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ABSTRACT

THE CHARACTER AND DISPLACEMENT OF ADIYAMAN FAULT
(SOUTHEAST ANATOLIA): EVIDENCE FROM SUBSURFACE DATA
Durukan, Bayram Alper
Master of Science, Geological Engineering
Supervisor: Prof. Dr. Erdin Bozkurt

September 2019, 134 pages

Structural interpretation of five 2D seismic sections acquired by TPAO is carried out
in the Adıyaman region of Southeast Anatolia. The sections are geological calibrated
with stratigraphic logs of five boreholes. This study has resulted in the discovery of a
previously undefined fault, herein named as Şambayat Fault. The fault is a NW-SEtrending structure that parallels the Bozova Fault and comprises several parallel fault
segments. The structural maps of Cretaceous Sayındere and Karababa formations are
also prepared and suggest that their sedimentation was controlled by the Şambayat
Fault; it is therefore suggested that the Şambayat Fault was active during at least
Campanian and because it appears not affecting the Middle Eocene-Oligocene
Gaziantep Formation, its activity ceased by then. The segments of the Şambayat Fault
is cut and displaced by the Adıyaman Fault. The correlation of these segments on
either side of the Adıyaman Fault indicates a total sinistral displacement of about 4400
m. The Şambayat Fault is buried beneath younger sediments and has no surface
expression suggesting its activity. Therefore, careful interpretation of seismic sections
would be a useful method to identify and map buried structures that may have
important implications on the geological evolution of a given region.

v
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ÖZ

ADIYAMAN FAYININ KARAKTERİ VE ATIM MİKTARI (GÜNEYDOĞU
ANADOLU): YERALTI VERİLERİ KULLANILARAK
Durukan, Bayram Alper
Yüksek Lisans, Jeoloji Mühendisliği
Tez Danışmanı: Prof. Dr. Erdin Bozkurt

Eylül 2019, 134 sayfa

Güneydoğu Anadolu Adıyaman bölgesinde TPAO tarafından atılan 5 adet 2B sismik
kesitin yapısal yorumu yapılmıştır. Bu kesitler 5 adet kuyunun stratigrafik logları ile
kalibre edilmiştir. Bu çalışma, daha önce tanımlanmamış bir fayın keşfedilmesine
neden olmuştur, bu faya Şambayat Fayı adı verilmiştir. Bu fay, Bozova Fayı ve
bölgedeki bir kaç fay ile parallel, kuzeybatı-güneydoğu doğrultulu yapılardır. Kretase
yaşlı Sayındere ve Karababa Formasyonlarının yapısal haritaları çizilmiş ve
çökelimlerinin Şambayat Fayı ile kontrol edildiği görülmüştür. Bu nedenle, Şambayat
Fayının Kampaniyen’de etkin olduğu, Orta Eosen-Oligosen’de etkisinin durduğu
önerilmiştir. Şambayat Fayı’nın bölümleri Adıyaman Fayı tarafından kesilip
ötelenmiştir. Bu bölümleri Adıyaman Fayının her iki yanında eşleştirdiğimizde,
Adıyaman Fayının, atım miktarı 4400m. olan, sol atımlı bir fay olduğu ortaya
çıkmaktadır. Şambayat Fayı genç sedimanlar tarafından örtülmektedir ve yüzeyde
herhangi bir aktivitesi gözlenilmemektedir.
Bu nedenle, dikkatli bir şekilde yapılmış sismik yorum, haritada görülemeyen fakat
bölgedeki jeolojik evriminde önemli etkileri olabilen gömülü yapıları tanımlayan
kullanışlı bir metoddur.
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CHAPTER 1

1.

INTRODUCTION

1.1. General Information
The study area, Adıyaman region, is the principal oil-producing region in southeast
Turkey. It is located within the collisional zone of southeast Turkey that marks the
final closure of the southern Neotethys across the Bitlis Suture Zone (BSZ); the BSZ
‘LVDEHOWRIKLJKVWUDLQDQGUDSLGXSOLIWEHWZHHQ$UDELDQ3ODWIRUPWRWKHVRXWKDQGD
FROODJH RI FRQWLQHQWDO IUDJPHQWV LVODQG DUFV DQG RSKLROLWLF PpODQJH WR WKH QRUWK
(quoted from Hempton 1985)’ (Figure 1.1). The 500-km-long arcuate belt of suture
therefore marks continent collision between Arabian Plate in the south and Eurasian
Plate in the north (e.g., Şengör and Kidd, 1979; Şengör and Yılmaz, 1981; Hempton,
1985; Dewey et al., 1986; Yılmaz, 1991, 1993; Yılmaz et al., 1993; Yiğitbaş and
Yılmaz, 1993). The Adıyaman region therefore lies within the foreland area of the
suture.
The geology and evolution of the suture zone have been the subject of several
researchers (e.g., Hall, 1976; Yazgan et al., 1983; Çağlayan et al., 1984; Göncüoğlu
and Turhan, 1984; Hempton, 1985; Okay et al., 1985; Perinçek, 1990; Yılmaz, 1993;
Robertson, 1998, 2000; Jolivet and Faccenna, 2000; Bilgiç, 2002; Günay and Şenel,
2002; Şenel and Ercan, 2002; Tarhan, 2002; Barazangi et al., 2006; Robertson et al.,
2007; Allen and Armstrong, 2008; Okay, 2008; Oberhänsli et al., 2010, 2012, 2013;
Yılmaz et al., 2010; Karaoğlan et al., 2013; Seyitoğlu et al., 2017; Cawaza et al., 2018;
Bakkal et al., 2019 and references therein). Although several papers have been
published, the age of the continental collision has always been debated with proposed
ages range widely from the Late Cretaceous to the Pliocene (Hall, 1976; Berberian
and King, 1981; Şengör et al., 1985; Yılmaz, 1993; Alavi, 1994; Jolivet and Faccenna,
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2000; Agard et al., 2005; Robertson et al., 2007; Allen and Armstrong, 2008; Okay et
al., 2010; Rolland et al., 2012; McQuarrie and van Hinsbergen, 2013). Recently,
Cawazza et al. (2018) concluded that continental collision has started in the midMiocene.

)LJXUH Overall tectonic sketch map of the Middle East (from Cawazza et al., 2018). ATAnatolide-Tauride terrane; IZ- İstanbul Zone; SkZ- Sakarya Zone; KM- Kırşehir Massif; NAF- North
Anatolian Fault; EAF- Eastern Anatolian Fault; EP- Eastern Pontides; IAESZ- İzmir-AnkaraErzincan Suture Zone; SASZ- Sevan-Akera Suture Zone; GC- Greater Caucasus; LC- Lesser
Caucasus; DSF- Dead Sea Fault. Arrows indicates GPS vectors

The BSZ is also named as Southeast Anatolian orogenic belt, which is described as a
geological mosaic formed as a result of progressive amalgamation of varying, roughly
eastwest-trending tectonostratigraphic units, separated from one another by thrusts
(Yılmaz, 1990, 1991, 1993; Yiğitbaş et al., 1992; Yılmaz et al., 1993; Yiğitbaş and
Yılmaz, 1993); from the south to the north, these are ‘WKH$UDELDQ3ODWIRUP¶, ‘WKH]RQH
RI LPEULFDWLRQ’, and ‘WKH QDSSH ]RQH’. The geology of the belt is attributed to the
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Alpine orogeny which has developed in two major stages during Late Cretaceous and
Middle Eocene–Miocene (Yılmaz, 1990, 1991, 1993; Yılmaz et al., 1993; Yiğitbaş
and Yılmaz, 1993).

)LJXUH Structural map of eastern Turkey showing the African, Arabian, Anatolian and Eurasian
plates and major active faults (thick black lines). The Adıyaman Fault is shown in thick red line. Red
and blue arrows indicate GPS velocities with respect to a fixed Arabian lithospheric plate, and blue
and red circles indicate GPS measurement errors, according to Reilinger et al. (2006) and Aktuğ et al.
(2016), respectively. The inset map and box with white dashed lines show the location of the figure.
EF- Ecemiş Fault; KTJ- Karlıova Triple Junction; MTJ- Maraş Triple Junction; OF- Ovacık Fault;
SF- Savrun Fault. Figure is taken from Khalifa et al. (2019).

The southeast Turkey is located on the northern margin of the Arabian Platform, which
is represented by an autochthonous Lower Paleozoic–Middle Miocene sedimentary
succession of largely marine origin (Yılmaz, 1984; Yılmaz et al., 1993; Sungurlu
1974; Perinçek 1990; Perinçek et al., 1991); remnants of ophiolite nappes emplaced
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onto the platform during the Late Cretaceous and Eocene periods also occur in the
region (Yiğitbaş et al., 1992; Yılmaz et al., 1993). The region was structurally uplifted
in the Middle Jurassic (Perinçek et al., 1991) or Late JurassicEarly Cretaceous
(Sungurlu, 1974; Ala and Moss, 1979), and is associated with a series of Paleozoic
highs, which extend from northern Saudi Arabia via western Iraq and Syria to Turkey
(Beydoun, 1989; Best et al., 1993).
The Arabian Plate is bounded by a narrow (up to 5 km in width) imbricated zone,
made up of allochthonous units (e.g., Yılmaz et al., 1987; Yılmaz, 1993). The nappe
zone occurs to the north of the zone of imbrication and is composed essentially of two
nappes: XSSHUQDSSH of metamorphic rocks (Bitlis and Pötürge massifs) and ORZHU
QDSSH of metamorphosed ophiolitic associations.
The study area is located within the Arabian Platform, near southwest of the city of
Adıyaman. The Şambayat oil field and Besni district also lie within or near west of
the study area.
East Anatolian Fault Zone (EAFZ), a plate boundary between the Arabian and
Anatolian plates, forms the major structural element in the region and runs through
northwest of the Adıyaman area (Seyitoğlu et al., 2018)(Figures 1.2 and 1.3). Other
major structural elements in the area include NW–SE-trending right-lateral and NE–
SW-trending left-lateral strike-slip faults (e.g., Adıyaman Fault, Bozova Fault, Çalgan
Fault, Samsat Fault, Lice Fault, Halfeti Fault, and Harmancık Fault; Figures 1.4 and
1.5) (e.g., Şahbaz and Seyitoğlu, 2018; Khalifa et al., 2019; Tatar et al., 2019). The
region is also characterized by a E–W-trending blind thrust system (e.g., Çakırhüyük
blind thrust, Araban blind thrust, Yavuzeli blind thrust and Gemrik-Karababa blind
thrust) and associated asymmetric ridges, interpreted as asymmetric anticlines (e.g.,
Faldağı anticline, Suvarlı anticline, Karadağ anticline; Figure 1.5); these anticlines are
attributed to surface expression of the blind thrusts (Şahbaz and Seyitoğlu, 2018).
Strike-slip faults appear to cut and displace these anticlines, attesting their ages.
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The present study aims to provide evidence that bears on the age and offset of the
Adıyaman Fault.

1.2. Geographic Location: The Study Area
The study area is geographically located in the Adıyaman province of the southeast
Turkey. It lies between the Besni district in the west and the city of Adıyaman in the
southwest. It covers an area of 310 km² in the 1/25000 topographic sheets of M39-c2,
M40-d1, M40-d2, M40-d3 and M40-d4 (Figure 1.6). Atatürk Dam lies to the southeast
of the study area.
1.3. Adıyaman Fault
The East Anatolian Fault Zone (EAFZ) is one of the most important active neotectonic
structures of the Eastern Mediterranean region and is interpreted as a transform
boundary between the Anatolian and Eurasian, and the African and Arabian
lithospheric plates (e.g., Arpat and Şaroğlu, 1972, 1975; Hempton et al., 1981; Şengör
et al., 1985; Dewey et al., 1986; Hempton, 1987; Şaroğlu et al., 1987, 1992a, b;
Muehlberger and Gordon, 1987; Barka and Kadinsky-Cade, 1988; Yürür and
Chorowicz, 1998; Perinçek and Çemen, 1990; Herece and Akay, 1992; Westaway,
1994, 2004; Westaway and Arger, 2001; Çetin et al., 2003; Herece, 2003, 2008;
Reilinger et al., 2006; Aksoy et al., 2007; Karabacak et al., 2011; Duman and Emre,
2013; Mahmoud et al., 2013; Öner et al., 2013; Aktuğ et al., 2016). Timing of initiation
of the EAFZ is highly debated and claims range from Late Miocene to Late Pliocene
(Arpat and Şaroğlu, 1972; Şengör et al., 1985); a Late Pliocene age is well accepted
among researchers (Şaroglu et al., 1987, 1992; Yürür and Chorowicz, 1998; Westaway
and Arger, 2001; Westaway, 2004).
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from Perinçek and Çemen, 1991). The figure is taken from Beşer (2018).

Çemen (1990). The through-going dotted line marks the northern boundary of the leading edge of the Cretaceous thrusts (modified

)LJXUH Generalized tectonic map of southeastern Anatolia. Compiled from Perinçek et al. (1987), Çemen (1990), Perinçek and
Figure 1.3.*HQHUD OL]HG WHFWRQLFPDSR IVRX WKHDVWHUQ$ QDWR OLD &RPSLOHGIURP 3HULQoHNHWDO   dHPHQ  3HULQoHNDQGdHPHQ   7KHWKUR XJKJRLQ JGRWWHGOLQHPD UNVWKHQR UWKHUQE RXQGDU\R IWKHOHDG LQJHGJHRIWKH&UHWDFHRXVWK UXVWV PRGLILHGIURP 3HULQoHNDQGdHPHQ  7KH ILJX UHLVWDNHQIU RP%HúHU 

In addition to East Anatolian Fault Zone, there are a number of secondary faults that
run (sub)parallel or oblique to the main trend of the EAFZ (Figures 1.2., 1.7 and 1.8)
(e.g., Hempton, 1987; Şaroğlu et al., 1992; Şengör et al., 1985; Taymaz et al., 1991;
Westaway, 1994; Aksoy et al., 2007; İmamoğlu and Çetin, 2007; İnceöz and Zengin,
2014; Khalifa et al., 2018, 2019 and references therein). Adıyaman Fault is one of
those structures. It is first described as branch of the a branch of East Anatolian Fault
Zone (Perinçek et al., 1987). Adıyaman Fault is described as NE–SW-trending
sinistral strike-slip fault that runs in the area between southwest of Adıyaman and west
of Palu where it branches off the EAF (Figure 1.7). The linear valleys around Palu to
the south of Lake Hazar forms the morphological evidence of the Adıyaman Fault.
).

