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ABSTRACT

STRATIGRAPHICAL, SEDIMENTOLOGICAL, GEOCHEMICAL AND
CYCLOSTRATIGRAPHICAL ANALYSES OF UPPER CRETACEOUS (UPPER
SANTONIAN- CAMPANIAN) PELAGIC SUCCESSIONS OF HAYMANA AND
MUDURNU-GÖYNÜK BASINS OF THE SAKARYA CONTINENT, TURKEY

Afridi, Bakht Zamir
M.S., Department of Geological Engineering

Supervisor: Assoc. Prof. Dr. İsmail Ömer Yılmaz
September 2014, 256 pages

The Upper Cretaceous (Upper Santonian-Campanian) successions were measured from

two different basins of Turkey, Haymana basin and Mudurnu-Göynük basin. The

measured Alagöz and Göynük sections are dominantly composed of red marly beds and

fine grained siliciclastic green-gray beds with occasional interruption of fine grained

turbiditic bedding.  A variety of lithofacies are identified in the studied sections,

including radiolarian packstone, silty marls, marls, mudstone, claystone, siltstone and

fine grained quartzwacke sandstone. Abundant planktonic foraminifers and low

presences of other microfossils are observed within the thin sections. The grains are

mostly quartz with less percent of accessory minerals. The depositional environments

are interpreted as oxic to suboxic deep marine environment with occasional interruption

of turbiditic current and low contribution of organic matter. The low concentrations of

P/Al and certain trace element ratio, suggests low nutrient supply and low primary

productivity. The Alagöz Section is characterized by Fe-rich and Fe-poor lithologies,

while Göynük lithologies possess Fe-poor character. The correlation coefficient of

oxides and trace elements indicate terrigenous influx. The D* values and low Ti/A/ ratio

suggest fluvial influence and also reflect transgressive condition. The ratios of oxides,
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trace elements and Eu-anomalies represent mafic to felsic source rock for Alagöz

Section and felsic source rock for Göynük Section. The ratio of trace elements and Ce-

anomalies in the studied sections indicate oxic to dysoxic marine environmental

conditions during the deposition. The high resolution cyclostratigraphy of the measured

sections indicate centimeter to meter-scale cyclic bedding with few episodic cycles at

different levels.  The cyclic bedding may imply the collaboration of small-scale sea-

level fluctuations and/or tectonic effect and changes in productivity.

Keywords: Upper Santonian-Campanian, Haymana Basin, Mudurnu-Göynük Basin,

Sedimentology, Red beds and Green-gray beds, geochemical parameters,

paleoceanographic changes and cyclostratigraphy.
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ÖZ

Sakarya Kıtası'ndaki Haymana ve Mudurnu-Göynük Havzalarında Üst Kretase (Üst
Santoniyen-Kampaniyen) Pelajik istiflerinin Stratigrafik, Sedimantolojik, Jeokimyasal

ve Devirsel Stratigrafik Analizleri

Afridi, Bakht Zamir
Yüksek Lisans, Jeoloji Mühendisliği Bölümü

Tez Yöneticisi: Yard.Doç. Dr. İsmail Ömer Yılmaz
Eylül 2014, 256 sayfa

Türkiye'deki iki farklı havzadan, Haymana Havzası ile Mudurnu-Göynük Havzası, Üst

Kretase (Üst Santoniyen-Kampaniyen) yaşlı ardalanmalı kayaçlar ölçülmüştür.Ölçülmüş

olan Alagöz ve Göynük kesimleri ağırlıklı olarak marnlı kırmızı ve ince taneli

silisiklastik yeşil-gri tabakalardan oluşup ara katkılı ince taneli türbiditik tabakalar

tanımlanmıştır. Radyolaryalı istiftaşı, siltli marn, camurtaşı, kiltaşı ve ince taneli

kuvarsvake kumtaşını kapsayan farklı litofasiyesler tespit edilmiş ve incekesit örnekleri

çıkarılarak incelenmiştir. Yoğun miktarda bulunan planktonik foraminiferler ile az

miktarda diğer mikrofosiller de bu ince kesitlerde gozlemlenmiştir. Kayaçların çökelme

ortamları zaman zaman türbiditik akıntılar ile kesilmiş derin denizel olarak tayin

edilmiştir.Düşük P/Al konsantrasyonu ile belirgin iz element oranları, düşük besin

kaynağı ve düşük ilksel prodüktivite'ye işaret etmektedir. Alagöz kesiti hem demirce

zengin hem de demirce fakir litolojilerden oluşuyorken, Göynük kesiti demirce fakir

litolojilerden oluşmaktadır. Oksitlerin korelasyon katsayısı ve iz elementler karasal

kaynağa işaret etmektedir. D* değerleri ve Ti/Al oranları ise flüviyal etki  ve aynı

zamanda transgresif koşullara işaret etmektedir. Oksitlerin oranları, iz elementler ve Eu-

anomalileri Alagöz kesitinde mafik ile felsik arası, Göynük kesitinde ise felsik kökeni

işaret etmektedir. İz elementler ve Ce-anomali oranlarına bakıldığında çalışılan
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kesitlerin çökelim ortamının oksijenli ile disoksik denizel koşullar arasında degiştiği

gözlenmiştir. Kesitler üzerinde ölçülen yüksek çözünürlüklü devirsel stratigrafik

çalışmalar sonucunda metre ve santimetre ölçekli devirsel tabakalar ve farklı seviyelerde

ayriyeten gözlemlenen episodik döngüler belirlenmiştir. Döngüsel tabakaların varlığı

küçük ölçekli deniz seviyesi değişimleri ve/veya tektonizma etkisive/veya üretim

değişikliklerinin işbirliği olarakta yorumlanabilir.

