
 

 

SEDIMENTOLOGY, CYCLOSTRATIGRAPHY, SEQUENCE STRATIGRAPHY 

AND GEOCHEMISTRY OF THE MIDDLE EOCENE LACUSTRINE-MARINE 

OIL-SHALES TRANSITION, MUDURNU-GÖYNÜK BASIN, NW ANATOLIA, 

TURKEY. 

 

 

 

A THESIS SUBMITTED TO 

THE GRADUATE SCHOOL OF NATURAL AND APPLIED SCIENCES 

OF 

MIDDLE EAST TECHNICAL UNIVERSITY 

 

 

 

 

BY 

 BAKHT ZAMIR  AFRIDI 

 

 

 

IN PARTIAL FULFILLMENT OF THE REQUIREMENTS 

FOR 

THE DEGREE OF DOCTOR OF PHILOSOPHY 

IN 

GEOLOGICAL ENGINEERING 

 

 

 

 

MAY 2019





 

 

Approval of the thesis: 

 

SEDIMENTOLOGY, CYCLO STRATIGRAPHY, SEQUENCE 

STRATIGRAPHY AND GEO CHEMISTRY OF THE MID DLE EOCENE 

LACUSTRINE -MARINE OI L-SHALES TRANSITION, MUDURN U-

GÖYNÜK BASIN, NW ANA TOLIA, TURKEY.  

 

 

submitted by BAKHT ZAMIR  AFRIDI  in partial fulfillment of the requirements for 

the degree of Doctor of Philosophy in Geological Engineering Department, 

Middle East Technical University by, 

 

Prof. Dr. Halil Kalēp­ēlar 

Dean, Graduate School of Natural and Applied Sciences 

 

 

Prof. Dr. Erdin Bozkurt 

Head of Department, Geological Engineering 

 

 

Prof. Dr. Ķsmail ¥mer Yēlmaz 

Supervisor, Geological Engineering, METU  

 

 

 

 

Examining Committee Members: 

 

Prof. Dr. Sevin­ ¥zkan Altēner 

Geological Engineering, METU 

 

 

Prof. Dr. Ķsmail ¥mer Yēlmaz 

Geological Engineering, METU 

 

 

Prof. Dr. Cemal Tunoĵlu 

Geological Engineering, Hacettepe University  

 

 

Assoc. Prof. Dr. Erman ¥zsayēn 

Geological Engineering, Hacettepe University 

 

 

Assoc. Prof. Dr. Kaan Sayēt 

Geological Engineering, METU 

 

 

Date: 28.05.2019 

 



 

 

 

iv 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

I hereby declare that all information in this document has been obtained and 

presented in accordance with academic rules and ethical conduct. I also declare 

that, as required by these rules and conduct, I have fully cited and referenced all 

material and results that are not original to this work. 

 

 

Name, Surname:  

 

Signature: 

 

 BAKHT ZAMIR  AFRIDI 

 



 

 

 

v 

 

ABSTRACT 

 

SEDIMENTOLOGY, CYCLOSTRATIGRAPHY, S EQUENCE 

STRATIGRAPHY AND GEO CHEMISTRY OF THE MID DLE EOCENE 

LACUSTRINE -MARINE OI L-SHALES TRANSITION,  MUDURNU-

GÖYNÜK BASIN, NW ANA TOLIA, TURKEY.  

 

AFRIDI, BAKHT ZAMIR  

Doctor of Philosophy, Geological Engineering 

Supervisor: Prof. Dr. Ķsmail ¥mer Yēlmaz 

 

May 2019, 435 pages 

 

Continuous studied successions of the Middle Eocene, Mudurnu-Göynük basin, in the 

NW Anatolia indicate a transition from marine-influence lacustrine to marine 

environment due to the relative rise in sea-level, which was separated by barrier 

deposits. Different lithofacies are identified in the studied sections, including 

limestone, marl, oil-shale, calcareous sandstone, conglomeratic and bio-calcirudite. 

Number of fossil assemblages are recorded including ostracods, charophyte 

gyrogonites, gastropods, bivalve and benthic foraminifera, rare fish-teeth-scale, 

echinoderms, algal filamentous and plant fragments. The recorded ostracod interprets 

Oligo-Mesohaline lacustrine environment, which is overlain by marine environment. 

Based on the detailed facies analysis, the depositional environment is characterized as 

relatively marginal to deep lacustrine- marine deposits, floodplain to paralic-marine 

deposits, from south to north. The lacustrine deposits indicate balanced-fill type lake 

setting within the regime in foreland setting in relation to Ķzmir-Ankara suture. The 

centimeter-meter scale order cycles show symmetrical to asymmetrical transgressive-

regressive cycles, which is due to repetitive change in the water-depth and/or 

fluctuating sediments influx. The cm-m scale cycles correspond to Milankovitch 

obliquity band and indicate climatic control linked with the earth`s orbital forces and 
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local tectonics. In the sequence framework, the successions indicate marine 

transgression onto lacustrine environment in the region. The studied sections indicate 

a change from TST to HST in lacustrine-marine deposits. Lacustrine and Marine oil-

shales in the studied area are interpreted that they have a possible source rock potential 

in the central and north, and in the south of the basin. 

 

Keywords: Middle Eocene, Facies Analysis, Lacustrine to Marine environment, 

Cyclostratigraphy, Sequence Stratigraphy, Geochemistry, Mudurnu-Göynük Basin  

 



 

 

 

vii  

 

ÖZ 

 

ORTA EOSEN GÖLSEL-DENĶZEL BĶT¦ML¦ ķEYLLERĶN GE¢ĶķĶNĶN 

SEDĶMENTOLOJĶSĶ, DEVĶRSEL STRATĶGRAFĶSĶ, SEKANS 

STRATĶGRAFĶSĶ VE JEOKĶMYASI, MUDURNU-GÖYNÜK HAVZASI, KB 

ANADOLU, T¦RKĶYE. 

 

AFRIDI, BAKHT ZAMIR  

Doktora, Jeoloji M¿hendisliĵi 

Tez Danēĸmanē: Prof. Dr. Ķsmail ¥mer Yēlmaz 

 

Mayēs 2019, 435 sayfa 

 

Mudurnu-Gºyn¿k baseninde, Kuzeybatē Anadolu bºlgesi, Orta Eosen yaĸlē ­alēĸēlan 

gºlsel istifler gºlsel ortamdan denizel ­ºkelim ortamēna ge­iĸ gºstermektedir. Deniz 

seviyesi deĵiĸimleri ile etkili olduĵu d¿ĸ¿n¿len bu ge­iĸ bariyer kompleksi ile 

ayrēlmēĸtēr. ¢alēĸma alanēnda incelenen kesitlerde kire­taĸē, marn, bit¿ml¿-ĸeyl, 

kalkerli kumtaĸē, konglomera ve biyo-kalsir¿dit i­eren farklē lithofasiyesler 

tanēmlandē. ¢alēĸēlan istifte ostrakod, karofit, bivalv, bentik foraminifer, nadir balēk 

diĸi, ekinoderm, alg lifleri ve bitki par­alarē dahil olmak ¿zere bir­ok fosil grubu tespit 

edilmiĸtir. Ķstif i­erisinde tanēmlanan ostrakodlar orta tuzlu gºlsel ortamēna ait 

birimlerin ¿zerine denizel ortam birimlerinin geldiĵini gºsterir. Detaylē fasiyes 

analizlerine gºre, birimin kuzeyden g¿neye doĵru gºl kenarēndan derin gºlsel, taĸkēn 

ovasēndan paralik denizel ­ºkelim ortamlarēnda ­ºkeldiĵi belirlenmiĸtir. Gºlsel 

­ºkeller Ķzmir-Ankara kenet ºn ¿lke kuĸaĵēnda dolgu tipi gºlsel ­ºkel ortamēnē iĸaret 

etmektedir. Santimetre ï metre skalasēndaki transgresif ï regresif birimler deĵiĸken 

deniz seviyesini ve/veya deĵiĸken sediman geliĸini/birikimini  göstermektedir. 

Santimetre-metre skalasēndaki devirsel dºng¿ler Milankovitch yºr¿ngesel eĵikliĵe 

karĸēlēk gelmekte olup, d¿nya dºn¿ĸ hareketi ve yerel tektonik aktivite ile ilintilidir. 

Sekansiyel bakēĸ a­ēsē ile ­alēĸēlan gºlsel birimlerin ¿zerine trangresif denizel 
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­ºkellerin geldiĵi gºzlemlenmiĸtir. ¢alēĸēlan gºlsel-denizel birim içeriside TST den 

HST e ge­iĸ gºzlemlenmiĸtir. ¢alēĸēlan gºlsel-denizel bit¿ml¿ ĸeyller basenin 

merkezinde, kuzeyinde ve g¿neyinde kaynak kaya ºzelliĵini gºsterebilme potansiyeli 

vardēr. 

 

Anahtar Kelimeler: Orta Eosen, Fasiyes Analizi, Gölsel-Denizel ¢ºkelim Ortamē, 

Devirsel Stratigrafisi, Sekans Stratigrafisi, Jeokimya, Mudurnu-Gºyn¿k Havzasē 
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CHAPTER 1  

 

1. INTRODUCTION  

 

1.1. Introduction  

Several lacustrine basins have been documented from central and western Anatolia 

during the Paleocene to Upper Miocene. Some of the lacustrine basins are important 

resources of oil -shale and coal (ķener, et al., 1995; ķener and Gºndoĵdu, 1996). The 

Paleocene-Eocene and Middle-Upper Miocene age strata are generally well 

documented for oil -shale in Turkey. The oil -shale deposits are reported from the 

Seyitömer-K¿tahya, Beypazarē-Ankara, Himmetoĵlu, Bolu and Hatēldaĵ-Bolu, 

Mengen-Bolu regions (ķener & ķeng¿ler, 1998). The Paleocene-Eocene oil -shales 

deposits of Turkey are early to intermediate maturity in general (Sarē and Sonel, 2000; 

Sonel et al., 1987a, 1987b; Sarē et al., 2007). 

Oil-Shale is defined as the kerogen-rich sediments, which is one of the most important 

energy alternatives. These deposits are in enormous quantity and widely distributed 

around the world which makes them one of promising option as an oil source and solid 

fuel supplement. Lithologically, the term ñOil-Shaleò is not only restricted to shales. 

It also includes marl and carbonate lithofacies, which forms a mixture of tightly bound 

organic and inorganic materials. Simply, oil-shale can be defined as tightly-bound 

organic and inorganic composites (Figure 1.1). 1:4 ratio of organic to inorganic are 

rarely exceeding (Yen and Chilingarian, 1976; Cestari, 2015). Generally, the mineral 

composition of carbonate-rich oil-shales comprise of calcite, dolomite and siderite 

with lesser amount of aluminosilicates. In silicate-rich oil-shales, the oil-shales are 

dominated by quartz, feldspar and clay mineral and lesser components of carbonates 

(Yen and Chilingarian, 1976; ķeng¿ler, 1999 and Altun et al., 2006; Dyni, 2006). The 

other minerals in the oil-shales are sulfide minerals such as pyrite and marcasite but 
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in small quantity and indicates that facies deposited in dysoxic to anoxic conditions 

(Figure 1.1). The nature and organic materials extent mostly depend on the 

depositional environment and host rock character. In the oil-shales, organic matter is 

predominantly composed of kerogen, with also some existence of bitumen and/or 

prebitumen (Altun et al., 2006). 

 

 
Figure 1.1. General scheme of the oil -shale components (Yen and Chilingarian, 1976). 

 

The oil-shales are different in many ways from coal in terms of mineral and elemental 

contents. The large amount of inert minerals (60 to 90 %) is present in the oil-shales, 

while coal contains less than 40 % mineral matters. The higher content of hydrogen 

and lower content of oxygen are observed in organic matter of oil -shales, which is the 

source of typically liquid and gaseous hydrocarbon. These contents are lesser than 

those of lignite and bitumen coal. The origin of organic matter in oil-shales are of algal 

source with presences of some vascular land plants remains, which predominantly 

occurs in the coal organic matter. Sometime, the origin of organic matter in oil-shales 

are difficult to characterize because of the lack of biological structures as biological 

structures are helpful in the identification of precursor organisms. Such material may 

be of bacterial origin or product of bacterial degradation of algae or other organic 
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matter. Most of the organic matter in oil-shales are derived from various types of 

marine and lacustrine algae (Dyni, 2006). 