)LJXUH Structural map of the Adıyaman area, showing major faults in and around study area. The
rectangle shows study area (from Tatar et al., 2019).

Near the west of Hazar Lake, the continuum of the fault is difficult to trace as it is
running through the Pütürge metamorphics. The trace is obvious in the area between
north of Kahta and south of Besni (Perinçek et al., 1987). It cuts and displaces Miocene
units and Fırat river valley around Çüngüş. Coşkun (2004) stated that Adıyaman Fault
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shares similar subsurface tectonic style with, and therefore is the northern continuity
of, the Dead Sea Fault.
The Adıyaman Fault is also studied by İmamoglu and Çetin (2007). The fault branches
off the East Anatolian Fault Zone around west of Palu, runs southwest through
Helindir and Hazar settlements to the south of Lake Hazar. It is about 210-km-long
left-lateral fault. The Adıyaman Fault cuts and displaces river Euraptues valley, and
the runs through Adıyaman province. In the area south of Besni, the Adıyaman Fault
appear to terminate where it branches into several segments imitating a horse-tail
pattern. The Adıyaman Fault is interpreted as R fracture of East Anatolian Fault Zone.

)LJXUH Structural map of Adıyaman and Gaziantep region (from Şahbaz and Seyitoğlu, 2018).
The rectangle shows the location of the study area. EAFZ- East Anatolian Fault Zone; AF- Adıyaman
Fault; HF- Halfeti Fault; BF- Bozova Fault; HRF- Harmancık Fault; ÇBT- Çakırhüyük blind thrust,
ABT- Araban blind thrust, YBT- Yavuzeli blind thrust; GKBT- Gemrik-Karababa blind thrust; FAFaldağı anticline; SA- Suvarlı anticline, KA- Karadağ anticline. The rectangle shows location of the
study area.
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)LJXUH Google Earth ™ image showing the geographic location of the study area.

Yazar (2009) stated that Adıyaman Fault appears on seismic section with weak
reflections. The fault is interpreted to induce fractures and small faults in Adıyaman,
Çemberlitaş, Çukurtaş and Cendere petroleum oil fields. The age of the fault is
Miocene.
Adıyaman Fault is also mapped by Aksoy et al. (2007) in detail where it is described
as an active left-lateral strike-slip fault (Figures 1.2., 1.8 and 1.9). The fault is
seismically active and capable of producing low to moderate frequency of relatively
small to moderate magnitude (Mw= 3.0–5.5) earthquakes (Khalifa et al., 2019). The
March 2, 2017 Adıyaman-Samsat earthquake (Mw= 5.5) is the largest recorded on the
fault. Quantitative geomorphic indices along the Adıyaman Fault provide evidence
that the entire is a moderately to highly active structure and that it reflects a moderate
to high seismic risk (Khalifa et al., 2019). The Adıyaman Fault is of secondary
importance compared to the EAF in accommodating the relative motion between the
Arabian and Anatolian lithospheric plates (Khalifa et al., 2019).
Northeastern part of the Adıyaman Fault is mapped by İnceöz and Zengin (2014); five
left-lateral fault segments and fault set are described. The authors have named these
structures as NNWSSW-trending (N10°20°E) Işıktepe Fault set, Başkaynak Fault
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set, EW-trending Üçdeğirmenler Fault, Çakıroğlu Fault, and ENEWSE-trending
(N70°E) Gökçepelit Fault. The interaction between different fault segments/sets result
in formation of pull-apart basins. Elongated hills, linear valleys, offset river courses,
and pull-part basins of variable sizes are mapped. The paleostress data is interpreted
to suggest five deformational phases: (i) early Eocene extensional phase, (ii)
Oligocene compressional phase, (iii) early Miocene extensional phase, (iv)
middlelate Miocene compressional phase and finally (v) PlioQuaternary strike-slip
faulting. The last phase has resulted in anticlockwise rotation of fault-bounded blocks
within the East Anatolian Fault Zone. The authors have considered the Adıyaman
Fault within the East Anatolian Fault Zone. The age of the fault is suggested as late
Pliocene (ca. 1.5 Ma). The observed offsets of river courses along the fault are variable
and reported as: 9 km offset of Caru Çayı, 5 km offset of Euraptus river and 1.5 km
offset of Maden Çayı.
Sunkar and Karataş (2015) stated that Adıyaman Fault comprises several parallel to
sub-parallel fault segments in the area between Palu (Elazığ) and Besni (Adıyaman)
where it disappears. The width of the fault zone reaches up to 3 km and it is about
210-km long. The Adıyaman Fault is interpreted as R-shear of the East Anatolian Fault
Zone.
The paper by Tatar et al. (2019) documents evidence, based on Synthetic Aperture
Radar Interferometry (InSAR) method and detailed field observations made
immediately after the earthquake, about surface deformations that has occurred during
2 March 2017 Samsat earthquake (Mw= 5.5). There is no surface rupture occurred but
surface deformations in the form of local and discontinuous fissures developed in
some areas. Samsat Fault, a N40°50°W-trending right-lateral structure, is interpreted
as the major structure that produced this earthquake.
Adıyaman Fault is ~210-km-long active left-lateral strike-slip fault segment trending
in ~065ºN direction. The fault starts in the area to the northeast of Kahta and runs in
WSW direction through south of Adıyaman near Büyükkavaklı village and finally
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terminates around Kutluca to the SSE of Besni (Figure 1.10). Major rock types along
the Adıyaman Fault include Upper Cretaceous ophiolitic mélange, MiddleUpper
Miocene continental clastic rocks, and PlioQuaternary undifferentiated continental
clastic and carbonate rocks (see next section for more details).

)LJXUH Adıyaman Fault and major structural features around Diyarbakır, Erzincan and Şanlıurfa
(Perinçek et al., 1987)
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In many places along strike, the fault is covered by unconsolidated sandy silty units
that make it difficult to follow the fault trace in the field (Figure 1.10). In places, the
fault is marked by typical topographic relief (scarps) (Figure 1.11), linear valleys
(Figure 1.12), and push-up structures (Figure 1.13). Nevertheless, in areas of younger
loose sediments, it is still possible to trace the fault on DEM or shaded relief images
(Figure 1.14).
Another well-developed structure in the area is named as Alidağ flower structure
(Aksu et al., Durukan, 2014; Aksu and Mülayim, 2015) and it is well reflected in
seismic sections (Figures 1.13 and 1.15–1.17; see also Chapter 4 more information).
Alidağ is located about 8 km southeast of Adıyaman city. Middle Maastrichtianupper
Paleocene Germav Formation, lower Eocenelower Oligocene Hoya Formation, and
upper Miocene–lower Pliocene Şelmo Formation occur within this positive flower
structure; these units are tilted towards northwest up to 40°. Because the Plio–
Quaternary Lahti Formation is not affected by the faults, the formation of the flower
structure is attributed to the activity of the Adıyaman Fault during late Miocene time
(Aksu and Mülayim, 2015).
1.4. Purpose and Scope
Despite of its geological importance, little is known about the Adıyaman Fault (AF)
and its tectonic activity. The age of the fault is also poorly constrained; it is suggested
that the fault might have been initiated during the Late Miocene to Early Pliocene time
interval, at the same time as the EAFZ (Şengör et al., 1985; Dewey et al.,1986; Aksoy
et al., 2007; İmamoğlu and Çetin, 2007; İnceöz and Zengin 2014).
The total displacement of the Adıyaman Fault is also poorly documented; the reported
offet amounts are variable (between 1.5 km to 9 km) and appear to be constrasting. In
particular, there is no offset geological feature/structure to comment on the total
displacement of the Adıyaman Fault.
Adıyaman region is generally overlain by loose terrestrial sediments that fill mostly
depression areas. These units generally cover the Adıyaman Fault and its second-order
12

structures; that is why, the Adıyaman Fault is difficult to follow in the study area and
occurs mostly as structure buried beneath loose sediments. Since overlying units are
loose sediments, it fills the depressions and overburden fault structures. Displacement
amount of the Adıyaman Fault can therefore not be realized by fieldwork. There are
several seismic sections across the Adıyaman Fault shot by TPAO and this work
therefore choose to interpret these sections to address the main issue(s) outline above.

)LJXUH (a) Simplified map showing major plates and their boundary faults in the Eastern
Mediterranean region and location of the study area; (b) simplified neotectonic map showing major
fault zones and strike-slip basins comprising the East Anatolian Fault System (EAFS) in the Lake
Hazar and Bingöl region (from Aksoy et al., 2007).

Preliminary study of the seismic sections in the early stages of this research has shown
that the Adıyaman Fault cuts and displaces an unknown (?) fault(s); and this
relationship may therefore form firm geological evidence about the offset amount
along the Adıyaman Fault.
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)LJXUH Neotectonic map of the East Anatolian Fault Zone in the Lake Hazar region, showing
several parallel faults in the region (from Aksoy et al., 2007).

The results of the present study has more regional and economical implications
because the Şambayat oil field lies within the Adıyaman Fault area; the recognition
of, and amount of displacement along, the Adıyaman Fault therefore becomes crucial
as the structure may have important role in the formation of (fractured) reservoir. The
determination of total offset may also lead us to trace the location of new oil field(s)
in the other block of the Adıyaman Fault. One of the scopes of this study is therefore
to obtain evidence that bears on the total displacement amount of the Adıyaman Fault.
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)LJXUH Geological map of the Adıy aman area, showing Adıy aman Fault and major structural features (Aksu et al., 2014). Pzm zg-Pütürge Metamorhics ; Pzm z Malaty a Metamorphics- ; Km-Mardin Group ; Ks- Say ındere Formation; Ks ka- Kastel Formation; J kk- Koçali Allocthono us; K ka-Karadut Allocthonou s; Ktsg- Germav Formation; Tg- Gercüş Formation; Tmh- Hoy a Formation; Tg- Gercüş Formation; Tmga2- Gaziantep Formation ( Marn Member); Tmga1- Gaziantep Formation (Limestone Member); Tf- Fırat Formation ; T li- Lice Formation ; Tş- Şelmo Formation; PlQ- Plio-Quaternary sediments; Qb- Yavu zeli basalts; Qal- Quaternary Alluvium.

15

)LJXUH Google Earth ™ image illustrating a well-developed fault scarp at the expense of Hoya
Formation limestone to the east of Kutluca village at Faldağı location. Tmh- Hoya Formation (Eocene
Limestone), Tş- Şelmo Formation (terrestrial sediments), PlQ- Plio- Quaternary loose sediments.
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)LJXUH Google Earth ™ image illustrating a well-developed fault valley (Ziyaret riverlet valley),
to the south of Adıyaman city. KTsg- Germav Formation (Marl), Tmh- Hoya Formation (Eosen
limestone), Tş- Şelmo Formation (terrestrial sediments), PlQ- Quaternary loose sediments.
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)LJXUH Google Earth ™ image illustrating a well-developed Alidağı push-up to the south-east of
Kutluca village. At the Top of push-up area, Hoya Formation is exposed. Germav Formation occurs
at the edge of push-up area. Şelmo Formation covers the Hoya Formation at the south of push-up
area. KTsg- Germav Formation (marl), Tmh- Hoya Formation (Eosen limestone), Tş- Şelmo
Formation (terrestrial sediments), PlQ- Quaternary loose sediments.
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)LJXUH Shaded relief image showing the trace of the Adıyaman Fault indicated by yellow arrows
(from Khalifa et al., 2019).

)LJXUH Detailed map of the Alidağ flower structure (from Aksu and Durukan, 2014). The a-a’
line shows the location of sketch cross-section in Figure 1.16. Ktsg: Germav Formation, Tmh: Hoya
Formation, Tş: Şelmo Formation, and PlQ: Plio-Quaternary sediments.
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)LJXUH Sketch cross-section illustrating the structural elements of the Alidağ positive flower
structure (from Aksu and Mülayim, 2015). See Figure 1.15 for location of sketch cross-section (a-a’
line). Ktsg- Germav Formation, Tmh- Hoya Formation, Tş- Şelmo Formation, and PlQ- PlioQuaternary sediments.

)LJXUH A field view from the Alidağı, view from west (from Aksu and Mülayim, 2015).
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Apart from the Adıyaman Fault, the preliminary interpretation of the seismic sections
indicate the presence of a unknown NWSE-trending fault(s) within the study area;
this structure is named here as Şambayat Fault zone (ŞFZ) and considered to form one
of the major structural elements of the Adıyaman region. It is not mapped previously
and will be described during this study. The preliminary data also suggest that the ŞFZ
is cut and displaced by the Adıyaman Fault; this may also be used, if well documented,
as firm evidence to comment on the total offset amount along the Adıyaman Fault.
The present study therefore also aims to provide evidence for the existence and age of
the ŞFZ, define and map the structure, and finally investigate its relation to the
Adıyaman Fault that may lead us to calculate the total offset of the AF.
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CHAPTER 2

2.

STRATIGRAPHY

2.1. General Stratigraphy
The stratigraphy of the study area and its nearby surroundings is represented by bipartite rock association: allochthonous and autochthonous units (Figures 1.10,
2.12.3). The stratigraphy of the rock units in the Adıyaman region commences with
Precambrian and Lower Paleozoic shallow-marine sedimentary rocks (Figures 2.1 and
2.3) deformed during Late Paleozoic orogenesis (e.g., Ketin, 1966; Dean, 1975, 1980;
Bozdoğan et al., 1987; Husseini, 1989; and Cater and Tunbridge, 1992; Dean et al.,
1997). The Adıyaman region was emergent between the end of the Ordovician and the
beginning of the Aptian, and no sediments were deposited during this time interval;
Mardin-Kahta uplift (Early Cretaceous) forms the evidence of this time interval. The
largely Paleozoic sequence therefore is unconformably overlain by Aptianearly
Campanian carbonates (limestones and dolomites) of the Mardin Group, deposited on
the southern passive margin (shelf and intrashelf basins) of the Neotethys Ocean (e.g.,
Horstink, 1971; Sungurlu, 1974; Görür et al., 1987; Uygur and Aydemir, 1988;
Çelikdemir et al. 1991; Tardu, 1991). The Mardin Group comprises unconformitybound thri-partite lithologic association (Figure 2.3): (i) the Areban and Sabunsuyu
formations; (ii) the Derdere Formation; and (iii) the Karababa Formation. The Mardin
Group is unconformably overlain by anoxic deep-marine organic-rich pelagic
limestones of the Adıyaman Group (Karaboğaz and Sayındere formations) as product
of regional marine transgression during the Campanian. The carbonate rocks of the
Mardin and Adıyaman groups, particularly that of Derdere, Karababa, Karaboğaz and
Sayındere formations are considered as the most important source rocks of the
Adıyaman oilfields, particularly the Şambayat (Duman and Bozcu, 2019). The
southward advance of the nappes/thrust sheets is marked by deposition of sandstone23

shale alternation with olistostromes deposited in the rapidly subsiding Kastel Basin
during Campanian to Early Maastrichtian. The regional transgression continued with
the deposition of siliciclastics and reefal carbonates of the Terbüzek and Besni
formations of the Şırnak Group. Then, the deeper-water basinal conditions have
prevailed with the deposition of the clastic and carbonate rocks of the middle
MaastrichtianPaleocene Germav and Sinan formations. The Eocene–Oligocene
Midyat Group (Gercüş, Hoya and Gaziantep formations) was deposited in a restricted
shallow-marine shelf and slope to relatively deep-marine setting.