Anahtar kelimeler: Üst Santoniyen-Kampaniyen, Haymana Havzası, Mudurnu-Göynük

Havzası, Sedimantoloji, kırmızı tabakaları ve Yeşil-gri tabakaları, Jeokimyasal

parametreler, eski okyanusal değişimler, ve Devirsel Stratigrafi.



ix

To my beloved family….…



x

ACKNOWLEDGMENTS

I would like to express my sincere gratitude to Assoc. Prof. Dr. İsmail Ömer Yılmaz,

my supervisor, for his patient guidance, enthusiastic encouragement, immense

knowledge and useful critiques of this research work. His guidance helped me in all time

of research and writing of this thesis. I could not have imagined having a better advisor

and mentor for my M.S study.

Besides my supervisor, I would like to thank my committee members: Prof. Dr. F. Bora

Rojay, Prof. Dr. Faruk Ocakoğlu, Prof.Dr. Sevinç Özkan Altıner and Assist. Prof. Dr.

Fatma Toksoy Köksal, for their encouragement, insight comments, hard questions and

providing me with a lot of suggestions to improve my research work. I also want to

thank you for letting my defense be an enjoyable moments.

I am also grateful to Mr. Zafer Kaplan, for his remarkable assistance in preparation of

thin sections for petrographic studies.

A special thanks to my family. Words cannot express how grateful I am to my parents,

Dr. Khalid Zamir Afridi (Brother-in-law) and my elder sister (Mrs. Khalid Zamir Afridi)

for all of the sacrifices that they have made on my behalf. Your prayer from me was

what sustained me thus far. A bundle of thanks to my Uncles, Brothers, Sisters and

Cousins whose unconditional love and support always encouraged me in every

movement of my life. My sweet nephews and nieces, especially, are an endless source of

great joy and love, no matter where they are around the world, they are always with me.

I wish to thank my best friend Ishfaq Bashir, for helping me get through the difficult

times, and for all the emotional support, camaraderie, entertainment and care he

provided.

I would like to extend my heartfelt thanks to all my friends (You know who you are), for

their moral support, motivation and entertainment. I would never forget all the beautiful



xi

moments, chats, trips and memories; I shared with some of my friends. I would like to

thank Rıza Levent Kalaycıoğlu and Tuğrül Bülbül, for their help in the field and thesis. I

express my sincere thanks to Faisal Baig, Syed Tanvir Shah, Saeed Ahmad Khan,

Rizwan Aziz, Muhammad Saad Arshad and Islam Aslam for their good wishes and for

all the fun we have had in the last two years.



