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ABSTRACT

NEOTETHYAN TECTONOSTRATIGRAPHIC EVOLUTION OF SE
ANATOLIAN BASIN, TURKIYE

Tuncer, Mustafa
Doctor of Philosophy, Geological Engineering
Supervisor : Prof. Dr. Nuretdin Kaymakci

January 2023, 183 pages

The SE Anatolian basin constitutes the northern margin of the Arabian Plate in SE
Tiirkiye and contains a continuous sedimentary succession from the pre-Cambrian
to the recent. It has evolved mainly into four tectonic phases, the first phase includes
the Pre-Cambrian to Permian continental platform stage that constitutes the core
sequences of the Arabian platform and is represented by continental to shallow
marine, and deep marine deposits, the second phase includes Triassic to Jurassic rift-
drift stage of the Neotethys ocean and the basin acted as a passive margin during this
stage and characterized by shallow marine deposits with occasional continental
deposits in places. The third phase is represented by shallow marine and deep marine
deposits and it involves the subduction of the Neotethys mainly during the late
Cretaceous and ophiolite obduction at the rim of the Arabian Plate. The fourth
sequence includes the terminal closure of the Neotethys and the collision of adjacent
continental blocks. This sequence is represented by regressive deep marine to

shallow marine and continental clastics.

Overall Upper Cretaceous to Recent basin-fill units are characterized by northwards
thickening wedge-shaped geometry such as Upper Cretaceous deep marine Kastel

Formation, Upper Cretaceous-Paleocene deep marine Germav Formation, Lower



Miocene shallow and deep marine deposits and Upper Miocene continental clastics.
This northward thickening of the basin fill deposits suggests flexural basin
development, rapid subsidence, and the creation of accommodation space in front of

the thrust front mainly at its northern parts.

Apart from the basin infill of the SE Anatolian basin, several allochthonous units
such as the upper Cretaceous Karadut Complex and Kogali Ophiolite were emplaced
mainly along the northern rim of the basin. These units are related to an accretionary
prism growth during the subduction of the Neotethys oceanic lithosphere
northwards. The obduction is associated with deep marine units accreted within the
Karadut Complex and ophiolitic sequence fragments (Kocali Ophiolites) as well as
fore-arc sequences developed piggyback at the top of the growing accretionary
prism. They are characterized by regressive shallow marine to continental deposits
accumulated at the top of the growing accretionary prism. A basin-wide shallowing
and domination continental deposition almost everywhere in the basin is ascribed to
dynamic topography resulting from shallow subduction due to the subduction of the
mid-ocean ridge that caused regional uplift and subaerially emergence during the
Lower Eocene. The Lower Miocene deep marine deposits in the northern parts of the
basin become thinner towards the south in SE Tiirkiye. Abrupt southwards shift of
depocenter, wedge-shape geometry, and facies associations and their distribution
indicate peripheral foreland basin deposition as the continental collision took place.
The northern boundary of the Arabian Plate considerably contributed to the
development of an early Miocene flexural foreland basin. The Upper Miocene to
recent sequences is characterized by continental deposits and they unconformably

overlie all other units in the basin.

The structures that shape the present tectonic scheme of the basin are dominated by
compressional and contractional structures characterized dominantly by thrust faults
and fault propagation folds, as well as strike-slip faults that largely accommodated
translation of the thrust faults and folds. In addition, some of the structures are

developed due to reactivation or inversion of pre-existing structures that developed
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mainly during the early Mesozoic opening of the Neotethys ocean. The Triassic-
Jurassic normal faults are related to rifting of the Neotethys Ocean while the Late
Cretaceous structures are mainly related to ophiolite obduction and thrusting. The
late Eocene-to-late Miocene structures are related to accretionary wedge growth and
the terminal collision-related thrusting and inversion mainly at the northern rim of
the basin. Inversion structures further south of the rim involved the basement and
resulted in fault-propagation folds related to the inversion of previous normal faults.
One of the best examples of these structures is developed at the base of the Mardin
high, Hazro area, Tavan, Sadak, Resan, and Batman anticlines. In total 358 fault slip
data collected from 26 different locations along the interpreted seismic lines, indicate
that all of the faults that are interpreted in the seismic sections and exposed on the
surface are characterized by almost vertical 63 and horizontal 61 orientations.
However, the overall 61 trend changes from NW-SE in the western part of the basin,
while it is almost N-S in the center and NE-SW in the eastern part of the basin. This
indicates northwards radial fanning of ol directions almost perpendicular to the

Bitlis Suture Zone and the northern rim of the basin.

The resulting structures are typical examples of south-verging thin-skinned
deformation, manifested by imbricate thrust fault belts and fault propagation in a
foreland setting. The basal decollement surface seems to be the Ordovician or
Silurian mudstones and shales. Restored balanced cross sections indicate that the
western part of the study area experienced a minimum of 32.31% shortening while
the central part experienced 19,12% shortening and the eastern areas experienced
16,62% minimum total shortening. Additionally, the maximum and minimum ratios
of shortening in sedimentary units are 9,09 % and 5,88 % at the east and the center,

respectively.

Keywords: SE Anatolian, Continental Collision, Foreland Basin, Cross Section

Restoration, Seismic Interpretation
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GD ANADOLU HAVZASININ NEOTETIS TEKTONOSTRATIGRAFIK
EVRIMI, TURKIYE

Tuncer, Mustafa
Doktora, Jeoloji Mithendisligi
Tez Yoneticisi: Prof. Dr. Nuretdin Kaymakec1

Ocak 2023, 183 sayfa

Tiirkiye'nin giineydogusunda Arap Platformunun kuzey kenarini olusturan havza,
Kambriyen oncesinden yakin zamana kadar kesintisiz bir sedimanter istif
icermektedir. Havza baslica dort tektonik evre gecirmistir; ilk evre Arap
platformunun ¢ekirdek istifini olusturan ve karasal, sig denizel ve derin denizel
cokellerle temsil edilen Pre-Kambriyen ile Permiyen kitasal platform evresini igerir,
ikinci evre Neotethys okyanusunun Triyas ila Jura ag¢ilma-uzaklagsma evresini igerir
ve havza bu evre sirasinda pasif bir kenar olarak hareket etmis ve yer yer karasal
¢okellerle birlikte s18 denizel ¢okellerle karakterize edilmistir. Ugtincii evre s1g deniz
ve derin deniz ¢okelleri ile temsil edilir ve esas olarak Ge¢ Kretase doneminde
Neotetis'in dalmasii ve Arap Plakasi'nin kenarindaki ofiyolit tizerlemesini igerir.
Dordiincti donem, Neotetis'in son kapanigini ve bitisik kita bloklarinin ¢arpigsmasini
icerir. Bu donem, derin denizden s1g denizel ve karasal klastiklere dogru bir istif ile

temsil edilir.

Genel olarak Ust Kretase'den Yakin déneme kadar olan havza dolgu birimleri, Ust
Kretase derin denizel Kastel Formasyonu, Ust Kretase-Paleosen derin denizel
Germav Formasyonu, Alt Miyosen s1g ve derin denizel ¢okeller ve Ust Miyosen

karasal klastikler gibi kuzeye dogru kalinlagsan kama sekilli geometri ile karakterize
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edilmektedir. Havza dolgu ¢okellerinin kuzeye dogru kalinlagmasi, biikiilmeli havza
gelisimine, hizli ¢cokmeye ve oOzellikle kuzey kesimlerinde bindirme cephesinin

ontinde depolanma alan1 olusumuna neden olmustur.

Giineydogu Anadolu havzasinin havza dolgusunun yani sira, Ust Kretase Karadut
Kompleksi ve Kocali Ofiyoliti gibi bir dizi allokton birim, 6zellikle havzanin kuzey
kenar1 boyunca yerlesmistir. Bu birimler, Neotetis okyanus litosferinin kuzeye dogru
dalmas1 sirasinda olusan yigisim prizmast biiytimesiyle iligkilidir. Ofiyolit
tizerlemesi, Karadut Kompleksi ve ofiyolitik seri pargalari (Kocgali Ofiyolitleri)
icinde biriken derin denizel birimlerle ve biiyliyen yigisim prizmasinin iistiinde
bindirme iistii havza olarak gelisen yay o6nil istifleriyle iligkilidir. Biiyiiyen y181s1m
prizmasinin istiinde olusan regresif s1g denizel ve karasal ¢okeller ile karakterize
edilirler. Havza genelinde siglasma ve havzanin hemen her yerinde karasal
cokelmenin hakim olmasi, Alt Eosen’de bolgesel yilikselme ve su iistiine ¢ikan
okyanus ortast sirtin sig dalmasindan kaynaklanan dinamik topografyaya
dayandirilmaktadir. Tirkiye’nin giineydogusunda havzanin kuzey kesimlerindeki
Alt Miyosen derin denizel ¢okeller giineye dogru incelmektedir. Depozonun, kama
seklindeki geometrinin ve fasiyes iliskilerinin ve bunlarin dagiliminin aniden giineye
dogru kaymasi, kitasal carpisma gerceklesirken tizerlenen kita tistiinde oniilke havza
cokelimini isaret etmektedir. Arap Plakasinin kuzey sinir1, erken Miyosen biikiilme
on havzasinin gelisimine 6nemli 6lciide katkida bulunmustur. Ust Miyosen'den
yakin zamana kadar olan istifler karasal ¢okellerle karakterize edilir ve havzadaki

diger tiim birimlerin {izerine uyumsuz olarak gelirler.

Havzanin mevcut tektonik semasini sekillendiren yapilar, baskin olarak bindirme
faylar1 ve fay ilerleme kivrimlarinin yani sira dogrultu atimli faylarlar olup biiytik
Ol¢iide bindirme faylar1 ve kivrimlarin hareketini saglayan sikisma ve daralma
yapilar1 tarafindan kontrol edilmektedir Buna ek olarak, bazi yapilar, Neotethys
okyanusunun erken Mesozoik acilimi sirasinda gelisen dnceden var olan yapilarin
yeniden aktif hale gelmesi veya terslenen yapilar nedeniyle gelismistir. Triyas-Jura

normal faylar1 Neotetis Okyanusu'nun ag¢ilmasi ile ilgiliyken, Ge¢ Kretase yapilar
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esas olarak ofiyolitiizerlemesi ve bindirmesi ile ilgilidir. Ge¢ Eosen-Ge¢ Miyosen
yapilari, yigisim prismasi biiylimesi ve son olarak havzanin kuzey kenarindaki
carpismaya baglh bindirme ve terslenen yapilar ile iliskilidir. Kenarin daha
gilineyinde yer alan terslenen yapilar ana temeli icermekte ve dnceki normal faylarin
terslenmesi ile iliskili fay ilerleme kivrimlari ile sonu¢lanmaktadir. Bu yapilarin en
iyi orneklerinden biri Mardin ylikselimi, Hazro bolgesi, Tavan, Sadak, Resan ve
Batman antiklinallerinin tabaninda gelismistir. Yorumlanan sismik hatlar boyunca
26 farkli konumdan toplanan toplam 358 fay kayma verisi, sismik kesitlerde
yorumlanan ve yiizeyde aciga ¢ikan tiim faylarin neredeyse dikey 3 ve yatay o1
yonleri ile karakterize oldugunu gostermektedir. Bununla birlikte, genel o1 yonii
havzanin bati kesiminde KB-GD yo6niinde degisirken, merkezde neredeyse N-S ve
havzanin dogu kesiminde NE-SW yoniindedir. Bu, o1 yonlerinin Bitlis Stitiir
Zonu'na ve havzanin kuzey kenarina neredeyse dik olarak kuzeye dogru radyal

yayilimini1 géstermektedir.

Ortaya ¢ikan yapilar, birbirine bindirme faylar ve bir 6niilke havzasi ortaminda fay
ilerleme kivrimlar ile kendini gosteren, giineye dogru ince kabuk deformasyonun
tipik oOrnekleridir. Taban dekolmani yiizeyinin Ordovisiyen veya Siliiriyen
camurtaslar1 ve seylleri oldugu goriilmektedir. Restore edilmis balansh kesitler,
caligma alaninin bat1 kisminin minimum %32,31 kisalma yasadigini, orta kisminin
%19,12 kisalma yasadigini ve dogu alanlarinin minimum %16,62 toplam kisalma
yasadigini gostermektedir. Ayrica, sedimanter birimlerdeki maksimum ve minimum

kisalma oranlar1 doguda ve merkezde sirasiyla %9,09 ve %5,88'dir.

Anahtar Kelimeler: GD Anadolu, Kitasal Carpisma, Oniilke Baseni, Enine Kesit

Restorasyonu, Sismik Yorumlama
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CHAPTER 1

INTRODUCTION

1.1 Introduction

Opening and closure history of the southern Neotethys Ocean is well-recorded in the
deposits of the SE Anatolian basin. The SE Anatolian basin has a thick (>14km)
Paleozoic to Quaternary sedimentary cover. Tectonically, the basin is located on both
Tauride-Anatolide Block (TAB) at the north and the Arabian platform at the south
(Figure 1.1). Today, the border between these tectonic blocks is defined as Bitlis-
Zagros Suture Zone (BZSZ). However, the southern margin of the TAB contains
Arabian Platform-origin almost E-W trending metamorphic slices with 185 to 72 Ma
peak and retrograde metamorphism ages, respectively (Oberhansli et al., 2012;
Brocker et al., 2013; Davoudian et al., 2016). The unmetamorphosed equivalents of
these units are found on the Arabian platform as late Paleozoic — early Mesozoic
sedimentary sequences (Barrier et al., 2014) representing Cambrian to Carboniferous
platform sequences of the core sequences of the Arabian Platform and the rift-dirft
sequences of the Neotethys Ocean. The Jurassic-Cretaceous arc-related magmatic
bodies are also exposed along the north of BZSZ and its eastern continuation, the
Sanandaj-Sirjan complex (Urumieh-Dokhtar magmatic arc) (e.g., Babazadeh et al.,
2017). On the other hand, Eocene (e.g Dogansehir) and even younger (lower
Miocene) (Tasligay) arc-related intrusions are also exposed along the north of the
suture zone (Babazadeh et al., 2017; Karaoglan et al., 2013; A¢lan and Duruk, 2018).
Ophiolitic bodies with late Cretaceous metamorphic sole ages (Parlak et al., 2009;
Karaoglan et al., 2013, Robertson et al., 2015) are cut by almost the same age or
slightly younger intrusions and exposed as tectonic slices at the north of BZSZ or
they are found as basement rocks below sedimentary sequences at the south of the

suture zone. By considering the regional picture given above, the SE Anatolian basin



should have recorded at least 3 three major tectonic events: (i) rifting-opening of the
southern branch of Neotethys, (ii) closure of the ocean, and (iii) continental collision.
However, there are debates about the timing and the number of subduction/collision
events in the region. One group suggests that only one subduction/collision event
ended in the late Cretaceous (Hall, 1974; Beyarslan and Bing6l, 2000; Sar et al.,
2019; Ertiirk et al.,2018; Ertiirk et al., 2022). Unlike the first model, the other group
suggests one subduction model gives Eocene timing for the collision event (Jolivet
and Facenna, 2000; Argard et al., 2005; Allen and Amstrong, 2008). The other model
similarly indicating a single subduction gives Oligo-Miocene time interval for the
collision event (Sengor et al., 1984; Yilmaz, 1993; Robertson et al., 2007; Okay et
al., 2010; Schildgen et al., 2014). Another similar model also exists in the literature,
but the supporter of the model suggests Eocene soft and Early Miocene hard collision
events (Robertson et al., 2012; Ballato et al., 2017; Darin et al., 2018). On the other
hand, a double subduction model is also proposed. In this model, late Cretaceous and
Oligo-Miocene time intervals are suggested as the timing of collision events

(Oberhansli et al., 2012; Karaoglan et al., 2016; Yilmaz, 2019; Yilmaz et al., 2022).
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Figure 1.1 Simplified tectonic scheme around Tiirkiye (Kaymakei et al. 2010).

Although their critics support the models given above, a complete tectono-
stratigraphic model of the SE Anatolian basin reflecting whole (Cambrian to recent)
Neotethyan evolution is still missing in the literature. On the other hand, some local
studies dealing with Oligo-Miocene sedimentary sequences are present, and they
give information about the collisional period of the basin (e.g Husing et al., 2009;
Gilytiiz et al., 2020; Sun et al., 2021). However, a study dealing with whole
sedimentary sequences of the SEA Basin in order to understand reflections of (i)
timing and trend of Arabian plate rifting, (ii) subduction initiation/s, (iii) collision
event/s on sedimentary record is missing in the literature. In this regard, transitions
between (a) prolonged passive margin sequences deposited in front of (north)

Arabian plate (rifting and partly subduction stage), (b) sequences of which facies



controlled by the location of accretionary prism/s (subduction stage), and (c) foreland

sequences (collision stage/s) is still not well-known.

1.2 Aim of the Study

The study area is bounded by BZSZ in the north, the Mediterranian sea in the west,
the political border of Iran in the east, and the Syrian and Iraqi borders in the South

(Figure 1.2).
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Figure 1.2 Location and b) the tectonic framework of the study area c¢) Geological

map of SE Anatolian based on the surface and compilation of existing map (derived

from the Turkish Petroleum Company database).



The main aim of the study is to determine the tectono-stratigraphical evolution of the
SE Anatolian Basin regarding the rifting of the Arabian plate and the
subduction/collision history of the southern Neotethys. For this reason, tools of
structural geology, (such as fault and fold kinematic analyses) and
stratigraphy/sedimentology (mainly sequences stratigraphy and facies modeling) are
used in the study. In this sense, the primary data sources of the study are composite
well logs, 2D seismic lines, fault plane measurements, bedding measurements, and

facies maps.

1.3 Methods of the Study

Several methodologies are integrated into the study. These methodologies include
field-based measurements/observations and analytical techniques supported by well
logs and 2D seismic datasets. In this regard, thesis methodology consists of two

primary categories, which are field studies and office work.

Field studies cover data collection for (i) kinematic and cross-section balancing and

(i1) stratigraphic and sedimentologic analyses.

1.4  The layout of the Thesis

The thesis is organized into the following chapters:

Chapter 1 introduces the literature review and introduces the thesis by presenting
information regarding the purpose, scope, geological background, and tectonic

location of the study area.

Chapter 2 provides information about research methods, including mapping,
stratigraphy-sequence relationships, kinematic analyses, cross-section construction,

and balancing.



Chapter 3 documents the deformation and kinematic history of the basin and
associated structures. The outcomes of cross-section construction, distribution of

facies, and correlation of wells with 2D seismic interpretation are presented.

Chapter 4 provides all integrated data in the earlier chapters, discusses the spatial-
temporal evolution of the SE Anatolian Basin, and constructs a regional geological

model.

Chapter 5 documents information about key findings and emphasizes the main

conclusions of this study.

1.5  Geological Setting and Literature Survey

The interaction of the African, Arabian, and Eurasian plates creates one of the most
complicated tectonic zones in the Alpine Himalayan orogenic belt in southern
Tirkiye. During the continued post-Paleozoic northward movement of the northern
passive margin of the Arabian Plate, the present tectonic elements were formed,
resulting in consumed the Neo-Tethyan Ocean along the north-dipping subduction
zone (Sengor and Yilmaz, 1981; Cater and Tunbridge, 1992; Dilek et al., 1990;
Yilmaz, 1993). After the consumption of the Neo-Tethyan Ocean, the final collision
occurred along the Anatolide/Tauride Platform and the Arabian Platform (Stampfli
and Borel, 2002; Golonka, 2004). As a result of this collision, Bitlis-Zagros Orogen
(Sengor and Yilmaz 1981) was formed, one of the most complex segments of the

Alpine-Himalayan orogenic belt.

The SE Anatolian Basin is a remarkable region for researching subduction, collision
processes, and evolutionary histories. However, the number of geological studies is
simply inadequate because of the region’s geological complexity and lack of a
sufficient amount of available subsurface data. However, with the permission of the
Turkish Petroleum Corporation to use seismic profiles and well-log data in the

region, detailed subsurface interpretations have increased in recent years.



1.5.1 Regional tectonic plate setting

Geologically, the evolution of Tiirkiye corresponds to the evolution of the Paleo-
Tethys and Neo-Tethys oceans that developed between supercontinents Laurasia in
the north and Gondwana in the south. According to Ketin (1966), three main tectonic
blocks, including the Arabian platform in the southeast, the Anatolide-Tauride block,
are a part of Gondwana, in the center, and the Pondites are a part of Laurasian in the
north in Tiirkiye. Tectonic units of Tiirkiye amalgamated between Bitlis-Zagros and
[zmir-Ankara-Erzincan suture zones, in the south and north, respectively (Figure
1.1). According to Sengor and Yilmaz (1981), the imbricated layers of
metamorphosed remnants from the Paleotethys and Neotethys oceans represent these
suture areas. Goriir et al. (1984) proposed the existence of another suture zone within
the northern branch of the Neotethys, which they referred to as the Intra-Tauride
suture zone. This suture zone was thought to separate the Kirsehir Block from the

Taurides.

During the middle to late Triassic, the southern Neotethys rifted to generate an east-
west trending basin along the northern boundary of Gondwana. Rifting was followed
by the eruption of alkaline basalts, subsidence, and the beginning of deep-water
deposition (Robertson et al., 2007). During the Late Triassic and Early Jurassic,
spreading likely started. Passive margins developed such as the Keban Platform and

the Arabian Foreland in the north and south during the Jurassic-Cretaceous time.

Beginning with the onset of northward intra-oceanic subduction, an ophiolitic
complex of the latest Cretaceous, Kocali complex, thrust over the Mesozoic
succession of the Arabian platform and overlain by the latest Cretaceous to Miocene

shelf-type deposits.

According to Livermore and Smith (1984), convergence ceased throughout the
Paleocene. During the Paleocene and Early Eocene time, the residual oceanic basin’s
northern margin partially eroded and exposed and transgression and regression were

common. Conditions of a passive margin have been developed again along the



Arabian margin, and the convergence started again. The further convergence is also
supported by Robertson et al. (2004). According to this study, northward subduction
occurred and, the remaining oceanic material rolled back southwards causing, in
crustal extension during the middle Eocene. The exhumed Bitlis-Puturge massifs
were rifted and filled with extrusive rock units affected by subduction concerning
this extension. It is believed that northward subduction was prevalent during the
Oligocene. During the following collision, this region of the active edge underwent

subduction erosion.

The southern Neotethys proceeded to subduct until it collided with the Arabian
platform in the Early Miocene (Okay et al., 2010; Darin et al., 2018; Ballato et al.,
2017; Giilytiz et al., 2020). Internal southerly thrusting over Miocene marine deposits
resulted in a further shortening of the already developed thrust stack. By the middle
of the Miocene, the Arabian foreland had been flexurally down warped, and finally
overridden. Along the South Anatolian major thrust, the whole thrust pile was placed
southward over the Miocene foredeep (Husing et al., 2009). Folding and reverse
faulting occurred on the foreland due to this event. The thrust belt was disturbed by
suture shortening, and southern Neotethys in this area had closed entirely in the Late
Miocene, together with thickening (Sengor et al., 1984; Husing et al., 2009). During
the Plio-Quaternary, further, shortening occurred, and tectonic escape along the left-
lateral East Anatolian Fault developed in the study area (Sengor et al. 1984;
Robertson et al., 2007).

1.5.2 Crystalline Basement

The SE Anatolian basin is surrounded by crystalline basement units, consisting of

magmatic, metamorphic, and ophiolitic and associated rocks.