)LJXUH General tectono-stratigraphic section of Southeast Anatolia (Yalçın, 1976; Yılmaz, 1993)
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The early Miocene is marked by the deposition of Silvan Group (Kapıkaya, Fırat and
Lice formations) in a rather fluvial to shallow-marine environment to reefal to
submarine fan. The area was emergent as marked by continental deposits of the Şelmo
Formation.

)LJXUH Geology map of study area (Çemen et al., 1991). The rectangle shows location of the
study area. Ktsg Germav Formation; TmhHoya Formation; Tmga2Gaziantep Formation (marl
member); Tmga1 Gaziantep Formation (limestone member); Tş Şelmo Formation; PlQ PlioQuaternary sediments; Qal Quaternary alluvials.
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)LJXUH Simplified columnar section of the autochthonous rock units in and around the study area
(Güven et al., 1991).
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Basic characteristics of these rock units will be summarized, based on the available
literature and field observations, in the following subsections.
2.2. Allochthonous Units
The allochthonous units are composed of rock units that represent elements of
subduction accretionary complexes during the Late Cretaceous closure of the
Neotethyan Ocean. They possess distinctive lithological associations as chaotic
mixture of many rock types that may locally retain primary features, metamorphosed
in places, and contain tectonic slices of oceanic crust. Two rock units, namely Koçali
and Karadut complexes occur in the region; they display thrust contact relationships
where the former overlies structurally the latter.
2.2.1. Koçali Complex
Koçali Complex is composed of tectonically imbricated slices of radiolarian cherts,
cherty limestones, platform carbonates, pelagic limestones, silicified shales, dolomitic
limestone, dolomites, ultrabasic rocks, basic volcanics and serpentinites (Sungurlu,
1973; Perinçek, 1979a, b, 1990). It also comprises massive limestone blocks. It was
first described and named by Ozan Sungurlu (1973) in the Adıyaman region where
three lithological associations are identified: volcanics, sedimentary units and
ultrabasics. The alternation of limestones and volcanic rocks is common feature of the
complex. The age of the complex, based on the fossil assemblages (radiolarites,
benthonic foraminifera and calpionellids) is Late JuraEarly Cretaceous (Sungurlu,
1973; Tuna, 1973). Recently it is claimed, based on the radiolarian content, that the
depositional age of the volcano-sedimentary sequences of the Koçali Complex is
mainly the Late Triassic (Middle Carnian to Rhaetian) (Uzunçimen et al., 2011). The
Koçali Complex is thrust over the Karadut Complex. It is unconformably overlain by
younger autochthonous rock units. Ophiolites of the Kocali Complex originate from
the Tethyan ocean floor (Şengör and Yılmaz, 1981) and thrust southwards over the

27

Arabian Shelf in the Late Cretaceous (Perinçek and Özkaya, 1981). The unit is not
exposed within the study area but is penetrated as grey, light grey, stiff, clayey, marl
at BA-1 and D.B-2 boreholes.
2.2.2. Karadut Complex
Karadut Complex consists of silicified limestones, cherty limestones, siliceous shales,
shales, bedded cherts, conglomeratic fossiliferous limestones, conglomerate, turbiditic
sandstone, silicified siltstones and marl (Yoldemir 1987). It is first described by
geologists of Turkish Gulf Oil in Kevan-1 well as Karadut Formation (1962). Later,
Sungurlu (1973) described the unit as Karadut group in the Adıyaman region. The
complex terminology is first assigned by Perinçek (1978). The age of the unit, based
on fossils from limestones and siltstones, is CenomanianLower Turonian
(İmamoğlu, 1993). It is tectonically overlain by the Koçali Complex and/or
unconformably by younger autochthonous rock units.
2.3. Autochthonous Units
Autochthonous

units

are

represented

by

quintet

rock

association:

PrecambrianPaleozoic rock units, Cretaceous rock units, Tertiary rock units and
Quaternary alluvials (Figures 2.12.3).
2.3.1. Precambrian-Paleozoic Units
There are six formations defined in the PrecambrianPaleozoic successions in
southeast Anatolia (Figure 2.3). Among them, only four – Telbesmi, Sadan, Koruk
and Sosink formations – are exposed in Tut (Adıyaman) region. The characteristics of
these formations are described below.
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2.3.1.1. Telbesmi Formation
7HOEHVPL)RUPDWLRQ (Kellogg, 1960) represents the oldest rock unit in the region and
forms the basement to the autochthonous succession. It is composed of unfossiliferous
clastic sediments that crop out in Tut province. The formation comprises, from bottom
to top, black shale, glauconitic sandstone and greywacke, dark green siltstone-shale
alternation, red-wine red quartz sandstone-shale alternation; an about 10-m-thick sill
lies at the top of the sequence (Ketin, 1966; Dean et al., 1997). The base of the unit is
not exposed. It is unconformably overlain by the coarse-grained quartz sandstone and
pebbly sandstones of the Sadan Formation. The unit is initially named as Meryemuşağı
Formation (Ketin 1966), and is correlated with the Telbesmi Formation (Kellogg
1960) or Derik Formation (Schmidt, 1965) exposed in the Derik province. The age of
the unit is accepted as Precambrian–early Cambrian (Ketin, 1966; Dean et al., 1997).
2.3.1.2. Sadan Formation
6DGDQ )RUPDWLRQ, red or purple siliciclastic unit, is described in the Derik region
(Schmidt 1965), then defined in the Tut (Adıyaman) province as Kaplandere
Formation (Ketin 1966). It is represented by a quartzite–sandstone sequence of crossbedded conglomerate and sandstone; there is a diabase sill (?), 25-m-thick, at the top
of the formation. The different lithologies include quartzite-shale alternation, redpurple thick- and cross-bedded, pebbly sandstone-quartzite alternation, and thinbedded quartzitic sandstone. The formation overlies the Telbesmi Formation with
angular unconformity and is overlain conformably by dolomites of the Koruk
Formation (Dean et al., 1997). The age of the formation is accepted as late Early
Cambrian although there is no fossils reported (Dean et al., 1997).
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2.3.1.3. Koruk Formation
.RUXN)RUPDWLRQ, a limestone/dolomite unit, was introduced by Schmidt (1965) in
Derik area and is named as ‘GRORPLWH IRUPDWLRQ’ in Tut area (Ketin 1966). It is
represented by a carbonate sequence in-between conformable quartzites of the Sadan
Formation and siltstone-shale alternation of the overlying Sosink Formation. It
consists of thickmedium-bedded grey dolomite with stromatolites, red nodular
limestone, and red shale with silty mudstone intercalations. According to the trilobite
fragments and macrofossils, the age of the formation is assigned as Middle Cambrian.
2.3.1.4. Sosink Formation
6RVLQN)RUPDWLRQ, siltstone–sandstone succession, was described by Kellogg (1960)
in the Sosink area, near Derik. The unit is named as Yerlikaç Formation in Tut area
(Ketin, 1966). The formation is composed, from bottom to the top, of grey silty shales,
grey mudstone with thin beds of limestone, ligth brown thin-bedded siltstone and shale
alternation with thin limestone interbeds, mediumthick-bedded sandstone and crossbedded quartzites (Monod and Dean, 1980; Bozdoğan, 1982; Ketin, 1966; Dean et al.,
1997). Light brown weathering is characteristic. The age of the unit, based on fossil
assemblages, is late Cambrian (Dean et al., 1997). The unit overlies conformably the
Koruk dolomites and is overlain unconformably by upper Cretaceous Areban
Formation. It is not exposed in the study area but is penetrated in D.B-2 and D.B-1
wells where medium- to coarse-grained, medium sorted, pinkish sandstone with semirounded quartz grains represents the formation.
2.3.2. Cretaceous Rock Units
The Cretaceous rocks unconformably overlie the Paleozoic rocks of the Adıyaman
region that commences with pebbly sandstones of the Areban Formation. Different
lithological associations are described in three groups (Mardin, Adıyaman and Şırnak)
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and they display either lateral-vertical passages and/or display unconformable
relationships (Figures 2.12.3). Several formations are described in each group; basic
characteristics of these units, based on personal field observations and available
literature, will be described in detail below.
2.3.2.1. Mardin Group
Mardin Group (Schmidt, 1961), a transgressive succession of mostly shallow-marine
clastic and carbonate rocks rich in organic matter, consists of sandstone, shale,
limestone, dolomite and marl that were deposited in beach to shallow sea to shelf and
intrashelf basins (even reefal environments) along the northern passive margin of the
Arabian Plate (Schmidt, 1961; Horstink, 1971; Tuna, 1973; Sungurlu, 1972; Erenler
1989; Çelikdemir and Dülger, 1990; Duran and Araş 1990; Çoruh, 1991; Duran, 1991;
Araç and Yılmaz, 1991; Çelikdemir et al., 1987, 1991; Uygur and Aydemir, 1988;
Perinçek et al., 1991; Demirel and Güneri, 2000; Sonel et al., 2002). The group
comprises four distinct formations; these, from the oldest to the youngest, are Areban,
Sabunsuyu, Derdere and Karababa formations (Figure 2.1). The age of the formation
is Aptianearly Santonian(?)early Campanian (Erenler, 1989; Çoruh, 1991).
2.3.2.1.1. Areban Formation
Areban Formation is named by Schmidt (1961). It represents the basal clastics of the
Mardin group. The unit is composed of mostly sandstone and brownish-yellowish
sandstone, siltstone, marl, shale and sandstone-marl alteration. It was deposited in
beach-shallow sea (restricted lagoonal to tidal-flat) environment. The age of the
formation is assigned as Aptian (Tuna, 1974; Sinanoğlu and Erkmen, 1980; Erenler,
1989). The formation is not exposed in the study area. It is penetrated in D.B-1 and
D.B-2 wells; the Areban Formation is represented by fine- to coarse-grained, poorly
sorted, yellowish sandstone, with semi-rounded quartz grains and dolomite cement.
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2.3.2.1.2. Sabunsuyu Formation
Areban Formation is conformably overlain by the carbonates of the Sabunsuyu
Formation. The unit is named by Wilson and Krummenacher (1959). It is composed
of shallow-sea dark thin-bedded (laminated in upper levels) grey dolomites, dolomitic
limestone-marl alternation and grey limestones with shell fragments and cherts in
places; this lithological association is ascribed to a restricted to semi-restricted
shallow-marine and tidal-flat to subtidal carbonate platform deposit (Perinçek et al.,
1991). The age of the formation, based on fossil assemblages, is AlbianCenomanian
(Köylüoğlu, 1986; Erenler, 1989). The formation is not exposed in the study area. It
is penetrated in D.B-1 and D.B-2 wells; the Sabunsuyu Formation is represented by
grey-white-brownish grey-dark grey micro-crystalline dolomitic limestone.
2.3.2.1.3. Derdere Formation
Derdere Formation is named by Handfield et al. (1959) and comprises three members
as thick-bedded, cream-red-light brown microcrystalline dolomites in lower levels,
dolomitic limestones in the middle and creamy-grey-red-brown clayey bioclastic
massive limestones (locally with cherts) in the upper horizons (Mülayim et al., 2016).
Carbonate mudstone and fossiliferous mudstone occur in the uppermost levels. These
organic-rich carbonates are deposited in deep marine environment which was later
shallowing to a lagoonal to tidal-flat setting (Erdoğan, 1975; Perinçek, 1979, 1980,
1989, 1990; Aksu, 1980; Pasin et al., 1982; Güven et al., 1988; Perinçek et al., 1991;
Sonel et al., 2002). The formation unconformably overlies the underlying Sabunsuyu
Formation whereas the Karababa Formation is unconformable above. The age of the
unit, based on fossil assemblage, is CenomanianTuronian (Erenler, 1989; Çoruh,
1992; Ertuğ, 1991; Sonel et al., 2002). The formation is not exposed in the study area.
It is penetrated in B-2, BA-1, D.B-1 and D.B-2 wells; the Derdere Formation is
represented by white-creamy white-beige micro-crystalline dolomitic limestone.
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2.3.2.1.4. Karababa Formation
Karababa Formation forms the youngest unit of the Mardin Group and overlies
unconformably the Derdere Formation. It is named by Gossage (1956) and is
composed of fossil-bearing and organic-rich limestones and dolomites. The formation
also contains quartz, glauconite, phosphate, pyrite and chert nodules. These carbonates
are deposited in shallow-marine and restricted to semi-restricted lagoonal conditions
(Çelikdemir et al., 1991; Sonel et al., 2002). It overlies unconformably the Derdere
Formation and is unconformably overlain by the Karaboğaz and Sayındere
formations. The formation is divided into three members: (i) Karababa A is composed
dark brown phosphatic, organic matter-rich fossiliferous microcrystalline limestones
(with chert nodules) deposited in restricted shelf lagoon and shelf environment; (ii)
Karababa B consists of creamy beige-grey-brownish cherty fossiliferous limestones and
black cherts, deposited in a shallow-sea environment to intrashelf basins or depressions
and (iii) Karababa C is represented by shallow-marine creamy beige bioclastic limestones
and partly dolomites (Perinçek, 1980; Çoruh, 1983; Wagner and Pehlivanlı, 1985;

