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ABSTRACT 

 

The Haymana Basin, one of the central Anatolian Basins of Turkey, developed from Late 

Cretaceous to Middle Eocene during closure of the northern branch of the Neo-Tethys Ocean. 

The basin is located to the south of Ankara and has been explored for oil and natural gas since 

the 1950s. To date, there is no commercial production of oil and natural gas in the basin, 

however, there was one wildcat well drilled in 1976. The well targeted the Haymana Formation 

but it did not produce any hydrocarbon. The most important sedimentary rock units with 

hydrocarbon potential in the basin are the Maastrichtian Haymana and the Paleocene Kırkkavak 

formations. For many years, the Haymana Formation was considered the main potential source 

rock even though it has low total organic carbon (TOC) values; in general less than 0.5%. 

Hydrocarbon potential of the Kırkkavak Formation has remained poorly understand because of 

lack of research focused on the formation.  

During this study, a complete section of the Kırkkavak Formation, exposed in the 

northern part of the basin, is studied in order to determine sedimentary environments and 

hydrocarbon potential of the unit. The section, containing oil seeps in many locations, was 

measured in detail and samples were collected systematically for petrographic and geochemical 

analyses. The geochemical analyses were conducted on the samples to determine total organic 

carbon (TOC in wt %), oxygen (OI) and hydrogen indexes (HI), Tmax, production index (PI), 

and generating source potential (S2). Several samples exhibit good TOC, Tmax, and HI values. 

The results suggest that the middle part of the Paleocene Kırkkavak Formation (~60 m) contains 
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very good source rock with Type II kerogen, which produces mostly oil and little gas. However, 

the geochemical analysis suggests that the lower (~70 m) and upper (~200 m) parts of the 

formation should be considered immature zones based on the Tmax and PI values. 
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1 

1. INTRODUCTION 

 

The Central Anatolian basins in Turkey formed during the closure of the northern branch 

of the Neo-Tethys Ocean and formation of the Izmir-Ankara-Erzincan suture zone from the Late 

Cretaceous to Miocene (Şengör and Yılmaz, 1981; Okay, 1986; Şengör, 1990; Stampfli and 

Borel, 2002; Moix et al., 2008; Oberhänsli et al., 2010a; Pourteau, 2011) (Figure 1). These basins 

are the Çankırı, Haymana, Sivas, Tuzgölü, and Ulukışla basins (Figure 2). The Tuzgölü Basin is 

the biggest basin in the Central Anatolia and it has a sedimentary succession that is almost 5 km 

thick (Rigo de Righi and Cortesini, 1959; Yüksel, 1970; Arıkan, 1975; Ünalan et al., 1976; 

Oktay, 1982; Çemen et al., 1999).  

 The Central Anatolian basins have been explored for their oil and natural gas potential. 

Many wildcat wells were drilled to search for oil or natural gas although there has been no 

commercial production in these basins to date (Korkmaz et al., 1991; Huvaz, 2009; Derman, 

2014). The Tuzgölü Basin is the one of the most important petroleum exploration targets in 

Central Anatolia (Ayyıldız and Ergene, 2016). There were seventeen exploration wells drilled in 

the basin and data from these wells indicate that the Paleocene units have reservoir rock 

potential. In the Sivas and Çankırı basins, potential source rocks do not have enough organic 

matter to produce hydrocarbons (Korkmaz et al., 1991). Potential source rock units of the 

Ulukışla Basin have produced minimal natural gas with no commercial value (Sonel and Sarı, 

2004).
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 This study is concerned with sedimentary environments and source rock potential of the 

Paleocene Kırkkavak Formation in the Haymana Basin which was developed from the Late 

Cretaceous to Middle Eocene as a forearc basin during the closure of the northern branch of the 

Neo-Tethys Ocean (Çiner et al., 1996; Tokgil-Karaket, 2016; Okay and Altıner, 2016). The basin 

is bordered by the Kırşehir massif to the east, the Kütahya-Bolkardağı units to the west, the 

Tuzgölü Basin to the south, and the Dereköy thrust fault to the north (Figure 2). It contains shale, 

sandstone, marl, conglomerate, and limestone sedimentary rock units, deposited during the Late 

Cretaceous, Paleocene, and Eocene (Ünalan et al., 1976; Çiner et al., 1996; Huvaz, 2009). 
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Figure 1: Major tectonic units of Anatolia, Turkey and the Aegean region, including Izmir-Ankara-Erzincan suture zone. The 

Haymana Basin is located to the south of the suture zone (from Merey, 2016 and Tokgil-Karaket, 2016). 
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Many researchers have pointed out that the presence of calc-alkaline Galatean volcanics 

and the ophiolithic basement (Figures 2 and 3) in the basin suggest that the Haymana Basin was 

formed on an accretionary wedge (Figure 3) (Şengör and Yılmaz, 1981; Görür et al., 1984; 

Koçyiğit, 1991; Tokgil-Karaket, 2016; Okay and Altıner, 2016; Sarıfakıoğlu et al., 2017). During 

the closure of the northern branch of the Neo-Tethys Ocean, previously deposited oceanic 

sediments and marginal sequences were tectonically mixed, and an accretionary wedge was 

Figure 2: Generalized tectonic map of Anatolia showing location of the Izmir-Ankara-Erzincan 

suture zone and Central Anatolian basins. ÇkB: Çankırı Basin, HB: Haymana Basin, SB: Sivas 

Basin, TB: Tuzgölü Basin, and UB: Ulukışla Basin (van Hinsbergen et al., 2016).  
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developed from the Late Cretaceous to Late Eocene (Şengör and Yılmaz, 1981; Görür et al., 

1984; Koçyiğit, 1991; Tokgil-Karaket, 2016; Okay and Altıner, 2016; Sarıfakıoğlu et al., 2017).  

 

Figure 3: Schematic diagram showing the tectonic evolution of the Haymana Basin. The basin 

was formed as a forearc basin from the Late Cretaceous to Eocene (Tokgil-Karaket, 2016). The 

diagrams are not to scale. 

Galatean Volcanics 

A. Late Cretaceous-Paleocene 

B. Late Eocene 
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The basement of the Haymana Basin contains different rock units ranging in age from the 

Triassic to Late Cretaceous. The basin contains sedimentary rock units, approximately 5800 m 

thick and ranging in age from Maastrichtian to recent, overlying the basement rocks 

disconformably, (Ünalan et al., 1976). 

There are two main tectonic features that border the Haymana Basin. They are the 

Dereköy thrust and the Yeniceoba strike-slip fault zone. These faults bound the basin to the north 

to northeast and to the southwest, respectively. The thrust was formed as a part of the Izmir-

Ankara-Erzincan suture zone in the Late Eocene during the final closure of northern branch of 

the Neo-Tethys Ocean (Şengör and Yılmaz, 1981; Görür et al., 1984; Çemen et al., 1999; Okay 

and Altıner, 2016; Sarıfakıoğlu et al., 2017). The strike-slip fault was formed in the Late 

Miocene during Neotectonics in Anatolia (Çemen et al., 1999; Aksu et al., 2008; Özsayın and 

Dirik, 2011). 

1.1 Statement of Problem 

 

Since the late 1950s, the Haymana Basin has been explored for its hydrocarbon potential. 

Two formations have been recognized as potential source rocks to produce oil and gas. They are 

the Maastrichtian Haymana and the Paleocene Kırkkavak formations. The Haymana Formation 

contains deep marine shale and submarine fan channel sands. It was considered as the main 

potential source rock although TOC values of the formation are generally lower than 0.5% 

(Korkmaz et al., 1991; Kavak et al., 2009; Aydemir, 2011; Derman, 2014). Therefore, the 

Haymana Formation is not regarded as a source rock. 

The Kırkkavak Formation is the second potential source rock in the basin (Aydemir, 

2011). The deep marine environment that resulted in the deposition of these strata may have 

provided favorable conditions for the accumulation of organic-rich sediments with source rock 
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potential, as evidenced by the occurrence of dead oil and oil seepage in the northern part of the 

basin (Ünalan et al., 1976; Derman, 2014). However, the source rock potential of this unit has 

not been studied in detail because of the lack of well-exposed outcrops on the surface and lack of 

wildcat wells in the basin.  

The main purpose of this study is to conduct a detailed source rock evaluation of the 

Kırkkavak Formation in the Haymana Basin and determine whether the formation is a source 

rock capable of producing oil and gas. The study area is located approximately 5 km northeast of 

the town of Haymana, an agricultural town about 70 km southwest of Ankara in Central 

Anatolia, Turkey (Figure 4). The study area contains a well-exposed section of the Kırkkavak 

Formation, excavated during the construction of a new four lane highway from Ankara to 

Haymana. The measured section is located at location 39°28’2” N - 32°31’44” E and 39°28’18” 

N - 32°31’53” E and is easily accessible along a major road from Ankara to Haymana (Figure 4).  

1.2 Research Questions 

 The results of this study have been interpreted to answer the following research 

questions:  

1) Is the Kırkkavak Formation of the Haymana Basin a viable source rock that is capable of 

generating oil and gas and expulsion of hydrocarbons into stratigraphically higher reservoir rocks 

in the basin?  

2) If the Kırkkavak Formation is a source rock and there is no trap in the Haymana Basin, is 

it feasible that the formation may be explored as an unconventional reservoir? 
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Figure 4: Geographic location map of the outcrop of the Kırkkavak Formation studied in detail 

in the Haymana Basin. 
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1.3 Methods 

 This study was initiated with a detailed literature survey and continued through field and 

laboratory studies.  

1.3.1 Field Work 

 During this study, two field seasons were completed successfully. In the summer of 2015, 

representative samples from the Kırkkavak Formation exposures along a new highway road cut 

were collected (Figure 4). Field work continued in the summer of 2016, the exposed section of 

the Kırkkavak Formation was measured in detail and sampled systematically. 

1.3.2 Laboratory Work 

 The sedimentary environments and source rock potential of the Kırkkavak Formation 

have been evaluated. The sedimentary environments associated with deposition of the unit were 

interpreted, based on petrographic examination of the thin-sections prepared from the hand 

samples collected systematically during the field work. Source rock potential of the formation 

was evaluated based on interpretation of the results of geochemical analyses consisting of total 

organic carbon (TOC), rock-eval pyrolysis, gas chromatography, and gas chromatography-mass 

spectrometry. 
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2. GEOLOGIC OVERVIEW OF THE HAYMANA BASIN 

 

 The early work in the Haymana Basin was mostly concerned with stratigraphy and 

sedimentology of the sedimentary succession (Lokman and Lahn, 1946; Rigo de Righi and 

Cortesini, 1959; Yüksel, 1970; Sirel, 1975; Ünalan et al., 1976; Gökçen, 1978). Tectonic 

evolution of the Haymana Basin has been investigated by many researchers, starting in the early 

1980s. Many of these researchers have proposed that the Haymana Basin developed as a forearc 

basin on an accretionary wedge along the northern branch of the Neo-Tethys Ocean (also called 

the Izmir-Ankara-Erzincan Ocean) from the Late Cretaceous to Middle Eocene (Figure 3) (e.g., 

Şengör and Yılmaz, 1981; Görür et al., 1984; Koçyiğit et al., 1988; Koçyiğit, 1991; Çiner et al., 

1996; Okay et al., 2001; Robertson et al., 2013; Okay and Nikishin, 2015; Okay and Altıner, 

2016; Tokgil-Karaket, 2016; Sarıfakıoğlu et al., 2017), citing the existence of the calc-alkaline 

Galatean volcanics to the north of the basin and ophiolitic basement in the basin as lines of 

evidence of the forearc basin origin of the Haymana Basin.  