1.5.2.1 Ophiolites

Ophiolites have contributed significantly to our understanding of Earth processes
such as orogeny and collision tectonics and offer information about ancient ocean
basins and upper mantle and the development of ancient continental margins (Dilek,
2003). It is essential to identify their origins and tectonic positions for comprehensive
paleogeographical reconstructions and explanation of the development of the
associated sedimentary basin. Ophiolites are widespread in Tirkiye and provide
information about the closing and opening of ocean basins. According to Karaoglan
et al. (2012), the Late Cretaceous ophiolites are divided into two belts and part of the
Mesozoic Tethyan ophiolites. From east to west, the ophiolites are displayed by
Guleman, Komiirhan, Berit, and Goksun, which developed about 84-90 Ma in the
north of Bitlis-Puturge metamorphics massif. On the other hand, the ophiolites
between the Arabian platform in the south and Bitlis-Puturge metamorphic massif
are observed tectonically covering the Arabian continental margin and characterized
by Kizildag and Kocali ophiolites, which were developed between 99 and 102 Ma
ago (Karaoglan et al., 2013).

1.5.2.1.1 The Southeast Anatolian Ophiolites

The Guleman, Kémiirhan, Ispendere, Berit, and Goksun ophiolites comprise the
Southeast Anatolian ophiolites from east to west. The ophiolites observed along the

belt have the following general characteristics.

In the Elaz1g region, the Guleman ophiolite is composed of radiolarites, basaltic
pillow lavas, gabbroic rocks, mantle peridotites, and dunites which are placed over
the Lice Formation (lower Miocene) of the Arabian platform and is depositionally
overlain by the upper Maastrichtian-lower Eocene sandstone and shales defined as
Hazar Complex and Maden Group (middle Eocene) (Rigo de Righi and Cortesini
1964; Peringek 1979). According to Perincek (1989), the Guleman Ophiolite is

Campanian-lower Maastrichtian in age. In the Elazig region, Kémiirhan Ophiolite

10



consists of mantle tectonites isotropic gabbros, sheeted dykes, ultramafic-mafic
cumulates, volcanic and related sedimentary rocks (Beyarslan and Bingol 2000). The
Komiirhan Ophiolite thrust over the Maden Group (middle Eocene) and is overlain
by the Elazig magmatic (Late Cretaceous). The Kirkgecit Formation (middle
Eocene) sandstones and shales are deposited on top of the Ophiolite and Elazig
magmatic rocks (Beyarslan and Bingol 2000). The Komiithan Ophiolite is
considered to be 75-85 Ma by Yazgan and Cessex (1991) and Parlak et al. (2006).

The Ispendere Ophiolite, constrained by the Maden Group and the Malatya-Keban
platform, is located east of the Malatya region. The Malatya-Keban platform was
underthrusted during Late Cretaceous, and Late Cretaceous volcanic arc granitoids
subsequently intruded the Ispendere Ophiolite body (Beyarslan &Bingél, 1996;
Karaoglan et al., 2009). During the middle to late Eocene, they were all thrust over
the Maden Group as a unit (Yilmaz, 1993). The Ispendere Ophiolite includes
ultramafic to mafic cumulates, sheeted dike complex, isolated diabase dikes, mantle

tectonites, and volcanics as well as entire ophiolite pseudo-stratigraphy.

As a component of the Tauride Ophiolite belt, the Berit Ophiolite is situated in the
SE Tauride thrust belt of Tiirkiye, Kahramanmaras region. It is believed that the Berit
Ophiolite originated in an early oceanic arc at the north of metamorphic massifs
during the Late Cretaceous (Robertson et al., 2006) and represents amphibole and
plagioclase, Therzolite, dunites, and harzburgites (Yilmaz, 1993; Karaoglan, 2005).
Approximately 85 Ma ago, it was developed to incorporate onto the Tauride active
continental margin to the north, and between 70 and 85 Ma ago, granites began to
intrude. The Late Cretaceous Goksun Ophiolite is situated in the Goksun-Afsin,
Kahramanmaras region, which is tectonically confined by the Malatya metamorphics
in the east-west trending nappe zone of the SE Anatolian orogenic belt in the south
and north. It is represented intensely metamorphosed and deformed up to granulite-

eclogitic facies (Yilmaz et al., 1993).
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1.5.2.1.2 Peri-Arabic Belt Ophiolites

The peri-Arabian belt ophiolites exposed in the SE Anatolian can be represented into
two ophiolites which are the Kizildag (Hatay) and Kogali Ophiolite in the SE

Anatolian.

The Kizildag Ophiolite is positioned in the western portion of the Southeastern
Taurus ophiolites and represents crustal and peridotite units (Bingdl et al., 2018).
The geological characteristics of the Kizildag Ophiolite imply that its emplacement
is dated to the pre-Maastrichtian because the oldest transgressive layers are

represented by Maastrichtian shallow marine deposits (Karaoglan et al., 2013).

Sungurlu (1973) identified the Kogali Complex as the Kocali unit north of
Adiyaman. The Kogali Complex, exposed to the north of Adiyaman, comprises the
Tarasa volcanics, the Konak Formation, which is represented by basalts, cherts,
limestones, and mudstones, and the Kale Formation which consists of diabase,
volcanic rocks, gabbros, and mantle peridotites (Peringek, 1979). The Kocali
complex thrust over the Cenomanian-Turonian Karadut Complex, which has pelagic
carbonates, sandy shale and marls, radiolarian sediments, and an assemblage of fine-
grained to coarse-grained carbonate rocks in the south. According to existing data,

the Kogali Complex is Upper Jurassic to Lower Cretaceous in age (Sungurlu, 1973).

1.5.2.2 Metamorphic Rocks around SE Anatolian

The metamorphic massifs in SE Anatolian are identified with the pre-Cambrian to
Cretaceous Bitlis-Puturge, Keban-Malatya metamorphics. The metamorphic massifs

have the following general characteristics.

Around the Arabian Platform in SE Anatolian, the Bitlis metamorphic massif
develops about 500 km long by 30 km broad arc-shaped zone. A narrow zone of
Upper Cretaceous to Eocene flysch, Miocene sediments, and ophiolitic melange

distinguish it from the main Arabian Platform. The Pre-Cambrian to Cretaceous
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Bitlis metamorphic massif represents crystalline basement and upper sedimentary
unit forming a nappe complex which emplaces on top of the Cretaceous-Eocene
ophiolitic mélange and flysch sequences (Gonciioglu and Turhan, 1984; Caglayan et
al., 1984). It rests above Cretaceous and Eocene to Miocene rock units and is covered
by Quaternary volcanics and Cenozoic deposits in the north. This unit was ascribed
a depositional date of the Devonian-Upper Cretaceous (Oberhansli et al., 2010). In
the north of the study area, the Puturge metamorphic massif appears and represents
high-grade metamorphic rocks composed of a variety of schists, amphibolites augen
gneisses (Erdem and Bingol, 1995). The Puturge massif is unconformably overlain
by the predominantly middle Eocene Maden Group, composed of Eocene age
volcanics and sediments. The Ispendere and Kémiirhan ophiolites thrust over the
Puturge metamorphic massif. Campanian to Maastrichtian age is given by Yazgan

(1984) based on K/Ar ages of biotite, amphibole, and muscovite.

The Late Paleozoic to Early Mesozoic Keban metamorphic massifs represents meta
conglomerate, metasandstone, and metacarbonate rocks and show similar rock units
to the Malatya metamorphic massif (Robertson et al., 2007). The Keban unit
emplaced onto the arc magmatics, known as Elazig magmatics, formed on ophiolites
and overlain by Cenozoic unmetamorphosed sedimentary rock units (Robertson et
al., 2007). Metacarbonate rocks, meta-cherts, phyllite, mica schist, and meta-clastic
rock units are observed in the Malatya metamorphic massifs to the west of the
Malatya region (Perincek and Kozlu 1984). The Malatya metamorphic unit is
emplaced onto ophiolitic and volcano-sedimentary rock units of an island arc. Based
on the interpretation of the available fossil record, Ozgiil et al. (1982) suggested the
Late Permian - the Early Triassic age for the protolith age of the upper section of the

Malatya metamorphic unit.

1.5.2.3 Magmatic Rocks around SE Anatolian

The SE Anatolian Orogenic zone, situated between the Arabian and Tauride-

Anatolide platforms, is one of the most complex components of the Alpine-
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Himalayan system. The zone contains various geochemically distinct magmatic
products that are predominant for an extended period of time between the Ediacaran
and Quaternary. According to Yilmaz (1993), Yazgan (1983), and Bingol (1984),
the most intense magmatism occurred during the Ediacaran, the Late Triassic to Late

Cretaceous, the Middle Eocene, and the Plio-Quaternary.

The arc-related silicic extrusive and intrusive rock units are widespread and
composed of Coniaciane-Maastrichtian alternations of volcanic and sedimentary
rock units (Yazgan and Chessex, 1991). In the Late Cretaceous, calc-alkaline
volcanic arc granites developed along the Tauride active continental margin due to

north-dipping subduction in the southern Neotethys (Parlak, 2006).

The Ar-Ar and K-Ar isotopic age determinations on the intrusive rocks yielded 85-
70 Ma cooling ages (Rizaoglu et al., 2009). Recent U-Pb zircon data from these
intrusive rocks yielded 82-84 Ma crystallization (Zircon U-Pb) ages (Karaoglan,
2013). These rocks intrude some of the metamorphic massifs, ophiolites, and
volcanic arc units of the Southeast Anatolian. The K-Ar and Ar-Ar isotopic age
computations revealed cooling ages ranging from 85 to 70 Ma on the intrusive rocks

(Rizaoglu et al., 2009).

In SE Anatolian, the middle Eocene Maden Group is represented by basal clastics,
pelagic carbonates interbedded with bioclastic material and silicified chert, red-
colored mudstone, green sandstone, and massive limestone blocks, which are located
in the Bitlis-Zagros Suture belt, which comprises the imbrication and Nappe zone
(Ertiirk et al., 2018). In general, the Maden basin developed as a pull-apart basin
(Aktas and Robertson, 1984) or a back-arc basin (Yilmaz et al., 1993). Irrespective
of the tectonic explanation, it suggests that the Neo-Tethyan Ocean basin stayed open
throughout the Cenozoic period, with subduction proceeding in southeastern Tiirkiye
(Kaymakci et al., 2006). While the Ispendere Ophiolite is positioned on the Maden
Group, which unconformably overlies the Puturge metamorphic massif (Yazgan,

1984; Beyarslan, 1991).
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According to Yigitbas and Yilmaz (1996), Eocene volcanics represent arc-type
magmatism associated with the later stages of subduction of the southern Neotethys.
The Eocene arc-type volcanic and andesitic rock units (Helete volcanics) structurally
beneath the Malatya metamorphic massif in the WNW of the study area. The Helete
unit is overlain by early Eocene carbonates rich in nummulites (Yigitbas and Yilmaz

1996).

Basaltic shield and fissure eruptions with transitional tholeiitic-alkaline character
constitute most of the post-collisional volcanism. Since the Pliocene, the Karacadag
volcano has erupted along an N-S trending set of craters and fissures that may have

emerged from a tensional zone on the Arabian Foreland (Sengor and Yilmaz, 1981).

1.5.3 Sedimentary Units

This section explains the sedimentary units of SE Anatolian from the Pre-Cambrian
to the Late Miocene. Figures 1.3, 1.4, and Table 1.1 shows the simplified geological

map, generalized stratigraphic section, and contact relationships of the study area.
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Figure 1.3 The figure shows a simplified geological map of the study area, compiled
from the Turkish Petroleum Company database and the geological map of MTA

2002.
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Figure 1.4. Simplified stratigraphic section of the SE Anatolian Basin.
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The units from pre-Cambrien to Pliocene in the SE Anatolian can be grouped into
four based on regional tectonic settings in which they deposited, (i) pre-Cambrian -
Permian sequences representing the core sequences of the Arabian Platform, (ii)
Triassic-Jurasic sequences represent the rift-drift sequences of the Arabian platform,
(ii1) Cretaceous sequences are regarded as the initial subduction stage of the southern
Neotethys ocean, and (iv) Campanian to Tertiary sequences are attributed to the
closure of the Neotethys, which involves ophiolite obduction (Campanian
Masstrichtian) and terminal collision of the adjacent continental blocks by Oligocene

to Late Miocene.

1.5.3.1 Pre-Cambrian — Permian Units.

These units comprise 15 different formations. By considering the significant
unconformities or the name of the locations where the units are widely exposed, these

formations are grouped into five different sequences. This segmentation is also used

in the TPAO database.

The oldest group is named as Derik group. This group contains five different
formations. The oldest formation is the Pre-Cambrian Telbesmi Formation, known
as the oldest sedimentary rock unit in the study area. It is defined as the basement of
the SE Anatolian basin. This formation is presented by sandstones, shales,
volcaniclastics, and diverse volcanic rocks around the Mardin region (Figure 1.5a
and b) and shale and volcanic layer-bearing alternations in the NW (Adiyaman)
(Figure 1.5¢) in the study area (Rigo De Righi and Cortesini, 1964; Sungurlu, 1973;
Ala and Moss, 1979; Tardu et al., 1991).
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Kocali Ophiolite

Figure 1.5. Pictures from the field demonstrate a) and b) Paleozoic succession in

Derik (Mardin region) and c¢) Tut (Adiyaman region).
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Bedinan Formation

Figure 1.6 The illustration depicts the contact relationship with unconformity level
between middle-late Ordovician (Bedinan Formation) and Aptian to Cenomanian

(Mardin Group) in Mardin High, Mardin region.

Generally, this unit represents a shallow marine environment with rarely observed
volcanic contributions (in the SE). The Cambrian Sadan Formation unconformably
covers the massif volcanic packages of the Telbesmi Formation at the south (Figure
1.5). The Sadan Formation is represented by alternations of conglomerate,
sandstone, and rarely found shale layers. A shallow marine environment is proposed
for the deposition of the unit (Peringek et al., 1992). The Zabuk Formation
conformably overlies the lower Cambrian Sadan Formation. This unit comprises
cross-bedded sandstone and conglomerate layers, indicating a continental to the
shallow marine environment (Peringek et al., 1992). The lateral equivalent of this
unit is called as lower to middle Cambrian Koruk Formation, comprising dolomitic
limestones showing characteristics of a tidal flat environment (Peringek et al., 1992).
The Upper Cambrian Sosink Formation conformably covers the Koruk Formation.
From bottom to top, limestone, shale, and alternations of shale and siltstone layers
are the components of the formation. This formation is also defined as shallow

marine deposits based on fossil assemblages by Peringek et al. (1992). The
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Ordovician Habur group conformably covered the Derik group and was represented
by two formations. The Lower Ordovician Seydisehir Formation is the first unit of
the group and is represented by dominantly siltstone layers alternating with fossil-
bearing sandstone and shale layers deposited in shallow to deep marine environments
(Dean et al., 1986). The Middle-Upper Ordovician Bedinan Formation (see figure
1.6) unconformably covers the Seydisehir Formation. Sandstone and gray shale
alternations represent the formation that is deposited in shallow to deep marine

environments (Tardu, T. 1991, Peringek et al., 1992).

Figure 1.7 The pictures demonstrate a) late Silurian to late Devonian succession
(Diyarbakir Group), b) sandstones with cross-bedding within the Hazro Formation
in Hazro High, and c) contact relationship between late Silurian to late Devonian
(Diyarbakir Group) and the Upper Permian (Tanin Group) in Hazro High, Diyarbakir

region.
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The Silurian to Upper Devonian Diyarbakir group unconformably overlies the Habur
Group and comprises three formations (Figure 1.7). The Upper Silurian-Lower
Devonian Dadas Formation, composed of sandstone, dark gray shales, and limestone
layers, is only exposed around the Diyarbakir region (around Hazro High). Confined
marine and deltaic conditions are proposed for the depositional environment of the
unit (Peringek et al., 1992). The Lower-Middle Devonian Hazro Formation
conformably overlies the Dadas Formation and is represented by various sizes of
clastics with cross-bedded sandstone and dolomite layers. A shallow marine tide-
dominated environment is suggested for the depositional condition of the unit
(Peringek et al., 1992). The Middle-Upper Devonian Kayayolu Formation
conformably covers the Hazro Formation. From the bottom top, shale, sandstone
thin-bedded dolomite, and evaporitic layers are observed along the unit. Lagunal to
supra-tidal isolated areas (around Hazro High) is proposed for the sedimentation of
the unit (Peringek et al., 1992). The Upper Devonian-Lower Carboniferous Zap
group unconformably overlies the Diyarbakir Group units and it consists of three
formations. The Upper Devonian Yigmli Formation (Janvier et al., 1984 and
Koyliioglu, 1984) is composed of alternations of limestone and shale layers with
rarely observed gravel-bearing sandstone layers. Peringek (1990) suggests fluvial
and deltaic conditions for the deposition of the unit. The Upper-Devonian - Lower
Carboniferous Kopriili Formation is represented by black shale layers with
alternations of sandstone—siltstone—limestone occurrences. Shallow marine
conditions with some reefal occurrences are proposed for the unit (Peringek et al.,
1992). The lower Carboniferous Belek Formation conformably covering the Kopriili
Formation (Cebecioglu and Koylioglu, 1986) is composed of bioherms and gray to
black biostromal carbonates representing a shallow marine environment (Peringek et
al., 1992). The Upper Permian Tanin group unconformably covers the Zap Group
and comprises two formations. The Upper Permian Kas Formation (Bozdogan,
1987) is only observed around the Diyarbakir region, and it comprises sandstone
with intercalated marl-limestone layers and coal-bearing shales. Developed delta

plain and fluvial tide-dominated shoreline environments are suggested for the
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deposition of the unit (Peringek et al., 1992). The shallow marine Upper Permian
Gomaniibrik Formation is the lateral continuation of the Kag formation in the region.
It comprises shale, sandstone with coal, and bioclastic limestone layers (Bozdogan

etal., 1987 and Tardu et al., 1991) (Figure 1.7 c).

1.5.3.2 Triassic-Jurassic Sequences

These units comprise 12 different formations. By considering the significant
unconformities or the name of the locations where the units are widely exposed, these
formations are grouped as two different sequences. This segmentation is also used
in the TPAO database. The first group is named as Lower-Middle Triassic Cigh
Group, which consists of four formations. Although all formations have similar
characteristics as being continental to shallow marine sequences and comprising
mainly red beds and marl layers, they have different formation names in the literature
due to a lack of regional stratigraphic correlations. Therefore, detailed descriptions
of the formations (Yoncali, Bulakbasi, Uludere, and Uzungecit Formations) are not
given here. A similar analogy is also valid for the Cudi Group units which
conformably covers the Cigli group. The main composition of the group can be
represented by dolomite, limestone, evaporite, and rarely observed siltstone and
shale layers. A shallow marine environment is proposed for the depositional
condition of the formations (Bakiik, Girmeli, Camurlu, Telhasan, Dinger, Kozluca,
Yolagan, and Latdag:1 formations) of the group (Peringek et al., 1992). Although all
of the formations are transitional in some parts, there are two observable
unconformities between the formations; (i) between the Kozluca and Yolagan
Formations, and (ii) between the Yolagan and Latdag1 formations. Even though the
title of this section only covers Triassic and Jurassic sequences; the uppermost parts
of the Latdagi Formation are defined as Aptian in age by Peringek et al. (1992).
However, here the unit is considered as a member of the mainly Jurassic Cudi group

since most of the units were deposited in the late Jurassic time interval.
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1.5.3.3 Cretaceous Sequences

These units are composed of 17 different formations. By considering the major
unconformities or the name of the locations where the units are widely exposed, these
formations are grouped as three different sequences. This segmentation is also used
in the TPAO database. The Aptian — Lower Campanian Mardin Group
unconformably covers the Cudi group units. This group comprises four formations.
The Aptian Areban Formation comprises basal conglomerates, sandstone, sandy
limestone, shale, and fine-grained dolomite layers. Beach, coastal plains, and deltaic
depositional conditions are proposed for the unit (Peringek et al., 1992). The Albian-
Cenomanian Sabunsuyu Formation conformably overlying the Areban Formation is
composed dominantly of dolomite and is rarely observed limestone layer. This unit
is defined as restricted lagoonal, tidal flat to shallow sub-tidal carbonates (Peringek
etal., 1992). The Cenomanian — Turonian Derdere Formation (Wagner and Pehlivan,
1987) unconformably covers the Sabunsuyu Formation. It is represented by
dolomitized limestone, organically rich limestone, and benthic foraminifera-bearing
limestone layers. Sub-aerial and developed anoxic conditions are proposed for the
depositional environment of the unit (Peringek et al., 1992). The Coniacian — Lower
Campanian (Y1lmaz and Duran, 1997) Karababa Formation unconformably covering
the Derdere Formation is composed of highly organic-rich limestone, dolomite, and
bioclastic limestone layers. Intrashelf semi-restricted anoxic environments
proceeded shallowing upwards lagoonal to tidal flat conditions is suggested for the
deposition of the unit (Peringek et al., 1992). The middle Campanian Adiyaman
group (Tuna, 1973; Sungurlu, 1973; Giiven et al., 1992; Peringek et al., 1992)

unconformably cover the units of the Mardin group (Figure 1.8).
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Figure 1.8 The pictures show contact relationships between the Aptian to
Cenomanian (Mardin Group), the late Campanian to early Maastrichtian deposits
(Sayindere and Kastel formations), and the allochthonous Karadut Complex (upper

Cretaceous) in Adiyaman region.

This group comprises four formations (Ortabag, Karabogaz, Sayindere, and Beloka
Formations) represented by similar sedimentary characteristics (deep marine facies
with organically rich layers). All formations are laterally and vertically transitional,
and there is no reasonable explanation for using different formation names. The
Upper Campanian — Maastrichtian Lower Sirnak group conformably covers the units
of the Adiyaman Group. Nine formations create the group. The Upper Campanian —
Lower Maastrichtian Kastel (at the north) Formation is represented by deep marine
sequences comprising planktonic foraminiferal shale, marls alternated with
sandstone, and conglomerate layers. The southerly equivalent of the formation is
named as Bozova Formation. This formation is also represented by a deep marine
environment but it contains gray marl, and calcareous shales that grade into
limestones (Peringek et al., 1992). These deep marine formations are unconformably
covered by continental red beds. These continental clastics are named as Terbiizek
Formation (Upper Maastrichtian) in the north and Kiradag Formation (Upper
Maastrichtian) in the south (Peringek et al., 1992). The Upper Maastrichtien Garzan
(at the east) and Besni (at the west) Formations are represented by shallow marine

deposits mainly consisting of rudist-bearing reefal limestone layers (Rigo de Righi
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and Cortesine, 1964; Sungurlu, 1973). Although these formations unconformably
cover the continental deposits (Terbiizek and Kiradag Formations), they
conformably cover the deep marine sequences of the Kastel and Bozova formations.
The Upper Maastrichtien Alt Germav Formation has vertically and laterally
transitional contacts with the shallow marine (Garzan and Besni formations) and
deep marine (Kastel and Bozova formations) formations. This unit is also defined as
a deep marine unit, composed of alternating gray-grayish to green marl, shale, fine-
grained sandstone, and locally observed conglomerate layers (Ozer, 1993). The
lateral equivalents of the Alt Germav Formation are named Alt Sinan (fossiliferous
carbonates — shallow marine) and Antak (red clastics and shales — continental)

formations (Peringek, 1990; Giiven et al., 1992; Peringek et al., 1992).

1.5.3.4 Tertiary Sequences

These units comprise 15 different formations. By considering the major
unconformities or the name of the locations where the units are widely exposed, these
formations are grouped as three different sequences. This segmentation is also used

in the TPAO database.