Şengündüz and Aras, 1986; Erenler, 1989; Çelikdemir and Dülger, 1990; Duran, 1991;
Araç and Yılmaz, 1991; Çelikdemir et al., 1991; Sonel et al., 2002; Mülayim et al.,
2016). Late ConiacianSantonian age is, based on fossil assemblages, assigned to the

formation (Erenler, 1989; Çoruh, 1991). The formation is not exposed in the study
area. It is penetrated in B-2, BA-1, D.B-1 and D.B-2 wells; the Karababa Formation
is represented by white-creamy white limestones and very hard light to dark brown
smoky chert.
2.3.2.2. Adıyaman Group
Adıyaman Group (Gossage, 1956) consists of Campanian carbonates deposited in a
deep-shallow marine environment (Çoruh, 1991; Güven et al., 1991; Perinçek and
Çemen, 1991). The group is named by Gossage (1956). The group is represented by a
conformable sequence of four distinct formations; these are, from bottom to the top,
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middle Campanian Karaboğaz Formation, middle Campanian Ortabağ Formation,
upper Campanian Sayındere Formation and upper Campanianearly Maastrichtian
Beloka Formation (Figures 2.1  2.4). Among these formations, Karaboğaz and
Sayındere formations are exposed in the study area. The unit displays conformable
relationships with the underlying Karababa Formation and overlying Şırnak Group.
2.3.2.2.1. Karaboğaz Formation
Karaboğaz Formation is named by Fournier (1958) and Handfield et al. (1959) to
describe organic-rich pelagic carbonates with phosphate and glauconite nodules. The
unit is composed of thinthick bedded, organic matter-rich, grey-dark grey-dark beige
coloured, fossiliferous microcrystalline clayey limestones with chert intercalations,
nodules and lenses; glauconite and phosphate nodules are also reported (Turner, 1958;
Handfield et al., 1959; Braynt, 1960; Tuna, 1973; Sungurlu, 1973; Soytürk and
Erdoğan, 1974; Erdoğan, 1975; Günay, 1984; Dellaloğlu and Pasin, 1984; Görür et
al., 1987; Güven et al., 1988, 1991). It passes upward into the Sayındere Formation.
The formation is interpreted as one of the source rock for hydrocarbon around
Adıyaman region. An anoxic deep-marine environment to platform shelf environment
is suggested for the Formation (Şengündüz and Aras, 1986; Görür et al., 1987; Wagner
and Tuna, 1988; Uygur and Aydemir, 1988; Duran, 1991; Güven et al., 1991; Duran,
1991; Sayılı and Duran, 1994). The age of the formation, based on planktonic and
benthic foraminifer assemblages, is assigned as Middle Campanian (Tuna, 1973;
Güven et al., 1991; Çoruh, 1991; Ertuğ, 1991). The formation is not exposed in the
study area. It is penetrated in B-2, BA-1, D.B-1 and D.B-2 wells; the Karaboğaz
Formation is represented by beige-dark beige-brownish beige-dark brown coloured
clayey limestone with dark brown to smoky black brown chert bands and nodules.
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2.3.2.2.2. Sayındere Formation
Sayındere Formation is named by Gossage (1959) to describe thin-medium bedded,
clayey limestone. The limestones are dirty yellow-grey-dark-grey-bluish grey-creamy
beige coloured, thin to medium bedded, glauconitic-phosphatic-cherty, fossiliferous
and micritic (Gossage, 1959; Ketin, 1964; Tuna, 1973; Sungurlu, 1973, 1974; Ahmed,
1975; Proctor and Özkaya, 1975; Özkaya, 1978; Perinçek, 1979, 1980, 1989, 1990;
Perinçek and Özkaya, 1981; Dellaoğlu and Pasin, 1984; Günay, 1984; Günay ve
Sarıdaş, 1984; Sarıdaş, 1987; Demirkol, 1988; Güven et al., 1988, 1991; Önalan,
1989-1990; Çoruh, 1991). A deep marine environment is suggested for the deposition
(Güven et al., 1991). The age of the formation, based on planktonic and benthic
foraminifer assemblages, is assigned as late Campanian (Çoruh, 1991; Güven et al.,
1991). The formation is not exposed in the study area. It is penetrated in B-2, BA-1,
D.B-1 and D.B-2 wells; the Sayındere Formation is represented by beige-dark beigecreamy white, microcrystalline limestone.
2.3.2.3. Şırnak Group
The upper CampanianPaleocene continental to marine sediments exposed in Şırnak
area is named as Şırnak Group (Perinçek et al., 1991). The terminology was first used
by Tromp (1940). The group is represented by a sequence of several formations; these
are, from bottom to the top, Kastel, Bozova, Kıradağ, Terbüzek, Besni, Haydarlı,
Garzan, Germav, Üçkiraz, Sinan, Antak, Kayaköy, Belveren and Becirman formations
(Figures 2.1  2.4) (Çoruh, 1991; Güven et al., 1991; Perinçek et al., 1991). Among
these formations, Kastel, Terbüzek, Besni, Germav and Sinan formations are exposed
in the study area.
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2.3.2.3.1. Kastel Formation
Kastel Formation is the oldest unit of the Şırnak Group and is named by Tuna (1973).
It commences with marls, grades into sandstone-shale alternation, and ends with
shale-marl alternation. It shows gradation contact relationship with the underlying
Sayındere and overlying Terbüzek formations; allochthonous units structurally overlie
the formation (Ketin, 1964; Tuna, 1973; Sungurlu, 1973, 1974; Erdoğan, 1975;
Yalçın, 1978; Baştuğ, 1980; Perinçek and Özkaya, 1981; Günay, 1984; Thomas et al.,
1986; Yoldemir, 1987; Güven et al., 1988, 1991; Perinçek, 1989, 1990; Önalan, 19891990; Günay, 1990). The formation represents clastic sedimentation in the rapidlysubsiding relatively narrow depression (Kastel Basin) developing in front of the
southward advancing nappes during Campanian to Early Maastrichtian time interval
and it is therefore composed of debris (sandstones and shales, together with
olistostromal materials) derived from allochthonous units (Rigo de Righi and
Cortesini, 1964; Sungurlu, 1974; Perinçek, 1979; Ala and Moss, 1979). The formation
is interpreted to deposit in a continental shelf to deep marine environment (Güven et
al., 1991). The age of the formation, based on planktonic foraminifer assemblages, is
assigned as is late Campanianmiddle Maastrichtian (Çoruh, 1991; Güven et al.,
1991). The formation is not exposed in the study area. It is penetrated in B-2, BA-1,
D.B-1 and D.B-2 wells; the Kastel Formation is represented by variably coloured,
fine- to coarse-grained, poorly sorted, poorly carbonate cemented polygenic
sandstone, light brown-brown-brownish grey shale and light grey-light brownish grey
marn.
2.3.2.3.2. Terbüzek Formation
Terbüzek Formation is named by Bryant (1960) to describe siliciclastic rocks
(conglomerate, sandstone and siltstone) exposed in the Adıyaman area. It commences
unconformably above the allochthonous units (Koçali veya Karadut complexes) and
represents a polygenetic basal conglomerate (Sungurlu, 1974; Perinçek, 1979; Günay,
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1984; Meriç et al., 1987; Güven et al., 1988; Çoruh, 1991; Sarıdaş, 1991; Özer, 1992).
It displays concordant relationships with the underlying Kastel and overlying Germav
formations (Günay, 1984; Meriç et al., 1987; Güven et al., 1988; Sarıdaş, 1991; Özer,
1992). Whereas Besni Formation is unconformable with the underlying Terbüzek
Formation. The main lithology of the formation is red-claret red-grey-yellow
coloured, poorly sorted, very thick-bedded to massive, large-scale cross-bedded
polygenetic conglomerates; they are locally lense-shaped or display wedge-shaped
geometries. The semi-rounded to semi-angular fragments are mostly derived from the
allochthonous Koçali veya Karadut complexes. Turbiditic sandstone and limy shales
occur as intercalations (Tuna, 1973; Sungurlu, 1973, 1974; Yaçın 1977, 1978;
Perinçek, 1979; Günay, 1984; Günay and Sarıdaş, 1984; Meriç et al., 1985; Thomas
et al., 1986; Güven et al., 1988, 1991; Çoruh, 1991; Sarıdaş, 1991). The depositional
environment is suggested as alluvial fan, fluvial and flood plain (Güven et al., 1991).
Age of the formation is, based on the stratigraphic position, is earlymiddle
Maastrichtian (Güven et al., 1991). In the study area, the formation is represented by
red-claret red-grey-yellow-greenish grey-yellowish brown, poorly sorted, semirounded to rounded, thick-bedded to massive and cross-bedded polygenic (source is
generally allochthonous units) channel-fill conglomerates (Tuna 1973, Sungurlu 1973,
Yalçın, 1977). The unit is not penetrated in the boreholes.
2.3.2.3.3. Besni Formation
Besni Formation is named by Periam and Krummennacher (1958) to describe
fossiliferous reefal limestones. The Formation displays sharp conformable contact
relationships with the overlying Germav and gradational contact with the underlying
Terbüzek formations. Where exposed, the formation unconformably overlies the
Koçali and Karadut complexes. In places, it displays unconformable relationship with
the Kastel Formation. The formation commences with yellow coloured, altered
sandstones and beige coloured sandy-pebbly (ophiolitic clasts) limestones, continues
with grey-yellow-dirty white medium-thick bedded fossiliferous (larger benthic
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foraminfers –Loftusia, mollusks, ruddists, algea, corals and shell fragments)
limestones (Bolgi, 1964; İlker, 1972; Tuna, 1973; Sungurlu, 1973, 1974; Erdoğan,
1975; Meriç, 1978; Yalçın, 1978; Perinçek, 1979; Günay, 1984; Meriç et al., 1987;
Güven et al., 1988, 1991; Çoruh, 1991; Sarıdaş, 1991; Özer, 1992). The depositional
environment is suggested as shallow marine (Bryant, 1960; Güven et al., 1988, 1991).
Age of the formation is, based on the fossil content, is middlelate Maastrichtian
(Bryant, 1960; Saltık ve Saka 1971; Tuna 1973; Güven et al., 1988, 1991). In the study
area, the formation is represented by dirty creamy-grey coloured, thick-bedded karstic
fossiliferous limestones (Güven et al., 1988). The unit is not penetrated in the
boreholes.
The siliciclastics and reefal carbonates of the Terbüzek and Besni formations are
considered to deposit during the late Maastrichtian regional transgression.
2.3.2.3.4. Germav Formation
Germav Formation is named by Maxson (1936) to describe a clastic sequence of shale,
siltstone, sandstone, and marls. The unit overlies the Besni Formation conformably
and is unconformably overlain by the Belveren, Fırat and Becirman formations
whereas it displays conformable contact relationships with the Midyat Group (Gercüş
and Hoya formations) (Altınlı, 1952; Türkünal, 1955; Badgley, 1957; Bolgi and
Sezgin, 1960; Bolgi, 1961; Tolun et al., 1962; Tuna, 1973; Yalçın, 1978; Perinçek,
1979, 1990; Açıkbaş et al., 1981; Günay, 1984; Meriç et al., 1987; Yoldemir, 1987;
Güven et al., 1988; Duran et al., 1989; Çoruh, 1991). The formation commences with
alternation of greenish grey-beige-dark grey silty marl, dark grey-greenish siltstone,
greenish grey-brownish sandstone and creamy beige marl. The unit continues with
greenish shale-dark grey shale with sandstone intercalations, beige grey-greenish
sandstone and greenish grey siltstone, and ends with creamy marls. The depositional
environment is suggested as deeper sea and abyssal fan (Güven et al., 1991). Age of
the formation is, based on the fossil content (benthic foraminifers), is middle
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Maastrichtianlate Paleocene (Güven et al., 1991; Çoruh, 1991). In the study area, the
formation is represented by dark grey-blueish grey-brownish dark grey coloured shale
and marl alteration). It is also penetrated in BA-1 and D.B-2 wells; the formation is
composed of grey-light grey clayey marl (Güven et al., 1988).
2.3.2.3.5. Sinan Formation
Sinan Formation is named by Blakslee et al. (1960) to describe a carbonate sequence
of limestone, dolomitic limestone and dolomite. It is divided into two members as
lower Sinan of late Maastrichtian age and upper Sinan of early–middle Paleocene age.
Lower Sinan member commences with clayey limestones, continues with dolomites
and limestones, and ends with bioclastic limestones; it is deposited in a shallowmarine platform. Upper Sinan member is composed mainly of bioclastic limestones,
dolomitized limestones and dolomites with rare gypsum, marl and shale. The unit is
deposited in a terrestrial, tidal flat, shelf lagoon, semi-restricted shelf and shallow
carbonate platform environment (Meriç, 1978; Güven et al., 1991).
2.3.3. Paleogene Rock Units
2.3.3.1. Midyat Group
Midyat Group is named by Maxson (1936) to describe EoceneOligocene carbonates
exposed in Mardin area. The stratigraphy of the group is described by Açıkbaş et al.
(1979) where it is represented by a sequence of several formations; these are, from
bottom to the top, Gercüş, Kavalköy, Hoya, Gaziantep, Havillati and Germik
formations (Figures 2.12.3) (Açıkbaş et al., 1979; Duran et al., 1988, 1989; Yılmaz
and Duran, 1997). Among these formations, Gercüş, Hoya and Gaziantep formations
are exposed in and around the study area. The group is deposited in a fluvial, alluvial
fan, shallow marine, shelf and deep marine environments during Eocene–Oligocene
time interval (Duran et al., 1988, 1989)
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2.3.3.1.1. Gercüş Formation
Gercüş Formation is named by Maxson (1936); it is described as the basal clastic
sediments of the Midyat Group in the Southeastern Turkey (Aksu et al., 2014). The
formation unconformably overlies the allochthonous units and Şırnak Group (Besni,
Germav and Sinan formations) while it is unconformable with the overlying Hoya
Formation (Altınlı, 1952; Türkünal, 1955; Bolgi and Sezgin, 1960; Bolgi and
Kıratlıoğlu, 1962; Sungurlu, 1973; Perinçek, 1979; Açıkbaş et al., 1981; Günay, 1984;
Yoldemir, 1985, 1987; Duran et al., 1988, 1989; Güven et al., 1988; Pasin, 1989;
Sarıdaş, 1991). The formation is easy to recognize in the field with its characteristic
color and physical properties. It comprises conglomerate, sandstone, siltstone, marl,
shale, clayey limestone and limestone (Tolun, 1948, 1954; Altınlı, 1952; Badgley,
1957; Bolgi and Sezgin, 1960; Bolgi, 1961; Tolun et al., 1962; Bolgi and Kıratlıoğlu,
1962; Kıratlıoğlu, 1964; Önem, 1967, 1968; Akarsu, 1968; Dağdelen, 1970; İlker,
1972; Sungurlu, 1973; Yalçın, 1978; Açıkbaş et al., 1981; Günay, 1984, 1986;
Thomas et al., 1986; Güven et al., 1988, 1991; Duran et al., 1988, 1989; Pasin, 1989;
Sarıdaş, 1991). The depositional environment is interpreted as lacustrine, lagoon,
fluvial, flood plain, braided river and alluvial fan (Güven et al., 1991). Age of the
formation is, based on the fossil content, early Eocene (Duran et al., 1988; İmamoğlu
1993).
2.3.3.1.2. Hoya Formation
Hoya Formation is named by Perinçek (1978) to describe a thin–thick bedded to
massive carbonate unit. It conformably overlies the Germav Formation and is
unconformably overlain by reefal limestones of the Fırat Formation. It is mainly
composed of limestones and dolomites that shows a weak to well-developed reservoir
characteritics (Bolgi, 1961; Tuna, 1973; Sungurlu, 1973, 1974; Açıkbaş and Baştuğ,
1975; Perinçek, 1979, 1981, 1989, 1990; Açıkbaş et al., 1981; Yılmaz, 1982; Görür
and Akkök, 1982, 1984; Günay, 1984; Amoco, 1985; Yoldemir, 1985, 1987; Duran et
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al., 1988, 1989; Sarıdaş, 1991). The formation display conformable relationship with
the underlying Gercüş Formation while it is unconformably overlain by Kapıkaya and
Fırat formations (of the Silvan Group). The depositional environment is suggested as
restricted shallow-marine shelf (Duran et al., 1988, 1989). Age of the formation is,
based on the fossil content (benthic and planktonic foraminifers), is early
Eoceneearly Oligocene (Duran et al., 1988, 1989). It is also penetrated in
BALABAN-1 well.
2.3.3.1.3. Gaziantep Formation
Gaziantep Formation is named by Kreusert et al. (1958); it is composed of mainly
white carbonates. The formation mostly forms a soft topography of clayey limestone,
and chalky limestones. At different horizons, grey-beige-yellowish grey colored,
thickmedium-bedded, locally very thick-bedded, fossiliferous (mostly benthic,
occasionally algae and corals) microcrystalline limestones also occur as characteristic
lithology. Clayey limestones are whitish-grey-cream-dirty yellow colored,
thinmedium bedded and contain rare chert nodules. It conformably overlies the Hoya
Formation whereas Fırat Formation lies unconformably (angular unconformity)
above. The clayey limestones and chalky limestones were deposited in slope to
relatively deep-marine environment, limestones to turbulent shallow water and reefal
environments (Duran et al., 1989). It is late Eocene (Priabonian) – late Oligocene
(Chattian) (Duran et al., 1989; Terlemez et al., 1997)
2.3.3.2. Silvan Group
Silvan Group is first named by Duran et al. (1988) and comprises three formations,
Kapıkaya, Fırat and Lice formations. These formations are interpreted as syn-tectonic
with respect to the Miocene (Aquitanian–Burdigalian) tectonics in the region. Since
Miocene nappes are far away from the study area, the rock units of the group are not
exposed in and around the study area.
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2.3.3.2.1. Kapıkaya Formation
Kapıkaya Formation is named by Perinçek (1980); it is composed of conglomerate,
shale, siltstone, sandstone and evaporites. Reddish-brownish and grey conglomeratesandstone alternation and siltstone-mudstone alternation form the most dominant
lithological associations. Also, typically white evaporates (gypsum) (Derge evaporate
member) occur at the lower levels while lacustrine limestones (Zokayıt limestone) at
the upper horizons. Reddish shale, grey-green shale and reddish mudstone also occur
at different levels of the formation. The topmost lithology is composed of reddish
thick-bedded sandstones. The formation unconformably overlies the Hoya Formation,
and is transitional with the overlying Fırat Formation. The contact with the overlying
Şelmo Formation is an unconformity. The Kapıkaya Formation is deposited in a
fluvial, flood plain, shallow-sea environment (Duran et al., 1988). The age of the
formation is Early Miocene (Duran et al., 1988).
2.3.3.2.2. Fırat Formation
Fırat Formation is named by Krauset (1958), then by Peksü (1969); it is composed of
fossiliferous limestones with limestone pebbles. The formation commences with
cream-whitish-dirty yellow colored, medium–thick-bedded (locally massive)
limestones, and continues with dirty yellow colored, medium–thick-bedded, cherty
(nodular) fossiliferous (shell fragments) limestones. At the top, the formation is
represented by creamy-dirty white colored, thick–very thick-bedded, cherty (nodular
but few) fossiliferous (echinoids, ostrea, gastropoda and lamella branches) bioclastic
limestones (Wilson and Krummenacher, 1957; Krauset, 1958; Peksü, 1969; Tuna,
1973; Duran et al., 1989; Ulu et al., 1991; Şafak and Meriç, 1996). The contact
relationships with the underlying Gaziantep Formation and overlying Şelmo
Formation are represented by unconformity surfaces (İmamoğlu, 1993). The overlying
Lice Formation displays conformable relationship. The limestones of the formation
were deposited in turbulent shallow water, shelf edge-bank and reefal environments
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(Duran et al., 1989). Age of the formation is, based on the fossil content of the
limestones, latest Oligocene–early Miocene (Aquitanian–Burdigalian) (Duran et al.,
1988; Erdoğan and Yavuz, 2002; Terlemez et al., 1997).
2.3.3.2.3. Lice Formation
Lice Formation is named by Koaster (1963) and Stratum (1963) to describe a
lithological association of sandstone, marl, siltstone and limestone. It commences with
claret red-red to greyish yellow-green colored, medium–thick-bedded to cross-bedded
(localy pebbly) sandstones, continues with pinkish colored, thin-bedded, gypsiferous
turbiditic shale and ends with sandstone-conglomerate and medium–thick-bedded
sandy fossiliferous limestone. Shale forms the dominant lithology; it appears as
massive and is characterized by fractures filled with gypsum. The gypsum-bearing
lithologies are interpreted to form in a flood plain to sabkha environment whereas
limestone, shelf to slope, turbiditic sediments, submarine fan environment (Duran et
al., 1988). The age of the formation is AquitanianBurdigalian (Early Miocene)
(Duran et al., 1988; İmamoğlu, 1993).
2.3.4. Neogene Units
2.3.4.1. Şelmo Formation
Şelmo Formation is named by Bolgi (1961) to describe a clastic sedimentary sequence
of conglomerate, sandstone, siltstone, and shale. It is unconformably overlain by the
younger units whereas it overlies the Mardin Group with an angular unconformity
(Tuna, 1973; Açıkbaş and Baştuğ, 1975; Perinçek, 1979, 1989, 1990; Savcı and
Dülger, 1980; Biçer, 1981; Yılmaz, 1982; Günay, 1990). The formation is composed
of dirty yellow-pinkish-wine red-yellowish grey-reddish-brownish coloured, thick
bedded, weak-moderately carbonate cemented, poorly sorted, coarse-grained
polygenetic conglomerate with gypsum interbeds; dirty yellow-claret red siltstone;
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and alternation of light grey-white shale and yellowish grey-light grey-brownish marl
(Bolgi, 1961; Kıratlıoğlu and Bolgi, 1961; Saltık, 1970; İlker, 1972; Tuna, 1973;
Açıkbaş and Başbuğ, 1975; Perinçek, 1979, 1980, 1989, 1990; Savcı and Dülger,
1980; Açıkbaş et al., 1981; Yılmaz, 1982; Pasin, 1989). The depositional environment
is suggested as beach sand, tidal flat, playa and fluvial (Çemen et al., 1990). Age of
the formation is, based on its stratigraphic position, is late Miocene–early Pliocene
(Çemen et al., 1990). In the study area, the formation is represented by greyish green,
pinkish, brownish purple coloured, thick- to cross-bedded sandstone, shale, sandy
siltstone; these lithologies are porous, poorly sorted and carbonate cemented. It is also
penetrated in BA-1 well; the formation is composed of variably coloured, polygenetic
gravel, light brown silty-sandy-marly claystone and greenish grey silt-sandy marl
(Bolgi, 1961).
All of these lithologies are unconformably overlain by Quaternary alluvials. They are
composed river and alluvial fan deposits.
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CHAPTER 3