Recently, many different types of oil-shale have been classified on the basis of the 

depositional environment, the petrographic character of the organic matter, and the 

precursor organisms from which the organic matter was derived. In 1991, Hutton 

divided the organic-rich sedimentary rocks into three major groups, which are humic 

coal and carbonaceous shale, bitumen-impregnated rock, and oil-shale. Hutton (1987, 

1991) further classified the oil-shale into three groups on the basis their environment 

of deposition, such as terrestrial, lacustrine, and marine (Figure 1.2). 

Oil-shales are found in both fresh water and marine settings, i.e large fresh-water to 

saline lacustrine, continental platforms and continental shelves, epicontinental marine 

basins, and related subtidal shelves as well as shallow ponds or lakes associated with 

coal-forming peat in limnic and coastal swamp depositional environments. Organic 

matter in oil-shales is mostly hosted by various types of marine and lacustrine algae, 

with some debris from spores, pollen, plant cuticle, corky fragments of herbaceous 

and woody plants, plant resins, and plant waxes, and other cellular remains of 

lacustrine, marine, and land plants (Dyni, 2003, 2006; Scouten, 1990), depending on 

the depositional environment and sediment sources (Figure 1.3). 

 

 
Figure 1.2. Classification of oil-shales from Hutton (1987, 1991). 
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1.2. Oil -shales in the World and Turkey 

Recently, oil-shales are one of the substantial and focusing unconventional fossil 

resource in the world, which can be converted into liquid hydrocarbons via different 

processes. Oil-shales have been deposited across the globe in variety of lacustrine and 

marine setting. Oil-shales are recorded from Pre-Cambrian to Tertiary age and occur 

as giant deposits or minor accumulation of little or no economic values.  As a need for 

the alternative energy and worldwide distribution, these deposits have received much 

attention in recent years. Within this scope, the unconventional oil exploration takes 

important place in the agenda of big countries such as the USA and China. Turkey has 

also accelerated investigations in the unconventional oil exploration. Although oil-

shales exist in the form of extensive deposits in many countries, in the USA, Estonia, 

China, Jordan, Australia, Canada, Israel and Brazil have been very important over the 

past hundred years. The Eocene age Oil-shale extends mainly over Piceance Creck 

basin (Colorado), Uinta basin (Utah), Green River basin, Washakie basins (Wyoming) 

and Middle Western Anatolian Turkey (Altun et al., 2006; Dyni, 2006 and Zeng et al., 

2015).  

 

 
Figure 1.3. Oil -shale classification based on maceral composition and environment of deposition 

(after Hutton et al., 1980; Hutton, 1982). 
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After lignite coal, oil -shale includes the second largest potential fossil fuel in Turkey. 

These oil -shales are documented from Paleocene to late Miocene age and their main 

resources are located in the middle and western regions of Anatolia (Figure 1.4; Altun 

et al., 2006). The general lithologies of the organic rich sedimentary rocks are marl, 

clay and carbonates. The main potential resources of oil -shale deposits in Turkey are 

in Beypazarē (Ankara), Seyitºmer (K¿tahya), Himmetoĵlu (Bolu) and Hatildaĵ (Bolu) 

which are of major importance in terms of quality, amount and exploitability (Tables 

1.1, 1.2). Other reported potentially important resources are in Mengen (Bolu), 

Ulukēĸla (Niĵde), Bah­ecik (Ķzmit), Burhaniye (Balēkesir), Beydili (Ankara), Dodurga 

(Çorum) and Demirci (Manisa), Saricakaya and Celtik (Table 1.1; Altun et al., 2006). 

The geological studies and oil possibilities of the area between Gºyn¿k, Nallēhan and 

Beypazarē have been studied by several workers (Stepinsky, 1940; Akarsu, 1974; 

Granit and ķener, 1987; Sonel et al., 1987a, 1987b; ķeker and Kesgin, 1991; Sarē and 

Sonel, 2000; Sarē et al., 2004a, b; Sarē et al., 2007). 

 

 
Figure 1.4. Main oil -shale reserves in Turkey (ķeng¿ler, 2001). 
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Table 1.1. Main oil -shale reserves in Turkey (Altun et al., 2006). 

Name of the deposit 
Geological reserve 

(x106 tones) 

Possible reserve 

(x106 tones) 

Total reserve 

(x106 tones) 

Beypazarē 327.68 ï 327.68 

Seyitömer 83.32 38.85 122.17 

Himmetoĵlu 65.97 ï 65.97 

Hatēldaĵ 78.37 389.20 467.57 

Mengen ï 50.00 50.00 

Ulukēĸla ï 130.00 130.00 

Bahçecik ï 42.00 42.00 

Burhaniye ï 15.60 15.60 

Beydili ï 300.00 300.00 

Dodurga ï 138.00 138.00 

Demirci ï 172.00 172.00 

Sarēcakaya ï 300.00 300.00 

Çelti k ï 90.00 90.00 

TOTAL  555.34 1665.65 2220.99 

 

Table 1.2. Characteristics of the major oil -shale deposits in Turkey (EGOS, on average basis) (Akkuĸ 

et al., 1982 and Altun et al., 2006). 

Deposit 

Upper  

calor ific 

value, 

kcal/kg 

Total organic 

carbon, % 
Oil content, % Oil content, I  

Total 

sulphur, 

% 

Beypazarē 812.07 4.8 5.4 60.0 1.4 

Seyitömer 847.90 6.9 5.0 54.3 0.9 

Himmetoĵlu 4991.88 30.9 43.0 482.0 2.5 

Hatēldaĵ 773.86 5.6 5.3 58.0 1.3 

 

In this study, the research area related to the Middle Eocene oil -shales is lying in the 

Mudurnu-Göynük basin, in the Bolu province, Turkey. The Eocene formations with 

oil -shales units are well exposed in Mudurnu-Göynük basin, i.e. Yunuslar Formation, 

Güvenç Formation, Gemiciköy Formation, Kabalar Formation, Çaycuma Formation, 

Kēzēl­ay Formation, Kislakoy Formation, Calatepe Formation, Halidiye Formation 

(Saner, 1978b; Meri­and ķeng¿ler, 1986) and Hacili Formation (Gedik and Aksay, 

2002). In previous studies, these are identified as oil -shales of lacustrine and marine 

transitional depositional units.  The Eocene oil host rocks are settled in high sulfurous, 

anoxic condition, which occurs due to high organic productivity developing in the 

basin and lead to high accumulation of dead organism at the bottom (Sarē et al., 2015).  
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1.3. Aim and Scope 

In this study, the detailed work on the middle Eocene marine-influenced lacustrine 

deposits in the Mudurnu-Göynük Basin will be reviewed in terms of sedimentology, 

cyclostratigraphy, sequence stratigraphic relationships and geochemical studies. It is 

also intended to interpret the basin correlation, lateral distribution, change in the 

depositional environment and source rock character in the studied sections. One of the 

main objectives of this study is to identify the lateral continuity of oil -shale within the 

basin, marine influence in the lacustrine system and transgression to marine 

transitional environment in the regime during Middle Eocene. The Eocene successions 

are particularly important and likely favorable for the oil -shale deposits in the studied 

region. Therefore, more recent aspects of sedimentology, cyclostratigraphy and 

sequence stratigraphy are applied to study marine influence in the lacustrine setting 

and overlying marine environment, architecture and structure of sedimentary packages 

and their organic-rich character within the basin. Another objective is to understand 

the process controlling their evolution in the basin and modelling with the best 

correlation of the studied sections by employing this methodology. In addition, this 

study incorporates to document the vertical and lateral variation in the facies and facies 

recognition in the Mudurnu-Göynük Basin. This research also intended to study the 

nature and origin of cyclic succession in the Middle Eocene in order to determine the 

factors involved in Milankovitch climatic signals changing responses in the Eocene 

sedimentary record in the studied area. These interpretations will show the generation 

of oil -shale cycles in lacustrine in response of the orbital mode and tectonic forces in 

the continental to marginal marine setting. Finally, possible depositional setting 

model, relative sea-level/water level curve, vertical and lateral distribution of the 

Middle Eocene oil -shale deposits in the basin will be interpreted based on 

sedimentology, cyclostratigraphy, sequence stratigraphy and geochemical analysis. 

The interpreted data will be useful for future oil -shale exploration in the studied 

region. 
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1.4. Geographic and Geological Setting 

The geographic coordinates of the Middle Eocene studied sections are present in Bolu 

province, in the Northwestern Anatolia of Turkey, and geologically in the Mudurnu-

Göynük Basin (Figures 1.5). The studied sections were measured near the Daĵhacēlar 

village, Hasanlar village (east of the Daĵhacēlar village), Kºs¿re village (southwest of 

the Daĵhacēlar village), in the vicinity of Karahisar village (southeast of the 

Daĵhacēlar village) and S¿nnet village (north of the Daĵhacēlar village) as shown in 

the figure 1.5. In the geological map of Turkey, the Daĵhacēlar section, Hasanlar 

section, Kºs¿re section, and S¿nnet section are positioning in the Adapazarē H25, 

1:100000 scaled topographic map (Gedik and Aksay, 2002).  The Karahisar section 

lays in the Adapazarē H26, 1:100000 scaled topographic map (Timur and Aksay, 

2002). Geographically, Mudurnu-Göynük Basin are lying between the Istanbul in the 

north and Ankara in the southeast. Geologically, the Intra-Pontide suture zone is 

present in the north and Ķzmir-Ankara-Erzincan suture zone in the south of the studied 

sections. The development of these sutures was occurred as result of closing of the 

Neo-Tethyan ocean during the Eocene period (Ko­yiĵit et al., 1991; Figures 1.6; 1.9). 

1.5. Methodology 

Oil -shales are experiential in a diverse range of sedimentary environment such as 

marine, fluvial and lacustrine settings (Demaison and Moore, 1980; Katz, 1990). In 

worldwide, oil -shale bearing lacustrine and marine deposits represent promising 

proportion of hydrocarbon resources. Organic rich bearing shale of lacustrine 

environment is almost entirely composed of algal remains. In a lacustrine setting, there 

is high frequency fluctuation in lake level and sediment invasion which gives a 

characteristic cyclic sequence of newly deposited organic matter and/or other 

lithology (Ocakoĵlu et al., 2012).  

In the field studies, five stratigraphic sections are measured in the well exposed 

Middle-Eocene sedimentary sequence in the Mudurnu-Göynük basin and named as 

Daĵhacēlar, Hasanlar, Kºs¿re, Karahisar and S¿nnet sections. The measured  
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Figure 1.5. Representing the studied area (Studied measured section shown by yellow pin). 

 

 
Figure 1.6. Showing regional tectonic of the Turkey and adjacent areas (modified from Okay and 

Tüysüz, 1999). (Red Arrow-North). 
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thicknesses of the studied stratigraphic sections are 159.50m, 25.20m, 81.80m, 

71.80m and 69.30m, respectively. A total of 76, 21, 49, 29 and 36 orientated and 

unorientated samples are collected in the field from the Daĵhacēlar, Hasanlar, Kºs¿re, 

Karahisar and Sünnet sections, respectively. The samples are collected at random 

interval and their collection is based on change in biofacies, variation in lithofacies, 

sedimentary structures and change in color. The stratigraphic log is drawn on the 

notebook along with description of field observation and observed sedimentary 

features. In the field, the rock colors are described by using colour codes of the 

geological rock color chart of Geological Society of USA (GSA), 2009. 

In the laboratory studies, the collected samples are separated for further detailed 

analyses such as microscopic studies, sedimentology, geochemical analysis, 

microfossils observation and source rock potential. The thin sections for detailed 

studies of the selected samples are prepared in the rock cutting lab at METU and then 

studied under the polarized microscope. The microscopic studies of the samples led to 

defining and recognizing the microfacies, their composition and depositional setting 

interpretation in the studied regime. The identified mineralogical compositions of the 

studied samples are classified by using different classification models, depending on 

the types of the rock unit, such as Diaz et al. (2012) mudstone classification, Allix`s 

et al. (2010) shale classification and Stow`s (2005) classification for shale, mudstone 

and marl, Embry and Klovan`s classification (1971) and Folk`s (1962) classification 

for limestone, Folk`s (1974) and Pettijohn et al. (1987) triangular classifications for 

sandstone and Folk`s (1965) texture classification of fine sedimentary rocks. In this 

study, calcirudite lithofacies is recorded in the Sünnet section. Therefore, the Embry 

and Klovan`s classification (1971) is preferred over the Dunhamôs limestone 

classification (1962). The study is then followed by cyclostratigraphic analyses and 

sequence stratigraphy studies, which are interpreted by field studies and by using 

microscopic observation and geochemical analyses. 