xii



xiii

TABLE OF CONTENTS

ABSTRACT…………………………………………………………………. v

ÖZ……………………………………………………………………………. vii

ACKNOWLEDGEMENTS………………………………………………… x

TABLE OF CONTENTS…………………………………………………… xiii

LIST OF TABLES...………………………………………………………... xviii

LIST OF FIGURES………………………………………………………… xxii

CHAPTERS

1. INTRODUCTION………………………………………………..…… 1

1.1 Purpose and scope…………………………………………..……. 1

1.2 Geographic setting…………………………………………..……. 2

1.3 Methods of study…………………………………………….…… 3

1.4 Previous studies…………………………………………….….…. 7

1.4.1 Cretaceous Oceanic Red Beds……………………………. 13

1.5 Regional Setting…………………..……………………….…….. 14

1.5.1 Haymana-Polatlı Basin…………………………………… 15

1.5.2 Mudurnu-Göynük Basin…………..……………………… 18

2. GENERAL STRATIGRAPHY………………………………………. 21

2.1 General stratigraphy of the Central Anatolia……….……………. 21

2.2 Stratigraphy of Haymana-Polatlı Basin………..…………………. 22



xiv

2.2.1 Jurassic-lower Cretaceous Succession……………………. 25

2.2.2 Upper Cretaceous Formation………………………….….. 25

2.2.3 Paleogene Succession…………………………………….. 27

2.2.4 Neogene……………………………………………….….. 27

2.3 Stratigraphy of Mudurnu-Göynük Basin ………………………… 28

2.3.1 Jurassic to Cretaceous Succession………………………... 28

2.3.2 Tertiary Succession……………………………………….. 30

2.4 Quaternary Cover………………………………………………… 31

2.5 Lithostratigraphy of the measured sections………………………. 31

2.5.1 Alagöz Measured Section………………………………… 33

2.5.2 Göynük Measured Section……………………..…………. 40

3. SEDIMENTOLOGY………………………………………………….. 53

3.1 Sedimentological Studies………………………………………… 53

3.2 Microfacies of Alagöz Section …………………………... 53

3.2.1 Red to pale green radiolarian packstone……................... 53

3.2.2 Red silty marl…………………………………………….. 57

3.2.3 Greenish to gray mudstone……………………………….. 61

3.2.4 Greenish to gray claystone……………………………….. 61

3.2.5 Red siltstone……………………………………………… 65

3.3 Sedimentary structure of the Alagöz stratigraphic section………. 66

3.4 Microfacies of Göynük section ………….………………………. 71

3.4.1 Red to brownish marl…………………………………….. 71

3.4.2 Greenish to gray mudstone……………………………….. 77



xv

3.4.3 Greenish to gray claystone……………………………….. 77

3.4.4 Greenish to gray siltstone………………………...………. 82

3.4.5 Greenish to grayey fine quartzwacke sandstone…………. 82

3.5 Sedimentary structure of the Göynük stratigraphic section……… 87

3.6 Petrography and results of point counting………………………... 89

3.6.1 Petrography and point counting of the Alagöz section…… 89

3.6.2 Petrography and point counting of the Göynük section…. 99

3.7 Comparison graphic representation between Alagöz and Göynük

sections…………………………………………………………… 102

3.7.1 Quartz…………………………………………………….. 115

3.7.2 Feldspar and Plagioclase…………………………………. 117

3.7.3 Mica………………………………………………………. 117

3.7.4 Glauconite and Heavy Minerals………………………….. 119

3.7.5 Lithic clasts……………………………………………….. 119

3.7.6 Bioclasts…………………………………………………... 121

3.7.7 Heamatite and phosphate…………………………………. 121

3.7.8 Pyrite……………………………………………………… 123

3.7.9 Matrix/Clay……………………………………………….. 123

3.7.10 Total grains…………..………………………………….. 125

3.8 Interpretation and depositional environment……………………. 126

4. GEOCHEMICAL ANALYSIS……….……………………………… 129

4.1 Introduction………………………………………………………. 129

4.2 Major oxides of the Alagöz and Göynük sections……………….. 129



xvi

4.2.1 Major oxides of red beds of the Alagöz and Göynük

sections…………………………………………………… 135

4.2.2 Major oxides of green-gray beds of the Alagöz and

Göynük sections……………………………………….…. 136

4.2.3 Vertical Distribution of the major oxides and their

comparison……………………………………..…………. 137

4.3 Trace element of the Alagöz and Göynük sections………………. 139

4.3.1 Trace elements of the red beds of Alagöz and Göynük

Sections…………………………………………………… 140

4.3.2 Trace element of the green-gray beds of Alagöz and

Göynük Sections………………………………………….. 141

4.4 Al-normalized major and trace elements of the Alagöz and

Göynük sections………………………………………………….. 141

4.4.1 Vertical distribution of al-normalized major and trace

elements of the Alagöz and Göynük sections…………...... 144

4.5 Rare earth elements of the Alagöz and Göynük sections………… 152

4.5.1 Vertical distribution of the rare earth elements of Alagöz

and Göynük sections……………………………………… 153

4.5.2 REE-normalization of the Alagöz and Göynük sections… 153

4.6 Interpretation of geochemical data………………………………. 158

4.6.1 Pearson`s correlation coefficient of the Alagöz and

Göynük sections…………………….……………………. 158

4.6.2 Geochemical classification of the samples from Alagöz

and Göynük sections……………………………………... 161

4.6.3 Provenance studies of the Alagöz and Göynük sections…. 163

4.6.4 Clastic influx and primary productivity in the Alagöz and 165



xvii

Göynük sections………..……...………………………….

4.6.5 Geochemical approach to the tectonic setting of Alagöz

and Göynük sections…………………………………….. 168

4.6.6 Redox sensitive elements in the depositional

environments of the Alagöz and Göynük sections……….. 169

5. CYCLOSTRATIGRAPHY…………………………………………… 179

5.1 Cyclostratigraphy………………………………………………… 179

5.2 Cyclostratigraphy of the Alagöz Section………………………… 180

5.3 Cyclostratigraphy of Göynük Section……………………………. 184

5.4 Interpretation …………………………………………………….. 189

6. DISCUSSIONS AND RESULTS……………………………………... 191

7. CONCLUSIONS………………………………………………………. 197

REFERENCES………………………………………………………… 201

APPENDIX A………………………………………………………… 233

APPENDIX B………………………………………………………… 236

APPENDIX C………………………………………………………… 254



xviii

LIST OF TABLES

Table 2.1: Identification of color of the samples from the Alagöz Section ..................38

Table 2.2: Identification of color of the samples from the Göynük Section ................48

Table 3.1: Folk`s (1965) texture classification of fine-grained sedimentary rock .......57

Table 3.2: Classifications of the Alagöz section based on compositional, grain size and

texture parameters…………………….………………………………………..............58

Table 3.3: Classifications of the Alagöz section based on compositional, grain size and

texture parameters…………………………………………………………..................59

Table 3.4: Petrographic data and established/recognized Microfacies from Göynük

Section samples .............................................................................................................72

Table 3.5: Classifications of the Göynük section based on compositional, grain size

and texture parameters....................................................................................................75

Table 3.6: Percent quantitative data of the Alagöz samples under microscope by using

point counting method (unit as number of grains percent) (James Swift brand

mechanical stage). (data display in graphic curve as Figures 3.29-3.30) ......................92

Table 3.7: Percent quantitative data of the Göynük samples under microscope by using

point counting method (unit as number of grains percent) (James Swift brand

mechanical stage). (data display in graphic curve as Figures 3.32-3.33)….................103

Table 3.8: Percent date Statistical description of red beds of the Alagöz Section from

Table 3.6. …………………………………………..………………………...............116

Table 3.9: Percent date statistical description of green to gray beds of the Alagöz

Section from Table 3.6……..……………………………………..………………….116

Table 3.10: Percent date statistical description of red beds of Göynük Section from

Table 3.7. …………………………………………..………………………...............116



xix

Table 3.11: Percent date statistical description of green to gray beds of the Göynük