3.

METHODOLOGY

3.1. General
The study area is located more specifically from east of Besni and southwest of
Adıyaman (Figure 1.6). The idea of this research has arisen when a team of TPAO
field geologists (including the author) was working in the Adıyaman area to revise the
geological maps and the stratigraphy of the region (Figure 1.10). This part lies outside
the scope of the thesis.
In order to address the main objectives of this research, the completion of the previous
works in and around the study area is carried out and the literature is carefully
reviewed. A special emphasis is given to structural works about the Adıyaman Fault.
Preliminary field observations confirmed that the recognition of the Adıyaman Fault
and its relationship with other possible structures need to be studied largely by
structural interpretation of the available 2D seismic lines because the Adıyaman Fault
area is largely covered by loose sediments along its most trace. The logs of five
boreholes (D.B-1, D.B-2, BA-1, B-1, B-2) are also available; these logs are carefully
examined and evaluated. The checkshot values of each borehole are studied and
integrated. There are five 2D seismic sections interpreted during this study: three of
them are oriented almost parallel (AD-03-229, AD-00-202, and AV-00-110), one is
oblique (DD-6071), and the last is almost orthogonal (AV-00-113), to the general
trend of the Adıyaman Fault (Figure 3.1). The borehole logs and checkshot values are
presented in Appendix A. The aim of this study is therefore to develop a structural and
stratigraphic model of the subsurface data by using seismic reflection, well data and
field observations.
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)LJXUH A G oogle Earth ™ image showing location of b oreholes and 2D seismic sections.
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The 2D seismic sections are geologically calibrated with wellbore logs; stratigraphic
horizons (Karababa and Sayındere formations) are picked based on synthetic
seismograms calibrated by sonic log and checkshot data; and finally, faults are
interpreted with Schlumberger’s Petrel™ version 2016. Picked horizons are
interpolated and converted to surface models; two-way-time (TWT) of the Karababa
and Sayındere formations are calculated; accordingly, TWT maps, 3D views and
structural maps of these formations are prepared. Faults are picked manually as
discontinuities on vertical planes (inlines/crosslines) in 2D seismic sections and fault
model(s) are generated. Three dimensional surfaces of the horizons (maps of the two
formations) are created by interpretation and interpolation methods implemented in
Petrel™ software. They are integrated with faults; structural models are prepared to
calculate vertical displacements along these fault segments. At the end of the research,
the study area was visited for ground truthing of what has been interpreted on the
seismic sections. Finally, a structural and stratigraphic (only the Karababa and
Sayındere formations) model of the subsurface data is developed by using seismic
reflection, well data and field observations. The detail information about the different
methods employed will be provided in the following subsections.
3.2. Seismic Interpretation
While seismic waves travel within the earth, they pass through different media. A
change in the media causes an acoustic impedance change; seismic waves are
therefore reflected, refracted and returned to earth. A seismic wave is the transfer of
energy through elastic earth materials by way of particle oscillation/vibration. When
they reach to surface, seismic waves are recorded by geophones via seismic recorder.
The depth and velocity parameters are determined by using travel time of seismic
waves. Some physical parameters are determined by ‘Velocity = distance/time’
formula. Seismic methods, used to determine the position of subsurface geological
layers, are based on physical principles that explain the spreading of elastic waves
through earth (Snell Law, Fermat Law, Huygens Law). The recorded data from
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geophones gathered with complicated programs. It is called as ‘SURFHVVLQJ’. Then it
is loaded to seismic interpretation program with their geometry in space.
The seismic data gives an opportunity to visualize underground. The geological
calibration of 2D seismic sections is therefore very important and this is done by logs
of wells in the target area. Well coordinates, formation tops, logs and checkshot values
are all loaded to system. The sonic well logs are used to determine velocity of
formation. It must however be considered that fluid in the wells and well diameter can
change the measured velocity. Checkshot values of the wells are also used to
determine velocity of formation contacts and then to calibrate sonic logs. Reliable
convert time seismic sections to the depth images are needed for reservoir calculations.
Measurements are used to determine average velocity versus depth, such as from an
acoustic log or check-shot survey. Acquiring a velocity survey is also known as
‘VKRRWLQJDZHOO’. The recorded data gives lots of opportunities. The target formation
is investigated with acoustic measurements. The measurement of depth is more
accurate. Also, it has a depth control. The data validation should be carried out.
Relationship to the geology in the subsurface should be observed and calibrated in
seismic sections.
Providing accurate time/depth correlation from check-shot surveys gives a
confirmation of where you are in both time and depth, regardless of borehole
geometry. Thus, anyone could take an informed drilling decision by positioning
drilling in the seismic section. Average, Interval and RMS velocity data, provides the
essential information for acoustic log calibration and improves correlation of logderived synthetic seismogram to surface seismic.
The depth of formation is gathered from well data. Also, time value can be gathered
from checkshot value of the well. If these two are combined, velocity value will
appear. Using these values, the top of Formation could be picked at seismic section
which passes through the well. After that, anyone can continue to pick that level as
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top of the formation. This interpretation gives faults and Two-way-time (TWT) map
of the formation. The displacement amount of a fault can be calculated by using this
map. Also, if the fault cuts the ground level, the displacement amount can be
calculated with the lines that created from the intersection of fault surface and ground.
Seismic interpretation process is composed of five steps: (1) determination of
lithological changes and identification of key stratigraphic horizons by using logs of
available wells; (ii) tying of wells D.B-1, D.B-2, BA-1, B-1, B-2 checkshot values
and synthetic seismic data to seismic cubes; (iii) picking of identified horizons
(Karababa and Sayındere formations) throughout the seismic data; (iv) calculation
of variance cubes for each seismic reflection data, and (v) fault interpretation by
using generated seismic and variance cubes (slightly revised from Beşer, 2018).
3.2.1. Horizon Interpretation: Check-shot Data and Synthetic
Seismograms
In seismic exploration, well-log measurements are commonly used to verify and
calibrate seismic data at several stages during processing and interpretation. The welllog information should be aligned with the seismic data before the well-log
information is used for interpretations. This process is called well-tying, and includes
the conversion of the well-log measurements from depth to the time domain (Figures
3.2 and 3.3). Subsurface discontinuities form reflections in seismic attribute data and
these surfaces can be interpreted as structural and stratigraphic markers as they create
interfaces with impedance contrasts. Two different levels – top of the upper
ConiacianSantonian Karababa Formation and top of the upper Campanian Sayındere
Formation – have been picked and mapped by using Schlumberger product Petrel™
version 2016 (Figures 3.4 and 3.5). Similarly, subsurface discontinuities form
reflections in seismic attribute data and these surfaces can be interpreted as structural
and stratigraphic markers because they create interfaces with impedance contrasts
(Figures 3.6 and 3.7).
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)LJXUH The synthetic seismogram calculated by using check shot data and sonic log for the well
D.B-2. TVD- True vertical depth; TWT- Two Way Time; RHOB- Sonic log; RC- Reflection
coefficient. The formation contacts have been identified by using both cutting samples and well log
information gathered from well.