The deep marine sequences (Ust Germav Formation) of the Paleocene Upper Sirnak
group conformably cover the units of the Lower Sirnak group. However, the shallow
marine equivalents of the deep marine sequences (Ust Sinan Formation)
unconformably overlie the Lower Sirnak Group units. The Middle to Upper
Paleocene continental deposits in the region is named Kayakdy (evaporites) and
Antak (red beds) Formations. These formations are laterally transitional to each other
and vertically transitional with the Ust Sinan Formation. Also, they have no
observable contact with the Ust Germav Formation. The Upper Paleocene shallow
marine carbonates of the group are named Belveren (at north) and Becirman (at
south) Formations. These formations unconformably cover the deep marine (Ust
Germav Formation), shallow marine (Ust Sinan Formation), and continental (Antak

and Kayakoy Formations) units in the region. The Lower Eocene Gerglis Formation
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is the uppermost unit of the Sirnak Group. This unit is represented by continental
clastics (red color clastics and evaporites). The contact relationship between the
Gerciis Formation and the shallow marine (Belveren and Becirman Formations) and
deep marine (Ust Germav) is defined as unconformable (Rigo de Righi and

Cortesini, 1964; Sungurlu, 1973; Peringek, 1979) (Figures 1.8 and 1.9).
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Figure 1.9 The images show contact relationships between a) the Sirnak Group

(Terbiizek, Besni, and Germav formations) (Upper Cretaceous), Hoya Formation
(middle Eocene-Oligocene), and Selmo Formation (Upper Miocene) and b) the
Germav Formation (upper Cretaceous-Paleocene), Gerciis Formation (lower

Eocene) and Hoya Formation (middle Eocene-Oligocene) in Adiyaman region.
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The Middle Eocene - Oligocene Midyat group unconformably covers the units of the
lower groups. This group consists of three formations. The Middle Eocene-
Oligocene Hoya Formation is represented by shallow marine carbonate (thickly
bedded limestones) and dolomite layers (Sungurlu, 1973; Sungurlu et al., 1985). This
formation grades laterally and vertically into the marly chalky carbonates of the
sloop to deep marine sequences of the Gaziantep Formation. The Hoya and
Gaziantep Formations also vertically grade into shallow marine to continental
deposits (clastics, carbonates, and evaporate alternations) of the Germik Formation
(Peringek et al., 1992). The Lower Miocene Silvan Group unconformably covers the
Midyat group sequences. This group contains two formations. The Lower Miocene
Firat Formation comprises dominantly bioclastic limestone and shallow marine
carbonates (Akinci et al., 2016). This formation vertically grades into deep marine
sequences of the Lower Miocene Lice Formation represented by turbiditic sandstone,

siltstone bedded shale alternations, and marls (Akinci et al., 2016) (Figure 1.10).

Figure 1.10 Picture a) shows the Lice Formation (lower Miocene), which includes

evaporite deposits (b and c) in the Batman-Siirt region.
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The Upper Miocene continental clastics of the Selmo Formation unconformably
cover the units of all groups, and it represents the commencement of the regional
scale continental deposition in the region after long-lasting marine-related

deposition.
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CHAPTER 2

METHODOLOGY

A Multidisciplinary approach was required to integrate and interpret the surface and
subsurface dataset in the concept of regional tectonic context. Paleo-stress inversion
analyses, fold analyses, well log and seismic data analyses, cross-section
construction, and balancing is conducted throughout the study to better understand
the spatiotemporal characteristics of deformation stages and associated structures

identified in the field. Table 2.1 summarizes the workflow of the study.

2.1 Data and Methods of study

The methods of the study rely on two datasets that include available surface and

subsurface data.

This study used a published 1/500000 scale geological map (prepared by a Turkish
Petroleum Company (TPAO) Geologist in 1980°) as a base map. The digital
elevation model (DEM) of the research area (taken from USGS), together with the
collected 4604 bedding attitudes and available seismic lines/well-logs, were used to
construct cross sections. Also, such data was used for fold analyses for the folds

found in the Adiyaman, Diyarbakir, and Batman-Siirt sub-areas of SE Anatolian.

In the context of paleostress inversion analyses, 358 fault slip data were collected
from fault planes displacing lower Eocene to upper Miocene units at 26 different
sites in the study area (Appendix A and B). Fault plane attitudes, slickensides, and
movement sense orientations, locations, and relative dating markers (if possible)

were measured in the field for each measurement site.
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The Turkish Petroleum Company contributed the 2D seismic and well data set
utilized for this study. It includes One hundred forty-four well data sets including,
twenty-three well logs (with formation top information) (resistivity, density, gamma
ray, and spontaneous potential), eight well checkshot surveys. Well, reports,
sedimentological information, and field observations were also used to better
conduct stratigraphy of the region by borehole section correlation based on newly
described facies determinations and their distributions in 3D space. One hundred
forty-four wells penetrated the Paleozoic strata, allowing us to model the almost
whole stratigraphy of the study area. The well data set spans a region of
approximately 55200 km? with a 15-30 km (average) distance between wells (Figure
2.1).

Eighty-six 2D seismic profiles were utilized for this study. Thirty-four section lines
of the total are oriented parallel to the strike major structures of the basin, while the
rest are aligned perpendicular to the strike of major structural features of the basin.
All seismic data were in SEG-Y format. 33 of 2D seismic data could not be
interpreted due to low data quality. 42 of them with moderate quality were poorly
interpreted. However, eleven lines (blue lines in Figure 2.1) with good quality were
interpreted, and those sections were used for cross-section construction and
balancing. The distribution of the well and 2D seismic data set is displayed in Figure

2.1.

The Petrel Schlumberger Modeling Software, version 2017.4, and Midland Valley
(MOVE), version 2018.1, were conducted in this study for 2D seismic and well data

interpretation.

2.2 Mapping

2.2.1 Mapping Units

There are 63 different formations described (by researchers and TPAO geologists)

in SE Anatolian. However, the number of formations were reduced to 19 class based
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on facies characteristics and age information. The Petrel Schlumberger Modeling
Software, version 2017.4, and Global Mapper Software, version 21.0, were

conducted to produce age versus facies maps in this study.
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Figure 2.1 The distribution wells and 2D seismic line locations in the study area.

Circles indicate the wells’ locations and 2D seismic lines (red and blue lines).

2.2.2 Mapping Structures

Four thousand six hundred four bedding orientations were collected systematically,
and DEM of the research area (taken from USGS) are used for the construction of
cross sections and the features of the folds along the fold and thrust belt in Adiyaman,
Diyarbakir and Batman-Siirt subareas of SE Anatolian. Three thousand sixty-eight
measurements of the bedding attitude were used to better understand the features and
spatial distribution of the folds. The Stereconet 11 Software by Allmendinger was
used in this study for the fold analyses.

The structural base map and field observations (trace of 34 thrust and three strike-
slip faults mapped by satellite images and over five km-long faults traced and

illustrated) are used for length-weighted fault orientation analysis. For this purpose,
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the SE Anatolian basin is divided into nine domain areas (Figure 2.2), based on

variations in structural trends and the curvature of the basin rim.

We identified and separated the available data sets as fractures, fold axes, and faults
in the study area. We divided each structure into distances of 100 m to create length-

weighted rose diagrams of the structures.

Relative ages of the faults were done by taking into account cross-cutting
relationships, available growth structures, literature data, and seismic interpretations
(terminations of reflections or fold limbs or kink bands on the seismic section) on

2D seismic sections.

2.3 Stratigraphical Analyses

One hundred forty-four wells that penetrate Paleozoic rock units, eighty-six 2-D
seismic data sets, and prepared surface/subsurface facies maps are used to establish
the stratigraphical frame of the research area and to understand spatiotemporal facies

associations.

2.3.1 Facies Determination

The research area has 63 different formations that researchers have identified and
mapped. However, they were classed here based on their ages and facies
characteristics. In this sense, 19 facies-age classes were determined in this study. The
resultant facies distribution maps were used to understand possible erosional
surfaces, deposition trends, and the base of sedimentological cycles and their
correlative conformities (e.g Mitchum et al., 1977). In this context, the stratigraphic
classes were created by considering (almost) same-age continental, shallow marine,

and deep marine deposits.
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2.3.2 Mapping Facieses

The isopach maps illustrate the distribution of facies in thickness of the selected
geological time, which can be utilized for various geological interpretations,
particularly when examining the depositional environment of formations and
stratigraphic thickness. In this study, firstly, formations were classed together
according to their ages and depositional environment. Then, the isopach maps were
produced primarily by one hundred forty-four well data and depth-converted horizon
tops obtained from seismic interpretation in Petrel software. Each isopach map

illustrates the thickness distribution of each stratigraphic class.

2.3.3 Well and Section Correlations

Twenty-three well logs were interpreted to determine formation tops using gamma-
ray (GR) and sonic (DT) logs. Sixty-six wells are used for formation tops for
stratigraphical correlation purposes. Here, the tops of the newly created stratigraphic
classes were considered. Thus, deposition patterns could be presented for each
defined period. In this context, seven different well-correlated sections were
prepared. Four of them are oriented in the E-W direction while the rest are scattered
in various directions. The sections produced here were also used for isopach map

constructions.

2.4 Kinematic Analyses

In order to understand the kinematic history of the basin, fold analyses, unconformity

(syn/post depositional) determinations, and paleostress analyses were conducted.
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24.1 Fold Analyses

Fold analysis was carried out in order to understand the geometries of the folds
exposed in the study area and to derive kinematic interpretations by determining the

spatial and temporal changes in the geometrical features of the folds in space.

Three thousand sixty-eight measurements of the bedding attitude were used to better

understand the features and spatial distribution of the folds.

In addition to the rose diagram of the strike of bedding attitudes and histogram of
dip amounts of bedding planes in three sub-areas, 31 - and -n diagrams were
generated (seven in western, eight in central, and sixteen in eastern subareas) by
using stereonet v11 software by Rick Allmendinger. Using the methods developed
by Allmendinger (2021), Stereonet 11 software was used to create the - and -n
diagrams of the folds. Contour diagrams are constructed using % 1 area contouring,
and the axial planes and attitudes of hinge lines are computed using the mean pole

directions of each limb of the folds.

24.2 Determinations of Syn-depositional Unconformities

Growth strata are proximal syntectonic successions that evolved due to uplift, surface
tilting, and erosional denudation of various geological structures (Riba, 1976;
Anadon et al. 1986). This part aims to establish a close relationship and correlation
between simultaneous sedimentation and tectonic development for understanding
the kinematics of folding and faulting, the sedimentological properties of growth
layers around the fold, and the timing of deformation, which are all critical for

hydrocarbon exploration programs.

Identifying syntectonic discordances or unconformities is the first step in analyzing
growth layers (Riba, 1976). These discordances were classified by Riba (1976) as
progressive syntectonic unconformities, which are a succession of strata that flatten

up sections but have no apparent dip discordance between beds, and angular
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unconformities, which are surfaces those separate successions of strata with
noticeable different bedding dips. Figure 2.3 shows the genetic model of progressive

and syntectonic angular unconformities proposed by Riba (1976).
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Figure 2.3 A genetic model of syntectonic unconformities in areas where

deformation and deposition are related (after Riba, 1976 and Anadon 1986 et al.,
1986).

The dataset for this study consists of 78 bedding attitudes, tapering wedges of strata,

and seismic sections where they are available. The technique we used to classify

syntectonic unconformity types included the following:

1) Package for identified growth strata (the presence of a tapering wedge of

strata)
2) presence of a high-angle dip discordance and a less obvious, low-angle but

measurable dip discordance within flattening up stratigraphic succession

(generally 2-5°),
3) asharp increase in grain size or massive sandstones directly adjacent to fault

or unconformity surfaces.
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243 Paleostress Analyses

Paleostress analysis is the technique of identifying the principal stress orientations
utilizing fault slip data obtained from field measurements of the orientations of the
fault planes and slip data (Kaymakei et al., 2006). Slip directions are typically
inferred using slickenlines, frictional grooves, or fibrous lines. The purpose of this
study is to collect kinematic indicators on fault surfaces where faults are
uninterpreted on seismic sections due to poor seismic data quality and to use the
paleostress inversion method to unravel the kinematic evolution of faults and
associated structures in the SE Anatolian basin as well as to determine the principal

stress orientations of each deformation episode.

In the context of kinematic research, 358 fault slip data were collected in age from
upper Cretaceous-Paleocene to upper Miocene at 26 different sites in the study area
(Appendix A and B). When we collected fault slip data, we considered several
criteria, including collecting as much fault slip data as possible (at least four) for
each stress solution in a homogeneous rock body and avoiding measurements on
corrugated fault surfaces. Fault plane attitude, slickenside, movement sense
orientation, and relative dating markers, if it is possible, were measured in the field
for each fault. Additionally, sampling in a site was performed following Kaymakci
et al. (2000), which specify that all data points within the site must be within a radius

of around 50 m to maintain structural homogeneity (Hancock, 1985).

Numerous approaches have also been proposed for paleostress inversion solutions
(e.g., Angelier, 1984; 1994; Shan et al.,2003). They suggest that the fault plane
evolves in a direction parallel to maximum shear stress. Moreover, the movement of
a fault does not affect other faults in about the same tectonic regime. The primary
outcomes of these analyses are the determination of the orientation of maximum
(c1), intermediate (62), and minimum (o3) principal stress axes as well as the
calculation of the shape ratio of the principal stress differences (¢=(52-63)/(c1-63)).
The outputs are utilized to determine the stress regime, which is essentially described

as extensional, strike-slip, or compressional, where c1, 62, and 63 close to vertical,
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respectively. Radial compressional, radial extensional, transpressive, and
transtensional regimes can also be possible in addition to these basic (pure) regimes.

All relevant analyses were conducted by using Wintensor software (version 5.9.2).

2.5 Cross-section Constructions

To construct a cross-section, field data including bedding orientations (4604
measurements), outcrop traces e.g, boundaries formations, locations, and types of
structures, a 1:500000 geological map, and DEM of the research area are used and
interpreted along the fold and thrust belt in the Adiyaman, Diyarbakir, and Batman-

Siirt subareas of SE Anatolian.

Three regional (one in the western, one in the central, and one in the eastern sub-
areas) cross-sections were constructed using 2D seismic profiles (Figure 2.4),

surface data, and 36 wells.

2.5.1  2-D Seismic Interpretation

The principal dataset utilized for this study is 86 2D seismic surveys of the SE
Anatolian basin (see for locations of well and 2D seismic lines Figure 2.1 and 2.5),
consisting of 34 section lines oriented parallel to the strike major structures of the
basin and 52 section lines aligned perpendicular to the strike of major structural
features of the basin, and come in the form of digital files with SEG-Y format of the

seismic data. These data were obtained from the TPAO database store.
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Figure 2.4 The position of the regional and local cross-section lines.

2.5.1.1 Seismic Analyses (Interpretation)

The main approaches for interpreting the seismic sections are picking and tracking
consistent seismic reflectors laterally, identifying structural features which search
for structural traps containing hydrocarbons, displaying the geometry of structures,
and identifying stratigraphic boundaries. The workflow of seismic analyses includes

the following steps;
a) seismic well-tie,
b) picking horizons and faults,

c¢) domain conversion using velocity map and picked a time to construct horizon’s

depth maps,
d) creating the geologically-seismic cross-sections and,
e) the interpretation of the various maps and cross-sections.

Schlumberger’s Petrel (2017) software was utilized for this study.
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2.5.1.2 Synthetic Seismogram Generation and Seismic-to-Well Tie

Synthetic seismograms are artificial seismic traces extracted from seismic data, used
to establish correlations and pick between geological information from well logs
such as target formation tops and seismic reflections. The eight well logs, including
density (Rhob), gamma-ray (GR), and sonic (DT) logs, were mainly used for

correlation purposes and the generation of synthetic seismograms.

Establishing the link between seismic reflections and stratigraphy is one of the
primary techniques for analyzing seismic data. The first step in this study has been
carried out by tying the seismic data to the well data. Typically, well information and
seismic data are converted from depth to time and back to depth. Seismic data mainly
provides time values, while synthetics provide time and depth values used to verify

reflection events.

In the well-tie technique, in conjunction with the density log, the calibrated sonic log
was utilized to determine the acoustic impedance (Al), which is used to establish the
reflectivity coefficient (RC). For the construction of the synthetic seismogram, a
wavelet is required. Using the wavelet toolkit in Petrel, deterministic, analytical, and
statistical methods were tried to determine the wavelet, with the deterministic
method achieving the best fit among them. The resulting RC and wavelet were used
to construct a synthetic seismogram (Figure 2.5). After producing the synthetic
generation, the retrieved trace around the well was matched with a seismogram. This
derived trace represents the actual seismic data utilized for the synthetic matching.
The synthetic trace could then be moved, stretched, or squeezed to establish the best

possible match between the synthetic seismogram and the seismic trace.
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Figure 2.5 Generated synthetic seismograms that tied the well to seismic data

illustrating all the components used to generate the synthetic seismogram.

The seismogram was then presented on the vertical sections and utilized to connect
the formation tops on the seismogram to those on the nearby vertical seismic section

(Figure 2.6).
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Figure 2.6 The figure showing the synthetic seismogram was matched with the

seismic traces to obtain each horizon for target formation tops.

2.5.1.3  Horizon and Fault Interpretation

Horizon and fault interpretations are performed to understand the structural
architecture of the study area. The horizon and fault interpretation generally was
difficult due to poor reflection resolution and structural complexity in the fold and
thrust belts in the northern areas of the study area. Generally, it is preferred to pick
horizons before fault pickings for better visualization of fault traces. Horizons were
selected depending on the tops of defined stratigraphic classes (seismic-facies
classes) provided by the wells. Amplitude similarity and attribute of phase were

managed to find each horizon’s layer continuity when the horizons were identified.

Thirteen different horizons (based on stratigraphic classes) are determined by tying
and matching seismic lines with 11 seismic sections and 8 check-shot data. The
manual interpretation routine was applied for the horizon and reflector terminations,
and abrupt changes in reflection attributes were taken into account during tracing the

horizons and the structures. The faults were manually located and interpreted in
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Petrel software. The faults and horizons were picked on the 2D vertical display (e.g.

Figure 2.7).

Figure 2.7 Screen snapshot of Petrel software shows various faults and target

horizons.

2.6  Cross-section Balancing and Restoration

Geometric consistency of the balanced sections must be admissible and viable
(Elliott, 1983). An essential test for the viability of a cross-section is demonstrating
that line lengths throughout the stratigraphic sequence are equal when the section is
restored to an undeformed state. Balancing a cross-section involves restoring beds to
their original horizontality while maintaining bed thickness and length. The cross-
section is viable if beds can be restored to an unstrained state and have equal length
(Elliott, 1983). When horizontal, beds are in the state in which they were deposited
and unstrained. Beds are restored to horizontal by setting one of the ends of the cross-

section as a pin line, which maintains position while beds extend past the opposite
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end of the cross-section (Dahlstrom, 1969). If the cross-section does not balance,

then it is not an acceptable structural model.

The overall objectives of balancing are to restore deformed rock to its original state
or its accurate palinspastic restoration and to establish the geological sequence of
events such as the timing of structural events and hydrocarbon migration,
understanding of the tectonic history, and check whether the interpreted cross-
section was geometrically valid (Tearpock and Bischke 2002). Structural balancing
is based on the idea that during the interpretation process, the interpreter must neither
add nor delete volume (Goguel, 1962). A concept of mass conversation is the key to

admissible geologic interpretations and constructions.

In this study, to examine the geometry of the basin and to accurately determine the
shortening rates in three sub-areas of the basin, three regional cross-sections created
by surface/subsurface data were balanced. The locations of these regional cross-

sections and seismic section lines are given in Figure 2.4.

To construct and calculate shortening rates in 3 sub-areas in the study region, we
followed the approach given below for the segments of the sections without seismic

data.

Firstly, the availability of dip data and well data is considered to decide on the
optimum orientations of each section (Figure 2.8). During section line, position
selection, 445, 1238, and 1804 bedding measurements were available in the
Adiyaman, Diyarbakir, and Batman-Siirt sub-areas, respectively. We found out that
from west to east, N27E, N12E, and N18E directions are the best directions for the
three subareas in the study area, respectively (Figures 2.8 and 2.9). During section
constructions, a specified distance (~1.5-2 km) from the section line was determined

to collect dip data and reflect their apparent dip values on section lines.

Secondly, a template horizon was constructed based primarily on Ramsey’s (1967)
parallel folding (1B fold classes-constant layer thickness) by utilizing isogons of

separated dips where available. After that, the previously generated (template)

49



horizon was used as a reference layer for the original (real) layers, which were
created by the software automatically considering the thickness of the units and

geometric relations of the 1B fold type.

Thirdly, the sections were fit to geological/structural map and topography. Some
general rules are followed during the structural restoration processes, such as the
conservation of rock volume and deformation mode (brittle faulting). The
approaches utilized in kinematic structural restorations are divided into two
categories: unfolding restoration and moving on fault restorations. We used flexural-

slip unfolding processes in this study using Midland valley (MOVE) software.

In this method, after digitizing all structure locations (faults, formation boundaries,
etc.), the flexural-slip unfolding technique is utilized. For this, the thickness of
stratigraphic cycles and created uppermost bed lines were maintained. This approach
assumes a defined pin line (the axial plane of the section) to specify the region of no-
slip and reconstruct a slip system parallel to the defined template bed. Pin lines are
used for measurements and consistency of bed length during the cross-section
balancing. In order to verify a cross-section, unfolding, movement on the fault plane

and calculation of the amount of shortening stages are required.
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Batman-Siirt sub area n:1804)

Figure 2.8 Stereonet plot displaying the suggested section plane orientations of

regional cross sections.
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Figure 2.9 Digitized faults and folds visualized in the map view of the study area.

2.6.1 Velocity Modelling/Depth Conversion

Depth conversion removes inherent time-related ambiguities in the correlation of
internal events through the 2D seismic and verifying structure. Tie the existing wells
and accurately predicting depths at new well locations are the main of reliable depth
conversion (Etris et al., 2002). Time-depth conversion processing is required to
visualize the structural features of horizons and faults effectively. The inputs for the
velocity model were checkshot data, the well top depths, and the picked seismic time
horizons to create a velocity model and convert the seismic data from the time
domain to the depth domain. Within the study area, a velocity map of the top of the
Mardin Group was constructed (Figure 2.10).
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Figure 2.10 This figure shows the interval velocity map of the Upper Cretaceous

shallow marine unit.
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2.6.2 Shortening Ratio Calculations

Three regional cross-sections were restored for each of the three sub-areas to
compare shortening evolution from W to E in the research area. The shortening rates
along the sections were calculated by using the lengths of deformed and undeformed

sections in percentage and formulated by;
Shortening =Observed Bed Length - Width of Structure at Regional
and,

% Shortening= 100[(Width of Structure at Regional -Observed Bed Length / Width

of Structure at Regional ]
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CHAPTER 3

ANALYSIS AND INTERPRETATIONS

3.1 Morphotectonics

Morphotectonics is defined as a tectonically induced morphological feature or
structurally associated morphological feature that can be separated from adjacent
regions by its characteristics, elevation, relief, geology, and structures (Hills et al.,
1961). The delineation of the domain boundaries is based on interpretation and

expert judgment.

The study area is dominated by compressional and contractional structures
manifested by thrust and reverse faults. They control mainly the northern margin of
the study area along the southern foothills of the Bitlis Zagros Sutures Zone. The
southern extensions of these contractional structures were developed mainly within
the northern edge of the Arabian Platform and are manifested as a reverse fault that
is developed mainly at the cores of south verging fold-propagation and fault-bend
folds, such as Areban, Yavuzeli anticlines in the west and Botan, Sadak, Tavan,

Dodan, Resan anticlines in the east.

The dominant structures in the study area are interpreted using available literature
and field data (Figure 3.1). Considering the tectonic styles, density, and the type of
dominant structures, the study area is divided into nine morphotectonic domains
(Figure 3.2). The dominant attitudes of the structures in Domain A are oriented
N47E, N88W in Domain B, N8OE in Domain C, N85W in Domain D, N77E in
Domain E, N15W in Domain F, N§OW in Domain G, N8OE in Domain H, and N65W
in Domain I (Figure 3.2). The attitudes of all structures in the whole study area
concentrated in the N82W direction (Figure 3.1 a), almost E-W direction parallel to

the main trend of the Bitlis Suture in Tiirkiye.

55



Likewise, orientations and the densities of the structures in the study area also differ.
They are primarily concentrated along the rim, eastern and western margins of the
study area. The frequency of the structures in the central part of the study area is
lower. This possibly is due to the deformation’s intensity decreasing towards the
central parts but also because this area is covered with young basaltic rocks and Plio-
Quaternary alluvial that hinders the structures. According to Rose diagrams, In
addition to analyzing all structure data, the orientations of fold axes, reverse or thrust
faults, strike-slip faults, and tension fractures are N83W, N86E, N36E, and NO4E,
respectively (Figure 3.1 b-e).