 During the Late Cretaceous, ophiolitic rocks formed within the northern Neo-Tethys 

Ocean. Arc volcanism continued to occur with the subduction zone under the Eurasian plate. In 

the Middle Eocene, the final closure of the Izmir-Ankara-Erzincan Ocean was completed and the 

Izmir-Ankara-Erzincan suture zone formed with the collision between Eurasia to the north and 

Gondwana to the south (Figure 5) (Robertson et al., 2013). 
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 The Haymana Basin contains highly deformed sedimentary fill approximately 5 km thick, 

composed mainly of rocks deposited by turbidity currents in the center of the basin from the Late 

Cretaceous to Eocene (Ünalan et al., 1976; Çiner, 1992; Okay and Altıner, 2016). Towards the 

northwestern part of the basin, marine clastics, reef carbonates, and lacustrine and fluvial 

sediments were deposited (Yüksel, 1970; Ünalan et al., 1976; Çiner, 1992). A shallow 

transgressive sea controlled sedimentation in the Haymana Basin during the Early to Middle 

Eocene, when sandy and Nummulites bearing limestones were deposited on the shelf although 

deep marine sedimentation continued in the southeastern part of the basin (Figure 6) (Ünalan et 

al., 1976; Koçyiğit and Lünel, 1987; Koçyiğit, 1991; Okay and Altıner, 2016). 

HB 
HB 

HB Haymana Basin 

Figure 5: Paleogeography of Central Anatolia, Turkey and surrounding regions in the Late 

Cretaceous and Middle Eocene. The Haymana Basin is located to the west of the Kırşehir block 

and south of the Izmir-Ankara-Erzincan suture zone (Robertson et al., 2013). 
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Figure 6: Generalized geologic map of the Haymana Basin (modified from Ünalan et al., 1976). The red rectangle shows the study area 

and the red line shows the location of the measured section of the Kırkkavak Formation (Tki). 
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2.1 Stratigraphy  

 The basement of the Haymana Basin is composed of three different rock units (Figure 7). 

These units are 1) the Triassic-Early Jurassic Temirözü Formation composed of limestone 

containing blocks of meta-greywacke, 2) the Late Jurassic-Early Cretaceous Mollaresul 

Formation mainly consisting of locally massive limestone, and 3) the Late Cretaceous Dereköy 

Formation consists of deep marine oceanic sediments, radiolarite, chert, limestone, and volcanic 

blocks (Ünalan et al., 1976). Disconformably overlying the basement rocks is an approximately 

5800 m thick sedimentary succession, ranging in age from Maastrichtian to recent (Ünalan et al., 

1976). The sedimentary succession will be discussed briefly below. 

 

 

Figure 7: Generalized stratigraphic column of the Haymana Basin (modified from Ünalan et al., 

1976). 
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2.1.1 Cretaceous Units 

 Cretaceous time is represented by the Maastrichtian Haymana and Beyobası formations. 

The Haymana Formation unconformably overlies the Dereköy Formation, and is in conformable 

relationship with the overlying units; the Beyobası, Çaldağ, and Yeşilyurt formations. The 

Haymana Formation is composed of turbiditic sandstone, shale, and conglomerate alternations 

(Figure 7). The clastic fragments in the Haymana Formation were derived from the metamorphic 

and ophiolitic rocks in the basement of the basin (Ünalan et al., 1976; Norman et al., 1980; Görür 

et al., 1984). The deep sea turbiditic facies rocks of the Haymana Formation grade laterally and 

vertically into the shallow marine Beyobası Formation. The Beyobası Formation consists of 

sandstone, conglomerate, limestone, and sandy marl (Figure 7) and was deposited in a shallow 

marine environment (Ünalan et al., 1976).  

2.1.2 Paleocene Units 

 Three Early Paleocene formations have been identified in the Haymana Basin. They are 

the Kartal, Çaldağ, and Yeşilyurt formations that laterally and vertically pass into each other. 

The Kartal Formation consists of conglomeratic and sandy red-beds (Figure 7). The 

conglomerate is mainly composed of ophiolitic rock fragments of the underlying basement rocks, 

and sandy beds containing terrestrial plant fossils. The Kartal Formation shows a fluvial 

depositional character, and does not contain any marine fossils. It grades laterally and vertically 

to the Çaldağ Formation, which mainly consists of reefal limestone that was deposited in a shelf 

environment at the basin edges (Figure 7). The Çaldağ Formation limestone beds contain algea, 

echinodermata, corals, bryozoan, and foraminifera (Ünalan et al., 1976). The Yeşilyurt 

Formation was deposited in the eastern and southeastern parts of the basin. It consists of pelagic 

fauna bearing black shale and limestone blocks (Figure 7) (Ünalan et al., 1976; Esmeray, 2008).  
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 The Middle Paleocene Kırkkavak Formation conformably overlies the Yeşilyurt Formation. 

It was deposited in the interior parts of the Haymana Basin and contains marl and shale-limestone 

intercalations (Figure 7). Ünalan et al. (1976) suggested that the presence of planktonic 

foraminifera, algea, and coral indicate that the Kırkkavak Formation was deposited in a shallow 

marine environment at the northern, western, and southern parts of the basin. An increase of the 

shale deposition in southeastern part of the basin indicates a deep marine environment (Ünalan et 

al., 1976; Görür, 1981; Görür et al., 1984; Esmeray, 2008). The Ilgınlıkdere Formation, the Middle 

Paleocene in age, overlies the Kırkkavak Formation with sandstone-shale intercalations and 

conglomerate units (Figure 7). Ünalan et al. (1976) indicated that lithological and paleontological 

characteristics of the formation suggest that the Ilgınlıkdere Formation was deposited in the shelf 

front area with turbidites in a pelagic environment. 

2.1.3 Eocene Units 

 The Eocene rock units in the Haymana Basin are the Eskipolatlı, Beldede, Çayraz, and 

Yamak formations. The Eskipolatlı Formation is characterized by turbidites of the Haymana 

Basin (Figure 7). It contains sandy limestone with Nummulites foraminifera. This suggests that 

the formation was deposited in a shallow marine environment, however, the formation shows 

deep marine environment characteristics, such as the presence of benthic foraminifera at the 

southern and southeastern parts of the Haymana Basin (Ünalan et al., 1976; Özcan 2002). The 

Beldede Formation mainly contains red conglomerate, sandstone, and marl (Figure 7). Towards 

the end of the Middle Eocene, regression started in the basin causing turbidite deposition to wane 

(Görür et al., 1984; Esmeray, 2008). Consequently, deposition of terrestrial clastic sediments of 

the Beldede Formation commenced and these rocks overlie the Eskipolatlı Formation in the 

Haymana Basin. The Beldede Formation laterally grades into the Çayraz Formation in the 
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eastern part of the basin. The overlying medium to thick bedded shallow marine Çayraz 

Formation consists of yellow sand, marl, and limestone deposits (Figure 7). The Çayraz 

Formation is unconformably overlain by terrestrial Neogene sediments. The lithological and 

paleontological characteristics of the formation suggest that the Çayraz Formation was deposited 

in a shallow marine environment, as indicated by the presence of Nummulites and Alveolina. 

The Yamak Formation consists of conglomerate and sandstone-shale alternation (Figure 7). It is 

unconformably overlain by terrestrial Neogene sediments. Lithological characteristics and some 

rare fossils indicate that the formation deposited in the shelf front area (Ünalan et al., 1976).  

2.1.4 Neogene Sediments   

 The Cretaceous to Eocene basin fill deposits in the Haymana Basin are unconformably 

overlain by terrestrial conglomerates, sandstones, marls, tuffs, and evaporates of Mio-Pliocene 

units (Ünalan et al., 1976; Görür, 1981; Görür et al., 1984; Esmeray, 2008) (Figure 7). 

2.2 Structural Geology 

The Haymana Basin is bounded by the Dereköy thrust fault to the north and northeast 

(Figure 8). The thrust was formed as part of the Izmir-Ankara-Erzincan suture zone in the Late 

Eocene during the final closure of the northern branch of the Neo-Tethys Ocean (Şengör and 

Yılmaz, 1981; Görür et al., 1984; Okay and Altıner, 2016; Sarıfakıoğlu et al., 2017). The 

collision of the Sakarya microcontinent and the Tauride-Anatolide platform caused the Eocene 

compressional tectonics and E-W trending anticlines and synclines in the Haymana Basin 

(Figure 6 and 8). Consequently, the thrust brings Cretaceous ophiolites on its hanging wall over 

the Maastrichtian to Eocene sedimentary rocks (Çemen et al., 1999; van Hinsbergen et al., 2016).  

  The Yeniceoba fault zone bounds the Haymana Basin to the southwest (Figure 8). The 

fault was formed in the Late Miocene during the Neotectonic period in Anatolia (Çemen et al., 
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1999; Aksu et al., 2008). It is a part of Eskişehir Fault Zone, and it was initiated as a right lateral 

strike-slip fault in the Late Miocene during the westward tectonic escape of the Anatolian Plate 

(Çemen et al., 1999; Özsayın and Dirik, 2011). The fault brings Paleozoic basement rocks and 

overlying sedimentary units to the surface in the Haymana Basin (Çemen et al., 1999). 

 

 

 

Figure 8: Generalized geologic map of the Haymana and Tuzgölü basins showing major rock 

units and structural features (modified from Çemen et al., 1999). The red rectangle shows the 

Haymana Basin. 
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3. DATA AND METHODS 

 

3.1 Field Work 

 During the first field season in the summer of 2015, two weeks were spent making 

observations on the sedimentary rock units of the Haymana Basin and checking the critical field 

relationships. A newly exposed section of the Kırkkavak Formation was found. The section was 

exposed along a road cut during the construction of a new highway from Ankara to Haymana 

(Figure 9). Live hydrocarbon seeps were observed on the surface of this section. Thirty random 

rock samples were collected from the marl, limestone, and sandstone units in the section.  