The study area wells are loaded to seismic interpretation software with their
coordinates, Kelly bushing and total depth. formation tops (Figure 3.9 and Table 3.1)
are loaded in to well data. Thus, we know the depth of formations. The synthetic log
of wells are generated from sonic and density logs. These logs show the well tops on
seismic sections. Since the velocity of formations can be calculated by seismic
synthetic, the formation well tops can easily be identified on seismic sections. The
checkshot values are used to identify well tops on seismic sections and they are
available for 3 wells in the study area (see Figures A.6–A.8 in Appendix for more
information). If the geometry of checkshots are entered properly, some programs or
excel calculation sheets can be used to calculate the formation velocities in each well
(see Tables A.4–A.7 in Appendix A for more information) by using a simple formula
of Velocity= distance/time (Tables 3.1 and 3.2). Since the well top values and velocity
are known from well data and checkshot calculation, the seismic interpretation
Petrel™ software can identify the well tops on seismic sections (Figures 3.2 and 3.3).
The criteria for choosing a reflection or horizon to map are usually event strength and
continuity. Karababa Formation is one of the strongest, continuous and recognizable
reflections. Deposition of Sayındere Formation is affected by this fault. Thus,
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Sayındere Formation and Karababa Formation are chosen for seismic interpretation
(Figures 3.4–3.7). Well name, checkshot, Wavelet, closest seismic, Sonic, velocity
and density logs are used to generate synthetic generation. This process is applied to
both D.B-2 and BA-1 on seismic lines AD-03-229 and AV-00-113, because they are
the closest seismic section to these wells, respectively.

)LJXUH The synthetic seismogram calculated by using check shot data and sonic log for the well
BA-1. TVD- True vertical depth; TWT- Two Way Time; RHOB- Sonic log; RC- Reflection
coefficient. The formation contacts have been identified by using both cutting samples and well log
information gathered from well.

3.2.1. Fault and Seismic Horizon Interpretation
The actual interpretation of seismic sections is the most important stage of seismic
methods. The validity of the remaining work rests on having an accurate and
geologically correct interpretation of the available data. The seismic sections are
examined with the structural elements on geological map and tectonic history of the
area. The reflections at seismic sections represent a layer. The sharp broken reflections
could refer to faults. The faults can easily be identified on seismic sections that are
perpendicular to faults (Figure 3.10) and this is done manually. It is hard to distinguish
faults in seismic sections running parallel to faults. When a fault is described in a
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seismic section, the continuity of this fault should be searched in adjacent seismic
sections. Corresponding faults in different seismic sections should be named the same.

)LJXUH Horizon picks based on synthetic seismogram calibrated by sonic log and check-shot data
on well D.B-2 in seismic section line AD-03-229. Top of the Karababa Formation (third black stripe
from the top) is calibrated with well-log information to interpret the key horizon level.

The horizons should be picked on seismic sections. The depth of formation is gathered
from well data (Figure 3.11). Also, time value can be gathered from checkshot values
and/or sonic logs of the wells. The well logs are loaded into seismic interpretation
Petrel™ software with their coordinates, Kelly bushing and total depth. Seismic
sections contain numerous reflections, and it is obvious that it would not be possible
or practical to map every one of reflections.
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)LJXUH Horizon picks based on synthetic seismogram calibrated by sonic log and check-shot data
on well BA-1 in seismic section line AV-00-113. Top of the Karababa Formation (third black stripe
from the top) is calibrated with well-log information to interpret the key horizon level.

)LJXUH Horizon picks based on synthetic seismogram calibrated by sonic log and check-shot data
on well BA-1 on seismic section line AV-00-113. Formation tops are calibrated with well-log
information to interpret key horizon levels of top of the Gaziantep, Germav, Kastel, Sayındere,
Karaboğaz, Karababa, Derdere and other older formations (see Table 3.1 for more information).

53

)LJXUH Horizon picks based on synthetic seismogram calibrated by sonic log and check-shot data
on well D.B-2 on seismic section line AD-03-229. Formation tops are calibrated with well-log
information to interpret key horizon levels of top of the Gaziantep, Germav, Kastel, Sayındere,
Karaboğaz, Karababa, Derdere and other older formations (see Table 3.1 for more information).

The seismic horizons to map should be decided carefully. The criteria for choosing a
reflection or horizon to map are usually based on event strength and continuity of
reflection. The reflections across fault and fracture surfaces commonly indicate sharp
contrasts. The most recognizable and continuous reflections will be the effortless to
trace through a grid of data. Strongest and most continuous events should be selected
to map whenever/wherever possible.
The actual interpretation of seismic sections is the most important part of seismic
methods. The validity of the work rests on having accurate and geologically correct
interpretation of the seismic data. A basic understanding of the reflection seismic
method is needed before seismic data can be interpreted correctly. The main objective
is to extract the information from the interpreted data and transfer it onto the map,
because maps are commonly used more effectively. Transferring the interpreted data
to a map is called as ‘SRVWLQJ’.
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Table 3.1)RUPDWLRQWRSYDOXHVRIZHOOV%%%$'%DQG'%XVHGFDOFXODWHWKHYHORFLW\YDOXHVRI
IRUPDWLRQVXVLQJDVLPSOHVSUHDGVKHHWPHQX
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There are two important purposes at tying seismic data. First, it creates a relationship
between the traces of surfaces seen on seismic lines. In other words, tied data provides
that a given trace of a geologic surface interpreted on one line is indeed the same
surface as interpreted on an intersecting line. The ability to project the horizon being
mapped into areas where well control may not exist is the second benefit of tying
seismic data. Many wildcat prospects are created by this basis and have wells drilled
through them. Seismic data could be used to extend a mapped horizon into areas with
little subsurface control. The extracting faults and fractures is done manually.

)LJXUH Seismic synthetic menu that is used in well-tying, that is conversion of the well-log
measurements from depth to the time domain.
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Table 3.2&KHFNVKRWYHORFLWLHVIRUGLIIHUHQWIRUPDWLRQVFDOFXODWHGIURPFKHFNVKRWYDOXHV
D.B-1
FORMASYONLAR

KASTEL
SAYINDERE

KARABOĞAZ
KBB-C
KBB-B
KBB-A
DERDERE
SABUNSUYU
AREBAN
SOSİNK
SD

AİRGUNDAN
ALICIYA KADAR
GEÇEN ZAMAN
(msn)

KB' DEN
DERİNLİK (m)

23
175
200
223
259
348
384
420
432
439
447
467
475
554
582
607
687
707
780

55
83
99
107
113
133
142
149
150
152
156
158
162
175
179
183
200
206
223

KB:622.33

GL:617.33

AIRGUN:616

SRD:600

AİRGUN
SEVİYESİNE
GÖRE DÜŞEY
DERİNLİK

AİRGUN
SEVİYESİNE
GÖRE DÜŞEY
ZAMAN

AİRGUN İLE
ALICIARASINDAKİ
UZAKLIK

SRD 'YE GÖRE SRD'YE GÖRE SRD''YE GÖRE SRD'YE GÖRE SRD 'YE GÖRE
DÜŞEY
ORTALAMA HIZ ARA HIZ
TEK ZAMAN
ÇİFT ZAMAN
DERİNLİK
(msn)
(msn)

21.7
173.7
198.7
221.7
257.7
346.7
382.7
418.7
430.7
437.7
445.7
465.7
473.7
552.7
580.7
605.7
685.7
705.7
778.7

20.2
79.1
95.4
103.9
110.5
131.4
140.6
147.7
148.8
150.8
154.8
156.9
160.9
174.1
178.2
182.3
199.4
205.4
222.4

59.1
182.2
206.1
228.4
263.5
351.0
386.6
422.3
434.2
441.1
449.1
468.9
476.9
555.4
583.3
608.2
687.9
707.8
780.6

X:

5.7
157.7
182.7
205.7
241.7
330.7
366.7
402.7
414.7
421.7
429.7
449.7
457.7
536.7
564.7
589.7
669.7
689.7
762.7

Y:

1075
2195
2082
2134
2332
2639
2723
2834
2894
2902
2879
2968
2944
3174
3258
3323
3439
3436
3500

1075
2578
1535
1453
5406
4269
3914
5017
5828
3461
1994
9597
4595
5975
6892
6176
4963
3324
4277

5.3
64.2
80.5
96.4
103.0
123.9
133.1
140.2
141.3
143.3
147.3
149.4
153.4
166.6
170.7
174.8
191.9
197.9
214.9

11
128
161
193
206 KB'Yİ
SRD'Yİ
AİRGUN AİRGUN
248
MSL
OFFSETİ
266
617.33
600
616
55
280
283
287
295
299
307
333
341
350
384
396
430

3.2.2. Structural Maps
Seismic sections are in time domain. To picture the subsurface independent of
velocity, time domain should be altered to depth (Figure 3.9). If time is multiplied by
velocity, depth information can be obtained. There are 4 wells around study area.
Since there are sonic logs and checkshot values for wells are available, velocity maps
can be prepared. In order to make a velocity map, the velocity and checkshot data need
to be extrapolated. If two-way-time (TWT) map is multiplied by Velocity map, the
result would be a ‘structure contour map’ by using a formula of X=V*T/2.
These processes will eventually lead to the preparation of 2D and 3D fault models,
velocity, two-way-time (TWT), structural and 3D maps for the Karababa and
Sayındere formations; the results will be presented and discussed in Chapter 4.
Depth conversion is an important step of the seismic reflection method, which
converts the acoustic wave travel time to actual depth, based on the acoustic velocity
of subsurface medium (sediments, rocks, water). A good seismic image is not enough
for an exploration or field development interpretation. Good well ties and reliable
depth conversion are also required.
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3.3. Ground Truthing
Once the structural interpretation of the seismic sections is complete, there is a need
for ground truthing of identified faults. The Adıyaman Fault displays in part typical
strike-slip morphology (Figures 1.11–1.14). During field studies, the geological map
of the study area is revised (Figure 1.10) and confirmation of structural elements are
made. A special emphasis is given to the fault(s) that are observed to be cut and
displaced by the Adıyaman Fault as it has significance on the offset of the AF. The
results will be discussed in Chapter 4.
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)LJXUH Fault interpretation on seismic line AD-03-229
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)LJXUH Top of the Karababa (red) and Say ındere (green) formations, and Fault in terpretation on seismic line AD-03-229

.

60

CHAPTER 4

4.

INTERPRETATION OF THE SUBSURFACE DATA

4.1. Seismic Fault Interpretation Results
The 2D seismic sections are examined and then interpreted based on the structural
elements on geological map and tectonic history of the study area. The reflections at
seismic sections represent a layer. The broken reflections could refer faults. Two
stratigraphic horizons, tops of the Karababa and Sayındere formations, are chosen to
pick for seismic interpretation and geological calibration of the seismic sections. The
ConiacianSantonian Karababa Formation is picked because it is considered as one
of the well-known target rocks for hydrocarbon exploration in the naturally fractured
Şambayat field around Adıyaman and forms continuous reflections in the seismic
sections. The Campanian Sayındere Formation also is considered as the cap rock of
the Şambayat oil field. The oil field is interpreted as a positive flower structure formed
in association with the sinistral Adıyaman Fault (Figure 1.151.17). This study has
resulted in the identification of a new fault, herein named as Şambayat Fault.
Five seismic sections (Figure 3.1) are interpreted in order to define the fault and, to
clarify and shed lights on the existing controversies over the presence of the Şambayat
Fault (ŞF) and the offset of the Adıyaman Fault. The details of the seismic
interpretation will be given in the following sections. Four of these seismic lines (AD03-229, AD-00-202, AV-00-110 and D-6071) trend in NE–SW direction, almost
parallel to the general orientation of the Adıyaman Fault, and perpendicular to the
orientation of the inferred Şambayat Fault. The other seismic line trends in NW–SE
direction and is almost orthogonal to the Adıyaman Fault (Figure 3.1).
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4.2. Seismic Line AD-03-229
The NE–SW-trending seismic line is oriented almost parallel to the general orientation
of the Adıyaman Fault, and almost perpendicular to the orientation of the inferred
Şambayat Fault; it passes through the well D.B-2 (Figures 3.1, 4.1 and 4.2). The
seismic line is therefore forms an ideal section to examine the existence and other
possible characteristics of the Şambayat Fault. Horizons are picked based on synthetic
seismogram calibrated by sonic log and check-shot data on well D.B-2.
The seismic section is therefore geologically calibrated with well-log information and
tops of the Gaziantep, Germav, Kastel, Sayındere, Karaboğaz, Karababa, Derdere and
other older formations are interpreted (Figure 4.2). Similarly, sharp broken reflections
are interpreted as subsurface discontinuities/faults (Figures 4.3). Six steeply-dipping
fault segments (F1 to F6 from southwest to northeast) are defined; four appears to dip
to northeast, the two towards southwest. By means of velocity values gathered from
checkshot values, key horizons –tops of the Sayındere and Karababa formations– are
interpreted, drawn on the seismic section and integrated with the interpreted fault
segments (Figure 4.4). The relative positions of the tops to the two formations on
either block of these faults suggest that the faults appear to have reverse component.
The displacement along Fault F5 is pronounced with a considerable amount of dipslip component. The trace of tops to the Sayındere and Karababa formations appear to
form a drag fold confirming the reverse component (Figure 4.4). Similarly,
displacement along Fault F6 is also pronounced. The displacement along F4 is
relatively small. The faults F3 and F2 appear to displace the top of the Karababa
Formation but there is no observable displacement of the top of the Sayındere
Formation. The F4 (blue) and F5 (green) faults are interpreted to represent the inferred
Şambayat Fault; it appears that the area in-between oppositely dipping faults is
uplifted, like a pressure ridge. If this interpretation is correct, then the Şambayat Fault
is composed of fault segments that have reverse components and thrust towards
northeast and southwest (Figure 4.4).
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)LJXUH U ninterpreted seismic section AD-03-229 (migration). See Fig ure 3.1 for location. 