The domain (A) represents the East Anatolian Fault zone, and the main trends of the
structures (N47E) are suitable with the trend of the fault zone. The domain (B)
represents the reverse faults located at the west-southwest of the study area, and the
mean trends of the structures show the N8§8W direction. The domain (C) represents
the thrust/reverse faults northwest of the study area. The mean trend of the structures
in this domain is similar to the domain (B) but slightly differs from it by N8OE
direction. The domain (D) represents the strike-slip faults (one right-lateral and one
left-lateral fault) at the central west of the basin. The mean directions in this domain
were calculated as N6OW and N65E. The domain (E) represents the reverse and
thrust fault zone at the central north of the study area. The N77E direction represents
the main trends of the structure in that domain. The domain (F) represents the tension
fractures and normal faults observed on the Plio-Quaternary volcanic rocks. The
mean trend of these structures (N15W) is almost perpendicular to the ones of
thrust/reverse faults in the region. The domain (G) represents the reverse/thrust fault
zone at the central NE of the study area. The mean trend of the domain is N8OW.
The domain (H) represents the reverse fault zone at the central south of the study
area. The N8OE direction represents the mean trend of the structures found in the
domain. The domain (I) represents the thrust/reverse faults observed at the NE corner

of the study area, and the mean trends of this domain indicate the N65W direction.
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In addition to the rose diagrams considering only the trends of the structures, here
we construct a new class of analyses regarding the age and motion of the faults
(Figure 3.3). In this sense, the length-weighted rose diagrams of the structures given
in Figure 3.4 indicated that the orientations of thrust (or reverse) faults in Late
Miocene, Late Eocene-Miocene, Late Cretaceous age, and Triassic-Jurassic normal
faults are calculated as N86E, N84W, N75E, and N88W, respectively (Figure 3.4).
The age and kinematics of the faults are based on well-logs, seismic interpretations,

as well as information obtained from Peringek et al. (1992).

Elazig -

38N S i
g o S /)/ m Divarbakir
=

| e
/

o s - W

_ © Adyaman Q /!

S Hakkari R
PA —- ST~ - N
vz B Mardin /,”" Ne— 1 \,1\-57

, -

N

’Gaziantep =
STNF W IRAQ
4 SYRIA -
—a__ Late Miocene overthrust = Triassic-Jurassic normal faults +
4 a Probable Late Cretaceous overthrust ~—4—a—  Late Eocene-Miocene overthrust front e —

w
o
)

w

By
<

40°E
44

Figure 3.3 The age and motion of structures (thrust/reverse faults and normal faults)

of the SE Anatolian basin (modified from Peringek et al., 1992).

The thrusting of oceanic material onto the carbonate shelf at the northern margin of
the Arabian plate during the latest Cretaceous period is observed by the contact
relationships of two major allochthonous rock units of southeastern Anatolian
(Kogali and Karadut complexes). These allochthonous units are found on top of the
Upper Cretaceous Kastel Formation in the region. The reflection of the thrusting is
also observed as thrust imbricate and duplex structures within the Kogali and Karadut

Complex in the study area (Figure 3.5).
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Rose Diagram of Thrust (or Reverse) Faults (SE Anatolia)
(equal length interval 100 m)
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Figure 3.4 Length-weighted rose diagram of thrust/reverse and normal faults of the

SE Anatolian of the basin.

Rose Diagram of Thrust (or Reverse) Faults (SE Anatolia)
(equal length interval 100 m)
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Figure 3.5 Picture shows the imbricate thrust structure in the intensely deformed

upper Cretaceous Karadut Complex (flysch) in the Adiyaman sub-area.



The arc-shaped Late Miocene thrust fault (see Figure 1.3) forms the contact between
Late Miocene continental clastics and basin-fill and defines the northern boundary
of the basin. The Late Miocene thrust trends approximately NE-SW, W-E, and NW-
SE in Adiyaman, Diyarbakir, and Batman-Siirt subareas, respectively. The Paleozoic
to Middle Eocene allochthonous units thrust over the upper Miocene Selmo
Formation and lower Lice Formation, where the Selmo Formation was not exposed
on the North Arabian plate margin (Figure 3.6 a and b). In addition to the basin-
bounding Late Miocene thrust fault, the southeastern Anatolian contains reverse

faults observed in basin interiors (Figure 3.7).

Lice Fm

Figure 3.6 Field views of Late Miocene thrust emplacement around the north of Siirt
region. a) Eocene-Miocene flysch (Ciinglis Formation) thrust over lower Miocene

flysch (Lice Formation), b) close-up view of the thrust fault.

Southeast Anatolian contains reverse faults with nearly identical trends, NE-SW, W-
E, and NW-SE, from the western, central, and eastern portions of the study area,
respectively. Generally, reverse faults extend nearly parallel to the fold axes’ hinge
line and extend in the same direction as their axes. Reverse faults have emerged in
front of the Late Miocene thrust zone in the whole area. In contrast, some reverse
faults in western and eastern areas are classified as blind reverse faults (i.e., they do
not reach the surface) since the folds observed in the region show typical
characteristics of fault propagation folds indicating blind thrusts (Figures 3.8 and
3.9).
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3.2 Stratigraphy

In the literature, the units in the study area are divided into 63 different
lithostratigraphic units. Based on their age and facies characteristics, they are
simplified into 19 stratigraphic classes (Figure 3.10). The simplified classes are
depicted in 11 different facies maps (Figure 3.11-3.21) and Table 3.1, highlighting

their distribution, depositional environments, and contact relationships.

Upper Miocene (Ts).—

b

Figure 3.7 a) Field view of Late Miocene thrust emplacement south of Hazro High
in Diyarbakir subarea. b) Field view of Late Miocene thrust emplacement south of

Mardin High in Diyarbakir subarea.

The oldest stratigraphic rocks are coded as SO1, containing pre-Cambrian basement
(Telbesmi Formation) and Cambrian continental to shallow marine deposits of

Sadan, Zabuk, Koruk, and Sosink formations. These units crop out at the NW corner
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of the study area (around Adiyaman) and south of the study area around Mardin High
(Figure 3.11).

NW Fault tip

Backlimb Forelimb

Figure 3.8 a) Aerial photo of Dodan Anticline with bedding attitudes. This fold is
presumably related to a fault propagation fold. Tsge: lower Eocene Gerciis
Formation, Tm: middle Eocene-Oligocene Midyat Group, Tl: lower Miocene Lice

Formation. b) Simplified sketch of a fault-propagation fold.

The second S02 class comprises shallow marine deposits of Ordovician Bedinan and

Seydisehir formations. This class crops out only around Mardin High (Figure 3.11).

S03 class contains shallow marine to relatively deeper marine deposits of Upper
Silurian — Devonian and Lower Carboniferous Dadas, Hazro, Kayayolu, Yiginli,
Kopriilii, and Belek formations. This class unit exposes only in Hazro High (Figure

3.11).

S04 class comprises shallow marine deposits of Upper Permian Kas and
Gomaniibrik Formations. This unit crops out around Hazro High and Sirnak-Hakkari

region (Figure 3.11).

The Paleozoic-Mesozoic metamorphic rocks distribution of the study area is

widespread along the northern side of the Late Miocene thrust front. However, the
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unmetamorphosed equivalents of these units are exposed in locally small areas in the

south of the Miocene frontal thrust around the Mardin High and the Hazro High
(Figures 3.11 and 3.12).

NW Fault tip SE

Backlimb { Forelimb

G

Detachment

Late Mioc;;np/-v) T
Fust

Figure 3.9 a) Aerial photo of Tavan Anticline is presumably related to fault
propagation folds with measurements of bedding attitudes. (Tsge: lower Eocene
Gerciis Formation, Tm: middle Eocene-Oligocene Midyat Group, T1: lower Miocene

Lice Formation. b) Fundamental properties of the fault-propagation folds.
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- Upper Permian Shallow Marine sediments (UPs)

I Upper Silurian-Lower Carbonif erous
Shallow Marine sediments (USCs)
Ordov ician Shallow Marine sediments (Os)

—a— Late Miocene ov erthrust — + - Probable anticline —a— Reverse fault BF: Bozova fault N Gamprian Shallow Marine sediments (Cs)
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Figure 3.11 The map illustrates Pre-Cambrian-upper Permian units on the surface of

the study area. Red circles indicate the location of SO1 rocks.

~ Mardin High

- Paleozoic-Mesozoic Metamorphic Rocks

—4— Late Miocene ov erthrust — + - Probable anticline —a— Reverse fault ﬁ*;i izzo‘/afallflt "
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ke ET™ )
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Figure 3.12 The map illustrates Paleozoic-Mesozoic rocks on the surface of the study

arca.

The classes above cover the core units of the Arabian Plate and they show continental
and shallow marine environment characteristics, while some isolated outcrops

indicate a relatively deeper marine environment.

66



SO05 class is composed of shallow marine and rarely observed continental deposits of
Triassic-Jurassic age formations belonging to Cigli and Cudi groups. These units are
found around the northern margin (NW of Hazro High) and SE corner (Sirnak-
Hakkari) of the study area (Figure 3.13).

—4— Late Miocene ov erthrust — + - Probable anticline —a— Reverse faul BF: Bozova fault
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Figure 3.13 The map illustrates Triassic-Jurassic shallow marine sediments on the

surface of the study area.

S06 class consists of shallow marine deposits of Cretaceous Areban, Sabunsuyu,
Derdere, and Karababa formations. Exposures of the class are observed around the

older class units, where their uplift is controlled by thrust faults (Figure 3.14).

S07 class comprises deep marine units of Upper Cretaceous deep marine deposits of
Kastel, Bozova, Sayindere, Karabogaz, and Ortabag formations. These units crop out

north, northwest, and west of the study area (Figure 3.14).

S08 class contains continental deposits of Upper Cretaceous Terbiizek and Kiradag
Formations. This class crops out only around the Adiyaman region (NW of the study

area) (Figure 3.14).

The Mesozoic ophiolites (e.g., Kocali Ophiolites, which exposed the NW and W

sides of the basin) and Upper Cretaceous deep marine Karadut Complex generally
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exposed the northern side of the possible Late Cretaceous thrust front in the study

area. The approximately NE-SW trend becomes the dominant trend of the basin
(Figure 3.15).

I Upper Cretaceous Continental sediments (UCc)
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Figure 3.14 The map illustrates Upper Cretaceous continental and deep marine

sediments and Cretaceous shallow marine sediments on the surface of the study area.
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Figure 3.15 The map illustrates Mesozoic ophiolites and the Karadut complex on the

surface of the study area.
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S09 class comprises shallow marine deposits of Upper Cretaceous-Paleocene Besni,

Garzan, A. Sinan, U. Sinan, Becirman, and Belveren formations. These units crop

out at the NW and East of the study area (Figure 3.16).
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Figure 3.16 The map illustrates the distribution of Upper Cretaceous-Paleocene

continental clastics and shallow and deep marine deposits.

S10 class comprises deep marine units of Upper Cretaceous-Paleocene A. Germav
and U. Germav formations. These formations cover relatively large areas in the study

area, and they are observed in various parts of the study area (Figure 3.16).

S11 class units consist of Upper-Cretaceous but dominantly Paleocene continental

deposits of Antak formation. This unit crops out around Hazro High (Figure 3.16).

S12 class is composed of Lower Eocene continental deposits of the Gerclis
Formation. This unit mainly crops out at the margin of the fault-controlled highs,

such as Hazro-Mardin highs and the northern rim of the basin (Figure 3.17).

S13 class comprises Middle Eocene-Oligocene shallow marine deposits of Hoya and
Germik Formations. Relatively narrow outcrop patches of the unit follow the basin’s

northern rim but they cover large areas at the East of the basin (Figure 3.17).
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Middle Eocene-Oligocene Deep Marine sediments
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Figure 3.17 The map illustrates middle Eocene-Oligocene shallow and deep marine
sediments, lower Eocene continental clastics, middle Eocene Maden Group, and

Eocene-lower Miocene deep marine sediments on the surface of the study area.

S14 class consists of Middle Eocene-Oligocene deep marine sediments of Gaziantep
formation. The outcrops of the unit are observed as the lateral continuation of S13
class units, but this class unit mainly covers large areas at the center and the
southwest of the basin. Otherwise, in the north of the Late Miocene thrust front, the
middle Eocene Maden Group and Eocene-lower Miocene deep marine rocks are

exposed (Figure 3.17).

S15 class is composed of Lower Miocene shallow marine deposits of the Firat

Formation. This unit crops out north of the basin (Figure 3.18).

S16 class contains Lower Miocene deep marine deposits of the Lice formation. This

unit mainly crops out at the northern flank of S15 class units (Figure 3.18).

S17 class comprises Upper Miocene continental deposits of the Selmo Formation.
This unit covers large areas at the east of the basin, but it is also observed as a cover

unit at some parts of the study area (Figure 3.19).
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Figure 3.18 The map illustrates lower Miocene shallow and deep marine sediments

on the surface of the study area.
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Figure 3.19 The map illustrates upper Miocene continental clastics on the surface of

the study area.

S19 class represents the Plio-Quaternary deposits of the region. They are followed
around active rivers and cover relatively large areas south of the study area (Figure

3.21).
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S18 class is composed of Plio-Qauternary volcanic. It covers large areas at the center

of the basin. Also, it is found as isolated outcrop patches at some places in the region

(Figure 3.20).
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Figure 3.20 The map illustrates Pliocene-Quaternary basalts on the surface of the

study area.
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Figure 3.21 The map illustrates Pliocene-Quaternary alluvium on the surface of the

study area.

72



12e3U00 21U03I3 | D] pjuoduN:NfewWIoUOD: D feRl 1983U0D ON /YN
VN ON ON ON ON ON ON oL n n n ON n n n oL oL oL/n Juawaseq aul|[ehsi)
ON VN o/n ON ON n n ON ON ON ON ON ON ON ON ON ON ON BN MOjjeyS-juswaseg dnouo yjuag
ON o/n VN n n n n ON ON ON ON ON ON ON ON ON ON ON (z0S) auuen mojjeys dnouo ungey
ON ON n VN n ON n ON ON ON ON ON ON ON ON ON ON ON (€0S) auLey mojjeyS|Jamor-uennyis Jaddn
ON ON ON n VN n ON ON ON ON ON ON ON ON ON ON ON ON (¥0S) duLeN mojjeYS uelwad Jaddn
ON n n ON n VN n ON ON ON ON ON ON ON ON ON ON ON (S0S) auLielN mojjeys Jlssednf-olssel |
ON n n n ON n VN n ON ON ON ON ON ON ON ON ON ON (90S) auLe N MOjjBYS snoaoe3al)
oL ON ON ON ON ON n VN n J/ON ON ON ON ON ON ON ON ON (£0s) suue doag snosoeray saddn
n ON ON ON ON ON ON n VN n ON ON n n ON ON ON ON S) S2115€[D [BIUBUIIUOD
n ON ON ON ON ON ON J/ON n VN n ON n n ON ON ON ON (60) 2uLEN MOJ[BYS
n ON ON ON ON ON ON ON ON n VN n n n ON ON ON ON S) S2115€[2 [BIUBUIIUOD POB|EB-SN0RIRIDLD 43!
ON ON ON ON ON ON ON ON ON ON n VN n n ON ON ON ON (015) 2une\ daag
n ON ON ON ON ON ON ON n n n n VN n ON n ON ON S) so1se|d [_IUBUIIUOD 3U3203 JaMOT]
n ON ON ON ON ON ON ON n n n n n VN 2 n n n (€TS) auLieIN MOJlRYS 15903110-5U3903 3[PPI
n ON ON ON ON ON ON ON ON ON ON ON ON 2 VN n n n (v1S) auLey doag
oL ON ON ON ON ON ON ON ON ON ON ON n n n VN 2 n (STS) duLeN MmojjeYS
QU0 JaMOT
oL ON ON ON ON ON ON ON ON ON ON ON ON n n 2 VN n (915) 2uney daag
oL/n ON ON ON ON ON ON ON ON ON ON ON ON n n n n VN EJ2 [e3uBunUOD) owds|  duadoln Jaddn
(tos) (£15)
suew (zos) (€0s) (v0s) (sos) (90s) (£0s) (80s) (60) (TT9) (0tS) (z19) (€15) | (¥TS) (s19) (915) (sonsep |
moleus Suue\ | SULEB | BUUEBIA | SULBIA | SULEBN |SULIEBA| SOIISE]D | SULIBJA | SJIISE|D | SULIBA| SOSE[D | | SULIBIA | SULEN | SULBN | SuE e1usUUOD)
\uswaseg MOJ[eyS | Mojjeys | mojjeys | mojjeys | mojjeys | dsa@ ||eiuaunuo)d| mojjeys ||eiusunuo)| deag |eiusunuo)| mojjeys| desag | mojeys | deaq owypt
sno
jawaseg| dnoig | dnoig ‘_mw_“m“w_mu uelwiad | aIsseanf snosoeran Snoaoe3al) 2ua0093|ed aua203 2ua208110 2UOIN 2UAOIN
auljeiksiy | yueq ingeH —uennpis Jaddn | -oIssel| Jaddn -snoaoejal) Jaddn 19MmoT -2u2203 3|PpPIA 19MO7 Jaddn
Jaddn

SOSSE[O JO SJUSWUOIIAUD [euonisodap zoyy pue sdigsuone[ar 10eju0) 1°¢ 9qeL

"sjun QuadoIN Joddn 01 uenique)-oxd woy

73



3.2.1 Facieses Distribution

Among the 19 different stratigraphic classes defined in this study, the classes S01,
S02, and S16-S19 are encountered in only a few of the wells which limited the
possibility of determining their spatial distribution precisely. On the other hand, the
remaining 13 stratigraphical classes are penetrated in a sufficient number of wells,
and their isopach maps could be prepared in order to determine their spatial

distribution and change in their thickness.

The thickness of the mapped stratigraphical units is variable in each well, possibly
due to repetition related to thrusting and sometimes imbrication (multiple
repetitions). More importantly, the main problem of thickness variation is related to
obscured faults that have offset less than the thickness of the rock package so that no
apparent repetition or omission could be observed in the well logs. To overcome this
problem, wherever such repetition is observed in the well logs, the lowermost
package of the stratigraphical unit is used instead. The thicknesses on the hanging
wall blocks are therefore omitted. Such imbrications are observed in 20 wells, and
these wells are mainly located in the northern parts of the study area as well as around

structural highs such as Hazro High.

An isopach map created for the continental and (dominantly) shallow marine units
of the SO5 stratigraphic class (Triassic-Jurassic) is given in figure 3.22. In addition
to the thickness information of the S05, the map includes some approximately W-E
trending normal faults determined in some seismic lines. The map also indicates that
the thickness of the class significantly increases up to 2365 meters on the eastern and
western sides, respectively, whereas it decreases to the central part of the basin

(Figure 3.22).
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Figure 3.22 Isopach map of Triassic-Jurassic sediments (Stratigraphic class S05).
Thickness values range between 0-2365 m, and contours indicate the thickness (in

m) of Triassic-Jurassic sediments. Normal faults are shown as bolder black lines.

The isopach map of Lower Cretaceous shallow marine sediment (stratigraphic class
S06) (Figure 3.23) shows that the thickness of the class increases substantially in the
eastern, western, and southern areas. At the same time, it decreases in the northern
areas, especially in the Adiyaman sub-area. On the other hand, there are some local
variations in the thickness of the class, such as an abrupt increase in the Diyarbakir

and Batman-Siirt sub-areas.

The isopach map of Upper Cretaceous shallow marine successions (Stratigraphic
class S06) points out that the successions of the class are common throughout SE
Anatolian and Upper Cretaceous (continental, shallow, and deep marine sediments)

successions’ thickness increases substantially in northern areas (Figure 3.24 a).

The thickness distribution of the Upper Cretaceous deep marine units (Stratigraphic
class S07) is given in Figure 3.24 b. The thickness and distribution of these units are
widespread in northern areas. However, the comparison between the isopach map of
class SO07 and S06 indicated that the maximum thickness in the previous isopach
(especially around the deepest parts) map is higher than this isopach map. This points

out the southward migration of continental and shallow marine units on top of deep

75



marine sequences. In addition to the isopach maps, the subsurface data indicates that
the SO7 class units (mainly the Kastel Formation) become thinner as it moves

southward and creates a wedge shape geometry.
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Figure 3.23 Isopach map of Lower Cretaceous shallow marine sediments (Base of
Stratigraphic class S06 — Lower Cretaceous). Thickness values range between 0-697

m and contours indicate the thickness (in m) of Lower Cretaceous sediments.

The hangingwall block of the main boundary of the frontal thrust underlies mainly
the Kocali and Karadut complex. The thickness of these units increases towards the
north (distal to the main frontal thrust) (Figure 3.24c). The thickness distribution of
the Upper Cretaceous units, hence the possible location of the continental, shallow
marine, and deep marine sediments (Stratigraphic classes of S06, S07, and S08) are
depicted: In Figure 3.24a. In the figure foredeep depocenter axis is shown with a
dark pink dash line and the fore bulge axis is shown with a blue dash line. The Figure
also shows the Upper Cretaceous deep marine units (S07) to emphasize the location
of the foredeep depocenter. Note that the maximum thickness in the previous isopach
map (Figure 3.24a) is higher than the isopach map in Figure 3.24b. This indicates
the southward migration of continental and shallow marine units on top of deep
marine sequences. The isopach map of upper Cretaceous allochthonous units (Kogali

ophiolites and Karadut Complex) is shown in Figure 3.24c.
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Figure 3.24 a) Isopach map of Upper Cretaceous units.

The thickness distribution of Upper Cretaceous SO8 (continental clastics) and S06

(shallow marine) classes are given in Figure 3.25. The figure shows that the thickness
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of both classes increases in the west and southwest directions. However, there are
some isolated, relatively small areas with thick deposits at some places, probably

controlled by the growth of thrust/reverse faults adjacent to these areas.
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Figure 3.25 a) Isopach map of Upper Cretaceous shallow marine units. The contours
indicate the thickness in meters. b) Late Cretaceous thrust faults and the continental
clastics that were deposited in front of the Late Cretaceous Thrust fault. Thickness
values range between 0-388 m, and contours indicate the thickness (in m) of Upper

Cretaceous sediments.

The thickness distribution of the units Upper Cretaceous-Paleocene S09 (shallow
marine), S10 (deep marine), and S11 (continental deposits) stratigraphic classes are

given in Figure “3.26 a”. The maximum thickness is observed on the northwestern
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and eastern sides of the basin where thickening was probably controlled by the thrust
faults and the formation thins towards the central areas of the basin. The thickness
distribution of the only S10 (deep marine) class units is in accordance with the
distribution of the total thicknesses (S09 + S10 + S11). However, the S10 class has
the most thickness in the isopach map of the three classes (Figure 3.26 a), reaching
up to 1600 m at some places. The comparison of isopach maps given in Figures 3.26a
and 3.26b, and well data indicates that the deep marine units grade into their’ shallow

marine or continental equivalents along the northern rim of the basin.
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Figure 3.26 Isopach maps of a) Upper Cretaceous-Paleocene sediments and b) deep

marine Germav Formation.
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The thickness distribution of Lower Eocene (continental deposits) and S12
stratigraphic classes is given in Figure 3.27. Although the outcrops of the class do
not cover large areas in the basin, the well data and isopach maps show that it covers
almost the whole SE Anatolian Basin. In addition, there is no shallow marine and
the deep marine equivalent of this class in the region, while younger classes

unconformably cover it.
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Figure 3.27 The isopach map of Lower Eocene continental clastics (Stratigraphic
class S12). This figure emphasizes the possible location of the Early Eocene fault
(black dash lines) that developed in Lower Eocene time and continental clastics
deposited in front of the Early Eocene thrust fault. Thickness values range between

0-1176 m, and contours indicate the thickness (in m) of Lower Eocene sediments.

