, ., 1988, The ther-
mal evolution of sedimentary basins
and significance for hydrocarbon gen-
eration : Tirkiye Petrol Jeologlar:
Dernegi Biiltend, ¢:1, Sayr: 1, s:12-26

b} For symposium, special publication,

book, thesis, elc;

Debois, D., and Prade, N., 1988 Possibility
theory: New York, Plenum Press, 263
P

Kuru, F., 1987, Mardin - Derik y6resi iist
Kretase yaslhi birimlerinin plantonik
foraminiferalar'la biyostratigrafi in-
celemes] : Yiiksek lisans tezi, Ankara
Universite-si Fen Fakiiltesi, Ankara,
Tuarkiye, 107 s.

Kozlu, H., Misis-Andirin dolaylarmn
stratigralisi ve yapisal evrimi : Tirki-
ye Petrol Kongresl, Ankara, Turkey, s.
104-116

Same author's name must be written for
each paper. Abbreviations must be
aveided. If necessary, they should be in
accordance with standarts and abbre-
viations lsted in "International List of
Periodical Tittle World Abbreviations”
can be used.

"Figures” and "Tables” may be placed in
ihe text but "Plates” must be placed in the
Appendix fes),

FIGURE TABLE,

AH Maps Graphics

All sections Equations

Correlations Mathematical equations
Field Photos

PLATES

All photomicrograhps.Photomicrographs
must be mentioned as "Figures", instead of
"Photos”., "Figure” and "Sekil" words
should not be abbreviated, and should be-
gin with a capital letter. "F” and "$" letters
in words of "Figure” and "Sekil” must be
lined up. After the figure number the colon
of " must be used.
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10. Manuscripts are limited to 40 pages in-

cluding "Figures”, *Tables”, and "Plates”.

However TAPG Executive Commiitee has
a right to modify this regulation.

11. Manuscript must be typed on one side of
paper. 29. 7x21 cm. {A4}, consistently dou-
ble spaced {inciuding references and figure
captions), with only one space after peri-
ods.

-12. Hlustrations should be black and white
line drawings or good quality photo-
graphs. SubmitiFigures in final size to fit
one or two column "TAPG BULLETIN®
width, or broadside.

13.

14,

Manuscrpits are reviewed by managing
editor and publication board members for
the suitability to be published. Manu-
scripts will be edited by two members of
editorial board for the scientific content
and the results of its geological applica-
tions. Editors will be chosen by the man-
aging editor and publication board.

Disagreements between authors and the
editors will be resolved in the meeting by
the managing editor (s). The final decision
will be made on common vote bases.
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