 During the summer of 2016, the exposed section of the Kırkkavak Formation was 

measured in detail and samples were collected systematically at 150 cm intervals or whenever 

there was an observed change in lithology (Figure 10). The Kırkkavak Formation in this outcrop 

is 363 m thick. Seventy-four new samples were collected along the measured section of the 

Kırkkavak Formation for detailed geochemistry and petrographic analyses. Sixty-three 

representative samples were collected from the underlying Haymana and Yeşilyurt formations 

and the overlying Ilgınlıkdere Formation. In the following chapter, petrographic analysis of thin-

sections will be discussed.
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Figure 9: a) Photo showing outcrop of the middle part of the Kırkkavak section. The formation was measured in detail during 

the summer of 2016. Please see the Figure 4 for its location, b) the oil seepage along a fault, c) a close up view of the oil seepage, 

and d) measuring the section with a Jacob’s staff. 
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Figure 10: Detailed measured stratigraphic column of the Kırkkavak Formation showing the 

location of samples collected in the summer of 2016. See Figure 4 for the location of the 

measured section. TOC (wt %), Tmax (°C), and HI values are shown, respectively, for samples 

48, 54, 58, 70, and 79. 
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Figure 10: Continued. 
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Figure 10: Continued. 
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3.2 Data Set 

3.2.1 Hand Specimens 

 This study involves a total of 167 outcrop samples of the Kırkkavak, Haymana, Yeşilyurt, 

and Ilgınlıkdere formations in the Haymana Basin (Figure 6). One hundred and seven samples 

were collected from the Paleocene Kırkkavak Formation, an organic-rich formation in the 

Haymana Basin. Other 60 hand samples were collected from the underlying Haymana and 

Yeşilyurt formations and the overlying Ilgınlıkdere Formation (Figure 11).     

a b 

c d 

Figure 11: Photos showing outcrop samples of the Haymana Basin. (a) Kırkkavak Formation 

containing live oil, (b) Haymana Formation, (c) Yeşilyurt Formation, and (d) Ilgınlıkdere 

Formation. 
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3.2.2 Thin-sections 

 During this study, 24 thin-sections were prepared from 24 representative, fresh, and 

unweathered samples for petrographic examination. Fifteen thin-sections are from representative 

samples of the Kırkkavak Formation, and remaining nine are from the Haymana and Ilgınlıkdere 

formations. Selected photos of thin-sections are shown in Figure 12.  

 

 

 

 

a b

  c 

c d 

Figure 12: Photomicrographs showing thin-sections of the Haymana Basin. (a) Kırkkavak 

Formation, (b) Ilgınlıkdere Formation, (c) Micritic limestone of the Haymana Formation, and (d) 

Haymana Formation. 
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3.3 Methods 

 The study was initiated with a detailed literature survey and continued through field and 

laboratory studies. 

3.3.1 Laboratory Work 

 Thin-sections for detailed petrographic analysis were prepared in the thin-section 

preparation laboratory of Turkish Petroleum (TP) in Ankara, Turkey. For petrographical and 

mineralogical analyses, 24 thin sections from the total number of 138 samples were prepared. 

Petrographic examination of the 24 samples was conducted using a polarizing light microscope 

at the University of Alabama structural geology lab. Based on the hand specimens, rock types 

have been identified as carbonate and clastic. The Dunham (1962) carbonate classification was 

used to classify 8 carbonate rocks. The Dott (1964) sandstone classification was used for clastic 

rocks. Sandstone classification depends on microscopic studies and require approximate 

determinations of the composition of the rock, based on three major components; quartz, 

feldspar, and rock fragments. Sandstones are named according to the percentage of grains and 

matrix. The Dunham (1962) carbonate classification is based on depositional texture, i.e., the 

relative proportion of grains versus carbonate mud matrix at the time of deposition.   

3.3.2 Geochemical Analyses 

 

 In this study, 116 geochemical analyses were performed, all of which were carried out in 

the geochemistry laboratory of the TP in Ankara, Turkey during the summer of 2016. These 

include Total Organic Carbon (TOC), rock pyrolysis, Gas Chromatography (GC), and Gas 

Chromatography-Mass Spectrometry (GC-MS).  



26 

3.3.2.1 Total organic carbon  

 Total organic carbon (TOC) is the quantity of organic carbon in a rock sample and 

includes both kerogen and bitumen in a unit weight percent of carbon (wt %) (McCarthy et al., 

2011). The organic content richness of the source rock can be determined based on TOC values. 

Sedimentary rocks as shale and microbial carbonates must have at least 0.5% and 0.2% TOC, 

respectively, to produce oil or natural gas (Chinn, 1991; McCarthy et al., 2011; Allen and Allen, 

2013). Tables 1 and 2 in chapter 5 show the TOC results of the samples which were collected 

during field trips in the summers of 2015 and 2016.  

3.3.2.2 Rock-eval pyrolysis 

 For this study, 116 surface samples from the Kırkkavak, Haymana, and Yeşilyurt 

formations were subjected to rock-eval pyrolysis analysis (Tables 1 and 2). Oil and gas potential 

of the Kırkkavak Formation was evaluated with this technique (Tissot and Welte, 1978; Peters, 

1986; Ramachandran et al., 2013; Allen and Allen, 2013) based on organic matter type, 

generation potential, and thermal maturity.  

 The pyrolysis method consists of a programmed temperature heating of a sample in a 

pyrolysis oven in an inert atmosphere, which has helium or nitrogen, but no oxygen. A small 

amount of sample (approximately 50-100 mg) is used to determine free hydrocarbons contained 

in the sample, as well as compounds of hydrogen and oxygen, which are volatilized with the 

cracking of undissolved organic matter in the sample (Fujine, 2014). With this analysis, S1, S2, 

S3, S4, Tmax, hydrogen index (HI), oxygen index (OI), production index (PI), pyrolysis carbon 

(PC), residual carbon (RC), and mineral carbon (MinC) parameters are acquired (Behar et al., 

2001; Fujine, 2014). These parameters are explained briefly below based on Behar et al. (2001), 

McCarthy et al. (2011), Allen and Allen (2013), and Fujine (2014): 
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S1: It represents free hydrocarbons in a sample. Free extractable hydrocarbons vaporize at 

temperature about 330oC, and they are determined by unit of per mg hydrocarbon in per gram of 

rock (mg HC/g Rock). 

S2: The cracking of kerogen and high molecular weight hydrocarbons in a temperature about 

300 to 650oC produce S2 peak. The potential of hydrocarbon in a rock sample is determined with 

S2 peak by unit mg HC/g Rock.  

S3: During low temperature pyrolysis in a temperature about 390oC, organic carbon dioxide 

evolve. S3 peak is determined by the unit of per mg CO2 in per gram of rock (mg CO2/g Rock). 

S4: It is produced from oxidizing the organic matter remaining in the sample after pyrolysis in a 

temperature about 600oC by the unit of per mg C in per gram of rock (mg C/g Rock). This value 

is used to determine residual carbon (RC). 

Tmax: The top of S2 peak produces temperature of maximum rate of evolution of S2 

hydrocarbons. Tmax refers maturation stage of the organic matter in unit oC and is considered a 

very important parameter to determine source rock potential of a unit:  

  Tmax (oC)        Thermal Maturity 

    400-435   Immature organic matter 

    435-465        Mature or oil zone 

     > 465          Gas generation 

     > 470        Overmature zone 

Hydrogen Index, HI: It refers to hydrocarbon content of a rock sample and is the ratio of 

S2/TOC. HI > 200 indicates marine organic matter and oil or gas production. Kerogen types are 

provided from this value: 
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 Type I kerogens are hydrogen rich and produce mainly oil.  

 Type II kerogens are intermediate between Type I and Type III and produce both 

oil and gas. 

 Type III kerogens are hydrogen poor and produce mainly gas.  

HI parameters are used to describe product type: 

   HI (mg HC/g TOC)   Product Type 

   < 50    Inert kerogen 

50-200                  Gas 

   200-700   Oil and gas 

   >700            Oil 

Oxygen Index, OI: It refers to oxygen content of a rock sample and is the ratio of S3/TOC. OI 

values of source rocks which produce oil or gas must be lower than 50 mg CO2/g TOC.  

 OI < 50 values indicate marine or mature organic matter.  

 OI > 50 values are indicator of continental or immature organic matter from all 

sources. 

Production Index, PI: It is derived from hydrocarbon generated during the first and second 

stages of pyrolysis and is defined as S1/(S1+S2). PI increases with increasing thermal 

maturation, moreover, PI < 0.1 indicate immature rocks.  

  Production Index (PI)    Generation Zone 

    <0.1          Immature 

   0.1-0.3      Oil generation 

    >0.3       Gas generation/oil cracking 
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Pyrolysis Carbon, PC: It represents the carbon content of the free hydrocarbons generated and 

the carbon content in the remaining potential hydrocarbons. S2 peak shows domination in 

immature rocks, however, S1 peak is dominant in postmature rocks. Furthermore, PC > 30% 

values indicate oil-prone and PC < 30% values reflect gas-prone source rock.  

  PC = 0.83 x (S1+S2)/10  (0.83 is an average carbon content of hydrocarbons) 

Residual Carbon, RC: It represents percentage of carbon with very low potential to generate 

hydrocarbons in kerogen and is defined as S4/10. RC percentage increases with kerogen type 

respectively Type III kerogen, Type II kerogen, and Type I kerogen.  

 In addition, total organic carbon is defined as PC + RC. 

Mineral Carbon, MinC: It refers to mineral carbon of samples and is derived from pyrolysed 

mineral carbon plus oxidized mineral carbon (PyroMinC + OxiMinC). 

3.3.2.3 Gas chromatography and Gas chromatography-Mass spectrometry   

 GC is a technique for the identification of chemical compounds. A gas chromatograph 

evaluates and records individual peaks for residual gases as methane (C1), ethane (C2), propane 

(C3), isobutane (iC4), and normal butane (nC4), pentanes (iC5 and nC5), and heavier hydrocarbons 

(C5+). During fractionation and evaporation of the solvents, some of the more volatile 

compounds of saturates and aromatics (carbon number range of C1 to C15) become lost. For this 

reason, gas chromatograms of crude oil are dominated by n-alkanes generally in the carbon 

number range of C15 to C40 and isoprenoids, such as pristane (Pr) and phytane (Ph), which are 

clearly differentiated. Pr/Ph ratios can be used to determine depositional environment of source 

rocks. Pr/Ph > 1 indicates oxic and deltaic depositional environment (Philp, 2000; Allen and 

Allen, 2013). There are several recent papers summarizing the GC method and its use in 
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petroleum geochemistry. For a detailed review of GC, the reader is referred to McCarthy et al. 

(2011), Allen and Allen (2013), and Saikia (2016).  

 Gas chromatography-mass spectrometry (GC-MS) is a method used to determine useful 

compounds that have more complex molecules and biomarkers (Noble, 1991; McCarthy et al., 

2011; Allen and Allen, 2013). Biomarkers are indicators of some parameters, such as source 

input (marine or lacustrine), depositional conditions (anoxic, oxic, or hypersalinity), age of 

depositional environment, and thermal maturity (Philp, 2000). GC-MS shows characteristic ions 

of the terpane (m/z 191) and sterane (m/z 217) biomarkers (Peters et al., 2005). m/z 191 results 

are used to determine sedimentary deposition environment, such as C35 dominance indicates an 

anoxic depositional environment and C29 > C30 states carbonate depositional environment. In m/z 

217 results, C29 dominance indicates higher plant and/or non-marine algal input.  

 During this study, GC and GC-MS analyses were carried out for only one sample (sample 

48) in the geochemistry laboratory of the TP in Ankara, Turkey, which was collected during the 

2016 field season from the Kırkkavak Formation. Sample 48 has a TOC value of 1.85%. 
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4. SEDIMENTARY PETROGRAPHY OF THE HAYMANA, KIRKKAVAK AND 

ILGINLIKDERE FORMATIONS 

 

 During this study, 24 thin-sections from surface samples were prepared for petrographic 

examination. The thin-sections include 8 carbonate and 16 clastic rock samples. The Kırkkavak 

Formation is represented with 15 thin-sections, including 5 carbonate and 10 clastic rocks. 

Remaining thin-sections are from the underlying Haymana and overlying Ilgınlıkdere 

formations. The detailed measured stratigraphic column of the Kırkkavak Formation shows the 

location of the 12 samples from which thin-sections were made (Figure 10).    