The total thickness distribution of Middle Eocene — Oligocene S13 (shallow marine)
and S14 (deep marine) stratigraphic classes is given in Figure “3.28 a”. Basically,
the isopach maps shows that increasing trend in thickness is towards south and west
in the basin during the relevant time interval. Comparing these isopach maps with
the ones of older stratigraphic classes indicates southward and westward migration
of thicker deposition zones in the basin. Figure “3.28 b” shows only the thickness
distribution of Middle Eocene - Oligocene units of the S13 (shallow marine) class.

The map shows that shallow marine deposits cover large areas for their deep marine
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equivalents and the deeper marine units are only found in the western and

southwestern parts of the basin.
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Figure 3.28 a) Isopach map of middle Eocene-Oligocene sediments (shallow marine
and deep marine deposits — Stratigraphic class of S13 and S14). Thickness values
range between 0-1684 m, and contours indicate the thickness (in m) of Middle
Eocene-Oligocene sediments, b) Isopach map of middle Eocene-Oligocene shallow
marine sediments (Stratigraphic class S13). Thickness values range between 0-1600
m, and contours indicate the thickness (in m) of Middle Eocene-Oligocene shallow

marine sediments.



The total thickness distribution of the Lower Miocene deep marine S16 class is given
in Figure “3.29 a” and the shallow marine S15 class in Figure “3.29 b”. The isopach
map points out the Lower Miocene units are only found at the north of the basin, and
the thickness of the marine units is not high as the marine units of older classes. The
location of the deepest point of the Lower Miocene units indicates that the northerly
located depozone of the Lower Miocene units is not in accordance with the one of

Middle-Eocene — Oligocene units.
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Figure 3.29 The isopach map of deep marine lower Miocene sediments and the
locations of the well-developed possible wedge-tops axis (black dash line), foredeep

axis (dark pink dash line), and fore bulge axis (blue dash line). a) Lice Formation
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(Stratigraphic class S16) b) Firat Formation (Stratigraphic class S15). Contours are

thicknesses in meters.

The deep marine Lice Formation displays a foredeep axis in the west and the
northeast (red bold lines). The thickness values range between 0-1054 m, and
contours indicate the thickness (in m) of Lower Miocene sediments (Figure 3.29a),
whereas the thickness values of shallow marine deposits range between 0-449 m
(Figure 3.29b) of Lower Miocene shallow marine sediments. The continental
deposits are thicker along the northern margin of the basin where they have in contact
with the main frontal thrust. In addition, the thickness of the deposits becomes

thinner towards the south and in a wedge shape.
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Figure 3.30 Isopach map of Upper Miocene continental clastics (Stratigraphic class
S17) s. Thickness values range between 0-1230 m, and contours indicate the

thickness (in m) of Lower Miocene sediments.

3.2.2 Well Section Correlations

The purposes of stratigraphic correlation are to determine regional sequences for

constructing regional cross-sections and balancing them.
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Within the study context, the units exposed in the SE basin were grouped into four.
These are; (i) pre-Cambrian -Permian sequences - the core sequences of the Arabian
Platform, (i1) Triassic-Jurasic sequences - rift-drift sequences of the Arabian
platform, (iii) Cretaceous sequences representing the initial subduction stage of the
southern Neotethys ocean and (iv) Campanian to Tertiary sequences representing the
complete closure of the Neotethys. Also, the units of the groups were simplified
based on their ages and depositional environments as stratigraphic classes (SO1 to
S19). In this section, we used the terminology constructed here and explained above
for the stratigraphical units cut along wells. The following subtitles explain the
correlations of wells located along W-E and N-S directions to emphasize the changes

in depositional settings in E-W and N-S directions in the basin.

Four main stratigraphical classes of Pre-Cambrian to Permian units are cut by the
wells sitting in the E-W direction. These classes are (i) Pre-Cambrian-Cambrian
continental to shallow marine units of SO1, (ii) Ordovician shallow marine units of
S02, (ii1) Upper Silurian-Lower Carboniferous shallow marine to relatively deep

marine sequences of S03, and (iv) Upper Permian shallow marine deposits of S04.

The Pre-Cambrian-Cambrian (SO01) sequences (Figures 3.31, 3.32, 3.33, and 3.34)
are penetrated in the W2, W3, W13, W14, W26, W27, W36, and W37 wells from W
to E in the northern, central, and southern parts of the Adiyaman sub-area. To the
east, these sequences are penetrated by W31, W40, and W41 wells from W to E in
the central and southern parts of the Batman-Siirt sub-area. According to the well
data set, these sequences are not observed in Diyarbakir and northern Batman-Siirt

sub-areas.

The Ordovician sequences (S02) (Figures 3.31, 3.32, 3.33, and 3.34) are cut by W1,
W4, W5, W6, W9, W10, and W11 wells in northern areas. In the central part of the
study area, W12, W16, W17, W20, W21, W22, W23, W24, W25, W28, W29, W30,
W31, and W32 wells penetrate these sequences. The Ordovician sequences are

penetrated in all wells in the southern part (close to the Syrian border).
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The Upper Silurian-Lower Carboniferous sequences (S03) (Figures 3.31, 3.32, 3.33,
and 3.34) are penetrated by W6, W7, W8, W9, and W11 north of Diyarbakir and the
Batman-Siir sub-area. These sequences are also penetrated by W16, W18, W19,
W20, W22, W23, W29, and W30 wells in the middle-central and eastern areas of the
study area. Based on the well data set, the Upper Silurian-Lower Carboniferous

sequences are not found in the Adiyaman sub-area.

The Upper Permian sequences (S04) (Figures 3.31, 3.32, 3.33, and 3.34) are
penetrated by W7, W9, W10, and W11 in the north and northeast of the study area.
W19, W20, W21, W22, W23, W30, W31, and W32 wells penetrate these sequences
in the central Diyarbakir region and the eastern sub-area. In the southern areas, these
sequences are only penetrated in the W41, which is situated south of the Batman-
Siirt sub-area. The Upper Permian sequences are not penetrated in the Adiyaman and

southern Diyarbakir sub-areas.

One sequence is defined for the Triassic-Jurassic and sequences of the basin, which

is composed of shallow marine S05 stratigraphic class.

The SO5 units (Figures 3.31, 3.32, 3.33, and 3.34) are penetrated by W1, W2, W9,
W10, and W11 in the westernmost and the easternmost margins of the basin. Three
wells (W12, W24, and W25) also penetrate these sequences in the central part of the
Adiyaman sub-area. W19, W20, W21, W22, W23, W30, W31, and W32 penetrate
S05 around Diyarbakir and Batman areas. In the SW and SE of the study area, these
sequences are cut by W33, W34, W35, W36, W40, and W41 wells. The well
correlation of these units points out that Triassic-Jurassic shallow marine units of the
basin are found in the west and the east of the basin as thick carbonate sequences,

while the central part of the basin does not have such sequences.

The Cretaceous shallow marine deposits of S06 are penetrated by all wells in the
study area (Figures 3.31, 3.32, 3.33, and 3.34). The well correlation shows that these

units are thicker in the south of the basin.
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Campanian to Tertiary units of the basin is subdivided into three sub-groups here
Upper Cretaceous-Lower Eocene (S07, S08, S09, S10, S11, and S12), Middle
Eocene-Oligocene (S13 and S14), and Miocene (S15, S16, and S17) sub-groups.

The Upper Cretaceous-Lower Eocene deep marine (SO07 and S10), continental (SOS,
S11, and S12), shallow marine (S09), sequences are penetrated by all wells except
for W1 (in the northwesternmost), W38, and W39 (in central southern areas) (Figures
3.31, 3.32, 3.33, and 3.34). The correlation of the wells indicates that these units are

relatively thicker at the center and east of the basin.

The Middle Eocene-Oligocene shallow (S13) and deep marine (S14) sequences are
penetrated at W7, W8, W9, W10, and W11 in the northern, central, and northeast of
the study area. They also are cut by the W15, W17, W18, W19, W20, W21, W25,
W26, W28, W29, W30 wells in the central Adiyaman and Diyarbakir subareas. In
the southern areas (close to the Syrian border), all wells penetrate these sequences
except for W35 well (Figures 3.31, 3.32, 3.33, and 3.34). The well correlation shows

that these units are relatively thicker at the south and northwest of the basin.

The Lower Miocene shallow (S15) and deep marine (S16) sequences are penetrated
by W5, W7, W8, and W9 wells in the northern areas. These sequences are not
penetrated in the central and southern areas of Adiyaman, Diyarbakir, and Batman-
Siirt sub-areas (Figures 3.31, 3.32, 3.33, and 3.34). The well correlation suggests that

these units are only found in the north of the basin.

The Upper Miocene continental sequences (S17) are penetrated by W1, W5, WS,
W9, W10, and W11 in the northern areas. W13, W14, W15, W16, W17, W18, W19,
W20, W21, and W29 wells penetrate these sequences from west to east in the central
part of the study area. They are also cut by W37 and W38 wells in southern areas of
the Diyarbakir sub-area (Figures 3.31, 3.32, 3.33, and 3.34). The correlation of wells
indicates that these continental deposits cover the whole SE Anatolian basin with

thicker deposition at the north and thinner deposition at the south.
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In addition to these sequences, Plio-Quaternary units are penetrated by W5, W16,
W17, and W33 wells in the central and southwest areas of the study region. This unit

is represented by basalt.

Moreover, Paleozoic-Mesozoic metamorphic rocks, Mesozoic units including
ophiolites, olistostromes, and turbiditic sequences, Eocene-Miocene (chaotic blocky
sandstone, shale, known as Ciingiis Fm) and Middle Eocene (volcanic and volcano-
sedimentary rocks known as Maden Group) are cut by various wells located at the

hangingwall block of the northerly located main basin bounding thrust.

In addition to the correlation of the wells in the E-W direction, here we also correlate
some wells which are close to each other and almost adjacent to the N-S elongated
cross-sections created by seismic and well-data were given here. These correlations
from W to E covers three different N-S line in the basin. The common points of all

sections are given as follows;

(a) The thickness of pre-Cambrian-Cambrian shallow marine units of SO1 differs
along wells, and they are not cut by all wells. The reason for such discrepancy
is that the wells do not penetrate down to the base of SO1 units, which are the
known oldest rocks in the region.

(b) The thickness of Ordovician shallow marine units (S02) differs along wells.
Along the well correlations at the west (Figure 3.35) and the center (Figure
3.36), these units are getting thicker towards the south and they are not
observed along the wells located at the north of the western correlation. The
well correlation at the east shows that the thickness of the units abruptly gets
thicker at the center of the basin but again abruptly gets thinner towards the
south after the well W63 (Figure 3.37).

(c) The thickness and distribution of shallow to relatively deep marine sediments
of S03 vary along wells. Figure 3.35 and 3.37 shows that these units are not
observed along the east and the west of the basin. However, figure 3.36
proves that they are only found at the center of the basin with almost similar

thickness distribution, but they are not observed at the south of the basin.
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Figure 3.34 Stratigraphic well correlation section across the SE Anatolian from west to east. The location of the inset is shown. Numbers

and letters represent significant stratigraphic boundaries and formations.
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(d) The thickness of Upper Permian shallow marine units (S04) is almost the

same in the wells penetrating them. However, they are not found at the west
of the basin (Figure 3.35) and the south of the central correlation line (Figure
3.36) differs along wells. On the other hand, these units are observed in all

wells of the eastern correlation line (Figure 3.37).

(e) The thickness of Triassic-Jurrasic shallow marine units (S05) varies in the

®

basin. They show different thickness distributions in three different
correlation lines. At the west, they are not observed at the north, but from the
center, they get thicker. At the center, they only observed at the north as very
thin (<80m) layers. At the east, they are cut as thin layers in the north of the
correlation line, then they get thicker and again thinner up to the center, but
they reach the maximum thickness at the south of the correlation line.

Cretaceous shallow marine units (S06) have almost the same thickness
distribution in the basin by being thicker at the center and thinner at the N
and S margins of the basin. Also, these units are penetrated by almost all

wells in the basin.

(g) The thickness distribution of Upper Cretaceous to Lower Eocene deep

marine (S07 and S10), continental (S08, S11, and S12), and shallow marine
(S09) sequences, based on N-S elongated well correlations, shows almost the
same trend as being thicker at the North and thinner at the South which
creates a wedge shape. Also, the hangingwall units (Kogali and Karadut
complex) of the main frontal thrust overlie the thinner extensions of the unit

at the north.

(h) The thickness distribution of Middle Eocene-Oligocene shallow marine

(S13) and deep marine (S14) units covers the whole basin. The shallow
marine units are thicker at the NW and S-SE, whereas the deep marine units
are thicker at only the SW of the basin.

The thickness distribution of Lower Miocene shallow marine (S15) and deep
marine (S16) units only are found at the north of the basin as restricted

occurrences.
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(j) The thickness distribution of the Upper Miocene continental deposit (S17)
shows that these units are thicker at the N-NE (in front of the main frontal
thrust), and they become thinner at the south. Although the units are getting

thinner in the south of the basin, they are found almost in the whole basin.

33 Kinematic Analyses

Kinematic analyses conducted in the study are fold analyses, syn-depositional

unconformity determinations, and, paleostress analyses.

3.3.1 Fold Analyses

The rose diagram of the bedding strikes displays N85W, N75W, and N70W
directions in Adiyaman, Diyarbakir, and Batman-Siirt regions, respectively (Figure
3.38). Additionally, the histogram of dip amounts demonstrates primary
concentration between 15° to 30°, 20° to 35°, and 10° to 30° in the Adiyaman,
Diyarbakir, and Batman-Siirt regions, respectively. In accordance with the bedding
planes, folds trend approximately E-W and NW-SE from west to east in the research
area. There are seven main folds in Adiyaman, eight in Diyarbakir, and, sixteen in
Batman-Siirt regions affecting the basin-fill from west to east. In the Adiyaman
region, four of them trend approximately in the E-W direction, two of them trend
approximately in the NE-SW direction, and the last one trend in the NW-SE
direction. Four folds of the Diyarbakir region trend approximately in the E-W
direction, whereas the rest trend in the NW-SE direction. In the Batman-Siirt region,
seven of the folds trend approximately in the E-W direction, while the remainder is
in the NW-SE direction. In addition to the folds observed close to the main
deformation front at the north, in the western portion of the region (around
Adiyaman), there are two folds in the basin. These folds are assumed to be the result
of a strike-slip system. Hence, they are the exceptions (Figure 3.39). The location of
the folds is given in Figure 3.40, and Table 3.2 and Figure 3.41 display the outcomes
of the - and - diagrams of the folds, respectively.
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Figure 3.38 The figure illustrating the histogram of dip amounts of bedding planes
and the rose diagram of strikes of bedding attitudes in Adiyaman, Diyarbakir, and

Batman-Siirt subareas.
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Figure 3.39 a-c) Positive flower structure (Alidag Anticline) along the Adiyaman

Fault Zone around Adiyaman subarea. b) Positive flower structure (Cendere

Anticline) along the Adiyaman Fault Zone around Adiyaman subarea.
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Table 4.1 Results of fold analyses in Adiyaman, Diyarbakir, and Batman-Siirt sub-

arcas.
Name of the Fold n Fold axis Axial plane Interlimb Pole of Limbl Pole of Limb2
angle

Araban 60 079°N/02° N79°E,83°NW 149° 187°N/81° 164°N/68°
Anticline

Buyukpirin 19 058°N/13° N60°E,85°NW 165° 232°N/77° 284°N/72°
Anticline

Cemberlitas 26 080°N/05° N8O0°E,85°SE 129° 178°N/59° 339°N/62°
Anticline

Gerger 384 279°N/01° N81°W,89°NE 159° 182°N/08° 014°N/78°
Anticline

Kutluca 14 291°N/01° N70°W,79°NE 148° 188°N/84° 023°N/63°
Anticline

Artan 48 052°N/07° N53°E,87°NW 165° 284°N/77° 198°N/81°
Syncline

Besni 123 124°N/13° N58°W,79°SW 116° 005°N/67° 227°N/45°
Syncline

Hazro 544 110°N/03° N70°W,81°NE 134° 212°N/76° 015°N/58°
Anticline

Belasa 19 300°N/06° N60°W,89°NE 152° 184°N/75° 054°N/74°
Anticline

Golap 57 084°N/05° N84°E,87°SE 155° 190°N/74° 330°N/79°
Anticline

Silvan 36 294°N/02° N66°E,86°SW 162° 194°N/77° 045°N/84°
Anticline

Ucbasamak 67 277°N/04° N84°W,79°NE 139° 162°N/80° 014°N/58°
Anticline

Savur 16 080°N/02° N80°E,88°NW 164° 187°N/84° 340°N/80°
Anticline

Belasa 61 116°N/06° N64°W,89°NE 169° 338°N/82° 254°N/82°
Syncline

Ucbasamak 48 266°N/03° NB86°E,88°NW 160° 010°N/78° 158°N/81°
Syncline

Bakuk 21 260°N/01° NB80°E,85°NW 163° 160°N/87° 352°N/76°
Anticline

Dodan 177 296°N/03° N64°W,89°NE 111° 201°N/57° 030°N/54°
Anticline

Garzan 11 307°N/05° N54°W,87°NE 156° 186°N/80° 055°N/74°
Anticline

Gercus 31 080°N/01° N8O0°E,89°NW 159° 172°N/81° 349°N/78°
Anticline

Hermis 38 254°N/03° N74°E,89°NW 163° 143°N/81° 005°N/81°
Anticline

Kavikadag 112 295°N/07° N63°W,77°SW 143° 194°N/58° 077°N/81°
Anticline

Kedil 12 286°N/06° N75°W,83°NE 145° 169°N/78° 028°N/65°
Anticline

Kentalan 149 121°N/01° N59°W,86°SW 126° 211°N/59° 030°N/67°
Anticline

Midyat 75 053°N/01° N53°E,89°SE 179° 225°N/89° 240°N/89°
Anticline

Raman 100 263°N/02° N83°E,84°NW 154° 159°N/83° 358°N/71°
Anticline

Resan 92 108°N/01° N72°W,89°SW 153° 198°N/76° 017°N/77°
Anticline

Sirvan 185 311°N/05° N49°W,89°SW 139° 209°N/68° 054°N/70°
Anticline

Softek 81 256°N/01° N76°E,86°NW 125° 165°N/67° 346°N/58°
Anticline

Tavan 245 285°N/03° N75°W,83°SW 101° 192°N/43° 019°N/58°
Anticline

Zengan 19 309°N/05° N52°W,84°NE 143° 197°N/77° 049°N/65°
Anticline

Kedil 29 275°N/11° N85°W,89°SW 133° 028°N/65° 162°N/64°
Syncline

Softek 69 075°N/02° N75°E,78°NW 131° 343°N/53° 172°N/78°
Syncline
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Araban Anticline Adiyaman Anticline Cemberlitas Anticline

Gerger Anticline Kutluca Anticline Artan Syncline

. Pole of bedding plane
»  Fold axis
= Bedding plane
= Fold axial plane
- Best fit plane for the limbs
- Best fit great circle

Besni Syncline

Figure 3.41 The SE Anatolian basin’s major folds are depicted in the following [3-

and -m diagrams. The folds are shown in figure 3.40.
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Hazro Anticline

Belasa Anticline

Golap Anticline

Silvan Anticline

Ucbasamak Anticline

Savur Anticline

Belasa Syncline

Ucbasamak Syncline

Pole of bedding plane
Fold axis

Bedding plane

Fold axial plane

Best fit plane for the limbs
Best fit great circle

Figure 3.41 (continued)
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Bakuk Anticline

Dodan Anticline

Garzan Anticline

Gercus Anticline

N S—

Kedil Anticline

Kentalan Anticline

Raman Anticline

Figure 3.41 (continued)
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Softek Anticline

Tavan Anticline Zengan Anticline Kedil Syncline
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= Bedding plane
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Softek Syncline

Figure 3.41 (continued)

Additionally, the B- and -m diagrams suggest arc-shaped basin margin parallel
folding with hinge lines attitudes (NE-SW at the west, E-W at the center, and NW-
SE at the east) (Figures 3.42 and 3.43. Moreover, the data indicate that;
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1) Generally, the folds plunge gently subhorizontal, towards NW-SE and E-W
from the east to western parts of the study area,

i1) The inter-limb angles indicate open or gently plunging folds if the
Cretaceous or younger rock units are visible at their limbs or cores. This
suggests that the tightness of the folds is governed by faults reaching up to
the surface or uppermost levels,

1i1) The attitudes of fold axial planes indicate that generally upright folds are
located proximal to the basin margin, and steeply inclined folds are located
distal to the basin margin in the basin. This indicates that the vergence is due
south,

1v) A left-lateral strike-slip fault system appears to be responsible for
developing intra-basinal folds that include Alidag and Cendere anticlines

located in the western part of the basin.

Dip of axialzurface

E 5
- o Bs
3 i3 ig iz E
5 T T 9o S5 g
=) £% = E o o«
60° 30° 10° 0°
Subhorizontal I
10° —_—
81 Gently
£ plunging
< 30°
g Adiyaman region (west of SE Anatolia)
s Moderately
8 plunging @ Diyarbakir region (central of SE Anatolia)
=2 ;
g 60° / *  Batman-Siirt region (east of SE Anatolia)
~ ;S)tliizll)rl\g " Allfolds below this
line are‘reclined’
o
Subvertical
5 " Vertical folds
90

Figure 3.42 Fold classification based on symmetry and plunge (Fleuty, 1964;
Hatcher and Bailey, 2020).
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Isoclinal  Tight Close Open Gentle
(0°-<3°) (<3°-30° (30° -70° (70° - 120°) (120° - 180°)
Bitlis fold-and-thrust belt

>
< >

CO:2 and Hydrocarbon-bearing anticlines in SE Anatolia

(Such as Dodan, Cemberlitas, Garzan and Raman anticlines)

Figure 3.43 Classification of folds based on the interlimb angle (modified after
Fleuty, 1964, and Nabavi and Fossen, 2021). The rectangle represents the folds

encountered in the study area.

3.3.2 Progressive Unconformities

Two types of syntectonic unconformities, based on criteria given in the
methodology, are defined in the Miocene strata exposed in Adiyaman, Diyarbakir,
and Batman-Siirt regions, where the exposures are close to the main frontal thrust.
The types of unconformities encountered in the field and seismic section depicted in
figure 3.44, figure 3.45, and figure 3.46, are considered to emphasize the syn-

deformational tectonics in the region.

Additionally, a seismic profile shows a south-vergent thrust system and related
sedimentation. The thickness of the units in the line increases from the reverse fault

in the north to basinward in the south.
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Kocali Ophiolites
Midyat Group
(Carbonate)

Selmo Formation
Clastics) 17°

~—
Progressive unconformity 0 50
[— _— Nl
N S
R $elmo Formation
54 (Clastics)

Progressive unconformity

0 250

Figure 3.44 a) Pictures with field sketches showing a progressive unconformity a)

90 km northeast of Adiyaman. b) 30 km northeast of Batman.
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Figure 3.45 Uninterpreted and interpreted seismic profile across the Hazro High.

Note thinning of the deposits southwards implying, thrusting-related sedimentation.
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Lastly, another progressive unconformity is detected in the Dodan area, which is
located about 30 km northeast of Batman city in SE Anatolian in front of the frontal
thrust. In this study area, stratigraphic layers are composed of lower Eocene
continental deposits of the S12 stratigraphic class (the Gercus Formation). The
thickness of this unit is approximately 600 m (data gathered from a few wells) and
is represented by red coarse-grained conglomerate and sandstone. It overlies the
Middle Eocene-Oligocene shallow marine layers of S13 (the Hoya Formation),
which have a thickness of approximately 200-300 m in that region. The upper part
consists of the lower Miocene deep marine and shallow marine deposits of S15 and
S16 (the Lice and Firat Formations). The youngest strata observed here are the upper
Miocene continental clastics of S17 (The Selmo Formation), having a thickness of

approximately 150 m around the Dodan area.