63

)LJXUH H orizo n pic ks based on sy nthetic seismogram calibrated by sonic log and check-shot data on well D. B-2 on seismic section line AD-03-229. Formation tops are calibrated with well-log information to interpret key horizon levels of top of Ga ziantep, Germav, Kastel, Say ındere, Karaboğaz, Karababa, Derdere and other older formations (see Table 3.1 for more information).
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)LJXUH Fault interpretation on seismic line AD-03-229.
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)LJXUH T op of the Karababa (red) and Say ındere (green) formations, and Fault in terpretation on seismic line AD-03-229

66



4.3. Seismic Line AV-00-113
The NW–SE-trending seismic line is oriented almost perpendicular to the general
orientation of the Adıyaman Fault, and almost parallel to that of the inferred Şambayat
Fault; it passes through the well BA-1 (Figures 3.1, 4.5 and 4.6). The seismic line is
therefore forms an ideal section to examine the Adıyaman Fault.
Horizons are picked based on synthetic seismogram calibrated by sonic log and checkshot data on well BA-1. The seismic section is therefore geologically calibrated with
well-log information and tops of the Gaziantep, Germav, Kastel, Sayındere,
Karaboğaz, Karababa, Derdere and other older formations are interpreted (Figure 4.6).
Similarly, a sharp broken reflection is interpreted as a subsurface discontinuity/fault
(Figures 4.6).
By means of velocity values gathered from checkshot values, key horizons –tops of
the Sayındere and Karababa formations– are interpreted, drawn on the seismic section
and integrated with the interpreted fault segment (Figure 4.7). The relative positions
of the tops to the two formations on either block of the fault suggest that the Adıyaman
Fault has a pronounced displacement with a considerable amount of dip-slip reverse
component. The Adıyaman Fault appears as steeply NW-dipping structure whereas
dip direction changes with depth where it starts to deep steeply towards SE (Figure
4.7); a characteristic typical for strike-slip faults.
4.4. Seismic Line AD-00-202
The NE–SW-trending seismic line is oriented almost parallel to the general orientation
of the Adıyaman Fault, and almost perpendicular to the orientation of the inferred
Şambayat Fault (Figures 3.1 and 4.8). The seismic line is therefore forms an ideal
section to examine the existence of the Şambayat Fault.
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)LJXUH U ninterpreted seismic section AV-00-113 (migration). See Fig ure 3.1 for location.
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Sharp broken reflections on the seismic section are interpreted as subsurface
discontinuities/faults (Figures 4.9). Five steeply-dipping fault segments (F1 to F5 from
southwest to northeast) are defined; they appear to dip both towards northeast
southwest. The fault F5 appears to display a pronounced bend along dip: the fault dip
steeply northeast at its uppermost section whereas a southwest steep dip at its lower
section; differently dipping two parts of the fault is connected by a relatively gently
northeast dipping section (Figure 4.9).



By means of velocity values gathered from checkshot values, key horizons –tops of
the Sayındere and Karababa formations– are also interpreted, drawn on the seismic
section and integrated with the interpreted fault segments (Figure 4.10). The relative
positions of the tops to the two formations on either block of the faults suggest reverse
component. The trace of tops to the Sayındere and Karababa formations appear to
form a drag folds confirming the reverse components of faults F2 and F4 (Figure 4.10).
Similarly, dip-slip reverse displacements along these faults are pronounced.
4.5. Seismic Line DD-6071
The NE–SW-trending seismic line is oriented almost parallel to the general orientation
of the Şambayat Fault, and almost perpendicular to the orientation of the inferred
Adıyaman Fault; it passes through the well BA-1 (Figures 3.1, 4.11 and 4.12). The
seismic line is therefore forms an ideal section to examine the existence of the
Şambayat Fault. Horizons are picked based on synthetic seismogram calibrated by
sonic log and check-shot data on well BA-1.
The seismic section is therefore geologically calibrated with well-log information and
tops of the Gaziantep, Germav, Kastel, Sayındere, Karaboğaz, Karababa, Derdere and
other older formations are interpreted (Figure 4.12).

69

)LJXUH H orizo n pic ks based on sy nthetic seismogram calibrated by sonic log and check-shot data on well D. B-2 on seismic section line AV-00-113. Formation tops are calibrated with well-log information to interpret key horizon levels of top of Ga ziantep, Germav, Kastel, Say ındere, Karaboğaz, Karababa, Derdere and other older formations (see Table 3.1 for more information). Fault Interpretation is als o performed.
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)LJXUH T op of the Karababa (red) and Say ındere (green) formations, and fault in terpretation on seismic line AV-00-113.
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)LJXUH U ninterpreted seismic section AD-00-202 (migration). See Fig ure 3.1 for location.
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)LJXUH Fault interpretation on seismic line AD-00-202.
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)LJXUH Top of the Karababa (red) and Say ındere (green) formations, and fault in terpretation on seismic line AD-00-202 .
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)LJXUH Unin terpreted seismic section D-6071 (migration). See Figure 3.1 for location .
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)LJXUH Horizon pic ks based on sy nthetic seismogram calibrated by sonic log and check-sho t data on well D .B-2 on seismic section line D-6071. Formation tops are calibrated with well-log information to interpret key horizon levels of top of Gaziantep, Germav, Kastel, Say ındere, Karaboğaz, Karababa, Derdere and other older formations (see Table 3.1 for more information). The fault interpretation of the section is also performed.

76

Similarly, sharp broken reflections are interpreted as subsurface discontinuities/faults
(Figure 4.12). Two steeply-dipping fault segments (F1 and F2 from southwest to
northeast) are defined; they dip in opposite directions to northeast and southwest. By
means of velocity values gathered from checkshot values, key horizons –tops of the
Sayındere and Karababa formations– are interpreted, drawn on the seismic section and
integrated with the interpreted fault segments (Figure 4.13). The relative positions of
the tops to the two formations on either block of these faults are consistent with minor
reverse component. The area between the two faults appears as an antiformal structure;
it seems the well BA-1 penetrated the core of this structure. Seismic Line AV-00-110
4.6. Seismic Line AV-00-110
The NE–SW-trending seismic line is oriented almost parallel to the general orientation
of the Şambayat Fault, and almost perpendicular to the orientation of the inferred
Adıyaman Fault; it passes through the well BA-1 (Figures 3.1, 4.14 and 4.15). The
seismic line is therefore forms an ideal section to examine the existence of the
Şambayat Fault. Horizons are picked based on synthetic seismogram calibrated by
sonic log and check-shot data on well BA-1.
The seismic section is geologically calibrated with well-log information and tops of
the Gaziantep, Germav, Kastel, Sayındere, Karaboğaz, Karababa, Derdere and other
older formations are interpreted (Figure 4.15). Similarly, sharp broken reflections are
interpreted as subsurface discontinuities/faults (Figures 4.15). Two steeply-dipping
fault segments (F1 and F2 from southwest to northeast) are defined; they dip in
opposite directions to northeast and southwest. The structural pattern of this section is
very similar to seismic section DD-6071.
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)LJXUH Top of the Karababa (red) and Say ındere (green) formations, and fault in terpretation on seismic line D-607 1 
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)LJXUH Unin terpreted seismic section AV-00-110 (migration). See Figure 3.1 for location.
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Figure 4.15 . Fault in terpretation on seismic line AV-00-110.
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By means of velocity values gathered from checkshot values, key horizons –tops of
the Sayındere and Karababa formations– are interpreted, drawn on the seismic section
and integrated with the interpreted fault segments (Figure 4.16). The relative positions
of the tops to the two formations on either block of these faults are consistent with
minor reverse components. A drag fold in the footwall of the fault F1 is consistent
with reverse dip-slip motion.
Geological map (2D image) of different structures interpreted in five seismic sections
is prepared. The maps clearly show that segments of the Şambayat Fault are present
on either blocks of the Adıyaman Fault. The correlation of these structures displays a
fault pattern where the segments of the Şambayat Fault are cut and displaced sinistrally
by the Adıyaman Fault (Figures 4.17 and 4.18).

4.7. Seismic Horizon Interpretation
The interpretation of the five seismic sections indicates the fact that sharp broken
reflections (that are interpreted as faults) appear to continue from one section to
another and they can be correlated (Figures 4.17–4.19). It is therefore possible to
transfer these recognizable and continuous reflections on to map(s) through a grid of
data. The maps can therefore be effectively used to address the main objectives of the
present research.
Picked horizons, tops of the Karababa and Sayındere formations, are also interpolated
and converted to surface models. Two-way-time (TWT) maps of these formations,
accordingly 3D view maps are prepared by interpretation and interpolation of the
available data. TWT maps are also integrated with faults to see vertical displacements.
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)LJXUH Top of the Karababa (red) and Say ındere (green) formations, and Fault in terpretation on seismic line AV-00-110.
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)LJXUH 2D image of the fault planes interpreted in five seismic sections. The correlation of the
fault segments (blue and green planes) indicates that the Adıyaman Fault (red) forms a domain
boundary between the fault segments. The relative position of the segments is consistent with a
sinistral displacement along the Adıyaman Fault.

)LJXUH 2D image of the fault planes on Google Earth ™ image. See Figure 4.20 for explanation.
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)LJXUH The interpretation and correlation of seismic sectio ns analy zed during this research.
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Two-way-time (TWT) maps of the Karababa and Sayındere formations are prepared
by using 250*250 grid and minimum curvature method. Fault polygons (white) are
also created through intersection of the formation and interpreted fault planes in the
seismic sections. Contour interval is 100 (Figures 4.20 and 4.21). There is a very good
correlation between the TWT contours and the faults; the faults appear to occur where
there is a sharp break in contours and/or where contour lines are closer with steeper
slope (Figures 4.20 and 4.21).
The Adıyaman Fault (AF) is marked by a sudden break in the contour lines and by the
juxtaposition of relatively shallow and deep true vertical depths. Similarly, the
segments of the Şambayat Fault are also evident in the TWT maps. The relative
configuration of TWT contours in the northwestern block of the Adıyaman Fault is
consistent with a well-developed pressure ridge between two segments (faults 1 and
2) of the Şambayat Fault (Figures 4.20 and 4.21). The pressure ridge is consistent with
the dip-slip reverse component of the Şambayat Fault and confirms interpretation of
this structure in seismic sections.
Although TWT contours maps support the existence of the Şambayat Fault in the
northwestern block of the Adıyaman Fault, contour pattern in the southeastern block
is not supportive (Figures 4.20 and 4.21) because of limited seismic resolution. The
TWT maps are also helpful in correlation of the fault segments on either blocks of the
Adıyaman Fault.
Similarly, the 3D views of the Sayındere and Karababa formations are also prepared
(Figures 4.22 and 4.23). These maps confirm the structural pattern devised by TWT
maps. The push-up structure is more pronounced; there is a gradual increase in the
uplift amount from southeast to northwest. The bounding faults segments of the pushup structure are more pronounced and confirm the existence of the Şambayat Fault.
These maps also indicate the fact the TWT values for both formations are much deeper
in the southeastern block of the Adıyaman Fault; the fault is more pronounced and
easy to trace.
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)LJXUH Two Way Time (TWT) map of the Karababa Formation. Contour interval is 100 m. The
white lines show fault planes. Faults 1 and 2 represent the Şambayat Fault, 3 the Adıyaman Fault.
Note that the Adıyaman Fault marks a sudden break in TWT contours. Note also that fault segments 1
and 2 in the northwestern block of the Adıyaman Fault bounds an area of low true vertical depths that
is interpreted as a push-up structure. The sudden break in TWT contours across the fault segments 1
and 2 of the northwestern block of the Adıyaman Fault is more pronounced, whereas they are not
evident in the southeastern block. The fault segment to the east of the Adıyaman Fault may be an
artifact of poor seismic resolution.

)LJXUH Two Way Time (TWT) map of the Sayındere Formation. See Figure 4.23 for more
information.
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)LJXUH 3D view of the Sayındere Formation with seismic sections AV-00-202 and D-6071. See
Figure 4.23 for labelling of faults.

)LJXUH 3D view of the Karababa Formation with seismic sections AV-00-202 and D-6071. See
Figure 4.23 for labelling of faults.
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)LJXUH Velocity map of the Karababa Formation.

)LJXUH Velocity map of the Sayındere Formation.
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The velocity maps of the Karababa and Sayındere formations are also prepared by
using sonic logs and checkshot values of five wells (D.B-1, D.B-2, BA-1, B-1, B-2)
(Figures 4.24 and 4.25). These maps are in fact used in the preparation of the structural
maps for both formations (Figures 4.26 and 4.27) (see section 3.1.3 for more
information). The fault polygons (white) are created by the intersection of the
formations and fault planes. 250*250 grid and minimum curvature method is used to
prepare structural contour maps of the Karababa and Sayındere Formation. Contour
interval is 100 m.
The structural map of the Karababa Formation (Figure 4.26) clearly shows that the
fault segments 1 and 2 bounds an uplifted area (push-up structure) in either blocks of
the Adıyaman Fault. The push-up is more pronounced in the northwestern block than
the southeastern block. Similar observation can be communicated for the structure
map of the Sayındere Formation but the push-up structure in the southeastern block of
the Adıyaman Fault appears relatively weak (Figure 4.27). Nevertheless, these maps
also indicate that correlation of these faults segments in either block of the Adıyaman
Fault is sound. The sinistral displacement of the fault segments and push-up structure
along the Adıyaman Fault is therefore evident.
It is attempted to calculate the vertical displacements of the fault segments 1 and 2 on
either blocks of the Adıyaman Fault. To avoid effect of Şambayat Fault, the vertical
displacement of the lower parts of fault segments are correlated. For Karababa
Formation, on the northwestern block of the Adıyaman Fault, the vertical
displacement of fault 1 is 320 m  340 m, respectively. Similarly, the displacements
of fault 2 in the southeastern block are 370 m  380 m, respectively. For Sayındere
Formation, on the northwestern block of the Adıyaman Fault, the vertical
displacement of fault 1 is 430 m. Similarly, the displacements in the southeastern
block are 450m (Figures 4.28 and 4.29).
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)LJXUH Structure map of the Karababa Formation. See Figure 4.23 for labelling of faults.

)LJXUH Structure map of the Sayındere Formation. See Figure 4.23 for labelling of faults
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)LJXUH. Structure map of Karababa Formation, showing vertical displacements. See Figure 4.23
for labelling of faults. The vertical displacement amount is varying from 320 340 at northern part of
Şambayat Fault and it is varying from 320360 at Southern part of Şambayat Fault at the man of the
top of Karababa Formation.