 During thin-section analysis, iron alterations and heavy minerals, with density greater 

than 2.9 g/cm3, have been observed. The alterations may indicate hydrocarbon seepages because 

hydrocarbon alters rocks during migration, potentially causing changes in chemistry and 

mineralogy of rocks (Figure 13). They affect the Eh/pH of the rocks, therefore, mineral 

alteration, such as changing of ferric oxy-hydroxides (hematite and goethite) to ferrous-bearing 

minerals (magnetite and pyrite) can occur (Salati et al., 2014). Hematite (Fe2O3) and limonite 

(FeO(OH)·nH2O) are heavy iron minerals with density of 5.26 g/cm3 and 4.3 g/cm3, respectively. 

Altered hematite and limonite were observed in calcareous quartz sandstones (Figure 13).  

 Thin-sections of both clastic and carbonate rocks have fractures containing hydrocarbon. 

Fractures are one of the most important hydrocarbon migration pathways and they probably 

affected hydrocarbon migration in the Kırkkavak Formation. Some carbonate rock samples also 

show recrystallization and diagenesis (Figure 14).
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 Coral, pelagic foraminifera, Bivalves, benthic foraminifera, and red algae have been 

observed under microscope in carbonate rocks, which represent a marine depositional 

environment for the Kırkkavak Formation in the Haymana Basin. Also, clastic rocks of the 

Hematite 
Altered 

Limonite Altered 

Limonite 

a b 

Recrystallized 

calcite crystals  

a 

Fracture 

contains 

hydrocarbon 

b 

Figure 13: Photomicrographs showing samples 49 (a) and 65 (b) demonstrating sandstone 

lithology with iron alterations. 

Figure 14: Photomicrographs showing samples 58 (a) and 85 (b) demonstrating 

recrystallized calcite crystals and fracture with hydrocarbon. 
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Kırkkavak Formation contain pelagic foraminifera indicating a marine depositional environment 

(Figure 15).     

 

 

 

 

 

 

 

  

 

 Thin-sections were examined based on formations. Eight thin-sections from the 

Cretaceous Haymana Formation and fifteen thin-sections from the Paleocene Kırkkavak 

Formation were studied. Twelve of the Kırkkavak samples were collected from the measured 

section, and their locations were shown in Figure 10. The Middle Paleocene Ilgınlıkdere 

Formation is represented by only one sample. This sample was collected at the base of the 

formation (Figure 10).  

 The sandstone classification of Dott (1964) (Figure 16) was used to classify clastic rock 

samples of the Haymana, Kırkkavak, and Ilgınlıkdere formations. The carbonate classification of 

Dunham (1962) was used to identify carbonate rock samples of the Kırkkavak and Haymana 

formations (Figure 17). 

Algae 

Red Algae 

Miliolida 

Coral 

a b 

Figure 15: Photomicrographs showing samples 85 (a) and 134 (b) demonstrating algea, red 

algea, Miliolida, and coral fossils in carbonate rocks. 
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Figure 16: QFL diagram showing clastic rocks based on their composition (modified from Dott, 

1964). 

 

Figure 17: Carbonate rocks classification (Dunham, 1962). 
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4.1 Petrographic Examination of the Late Cretaceous Haymana Formation 

 In the study area, the Haymana Formation is mainly composed of sandstone units and 

some carbonate layers. Also, volcanic rocks have been observed in this formation, indicating the 

presence of volcanic activity during the deposition of the Haymana Formation. Micritic 

limestone indicates that the Haymana Formation was deposited in a marine sedimentary 

environment. Some fossil fragments, such as Gastropods, Bivalves, corals, Miliolids, Molluscs, 

rudist pieces, and pelagic foraminifera have been observed. Sandstones of the formation are 

generally angular to subangular grained. They indicate that sediments were not transported for 

long distances.  

Sample 133; Siltstone: It contains some Globatrucana fossils and hydrocarbons (Figure 18a). 

Sample 134; Mudstone: The mudstone of the Haymana Formation has almost 80% matrix. 

Matrix is composed of both silt and clay. It also contains many fossils especially pelagic fossils 

(Figure 18b).  

Sample 135; Volcanoclastic: This sample represents the volcanoclastic rocks in the Haymana 

Formation. Original rock was rich in plagioclase. It contains about 5% volcanic and 15% clastic 

fragments. A lot of calcite crystal and partly dolomitized parts of Gastropods and Bivalves are 

found in this thin-section (Figure 18c).  

Sample 136; Litharenite: The sandstone of the Haymana Formation is poorly sorted and is 

composed of angular grains. Quartz constitutes 50-60%, feldspar 10-15%, and rock fragments 

20-30% of the litharenite. The matrix content of this sandstone range from 5 to 10% (Figure 

18d). 
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Sample 137; Litharenite: It composed of poorly sorted, angular grains. Quartz constitutes 15-

20%, feldspar 10-15%, and rock fragments 60-70% of the litharenite. The matrix content of this 

sandstone range from 10 to 15% (Figure 19a). 

Sample 138; Packstone: It represents limestone units in the Haymana Formation. It has mud 

matrix (Figure 19b) and contains coral, benthic foraminifera (Miliolida), Bivalve (Mollusca), and 

rudist pieces.  
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fossils 

b
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Figure 18: a) Siltstone contains hydrocarbon, b) Mudstone bearing pelagic fossils, c) 

Volcanoclastic bearing Bivalves and Gastropods, d) Litharenite.  
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Sample 139; Grainstone: This sample of Haymana limestone contains lots of fossil fragments 

and benthic foraminifera (Figure 19c).  

Sample 140; Micritic limestone: This limestone formed in deep water in the Haymana Basin. It 

is very fine-grained and contains only pelagic foraminifera (Figure 19d).    
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Figure 19: a) Litharenite, b) Packstone containing coral and Miliolida, c) Grainstone, d) Micritic 

limestone of the Haymana Formation containing pelagic fossils.  
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4.2 Petrographic Examination of the Paleocene Kırkkavak Formation 

 The Kırkkavak Formation was deposited in both marine and terrestrial depositional 

environments. Shale units suggest that the presence of deep marine environments in Paleocene 

time in the Haymana Basin. No volcanic fragments were found in the thin-sections of the 

Kırkkavak Formation. Carbonate deposition was prominent in the basin. In thin-sections, some 

fossils such as pelagic fossils, Miliolids, Molluscs, corals Bivalves, algea, and benthic 

foraminifera have been recognized. In carbonate rocks, some recrystallization was observed.  

Sample 45; Shale: The shale of the Kırkkavak Formation has almost 80 to 90% matrix and 

contains pelagic fossils (Figure 20a).   

Sample 49; Lithic greywacke: It is moderately well-sorted and contains subangular to 

subrounded grains. Based on Dott (1964) sandstone classification, this sandstone is a lithic 

greywacke (Figure 20b). The sample consists of 50-60% quartz, 10-15% feldspar, and 20-25% 

rock fragments. The matrix content of this sandstone is 15-20%.  

Sample 53; Lime-mudstone: This limestone of the Kırkkavak Formation contains abundant 

recrystallized grains and some foraminifera fossil fragments (Figure 20c). 

Sample 58; Limestone: The original type of the Kırkkavak limestone could not be identified 

because of heavy recrystallization. This sample experienced diagenetic changes and contains big 

calcite crystals. Some spaces in thin-section are open pore and some of them are filled by 

recrystallized calcite. The sample includes hydrocarbon in its fractures (Figure 20d).  

Sample 60; Sublitharenite: It is moderately well-sorted and contains angular to subangular 

grains (Figure 20e). Among the major framework grains of the sandstone, quartz constitutes 50-

65%, feldspar 10-15%, and rock fragments 20-30%. The matrix content of this sandstone is 



39 

almost 10 to 15%. The results of rock-eval pyrolysis analysis of this sample are shown in Table 

1. 

Sample 64; Shale: This shale has almost 80% matrix and contains pelagic fossils (Figure 20f).   

 

 

 

 

 

 

 

 

 

 

 

 

 

Sample 65; Shale: The matrix content in this sample is also more than 80% and it contains 

pelagic fossils (Figure 21a). 

Sample 74; Lithic wacke: It is moderately sorted and contains subangular to subrounded grains. 

Quartz constitutes 45-55%, feldspar 10-15%, and rock fragments 25-30% of the sandstone. The 

matrix content of this sandstone range from 20-30%. Pelagic fossils have also been found in this 

sample (Figure 21b).  
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Figure 20: a) Shale bearing pelagic fossils, b) Lithic greywacke, c) Lime-mudstone, d) 

Limestone contains hydrocarbon in fractures, e) Sublitharenite, f) Shale bearing pelagic fossils. 

Fracture 

contains 

hydrocarbon 
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Sample 85; Grainstone: This limestone consists of benthic foraminifera (Miliolids), Bivalves 

(Mollusca), and algea (Figure 21c). Dark brown parts of the section are hydrocarbon filling 

spaces around fossils. Some calcite cementation has been observed.  

Sample 89; Grainstone: The majority part of this limestone is composed of by red algea. 

Furthermore, it contains intraclasts, coral, Bivalves, and benthic foraminifera (Figure 21d).  

Sample 93; Shale: It has almost 70-80% matrix which is composed of clay. It contains pelagic 

fossils within its matrix and hydrocarbon in its fractures (Figure 21e).  

Sample 94; Grainstone: The majority part of the Kırkkavak limestone is red algea similar to 

sample 59 (grainstone). Also, it contains Bivalves and benthic foraminifera (Figure 21f). 
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Figure 21: a) Shale containing pelagic fossils, b) Lithic wacke bearing pelagic fossils, c) 

Grainstone bearing Miliolide and Mollusca, d) Grainstone including red algea and hydrocarbon 

in fractures, e) Shale bearing pelagic fossils and hydrocarbon, f) Grainstone bearing red algea. 
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Sample 102; Siltstone: The siltstone of the Kırkkavak Formation is composed of silt size fine-

grained (Figure 22a). 

Sample 103; Shale: This sample is composed of 80 to 90% clay matrix and contains pelagic 

fossils (Figure 22b). 

Sample 120; Mudstone: The matrix content of this Kırkkavak mudstone is 70-80%. (Figure 

22c). The results of rock-eval pyrolysis analysis of this sample are shown in Table 1. 

 

 

 

 

 

 

 

 

4.3 Petrographic Examination of the Middle Paleocene Ilgınlıkdere Formation 

 Sandstone of the Ilgınlıkdere Formation generally exhibits grains that are angular to 

subangular. It indicates that sediments were transported for short distances. However, one 

sample is not enough to evaluate depositional environments. 