The conglomerate and sandstone layers of the Selmo Formation are separated from
the lower Miocene deposits by an angular unconformity. This discordance is marked
by an angular discordance of up to 19° in proximal areas (Figure 3.46). The dip
discordance diminishes with increasing distance (to the south) away from the uplift.
This is because the amount of uplift decreases progressively with distance; in other
words, the angular unconformity weakens from the direction of tectonic movement.
Additionally, the angular unconformity indicates the event of maximum
diastrophism. The structural disposition of Miocene rocks at this margin (cross
section in Figure 3.46 c) suggests a rotative off-lap followed by a rotative onlap
caused by the uplift of the south of the Dodan anticline during the Late Miocene.
This pattern can be referred to as “composite progressive unconformity” and can be
explained by thrust faulting-related uplift and sedimentary patterns from Early

Miocene to Late Miocene.
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Market honzons

Explanation

A - A’ : Growth-strata section
and cross section

Selmo Fm. (Ts) Upper Miocene

Lice Fm. (T1) Lower Miocene

Firat Fm. (Tf)
Lower Miocene

Midyat Group (Tm)
Middle-Upper Eocene

. Syntectonic
12°_— angular unconformity

Gercus Fm. (Tsge) Lower Eocene

Cungus Fm. (Tc)
Eocen-Miocene

Tma: Maden Group (Middle Eocene)

—A_A_ Thrust Fault (Late Miocene)

Figure 3.46 a) Aerial google map of the northwest Siirt region area highlighting
outcrop exposures and stratigraphic units. b) Photograph and line drawing showing
the angular unconformity between the Lice Formation (Sandy shale and sandy marl-
lower Miocene) and Selmo Formation (upper Miocene) conglomerate and sandstone.

c¢) Cross section (A-A’) through the growth strata from south to north.
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333 Paleostress Analyses

Paleostress analysis is performed only on the surface traces of the fault detected in
seismic lines to verify their existence and kinematic characteristics in the field. In
other words, fault kinematic interpretations are solely restricted to the seismic lines.
Therefore, the results here should be considered supportive data on seismic
interpretations. We know that they need to be adequate to reveal the spatial and
temporal paleostress evolution of the region. The results of the conducted analyses

are summarized in table 3.2 and figure 3.49.
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Figure 3.47 Field photographs of brittle structures located in the Batman-Siirt
subarea. a) Within the lower Eocene Gerciis Formation, intensely sheared reverse
faults evolved in the eastern Batman-Siirt subarea. b) Tillted normal faults within the
lower Eocene Gerciis Formation in the eastern Batman-Siirt subarea. Note slight
thickening on the downthrown blocks of the faults implying their syntectonic origin.
¢) Reverse fault within the upper Miocene Selmo Formation (Upper Miocene) in the

eastern Batman-Siirt subarea.
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The primary outcomes of the results in table 3.2 and figures 3.47 and 3.48 indicate
that all of the measurement sites are represented by almost vertical 63 and almost
horizontal o1 directions. Also, @’ values (c.f Delvaux et al., 1997) of all
measurements (except three sites, L12, L14, and L23, which are transpressive) are
between 2.25 and 2.75. This suggests pure compressional kinematics for all sites.
This means that the faults determined in seismic lines should be pure thrust or reverse
faults. Additionally, the 61 direction in almost all measurement sites is in accordance
with the elongation of the frontal thrust of the basin. This implies that the sites at the
western, central, and eastern portions of the basin are represented by NW-SE, N-S,
and NE-SW directed compressional settings. Here, we could not give relative age
information for all measurement sites due to a lack of age-proving data in the field.
On the other hand, some sites with comparable age data are given in Table 3.2.
However, since the age data is not enough to differentiate deformation phases and
also all measurements are represented by almost the same ¢ orientations, the time-

dependent paleostress information of the basin could not be given here.
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Figure 3.48 Geological map of SE Anatolian displaying paleostress sampling sites.
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Table 5.1 Results of paleostress inversion

Site Code Latitude Longitude o, (D°/P°) o, (D°/P°) o3 (D°/P°) P’ Hosting units

L1 37,959 41,346 083/02 353/02 209/87 2,73 Upper Miocene

L2 38,019 41,939 028/20 290/22 156/60 2,38 Eocene-Lower
Miocene

L3 38,053 41,997 176/20 285/41 067/42 2,7 Lower Miocene

L4 38,032 42,031 046/00 136/02 313/88 2,65 Eocene-Lower
Miocene

L5 38,055 42,06 032/08 123/05 247/81 2,53 Lower Eocene

L6 38,055 42,061 193/14 298/45 091/41 2,56 M.Eocene-Oligocene

L7 38,084 41,765 165/12 073/11 300/74 2,43 M.Eocene-Oligocene

L8 38,095 41,77 327/21 074/38 215/44 2,5 M.Eocene-Oligocene

L9 38,092 41,767 181/28 275/07 017/61 2,5 Lower Eocene

L10 38,097 41,771 344/09 249/31 088/57 2,42 M.Eocene-Oligocene

L11 38,03 42,02 169/03 259/00 349/87 2,67 Eocene-Lower
Miocene

L12 38,002 42,055 020/12 286/15 145/70 2,12 Eocene-Lower
Miocene

L13 38,01 42,064 113/27 015/15 260/59 2,5 Eocene-Lower
Miocene

L14 37,976 42,062 137/07 046/08 268/79 2,08 Lower Eocene

L15 37,977 42,064 259/15 169/19 024/66 2,42 Lower Eocene

L16 37,743 41,287 187/11 097/01 000/79 2,52 M.Eocene-Oligocene

L17 37,701 41,461 116/03 207/07 360/82 2,5 M.Eocene-Oligocene

L18 37,562 41,365 035/18 302/08 188/70 2,42 Lower Eocene

L19 37,552 41,754 039/01 130/18 307/72 2,5 M.Eocene-Oligocene

L20 38,23 40,775 069/15 337/07 223/73 2,54 M.Eocene-Oligocene

L21 37,843 41,726 161/04 070/14 266/76 2,5 U.Cretaceous-Paleo.

L22 37,482 37,706 034/27 125/02 220/63 2,57 M.Eocene-Oligocene

L23 37,844 38,415 267/23 162/30 028/51 2,15 M.Eocene-Oligocene

L24 37,84 38,404 360/08 268/11 128/76 2,58 M.Eocene-Oligocene

L25 37,838 38,31 016/12 107/08 230/76 2,5 M.Eocene-Oligocene

L26 37,825 38,307 345/30 079/07 180/59 2,5 M.Eocene-Oligocene
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34 Cross Sections

The main structures in the basin are thrust/reverse faults and associated folds. The
surface expressions of these structures are observed as open and gentle synclines and
anticlines which are transected by (i) thrust faults that emerged and imbricated at

some places and (ii) blind thrust faults.

2D seismic reflection data and surface maps (see figure 2.4 for the location of seismic
lines and 3.10 for the surface map) were used to figure out the structural style and
geometry of the basin succession in the study area. Seismic profiles are generally

poor in quality in the northern and deeper parts of the basin and are good in the south.

3.4.1 2D Seismic Interpretation

Eleven seismic lines with good quality were used in the study (Figure 2.4).

Seismic line 1 is located in the north of the Adiyaman sub-area (Figure 3.50). SS1
fault determined along the section, based on field observations, is defined as a NE-
SW trending left-lateral strike-slip fault. The approximately NE-SW trending SS3
and SS6 faults are also strike-slip faults and are subparallel to the main trend of the
SS1 fault. SS2, SS4, and SS5 are interpreted as antithetic strike-slip faults. The
strike-slip faults create offsets on all series. So, they must be associated with the most
recent deformation phase of the region. In the seismic section two, NE-SW folds are

observed.

Moving from SE to NW, two positive flower structures are defined in the section.
They are thought to be the product of the youngest deformation phase, which is

manifested by strike-slip faults in the region.

The southern anticline covered by Neogene sediments is a tight anticline (~850 m

wide) with lower dip angles at the flanks with respect to the northern anticline.
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The northern anticline is a little broad anticline and, almost 1200 m wide. The Upper
Cretaceous-Paleogene Germav Formation and Middle Eocene-Oligocene Hoya

Formations are exposed in the core of the anticline.

The seismic line 2 is located at the NW of in Adiyaman sub-area (Figure 3.51). The

central-north portion of the line could not be interpreted due to poor quality.

Seismic line 2 consist of (i) a possible detachment fault within the Cambrian units
(brown line in the section), (i1) four thrust faults, including one south dipping back
thrust fault. Seismic data show that all faults affect all the units shown in the section.
The folds and thrust faults recognized in the section indicates an association between
the development of the folds and faults since the folds are bounded by the faults and
their flanks are cut by the faults pointing out fault propagation folds.

The seismic line 3 is located at the central-north area of the Adiyaman sub-area
(Figure 3.52). Seismic line 3 consists of a possible detachment, one thrust fault
within the Cambrian units (brown line in the section). This section hosts only one
thrust fault, which is dipping to the north and displacing all units shown in the
section. This fault also creates a fault propagation anticline with a snake head

structure.

The seismic line 4 is located at the SW of the Adiyaman sub-area (Figure 3.53).
Seismic line 4 consists of four thrust faults. Two of them are south-dipping back
thrusts. Seismic data show that all faults (except a back thrust — BT3) affect all units
shown in the section. These faults control the shapes of the anticline, and so all folds

in the section are fault propagation folds.

The seismic line 5 is located at the NW of the Adiyaman sub-area (Figure 3.54).
Seismic line 5 consists of a possible detachment fault within the Middle Triassic-
Lower Cretaceous or older units. The section also hosts five thrust faults, two of
which are south-dipping back thrusts. All faults except BTS create displacement of
all units shown in the section. The folds detected along the section are fault
propagation folds since their geometries are in accordance with the location and the

type of the faults.

117



"7X UOIBIdTTLXO [BOILIOA J& UMOYS SI | dUI[ OIWSIOS

oy 'padIew synej pue suoztioy orydei3nens ym soqyord orwsios pajardiour pue pojordiojurun (g ¢ 2In3ig

118



(ponunuod) g ¢ 931

—0'¢

S spuooss ul awi|

-—

119



"7X UONBIOTIEXI [BOIIIOA J& UMOYS SI 7 dUI| JIWSIAS

oy ‘poytew s)nej pue suozuoy orydeidnens yum soqgord omwusias pajordidur pue pojordiduiun [6¢ I3

SpU028S Ul BWI|

120



(

ponunuod) 1g ¢ a3

—0'v
: o —0'¢
90BJINS JUALLIS| 093P 9|q1SSOd
—0'¢
—0'1
& 0lLS-LL SIS
| RS 119 clL €L —0°0

3aN

SpU028S Ul BWI|

121



"ZX UONIRIdZTLXO [BOILIOA 1B UMOUS SI ¢ dUI[ OIWSIOS

oy ] ‘padlew synej pue suozuoy oryderdiens yym soqord orwsies pajardioyur pue pojairdioyurun gg ¢ i

~0'y

I
SpU028S Ul BWI]

—070

122



(

ponunuod) 7g ¢ s3I

oy

0'¢

<
N
SpU028S Ul awi]

0’

00

123



"7X UOTJRIOFTLXD [BO1IOA J& UMOYS SI QU] OIWSIAS 9} JO UOIBOO]

oy L, "padrew s)nej pue suozuoy orqdeidnens yym saqyord orwsios pajardidiur pue pajardidurun) €6 ¢ 9mgrg

-0'v

o
]

T
<
N

T
Q
-

-00

SpU028s Ul Wi

124



01S-1LSCIS

 7LS€LS |
N z19

20B}INS JUBLLUS||009p 8|qISSOd

Gl

(ponunuod) ¢¢¢ a3

UBONOPJIO)

1
<
)

T
N
N

-0'L

-00

SpU028S Ul BWIL

125



"ZX UONBIIZTLXO [BOILIOA 18 UMOUS SI G dUI[ OIWSIAS A} JO UONRIO]

oy ], "padIew synej pue suozrioy oyderdnens yym sojyold orwstos pajordiojur pue pajordidurun G ¢ 91|

SpU028S Ul BWI]

126



£0S-80S-60S
0lS-11 S¢S

ZN._.

vIS<€lS
81

80B}INS JUBLWS|[008p 8]q1SSOd

8U00S JoMO1-Sn0soe}e.)) Jaddn

8U00DI|0Q-8U800 o |PPIA

14

G149 S

(ponunuod) 46 ¢ aIn31J

SpPU0D8S Ul BWI|

127



The seismic line 6 is located in the central west of the Adiyaman sub-area (Figure
3.55). Seismic line 6 comprises a tight anticline of which development is controlled
by two north dipping thrusts and two south dipping back thrusts. All of the faults
displace some portions of the units shown in the section. None of them cut all units

in the section, so they are blind thrusts.

The seismic line 7 is located at the center of the Adiyaman sub-area (Figure 3.56).
Seismic line 7 consists of a possible detachment within the Middle Triassic — Lower
Cretaceous units or older units (blue dash line in the section). It also has six thrust
faults. Three of them are south-dipping back thrusts. The section has only one open

anticline, which is bounded by thrust faults.

The seismic line 8 is located at the N of the Diyarbakir sub-area (Figure 3.57).
Seismic line 8§ consists of a possible detachment fault within the Ordovician units.
Two north-dipping thrust faults, two south-dipping back thrust faults, and an
anticline at the center of the section are the major structures observed in the section.
One thrust fault (T15) and back thrust fault (BT11) create the maximum offsets, and
they cut all the units shown in the section where the other faults are blind thrusts. All
of the faults are found within the anticline structure, so they are responsible for the
development of the anticline (Hazro High). The relative age of the T15 thrust fault
can be determined here as younger than Upper Miocene since it displaces the Upper
Miocene Units (Selmo Formation), and the thickness of the formation gets higher

towards the south direction from the surface trace of the fault.

The seismic line 9 is located at the NE of the Diyarbakir sub-area (Figure 3.58). A
decollement surface is traced within the Ordovician units in the section. Line 9
consists of two north-dipping thrust faults, one south-dipping back thrust fault, and
a series of folds (open anticline-syncline-anticline). All folds are associated with the

development of faults.
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The seismic line 10 is located at the NE of the Diyarbakir sub-area (Figure 3.59).
Seismic line 10 consists of a possible detachment fault surface within the Ordovician
strata. It also hosts two north-dipping thrust faults, two south-dipping, and two
anticlines which can be defined as pop-up structures bounded by thrust and back
thrust faults. The faults shown in the section cut the Upper Miocene units, and the
thickness of the Upper Miocene sequences looks thicker on the footwall blocks. This

may be related to erosion on the hanging wall deposition on the footwall block.

The seismic line 11 is located at the central W of the Batman-Siirt sub-area (Figure
3.60). Seismic line 11 consists of a possible detachment fault surface within the
Ordovician units. Also, two north dipping thrust faults and two south dipping back
thrust faults are observed in the section. The youngest unit displaced by the faults is

Lower Miocene in age. The folds in the section are bounded by faults.

The common findings of the 2D seismic interpretation studies are summarized

below;

(1) The thickness of the units older than Miocene is almost the same at the
footwall and hangingwall blocks of the faults.

(i1) The major structures in the basin are thrust faults, back thrust faults, and
folds (dominantly fault propagation folds).

(i)  Interlimb angles of the folds get higher towards the south of the basin.

(iv)  The number of thrust faults gets higher towards the north direction in the
basin

(v) The displacement amounts on the faults get higher towards the north.

(vi)  Although the main decollement surface is not observed along the sections
due to the location of the possible surface at a relative depth zone which
might be defined as a zone with incomprehensible seismic data, the
existence of the surface was accepted in our interpretations due to the
existence of some seismic lines and some well-logs with distinguishable
decollement surface.

(vii)  The vergence of the majority of the structures is due south.
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3.5 Cross-Section Construction and Balancing

Stratigraphic classes defined in this study were used as mainstays for preparing
sections since they are traceable in time and space as seismic horizons. The cross-
sections and their balanced versions are given in Figures 3.61, 3.62, and 3.63. Three
regional cross-sections were constructed by considering tectonic transport direction
and the main trends of the major structures observed in the study area. The almost
N-S sections cover Adiyaman, Diyarbakir, and Batman-Siirt sub-areas. Hence, they
show changes in stratigraphical and structural trends in E-W and N-S directions

(Figures 3.61, 3.62, and 3.63).

The line length balancing techniques were applied to cross-sections that are entirely

constrained by well, surface, and seismic data sets in some places.

3.5.1 Balancing and Shortening Ratio Calculations

To calculate shortening ratios, two pin lines were chosen for each section, one in the
southernmost of the basin when the units are relatively undisturbed (P1) and the other
on the hinterland in the north (P2). Pin lines (P1 and P2) were used to calculate
shortening ratios while the cross sections were restored. The amount of shortening
can be expressed as a strain (e) by dividing the difference in line length by the

original line length:
e=(L1-L0)/L0

The ratios given here must be considered minimum shortening estimates because the
sections represent some segments of the basin with relatively high amounts of
surface and subsurface data and some other places with higher shortening amounts.
The unfolding axes were determined by considering the hinge lines of the major
folds. For each fold, the line-length unfolding procedure was followed along the
section. After that, unfolded strata were connected by following an unfaulting

procedure. In the end, the southern pin was fixed, and the unfolded-unfaulted section
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was elongated toward the north direction, which allowed us to compare the length
differences between the original sections and the balanced sections, hence the

calculation of shortening ratios.

The results of the balanced cross sections and calculated shortening (in m and
percentages) are listed in Table 3.3, 3.4, and 3.5 and figure 3.61, 3.62, and 3.63 in

Adiyaman, Diyarbakir, and Batman-Siirt sub-areas, respectively.

Table 6.1 Regional shortening results of the Adiyaman, Diyarbakir, and Batman-

Siirt sub-areas.

Sub-areas 1' (deformed 1°( the initial Shortening | Shortening
length, m) length, m) (m) (%)

Total shortening (Crystalline
basement+Sedimentary units- 185600 274200 88600 32,31
Adiyaman)
Shortening in sedimentary units
(Adiyaman) 184250 197111 12861 6,53
Total shortening (Crystalline
basement+Sedimentary units- 181421 224316 42895 19,12
Diyarbakir)

Shortening in sedimentary units

(Diyarbakir) 172843 183643 10800 5,88

Total shortening (Crystalline
basement+Sedimentary units- 145144 174068 28924 16,62

Batman-Siirt)

Shortening in sedimentary units

(Batman-Siirt) 136900 150580 13680 9,09
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The shortening ratio calculations indicate that;

a)

b)

©)

d)

The maximum total shortening ratio (32,31%) is calculated west of the basin
(Adryaman region).

The minimum total shortening ratio (16,62%) is calculated eastern side of the
basin (Batman-Siirt region)

The results of the sedimentary basin of shortening ratio are calculated at
6,53%, 5,88%, and 9,09% in Adiyaman, Diyarbakir, and Batman-Siirt sub-
areas, respectively.

Total shortening amounts decrease towards E of the basin.

Shortening in sedimentary units is minimum in the center part of the basin.
The balanced cross sections illustrate that the structure of the fold and thrust

belts is rather complex towards the north along the sections.
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CHAPTER 4

DISCUSSION

4.1 Structural Evolution of the SE Anatolian Basin

Pre-Cambrian to Permian units of the basin represent the core sequences of the basin
and their structural records are not well-protected in their limited outcrops due to
overprints of post-depositional deformation phases. The units of the Triassic-Jurassic
time interval are interpreted as rift sequences in various studies (e.g., Robertson et
al., 2007; Barrier et al., 2014). Here, we also noted some E-W trending normal faults
terminating within these units (Figure 3.22 and Figure 3.3), which indicates pre-
Cretaceous extension in the region. The Early Cretaceous units are represented by
only shallow marine carbonates in the region and are attributed to deposits of the
southerly located Arabian passive margin. Although these units are cut by some
normal, strike-slip and, reverse faults (Figure 3.50 to 3.60), the age of the faults is
younger than the deposition time. The normal faults cutting these units are located
in the central south of the basin, and they do not cut younger units, whereas reverse
faults are concentrated in the north and cut younger units. This may imply that the
normal faults are associated with the flexure on the downgoing plate during the

subduction/collision term.

The oldest unit is unconformably covering pre-Cretaceous sequences (mainly
Passive margin units of the Arabian plate). Upper Campanian-Lower Maastrichtien
Kastel formation is used as a decollement surface by Karadut Complex units (Figure
3.31, 3.32, 3.33, 3.35, and 3.36), which are described as pelagic sediments directly
deposited on ophiolitic sequences. It is also tectonically overlain by ophiolites in the
region. This association suggests the commencement of an accretionary prism

growth in the region.
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The Upper Cretaceous to Oligocene units are displaced by post-Oligocene faults
(Figure 3.50 to 3.60), and the folds affecting these units show syn-sedimentary
character for only post-Oligocene time interval (Figures 3.44, 3.45, and 3.46). This
implies that the Upper Cretaceous to Oligocene units do not have structural syn-
sedimentary structural records. The faults displacing post-Oligocene units are mainly
in reverse (towards south) or thrust (towards north) character. Also, their trends are
almost E-W at the center, NE-SW at the west, and NW-SE at the east. This trend is
parallel to the northern rim of the basin, and a similar trend is valid for the folds close
to the northern margin of the basin. However, the folds towards the south are almost
E-W directed. The concentration of thrust/reverse faults is higher in the north and
gets lower towards the south. Similarly, folds are tighter at the north and become
open towards the south with northerly dipping axial planes. These observations
imply intense deformation at the north and southward tectonic transport (vergence).
In addition to these reverse/thrust faults, NW-SE and NE-SW trending strike-slip
faults displacing Pliocene and younger units (Figure 3.29) and N-S elongated tension
fractures/normal faults on Plio-Quaternary volcanic (Figure 3.1 and 3.2) also exist
in the region. Although the traces of thrust/reverse faults are not directly observed
on post-Miocene units in the study area, the angular relationships between
reverse/thrust faults, folds, strike-slip faults, and extensional structures indicate
almost N-S directed compressional setting for the region since at least Lower

Miocene (Figure 3.1f, 3.49 and Table 3.2).

The post-Oligocene faults responsible for the shortening of the basin determined in
seismic lines do not penetrate deeper levels and are only observed on a decollement
surface. This indicates thin-skinned deformation and shortening of the basin. The
shortening ratios calculated by N-S elongated balanced sections indicate a maximum
of 32% and a minimum of 16% ratios for the basin from W to E, but these values are
only somewhat reliable since they consider the southward movement of the
crystalline basement on sedimentary units. The modeling of such movement is solely
controlled by the existence of well data from the north of the main boundary thrust

(BZSS), but they are not available for all sections with the same numbers. Therefore,
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using shortening ratios from only sedimentary sequences in interpretations is more
reliable. In this sense, all ratios are less than 10% (Figure 3.61, 3.62, 3.63, and Table
3.3), and the northerly located fault propagation folds (Figure 3.51 to 3.60) together
with thrust/reverse fault are responsible for the main shortenings in the basin. These
low rates can be explained by a relatively short-term compressional deformation
phase in post-Oligocene to a recent compressional setting. In this regard, these rates
together, with northerly concentrated post-Oligocene deformation, may indicate a
tectonically quiet period for the pre-Miocene and an active period for post-Oligocene
time intervals. Such a division might be attributed to the initiation of continental

collision in the region.

4.2 Stratigraphic (Framework) Characteristics of the SE Anatolian Basin

The Paleozoic sedimentation is characterized by continental-shallow- and relatively
deep marine units (SO1, S02, S03, S04) deposited on the Arabian platform. These
units are thought of as the core sequences of the Arabian Platform and they have
some unconformities between each other which might be associated with regional
sea-level changes and/or Hercynian orogeny (c.f Sharland et al., 2001). These units
are penetrated by almost all wells located in the south of the basin. Additionally, they
are found as isolated outcrops at Highs such as Hazro High and also, and they are
penetrated by some wells (Figure 3.31, 3.32, 3,33, 3.35, 3,36) after allochthonous
(ophiolites - Kogali and pelagic sediments-Karadut Complex) units at the north of
the main boundary thrust (BZSS). This indicates the amalgamation of Arabian Plate

origin units with the Anatolides within the suture zone.