Section from Table 3.7……………………………………………………………….117

Table 4.1: Major element (wt.%), REE (ppm) and normalized values of the red beds of

Alagöz Section. …………………………………………………………....................130

Table 4.2: Major element (wt.%), REE (ppm) and normalized values of the green-gray

beds of Alagöz Section. ……………………………………………………...............130

Table 4.3: Trace element (ppm) concentration in the red beds of Alagöz Section.....130

Table 4.4: Trace element (ppm) concentration in the green-gray beds of Alagöz

Section ..……..………………………………………………………………………131

Table 4.5: REE (ppm) concentration in the red beds of Alagöz Section. ………….131

Table 4.6: REE (ppm) concentration in the green-gray beds of Alagöz Section…....131

Table 4.7: Major element (wt. %), REE (ppm) and normalized values of the red beds

of Göynük Section……………………………………………………………………132

Table 4.8: Major element (wt.%), REE (ppm) and normalized values of the green-gray

beds of Göynük Section. …………………………………………………………......132

Table 4.9: Trace element (ppm) concentration in the red beds of Göynük Section....133

Table 4.10: Trace element (ppm) concentration in the green-gray beds of Göynük

Section. ………………………………………….....……….......................................133

Table 4.11: REE (ppm) concentration in the red beds of Göynük Section. …….......134

Table 4.12: REE (ppm) concentration in the green-gray beds of Göynük Section.....134

Table 4.13: Pearson`s correlation coefficient of major element, REE and normalized

values of the red beds of Alagöz Section……………………………........................159

Table 4.14: Pearson`s correlation coefficient of major element, REE and normalized

values of the green-gray beds of Alagöz Section…………………………….............159



xx

Table 4.15: Pearson`s correlation coefficient of major element, REE and normalized

values of the red beds of Göynük Section. …………………………………………..160

Table 4.16: Pearson`s correlation coefficient of major element, REE and normalized

values of the green-gray beds of Göynük Section. …………………………………..160

Table 4.17: Range of La/Sc, Th/Co, Th/Sc ratios of the Alagöz and Göynük sections

compared with felsic and mafic sediments origin ratio (1Cullers, 1994; 2002; 2Taylor

and McLennan, 1985)………………………………………………………………...167

Table 6.1: Correlation of the CORBs characteristic from different regions of the world

(modified from Chen et al., 2007 and Hu et al., 2005) ………………………………195

Table A1: …..……………………………………..…………………………............233

Table A2: …..……………………………………..…………………………............234

Table B1: …..……………………………………..…………………………............236

Table B2: …..……………………………………..…………………………............236

Table B3: …..……………………………………..…………………………............237

Table B4: …..……………………………………..…………………………............237

Table B5: …..……………………………………..…………………………............238

Table B6: …..……………………………………..…………………………............238

Table B7: …..……………………………………..…………………………............239

Table B8: …..……………………………………..…………………………............239

Table B9: …..……………………………………..…………………………............240

Table B10: …..……………………………………..…………………………..........240

Table B11: …..……………………………………..…………………………..........241

Table B12: …..……………………………………..…………………………..........241

Table B13: …..……………………………………..…………………………..........242

Table B14: …..……………………………………..…………………………..........242



xxi

Table B15: …..……………………………………..…………………………..........243

Table B16:…..……………………………………..…………………………..........243

Table B17: …..……………………………………..…………………………..........244

Table B18: …..……………………………………..…………………………..........244

Table B19: …..……………………………………..…………………………..........245

Table B20: …..……………………………………..…………………………..........245

Table B21: …..……………………………………..…………………………..........247

Table B22: …..……………………………………..…………………………..........247

Table B23: …..……………………………………..…………………………..........248

Table B24: …..……………………………………..…………………………..........248

Table B25: …..……………………………………..…………………………..........250

Table B26: …..……………………………………..…………………………..........251

Table B27: …..……………………………………..…………………………..........252

Table B28: …..……………………………………..…………………………..........253

Table C1: ….……………………………………..………………………….............254

Table C2: ….……………………………………..………………………….............254

Table C3: ….……………………………………..………………………….............255

Table C4: ….……………………………………..………………………….............255

Table C5: ….……………………………………..………………………….............256



xxii

LIST OF FIGURES

Figure 1.1: Satellite image showing the measured Alagöz Section in the Haymana Basin

(Alagöz Section represented by green icon), Ankara and Mudurnu-Göynük Basin

(Göynük Section represented by yellow icon), Bolu Provinces, Turkey. (red arrow

represents North direction of the Google earth map). ………………………………….4

Figure 1.2: Close view of the satellite image showing the measured Alagöz Section in

the Haymana basin (green icon) and 39°45'19.73"N; 32°29'27.80"E geographic

coordinate. (red arrow represents North direction of the Google earth map). …………..4

Figure 1.3: Close view of the satellite image showing the measured studied Göynük

Section (yellow icon) and 40°23'44.50"N; 30°46'51.55"E geographic coordinate. (red

arrow represents North direction of the Google earth map). …………………………….5

Figure 1.4: Showing regional tectonic of the Turkey and adjacent areas (modified from