Sample 107; Litharenite: The sandstone of the Ilgınlıkdere Formation is moderately sorted and 

contains angular to subangular grains. Quartz constitutes 20-25%, feldspar 10-15%, and rock 

fragments 50-60% of the sandstone. The matrix content of this sandstone range from 10 to 15% 

(Figure 23). 
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Figure 22: a) Siltstone, b) Shale bearing pelagic fossils and hydrocarbon, c) Mudstone. 
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 Based on twenty-four thin-sections, depositional environments of the Haymana, 

Kırkkavak, and Ilgınlıkdere formations were evaluated. The Late Cretaceous Haymana 

Formation, which is underlying unit of the Kırkkavak Formation, was deposited in marine 

depositional environment. Micritic limestone and some fossil fragments, such as Gastropods, 

Bivalves, corals, Miliolids, Molluscs, rudist pieces, and pelagic foraminifera are the evidences of 

marine depositional environment. Furthermore, the formation contains volcanic rocks indicating 

volcanic activity in the Late Cretaceous time. The Middle Paleocene Kırkkavak Formation was 

deposited in marine and terrestrial depositional environments. An increase of shale units 

indicates a deep marine environment and fossil fragments in thin-sections, such as pelagic 

fossils, Miliolids, Molluscs, corals Bivalves, algea, and benthic foraminifera show marine 

depositional environment. There is only one thin-section for the Late Paleocene Ilgınlıkdere 

Formation, which is overlying unit of the Kırkkavak Formation, therefore, depositional 

environments were not identified.   

 Depositional environments and organic content of the Kırkkavak Formation will be 

discussed in detail in the next chapter together with the geochemical analyses to determine the 

source rock potential of the formation.   

Figure 23: Litharenite of the Ilgınlıkdere Formation. 
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5. SOURCE ROCK POTENTIAL OF THE KIRKKAVAK FORMATION  

 

 The evaluation of sedimentary rocks as source rocks starts with the organic carbon 

richness of the rock samples. The assessment of source rock potential is based on the TOC (wt 

%) and S1 and S2 data (Tissot and Welte, 1978; Peters and Cassa, 1994). Rock-eval pyrolysis 

analysis is a standard geochemical method to provide the most important data for source rock 

potential of rock units. GC and GC-MS are other important analyses to provide detailed 

geochemistry of the rock units.   

5.1 Rock-Eval Pyrolysis  

 Although the main purpose of this study is to evaluate source rock potential of the 

Kırkkavak Formation, some samples from the underlying Haymana and Yeşilyurt formations are 

also analyzed because they were considered as a potential source rock in previous studies, 

particularly the Haymana Formation (Korkmaz et al., 1991; Kavak et al., 2009; Aydemir, 2011; 

Derman, 2014). TOC contents and rock-eval pyrolysis data of the Haymana (9 samples) and 

Yeşilyurt (3 samples) formations were conducted to provide data for the overlying Kırkkavak 

Formation. Rock-eval pyrolysis results including TOC contents of the Kırkkavak Formation and 

the underlying Haymana and Yeşilyurt formations are shown in Tables 1 and 2, respectively. 

Samples of the Kırkkavak Formation from the detailed measured section are shown as 31 to 106. 

Yellow shading indicates acceptable TOC, Tmax, and HI values for a good source rock. Also, 

green shows good Tmax values, suggesting adequate maturity to produce oil or gas. Note that 

some samples with good Tmax values have low TOC values. 
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Table 1: TOC and pyrolysis analyses results of the samples of the Kırkkavak Formation were 

collected in the summer of 2015 and 2016. Yellow shading shows somewhat acceptable TOC, 

Tmax, and HI values for a good source rock. Green shows good Tmax (°C) values. 

 

Sample 
No 

Collected 
Year 

TOC 
(%) 

S1 
(mg/g) 

S2 
(mg/g) 

S3 
(mg/g) 

Tmax 
(°C) 

HI OI PI RC(%) PC(%) MINC(%) 

1 2015 1.37 0.35 8.07 0.27 438 589 20 0.04 0.63 0.74 11.28 

2 2015 0.44 0.01 0.26 0.3 420 59 68 0.03 0.4 0.04 3.17 

3 2015 0.5 0.03 0.34 0.27 426 68 54 0.07 0.45 0.05 3 

4 2015 1.49 0.53 4.78 0.09 425 321 6 0.1 1.04 0.45 2.37 

5 2015 0.69 0.11 1.3 0.69 433 188 100 0.08 0.54 0.15 5.88 

6 2015 1.87 1.19 11.3 0.6 434 604 32 0.1 0.8 1.07 9.99 

7 2015 1.07 0.73 5.59 0.32 428 522 30 0.12 0.53 0.54 9.05 

8 2015 0.51 0.33 1.51 0.29 427 296 57 0.18 0.34 0.17 10.03 

9 2015 1.44 0.63 7.13 0.54 431 495 38 0.08 0.77 0.67 9.81 

10 2015 0.64 0 0.11 0.77 440 17 120 0 0.6 0.04 1.97 

11 2015 1.96 0.44 10.01 0.58 433 511 30 0.04 1.07 0.89 9.12 

12 2015 0.26 0 0.03 0.36 442 12 138 0 0.24 0.02 7.89 

13 2015 0.25 0 0.01 0.41 443 4 164 0 0.23 0.02 7.06 

14 2015 0.22 0 0.46 0.37 441 209 168 0 0.17 0.05 10.31 

15 2015 0.21 0 0 0.54 499 0 257 0 0.19 0.02 4.03 

16 2015 0.12 0 0.35 0.09 431 292 75 0 0.09 0.03 10.12 

17 2015 0.32 0.06 1.06 0.45 436 331 141 0.06 0.21 0.11 12.24 

18 2015 1.49 0.19 7.4 0.68 435 497 46 0.02 0.83 0.66 10.68 

19 2015 1.06 0.39 5.37 0.52 435 507 49 0.07 0.56 0.5 10.83 

20 2015 0.25 0 0.01 0.19 424 4 76 0 0.24 0.01 6.01 

21 2015 0.17 0 0 0.51 444 0 300 0 0.15 0.02 8.17 

22 2015 0.68 0 0.15 0.4 426 22 59 0 0.64 0.04 4.66 

23 2015 0.26 0 0.01 0.43 442 4 165 0 0.24 0.02 7.16 

24 2015 0.38 0 0.01 0.4 445 3 105 0 0.36 0.02 5.24 

25 2015 1.33 0.07 2.04 1.13 439 153 85 0.03 1.11 0.22 3.17 

26 2015 0.5 0 0.14 0.78 444 28 156 0 0.46 0.04 3.19 

27 2015 0.26 0.01 0.74 0.25 429 285 96 0.01 0.19 0.07 10.89 

28 2015 0.13 0 0.23 0.13 432 177 100 0 0.1 0.03 10.63 

29 2015 1.26 0.17 6.89 0.53 437 547 42 0.02 0.65 0.61 11.19 

30 2015 1 0.2 5.34 0.42 437 534 42 0.04 0.52 0.48 11.71 

31 2016 0.17 0.01 0.05 0.82 451 29 482 0.14 0.14 0.03 5.27 
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Table 1: Continued. 

 

32 2016 0.21 0.01 0.07 0.78 437 33 371 0.11 0.18 0.03 2.29 

33 2016 0.16 0.01 0.05 0.55 451 31 344 0.11 0.14 0.02 2.66 

34 2016 0.23 0 0.06 0.54 448 26 235 0.01 0.21 0.02 2.81 

35 2016 0.24 0 0.08 0.6 438 33 250 0.01 0.21 0.03 3 

36 2016 0.24 0 0.09 0.64 437 38 267 0.02 0.21 0.03 2.66 

37 2016 0.39 0.01 0.17 0.85 437 44 218 0.03 0.34 0.05 1.72 

38 2016 0.35 0 0.13 0.59 434 37 169 0.02 0.32 0.03 1.1 

39 2016 0.37 0.01 0.15 0.55 443 41 149 0.06 0.34 0.03 1.7 

40 2016 0.29 0 0.09 0.65 436 31 224 0.01 0.26 0.03 2.88 

41 2016 0.44 0 0.16 0.55 433 36 125 0.03 0.4 0.04 2.99 

42 2016 0.48 0 0.17 0.48 436 35 100 0.02 0.45 0.03 3.15 

43 2016 0.4 0.01 0.21 0.23 422 52 58 0.04 0.37 0.03 4.24 

44 2016 0.46 0.01 0.22 0.24 421 48 52 0.05 0.43 0.03 3.48 

45 2016 0.41 0 0.19 0.11 421 46 27 0.02 0.39 0.02 3.72 

46 2016 0.43 0.01 0.24 0.31 422 56 72 0.04 0.4 0.03 3.39 

47 2016 0.44 0.01 0.2 0.17 422 45 39 0.04 0.41 0.03 2.75 

48 2016 1.85 0.56 6.37 0.24 424 344 13 0.08 1.26 0.59 2.83 

50 2016 0.48 0.02 0.32 0.08 430 67 17 0.05 0.44 0.04 3.14 

51 2016 0.4 0.01 0.21 0.26 423 52 65 0.06 0.37 0.03 2.93 

52 2016 0.34 0.01 0.22 0.28 421 65 82 0.03 0.3 0.04 2.12 

53 2016 0.42 0.02 0.21 0.26 430 50 62 0.09 0.39 0.03 6.65 

54 2016 1.17 0.12 3.28 0.23 424 280 20 0.03 0.87 0.3 7.64 

55 2016 1 0.01 0.33 0.23 430 33 23 0.03 0.96 0.04 2.1 

56 2016 0.33 0 0.08 0.22 428 24 67 0.05 0.31 0.02 6.33 

57 2016 0.33 0.01 0.11 0.17 429 33 52 0.04 0.31 0.02 5.79 

58 2016 1.37 0.35 6.93 0.22 437 506 16 0.05 0.75 0.62 10.49 

59 2016 0.26 0.01 0.07 0.18 401 27 69 0.09 0.25 0.01 7.56 

62 2016 0.35 0.01 0.11 0.39 416 31 111 0.08 0.32 0.03 4.37 

64 2016 0.64 0.01 0.18 0.38 426 28 59 0.04 0.61 0.03 4.79 

65 2016 0.46 0.01 0.12 0.21 429 26 46 0.05 0.44 0.02 3.76 

67 2016 0.5 0 0.1 0.26 431 20 52 0.03 0.48 0.02 4.42 

68 2016 0.95 0.01 0.32 0.31 429 34 33 0.04 0.91 0.04 2.8 

69 2016 0.59 0.01 0.23 0.17 429 39 29 0.02 0.56 0.03 3.48 

70 2016 1.43 0.16 6.94 0.63 426 485 44 0.02 0.81 0.62 10.16 

71 2016 0.04 0 0.13 0.74 442 325 1850 0.04 0 0.04 0.14 

72 2016 0.42 0 0.04 0.87 519 10 207 0.07 0.39 0.03 2.45 

74 2016 0.64 0 0.11 0.72 441 17 112 0.03 0.6 0.04 3.33 
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Table 1: Continued. 
 