Triassic-Early Cretaceous (>2000m) shallow marine carbonate sequences (S05 and
base of S06) of the basin are thought of as the products of the rifting and drifting
stage of the Arabian Platform. The age and facies equivalents of these units are found
within the Bitlis massif as metamorphic slices, and they are defined as the units with
the youngest protolith age in the massif (Oberhansli et al., 2010). The Arabian plate

origin of the Bitlis Massif is discussed in various studies (e.g., Oberhansl et al.,
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2010;2012;2014 and Cetinkaplan et al., 2016). According to these studies, the Bitlis
massif is separated from the main Arabian land and is defined as a microcontinent
(Figure 4.1). In this regard, these units should be deposited between the southerly-
located Arabian Platform and the northerly-located Bitlis Micro-Continent. Our data
indicate (i) thicker deposition at the southwest, and southeast and thinner deposition
in the north and the central areas of the basin (Figure 3.22), and (ii) continental
continuation of these units at north and south ( Figure 3.31 to 3,36) prove shallow
marine deposition between two passive margins during rifting and drifting stages

(Figure 4.1a).

Upper Cretaceous units of the basin (Top of S06, S07, S08, and partly bottoms of
S09, S10, and S11) represent the closure stage of the Southern Neotethys Ocean. The
total thickness of these units is around 4000m (Figures 3.23, 3.24, and 3.25). Pelagic
sequences of radiolarite bearing Karadut Complex units and Kogali Ophiolites thrust
over Upper Cretaceous deep marine units of SO7 stratigraphic class (the Kastel
Formation) at the north of the study area (Figure 3.31, 3.32, 3.33, 3.35 and 3.36).
However, shallow marine (top of S06) and continental (S08) classes are not thrusted
over. This may imply the initiation of an accretionary prism growth in the region
where deep marine units are overlain by Karadut Complex/Kogali Ophiolites and
shallow marine-continental (SO8 and S09) at the top of the flanks of the growing
prism (Figure 4.1b). The continental and shallow marine deposits of these classes are
unconformably covered by the units of the younger classes represented by
continental (S11) and shallow marine (top of S09) deposits. However, an
unconformity is not observed between the deep marine units of the older and the
younger classes. This may indicate a ‘“unconformities and their correlative
conformities” situation in the basin associated with the sea-level changes and/or the
growth of accretionary prism above sea level. The southward movement of the
depozone during the deposition of younger classes (Figures 3.24 and 3.26) also
indicates southward growth for the prism. On the other hand, the inexistence of
tectonic contact between the deep marine units of the younger class (S10) and the

ophiolites points out the southernmost limit of the prism.
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Figure 4.1 Conceptual model showing the tectonic position of the SE Anatolian

Basin from Triassic to recent.

The Paleocene continental (top of S11), shallow marine (top of S9), and deep marine
(top of S10) are exposed at the north, center, and south of the basin, respectively.
This association is also valid for the Upper Cretaceous units of the basin. This
implies similar deposition history for these units related to the position and growth

of the accretionary prism.

The Lower Eocene continental deposits of the basin cover almost all of southeastern

Anatolian, with thicker deposits in the north and thinner deposits in the south (Figure
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3.27). Such a large continental deposition might be explained by climate change
and/or tectonic effects. However, the literature has no defined thermal event for the
Lower Eocene time interval. This suggests tectonic effects on the regional uplift of
the region. For the study area, such a regional and rapid uplift might be supported by
continental collision; however, the younger marine deposition (S13 to S16) in the
basin and collision-related lower Miocene uplift ages of the region (Okay et al.,
2010) does not fit this scenario. On the other hand, the subduction of the mid-ocean
ridge may explain the abrupt uplift in the region (Figure 4.1c). In this scenario,
younger and less-dense oceanic crust is forced to subduct, and almost newly formed
subduction is initiated similar to the case of induced subduction initiation (c.f. Zhou
and Wada, 2021). In such cases, regional uplift occurs and continental deposition
may dominate large areas. The possibility of the subduction of the mid-ocean ridge
is also mentioned in the literature. For example, Kaymakci et al. (2010) indicate that
mid-ocean ridge subduction might be responsible for the Eocene-Oligocene
compressional tectonics in SE Anatolian. Also, Karaoglan et al. (2013) suggest mid-
ocean ridge subduction for the region and associate it with the high-temperature
requirement of the ultra HT/HP metamorphism of Berit Ophiolites during the Lower

Eocene.

The Middle Eocene-Oligocene shallow marine (S13) and deep marine (S14) units
unconformably cover Lower Eocene continental deposits and older units in the
region. The depozone of these units is located at the southern margin of the basin
(Figure 3.28), and this location is further south of the depozones of older units.
Although these units cover almost all SE Anatolian basin, the shallow marine
deposits dominate the sedimentation in the region since they cover larger areas
(Figure 3.17) and have higher thicknesses with respect to their deep marine
equivalents. This may indicate a long-lived subsidence stage of the region before the

subduction of older and denser oceanic crust after mid-ocean ridge subduction.

The Lower Miocene shallow marine (S15) and deep marine (S16) units are only
found along the northern margin of the basin, and they unconformably cover older

units. The shallow marine deposits are largely exposed in the south with respect to
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deep marine deposits; however, they are also found as isolated outcrops along the
northerly located main boundary thrust fault (Figure 3.18). Also, the thickness of the
deep and shallow marine deposits gets thinner towards the south which indicates a
wedge-shaped geometry for the depozone. The depozone of these units is located
north of older stratigraphic classes (Figure 3.29). This abrupt shift of depozone,
wedge-shaped geometry, and facies distribution pattern (deep marine deposits at the
center) indicate foreland basin deposition, hence the commencement of continental
collision in the region (Figure 4.1d). These findings are also compatible with the
findings of the structural evolution of the basin indicating that shortening started

during Early Miocene in the basin.

The Upper Miocene (S17) to recent continental clastics covers all basin units and
shows wedge-shaped geometry (Figure 3.30). This indicates the still-active

development of the foreland basin.

Evolution of SE Anatolian Basin Regarding Evolution of Southern Neotethys

Ocean

Understanding the opening and closure history of the southern Neotethys Ocean
requires integrating the data from the Paleozoic to Quaternary sedimentary units of

the SE basin and crystalline rocks associated with the evolution of the basin.

Geographically, the ocean is located between Tauride-Anatolide Block (TAB) north
and the Arabian platform south (Figure 1.1). However, some studies indicate that the
northernmost tip of the Arabian Platform was amalgamated to the TAB, and they are
observed as almost E-W trending metamorphic rocks (Bitlis Massif) (Oberhansli et
al.,2010;2012; Brocker et al., 2013; Davoudian et al., 2016). In this regard, the ocean
might be considered as an ocean developed by rifting of the Arabian Plate and
terminated between the Arabian mainland and TAB, including Arabian Platform
origin metamorphic slices. The metamorphism of these slices is attributed to a
collision event that occurred during the Upper Cretaceous between the northernmost
tip of the Arabian Platform (Bitlis Micro-Continent) and Anatolides (or South
Armenian Block) (Oberhansli et al.; 2010; 2012; Karaoglan et al., 2013; 2016).
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During and before this collision event, the southern margin of the Bitlis Micro-
Continent was the northern margin of the Southern Neotethys Ocean (Figures 4.1a
and b). The relevant time interval is represented by continental, shallow marine, and
partly deep marine sedimentation in the ocean. All of these units are interpreted as
passive margin deposits in this study since they do not have signs of active margin
tectonics. On the other hand, the existence of Late Cretaceous to Lower Miocene
arc-related magmatic bodies within and north of Bitlis Massif (Elmas and Yilmaz,
2010; Karaoglan et al., 2013; Babazadeh et al., 2017; Ag¢lan and Duruk, 2018)
indicates a subduction event at the south of the massif. The response of this
subduction event is observed in the basin as Upper Cretaceous to Oligocene age
sediments associated with the growth of an accretionary prism. Lastly, Lower
Miocene continental collision along Bitlis-Zagros Suture Zone is proposed by
various studies (e.g Sengor et al., 1984; Yilmaz, 1993; Robertson et al., 2007; Okay
et al., 2010; Schildgen et al., 2014; Yilmaz; 2019; Yilmaz et al., 2022). Our findings
support this time interval for the collision event. They do not support the other
subduction/collision models proposed in the literature, such as (i)
subduction/collision event ended in the late Cretaceous (Hall, 1974; Beyarslan and
Bingol, 2000; Sar et al., 2019; Ertiirk et al.,2018; Ertirk et al., 2022), (ii)
subduction/collision model indicating Eocene for the collision (Jolivet and Facenna,
2000; Argard et al., 2005; Allen and Amstrong, 2008), (iii) collision model
suggesting Eocene soft and Early Miocene hard collision events (Robertson et al.,

2012; Ballato et al., 2017; Darin et al., 2018).
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CHAPTER 5

CONCLUSION

The study has reached the following conclusions.

A. Stratigraphical and Sedimentological findings have revealed that;

a)

b)

d)

Pre-Cambrian to Pliocene deposits of the SE Anatolian Basin grouped into
four based on regional tectonic settings. From these four groups, nineteen
classes are defined by considering contemporaneous sedimentation in
continental to deep marine environments.

The Pre-Cambrian-Permian deposits represent the core sequences of the
Arabian platform as represented by continental, shallow marine, and
relatively deeper marine deposits.

Triassic-Lower Cretaceous sequences products of the rift-drift stage of the
Arabian Platform and deposited on passive margin as represented shallow
marine and rarely continental clastics.

Cretaceous sequences represent the initial subduction stage of the southern
Neotethys ocean and ophiolite obduction. This class represents shallow
marine and deep marine deposits. After the emplacement of allochthonous
units, continental clastics and shallow marine units were deposited on and in
front of the accretionary prism while deep marine sediments acted as
decollement level for the accretionary prism.

Campanian-Tertiary sequences are represented by continental, shallow, and
deep marine sediments. The Paleocene sequence has similar deposition
history for Upper Cretaceous sedimentary units. The Lower Eocene
sediments are associated with a regional uplift event which might be related
to mid-ocean ridge subduction. Middle Eocene-Oligocene shallow marine
and deep marine deposits are widespread, and depozones are located at the

southern margin of the basin. Lower Miocene sequences are represented by
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g)

foreland basin deposits with shallow marine and deep marine units located
along the northern margin of the basin. The thickness of these units gets
thinner towards the south, which indicates a wedge-shaped geometry for the
depozone. Upper Miocene continental clastics show wedge-shaped
geometry, which still shows the active development of the foreland basin and
covers all units in the basin.

The dominant sediment transportation direction is approximately due south
in the basin after subduction initiation in the region.

g) The geometries of post-Cretaceous units are wedge-shaped. Their
thicknesses decrease from north to south. This northward thickening of the
basin fill units indicates rapid subsidence and the creation of accommodation

space ahead of the advancing thrust front.

. Structural and Balanced Section studies have revealed that;

a.

The maximum total shortening ratio (Basement Crystelline+Sedimentary
units) is 32,31% at the west, while the minimum total shortening ratio
(Basement Crystelline+Sedimentary units) is 16,62% at the east. The
maximum shortening ratio of sedimentary units is 9,09% at the east and the
minimum shortening ratio of sedimentary units is 5,88% at the center. These
values suggest that deformation is close to the northern margin of the basin
and related to Miocene thrust activity.

The structure of the fold and thrust belts is complicated towards the north.
Along the rim, folds and thrust/reverse faults have similar trending NE-SW,
E-W, and NW-SE oriented at the west, central and east, respectively.

The western portion of the basin has NW-SE right-lateral strike-slip faults
and NE-SE left strike-slip faults.

Fold and fault analysis show that the main tectonic transport is about N to S
oriented.

Length-weighted rose diagram results indicate that post-Oligocene normal,

strike-slip, and thrust faults/folds are approximately trending in N-S, NE-
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SW/NW-SE, and E-W directions, respectively. These indicate N-S-directed
compression for the region.

Paleostress inversion studies show that all measurement sites are represented
by almost vertical 63 and horizontal 61 directions. The sites at the western,
central, and eastern portions of the basin are represented by NW-SE, N-S,
and NE-SW directed compressional settings.

In the northern portions of the basin, close to the rim, local and regional
syntectonic unconformities are present in the Lower and Upper Miocene
basin fill, which is associated with the continental collision event in the

region.

C. Seismic Interpretation Studies have revealed that;

a.

The major structures in the study area are thrust faults, back thrust and folds
(dominantly fault propagation folds), and possible decollement surface.

b) Seismic sections and folds analyses show that the interlimb angle increases
from north to south away from the frontal thrust fault. These are associated
with the continued propagation of deformation southward from the collision
zone.

The developments of the folds are generally related to thrust or reverse faults
except for transpressional strike-slip folds in the interior of the basin.
Thrust-related anticlines are potential structural traps for hydrocarbon
exploration.

The number of thrust faults (predominantly north dipping) and the
displacement amounts on the faults get higher towards the north.

The structural style in the study area is expressed by south-verging thin-
skinned deformation processes, including fault propagation fold and a
decollement within Paleozoic weak zones (possibly Ordovician-Silurian

shales).

D. Integration of the results of the study has revealed that;
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The Paleozoic time interval is represented by generally shallow marine
and rarely continental and relatively deep marine units of the core
sequences of the Arabian Platform.

Shallow marine thick carbonates and evaporites were deposited on the
passive margin of the northern Arabian platform and southern Bitlis
Micro-Continent during the Triassic to Lower Cretaceous.

Late Cretaceous phase attributed to initial subduction and closure of
Neotethys Ocean which involves ophiolite obduction phase and growth
of an accretionary prism. This is the first major tectonic phase of the
basin, suggesting the development of an active margin in the region.

An abrupt regional uplift during Lower Eocene gives way to the
deposition of red clastic on almost the whole basin possibly related to the
subduction of the mid-ocean ridge.

The commencement of foreland basin deposition at the Lower Miocene
marks the continental collision between the Anatolides and the Arabian

Platform.
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A. Collected paleostress data

APPENDICES

Fault Fault Striae Striae Sense of T T P P Elevation
strike dip trend plunge Slip trend | plunge | trend | plunge | Latitude | Longitude (m) Formation
5 26 54 20 TR 29 61 247 22 37,959902 | 41,346553 582 Selmo
331 23 37 21 TR 22 65 224 23 37,959902 | 41,346555 582 Selmo
342 19 32 15 TR 15 58 222 28 37,959914 | 41,34655 582 Selmo
19 14 67 10 TR 55 54 255 33 37,959933 | 41,346571 582 Selmo
325 16 44 15 TR 40 60 226 29 37,959933 | 41,346571 582 Selmo
72 15 77 1 TR 63 44 272 41 37,959933 | 41,346571 582 Selmo
312 36 35 35 TR 16 80 218 9 37,959997 | 41,346882 579 Selmo
309 35 30 34 TR 10 78 214 10 37,960019 | 41,346876 579 Selmo
356 63 16 35 TR 317 46 53 5 37,960086 | 41,346877 580 Selmo
332 41 9 27 TR 322 59 211 11 37,960133 | 41,346882 580 Selmo
349 36 26 24 TR 345 58 2266 16 37,960133 | 41,346882 580 Selmo
336 44 21 34 TR 325 65 222 6 37,960116 | 41,346882 580 Selmo
303 34 30 33 TR 23 78 211 11 37,96006 | 41,346888 580 Selmo
340 59 21 47 TR 301 61 48 8 37,960037 | 41,346894 579 Selmo
346 61 28 51 TR 302 62 56 12 37,960037 | 41,346894 580 Selmo
103 35 197 34 TL 204 79 15 10 38,019183 | 41,939864 710 Cungus
264 84 278 57 TR 209 42 332 31 38,019165 | 41,939832 711 Cungus
273 87 278 64 TR 207 41 341 37 38,019153 | 41,939826 711 Cungus
273 87 277 64 TR 207 41 340 37 38,019153 | 41,939826 712 Cungus
129 65 305 8 TL 349 23 84 11 38,053741 | 41,997705 748 Lice
128 62 304 10 TL 347 25 82 13 38,053741 | 41,997707 748 Lice
130 65 304 12 TL 349 26 85 8 38,053766 | 41,997717 747 Lice
106 65 278 16 TL 325 29 59 5 38,053779 | 41,997716 747 Lice
125 79 233 78 TL 31 55 218 34 38,053788 | 41,99768 745 Lice
89 46 153 42 TR 78 76 346 1 38,032681 | 42,031297 745 Cungus
320 71 351 56 TR 265 55 29 21 38,032656 | 42,03101 738 Cungus
319 72 341 49 TR 270 48 22 18 38,032656 | 42,03101 738 Cungus
320 70 351 55 TR 266 54 29 20 38,032656 | 42,03101 738 Cungus
313 60 59 59 TL 202 73 49 14 38,032656 | 42,03101 738 Cungus
312 52 14 49 TR 278 74 30 6 38,032636 | 42,031135 738 Cungus
312 52 14 49 TR 277 74 29 6 38,032636 | 42,031135 738 Cungus
129 75 233 74 TL 34 59 222 30 38,032661 | 42,031111 739 Cungus
122 73 288 39 TL 347 40 245 13 38,032662 | 42,031096 739 Cungus
125 71 292 34 TL 349 38 251 10 38,03266 | 42,031104 738 Cungus
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228 46 262 29 TR 210 57 107 8 38,055442 | 42,060604 946 Gercus
231 46 258 25 TR 211 52 105 10 38,055442 | 42,060604 946 Gercus
230 48 265 32 TR 210 58 111 5 38,055442 | 42,060604 947 Gercus
192 41 240 32 TR 189 66 78 8 38,055442 | 42,060604 946 Gercus
244 75 259 43 TR 196 42 303 17 38,055439 | 42,060602 947 Gercus
230 75 244 44 TR 181 42 289 18 38,055456 | 42,060604 947 Gercus
246 88 248 41 TR 193 29 300 26 38,055484 | 42,060611 947 Gercus
63 89 243 32 TL 293 23 193 21 38,055484 | 42,060611 947 Gercus
235 74 244 30 TR 191 33 287 9 38,055466 | 42,060622 947 Gercus
20 86 195 48 TL 255 34 142 28 38,05551 | 42,06066 945 Gercus
18 85 193 49 TL 253 35 140 27 38,05551 | 42,06066 945 Gercus
10 79 170 59 TL 249 48 122 28 38,055517 | 42,060667 945 Gercus
221 75 228 24 NL 271 6 178 28 38,05562 | 42,061093 954 Hoya
243 67 249 13 NL 110 6 203 26 38,055606 | 42,061091 954 Hoya
232 81 234 12 NL 278 2 187 15 38,055606 | 42,061091 954 Hoya
228 74 237 27 NL 280 8 185 31 38,055583 | 42,061119 954 Hoya
228 74 238 28 NL 282 7 180 27 38,055583 | 42,061119 954 Hoya
228 74 237 27 NL 279 9 184 28 38,055583 | 42,061119 954 Hoya
228 74 239 26 NL 280 10 185 30 38,055583 | 42,061119 954 Hoya
228 74 237 28 NL 277 6 180 31 38,055583 | 42,061119 954 Hoya
223 65 241 33 NL 279 5 184 43 38,055583 | 42,061117 955 Hoya
229 61 241 20 NL 98 5 192 36 38,055583 | 42,061117 954 Hoya
250 32 285 19 NL 124 21 251 56 38,05559 | 42,061117 953 Hoya
251 34 284 20 NL 125 20 248 56 38,05559 | 42,061117 953 Hoya
251 34 284 20 NL 125 20 250 54 38,05559 | 42,061117 953 Hoya
252 48 270 19 NL 121 13 225 44 38,055581 | 42,061162 953 Hoya
245 60 254 15 NL 112 9 208 32 38,055577 | 42,061015 952 Hoya
245 64 253 16 NL 113 6 206 30 38,055572 | 42,061017 952 Hoya
256 63 260 8 NL 120 12 216 25 38,055557 | 42,061017 952 Hoya
245 61 252 12 NL 110 11 207 29 38,055531 | 42,06106 952 Hoya
248 64 254 11 NL 114 9 209 26 38,055535 | 42,061054 952 Hoya
78 87 253 52 NR 197 31 314 36 38,084995 | 41,765697 614 Hoya
63 84 230 64 NR 174 34 308 45 38,084984 | 41,765722 612 Hoya
63 83 230 64 NR 174 34 308 45 38,084984 | 41,765722 611 Hoya
254 84 266 63 NL 322 34 189 45 38,084968 | 41,765692 606 Hoya
255 84 268 65 NL 324 34 189 45 38,084932 | 41,765647 615 Hoya
255 84 265 61 NL 321 33 193 43 38,084841 | 41,765657 614 Hoya
85 83 252 64 NR 196 34 330 45 38,085011 | 41,76567 609 Hoya
80 83 246 63 NR 192 33 324 45 38,085011 | 41,76567 603 Hoya
80 83 244 67 NR 189 34 327 47 38,085021 | 41,765702 618 Hoya
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262 81 273 50 NL 323 25 208 41 38,084989 | 41,765636 614 Hoya
267 80 291 55 NL 340 27 220 44 38,085011 | 41,765675 612 Hoya
60 78 226 49 NR 180 23 293 43 38,08504 | 41,765685 616 Hoya
256 74 62 41 NR 18 15 122 41 38,00001 | 41,000001 635 Hoya
266 74 63 54 NR 20 22 139 50 38,00001 | 41,000001 632 Hoya
276 80 84 49 NR 35 24 148 41 38,00001 | 41,000001 620 Hoya
275 79 82 49 NR 34 23 147 42 38,00001 | 41,000001 628 Hoya
86 76 201 75 TL 348 57 181 31 38,092139 | 41,767153 621 Gercus
99 89 270 83 TL 3 45 195 43 38,092148 | 41,767122 622 Gercus
81 77 162 77 TR 354 57 169 32 38,092154 | 41,767137 622 Gercus
218 58 236 26 TR 184 43 91 3 38,097746 | 41,771083 648 Hoya
206 59 228 32 TR 172 48 262 1 38,0978 | 41,771291 651 Hoya
211 68 227 35 TR 169 42 267 8 38,097804 | 41,771661 651 Hoya
190 72 194 11 TR 148 21 57 4 38,09784 | 41,771512 654 Hoya
221 67 230 20 TR 181 31 90 1 38,097888 | 41,771523 652 Hoya
218 65 253 50 TR 172 58 286 14 38,097946 | 41,771812 656 Hoya
221 63 254 47 TR 178 56 287 11 38,097991 | 41,771957 657 Hoya
222 71 237 37 TR 178 41 279 11 38,097964 | 41,771558 653 Hoya
220 65 232 23 TR 181 35 91 1 38,097938 | 41,771778 658 Hoya
218 54 239 26 TR 187 46 91 S 38,097856 | 41,771642 655 Hoya
212 62 231 32 TR 175 44 268 3 38,097961 | 41,771645 652 Hoya
19 84 196 27 NR 150 14 246 23 38,098049 | 41,771415 651 Hoya
187 79 198 44 TR 137 38 245 21 38,098002 | 41,771519 651 Hoya
187 79 198 44 TR 137 38 245 21 38,098002 | 41,771519 651 Hoya
192 80 201 43 TR 141 37 249 21 38,098158 | 41,771743 650 Hoya
190 80 198 38 TR 141 33 245 19 38,098135 | 41,771753 660 Hoya
190 80 198 38 TR 142 34 245 18 38,098135 | 41,771753 656 Hoya
204 66 204 1 NL 66 15 162 17 38,098107 | 41,771638 650 Hoya
198 70 198 0 NL 61 13 155 14 38,09821 | 41,771743 679 Hoya
197 69 197 0 NL 60 13 154 14 38,098172 | 41,771722 679 Hoya
196 81 52 -74 TL 95 -34 120 52 38,098026 | 41,771524 687 Hoya
195 80 64 =77 TL 98 -35 115 53 38,098019 | 41,771459 687 Hoya
194 82 104 -82 NL 104 53 104 -37 38,098019 | 41,771459 686 Hoya
194 82 104 -82 NL 104 52 104 -37 38,098019 | 41,771459 685 Hoya
192 82 11 2 TL 56 5 147 4 38,098019 | 41,771459 654 Hoya
194 86 36 -79 TL 95 -40 114 48 38,098039 | 41,771482 657 Hoya
191 84 131 -83 NL 97 50 104 -38 38,09809 | 41,771572 658 Hoya
189 83 9 1 TL 54 5 144 4 38,098123 | 41,771613 650 Hoya
189 83 9 1 TL 54 5 144 4 38,098146 | 41,771666 649 Hoya
189 83 9 1 TL 54 5 144 4 38,098146 | 41,771666 648 Hoya
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187 83 7 1 TL 52 6 142 4 38,098233 | 41,771736 656 Hoya
189 81 54 =77 TL 91 -35 109 53 38,098227 | 41,771743 649 Hoya
188 83 80 -83 TL 97 -38 101 51 38,098227 | 41,771743 647 Hoya
194 88 194 2 NL 239 0 149 3 38,098192 | 41,771757 656 Hoya
194 88 194 2 NL 239 0 149 2 38,098214 | 41,771699 683 Hoya
179 78 180 4 NL 44 5 135 11 38,098171 | 41,771693 706 Hoya
179 78 180 5 NL 44 5 135 11 38,098171 | 41,771693 707 Hoya
179 78 180 5 NL 44 5 135 11 38,098157 | 41,771799 719 Hoya
142 78 321 1 TL 6 9 97 7 38,098108 | 41,771712 709 Hoya
177 67 356 3 TL 39 18 134 13 38,098023 | 41,771586 697 Hoya
177 67 356 3 TL 40 18 134 14 38,098023 | 41,771586 697 Hoya
177 67 356 3 TL 40 18 134 14 38,098023 | 41,771586 697 Hoya
181 70 1 3 TL 44 15 137 12 38,097999 | 41,771544 697 Hoya
181 70 1 3 TL 44 15 138 12 38,098003 | 41,771542 699 Hoya
181 70 1 3 TL 44 15 138 12 38,098003 | 41,771542 702 Hoya
23 69 47 46 TR 336 50 85 15 38,030657 | 42,020769 719 Cungus
19 64 48 43 TR 338 53 82 10 38,030625 | 42,02079 714 Cungus
19 64 47 45 TR 337 55 81 12 38,030625 | 42,02079 715 Cungus
19 64 50 42 TR 335 49 84 9 38,030625 | 42,02079 715 Cungus
10 64 81 63 TR 297 69 94 19 38,030691 | 42,020742 712 Cungus
10 64 80 62 TR 289 68 90 18 38,030691 | 42,020742 712 Cungus
3 64 67 61 TR 295 67 84 20 38,030692 | 42,020745 714 Cungus
3 64 70 62 TR 297 69 86 17 38,030692 | 42,020745 714 Cungus
20 71 51 56 TR 326 54 88 20 38,000001 | 42,000001 715 Cungus
30 62 89 58 TR 332 68 108 15 38,000001 | 42,000001 715 Cungus
28 58 95 55 TR 333 73 107 11 38,000001 | 42,000001 718 Cungus
24 57 78 51 TR 342 69 98 9 38,000001 | 42,000001 715 Cungus
209 49 227 18 TR 182 43 78 13 38,030757 | 42,020897 721 Cungus
212 57 229 24 TR 178 42 84 5 38,030665 | 42,021003 721 Cungus
220 52 230 12 TR 187 36 85 16 38,030647 | 42,021017 721 Cungus
312 82 122 52 TL 188 41 71 27 38,03081 | 42,020936 722 Cungus
124 75 154 61 TR 64 53 195 25 38,030818 | 42,020904 722 Cungus
124 75 154 62 TR 65 50 193 26 38,030818 | 42,020904 722 Cungus
138 80 147 46 TR 86 38 196 23 38,03079 | 42,020909 722 Cungus
271 59 353 58 TR 194 75 358 13 38,030779 | 42,020854 724 Cungus
261 50 348 50 TR 183 84 350 5 38,030757 | 42,020827 724 Cungus
266 59 4 59 TL 164 74 350 14 38,030712 | 42,02082 724 Cungus
265 59 306 47 TR 226 62 334 9 38,030724 | 42,020965 724 Cungus
273 61 313 49 TR 230 61 342 11 38,030726 | 42,020952 725 Cungus
272 61 313 50 TR 232 60 340 12 38,030726 | 42,020952 726 Cungus
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166 64 333 24 NR 114 0 24 37 38,002199 | 42,055285 1005 Cungus
158 69 330 20 NR 109 0 19 30 38,002177 | 42,055269 1008 Cungus
159 71 327 31 NR 285 7 21 36 38,002214 | 42,055288 1008 Cungus
160 56 327 19 NR 111 9 14 38 38,002243 | 42,055318 1007 Cungus
159 73 327 36 NR 284 12 24 38 38,002233 | 42,055312 1008 Cungus
297 77 47 76 TL 200 57 31 32 38,001963 | 42,055038 1002 Cungus
288 76 27 75 TL 195 58 20 30 38,001967 | 42,05504 1002 Cungus
291 83 70 79 TL 193 51 28 37 38,001952 | 42,055036 1001 Cungus
290 76 31 75 TL 197 58 22 30 38,001966 | 42,055042 1002 Cungus
300 45 66 39 TL 130 70 229 3 38,002017 | 42,055034 1001 Cungus
301 44 68 37 TL 128 70 230 4 38,001964 | 42,055046 1001 Cungus
294 49 63 41 TL 134 69 43 0 38,001967 | 42,055019 1001 Cungus
23 72 24 4 TR 340 15 247 9 38,010511 | 42,0646 1032 Cungus
27 75 206 1 NR 342 10 251 11 38,010497 | 42,064591 1032 Cungus
24 79 203 4 NR 339 4 248 10 38,010497 | 42,064591 1032 Cungus
77 62 239 30 NR 202 1 293 43 37,000001 | 42,000001 1018 Gercus
74 63 231 36 NR 195 5 291 48 37,000001 | 42,000001 1017 Gercus
80 65 243 32 NR 205 4 299 42 37,000001 | 42,000001 1018 Gercus
273 57 69 32 TL 126 50 216 1 37,976993 | 42,062878 980 Gercus
259 52 58 24 TL 108 46 207 8 37,977033 | 42,06285 980 Gercus
260 45 56 22 TL 102 50 208 13 37,977075 | 42,062863 981 Gercus
139 86 145 54 TR 80 38 200 31 37,000001 | 42,000001 952 Gercus
149 51 241 51 TL 51 83 240 6 37,977306 | 42,064475 976 Gercus
145 58 227 57 TR 68 76 232 13 37,976982 | 42,064634 957 Gercus
143 60 228 60 TR 61 74 231 15 37,976982 | 42,064634 957 Gercus
144 54 225 53 TR 76 80 230 8 37,976982 | 42,064634 956 Gercus
146 54 232 53 TR 64 81 234 9 37,976982 | 42,064634 948 Gercus
19 55 19 0 NL 238 24 339 24 37,000001 | 42,000001 806 Hoya
17 55 196 1 TL 235 24 337 23 37,000001 | 42,000001 806 Hoya
17 51 195 1 TL 233 27 337 25 37,000001 | 42,000001 806 Hoya
17 52 188 11 TL 230 34 332 17 37,000001 | 42,000001 806 Hoya
17 52 21 4 NL 237 22 341 29 37,000001 | 42,000001 806 Hoya
126 87 303 44 TL 0 32 251 27 37,743936 | 41,287031 563 Hoya
131 85 306 44 TL 4 33 255 25 37,743936 | 41,287031 563 Hoya
123 87 306 47 TL 358 34 246 28 37,743936 | 41,287031 562 Hoya
125 88 303 50 TL 3 35 247 31 37,743936 | 41,287031 562 Hoya
125 87 302 44 TL 358 31 249 27 37,743936 | 41,287031 563 Hoya
121 87 298 43 TL 354 32 245 26 37,743936 | 41,287031 562 Hoya
120 87 297 45 TL 354 32 244 28 37,743921 | 41,287007 562 Hoya
122 87 299 45 TL 356 33 246 28 37,743921 | 41,287007 561 Hoya