Okay and Tüysüz, 1999). (Note: rectangles represent studied sections; yellow-Göynük

and pink-Alagöz sections and red arrow represents North direction map). ……………16

Figure 1.5: The regional tectonic and geological setting of the Haymana basin and

subduction of the Neo-Tethyan Oceanic crust during the late Cretaceous to Middle

Eocene (Koçyiğit et al., 1988 and 1991). ………………………………………………16

Figure 1.6: Representing schematic model for the tectonic divergent setting and

depositional stratigraphy of the northern Sakarya Continental margin (Koçyiğit et al.,

1991). a) Upto Aptian, b) Upto Cenomanian, and c) Upto Maastrichtian.……………..17

Figure 2.1: The generalized stratigraphy and correlation in the Haymana-Polatlı and

adjacent areas (Modified from Ünalan et al., 1976) (Not to scale). ……………………23

Figure 2.2: The generalized Cretaceous stratigraphy and correlation in the Mudurnu-

Göynük Basin (Modified from Yılmaz, 2002) (Not to scale). …………………………24



xxiii

Figure 2.3: Composite Stratigraphic section of the Haymana basin and MS (red line)

represent measured stratigraphic section near the Alagöz Village (Modified from Ünalan

et al., 1976). …………………………………………………………………………….26

Figure 2.4: Composite Stratigraphic section of the Mudurnu-Göynük Basin and MS (red

line) represents measured stratigraphic section in the Göynük Village (Modified from

Altıner et al., 1991; Şener and Şengüler 1998). ………………………………………..29

Figure 2.5: The field photograph of the studied area representing sharp lower contact

(pink line) with the Upper Jurassic-Lower Cretaceous sedimentary mélange and angular

unconformity upper contact with the Tertiary strata (red line) SW dip direction (yellow

line-measured section; black line-bedding). ……………………………………………34

Figure 2.6: The field photograph showing the Upper Santonian-Campanian red beds in

the Alagöz section. ……………………………………………………………………34

Figure 2.7: Measured stratigraphic section of the Alagöz Village in the Haymana Basin

…………………………………………..………………………………………………35

Figure 2.8: Yellow dotted lines show calcite veins, perpendicular to bedding and

conjugate symmetry in the field (red line representing bedding plane; Dipping in SW), in

the Upper Santonian-Campanian Alagöz stratigraphic section…………………………39

Figure 2.9: A) The Alagöz Section photomicrograph of sample ZR16 thin section,

representing micro-borrow (PPL) (yellow line representing micro-borrow); B) The

photograph of infilling-marl dendritic bioturbation pattern in Sample ZR0a. …………39

Figure 2.10: The field photograph of measured stratigraphic section; A) 0-14 m and B)

14-28.75 m near the Göynük town, Bolu. SW dip direction (yellow line shows measured

section; black lines for bedding; green line display contact with overlying Fine clastic

turbiditic sequence; red line represents unconformable contact with volcanogenic

turbiditic sequence). …………………………………………..………………………..42

Figure 2.11: Measured stratigraphic section of Göynük Village of the Göynük Basin..43

Figure 2.12: The field photograph showing the Upper Santonian-Campanian red beds in

the Göynük section. …………………………………………………………………….49



xxiv

Figure 2.13: The field photograph showing the Campanian greenish gray claystone and

mudstone in the Göynük section. ………………………………………………………49

Figure 2.14: Asymmetrical ripples in the GOZ38 (sandstone) of the Göynük section. A)

GOZ38 with red dotted lines represents ripples and B) Sketch of A..………………….50

Figure 2.15: Lamination in the samples of the Göynük section. A) Photo of GOZ49 and

B) Sketch of A: C) Photo of GOZ51 and D) Sketch of C; red lines show lamination…50

Figure 2.16: A) The field photograph of the Inoceramus fragment in the Göynük

section. B) Photo showing iron nodule in the Göynük section. ………………………51

Figure 3.1: Ternary mudstone compositional classification (for unconventional)

diagram of the A) Diaz et al. (2012) and B) the Allix et al. (2010) used to plot the

samples of Alagöz and Göynük sections, and their comparison with known

unconventional reservoirs from USA. ………………………………………………..54

Figure 3.2: A) Stow`s (2005) classification and B) the Picard`s (1971) classification

based on relative proportions of grains size. (The samples of Alagöz and Göynük

sections are represented by white and yellow circles, respectively). …………………55

Figure 3.3: Stow`s compositional classification (2005) ternary diagram based on

biogenic (carbonate and silica) and mud/clays: illustrate the Alagöz (white circles) and

the Göynük sections samples (yellow circles). …………………………………………56

Figure 3.4: Studied samples of the Göynük Section are plotted on the Folk`s (1974)

Sandstone classification ternary diagram based on relative proportions of grains size and

presence of matrix. …………………………………………………………………….56

Figure 3.5: Photomicrographs of red to pale green  radiolarian packstone microfacies

representing radiolarian sp. (R), calcareous radiolarian sp. (CR), siliceous radiolarian sp.