75 2016 0.59 0.01 0.15 0.24 429 25 41 0.05 0.56 0.03 2.74 

76 2016 0.54 0.01 0.17 0.2 430 31 37 0.03 0.51 0.03 4.53 

77 2016 0.57 0 0.15 0.23 428 26 40 0.02 0.54 0.03 2.98 

78 2016 0.36 0 0.05 0.48 440 14 133 0 0.34 0.02 4.12 

80 2016 0.85 0 0.38 1.28 439 45 151 0.01 0.77 0.08 5.07 

81 2016 0.6 0 0.23 1.01 441 38 168 0.02 0.54 0.06 5.68 

82 2016 0.7 0 0.29 0.25 430 41 36 0.01 0.66 0.04 3.44 

83 2016 0.5 0 0.09 0.56 435 18 112 0.03 0.47 0.03 3.81 

84 2016 0.49 0 0.09 0.63 446 18 129 0.01 0.46 0.03 5.18 

85 2016 1.05 0.08 5.65 0.42 438 538 40 0.01 0.55 0.5 12.28 

86 2016 0.36 0.03 0.95 0.31 434 264 86 0.03 0.26 0.1 12.13 

87 2016 0.36 0 0.15 0.39 434 42 108 0.01 0.33 0.03 7.27 

88 2016 0.62 0 0.15 0.84 436 24 135 0.01 0.57 0.05 4.43 

91 2016 0.29 0 0.1 0.6 438 34 207 0.03 0.26 0.03 7.56 

93 2016 0.21 0 0.05 0.55 448 24 262 0.04 0.19 0.02 6.31 

96 2016 0.37 0 0.08 0.7 431 22 189 0 0.34 0.03 3.24 

98 2016 0.76 0.01 0.32 0.81 440 42 107 0.03 0.7 0.06 3.32 

99 2016 0.17 0 0.02 0.42 519 12 247 0 0.15 0.02 1.55 

100 2016 0.25 0 0.04 0.6 439 16 240 0.01 0.23 0.02 0.9 

101 2016 0.22 0 0.07 0.33 434 32 150 0.03 0.2 0.02 1.94 

103 2016 0.36 0.01 0.16 0.36 430 44 100 0.05 0.33 0.03 1.98 

104 2016 0.2 0 0.07 0.57 431 35 285 0.06 0.17 0.03 2.47 

105 2016 0.13 0.01 0.03 0.39 519 23 300 0.19 0.11 0.02 1.79 

106 2016 0.31 0 0.07 0.32 451 23 103 0.05 0.29 0.02 1.92 

108 2016 0.85 0.08 0.58 0.12 423 68 14 0.13 0.79 0.06 1.5 

109 2016 1.77 0.47 10 0.26 424 565 15 0.05 0.88 0.89 1.6 

110 2016 0.71 0.04 3.27 0.22 438 461 31 0.01 0.42 0.29 11.91 

111 2016 0.47 0.01 0.13 0.39 444 28 83 0.05 0.44 0.03 1.57 

112 2016 1.09 0.63 5.44 0.11 422 499 10 0.1 0.58 0.51 1.68 

113 2016 1.26 0.04 2.45 1 437 194 79 0.02 1.02 0.24 2.79 

114 2016 0.38 0 0.18 0.55 431 47 145 0.02 0.34 0.04 3.85 

115 2016 0.18 0 0.03 0.35 477 17 194 0 0.16 0.02 7.15 

116 2016 0.05 0 0.02 0.1 469 40 200 0.02 0.05 0 9.95 

117 2016 0.05 0 0.02 0.14 483 40 280 0.01 0.04 0.01 8.01 

118 2016 0.16 0 0.05 0.31 450 31 194 0.05 0.14 0.02 0.96 

119 2016 0.88 0 0.88 1.38 440 100 157 0 0.74 0.14 4.38 
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Table 2: TOC and pyrolysis analyses results of the samples of the Haymana and Yeşilyurt 

formations were collected in the summer of 2015 and 2016.  

Sample 
No 

Collected 
Year 

TOC 
(%) 

S1 
(mg/g) 

S2 
(mg/g) 

S3 
(mg/g) 

Tmax 
(°C) 

HI OI PI RC(%) PC(%) MINC(%) Formation 

121 2015 0.61 0.01 0.3 0.22 434 49 36 0.02 0.57 0.04 1.92 Haymana 

122 2015 0.62 0 0.11 0.64 443 18 103 0.03 0.59 0.03 1.66 Haymana 

123 2015 0.44 0 0.1 0.79 511 23 180 0.03 0.4 0.04 2.07 Haymana 

124 2016 0.23 0. 01 0.09 0.26 424 39 113 0.06 0.21 0.02 5.17 Haymana 

125 2016 0.11 0 0.03 0.39 433 27 355 0.04 0.09 0.02 5.71 Haymana 

126 2016 0.38 0.02 0.2 0.86 444 53 226 0.08 0.33 0.05 3.41 Haymana 

127 2016 0.13 0 0.05 0.4 450 38 308 0.05 0.11 0.02 4.53 Haymana 

128 2016 0.18 0.06 0.11 0.44 398 61 244 0.35 0.15 0.03 5.04 Haymana 

129 2016 0.21 0.02 0.25 0.86 344 119 410 0.07 0.15 0.06 4.65 Haymana 

130 2016 0.5 0 0.11 0.61 432 22 122 0.03 0.47 0.03 4.2 Yeşilyurt 

131 2016 0.45 0.01 0.14 0.82 431 31 182 0.05 0.41 0.04 2.41 Yeşilyurt 

132 2016 0.27 0.01 0.1 0.18 416 37 67 0.05 0.25 0.02 8.07 Yeşilyurt 

 

5.1.1 Source Rock Richness 

 Total organic carbon (TOC) values of the Kırkkavak Formation are between 0.04% and 

1.96% (Table 1) indicating poor to good source rock potential. Measured TOC content of the 

Kırkkavak Formation ranges from 0.04% to 1.85%. These TOC values indicate the organic 

richness of the Kırkkavak Formation ranges from poor to good. Distribution of the TOC values 

of the samples from the measured section are plotted in Figure 24.  
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Figure 24 shows there is no systematic variance in the TOC values. The lower part of the 

measured section from 1 to 72 meters, where samples 31 to 46 were collected, contains low TOC 

values. However, the middle part of the measured section, from 72 to 135 m, where samples 47 

to 70 were collected, contains higher TOC values with respect to the lower part. The middle part 

contains 5 samples with more than 1.0% TOC and one sample has TOC values of 1.85%. The 

upper part of the section from 135 to 363 m (samples 71 to 106) does not contain good TOC 

values although it has some peak values around 1.0% TOC in samples 80, 85, and 98 (Figure 

24).  

Figure 25 shows distribution of the TOC values of samples, collected in 2015 from the 

measured section of the Kırkkavak Formation. These samples were collected almost the middle 

part of the measured section, from 60 to 140 m. Average TOC value for the 29 samples collected 

during the 2015 field season is 0.72%. 

Figure 24: Trend of the TOC values in the measured section samples. (Numbers on the X axis 

represent the samples number, collected in 2016, shown in Table 1). 
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 The plot of TOC versus S1 (Figure 26) indicates that discrimination between non-

indigenous (allochthones) and indigenous hydrocarbon (autochthonous) (Rabbani and Kamali, 

2005; Ghori and Haines, 2007; El Nady et al., 2015). This plot shows that all of the rock samples 

are characterized by autochthonous hydrocarbons highlighting that the hydrocarbon are not 

migrated from other rocks. In other words, hydrocarbons have been generated from the 

Kırkkavak Formation and the oil generation was in situ.  

Figure 25: Trend of the TOC values in the measured section samples. (Numbers on the X axis 

represent the samples number, collected in 2015, shown in Table 1). 

Figure 26: TOC-S1 diagram shows discrimination between non-indigenous and indigenous 

hydrocarbons of the Kırkkavak Formation and underlying Haymana, and Yeşilyurt formations 

(adapted from Hunt, 1996). 
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5.1.2 Organic Matter (Kerogen) Type 

 The type of organic matter is an essential parameter for evaluating source rock potential 

and prediction of hydrocarbon products, such as oil or natural gas (Tissot and Welte, 1978; Hunt, 

1996; Akande, 2012). Figure 27a shows the TOC versus S2 plot to determine kerogen type in the 

Kırkkavak, Haymana, and Yeşilyurt formations. This diagram suggests that the Paleocene 

Kırkkavak Formation is characterized by kerogen of Type II and III, while the Late Cretaceous 

Haymana and the Lower Paleocene Yeşilyurt formations are characterized by Type III kerogen. 

A kerogen classification diagram was constructed using the HI versus OI plot to determine 

kerogen type (Figure 27b). The result shows that the Kırkkavak samples generally plot in the 

Type II kerogen field, whereas the Haymana and Yeşilyurt samples plot in Type III kerogen 

field. Based on kerogen types, the Kırkkavak Formation can generate oil and gas, while the 

Haymana and Yeşilyurt formations do not have potential. 

     (a)                                                                          (b) 

                                                                            

Figure 27: Genetic types of organic matter of the Kırkkavak Formation and underlying 

Haymana, and Yeşilyurt formations (modified from Van Krevelen, 1961). 

TOC (wt %) 
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5.1.3 Generation Potential 

 The generation potential (GP) is sum of the S1 and S2 values. Hunt (1996) stated that GP 

< 2.2 represents poor generation potential, 2.2 < GP < 5.5 indicates fair, 5.5 < GP < 10 points 

good, and GP > 10 represents very good generation potential. The S1 + S2 versus TOC diagram 

(Figure 28a) shows generation potential of the Kırkkavak, Haymana, and Yeşilyurt formations. 

The diagram suggests that generation potential of the Kırkkavak Formation ranges from poor to 

very good. However, the Haymana and Yeşilyurt formations are considered as having poor 

source generation potential. The TOC versus HI diagram (Figure 28b) demonstrates that samples 

from the Kırkkavak Formation fall in the poor source barren, gas, and good oil fields of the plot, 

while the Haymana and Yeşilyurt formations range from being poor source barren to gas source 

rocks.    

(a)                                                                            (b) 

Figure 28: Generation potentials of the Kırkkavak Formation and underlying Haymana, and 

Yeşilyurt formations (adapted from Hunt, 1996). 

TOC (wt %) 
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5.1.4 Thermal Maturation 

 During thermal maturation, physical and chemical changes in organic matter occur to 

form hydrocarbons (Waples, 1985; El Nady and Hammad, 2015). The concentration and 

distribution of hydrocarbons depend on the type of organic matter and its degree of thermal 

alteration (Tissot and Welte, 1978; Langford and Blanc-Valleron, 1990; El Nady et al., 2015). 

The geochemical parameters such as Tmax and PI provide the thermal maturity level of source 

rocks (Hunt, 1996; Espitalie et al., 1985; El Nady et al., 2015). HI versus Tmax plot is used to 

determine the kerogen type and thermal maturity (Espitalie et al., 1985).  

 Figure 29a shows the kerogen type and maturity of the Kırkkavak, Haymana, and 

Yeşilyurt formations. Based on the HI-Tmax plot, the Kırkkavak Formation is generally in the 

immature and oil zones of Type II and III kerogens. Some of the samples are plotted in the gas 

zone with Type III kerogen. On the other hand, the Haymana and Yeşilyurt formations mostly 

plot in immature and oil zone of Type III kerogen. The plot of Tmax versus PI (Waples, 1985; 

Peters, 1986) shows the formations are mostly immature source rocks and some samples are in 

the inert carbon window (Figure 29b).    
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(a)                      (b) 

  

 The plot of S2/S3 versus TOC (Figure 30) shows the quality and type of the 

hydrocarbons produced from source rocks (Peters, 1986). It demonstrates that the samples of the 

Kırkkavak Formation are located in poor to good generation area. In addition, these samples fall 

in the non-zone for oil generation to oil generation fields of the plot. The samples of the 

Haymana and Yeşilyurt formations are mainly located in poor generation window except for two 

samples from the Haymana Formation that are located in fair generation area. However, none of 

them are able to generate oil or gas because their TOC and HI values are lower than limit values.     