175




123 84 296 50 TL 358 37 243 27 37,743921 | 41,287007 561 Hoya
112 79 155 74 NL 193 33 36 54 37,743905 | 41,287113 563 Hoya
114 77 159 72 NL 194 31 40 55 37,743905 | 41,287113 563 Hoya
109 78 165 75 NL 193 32 30 56 37,743905 | 41,287113 563 Hoya
107 78 161 75 NL 190 32 28 56 37,743905 | 41,287113 562 Hoya
103 78 155 75 NL 186 33 25 55 37,743905 | 41,287113 562 Hoya
94 78 153 76 NL 178 32 13 56 37,743905 | 41,287113 563 Hoya
111 78 162 74 NL 193 32 33 56 37,743907 | 41,287097 563 Hoya
109 78 160 74 NL 191 32 31 55 37,743907 | 41,287097 563 Hoya
96 83 145 80 NL 180 37 12 52 37,743916 | 41,287059 563 Hoya
95 83 131 78 NL 176 37 15 51 37,743916 | 41,287059 563 Hoya
92 86 132 83 NL 177 40 7 48 37,743889 | 41,287046 564 Hoya
93 87 115 82 NL 176 41 11 47 37,743889 | 41,287046 564 Hoya
100 87 115 78 NL 179 40 22 46 37,743889 | 41,287046 564 Hoya
84 89 91 82 NL 167 43 2 45 37,743892 | 41,287069 564 Hoya
93 86 121 81 NL 176 40 11 48 37,74389 | 41,287065 563 Hoya
107 83 160 81 NL 192 38 23 51 37,743932 | 41,287009 564 Hoya
106 83 148 79 NL 189 37 24 51 37,743932 | 41,287009 564 Hoya
106 86 139 82 NL 190 41 22 48 37,743932 | 41,287009 564 Hoya
106 86 140 82 NL 190 40 22 48 37,743932 | 41,287009 564 Hoya
100 85 137 81 NL 184 39 18 49 37,743938 | 41,287023 564 Hoya
100 85 137 81 NL 184 39 18 49 37,743938 | 41,287023 564 Hoya
106 84 134 78 NL 186 38 27 49 37,743937 | 41,287017 564 Hoya
97 83 139 79 NL 180 37 16 51 37,743937 | 41,287017 564 Hoya
105 84 165 83 NL 192 39 19 50 37,743946 | 41,287021 564 Hoya
101 84 149 81 NL 186 38 17 50 37,743946 | 41,287021 564 Hoya
97 84 128 78 NL 178 38 18 50 37,743974 | 41,287014 564 Hoya
99 69 155 65 NL 178 22 30 63 37,74396 | 41,286959 562 Hoya
98 69 155 65 NL 178 23 30 63 37,74396 | 41,286959 562 Hoya
124 79 158 72 NL 201 33 51 53 37,74396 | 41,286959 562 Hoya
109 69 163 64 NL 188 22 42 63 37,743981 | 41,286961 562 Hoya
111 73 172 70 NL 193 27 34 60 37,743985 | 41,286962 562 Hoya
114 77 185 76 NL 200 31 30 57 37,743985 | 41,286962 562 Hoya
105 77 170 75 NL 190 31 23 57 37,743969 | 41,286909 564 Hoya
101 77 162 75 NL 185 31 20 57 37,743969 | 41,286909 563 Hoya
96 77 176 76 NL 184 32 9 58 37,743969 | 41,286909 564 Hoya
97 77 175 76 NL 185 32 10 57 37,743969 | 41,286909 564 Hoya
96 77 175 76 NL 184 32 11 58 37,743969 | 41,286909 563 Hoya
102 74 170 72 NL 187 28 21 60 37,743993 | 41,286903 563 Hoya
105 71 154 73 NL 186 31 29 56 37,743993 | 41,286903 564 Hoya
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97 77 175 76 NL 185 32 11 57 37,743993 | 41,286902 564 Hoya
102 77 184 77 NL 191 31 14 58 37,743993 | 41,286902 563 Hoya
56 86 222 74 TL 311 47 160 39 37,701838 | 41,461132 647 Hoya
59 85 218 75 TL 315 48 161 38 37,701838 | 41,461132 648 Hoya
56 86 223 72 TL 309 48 161 38 37,701838 | 41,461132 648 Hoya
63 83 217 75 TL 318 49 164 37 37,701838 | 41,461132 647 Hoya
71 80 213 74 TL 326 53 172 33 37,701838 | 41,461132 648 Hoya
74 83 228 74 TL 329 50 176 36 37,701838 | 41,461132 648 Hoya
71 82 221 74 TL 325 51 173 35 37,701838 | 41,461132 647 Hoya
66 81 215 73 TL 320 51 168 34 37,701838 | 41,461132 648 Hoya
57 81 205 73 TL 311 52 159 34 37,701838 | 41,461132 648 Hoya
57 82 207 74 TL 313 51 159 35 37,701838 | 41,461132 648 Hoya
65 80 205 74 TL 321 53 169 33 37,701839 | 41,461129 648 Hoya
58 83 210 75 TL 315 50 160 36 37,701839 | 41,461129 648 Hoya
240 89 245 78 TR 162 44 319 42 37,701839 | 41,461129 648 Hoya
61 76 185 73 TL 318 58 158 30 37,701839 | 41,461135 649 Hoya
55 74 180 70 TL 309 59 154 28 37,701829 | 41,461134 649 Hoya
55 74 181 70 TL 309 59 154 28 37,701829 | 41,461134 649 Hoya
58 87 228 74 TL 312 45 163 40 37,701829 | 41,461134 648 Hoya
60 83 212 75 TL 316 50 162 36 37,701831 | 41,461129 648 Hoya
300 66 336 52 TR 252 58 9 15 37,562553 | 41,365893 1040 Gercus
304 67 340 54 TR 252 58 14 17 37,562537 | 41,365893 1040 Gercus
300 67 337 54 TR 249 58 10 17 37,562537 | 41,365893 1040 Gercus
299 66 339 55 TR 247 60 10 17 37,56254 | 41,365893 1040 Gercus
296 63 338 52 TR 249 62 7 13 37,56254 | 41,365893 1040 Gercus
296 70 330 56 TR 242 56 6 20 37,562524 | 41,365902 1040 Gercus
297 70 328 54 TR 245 54 5 19 37,562525 | 41,365899 1040 Gercus
295 69 328 54 TR 243 56 4 18 37,562527 | 41,365912 1040 Gercus
296 69 332 57 TR 241 57 7 19 37,562504 | 41,36589 1040 Gercus
293 71 322 54 TR 241 53 1 20 37,562508 | 41,365888 1040 Gercus
291 70 321 54 TR 239 54 359 19 37,562508 | 41,365888 1039 Gercus
291 67 351 64 TR 222 65 11 21 37,562456 | 41,365933 1039 Gercus
291 68 336 60 TR 232 61 5 20 37,562456 | 41,365933 1040 Gercus
286 67 344 63 TR 220 65 6 20 37,562472 | 41,365933 1040 Gercus
283 65 348 62 TR 215 68 5 19 37,562473 | 41,365929 1040 Gercus
291 65 347 60 TR 230 66 10 18 37,562473 | 41,365929 1040 Gercus
292 68 354 65 TR 221 65 13 22 37,562473 | 41,365929 1040 Gercus
290 71 343 66 TR 221 61 9 24 37,562473 | 41,365929 1040 Gercus
291 71 350 68 TR 218 62 12 25 37,562473 | 41,365929 1040 Gercus
289 69 335 61 TR 229 61 5 21 37,562473 | 41,365929 1040 Gercus
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291 70 330 60 TR 233 58 4 21 37,562368 | 41,36618 1040 Gercus
289 70 332 61 TR 228 59 4 22 37,562372 | 41,366168 1042 Gercus
295 71 340 63 TR 232 59 11 24 37,562372 | 41,366168 1041 Gercus
294 71 332 61 TR 234 58 7 23 37,562384 | 41,366161 1042 Gercus
293 71 332 61 TR 234 58 7 23 37,562384 | 41,366162 1042 Gercus
296 60 359 57 TR 240 71 16 14 37,56235 | 41,366248 1042 Gercus
292 68 351 64 TR 224 64 13 21 37,56235 | 41,366248 1042 Gercus
288 61 4 60 TR 215 73 13 15 37,56235 | 41,366248 1042 Gercus
294 64 344 57 TR 240 65 10 16 37,56235 | 41,366248 1042 Gercus
294 64 344 57 TR 240 64 10 16 37,56235 | 41,366248 1042 Gercus
285 66 328 56 TR 232 61 358 17 37,562355 | 41,366249 1042 Gercus
289 68 326 55 TR 236 58 359 18 37,562355 | 41,366249 1042 Gercus
295 60 359 57 TR 238 71 15 13 37,562355 | 41,366249 1042 Gercus
334 43 41 40 TR 337 77 232 3 37,552389 | 41,754496 946 Hoya
342 45 39 39 TR 333 72 235 2 37,552384 | 41,754493 946 Hoya
334 54 20 44 TR 303 66 44 4 37,552355 | 41,754532 966 Hoya
330 61 2 43 TR 291 56 34 8 37,552357 | 41,754573 965 Hoya
337 52 22 42 TR 311 65 46 2 37,552348 | 41,754595 965 Hoya
339 44 33 37 TR 332 70 230 4 37,552322 | 41,754637 969 Hoya
332 72 5 59 TR 275 55 43 23 38,230517 | 40,775288 951 Hoya
336 66 10 51 TR 287 57 44 15 38,230551 | 40,775231 934 Hoya
338 65 7 45 TR 295 53 42 12 38,230584 | 40,775189 929 Hoya
337 70 1 47 TR 290 49 40 16 38,230652 | 40,775121 931 Hoya
330 73 2 61 TR 270 55 41 24 38,230631 | 40,775117 930 Hoya
333 57 54 56 TR 260 77 59 12 38,230671 | 40,774987 929 Hoya
333 56 58 55 TR 253 78 61 11 38,230671 | 40,774987 931 Hoya
339 46 61 45 TR 324 85 65 1 38,23069 | 40,774954 932 Hoya
1 40 58 35 TR 6 72 252 7 38,230681 | 40,774937 933 Hoya
331 60 43 58 TR 265 73 54 14 38,230708 | 40,774903 931 Hoya
331 59 46 58 TR 263 74 55 13 38,230708 | 40,774903 930 Hoya
337 64 41 61 TR 272 68 58 18 38,230708 | 40,774903 926 Hoya
332 60 43 58 TR 266 73 55 14 38,230715 | 40,774845 926 Hoya
57 53 115 49 NL 133 6 22 72 37,843918 | 41,726115 844 Germav
60 52 109 45 NL 131 4 30 68 37,843918 | 41,726115 842 Germav
52 52 113 48 NL 129 6 17 74 37,843918 | 41,726115 841 Germav
63 52 120 47 NL 138 5 32 72 37,843884 | 41,726119 842 Germav
59 51 115 45 NL 133 3 32 72 37,843879 | 41,726102 844 Germav
52 53 123 51 NL 134 7 5 78 37,843879 | 41,726102 845 Germav
58 48 122 44 NL 135 2 39 76 37,843839 | 41,726055 840 Germav
55 54 110 48 NL 129 6 20 70 37,843916 | 41,726115 846 Germav
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58 53 127 51 NL 139 7 14 77 37,84396 | 41,726168 841 Germav
53 53 126 52 NL 136 7 4 78 37,84396 | 41,726168 842 Germav
53 53 126 51 NL 135 7 6 78 37,84396 | 41,726168 832 Germav
295 72 14 71 TR 211 62 22 26 37,482355 | 37,706963 614 Gaziantep
321 69 46 68 TR 235 65 50 23 37,482355 | 37,706963 614 Gaziantep
306 77 20 76 TR 220 57 33 32 37,482349 | 37,706974 614 Gaziantep
305 80 9 78 TR 221 54 31 34 37,482349 | 37,706974 614 Gaziantep
308 69 35 68 TR 220 65 37 23 37,482343 | 37,707001 614 Gaziantep
309 69 26 68 TR 226 65 37 23 37,482346 | 37,707003 614 Gaziantep
309 69 29 68 TR 225 65 36 23 37,482346 | 37,707003 615 Gaziantep
185 59 3 2 TL 45 23 143 18 37,844989 | 38,415963 680 Hoya
184 51 186 1 TR 147 27 43 24 37,844989 | 38,415963 680 Hoya
186 54 186 2 TR 148 26 46 22 37,844987 | 38,415969 677 Hoya
180 59 90 -58 TL 90 -13 90 75 37,844987 | 38,415969 676 Hoya
184 53 4 1 TL 43 25 145 24 37,844987 | 38,415969 676 Hoya
196 71 14 4 TL 59 16 152 10 37,844987 | 38,415969 676 Hoya
190 66 7 6 TL 51 21 146 12 37,844987 | 38,415969 676 Hoya
195 47 11 4 TL 49 32 156 24 37,845003 | 38,415982 676 Hoya
184 49 186 2 TR 148 29 42 26 37,845003 | 38,41596 675 Hoya
195 68 12 8 TL 56 21 150 9 37,845003 | 38,41596 676 Hoya
192 67 9 8 TL 54 22 147 9 37,845003 | 38,41596 676 Hoya
272 57 312 45 TR 235 62 339 7 37,840641 | 38,404426 758 Hoya
275 66 314 54 TR 225 59 346 16 37,840641 | 38,404426 758 Hoya
266 70 303 58 TR 210 57 338 21 37,840611 | 38,404429 758 Hoya
264 66 307 56 TR 211 61 337 17 37,840611 | 38,404429 758 Hoya
255 54 316 50 TR 216 73 332 7 37,840556 | 38,404414 758 Hoya
243 49 291 40 TR 222 67 132 0 37,840556 | 38,404456 759 Hoya
244 51 287 39 TR 220 63 311 0 37,840556 | 38,404456 759 Hoya
241 49 284 37 TR 221 63 127 2 37,840589 | 38,404471 759 Hoya
230 45 282 38 TR 220 69 120 3 37,840589 | 38,404471 759 Hoya
261 63 301 51 TR 214 61 331 13 37,840603 | 38,404479 758 Hoya
247 62 300 56 TR 195 66 323 15 37,840572 | 38,404496 758 Hoya
256 71 292 59 TR 199 56 328 22 37,840572 | 38,404496 758 Hoya
Midyat
287 55 4 54 TR 224 78 12 9 37,838055 | 38,310914 991 Group
Midyat
287 59 11 58 TR 205 75 15 14 37,83804 | 38,310922 992 Group
Midyat
288 57 10 57 TR 210 77 15 12 37,83804 | 38,310922 993 Group
Midyat
287 56 10 55 TR 211 78 14 11 37,838027 | 38,310977 992 Group
Midyat
295 58 12 57 TR 224 76 20 12 37,83802 | 38,310976 992 Group
Midyat
253 76 6 75 TL 155 58 347 31 37,825651 | 38,307625 831 Group
Midyat
258 81 3 80 TL 165 53 350 35 37,825651 | 38,307621 832 Group
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Midyat

262 86 326 86 TR 174 48 351 41 37,825614 | 38,307615 832 Group
Midyat
260 85 308 83 TR 175 49 346 40 37,825614 | 38,307615 832 Group
Midyat
254 84 29 81 TL 157 50 349 38 37,82561 | 38,307623 832 Group
Midyat
258 82 10 81 TL 165 52 351 37 37,825611 | 38,307617 832 Group
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