(SR), sponge spicules (S), glauconite (G), pyrite (P) and matrix (M) (Sample no. ZR0b,

(A) PPL, (B) XPL x4). …………………………………………..……………………..60

Figure 3.6: Photomicrographs of Red Silty Marl Microfacies having abundant silt-size

quartz grains (Q) with pyrite (P) and iron rich matrix (Sample no. ZR04, PPL). ……...62



xxv

Figure 3.7: The field photograph showing the red beds of the Alagöz measured section

…………………………………………..………………………………………………62

Figure 3.8: Photomicrographs of greenish to gray mudstone microfacies containing

quartz (Q), mica (Mi),  pyrite (P), calcite (Ct), radiolarian sp. (R),  planktonic

foraminifers and matrix and calcite filling fracture (F) (Sample no. ZR05, (A) XPL x4;

ZR07, (B) PPL x4). …………………………………………………………………….63

Figure 3.9: Photomicrographs of the greenish to gray mudstone microfacies containing

quartz (Q), pyrite (P),  hematite  (He), planktonic foraminifers and matrix and yellow

line shows bioturbation (Sample no. ZR07, (A) PPL x4; ZR21, (B) PPL x4). ………...64

Figure 3.10: The field photograph showing the greenish to gray mudstone and claystone

of the Alagöz measured section. ………………………………………………………..65

Figure 3.11: Photomicrographs of the greenish to gray claystone microfacies

representing quartz (Q), pyrite (P), planktonic foraminifers embedded in matrix (Sample

no. ZR09, (A) PPL x4; ZR18, (B) PPL x4).…………………………………………….67

Figure 3.12: Photomicrographs of the red siltstone facies containing quartz (Q), intra-

clast of lime mudstone and iron rich matrix (He) (Sample no. ZR01 x2.5, (A) PPL;

ZR04a, (B) PPL x2.5). ………………………………………………………………….68

Figure 3.13: The field photograph showing transitional zone between the red beds and

greenish to gray mudstone of the Alagöz measured section……………………………69

Figure 3.14: The field photograph showing the medium dark gray mudstone with flaggy

appearance of the Alagöz measured section. …………………………………………...69

Figure 3.15: Close view field photograph showing the greenish gray claystone of the

Alagöz measured section….…………………………………………………………….70

Figure 3.16: Close view field photograph showing the grayish red intra-clastic (lime

mudstone fragment) bearing siltstone of the Alagöz measured section (sample no.

ZR04a). …………………………………………………………………………………70



xxvi

Figure 3.17: Photomicrographs of the red to brownish marl containing quartz (Q), pyrite

(P),  bivalve (Bv), phosphate (Ph), planktonic foraminifers and matrix and lamination of

bioclasts represented by orange line (Sample no. GOZ6, (A) PPL x4; GOZ7, (B) PPL

x2.5). ……………………………………………………………………………………78

Figure 3.18: Photomicrographs of the greenish to gray mudstone microfacies

representing quartz (Q), pyrite (P),  inoceramus fragments (In), benthic foraminifers

(Bn), planktonic foraminifers (Pf) and phosphate (Ph)  (Sample no. GOZ13, (A) PPL

x2.5; GOZ13, (B) PPL x4). …………………………………………………………….79

Figure 3.19: Photomicrographs of greenish gray to gray mudstone microfacies

containing quartz (Q), pyrite (P), inoceramus fragments (In), plagioclase (Pg) and matrix

(Sample no. GOZ17, (A) XPL with mica plate x4; (B) GOZ25, PPL x4).……………..80

Figure 3.20: The field photograph showing the red to brownish marl microfacies of the

Göynük Section. ………………………………………………………………………..81

Figure 3.21: The field photograph showing transitional zone between the red beds and

the greenish to gray mudstone of the Göynük measured section. ……………………..81

Figure 3.22: Photomicrographs of greenish  to gray claystone microfacies containing

quartz (Q), pyrite (P),  inoceramus fragments (In), planktonic foraminifers and matrix

(Sample no. GOZ0, (A) PPL x4; GOZ10, (B) XPL x2.5).…………………………….83

Figure 3.23: Photomicrographs of greenish to gray siltstone representing laminated

siltstone and representing contact with greenish gray to gray Mudstone (Sample no.

GOZ41, (A) PPL x2.5, GOZ45, (B) PPL x2.5). ……………………………………….84

Figure 3.24: The field photograph showing the greenish to gray mudstone, claystone

and greenish yellow to grayey sandstone of the Göynük Section. …………………….85

Figure 3.25: The field photograph showing the greenish gray to gray mudstone and

greenish to gray siltstone of the Göynük Section. ……………………………………...85

Figure 3.26: The field photograph showing the Inoceramus in the greenish to gray

mudstone of the Göynük measured section. ……………………………………………86



xxvii

Figure 3.27: Photomicrographs of the greenish yellow to grayey fine sandstone showing

quartz (Q), pyrite (P),  plagioclase (Pg) and  glauconite (G) (Sample no. GOZ28, (A)

PPL x4) and (B) representing erosional contact (Sample no. GOZ49, (B) PPL x2.5)….88

Figure 3.28: Graphic representation of quantitative data of the Alagöz samples under

microscope by using point counting method (James Swift brand mechanical stage). …91

Figure 3.29: Representing Quartz-Bioclastic-Feldspar (10*)-Plagioclase (10*)-

Glauconite (10*)-Lithic (10*)-Heavy minerals (10*) graphic curves of the Alagöz

Stratigraphic Section petrographic studies. (Note: 10* represents 10 time increase)…..93

Figure 3.30: Representing Matrix-Total grains-Mica-Pyrite-Phosphate (10*) - Hematite

graphic curves of the Alagöz Stratigraphic Section petrographic studies. (Note: 10*

represents 10 time increase)…………………………………………………………….96

Figure 3.31: Graphic representation of quantitative studied of the Göynük samples

under microscope by using point counting method (James Swift brand mechanical

stage)………………………………………………………………………………….100

Figure 3.32: Representing Quartz-Bioclastic-Feldspar (10*)-Plagioclase (10*)-

Glauconite (10*)-Lithic(10*)-Heavy minerals(10*) graphics curve of the Göynük

stratigraphic section petrographic data. (Note: 10* represents 10 time increase)……..105

Figure 3.33: Representing Matrix-Total grains-Mica (2*)-Pyrite-Phosphate (10*) –

Hematite (2*) graphic curves of the Göynük stratigraphic section petrographic data.