Figure 4.29. Structure contour map of top of Sayındere Formation. The vertical displacement

amount at the northern part of Şambayat Fault is about 460m. The displacement amount at the
Southern part of Şambayat Fault is 430 m. the difference between Karababa Formation and
Sayındere Formation vertical amounts is caused by the distance between Seismic sections that
is called seismic resolution. If Seismic is 3D the results could be more similar to each other.
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The calculated vertical displacement values are not accurate because 2D seismic
sections are employed as there is no 3D section. And there is no real measured data to
test the calculated values. These values are therefore all extrapolated data and should
be considered as approximate values. The most realistic value for the vertical
displacement of the Adıyaman Fault is 320360 m because these data are least
affected by the Şambayat Fault. These observations confirm that there is considerable
amount of reverse motion along the Adıyaman Fault.
The results of the seismic interpretation also suggest that the depositions of the
ConiacianSantonian Karababa and the Campanian Sayındere Formation are
controlled by Şambayat Fault and that the basin depth is not equal between the
opposite sides of fault (Figure 4.30).
Similarly, the amount of sinistral displacement along the Adıyaman Fault is
calculated, based on the relative configuration of fault segments 1 and 2 on either
blocks of the fault, as about 4400 m. This approach is based on the interpretation that
similarly trending faults in both blocks of the Adıyaman Fault are exactly the same
structures.
4.7. Ground Truthing
Once the seismic sections are interpreted, the study area is visited to relate the
described structures to real features on the ground. The lineament of the Adıyaman
Fault can be visualized on a relief map (Figure 4.31). The fault has a linear trend in
the area between Kutluca in the southwest and Çaltılı in the northeast. Alidağ pressure
is regarded as an important structural element of the fault and can easily be
distinguished on this relief map.
Despite of the Adıyaman Fault, the Şambayat Fault has no surface expression and it
cannot be traced in the field.
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)LJXUH These sections, which are at the opposite side of Adıyaman Fault, shows that the
Sayındere Formation is syntectonic. The formation is thicker in the North and South of the Şambayat
Fault. This proves that they are the same fault.

During field studies, a special emphasis is given to find/observe geological evidence
of the Şambayat Fault; but this was almost not possible because the Adıyaman Fault
area is mostly covered by upper Miocene–lower Pliocene Şelmo Formation and/or
loose continental sediments of PlioQuaternary age (Figure 4.32). The geological
evidence is therefore none or scarce. Even if there is evidence, it must have been
buried beneath younger sediments. The recognition of the Adıyaman fault and
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calculation of its sinistral displacement are therefore solely based on seismic
interpretation.

)LJXUH (a) Relief map showing the surface expression of the Adıyaman Fault. Note the
pronounced linear trace of the fault; (b) the interpretation of the DEM map; the red lines represent the
Adıyaman Fault. Blue rectangle indicates location of the study area. 

The geological map of the Adıyaman area is therefore revised in-line with the
information gathered from the interpretation of five seismic lines; two field studies
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have been performed to investigate and map the faults in the region. First took four
weeks and the second, a week. Field mapping was performed to verify the revised
geological maps, lithostratigraphy of the region and to collect structural data (bedding
and fault-slip data). During this study, contacts between several rock units are
checked, the dip-strike of the exposed fault planes are measured, slip sense on
slickenlines of fault planes (pitch/rake) are determined. The geological map of the
study area is finally verified and revised (Figure 4.32). The results of this part of the
research lie outside the scope of the present thesis and therefore they are not presented
here.

)LJXUH Geology map of the study area (from Aksu et al., 2012). The faults are modified

during this fieldwork. The trace of the Şambayat Fault is placed according to field
observations and seismic interpretation. Qal Quaternary alluvials, PlQ PlioQuaternary
loose sediments.

95

The trace of the Şambayat fault is therefore mapped for the first time during this study
(Figure 4.32). The fault trace runs through exposures of Sinan, Germav and Hoya
formations. There appears the fault does not affect the upper Miocene–lower Pliocene
Şelmo Formation and/or Plio–Quaternary loose sediments. In addition, Çedirge
syncline terminates against Şambayat Fault (Figure 4.32). There is however no
apparent offset of the formation boundaries. The Germav and Hoya formations are
exposed within the valley but not offset is also observed. These observations confirm
that the Şambayat Fault is an older structure; it was initially active during
sedimentation of the Campanian Sayındere Formation. The fault was then reactivated
during Early Miocene. Because upper Miocene–Early Pliocene Şelmo Formation and
younger loose sediments display no evidence of deformation, it would not be possible
to comment on the recent activity of the Şambayat Fault.

)LJXUH A Google Earth ™ image showing Şambayat Fault (green), Adıyaman Fault (red),
Halfeti Fault (blue) and Bozova Fault (purple).
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Şambayat Fault and Bozova Fault appear as parallel structures (Figure 4.33). In this
case, the results of this thesis seem to be consistent with the hypothesis by Sungurlu
(1972); he stated that the Bozova Fault has controlled deposition of the rock units
during Coniacian–Santonian time interval and that it was reworked as a normal fault
during the Miocene. Whereas Perinçek et al. (1987) reinterpreted the Bozova Fault as
strike-slip fault with reverse component.
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CHAPTER 5

5.

DISCUSSION AND CONCLUSION

The primary objectives of the present research are: (i) to introduce and provide
evidence for the existence and age of the inferred Şambayat Fault (ŞF); (ii) to map and
define the previously unknown Şambayat Fault, (iii) to investigate the relationship
between the Şambayat Fault and the Adıyaman Fault (AF) and (iv) to calculate the
total amount of offset along the Adıyaman Fault.
The simplest and the cheapest way of addressing all of these questions may rely on
field geology method to study the geological structures and their relationships with
the lithological units. The area of the inferred Şambayat Fault and the Adıyaman Fault
in this particular locality is largely covered by upper Miocene–lower Pliocene Şelmo
Formation and/or Plio–Quaternary loose sediments and there is no such geological
and pronounced morphological evidence that supports the existence of faults.
The existence of E–W-trending blind thrusts (e.g., Çakırhüyük blind thrust, Araban
blind thrust, Yavuzeli blind thrust and Gemrik-Karababa blind thrust) is reported in
the region to the south of the study area (Şahbaz and Seyitoğlu, 2018). The asymmetric
anticlines (e.g., Faldağı anticline, Suvarlı anticline, Karadağ anticline; Figure 1.5) are
interpreted as surface expression of the blind thrusts. As the Şahbayat Fault is also a
buried structure, its nature and geometry are further examined. Neither field
observations nor geological maps (Figure 4.18 and 4.32) confirm the existence of
anticline in the area.
TPAO has five 2D seismic sections in the area of interest. In order to address the main
objectives of this research, structural interpretation of five 2D seismic sections are
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carried out. The logs of five boreholes are carefully examined and evaluated; they are
used in geological calibration of the 2D seismic sections. ConiacianSantonian
Karababa and Campanian Sayındere formations are considered as reservoir and cap
rocks, respectively, of the naturally fractured Şambayat field. By the help of calculated
check shot values, the formation well tops can be calculated and shown on seismic
sections. The tops of these formations are picked as stratigraphic horizons and, are
interpolated and converted to surface models. True vertical depths to the two
formations are therefore calculated; this data is used to develop TWT maps, 3D views
and structural maps of these formations.
Sharp broken reflections are interpreted as faults. The interpreted faults and various
maps of the Karababa and Sayındere formations are integrated to develop structural
models and to calculate vertical displacements along these fault segments.
The fault interpretation of the seismic sections indicates existence of an unknown
fault(s) within the study area; this structure is herein named as Şambayat Fault (ŞF).
It is interpreted as one of the major structural elements of the Adıyaman region. The
fault is mapped and described for the first time in this study (Figure 4.32). The
Şambayat Fault is a NWSE-trending structure that parallels the Bozova Fault. It is
made up of several parallel fault segments with differing dip-direction (Figures 4.4,
4.7, 4.10, 4.13, 4.164.19, 4.204.23, 4.26, 4.27 and 4.28). The different segments of
the Şambayat Fault also controls a push-up structure in both blocks of the Adıyaman
Fault and this is manifested by variation in true vertical depths to the tops of the two
formations (Figures 4.204.23, 4.26, 4.27 and 4.28). The presence of similar push-up
structures on both blocks of the Adıyaman Fault made it possible to correlate pushbounding fault segments, and in turn, to calculate the offset amount along the
Adıyaman Fault. Şambayat Fault is therefore cut and displaced by the Adıyaman
Fault; this is used as a firm evidence to comment on the offset amount along the
Adıyaman Fault, which is calculated about 4.4 km (Figures 4.174.19).
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The structural maps of the Sayındere and Karababa formations are also prepared as
these maps are simple multiplication of velocity and TWT maps that are obtained by
seismic interpretation method. The structural maps are used to calculate vertical
displacement of the segments of the Şambayat Fault along the Adıyaman Fault. There
appear differences in displacement amounts for different segments of the Şambayat
Fault on either blocks of the Adıyaman Fault (Figure 4.28); this discrepancy is
attributed to the 2D nature of the seismic data; if 3D sections are available, the results
would have been closer. The TWT maps of the Karababa and Sayındere formations
shows that vertical displacements of two formations along the Adıyaman Fault are
about 320360 m and 420460 m, respectively and that the Adıyaman Fault has a
considerable amount of reverse component.
The Şambayat fault and Bozova Fault are interpreted to control an uplifted area during
Cretaceous, has then controlled the ConiacianCampanian sedimentation of the
Karababa and Sayındere formations. As a result, the thickness of the Sayındere
appears different in either blocks of the Adıyaman Fault whereas thickness of the
Karababa Formation seems to be the same. That is why, the displacement amount of
the Karababa Formation (320360 m) is interpreted as the vertical displacement of the
Adıyaman Fault. The variation in thickness of the Sayındere Formation on either
blocks of the Adıyaman Fault is interpreted to provide firm evidence about the
geometry, age and evolution of the Şambaya fault. Thus, it is thought that if variation
and change in thickness of the Sayındere Formation on opposite sides of the Adıyaman
Fault is well documented, it may give clues to recognize and map the Şambayat Fault.
The interpretation of the seismic sections has focused on this topic. The Sayındere
Formation is therefore interpreted as syn-tectonic with respect to the activity of the
Şambayat fault. In addition, Şambayat fault was reactivated during the Early Miocene,
because Şambayat fault on map view (Figure 4.32) appears to cut and deform the
Eocene Hoya Formation and Oligocene Gaziantep Formation but not the upper
Miocene–lower Pliocene Şelmo Formation and/or PlioQuaternary loose sediments.
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At the end of the research, the study area was visited for ground thruthing. The
geological map of the area is therefore revised and the traces of the Şambayat fault is
mapped (Figure 4.32). The southern continuum of the Şambayat fault within the
PlioQuaternary loose sediments was not possible to trace on the ground. Similarly,
the recognition of fault within the marn facies of the Gaziantep Formation was not
possible as well.
The TWT maps, 3D views and structure maps of the Karababa and Sayındere
formations therefore confirm that: (i) the Şambayat Fault is tectono-sedimentary fault
for the Campanian Sayındere Formation, it appears thicker along the northern part of
the fault on seismic sections AV-00-202 and D-6071; (ii) the fault must therefore was
active during at least Campanian. In addition Germav, Hoya, Gaziantep formations
are affected by the Şambayat fault but not the upper Miocene–lower Pliocene Şelmo
Formation and the Plio–Quaternary terrestrial loose sediments. This relationship is
interpreted to suggest that the Şambayat fault was reactivated possibly during at least
Early Miocene but its recent activity is debated; (iii) the fault segments 1 and 2 on
either blocks of the Adıyaman Fault represent the Şambayat Fault and they bound a
pronounced push-up structure; (iv) these segments have a reverse component; (v) they
are cut and displaced by the Adıyaman Fault where the amount of sinistral offset is
about 4400 m; and (vi) the southeastern block of the northwesterly-dipping Adıyaman
Fault appears as the downthrown block, thus confirming sinistral and reverse nature
of the Adıyaman Fault.
The results of the present study need to be tested by new and possible 3D seismic
sections and their structural interpretation
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APPENDICES

A. Materials
Well Bore Litholog logs

)LJXUH$ Lithology log of well D.B-1
121

)LJXUH$ Lithology log of well D.B-2.
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)LJXUH$ Lithology log of well BA-1
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)LJXUH$ Lithology log of well B-1.
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)LJXUH$ Lithology log of well D.B-2.
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B. Checkshot Geometries of Three Wellbores
WELL NAME

D.B-1

NORTH

WEST

EAST

Source to Well Offset: 55.60 m
Source Azimuth:333.56º
Drill Floor Reference Level
SOUTH
Drill Floor Elevation: 5.2 m
Source to Monitor Distance: 10.51
m M

Ground Level (G.L)

Referance Sensor: 1 m
Source Depth:2m

Ground Level Elevation: 617.13 m
Surface Elevation at Source:616.62
195.63 m

Seismic Reference Datum (S.R.D)

Datum Plane Elevation: 400 m

Mean Sea Level (M.S.L)

)LJXUHB1 Checkshot geometry of well DB-1.
NORTH

WELL NAME

D.B-2

Source to Well Offset

Source Azimuth :358.52 °

WEST

52.83 m

EAST

Hydrophone
SOUTH

Source Depth
2,0 m

Source to Monitor
Distance

1m

Ground Level Elevation 625.83 m

Air G-Gun

Mud Pit Depth
4m

DATUM PLANE

Datum Plane Elevation

400 m

631.03 m

Reference Level Elevation(Kelly Bushing)

MEAN SEA LEVEL (MSL)

)LJXUHB2 Checkshot geometry of well DB-2
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Surface Elevation at Source 623.50 m

)LJXUHB3 Checkshot geometry of well B-2.
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C. Checkshot Values for Wellbores
Table C.1&KHFNVKRWYDOXHVRIZHOO%
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Table C.2&KHFNVKRWYDOXHVRIZHOO'%
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Table C.3&KHFNVKRWYDOXHVRIZHOO'%
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D. Calculated Formation Velocities in Each Well
Table D.1&DOFXODWHGFKHFNVKRWYHORFLW\YDOXHVRIZHOO'%
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Table D.2&DOFXODWHGFKHFNVKRWYHORFLW\YDOXHVRIZHOO'%
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Table D.3&DOFXODWHGFKHFNVKRWYHORFLW\YDOXHVRIZHOO%
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Table D.4&DOFXODWHGFKHFNVKRWYHORFLW\YDOXHVRIZHOO%$
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