A number of chemical methods and techniques were explained in the previous 

literatures to extract microfossils from the sedimentary rocks. The selected chemical 



 

 

 

11 

 

method and technique for the extraction of microfossils from samples depend on the 

lithofacies chemical composition and hardness. During this study, 50% diluted acetic 

acid (CH3COOH) and 15% diluted Hydrogen peroxide (H2O2) chemical solvents are 

used to the extract desire fossils from selected samples, which are soaked for a 

duration of 10 minutes to 30 minutes, depending on the hardness of the lithofacies. 

The diluted CH3COOH and diluted H2O2 methods are used by a number of researchers 

to extract the different types of microfossils from the lithofacies (Lirer, 2000; Petrizzo, 

2000; Luciani, 2002; Esmeray, 2006; ķafak et al., 2015). 

For the extraction of ostracods and charophytes, 50g of sample is collected from each 

studied sample for the extraction of desired fossils. The 50g sample is crushed to the 

size of 1-5 mm in diameter in order to obtain more fragmented residue and less than 

that size is removed from the samples (Lirer, 2000). Then the sample is placed in the 

oven at 80oC for an hour to dry (Figure 1.7). After drying, the sample was immersed 

in a 1:3 ratio solvent of diluted CH3COOH and diluted H2O2 in the beaker for 10 

minutes to 30 minutes, depending on the type of lithofacies and hardness character 

(Appendices B1, B2, B3, B4, B 5). After the immersing the samples in diluted solvent, 

the sample is washed with distilled water through 500um, 250um, and 125um sieves 

(Figure 1.7).  

After the chemical disintegration technique and distilled water washing and sieving, 

the samples of 250um, and 125um are placed in the oven at 60oC to dry. Then the 

250um, and 125um collected samples are preserved for microscopic analysis (Figure 

1.7). The ostracods and charophyte gyrogonites are picked out under reflected 

microscope. The extracted ostracods and charophyte gyrogonites are studied by using 

a scanning electron microscope (Figures 4.3, 4.4, 4.5, 4.6).  

The cycles in the studied successions are established on the basis of centimeter to 

meter scale sediment interval (Einsele et al., 1991; Schwarzacher, 1993; Matthews 
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Figure 1.7. A) Crushed sample, B) soaked in diluted H2O2 and diluted CH3COOH, C) washed with 

distilled water and sieve through 500um, 250um, 125um and 63um, D) Dry in oven at 60oC, E) 

Collected samples and store it in the 15ml bottle, F) Picked the extracted fossils from store samples 

under reflected microscope and placed on microfossils slide. 
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and Perlmutter, 1994; Einsele, 2000; Strasser et al., 2006; Machlus et al., 2008). The 

determined cycles are also examined by using sedimentological, petrographically 

(both siliciclastic and carbonate), vertical and lateral facies association, within and 

along the sections. In Fischer plots, we constructed a plot of cumulative departure 

from mean cycle thickness as a function of cycle number and thickness. To generate 

the Fischer plots for studied sections, cycle thicknesses data are entered to the Fischer 

plot excel spreadsheet program, which constructed a Fischer plots for the studied 

sections (Sadler et al., 1993; Husinec et al., 2008) 

Later, geochemical analyses and microscopic studies of the selected samples data are 

interpreted and are used to evaluate the source rock capability and geochemical 

character. In geochemical analyses, microscopic data and values obtained using 

chemical method from the powder samples are used to determine organic matter 

content and inorganic matter content in the studied samples. In this study, 10% dilute 

hydrochloric acid (HCl) solution is used to remove the carbonate component from 

samples and 30% diluted hydrogen peroxide is used to remove organic matter from 

samples (Saxby, 1970; Lewis and McConchie, 1994; Vaasma, 2008; Wang et al., 

2009; Zeng et al., 2018). Later, the obtained data in the geochemical analyses is 

examined from different aspects. The visual porosity of the studied samples is 

estimated by using imageJ softwareÊ, which processes microscopic image and the 

percent porosity value is obtained from the studied samples processes image 

(Widiatmoko et al., 2010; Loucks et al., 2012; Schieber, 2013; Datta et al., 2016). The 

types of the existing porosity are determined by carrying out microscopic studies and 

imageJ softwareÊ processed microscopic image (Widiatmoko et al., 2010; Loucks et 

al., 2012; Schieber, 2013; Datta et al., 2016). 

This study also examines the relationships between the Middle Eocene oil -shale of 

lacustrine and marine transition, the cyclic changes related with Milankovitch forces 

and other factors. The analysis also proved to be helpful in the framework to 

understand the cyclicity transition, driving mechanism related with oil -shale and in 

understanding the processes controlling their evolution (Schwarzacher, 1993; Einsele, 
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2000; Strasser et al., 2006). In addition, detailed work is carried out on the Middle 

Eocene marine influenced lacustrine oil -shale, to establish sequence stratigraphic 

models. The Fischer plot is used to describe the accommodation and sea level 

fluctuation (Fischer and Roberts, 1991; Matthews and Perlmutter, 1994; Machlus et 

al., 2008).  

The detailed analysis of the sedimentary record such as stacking patterns of beds, 

disconformities, facies changes, facies thickness, fluctuations in biological 

composition, organic matter and color changes are studied to recognize the cycles with 

high confidence in lacustrine and marine influence fluctuated environment. 

Depositional sequences are established due to the interaction of eustatic sea-level 

fluctuation, tectonic activities, sediment supply, accommodation and paleogeography 

(Posamentier and Allen, 1999). In the sedimentary record, these variable interactions 

are observed as a change in relative sea-level that controls the facies distribution and 

stratal architecture. Small-scale sequences and the large sequences of kilo-year scale 

in the facies evolution is interpreted in terms of sequence stratigraphy (Strasser, 1998). 

The sequence stratigraphy and cyclostratigraphy studies help to reconstruct the 

depositional history of marine-influence lacustrine system in the Middle-Eocene time 

within the Mudurnu-Göynük basin. 

1.6. Analytic Method: Chemical process for removing of Organic matter content 

and minerals from the samples to estimate their weight percent 

Different compounds in an aquatic environment are consolidated within or fascinated 

on minerals matter which depends on the physical, chemical, and biological processes 

and may significantly change the sediment texture. During the fine-grained sediments 

analysis, there are extra complications arise. In an aquatic condition, the fine-grained 

sediments may form as an aggregate and known as flocs. By characterization, these 

sediments are cohesive and temporally changeable their composition and structure 

(Paterson, 1997 and Kim et al., 2005). In the aquatic condition, different micro and 

macro-component, as well as organic matter, will be closely associated with 
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suspended mineral particles and deposited in a favorable depositional environment. 

Different techniques are used to describe sediment texture and composition, 

depending on the area of interest. Such as an electron microscopic research enables to 

analyze the three-dimensional structure of the particles and their aggregates (Roberts 

et al., 1998; Kim et al., 2005; Vaasma, 2008). Another example, Light microscopic 

studies which are used to determine the sediment composition and texture and 

selection of appropriate pretreatment methods. 

In the previous research, it has been revealed that a majority of sedimentary non-

reservoir rocks contain organic matter from few hundredth to 25 percent or more 

(Forsman & Hunt, 1958). In the sedimentary rocks, two types of organic matter are 

identified. These are described as soluble organic matter and insoluble organic matter 

(Kerogen). The soluble organic matter is extracted from the rock by using organic 

solvent, i.e paraffin-naphthene hydrocarbons, benzene-acetone-methanol (3:1:1), 

benzene-methanol (4:1), benzene-ethanol-acetone (3:1:1), benzene-methanol (3:1), 

chloroform, ether, methanol-acetone-chloroform and Soxhlet extraction method 

(Saxby, 1970; Durand, 1980; Lewis and McConchie, 1994; Shrivastava and Ahmad 

2004; Linye et al., 2006; Alnawafleh and Fraige, 2015). In case of insoluble organic 

matter, a number of researches have been carried out on the chemical studies of 

kerogen in shales, carbonate and siliciclastic lithologies. In this prospect, Lewis and 

McConchie (1994) worked on the kerogen or insoluble organic matter in sedimentary 

rock and carried out to determine the chemical and physical properties of the kerogen 

and their extraction from the host rocks. The extraction or removal of the organic 

matter from the sedimentary rock were treated by different types of acid solution and 

chemical procedures, depending on the lithological composition of the rock (Lewis 

and McConchie, 1994 and Wang et al., 2009). The organic matter and minerals in the 

sedimentary rocks are removed by using different chemical groups such as 30% 

diluted hydrogen peroxide to remove organic matter, 0.5N-10N hydrochloric acid to 

dissolve carbonate, 50% hydrofluoric acid to remove quartz and clay minerals, dilute 
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Nitric acid or lithium aluminum hydride used to eliminate pyrite (Table 1.3; Saxby, 

1970; Lewis and McConchie, 1994; Vaasma, 2008). 

Table 1.3. Brief descriptions of the pre-treatment methods studied (Vaasma, 2008). 

Chemical Description of method 

LOI550 Organic matter removal by thermal combustion at 550 oC for 3.5 hours 

H2O2 Elimination of organic matter by 30 % H2O2 

LOI950 Removal of carbonate at 950 oC thermal combustion for 2.5 hours 

HCl+ H2O2 Removal of carbonate by 10% HCl and thereafter removal of organic matter 

by 30% H2O2 

HCl+H2O2+ KOH Carbonate dissolution by 10% HCl and thereafter removal of organic matter 

by 30% H2O2; 10% KOH to remove silica 

HCl+Zinc Removal of pyrite 

 

1.6.1. Chemical Procedure 

In this study, different chemical and/or physical techniques are used to determine the 

organic matter and mineral weight percent in the studied samples (Table 1.3). For this 

purpose, randomly samples are selected along the five-measured stratigraphic section 

to calculate the weight percent of the organic matter, carbonate, clay and 

quartz/feldspar in studied lithofacies (Appendices A1; A2; A3; A4; A5; A6; A7; A8; 

A9; A10; Figures 8.3; 8.7; 8.11; 8.15; 8.19). A total of 43, 12, 25, 21 and 14 samples 

are selected for geochemical analysis along the Daĵhacēlar, Hasanlar, Kºs¿re, 

Karahisar, and Sünnet measured sections, respectively. Firstly, each sample is crushed 

to the size of less than 0.250 mm and about 10g are separated in the beaker. The sample 

weight is noted. Then the samples are placed in the oven at 100 oC for an hour to 

remove the moisture from the samples (Figure 1.8a). After an hour, the samples are 

again measured and noted the dry weight and water loss weight. In the next step, the 

dry samples are treated to determine the carbonate and organic matter content in the 

samples, which are described as below. 

To remove the carbonate component from the selected studied samples, the dry 

samples are treated with 10% dilute hydrochloric acid (HCl) solution and leave it for 
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5 hours or more, till the reaction ceased out (Saxby 1970; Vaasma, 2008; Wang et al., 

2009) (Figure 1.8b). The samples are shaken after every 15 to 30 mins during the 

experiment. After the completion, the HCl treated samples are washed three times with 

deionized water and then dry it in the oven. The weight loss of the samples after the 

diluted HCl treatment are weighed of carbonate content in the studied sample 

(Appendices A1; A2; A3; A4; A5; A6; A7; A8; A9; A10).  

 

 

Figure 1.8. a) Lab oven to dry the samples; b) 10% diluted Hydrochloric acid used to remove 

carbonate and placed it in the fume chamber. c) 30% Hydrogen peroxide (H2O2) acid used to remove 

the organic matter and d) placed it in the water bath. 
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After the removal of carbonate from the sediments, the next step is to remove organic 

matter from studied samples by using 30% diluted hydrogen peroxide (H2O2) (Saxby 

1970; Vaasma, 2008; Wang et al., 2009) (Figure 1.8b). The H2O2 is added to the 

samples after every 30 mins until the sample solution turns white in color and cease 

of frothing. The samples are left for several hours in H2O2 solution at around 80oC in 

a water bath to completely digest organic matter. The samples are stirred from time to 

time (Vaasma 2008). After the ending of active reaction, the samples are washed three 

times with deionized water and dry it in the oven. At the end, the calculated weight 

loss in the samples are the weighed of the organic matter in the samples (Appendices 

A1; A2; A3; A4; A5; A6; A7; A8; A9; A10). The clay content and quartz-feldspar 

content are calculated from petrographic data and geochemical analyses (Using 50% 

diluted Hydrofluoric acid). 