(Note: 10* and 2* represents 10 and 2 time increase, respectively). …………………110

Figure 3.34: The graphic curves comparison of quartz, feldspar and plagioclase of

Alagöz Section (black line) and Göynük Section (red line). (Red beds represented by red

shaded area) …………………………………………………………………………...118

Figure 3.35: The graphic curves comparison of mica, glauconite and heavy minerals of

the Alagöz Section (black line) and Göynük Section (red line) (red shade represents red

beds). (Red beds represented by red shaded area) …………………………………..120

Figure 3.36: The graphic curves comparison of lithic, bioclasts and heamitite of Alagöz

Section (black line) and Göynük Section (red line). (Red beds represented by red shaded



xxviii

area) …………………………………………………………………………………...122

Figure 3.37: The graphic curves comparison of pyrite, phosphate and matrix

comparison graphic curves of Alagöz section (black line) and Göynük Section (red line).

(Red beds represented by red shaded area) …………………………………...………124

Figure 3.38: The graphic curves comparison of total grains of Alagöz Section (black

line) and Göynük Section (red line). (Red beds represented by red shaded area) ……125

Figure 4.1: SiO2, Al2O3, MgO,Fe2O3, CaO, TiO2, Na2O and K2O wt.% geochemical

data graphs of the Alagöz Section (black line) and Göynük Section (red line) and their

relationship. (red shade represents red beds) ………………………………………….138

Figure 4.2: P2O3, Cr2O3 and MnO wt.% geochemical data graphs of the Alagöz Section

(black line) and Göynük Section (red line) and their relationship. (red Shade represents

red beds) ………………………………………………………………………………140

Figure 4.3: PAAS-normalized trace elements of the Alagöz Section samples plot. PAAS

(Taylor and McLennan, 1985) values are used for normalization. (A: Red Beds and B:

Green-gray Beds) ……………………………………………………………………...142

Figure 4.4: PAAS-normalized trace elements of the Göynük Section samples plot.

PAAS (Taylor and McLennan, 1985) values are used for normalization. (A: Red Beds

and B: Green-gray Beds) ……………………………………………………………...143

Figure 4.5: Graphic representation of Si/Al, Fe/Al, Mg/Al, Ca/Al and Na/Al of the

Alagöz (black line) and Göynük (red line) sections. (red shade represents red beds) ..145

Figure 4.6: Graphic representation of K/Al, Ti/Al, P/Al, Mn/Al and Cr/Al of the Alagöz

(black line) and Göynük (red line) sections. (red shade represents red beds).……….147

Figure 4.7: Graphic representation of Sc/Al, Ba/Al, Co/Al, Nb/Al and Rb/Al of the

Alagöz (black line) and Göynük (red line) sections. (red shade represents red beds)...149

Figure 4.8: Graphic representation of Sr/Al Ta/Al, Th/Al, U/Al and V/Al of the Alagöz

(black line) and Göynük (red line) sections. (red shade represents red beds) ………...150



xxix

Figure 4.9: Graphic representation of Zr/Al, Mo/Al Cu/Al, Pb/Al and Zn/Al of the

Alagöz (black line) and Göynük (red line) sections. (red shade represents red beds)...151

Figure 4.10: Graphic representation of Ni/Al of the Alagöz (black line) and Göynük

(red line) sections. (red shade represents red beds) …………………………………..152

Figure 4.11: La, Ce, Nd and Pr geochemical data graph of the Alagöz Section. (red

shade represents red beds) …………………………………………………………….154

Figure 4.12: Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb and Lu geochemical data graphs of

the Alagöz Section. (red shade represents red beds) ………………………………….154

Figure 4.13: La, Ce, Nd and Pr geochemical data graph of the Göynük Section. (red

shade represents red beds) …………………………………………………………….155

Figure 4.14: Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb and Lu geochemical data graph of the

Göynük Section. (red shade represents red beds) ……………………………………..155

Figure 4.15: PAAS-normalized REE of the Alagöz Section samples plot. PAAS (Taylor

and McLennan, 1985) values are used for normalization. (A: Red beds and B; Green-

gray beds) ……………………………………………………………………………..156

Figure 4.16: PAAS-normalized REE of the Göynük Section samples plot. PAAS

(Taylor and McLennan, 1985) values are used for normalization. (A: Red beds and B;

Green-gray beds) …………………………………………………………………….157

Figure 4.17: Log (Fe2O3/K2O) vs Log (SiO2/Al2O3) graph of A) red beds and B) green-

gray beds of the Alagöz Section by Herron (1988) for sandstone and shale classification.