Figure 29: Thermal maturations of the Kırkkavak Formation and underlying Haymana, and 

Yeşilyurt formations (adapted from Mukhopadhyay et al., 1995). 
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5.1.5 Determination of Organic Facies 

 Rock-eval pyrolysis determined values of HI, OI, and TOC are used to interpret organic 

facies (Fakhri et al., 2013). Jones (1987) asserted that organic facies reflect original biological 

input and preservation processes and presented a scheme to explain seven organic facies, A 

through D, which are represented by H/C values. Organic facies A usually represents an organic 

rich marine paleoenvironment and is mostly associated with carbonates. Organic facies AB is 

organic rich and is found in marine or lake environments, and it can be associated with both 

carbonates and shales. Organic facies B contains both marine and continental organic matter and 

the majority of world’s oil is associated with this facies. Organic facies BC is found in both 

marine and lacustrine paleoenvironments and is often deposited in fine-grained siliciclastics. 

Organic facies C is dominantly gas prone and terrestrial. Organic facies CD represents terrestrial 

organic matter. Organic facies D contains highly oxidized terrestrial organic matter and 

thermally post-mature components.   

Figure 30: The quality and type of hydrocarbons for the Kırkkavak Formation and underlying 

Haymana, and Yeşilyurt formations (adapted from Peters, 1986). 
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 The plot of HI versus OI (Figure 31) shows facies changes in the Kırkkavak, Haymana, 

and Yeşilyurt formations. The Kırkkavak Formation stays in a variable range from AB, B, BC, 

C, CD, and D organic facies areas. The reason for these changes is probably related to sea level 

fluctuations and associated sedimentary environment changes during deposition. The Kırkkavak 

Formation is interpreted to have been deposited in both marine and terrestrial paleoenvironmets 

in the study area. The Haymana and Yeşilyurt formations are located in C, CD, and D organic 

facies areas and were mostly deposited in terrestrial sedimentary environments.           

 

5.2 Gas Chromatography (GC) 

 Gas chromatography (GC) has been applied to sample 48 from the Kırkkavak Formation 

(Figure 32). This sample has a high TOC value of 1.85%. However, GC did not give any results 

to determine the depositional environment of the sample. This could be due to biodegradation, a 

process by which some organisms break down material into simple components. During this 

process, organic matter is dissolved into chemical elements by organisms and oil spills and oil 

Figure 31: Determination of organic facies of the Kırkkavak Formation and underlying 

Haymana, and Yeşilyurt formations (adapted from Jones, 1987). 
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seeps are destroyed. Biodegradation can result in severely altered gas chromatograms. In the 

earliest stages of biodegradation, n-alkanes are removed from samples selectively and this causes 

loss of significant information. Pr-Ph ratios could be affected in the early stages of 

biodegradation. These compounds are completely removed at moderate stages of biodegradation 

(Curiale, 1994). 

 

  

 

 

Figure 32: The gas chromatogram of n-alkanes of the sample 48. Gas chromatogram does not 

show any peak for n-alkanes because of biodegradation. 
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5.3 Gas Chromatography-Mass Spectrometry (GC-MS) 

  GC-MS is also applied to sample 48. Table 3 displays calculated parameters and Figure 33 

shows GC-MS fragmentograms of the sample 48. 

 

  

Terpane Parameters Sterane Parameters Aromatic Parameters 

C19 Tri/ C23 Tri  0.14 C27 ααα 20(S/R)  0.24 % C26 TAS  38.24 

C23 Tri/ C24 Tet  0.69 C28 ααα 20(S/R)  0.14 % C27 TAS  53.08 

C23 Tri/ C30 Hop  13.49 C29 ααα 20(S/R)  1.79 % C28 TAS  36.50 

C24 Tri/ C23 Tri  0.21 C29 20S/ 20(S+R)  0.30 MAS 29S/R  1.04 

C24Tet/ C23Tri+C24 Tet  0.18   TAS 28 S/R  10.40 

C24 Tet/ C30 Hop  0.23     

C29 Nor/ C30 Hop  1.63     

C32 22S/ 22(S+R)  1.23     

C35/C34  0.83     

Table 3: Calculated parameters of the sample 48 using GC-MS. 
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m/z 191 

m/z 217 

Figure 33: The gas chromatography-mass spectrometry graph of the sample 48. The predominant 

component in the terpanes chromatogram (m/z 191) is C29N indicating carbonate depositional 

environment. C29 dominance in steranes chromatogram (m/z 217) indicates higher plant and/or 

non-marine algal input. 
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 The m/z 191 fragmentogram and calculated parameters of the sample 48 demonstrate 

that; C29 Nor/C30 Hop (1.63) > 1 could indicate carbonate addition to the depositional 

environment, and C35/C34 (0.83) < 1 could refer to the existence of an oxic or suboxic 

depositional environment (Figure 34) during its deposition.    

 The m/z 217 fragmentogram and calculated parameters of the sample 48 demonstrate 

that; C29 dominance indicates terrestrial organic matter for the source rock, low rearranged 

sterans values demonstrate carbonate addition to depositional environment like m/z 191 

fragmentograms, and C29 20S/20(S+R) ratio refers early mature stage for the sample.   

 The GC and GC-MS analyses suggest that the sample 48 was deposited in an oxic or 

suboxic depositional environment and includes terrestrial organic matter in early mature stage 

with carbonate-added into the sedimentary environment. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 34: Depositional environment graph of the sample 48. The sample of the Kırkkavak 

Formation was deposited oxic or suboxic sedimentary environment. 
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5.4 Volumetric Calculation of Hydrocarbon Generated of the Kırkkavak Formation 

 Many researchers have discussed quantitative calculations of hydrocarbon generated in a 

basin. Hydrocarbon generated in the Paleocene Kırkkavak Formation of the Haymana Basin is 

evaluated based on the calculation method published by Schmoker (1994) using TOC values and 

rock-eval pyrolysis data of the formation obtained during this study.  

 Schmoker (1994) used the formula below: 

𝐇𝐂𝐠𝐞𝐧𝐞𝐫𝐚𝐭𝐞𝐝 = (𝐀 𝐱 𝐡 𝐱 𝛒𝐛𝐮𝐥𝐤) 𝐱 𝐓𝐎𝐂𝐚𝐯𝐠 𝐱 (𝐇𝐈𝐨𝐫𝐠 − 𝐇𝐈𝐩𝐝) 

Where the values of the source rock are, 

A = Areal extend  

h = Stratigraphic thickness  

qbulk = Bulk density  

TOCavg = Average Total Organic content  

HIpd = Present day Hydrogen Index value (rock-eval pyrolysis) 

HIorg = Original Hydrogen Index value      

 Based on the geochemical analyses (i.e., TOC, Tmax, HI, and OI values) of 19 samples 

(see Table 1 for samples between 47 and 70) collected in the middle part of the Kırkkavak 

Formation (72 to 135 m along the measured stratigraphic section) is considered to be a viable 

source rock unit. This part of the Kırkkavak Formation is 63 m thick along the measured section 

(Figure 10). Therefore, the average thickness of the unit within the Haymana Basin is assumed to 

be 60 m (60 x 102 cm). The areal extent of the unit is not easy to calculate in the absence of 

subsurface data. In a conservative estimate, the length of the area where the source rock is likely 

to be present in is considered as 20 km (20 x 105 cm) long and 12 km (12 x 105 cm) wide (Please 

see the area outlined on the geologic map in Figure 36). The average TOC value of 19 samples is 
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0.70 wt %, and the bulk density for shale is assumed to be 2.5 g/cm3. Note that TOCavg should be 

divided by 100 to convert from percent abundance to fractional abundance. Allen and Allen 

(2013) stated that 0.5% TOC is frequently taken as the minimum organic content for a shale 

source rock to be a viable source. Therefore, the middle part of the Kırkkavak Formation is a 

viable source rock. 

 The average present day hydrogen index (HIpd) value, obtained from rock-eval pyrolysis 

for 19 samples, is 115.2 mg HC/g TOC. The original hydrocarbon index (HIorg) value is 

determined by plot of S2 versus TOC by many researchers (e.g., El Nady, 2013; El Nady and 

Mohamed, 2013). Therefore, the slope of the S2 versus TOC (Figure 35) regression line is used 

to give original hydrogen index (HIorg) value for the middle part of the Kırkkavak Formation. 

The plot demonstrates the regression equation y = 4.7942x – 1.9727 (R2 = 0.7811). The slope of 

regression line indicates that the HIorg value is 480 mg HC/g TOC and the organic material has 

78% pyrolyzable hydrocarbons. The difference of HIorg and HIpd value shows the mass of 

hydrocarbon generated per gram TOC. Also, the result is multiplied by 10-6 to convert unit of 

mass from milligrams to kilograms.  
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 These values are applied to the formula of Schmoker (1994) for a conservative 

calculation of the amount of HC generated: 

HCgenerated = (A x h x ρbulk) x TOCavg x (HIorg − HIpd) 

HCgen= [(20 x 105 cm) x (12 x 105 cm) x (60 x 102 cm) x (2.5 g/cm3)] x (0.7 wt%/100) x 

(480 mg HC/g TOC - 115.2 mg HC/g TOC) x 10-6 kg/mg = 9.20 x 1010 kg HC 

             

9.20 x 1010 kg HC = 9.20 x 107 ton HC = 9.0 x 108 bbl of oil = 5.1 x 1012 ft3 of methane 

 This calculation suggests that the Kırkkavak Formation contains approximately 900 

Million barrels of oil or the equivalent. 

 In a more optimistic assumption of the areal extent of the Kırkkavak Formation, the 

length of the area covered by the formation in the subsurface is assumed 45 km (45 x 105 cm), 

Figure 35: S2 versus TOC plot obtained from pyrolysis analysis of 19 samples collected from 

middle part of the Kırkkavak Formation measured section (72 to 135 m). Please see the Figure 9 

for the location of the section and Figure 10 for detailed stratigraphy of the Kırkkavak 

Formation.  

 

TOC (wt %) 
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the width is assumed 15 km (15 x 105 cm), and the thickness is kept the same at 60 m (60 x 102 

cm) (Figure 36). These values are applied to the formula of Schmoker (1994) formula below: 

HCgenerated = (A x h x ρbulk) x TOCavg x (HIorg − HIpd) 

HCgen= [(45 x 105 cm) x (15 x 105 cm) x (60 x 102 cm) x (2.5 g/cm3)] x (0.7 wt%/100) x 

(480 mg HC/g TOC - 115.2 mg HC/g TOC) x 10-6 kg/mg = 2.59 x 1011 kg HC 

 

2.59 x 1011 kg HC = 2.59 x 108 ton HC = 2.0 x 109 bbl of oil = 1.12 x 1012 ft3 of methane 

 This calculation suggests that the Kırkkavak Formation contains approximately 2 Billion 

barrels of oil or the equivalent. 
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Haymana-Polatlı 

Area Geologic 

Map 

Figure 36: Generalized geologic map of the Haymana Basin (modified from Ünalan et al., 1976). The red rectangle shows the area (20 

km long and 12 km wide) for a conservative calculation and the black rectangle shows the area (45 km long and 15 km wide) for an 

optimistic calculation. The calculations give 900 Million-2 Billion barrels of oil or its equivalents, respectively.  
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6. DISCUSSION  

 

 For this study, source rock potential of the Paleocene Kırkkavak Formation was 

evaluated based on geochemical analyses of the samples that were systematically collected along 

a measured stratigraphic section of the formation (Figure 9). The samples were analyzed for 

TOC values and rock-eval pyrolysis analysis data and subjected to gas chromatography and gas 

chromatography-mass spectrometry. Using these data, source rock richness, organic matter 

(kerogen) type, generation potential, thermal maturation, and organic facies were determined.   