1.7. Previous work 

The Mudurnu-Göynük Basin having the studied sections is located in the Sakarya-

Pontide zone of the Northwestern Anatolian block, Turkey. In the beginning of 1900`s, 

number of articles has been published on the east west trending Sakarya-Pontide belt 

of Anatolia from different point of view. This region has greater prospect for the 

geoscientists in terms of hydrocarbon and coal exploration and tectonic history related 

to the Tethyan Oceans. Biostratigraphy and biozonation studies are also conducted in 

the Northwestern Anatolian block by number of researcher (Altēner, 1991; Altēner et 

al., 1991; Altēner and ¥zkan, 1991; ¥zkan, 1993a and 1993b; ¥zkan-Altēner, 1996 

and 1999; Rojay and Altēner, 1998, Ocakoĵlu et al., 2007, 2012; ķafak et al., 2015; 

ķafak, 2018). The oil -shales of Tertiary age in the northwestern Anatolian region has 

been investigated by Yanēlmaz et al., 1980; Sonel et al.,1987a and 1987b; ķener and 

ķeng¿ler, 1992; Gºr¿r and T¿ys¿z, 2001; Sarē and Aliyev, 2006; G¿lbay and 

Korkmaz, 2008; Sarē and Geze, 2008; Aliyev et al., 2009; Çimen et al., 2013; and 

assessed their source potential, thermal maturity and type of organic matter.  
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In 1928, Lucius (1928) conducted the study on the bituminous schist beds in the ¢aĵa 

Çay valley in Bolu Basin. The research is based on the general characteristics of the 

bituminous schist deposits and oil-bearing bituminous schists. 

In Bolu-Mengen basin adjacent to Mudurnu-Göynük Basin, 0.15-2.0 m intervals of 

oil -shale are identified by Lokman (1929) and estimated around 91.250 tons oil -shale 

reserve from 1 m interval at 10 km depth. Later, Blumenthal (1937) has conducted a 

geological survey of the region and calculated 37 million tons of bituminous shale 

reserves at the depth of 300 m.  

In 1960`s, Mudurnu-Göynük basin has been analyzed for stratigraphic studies and 

basin analyses by Abd¿sselamoĵlu (1959) and T¿rk¿nal (1957). The Pre-Devonian to 

recent stratigraphic sequences is documented and illustrated on 1:100,000 scale 

geological map. According to Abd¿sselamoĵlu (1959), Lower Cretaceous are 

composed of carbonates and Upper Cretaceous are comprised of alternating 

carbonate-turbidite facies in the southern Mudurnu region. Türkünal (1957) 

investigated the Nallēhan, Mudurnu and Seben region and describe the developed ENE 

to WSW trending orogenic succession in the northwestern Anatolian block and are 

known as the Cretaceous Sillon and Cordillers zones. The Cretaceous Sillon zone is 

comprised of clay, planktonic Foraminifera bearing variegated carbonate, volcanic 

and flyschoidal deposits. The Sillon zone restricted to Mudurnu basin, Vaccinates 

basin, ķēhlar village basin and Kºstebek­ayē basin. The Cretaceous Cordilleres zone 

is composed of marly limestone. The Tavgat Mountain, Nallēhan Mountain, Sarē­al 

Mountain and Çal Mountain are defined in Cretaceous Cordilleres zone. These 

sedimentary sequence zones were examined and correlated to determine the 

paleogeography and tectonics evolution of the Northwestern Anatolia, Turkey.  

The higher hydrocarbon potentials and coal bearing interval in the Northwestern 

Anatolian block has greater impact in the field of geological researches. Since 1960`s, 

the Northwestern Anatolian block has been greatly focused for the nature of 

hydrocarbon, their depositional history and potential, cyclostratigraphy studies, 
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stratigraphy, biostratigraphy, geochemical analyses and tectonic history (Rigo de 

Righi and Cortesini, 1959; Reckamp and Özbey, 1960; Schmidt, 1960; Akarsu, 1971; 

Arēkan, 1975; ķenalp and Gökçen, 1978; Ünalan and Yüksel, 1985; Görür and Tüysüz, 

2001; G¿lbay and Kormaz, 2008; Sarē and Geze, 2008; Yēlmaz, 2008; Yēlmaz et al., 

2010, 2012 and 2012; Aliyev et al., 2009; ¢imen et al., 2013; Ocakoĵlu et al., 2007, 

2012; ķafak et al., 2015; and ķafak, 2018). 

In 1969, Beseme (1969) calculated the bitumen content in the Kabalar syncline in the 

vicinity of Göynük (Bolu) village and determine the possibility of oil -shale reserve in 

the region. 

The general stratigraphy and tectono-stratigraphy of the Northwestern Anatolia was 

described by Altēnlē (1973a, 1973b, 1975, 1976 and 1977), Fourquin (1975), Toker 

(1975), Saner (1980a and 1980b) and Ocakoĵlu et al. (2007, 2008, and 2012). The 

geophysical survey was conducted by Saner (1980a) in the western Pontide and 

represented the geological structure and geotectonic character in the Upper Cretaceous 

regime. In his studies, he demonstrates the tectonic proceeding in the northwestern 

limit and formation of basin in nearby western Pontide. Later in 1980b, Saner also 

established the Jurassic-Quaternary stratigraphic succession in the Mudurnu-Göynük 

Basin and also known as Mudurnu Trough (Altēner et al., 1989). In terms of 

lithostratigraphy, the Mudurnu Trough of the former Sakarya Continent was first 

investigated by Arabu (1934/1935), Erk (1942) and Aygen (1956). 

Gºrm¿ĸ (1980) studied the detail geological characteristic of Yēĵēlca (KB Bolu) region 

and interpret the paleogeographic and geological evolution of the region. He 

determines the main tectonic directions which is effective in the deformation of the 

region. During his studies, the last active orogenic movements in the region were 

occurred in the north-east direction. Stratigraphic and paleontological data revealed 

that the Yēĵēlca (KB Bolu) region succession is composed of the Upper Devonian-

Upper Cretaceous age. The transgression in Upper Cretaceous sedimentation 

continued until the Lower Eocene in this region.  
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Yanēlmaz et al.  (1980) identified possible bituminous shale reserves in the Hasanlar- 

Daĵĸeyhleri villages, 27 km southwest of Göynük village. They determined the 

quality of bituminous shale and stated that the bituminous shale in this area could be 

obtained by open pit mine. This bituminous shale could be used as crude oil after 

distillation. 

Yēlmaz (1981) studied the tectonic evolution history of the southern margin of the 

Sakarya Continent and observed that it is composed of different rock groups, which 

were deposited in a wide range of tectonic setting, time and conditions. The basement 

granite and metabasic rocks are overlain by northern autochthonous strata. The 

southern ophiolite successions are characterized as Upper Cretaceous units in the area. 

A Liassic to Late Cretaceous aged shallow carbonate platform are underlain by the 

northern granitic units. During this time flysch-like sediments were deposited against 

the continent margin. Three tectonic successions are defined in the region such as 1) 

granitic rocks, metabasic rock and overlying rocks, 2) ophiolite complex and its 

equivalent metaophiolite and 3) dynamic metamorphosed rocks. According to Yēlmaz 

(1981), the rock units in the north of the Sakarya river were deposited in different 

times, environmental setting and conditions than the rock units deposited in the south 

of the Sakarya river.  

The Upper Jurassic/Lower Cretaceous limestones in the Seben-Nallēhan-Atça region 

has been studied by Varol and Kazancē (1981) and identified as Soĵuk­am Limestone. 

The Soĵuk­am Limestone are consisting of flysch deposits of pelagic and reworked 

limestones and deposited in the slope to basin condition. They identified Calpionella 

biozones in the pelagic limestones, and Dasycladaeean algae in the massive 

biocalcarenites which define the Jurassic-Cretaceous boundary in the region.  

Görür et al. (1983) describe the development of Mudurnu basin at the end of the 

Liassic in the Mudurnu region. His research was based on sedimentological analysis 

of various Liassic sequences in the Pontides. During his research, he identified the 

geomorphological, depositional and tectonic characteristics of the region.  
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In the eastern part of Göynük coal basin, Sonel et al. (1987a) examined the structural 

and stratigraphic characteristics near the Ahmetbeyler village. Their study interprets 

the depositional setting of the stratigraphic successions and revealed the tectonic of 

the region. The studied stratigraphic successions in the region are Yenipazar 

formation, Selvipēnar limestone, Denizli, Kēzēl­ay Group, Himmetoĵlu and 

Ahmetbeyler formations. These studied stratigraphic successions are interpreted as 

deposited in the marine to terrestrial environments. 

Sonel et al. (1987b) studied geology and bituminous shales of Himmetoĵlu-Göynük-

Bolu region. They studied the geological characteristic of coal deposits and their 

formation in the region. The coal and bituminous shales were investigated and 

determine the volatile matter content, moisture content, relative carbon, calorie value 

and total sulfur content in the coal and bituminous shales. 

The Northwestern Anatolia has also been explored for tectono-stratigraphy and 

regional tectonic geology by Ko­yiĵit et al. (1988 and 1991). Ko­yiĵit et al. (1988 and 

1991) developed structural geological model in the northern margin of the Sakarya 

Continent. On the basis of this development structural model of Sakarya Continent, it 

was interpreted that northern margin of the Sakarya Continent was a divergent margin 

in late Triassic-Aptian period interval.  

ķener and ķeng¿ler (1992) carried out the work on the bituminous shale in the 

Hatēldaĵ (Bolu-Göynük) region. They reported 26 to 120 m ranging thick bituminous 

shale intervals and rated as poor-quality deposits in terms of organic matter. They 

identified the 30.5m thick intervals of bituminous shale in the lower part with good 

economic potential. This bituminous shale interval indicates 5.3% oil content and 

1.34% sulfur content. 

In 1996, Gºnc¿oĵlu et al. (1996) has studied and mapped the western, northern and 

southern sections of Central Sakarya. This study covering the Sarēcakaya east, Beydili, 

Sarēyar and Gºk­ekaya regions and revealed that the Tertiary basin deposits covering 

the tectonic units which was found to contain three main tectono-stratigraphic 
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associations that came together during closuring of the Ķzmir-Ankara Ocean in the 

Late Cretaceous. 

Sarē (1999) studied the bituminous shale samples from Himmetoĵlu formation 

(Göynük-Bolu Basin) by using organic geochemical analysis and organic petrographic 

methods. The determined data indicate that organic matter is of type II kerogen which 

can produce oil and gas. By determining the thermal maturity, spore color index, Tmax 

and production index of the bituminous shale of Himmetoĵlu formation, he interprets 

that Himmetoĵlu formation has excellent source rock potential but low thermal 

maturity.  

Okay and Tüysüz (1999) explained the closing of Tethyan Oceans of Turkey and 

established the stratigraphy of the western central part of the Sakarya zone. They 

concluded that these sequences were deposited in continental to shallow marine 

condition. The successions are composed of clastic sediments of lower Jurassic to 

lower Cretaceous with association of interbedded Rosso-Ammonitico facies horizons 

(Altēner et al., 1991), pelagic carbonates of Upper Jurassic-Lower Cretaceous and 

volcanogenic-turbiditic sedimentary succession of Upper Cretaceous-Paleocene. 

Sarē and Sonel (2000) collected bituminous shales samples from Himmetoĵlu/Bolu 

(Miocene), Seyitºmer/K¿tahya (Miocene), Ulukēĸla/Niĵde (Miocene) and Kabalar / 

Bolu (Paleocene-Eocene) of lacustrine basins. These shales were studied for organic 

geochemical, organic petrographic, gas chromatographic analysis and combustion 

experiments, in terms of defining their economic value. The bituminous shales of 

Kabalar Formation of lake basin indicates excellent oil source rock potential. 

Himmetoĵlu, Seyitºmer, Ulukēĸla bituminous shales illustrate that these are suitable 

to oil production.  

The Tethyan tectonic evolution of western Turkey has been discussed by Okay et al. 

(2001), on the basis of Upper Cretaceous-Early Eocene sedimentary sequences. These 

sedimentary records reflect various event in the Northwestern Anatolia, Turkey. 

According to Okay et al. (2001), the Northwestern Anatolia was subjected to four 
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main tectonic events from late Cretaceous-Early Eocene.  The four main tectonic 

events were subduction, ophiolitic obduction, high pressure/low temperature 

metamorphic and continent-continent collision. These Tethyan tectonic evolution lead 

to the formation of foreland basin in the Central Sakarya continent and then followed 

by closing of Tethyan ocean (Yiĵitbaĸ and Elmas, 1997 and Ocakoĵlu et al., 2007) 

Sarē and Aliyev (2005) carried out detail studies on lacustrine oil -shale bearing 

deposits in the Göynük-Bolu region. The Oil -shales of Paleocene-Eocene Kabalar 

Formation (Göynük, Bolu/Turkey) has been studied in order to evaluate the 

hydrocarbon source potential and lacustrine shale intervals in the formation by using 

organic geochemical methods (LECO/Rock-Eval, gas chromatography), microscopic 

studies and geochemical analyses. Type I kerogen is determined in these bituminous 

shales and indicates oil rich character. The organic carbon content in the shale were 

more than 10% and having more than 900mg HC/g Corg hydrogen index values.  