…………………………………………………………………………………………162

Figure 4.18: Log (Fe2O3/K2O) vs Log (SiO2/Al2O3) graph of A) red beds and B) green-

gray beds of the Göynük Section by Herron (1988) for sandstone and shale

classification. …………………………………………………………………………162

Figure 4.19: Th/Co vs La/Sc graph of A) red beds and B) green-gray beds of the Alagöz

Section. (terrigenous source  from Cullers, 2002). ……………………………………166



xxx

Figure 4.20: Th/Co vs La/Sc graph of A) red beds and B) green-gray beds of the

Göynük Section. (terrigenous source  from Cullers, 2002). …………………………166

Figure 4.21: Log (K2O/Na2O) vs SiO2 graph of A) red beds and B) green-gray beds of

the Alagöz Section. (sandstone-mudstone tectonic setting by Roser and Korsch, 1986)

…………………………………………………………………………………………170

Figure 4.22: Log (K2O/Na2O) Vs SiO2 graph of A) red beds and B) green-gray beds of

the Göynük Section. (sandstone-mudstone tectonic setting by Roser and Korsch, 1986)

…………………………………………………………………………………………170

Figure 4.23: Ni/Co vs V/(V+Ni)  graph of A) red beds and B) green-gray beds of the

Alagöz Section for redox-sensitive cross plots  (Hatch and Levenchal, 1992). ………172

Figure 4.24: Ni/Co vs V/Cr graph of A) red beds and B) green-gray beds of the Alagöz

Section for redox-sensitive cross plots (Jones and Manning, 1994). …………………172

Figure 4.25: Ni/Co vs V/(V+Ni)  graph of A) red beds and B) green-gray beds of the

Göynük Section for redox-sensitive cross plots  (Hatch and Levenchal, 1992). ……..174

Figure 4.26: Ni/Co vs V/Cr graph of A) red beds and B) green-gray beds of Göynük

Section for redox-sensitive cross plots (Jones and Manning, 1994). …………………174

Figure 4.27: Representing Ce anomalies along measured stratigraphic samples of the

Alagöz Section to observe the redox sensitive marine condition.  (red shade represents

red beds: * PAAS- Taylor and McLennan, 1985) …………………………………….175

Figure 4.28: Representing Ce anomalies along measured stratigraphic samples of the

Göynük Section to observe the redox sensitive marine condition.  (red shade represents

red beds: * PAAS- Taylor and McLennan, 1985) …………………………………….175

Figure 4.29: Ce-Anomaly vs Nd (ppm) graph of red beds of the Alagöz Section (Ce-

anomaly vs Nd (ppm) graph of Wright et al., 1987). …………………………………176

Figure 4.30: Ce-Anomaly vs Nd (ppm) graph of green-gray beds of the Alagöz Section

(Ce-anomaly vs Nd (ppm) graph of Wright et al., 1987). …………………………….176



xxxi

Figure 4.31: Ce-Anomaly vs Nd (ppm) graph of red beds of the Göynük Section (Ce-

anomaly vs Nd (ppm) graph of Wright et al., 1987). …………………………………177

Figure 4.32: Ce-Anomaly vs Nd (ppm) graph of green-gray beds of the Göynük Section

(Ce-anomaly vs Nd (ppm) graph of Wright et al., 1987). …………………………….177

Figure 4.33: SiO2 vs Al2O3 graph of A) red beds and B) green-gray beds of the Alagöz

Section. ……………………………………………………………………………….178

Figure 4.34: SiO2 vs Al2O3 graph of A) red beds and B) green-gray beds of the Göynük

Section. ………………………………………………………………………………..178

Figure 5.1: Cyclostratigraphic framework in the Alagöz Stratigraphic Section…...…181

Figure 5.2: Cyclostratigraphic framework in the Göynük Stratigraphic Section……..186



xxxii



1

CHAPTER 1

INTRODUCTION

1.1 PURPOSE AND SCOPE

The Cretaceous period has a great importance in the geological science as many

geological events occurred during this period. Therefore, this period has been focused

worldwide for the paleoclimatology, global tectonics and especially global deep oceanic

events (Oxic and Anoxic events). In the Cretaceous, Barremian, Aptian, Albian, Late

Cenomanian-early Turonian and Coniacian-Santonian epochs are mostly characterized

by Oceanic Anoxic Events while Berriasian-early Barremian, Cenomanian, Turonian,

late Campanian-Maastrichtian epochs represents mostly Oceanic oxic events (Jenkyns,

1980; Yılmaz, 2008). The oceanic black shales and red beds were widespread in the

paleoceanography and documented from several region of the world, including the

North and South Atlantic Ocean, Pacific Ocean, Indian Ocean, Tethyan Realm and New

Zealand (Chen et al., 2007). Several other studies have been carried out related to the

origin and cause of the global oceanic events in the Valanginian, Aptian, Albian,

Cenomanian/Turonian and late Santonian-Campanian stages from different parts of the

world (Schlangar and Cita, 1982; Herbert and Fischer, 1986; Jenkyns and Clayton,

1986; Bralower et al., 1994; Herrle et al., 2003; Skelton et al., 2003; Erba, 2004;

Coccionic et al., 2006; Yılmaz, 2008). The Cretaceous sediments have been examined

for stable isotopes and geochemical analyses for special purposes (Weissert and

Breheret, 1991; Menegatti et al., 1998; Jenkyns and Wilson, 1999; Stoll and Schrag,

2000; Price, 2003; Yılmaz et al., 2004a; Yılmaz, 2008; Hu et al., 2009). Sequence

stratigraphic and cyclostragraphic analyses has been carried out for the oceanic black

shale and red beds to illuminate their mode of occurrences (Herbert and Fischer, 1986;

Einsele et al., 1991; Claps and Masetti, 1994; Claps et al., 1995; House and Gale, 1995;

Yılmaz et al., 2000, 2004a, and 2004b; Einsele, 2001; Yılmaz, 2002 and 2008; Hu et al.,

2005; 2009).
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