 Table 1 shows that TOC values of the Kırkkavak Formation are between 0.04 and 1.96 

wt % with an average of 0.58 wt %. These values indicate that organic richness of the formation 

ranges from poor to good. However, the middle part of the section (between 72 and 135 m in 

Figure 24) contains higher TOC values with the average value of 0.70%. This value is higher 

than the 0.5% threshold value for a viable shale source rock (Allen and Allen, 2013). For this 

reason, the middle section of the formation is considered as a potential source rock. Also, the 

plot of S1 versus TOC (Figure 26) indicates that hydrocarbons have been generated within the 

Kırkkavak Formation.  

 The plots of TOC versus S2 (Figure 27a) and OI versus HI (Figure 27b) show that the 

Kırkkavak Formation is characterized by mostly Type II and III kerogen indicating that the 

formation is capable of producing oil and gas. Figure 37a and 37b show S2 versus TOC and HI 

versus OI plots, respectively, for the middle part of the measured section. These graphs also 
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suggest that the middle part of the Kırkkavak Formation is under Type II and III kerogen area, 

and likely to produce mostly oil and little gas.      

        (a)                (b) 

 

 The plots of S1+S2 versus TOC (Figure 28a) and HI versus TOC (Figure 28b) suggest 

that generation potential of the Kırkkavak Formation ranges from poor to very good. The plots 

also suggest that the formation has potential to generate gas and oil. Figure 38a and 38b show 4 

samples from the middle part have very good source rock potential, and can generate oil. In order 

to examine the thermal maturation of the Kırkkavak Formation, the plot of HI versus Tmax 

(Figure 29a) is constructed. The plot indicates that the Kırkkavak Formation values range from 

immature to oil zone of Type II and III kerogens. The PI versus Tmax plot (Figure 29b) also 

indicates that the Kırkkavak Formation is mostly immature. Figure 39a shows the HI versus 

Tmax plot for middle part of the Kırkkavak Formation. In this plot, there are samples in the 

border of the Type III kerogen from immature to oil zone and there is one sample in the Type II 

TOC (wt %) 

Figure 37: Genetic types of organic matter of the middle part from 72 to 135 meters along 

the measured section in Figure 9 (modified from Van Krevelen, 1961). 
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oil zone while other samples are in the immature zone. The Tmax versus PI plot (Figure 39b) of 

the middle part of the Kırkkavak Formation indicates that most samples are in immature zone. 

 The plot of S2/S3 versus TOC (Figure 30) shows that the Kırkkavak Formation is located 

in poor to good hydrocarbon generation area and non to oil generation area. Figure 40 shows the 

plot of S2/S3 versus TOC for the samples from the middle part of the Kırkkavak Formation. In 

this plot 4 samples are characterized by good oil generation. The plot of HI versus OI (Figure 31) 

indicates that the Kırkkavak Formation was deposited in both marine and terrestrial sedimentary 

environments. Figure 41 shows the plot of HI versus OI for the middle part of the Kırkkavak 

Formation. The plot indicates that the middle part of the formation was also deposited both 

marine and terrestrial sedimentary depositional environments. The middle part also contains 4 

samples that were deposited in marine depositional environment. 

 

  

        (a)        (b) 

Figure 38: Generation potentials of the middle part of the measured section (adapted from Hunt, 

1996). 
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   (a)                (b) 

 

Figure 39: Thermal maturations of the middle part of the measured section (adapted from 

Mukhopadhyay et al., 1995). 
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For detailed geochemical analysis, gas chromatography and gas chromatography-mass 

spectrometry were carried out for sample 48 of the Kırkkavak Formation. The GC-MS graphs 

show that the Kırkkavak Formation was deposited in an oxic or suboxic depositional 

environment with carbonate addition. However, this sample did not give good results due to 

biodegradation. More samples without the biodegradation should be analyzed to get better results 

for the nature of the sedimentary depositional environments of the Kırkkavak Formation. The 

middle part, which is most likely to be a potential source rock, should be examined carefully. 

Figure 41: Determination of organic facies of the 

middle part of the measured section (adapted from 

Jones, 1987). 

 

Figure 40: The quality and type of hydrocarbons of 

the middle part of the measured section (adapted 

from Peters, 1986). 
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 For this study, hydrocarbon evaluation of the Kırkkavak Formation was conducted by 

using rock-eval pyrolysis, TOC content, and mineralogical analysis. TOC contents of the 

Kırkkavak Formation range from 0.04 to 1.96% (Table 1). Present-day HI values vary from 0 to 

604 mg HC/g TOC with mostly Type II and III kerogens. The thickness of the Kırkkavak 

Formation in the study area is 363 m, and it is overlain by a 350 m thick sandstone unit (the 

Ilgınlıkdere Formation) (Ünalan et al., 1976). The Kırkkavak Formation may be compared to the 

Late Cretaceous Steele Shale and the Niobrara Formation, two unconventional reservoirs in the 

Great Green River Basin, in Wyoming, Colorado, and Utah. TOC content and present-day 

hydrogen index for the Steele Shale and Niobrara Formation range from 1.0 to 4.0% and 50 to 

220 mg HC/g TOC, respectively (Gentzis, 2016). Based on this quick comparison, the Kırkkavak 

Formation may be considered as an unconventional reservoir similar to the Steele Shale and the 

Niobrara Formation.    

 For the evaluation of a petroleum system, volumetric calculation of hydrocarbon 

generated is a significant step (El Nady, 2013). Total organic carbon values and rock-eval data 

were used to determine hydrocarbon generated (HCgen) of the Kırkkavak Formation. To calculate 

HCgen, Schmoker’s (1994) method is employed. The method of Schmoker (1994) provides 

minimum results of hydrocarbon generated from source rocks in a petroleum system. For 

volumetric calculation of the Kırkkavak Formation, the middle part of the measured section 

(Figure 10) was selected because this part shows good source rock potential with acceptable 

TOC, Tmax, and HI values. An optimistic calculation for hydrocarbon generated gives 2.0 x 109 

bbl (2 Billion) of oil or its equivalent. A large area was used because the Kırkkavak Formation is 

likely to be present in the subsurface in the area (Figure 36). In a conservative calculation, this 

value was found to be 9.0 x 108 bbl (900 Million) of oil or its equivalent. As a results of these 
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calculations, the Kırkkavak Formation can be a conventional source rock. However, to date, no 

trap, seal, or good reservoir have been discovered in the Haymana Basin. For this reason, the 

Kırkkavak Formation may be considered as an unconventional reservoir. 

 For conventional oil and natural gas exploration, determining migration of the 

hydrocarbons is an essential step because the existence of petroleum accumulations require 

migration (Demaison and Huizinga, 1994) and faults and fractures are often effective conduits 

for migration of hydrocarbon. There are two main tectonic features that border the Haymana 

Basin and these are the Dereköy thrust and the Yeniceoba strike-slip fault zone. Also, some 

small thrust faults were observed in measured section of the Kırkkavak Formation (Figure 9). 

These contractional structures might have affected the migration of hydrocarbons in the 

Kırkkavak Formation. Presently, there is no available data to understand the migration pathway 

of hydrocarbons in the study area.  

 In the Haymana Basin, there is only one wildcat well, the Eskipolatlı1 Well, drilled in 

1976. This well is located to the NW part of the study area. Also, there are four seismic profiles 

near the well. To better understand the source rock potential of the Kırkkavak Formation in the 

Haymana Basin, additional well data or seismic reflection surveys would be helpful. Although 

the Kırkkavak Formation is mostly an immature source rock along the measured section in the 

study area, it might be mature in the subsurface beneath the Dereköy Ophiolites to the north of 

the study area, therefore, this area should be studied in detail.   
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7. CONCLUSIONS 

 

 In this study, the Paleocene Kırkkavak Formation has been assessed for its hydrocarbon 

source potential in the Haymana Basin. The major conclusions of this study are summarized 

below:  

 A well-exposed surface outcrop of the Kırkkavak Formation in the study area was 

measured in detail and systematically sampled. Geochemical analyses from these samples 

indicate that the formation contains mostly Type II and Type III kerogen with an average 

TOC value of 0.58 wt %. These results indicate that the Kırkkavak Formation may have 

generated oil and/or natural gas. The middle 63 meter thick section of the formation, 

however, has an average TOC value of 0.70 wt %. This high TOC value and other 

geochemical data such as Tmax, HI, and OI suggest that the middle part of the formation 

may be a good source rock. 

 Although a few samples from the middle part of the Kırkkavak Formation plot in the 

mature oil zone in the thermal maturity diagrams, within the Haymana Basin, the 

formation is mostly thermally immature. This may be due to shallow burial and the lack 

of overburden rock pressure within the study area. However, overburden pressure to 

achieve thermal maturity may have been reached in the subsurface.
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 GC and GC-MS analyses indicate that the Kırkkavak Formation was deposited in an oxic 

or suboxic depositional environment. The formation contains both marine and terrestrial 

organic matter in early mature stage with carbonate-addition. However, one sample is not 

enough to represent depositional environment for the Kırkkavak Formation. More 

samples from the formation should be analyzed with GC and GC-MS.   

 Heavy minerals, such as hematite and limonite, and iron alterations were observed during 

petrographic thin-section analysis. These alterations and minerals indicate the existence 

of hydrocarbons in the Kırkkavak Formation and suggest that the formation is capable of 

generating hydrocarbons. This is also evidenced by the observation of live oil seeps along 

the measured section during this study.  

 The presence of Gastropods, coral, foraminifera, red algae, pelagic foraminifera, 

Bivalves, and benthic foraminifera in thin-sections indicate marine sedimentary 

depositional environments potentially conducive to the accumulation of hydrocarbon in 

the study area.  

 Volumetric calculation of hydrocarbon generated in the middle part of the Kırkkavak 

Formation indicates that the formation is capable of generating a considerable amount of 

hydrocarbon as a source rock. Using Schmoker’s (1994) method, volumetric calculation 

of hydrocarbons generated are estimated as 9.0 x 108 bbl of oil or its equivalents in a 

conservative estimate and 2.0 x 109 bbl of oil its equivalents in a more optimistic 

estimate. The real amounts of HCgen of the Kırkkavak Formation are probably higher 

than these values. Because the Kırkkavak Formation may extend in the Haymana Basin 

and the Schmoker formula gives the minimum amount of HCgen.   
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 In the Haymana Basin, good reservoir and seal rocks have not been identified. Therefore, 

the Kırkkavak Formation may be considered as an unconventional reservoir. 

 Geological and geochemical research conducted during this study suggest that the 

Kırkkavak Formation may be a fair-good source rock. However, more data needed before 

deciding that the formation is a good-very good source rock. This may be accomplished with 

more geochemical analysis from the formation exposed in several other locations in the 

Haymana Basin.    
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