Pyrolysis yield and organic petrographic studies indicate excellent source rock 

potential with type I kerogen. Spore color index and Tmax value indicate that the 

Paleocene-Eocene Kabalar Formation oil -shale are immature to early mature and are 

at the early stages of oil-generation. 

Yeĸiladalē-Bulkan et.al., (2005) investigated the paleo-environmental conditions of 

Neogene coal and bituminous shale in Himmetoĵlu basin (Gºyn¿k-Bolu), which 

characterized two different depositional conditions. It is indicated that lower 8.5m 

interval is humic coals and above 12.5m is oil -shale dominance. In between these two 

intervals are defined by rapid and periodical changes in the environmental conditions. 

The lithofacies, bio-geochemical parameters and properties of water column (salinity, 

redox) were carried out to determine the paleo-environmental conditions. The 

concluded studied data indicates that lower 8.5m interval are of terrestrial OM rich 

deposits in an over-filled, open, fresh-water lake with an oxic water column.  The 

above 12.5m thick interval are identified as sapropelic OM rich and deposited in a 

balanced-filled, closed lake, which had a dominantly brackish/salty water column. The 
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interval between the 8.5m and 12.5m was documented as transitional period from an 

open lake to a closed lake and represent alternating sequence.   

The PaleoceneïEocene Kēzēl­ay Group in Nallēhan region has been carried out to 

determine organic geochemical characteristic of the oil -shale by Sarē and Aliyev 

(2006). In the studied region, PaleoceneïEocene Kēzēl­ay Group is defined by 

Beyköy, Çamalan and Laçin Formations. It is concluded in their studied that 

Paleocene-Eocene oil -shale Çamalan formation has high total carbon content (1.32-

40.72wt%) and categorized as good to excellent source rock potential. Pyrolysis 

analyze data of the Çamalan formation, oil -shale indicates excellent source rock. 

Hydrogen index and oxygen index result shows type I kerogen organic matter. Spore 

Color Index and Tmax evaluations data indicates early to intermediate maturity. 

Ocakoĵlu et al. (2007) conducted the detail studies in relation to sequence stratigraphy 

of the Late Cretaceous-Paleogene deposits in the Central Sakarya Region. According 

to their study, at the end of the Late Cretaceous, occurrence of basin scale uplift in the 

region and sustained until the end of Lutetian age. It results in the deposition of 

continental-shallow marine successions in the south and deposition of deep marine 

clastic sediments and carbonaceous in the north. Later, ķafak et al. (2015) worked on 

the Eocene Ostracoda assemblages of Halidiye formation in Central Sakarya region. 

In their studies, they determine biozonation and correlated with adjacent basin and 

predicate paleo-environmental condition and age. The observed Ostracoda 

assemblages in Halidiye Formation define Lutetian-Priabonian age and reflects 

transitional lagoonal to deep marine environmental setting. 

Paleocene-Eocene terrestrial deposited in the former foreland setting related to 

southern situated Ķzmir-Ankara suture zone. Ocakoĵlu et al. (2012) carried out detailed 

work on the Middle Eocene oil -shale lacustrine deposits in the Mudurnu-Göynük 

basin to determine the orbital forcing control and cyclic pattern in the oil -shale bearing 

lacustrine successions. In this study, meter-scale symmetric to asymmetric 

transgressive-regressive cycles are document in the Middle Eocene lacustrine units. It 
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is proposed that short duration cyclic pattern in the lacustrine oil -shale successions 

develop in the response of abrupt changes in the climatic condition and long duration 

cycles define the tectonic loading activity.   

In the Bolu basin, number of Eocene sections are considered for organic geochemical 

analysis by Koralay (2009). The purpose of the study is to evaluate the organic matter 

quantity, hydrocarbon potential, organic matter type and their maturity. In this study, 

it is identified that Eocene bituminous shale in the basin possess good to excellent 

source potential character and categorized as suboxic to anoxic environmental 

deposits, type I and type II kerogen with immature to early mature phase.  

Sarē et al. (2015) investigated the element enrichments in bituminous lithofacies 

(bituminous shale, bituminous claystone and bituminous marl) of the Kabalar 

formation in the Hatēldaĵ field in the Gºyn¿k basin. In this study, the economic 

potential of the bituminous rocks was discussed in terms of mineral occurrence and 

their concentration. 0.40-8.25 wt% of Corg have been recorded from studied samples. 

According to Sarē et al. (2015), the presence of higher concentrations of Ca, Mg and 

Ba elements in the bituminous rocks leads to information of more carbonaceous and 

suboxic depositional setting of Hatēldaĵ field bituminous rocks. 

1.8. Regional Geological Setting 

The Eocene measured sections are in the southern margin of the Sakarya zone and are 

surrounded by the branches of North Anatolian Fault. The Sakarya zone was a 

separated block of the Cimmeridian continent during the anti-clockwise rotation and 

resulted in the closing of Paleo-Tethys ocean (Figure 1.8; ķengºr, 1987; ķengºr and 

Yēlmaz, 1981).  

The current tectonic evolution of Turkey is associated with the closure of multibranch 

Neo-Tethys oceans in the Late Mesozoic and Cenozoic era (ķengºr and Yēlmaz, 

1981). Turkey is an amalgamation of several continental blocks and oceanic crust with 

lateral Alpine-Himalayan tectonic setting (Ketin, 1966; ķengºr and Yēlmaz, 1981; 

Görür and Tüysüz, 2001; Lefebvre et al., 2013; Figure 1.6). 
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The Middle Eocene studied sections tectonically lie in the Northwestern Anatolian 

block, Turkey. The northwestern Anatolian block is described by the Istanbul zone, 

Strandja zone and Sakarya zone (Figure 1.6). The zones were separated from each 

other by the Intra-Pontide and the Ķzmir-Ankara oceans in the most of Mesozoic period 

(ķengºr and Yēlmaz, 1981; Okay and T¿ys¿z, 1999). The Istanbul and Strandja zones 

define the part of southern margin of Eurasia block. The Sakarya zone is considered 

as independent continental block. The Istanbul zone, Strandja zone and Sakarya zone 

along with Armutlu-Almacēk zone are known as western Pontide blocks (Yēlmaz et 

al., 1997). In the south, the Ķzmir-Ankara-Erzincan suture separates the Sakarya zone 

from Anatolide-Tauride block (Okay et al., 2001). 

The Sakarya zone forms the east-west extending crustal terrane from the Biga 

Peninsula in west and from the Eastern Pontide in the east.  The basement of Sakarya 

Continent is described by three units; (1) Carboniferous high grade metamorphic units 

of gneiss, amphibolite and marble (Topuz et al., 2004, 2006; Okay et al., 2006a); (2) 

Paleozoic granitoids (Devonian, Carboniferous, and early Permian periods) (Okay et 

al., 2002, 2006a; Topuz et al., 2006; Aysal et al., 2012); and (3) Karakaya complex of 

Permian-Triassic subduction-accretion assemblages (ķengºr and Yēlmaz, 1981; 

ķengºr et al., 1984; Okay and Gºnc¿oĵlu, 2004).  

During the Early Jurassic period, the continue subduction of the Karakaya basin lead 

to formation of Neo-Tethys (Ķzmir-Ankara ocean) (Figure 1.9).  The Lower Jurassic 

rifting event has been described by Yēlmaz (1971) and Gºr¿r et al., (1983). The Lower 

Jurassic deposits are composed of coarser clastic rocks with association of alkaline 

and tholeiitic basaltic lavas and are overlain by Middle-Upper Jurassic shelf deposits, 

known as the Bilecik limestone (Altēnlē, 1973a). The upper contact of the Bilecik 

limestone is transitional with pelagic deposits of the Soĵuk­am formation (Yēlmaz et 

al., 1997).  

During Middle Jurassic, steady demise of the Paleo-Tethyan ocean and results in the 

formation of south facing continental margin units (ķengºr and Yēlmaz, 1981).  
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Figure 1.9. Showing Tectonic evaluation of Turkey during Late Triassic to Early Jurassic. (ķengºr et 

al. 1984; Robertson et al., 1991; Szary, 2014). 

 

According to Deveciler et al. (1989) and Aydin et al. (1995), the Paleo-Tethyan ocean 

was closed in the eastern Pontide during the Middle-Late Mesozoic period. Though, 

the region lying in the west of Kastamonu indicates continuous deposition in the 

marine units. In the Late Jurassic, the north-south extension occurred in the Pontide in 

relation to collision-related convergent regime and continued until Early Cretaceous. 

During this period, the region was characterized by horst and graben structures and 
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the marine invasion to the successive deposits (Yēlmaz et al., 1997). In Early 

Cretaceous, gradual subsidence occurred in the Pontide and development of Neo-

Tethys ocean with passive continental margin. Pelagic units were deposited in the 

Neo-Tethyan basin during the Cenomanian-Turonian stage. Through Late Cretaceous, 

Neo-Tethyan ocean began to subduct under the Pontide in the north. This subduction 

generated active continental margin with volcanic activity in north of the Pontide and 

flysch deposits and accumulation of mélange at continental edge during Turonian 

(Yēlmaz et al., 1997). In Campanian-Maastrichtian, volcanic arc-front shifted to south 

with regional transgression. This resulted with development of Black Sea basin in the 

north and clockwise moment in the western Pontide. The clockwise movements in the 

western region led to the closing of Paleo-Tethys relic, which was remained open in 

this region (ķengºr and Yēlmaz, 1981 and Yēlmaz et al., 1997). This clockwise 

movement occurred in the Sakarya zone. Due to the clockwise rotational movement 

of continental fragment, the convergence in the region became oblique and 

development of North Anatolian transform fault zone. This transform fault zone 

resulted in the western drifting of Sakarya zone from eastern Pontide (Yēlmaz et al., 

1997). 

Late Cretaceous timing, ophiolitic mélange in the southern margin of the Sakarya zone 

was overlain by back thrusting nappes (¢oĵulu, 1967).  The shallow marine regressive 

facies were deposited on the top of the Sakarya zone in the Maastrichtian to Early 

Eocene epoch. The northern margin of the Sakarya zone was composed of Coniacian-

Santonian pelagic and flysch deposits (Saner, 1977; Yēlmaz, 1981; Yēlmaz et al., 

1995). Upper Campanian deposits in the northern region of the Sakarya zone are 

defined by transgressive clastic deposits (Yēlmaz, 1981). In the Maastrichtian-

Paleocene transition, the northern region of the Sakarya zone is defined by changing 

from deep marine to shallow-marine deposits and then followed by continental red 

bed deposits (Altēnlē, 1973a; Saner, 1977; Yēlmaz, 1981; Yēlmaz et al., 1995). 

According to Gºnc¿oĵlu et al. (2000), during the Middle Paleocene to Middle 

Miocene, the Central Sakarya zone was subjected to tensional-transtensional tectonic 
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setting, which was concluded from post-collision andesitic magmatism and fault-

controlled continental-shallow marine deposits. 

During Early to Middle Eocene, new stage of north-south shortening begins in the 

region. As a result, Mesozoic carbonate platform units was detached from its basement 

and moved toward the north direction as a decollement tectonic movement (Yēlmaz et 

al., 1997). In the beginning of the Middle Eocene, the compression regime is replaced 

by north-south extension and incursion of marine environment to the basin. Therefore, 

the continental clastic were replaced by the marine deposits (Yēlmaz et al., 1993). In 

the Lutetian, the marine sediments were deposited in region along with volcanic 

activity associated strata in some region. Late Eocene-Oligocene transition is 

described by the initiation of transpressional tectonic in the region.  This 

transpressional resulted in the uplift of the Pontide and retreat the previously existed 

marine environment in Early-Middle Eocene time. The marine sediments were 

progressively replaced by continental clastics. This tectonic activity resulted in the 

development of peripheral basins. These basins are extended from the Sivas region in 

the east to the Eskisehir region in the west. The basins are characterized by lagoonal 

to marine shelf depositional setting in the Mudurnu-Göynük Basin (Saner, 1977, 

1980b; Ocakoĵlu et al., 2007), fluvio-lacustrine and carbonate marine shelf 

depositional setting in the Orhaniye and Haymana basins (Kazancē and Gºkten, 1986; 

Ko­yiĵit, 1991; Ocakoĵlu and ¢iner, 1995; ¢iner et al.,1996a, 1996b), deltaic to 

evaporitic marginal marine deposits in the ¢ankērēïÇorum basin (Hakyemez et al., 

1986; Ocakoĵlu, 1997; Kaymakci et al., 2003) and shelf to evaporitic marginal marine 

setting in the Sivas basin in the east (Cater et al., 1991; Sümengen et al., 1987). The 

Pontides and its adjacent areas were exposed to extensive erosion at the end of 

Oligocene (Yēlmaz et al., 1993 and Yēlmaz et al., 1997).  

The Early Miocene period was documented as another new phase of north-south 

extension in the Pontide and Sakarya zone. The marine incursions were introduced to 

fault associated basins in this period. The adjacent plain regimes were occupied by 

interrelated lacustrine environment and associated fluvial deposits (Benda et al., 1977 
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and Yēlmaz et al., 1997). At the end of the Early Miocene, the region was subjected to 

regressive event and then is followed by the Pontide mountain orogeny uplift and 

continue in the Quaternary (Yēlmaz et al., 1997). 

1.8.1. Mudurnu -Göynük Basin 

Geologically, the Middle Eocene studied sections are present in the Mudurnu-Göynük 

basin, Northwestern Anatolian block. The Mudurnu-Göynük basin is lying in the north 

of the Sakarya zone. The Mudurnu-Göynük basin is also known as Mudurnu Trough 

and is defined as rift basin along Sakarya Continental margin (Ko­yiĵit et al., 1991). 

The Upper Jurassic to Cretaceous successions in the Sakarya Continent is comprised 

of alternative marine shelf and pelagic carbonates, volcanic and pyroclastic deposits 

and then are overlain by upper Cretaceous slope to basinal deposits (Altēner, 1991; 

Altēner et al., 1991). From Late Cretaceous to the end of Lutetian, there was 

continuous basin-scale tectonic uplift in the Sakarya Continent. As a result, the Late 

Cretaceous deep marine sediments with association of organic rich deposits were 

deposited in the south and Middle Eocene continental to shallow marine deposits were 

deposited in the north, respectively (Ocakoĵlu et al., 2007, 2012; ķafak et al., 2015). 

The Late Cretaceous deep marine clasts are represented by the Taraklē and Selvipēnar 

Formations and Middle Eocene continental to shallow marine are defined by the 

Kēzēl­ay, Halidiye and Ciciler Formations (Saner, 1980b and Ocakoĵlu et al., 2007). 

During Toarcian-Bathonian, the rifting was initiated and continued until Late 

Cretaceous and development of Mudurnu-Gºyn¿k Basin (Saner, 1980b; ķengºr and 

Yēlmaz, 1981and Ko­yiĵit et al., 1991). The deposits in the rifting are characterized 

by Callovian-Tithonian carbonate sedimentation with association of rift volcanics. 

Later, the Mudurnu trough were further extend in the Valanginian-Early Hauterivian 

and development of broad Biga-Bilecik carbonate platform (Ko­yiĵit et al., 1991). 

The deposited sequence to the Late Cretaceous are of shelf and pelagic carbonate 

deposits with occasional silicic-clasts and are followed by slope and basinal deposits 

with low preserved organic carbon quantity successions (Wagreich and Krenmayr, 
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2005; Yēlmaz, 2008; Wagreich et al., 2009 and Yēlmaz et al., 2010). The slope to 

basinal deposits with low preserved organic carbon quantity are defined by the red 

pelagic carbonate that were deposited in the Early Campanian and are identified as 

Cretaceous oceanic red beds (CORB) (Deĵirmenºz¿ member of Yenipazar 

formation). These carbonate sedimentations are overlain by lower Paleocene 

hemipelagic marls and then are followed by shallow marine deposits, the Selvipēnar 

reefal limestone and the Aĵsaklar formation (deltaic, lagoonal and fluvial deposits) 

till  Eocene period (Gedik and Aksay, 2002). The sediments of Lower Miocene in the 

region are composed of coal and bituminous shale of lacustrine environment and are 

overlain by rivers and terrestrial deposits of Late Miocene (Taka and ķener 1988). 

In the Daĵhacēlar village and adjacent regime, Mudurnu-Gºyn¿k Basin, the Selvipēnar 

Formation and Kēzēl­ay Group are determined as Paleocene and Paleocene-Eocene 

successions, respectively. The Selvipēnar formation are composed of reefal limestone 

of the Early Paleocene age and having transitional contact with the Upper Cretaceous 

Taraklē Formation. The Upper Cretaceous Taraklē formation is comprised of marl, 

shale and sandstone units (Figure 2.2). Lower Paleocene unit has conformable contact 

with the Kēzēl­ay Group. The Kēzēl­ay Group consists of the Middle Paleocene 

Aĵsaklar Formation, Upper Paleocene Kabalar Formation and Eocene Daĵhacēlar 

Formation. The Aĵsaklar Formation is represented by reddish brown gray 

conglomerate, siltstone, sandstone and mudstone intercalation. The shallow marine 

units of Kabalar Formation is reported as oil -shale, shale, marls, mudstone, siltstone 

and limestone with occasional claystone. The Eocene Daĵhacēlar Formation is 

consisting of reddish-brownish, gray to greenish mudstone, sandstone, siltstone and 

marls (Altēner et al., 1991; ķener and ķeng¿ler, 1998 and ¢imen et al., 2013). 

In the Himmetoĵlu and Seyitºmer field, Mudurnu-Göynük basin, the Eocene units are 

conformably overlain by the Miocene formations. The Himmetoĵlu formation 

represents lignite, oil -shale, limestone, marl and alternated conglomerate, claystone 

and tuffs deposits of Miocene age. The overlain succession is composed of oil -shale, 

marls, tuffs and occasional conglomerate, siltstone and identified as the Gºlpazarē 
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successions of Oligocene age.  The Pliocene Seyitömer succession are characterized 

by occasional limestone, tuffs, sandstone and siltstone. These successions are covered 

by the Quaternary deposits (Ünalan et al., 1976, Altēner et al., 1991; ķener and 

ķeng¿ler 1998, G¿lbay and Korkmaz, 2008). 
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CHAPTER 2  

 

2. GENERAL STRATIGRAPH Y 

 

2.1. General Geology of the Region 

In the Northwestern Anatolia, the documented stratigraphic sequences are ranging 

from Paleozoic to Quaternary age (Figure 2.1). In the studied region, the Upper 

Triassic Karakaya Complex is the older rock reported in the Sakarya zone. The 

younger reported succession is the Pliocene units which are roofed by Quaternary 

alluvial and talus breccias sediments (¦nalan et al., 1976; Ko­yiĵit et al., 1988, 1991; 

Ko­yiĵit, 1991).  

In the Anatolian block, the basement of Sakarya zone is comprised of volcanic-

volcano-clastic sedimentary units and low to high grade metamorphosed units, 

associated with subduction-accretion complexes (Tekeli, 1981; ķengºr et al., 1984; 

T¿ys¿z and Yiĵitbaĸ, 1994). The Sakarya basement is described by three units; 1) 

Variscan high grade metamorphic successions of gneiss, amphibolite and marble and 

characterized as Carboniferous (Topuz et al., 2004, 2006; Okay et al., 2006a); (2) 

Paleozoic granitoids (Devonian, Carboniferous, and Early Permian periods) (Okay et 

al., 2002, 2006a; Topuz et al., 2006; Aysal et al., 2012); and (3) Permian-Triassic 

subduction-accretion assemblages of the Karakaya complex (ķengºr and Yilmaz, 

1981; ķengºr et al., 1984; Okay and Gºnc¿oĵlu, 2004). In the east, the Sakarya 

basement Variscan unit is overlain by molasses of the Upper Carboniferous deposits 

(Gºnc¿oĵlu, 2010). The pitches of Paleozoic granitoids are randomly bared at the 

different locality in the Sakarya Continent. The Jurassic-Eocene successions are 

unconformably resting over these pre-Jurassic crystalline basements in the Sakarya 

Continent (Delaloye and Bingöl, 2000; Okay et al., 2002, 2006a; Topuz et al., 2007). 

The lower portion of the Karakaya complex is characterized by green schist facies  
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Figure 2.1. Composites stratigraphic section of the Mudurnu-Gºyn¿k Basin (Modified from Altēner et 

al., 1991; ķener and ķeng¿ler 1998 and Gedik and Aksay, 2002). Red line shows studied interval. 
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metabasites along with some association of marble and phyllite (Okay and Gºnc¿oĵlu, 

2004). The upper portion of the Karakaya complex is tectonically overlying the lower 

Karakaya complex. The upper portion of the Karakaya complex is composed of 

deformed arkosic sandstone, graywackes with Carboniferous and Permian blocks 

(Okay et al., 2002; and Okay and Gºnc¿oĵlu, 2004). It is also known as Nil¿fer meta-

volcanic sequences. The lower Karakaya complex is identified as lower Middle 

Triassic age and upper Karakaya complex is reported as Upper Triassic age (Okay et 

al., 2001).  

At the different localities, the Karakaya complex is overlain by varying successions in 

the Sakarya Continent. In the western margin, the Karakaya complex is 

unconformably covered by sandstone, shale and conglomerate of Lower Jurassic 

fluvial to shallow marine deposits with Ammonitic Rosso interval (Altēner et al., 

1991). The eastern zone of the Sakarya Continent is defined by unconformably 

overlying volcanoclastic with sandstone intercalation (Ko­yiĵit, 1991; Ko­yiĵit et al., 

1991; Okay and T¿ys¿z, 1999; Okay and Altēner, 2004; Okay, 2008; Gºnc¿oĵlu, 

2010). In Mudurnu-Göynük Basin, the Karakaya complex is unconformably covered 

by Liassic successions.  The Middle Jurassic-Lower Cretaceous ophiolitic mélange of 

the Ankara group having tectonic contact with underneath Karakaya complex in the 

Ankara region (¦nalan et al., 1976; Ko­yiĵit, 1991; Okay and Altēner, 2004). 

In the Mudurnu-Göynük region, Paleozoic to Quaternary stratigraphic framework has 

been illustrated by number of researchers; i.e Fourquin (1975), Toker (1975), Altēnlē 

(1977), Saner (1980a), Altēner et al. (1991), Ko­yiĵit et al. (1991), Okay and T¿ys¿z 

(1999), Okay et al. (2001); Okay and Altēner, 2004; Okay (2008), ¥zcan et al. (2012, 

2018), Ocakoĵlu et al. (2007, 2012) and ķafak et al. (2015). 

2.2. Stratigraphy of Mudurnu -Göynük Basin 

In the Mudurnu-Göynük Basin, the Mesozoic-Cenozoic sedimentary sequences are 

unconformably overlying the Pre-Jurassic basement units (Figures 2.1 and 2.2). These 

5 km thick sedimentary successions are studied by Altēnlē (1975), Saner (1978a and  
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Figure 2.2. Generalized stratigraphic Hatēldaĵ oil field (ķener and ķeng¿ler, 1998). Red line shows 

studied interval. 

 

1978b) and Altēner et al. (1991). The Mesozoic to Early Eocene successions can be 

divided into two sedimentary packages; 1) transgressive packages during Early 

Jurassic to Late Cretaceous, and 2) regressive packages in the Maastrichtian to Early 
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Eocene. The initial transgressive sandstone-conglomerate deposits of lower Jurassic 

age in the Mudurnu-Göynük Basin has unconformably contact with underlying 

Sakarya basements (Altēnlē, 1975; Yēlmaz, 1977 and Saner, 1978a and 1978b). 

2.2.1. Jurassic to Cretaceous Succession 

In the Mudurnu-Göynük Basin, Jurassic to Lower Cretaceous successions are 

identified as the Mudurnu Formation, Kurucalēkdere Formation, Yosunlukbayērē 

Formation and Soĵuk­am Limestones by Altēner et al. (1991) (Figure 2.1). The 

Mudurnu Formation is composed of volcanogenic deposits and the Middle Jurassic 

age has been assigned to the formation (Saner, 1980b). According to Altēner et al. 

(1991), the Mudurnu Formation is composed of marine deposits and equivalent to the 

Dogger Formation. The Bajocian-Callovian age has been allotted to the Mudurnu 

Formation. The overlying formation on the Mudurnu Formation is known as the 

Kurucalēkdere Formation of Callovian-Kimmeridgian age and having a transitional 

character with the underlying Mudurnu Formation. The Kurucalēkdere Formation 

represents olistostromes of reefal fragments, tuffaceous, siliceous and basaltic level 

and pelagic mudstones lithofacies. It has conformable contact with the Tithonian-

Valanginian Yosunlukbayērē Formation, which is composed of calciturbiditic 

limestone and packstone with interbeds of mudstone. The upper contact is transitional 

with the Soĵuk­am Limestones (Altēner et al., 1991). 

During the Berriasian-Aptian, the Mudurnu Trough was subjected to the transgressive 

conditions. These are indicated by the Soĵuk­am Limestones, which are composed of 

the slope to basin pelagic limestone with interbedded black shale and mudstone 

(Altēner, 1991; Altēner et al., 1991; Yēlmaz, 2008; Yēlmaz et al., 2012). The base of 

the formation is defined by cherty limestone and then are followed by pelagic fauna 

mudstone/wackestone. The upper portion is composed of black shale/marl with 

alternating limestone. The Soĵuk­am Limestones are covered by Üzümlü member of 

the Yenipazar Formation of Late Cretaceous (Altēnlē, 1977 and Altēner et al., 1991). 
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The unconformable overlain Üzümlü member is known as Albian-Cenomanian 

member of the Yenipazar Formation. This member is represented by volcanic clastics, 

pelagic limestone with interbedded gray-black shale deposits. It has unconformable 

upper contact with the Santonian-Campanian Deĵirmenºz¿ member of Yenipazar 

Formation (Timur and Aksay, 2002; Yēlmaz, 2008). The Deĵirmenºz¿ member is 

described by red-pink pelagic marls, mudstone, claystone with occasional siltstone 

and sandstone deposits (Timur and Aksay, 2002; Yēlmaz, 2008 and Afridi, 2014).  In 

the Mudurnu-Göynük region, the upper contact of the Soĵuk­am limestone and 

Yenipazar Formation is described as disconformable contact with Neptunian Dykes 

(Yēlmaz, 2008) 

In some region in the Mudurnu-Göynük basin, the overlying formation on the 

Yenipazar formation is described by the Seben Formation of Late Cretaceous (ķener 

and ķeng¿ler, 1998). The Seben Formation is identified by Beseme (1967). It has been 

reported from the Gºlpazarē, Mudurnu, near Nallēhan and north of Gºyn¿k village 

(Saner, 1980b). It has flyschoidal character deposits with occasional micro-faunal 

marls and neritic horizons and increases in the shales lithofacies toward the top (Saner, 

1980b). The observed fauna in the lower portion of Seben Formation are Ananchytes 

(Echinoccorys) ovatu LAMARCK, Neithea (Janire) seacostate LAMARCK, 

Gryohea (Pycnodonta) veskularis LAMARCK, Ostrea lunata NiLLSON, Alectryonia 

trons PARKINSIN, Micraster costestudinarium GOLDFUSS, Belemnitella 

macronuta SCHLOTHEM. The fauna documented in the upper portion of the Seben 

Formation are Globotruncana contusa CUSHMAN, Globotruncana arca, 

Globotruncana stuarti Gt. Stuartiformis DALBiEZ, Globotruncana falsostuarti 

SIGAL and define Santonian-Early Campanian age (ķener and ķeng¿ler, 1998; Taka 

and ķener 1988). It is interpreted that the formation is deposited in the marine shelf 

environment (Saner, 1980b). The Taraklē Formation overlies the Seben Formation. 

The Taraklē Formation appears as marl, shale, sandstone and pebbly sandstone and 

having shallow marine fauna (Saner, 1980b). The Campanian-Maastrichtian age has 

been assigned to the Taraklē Formation by Saner (1977), based on Orbitoides 
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gruenbachensis PAPY, Orbitoides apiculatus SCHLUMBERGER and Siderolites sp. 

According to Saner (1980b) and Gºnc¿oĵlu et al. (1996), towards the top, the Taraklē 

Formation sandstone indicate the regressive marine condition and interpreted as 

deltaic, coastal control depositional setting. The overlain Paleocene Selvipēnar reefal 

limestone has progressively transitional contact with the Taraklē Formation (Figures 

2.1 and 2.2; Saner, 1980b). 

2.2.2. Tertiary Succession 

Marine depositional environment continued during the Paleocene-Eocene periods. 

The Lower Paleocene hemipelagic marls are gradually replaced by shallow marine 

and reefal limestones. They are followed by deltaic, lagoonal and fluvial deposits, in 

the Mudurnu-Göynük Basin (Gedik and Aksay, 2002). According to Saner (1978a), 

during the Paleocene-Eocene, the region demonstrates transgressive marine packages. 

It is illustrated by deposition of the reefal Selvipēnar Limestone in the Paleocene 

period and also documentation of meandering river channels. The Tertiary succession 

is characterized by the Paleocene Selvipēnar and Eocene Kēzēl­ay Group, which 

includes Aĵsaklar Formation, Kabalar Formation, Daĵhacēlar Formation and then 

followed by Miocene-Quaternary succession (¦nalan et al., 1976; Altēner et al., 1991; 

ķener and ķeng¿ler, 1998 and ¢imen et al., 2013). 

The Lower Paleocene Selvipēnar Formation is composed of pinkish, yellow and gray 

reefal limestone at the base and sandstone and marl at the top. The macro-fossils 

recorded in the Selvipēnar Formation are algae, gastropods, bivalve and coral. The 

Early Paleocene age has been assigned by determining Laffitteina cf. bibensis 

MARIE, Laffitteina aff. monodis MARIE, Cymopolia cf. MOROLET, Solenomeris 

couvillei PREFENDER and Pseudolithamnium album PREFENDER (Altēnlē, 1973b 

and Saner, 1977). After the marine regression, the upper portion of Selvipēnar 

formation was replaced by lacustrine setting. Therefore, the upper portion of 

Selvipēnar Formation represents the transitional character and documented as red 

colored shoreline deposits (Saner, 1978b). 
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2.2.2.1. Kēzēl­ay Group 

The red-colored terrestrial sediments were first named as Kēzēl­ay Formation by 

Eroskay (1965) and Altēnlē (1973b). Later Altēnlē (1973a, 1973b) and Saner (1977 and 

1980b) described it as Kēzēl­ay Group. The Kēzēl­ay Group is well exposed in the 

Gºlpazarē, Hatēldaĵ mountain in the Gºyn¿k and the Sarēcakaya-Nallēhan region. 

Generally, the Kēzēl­ay Group deposits are composed of red, variegated colored, 

poorly sorted conglomerate, sandstone, shale, claystone, marl, limestone, bituminous 

shale and mudstone. In some places, there is rarely observed coal and gypsum 

horizons. Overall, the Kēzēl­ay Group defines terrestrial deposits until the Bartonian 

period (Sarē et al., 2015). As, at the end of Cretaceous, the Sakarya Continent is 

subjected to the regressive phase of marine environment until Eocene. Thereafter, 

during the Middle Eocene, the basin indicates the onset of marine transgression in the 

region (Saner, 1978b; Altēner et al., 1991; ķener and ķeng¿ler, 1998 and Çimen et al., 

2013). 

The Kēzēl­ay Group is divided into the Aĵsaklar Formation, Kabalar Formation and 

Daĵhacēlar Formation (Figure 2.2; ķener and ķeng¿ler, 1998). 

2.2.2.2. Aĵsaklar Formation 

The formation was firstly named as ñLower red seriesò by Beseme (1967). Later, it 

was named as Aĵsaklar Formation by Yanēlmaz et al. (1980). It describes the lower 

portion of Kēzēl­ay Group. The type locality of Aĵsaklar Formation is in the Aĵsaklar 

village. The formation is also exposed near the Hasanlar village, Hatēldaĵ village and 

Turgutlar village.  

The Aĵsaklar Formation is mainly composed of green-gray sandstone, mudstone and 

marl intercalation. The recorded fauna in the Aĵsaklar Formation is STCHEPINSKY, 

Ostrea rariamella MELLEVILLA muf. Prisca DONCIEUK, Amgullina cf. forbesi 

DESHAYES, Tympanatonus futanus MANTELL, Cyrena cuneiformis FERRUSAC, 

Batillaria subacuta DôORBIGNY, Viviperusaff suessonôiensis DESHAYES (Taka 

and ķener, 1988; Koralay, 2009). Near the Ahmetbeyler and Hasanlar village, the base 
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of the formation is defined by a conglomerate and then is followed by red sandstone, 

marl and mudstone. The red sandstone identified as fluvial channel filled deposits. 

The Aĵsaklar Formation has conformable lower contact with the Selvipēnar 

Formation. The Late Paleocene-Middle Eocene age has been assigned to the formation 

(ķener and ķeng¿ler, 1998 and Koralay, 2009). 

2.2.2.3. Kabalar Formation  

In the type locality, near the Kabalar village, it is composed of clay limestone, 

bituminous shale, marl, claystone and sandstone with occasional coal and named as 

Kabalar formation by Saner (1978b). It is also reported in the proximity of Daĵhacēlar, 

Daĵĸeyhleri, Kºs¿re, K¿rn¿­, Kuyupēnar, Himmetoĵlu village, Hatēldaĵ mountain 

and Çapar village (Koralay, 2009). The sandstone in the formation is appeared as 

green color beds and coarser grained sandstone. The bituminous shales are gray 

colored, laminated and usually interbedded with marl and sandstone. Some limestone 

units within the formation contain plant fragments and gastropods at different 

intervals.  

ķener and ķeng¿ler (1998) divided the Kabalar Formation into three members, 

includes marl member, oil -shale member and siltstone member (Figure 2.2). The marl 

member unit is identified as the first lacustrine deposit in the Kabalar Formation in 

Paleocene-Eocene periods. The marl member is consisting of marl and claystone with 

underlying red mudstone and then is followed by oil -shale member. Oil -shale member 

is composed of varve-structured light and dark gray laminated shale. The observed 

average organic matter content in the oil -shale member is around 10% oil yielded 

organic matter. The upper portion of the formation is restricted to siltstone member 

and consist of siltstone with interbedded fine to coarser sandstone and mudstone. 

Overall, the Kabalar Formation is described as a meandering river to lacustrine 

depositional environment with occasionally marine incursion character (ķener and 

ķeng¿ler, 1998).  
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The Kabalar Formation is devoid of fossils, though Upper Paleocene-Lower Eocene 

age is confined, based on its stratigraphic position. It has conformable contact with 

underlying the Aĵsaklar Formation and overlying the Eocene Daĵhacēlar Formation 

(Granit and ķener, 1987). 

2.2.2.4. Daĵhacēlar Formation 

ķener and ķeng¿ler (1992) identified the Daĵhacēlar Formation near the Daĵhacēlar 

and Hasanlar village in the Kabalar syncline. It is composed of predominantly marl 

with limestone, siltstone and sandstone. In some places, there is the presence of iron 

oxide reddish-orange color sandstone. According to the stratigraphic position, Beseme 

(1967) referred Eocene age to the formation. ķener and ķeng¿ler (1992) regarded the 

Eocene-Oligocene age to the formation. It also describes the new phase of marine 

transgression in the region during the Eocene period. Thus, the Paleocene-Eocene 

terrestrial deposits are overlain by new phase marine transgression. It has 

unconformable contact with overlain Quaternary deposits (ķener and ķeng¿ler, 1992). 

In the Himmetoĵlu and Seyitºmer village, the Eocene units are overlain by the 

Oligocene Gºlpazarē successions and Miocene Himmetoĵlu Formation. The Miocene 

Himmetoĵlu Formation consists of lignite, oil -shale, limestone, marl and alternated 

conglomerate, claystone and tuffs. The Pliocene Seyitömer succession is composed 

limestone, tuffs, sandstone and siltstone. Quaternary deposits topple these successions 

in the region (¦nalan et al., 1976, Altēner et al., 1991; ķener and ķeng¿ler 1998, 

Gülbay and Korkmaz, 2008). 

2.3. Lithostratigraphy of the Measured Sections 

The five stratigraphic sections forming Middle Eocene (Lutetian-Bartonian) age have 

been measured and studied in the southwest, in the southeast and in the northeast of 

Gºyn¿k town near the Daĵhacēlar village, Hasanlar village, Kºs¿re village, Karahisar 

village, and Sünnet village in the Mudurnu-Göynük Basin. The measured stratigraphic 

sections are identified as Middle Eocene (Lutetian-Bartonian) age; Upper Kēzēl­ay 

Formation and Halidiye Formation (Ocakoĵlu et al., 2007, 2012 and ķafak et al., 
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2015). The formations are composed of continental (lacustrine- brackish lacustrine) to 

marine deposits. The deposits are consisting of limestone, marl, oil -shale and fine to 

coarser sandstone-oil -shale intercalation. Near the Sünnet village, in the Middle 

Eocene (Lutetian-Bartonian) measured succession, there is also documentation of 

occasional conglomerate and calcirudite lithofacies at different horizons. The recorded 

fauna in the formation include ostracods, charophytes, gastropods, bivalve and 

occasionally benthic foraminifera, rare fish-teeth and scale, echinoderms, algal 

filamentous and plant fragments.   

According to Saner (1978a, 1978b), the Halidiye Formation is confined to Sparnacian 

(Ypresian)-Lutetian, based on the observed fossil assemblage, includes molluscs 

(Tympanatonus, Ampullina, Dentalium, Trochus, Lucina aff. L. corbarica, Ostrea, 

Natica), benthic foraminifers (Nummulites, Alveolina), and Ostracoda. Planktonic 

foraminifera (Acarinina bulbrooki, A. densa, A. nitida, Subbotina eocaena, 

Turborotalia cerroazulensis frontosa, Globigerapsis subconglobata), nannoplankton 

assemblage (Coccolithus pelagicus, Reticulofenestra dictyoda, R. hillae) and 

macrofossils assemblages (Cerithium sismondai, Nerinea, Ampullaria canalifera, 

Glycymeris, Exogyra lateralis, Pycnodonte vesicularis, Micraster cf. 

cortestudinarium) are observed by  the Ocakoĵlu et al. (2007) and assigned Middle 

Eocene age to the formation. Therefore, based on the fossil assemblages, it is 

interpreted that the Kēzēl­ay Formation and Halidiye Formation was deposited during 

Lutetian-Priabonian periods (Ocakoĵlu et al., 2007, 2012; ķafak et al., 2015). 

According to Saner (1977), the Kēzēl­ay Formation is terrestrial river-lake deposited 

and overlain by marine Halidiye Formation.  

In this study, a total of 76, 21, 49, 29 and 36 samples have been collected in the field 

from the measured Daĵhacēlar, Hasanlar, Kºs¿re, Karahisar and S¿nnet sections in 

order to determine the lithofacies and depositional environment, respectively. The 

field studies and microscopic analysis are used to designate the lateral and vertical 

changes in the facies and environmental condition changes. During the field and 

laboratory studies, the recorded lithologies along the studied sections are medium gray 
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to dark gray laminated and non-laminated oil-shale, limestone, marl and sandstone. 

The pebble conglomerate and calcirudite are only recorded along the Sünnet studied 

section. 

2.3.1. Daĵhacēlar Measured Section  

The locality of the Daĵhacēlar studied section lies near the Daĵhacēlar village, Bolu 

Province (GPS: 40°15' 37.10N, 30° 58' 46.77"E with 1101 meter at base and 40° 15' 

43.64"N, 30° 58' 48.59"E with 1175 meter at top) (Figure 2.3). A total of 76 samples 

were collected from 159.50m measured stratigraphic section (Figures 2.5 and 2.7).  

The Daĵhacēlar measured section is documented as brownish black to dark gray to 

medium gray to medium dark gray to greenish gray to dark greenish gray to pale 

yellowish brown to very pale orange to yellowish gray to grayish orange, very thick 

to very thin bedded high fossiliferous limestone, limestone, marl, laminated and non-

laminated oil -shale and very fine to coarser sandstone (Figures 2.4, 2.8, 2.9, 2.10, 2.11, 

2.13, 2.14, 2.15 and 2.16).  The measured stratigraphic section is starting with medium 

bedded gray dominated limestone with subordinate gastropod and ostracod fossils and 

interbedded marl. As move up in the measured section, the limestone intervals show 

an increase in the gastropod fossils content at certain level in the measured section 

(Figures 2.8 and 2.9). Highly abundant gastropod fossil bearing intervals are observed 

between 6m to 44m of the measured stratigraphic section with occasional interbedded 

marl and oil -shale units (Figures 2.8 and 2.9). The marl beds are present dominantly 

in the lower portion and upper portion of the measured section. In the lower portion 

and upper portion, the marl beds are interbedded with limestone units and sandstone 

units, respectively. The oil -shale lithofacies are prominent in the middle to upper 

portion of the studied section with occasional marls and sandstone beds.  The oil -shale 

is characterized by thin to laminated intervals. The lamina in oil -shale is composed of 

organic-rich lamina and carbonate-rich lamina (Figures 2.10, 2.11, 2.12, 2.13, 2.15). 

The oil-shale interval in the lower portion of the stratigraphic unit is defined by highly  
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Figure 2.3. Satellite image showing the measured Daĵhacēlar Section in the Mudurnu-Göynük Basin 

(Daĵhacēlar Section represented by yellow icon). 

 
Figure 2.4. The field photograph showing lime mudstone and marl, the starting point of the 

Daĵhacēlar section. (D1-D6). 
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Figure 2.5. The field photograph of Lutetian-Bartonian measured stratigraphic section near 

Daĵhacēlar village, Bolu. N dip direction (white lines). 

 
Figure 2.6. The field photograph of Lutetian-Bartonian measured stratigraphic section near 

Daĵhacēlar village, Bolu. N dip direction (green lines). (from D37 to D76). 
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Figure 2.7. Measured stratigraphic section near Daĵhacēlar Village (0m-31.5m). 



 

 

 

50 

 

 
Figure 2.7: Continued (31.5m-62.3m). 
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Figure 2.7: Continued (63.3m-93.5m). 
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Figure 2.7: Continued (93.5m-125m). 
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Figure 2.7: Continued (125m-160m). 
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Figure 2.8. The field photographs of Daĵhacēlar measured stratigraphic section showing; (A) 

wackestone bedding (D7), overlain by high fossiliferous unit Packstone (D8) and then followed by 

wackestone (D9); B) Close view of Packstone limestone of sample D8; C and D) Close view of 

Gastropod in the sample D8 beddings. 

 
Figure 2.9. The field photographs of Daĵhacēlar measured stratigraphic section showing; (A) 

wackestone bedding (D7), overlain by high fossiliferous unit Packstone (D8) and then followed by 

wackestone (D9); B) Close view of Packstone limestone of sample D8; C and D) Close view of 

Gastropod in the sample D8 beddings. 
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Figure 2.10. Figure 2.10. The field photograph of Daĵhacēlar studied section showing, A) Siliceous 

concretion; B) marl (D34) with nodularity feature and above planar very thin bedded to algal 

laminated oil -shale (D35, D36). 

 
Figure 2.11. The field photograph of Daĵhacēlar measured stratigraphic section illustrating A) algal 

laminated oil -shales; B) Thin preparation cutting algal laminated D40 sample; C) Algal Laminated 

Oil -shale and marl alternation with occasional thin bedded sandstone. 
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Figure 2.12. The field photograph of Daĵhacēlar measured stratigraphic section illustrating A) 

laminated to thin planar bedded oil -shale; B) Cross cutting section of sample D52 for thin section 

preparation. 

 
Figure 2.13. The field photograph of Daĵhacēlar measured stratigraphic section illustrating Thin to 

laminated oil -shale with interbedded sandstone. 
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Figure 2.14. The field photograph of Daĵhacēlar measured stratigraphic section illustrating 

dominated up section sandstone; A) Sandstone beds are low angle wavy rippled bedded sandstone 

with interbedded oil -shale; B) wavy rippled bedded sandstone (Sample D65). 

 
Figure 2.15. The field photograph of Daĵhacēlar measured stratigraphic section presenting thin to 

thick bedded sandstone and marl, Oil -shale deposited above section. 
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Figure 2.16. The field photograph of Daĵhacēlar measured stratigraphic section presenting oil-shale 

followed by marl with interbedded very thin wavy rippled sandstone to very thin to medium bedded 

planar bedded sandstone (shown by B). B) Marl and sandstone intercalation at the top portion of the 

measured section. 

 

bearing ostracod shells. The thin to very thin bedded sandstone intervals increase in 

the upper portion and intercalated with marl and oil -shale.  

In the field, the recorded fauna in the studied section are gastropods, ostracod and algal 

laminated features at different intervals (Figures 2.8, 2.9 and 2.11). The sedimentary 

structure in the measured stratigraphic bedding is algal lamina, laminated to thick 

bedded, planar laminated bedding, very thin- to medium-bedded planar bedding, wavy 

rippled feature bedding and rare nodularity and siliceous concretion (Figures 2.4, 2.5, 

2.8, 2.9). The very thin planar bedding, algal lamination and non-algal lamination are 

sedimentary features in the oil -shale (Figures 2.11, 2.12, 2.13 and 2.15). The oil -shale 

also appeared as shaly to flaggy features at certain horizons. The sandstones are 

characterized by planar to wavy laminated to planar thin bedding to wavy rippled 

bedding sedimentary features (Figures 2.14 and 2.16). 

The age of the Daĵhacēlar measured section is defined as Lutetian-Bartonian on their 

chronostratigraphic position and previous paleontological studies (ķener and 
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ķeng¿ler, 1997; Gedik and Aksay, 2002). The recorded ostracods in the middle portion 

of Hatēl section (lacustrine) near Daĵhacēlar village are Cyamocytheridea hebertiana 

(Bosquet), Cytheridea (Clithrocythridea) faboides (Bosquet), Cytheridea 

(Haplocytheridea) sp., Vetustocytheridea sp. and indicates Late Lutetian age 

(Ocakoĵlu et al., 2012). These are overlain by marine succession during late Middle 

Eocene in the Mudurnu-Gºyn¿k basin (Ocakoĵlu et al., 2007, 2012; ķafak et al., 

2015). 

2.3.2. Hasanlar Measured Stratigraphic Section  

The GPS coordinate of the Hasanlar stratigraphic section lies in the 40°16' 3.26" N, 

30° 53' 6.20" E with 842 meters and 40°16' 6.36" N, 30° 53' 4.36" E with 855 meters 

at the base and top, respectively (Figure 2.17). The studied section is measured near 

the Hasanlar and Kabalar village, which is around 8km approx. away from the 

Daĵhacēlar measured section in the northwest direction. The collected samples along 

the measured succession are 21, which are collected at random interval. The samples 

were selected on the basis of change in lithologies, color and sedimentary features 

(Figure 2.20). 14 samples were selected for the microscopic and petrographic analysis 

of the studied section. 

In the field, the identified lithologies in the Hasanlar measured stratigraphic section 

are the light brown, pale green, very pale orange, medium light gray to medium gray 

to dark gray, very thin to thin to medium planar bedded limestone and algal laminated 

to laminated to thin planar bedded oil -shale and occasional marl (Figures 2.18, 2.19, 

2.21 and 2.22) The studied region shows high tensional tectonic regime. The oil -shale 

in the field appeared as thin planar bedding, laminated and occasionally shaly to flaggy 

and fragile character (Figures 2.18, 2.19, 2.21 and 2.22). The recorded fauna in the 

middle portion of studied section are ostracods.  

The Hasanlar measured section is identified and correlatable with bituminous oil -shale 

member of the Kabalar Formation of ķener and ķeng¿ler (1998) in the vicinity of 

Hasanlar village. Therefore, it can be characterized as Late Lutetian age and can 
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correlatable with the middle portion of the Daĵhacēlar measured section and 

bituminous oil -shale member of the Kabalar Formation.  In this study, it is described 

as a portion of the Kēzēl­ay Formation (Gedik and Aksay,2002; Ocakoĵlu et al., 2007 

and 2012). 

2.3.3. Kösüre Measured Section (Yenipazar) 

The other measured section, stratigraphically equivalent to the Daĵhacēlar Section, is 

exposed near the Kösüre village, Yenipazar, Bolu Province (Figure 2.23). The 

measured section is started from with GSP coordinates of 40° 11' 39.49" N; 30° 37' 

22.37" E with 844meter and end at 40° 11' 43.83" N; 30° 37' 19.59" E with 863meter. 

Total of 49 numbers of samples was collected along the stratigraphic section and 

vertical changes were recorded along the measured section in the field (Figures 2.24 

and 2.25). 

 

 
Figure 2.17. Satellite image showing the Hasanlar measured section in the Mudurnu-Göynük Basin, 

in the vicinity of Hasanlar village (Hasanlar studied section represented by yellow icon). 
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Figure 2.18. The field photograph of Hasanlar measured section presenting base of the section, 

started with limestone of wackestone feature, then followed by planar thin bedded Oil -shale; B) Thin 

section preparation rock-cutting Oil -shale sample H0b. 

 
Figure 2.19. The field photograph of Hasanlar measured section presenting intercalation of lime 

mudstone and fragile laminated oil -shale. 
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Figure 2.20. Measured stratigraphic section near Hasanlar Village. 
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Figure 2.21. The field photograph of Hasanlar studied section presenting intercalation of A) lime 

mudstone and marl; B) representing intercalation of lime mudstone and laminated oil -shale. 
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Figure 2.22. The field photograph of Hasanlar measured section presenting; A) Wackestone and 

Laminated Oil -shale; B) Lab cutting sample H14; C) representing intercalation of lime Mudstone and 

Laminated Oil -shale. 








































































































































































































































































































































































































































































































































































































































































































































































