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ABSTRACT

SEDIMENTOLOGY, CYCLOSTRATIGRAPHY, S EQUENCE
STRATIGRAPHY AND GEO CHEMISTRY OF THE MID DLE EOCENE
LACUSTRINE -MARINE OI L-SHALES TRANSITION, MUDURNU -
GOYNUK BASIN, NW ANA TOLIA, TURKEY.
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May 2019 435pages

Continuous studied successions of the Middle Eocene, Mudbdyatk basin, in the

NW Anatolia indicate a transition from marimdluence lacustrine to marine
environment due to the relative rise in $e2el, which was separated by barrier
deposits Different lithofacies are identified in the studied sections, including
limestone, marl, oikhale, calcareous sandstone, conglomeratic andatcoudite.
Number of fossil assemblages are recorded including ossaadthrophyte
gyrogonites, gastroped bivalve and benthic foraminifera, rare fishethscale,
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 analyie depositional environment is characterized as
relatively marginal to deep lacustrinmarine deposits, floodplain to parafitarine
deposits, from south to north. The lacustrine deposits indicate balihtgoe lake

setting within the regime infoe | and s et t i n g-Ankam sutueel The i o n
centimeteimeter scale order cycles show symmetrical to asymmetrical transgressive
regressive cycles, which is due to repetitive change in the -depth and/or
fluctuating sediments influx. The em scale cycles correspond to Milankovitch

obliquity band and indicate climatic control linked with the earth’s orbital forces and

t



local tectonics. In the sequence framework, the successions indicate marine
transgression onto lacustrine environment in thered he studied sections indicate

a change from TST to HST in lacustrdm&rine deposits. Lacustrine and Marine oll
shales in the studied area are interpreted that they have a possible source rock potential

in the central and north, and in the south eflthsin

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

Cyclostratigraphy, Sequence Stratigraphy, Geochemistry, Mudbdyaik Basin

Vi



Oz

ORTA EOSENGOLSEL.DENKZEL BKT! ML! KEYLLERKN GE
SEDKMENTOLOJKSK, DEVKRSEL STRATKGRAFK
STRATKGRAFKSK VE JEOKK MOEEKHAVEASDKBR N U
ANADOLU, T! RKKYE

AFRIDI, BAKHT ZAMIR
DoktoraJ eol oj i M¢hendi sl ijJi
Tez DanRRd braKsémai | ¥ mer Yeél maz

May é s, 4356a¥f®

MudurnuG°® yn¢k baseninde, Kuzeybaté Anadol u
g%l sel istifler g°l sel or t a mclatir Revin i z el
seviyesi deji kKimleri ile etkild@ ol duj u
ayrél mékteéer. ¢al ékma alanénda | xwxeegllenen
kal ker 1 i kumt ak é&, -k aklosnigrl¢odmetr ai -vegestemy i yfoa r k
tanémlande. ¢tal ékélan istifte ostrakod,
di kii,noederm, alg I|ifleri ve bitki par-ala
edi |l mi ktir. Kstif i -erisunide ¢ aragaenl ama
birimlerin szZerine deni zel ortam biri ml
analid erine g°re, Dbirimin kuzeyden g¢neye d
ovaséndan parali k deni zel -%kelim ortam
-%kell-Ank&eeami kenet °n ¢l ke kukajéeénda dol

etmektedirSantimetref met re skal asé@meagkiesi fams gl end iefr
deni z seviyesini v e/ v e fpiakimird egpstemnkkéedir. s e di |
Santimetremet r e skal aséndaki devirsel d°nge¢l e
kar kél ek gde¢gnnyeak tde® nogd kuphar eketi ve vyerel t
Sekansiyel bakék a-ésé ile -aleéexélan g°
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CHAPTER 1

INTRODUCTION

1.1. Introduction

Several lacustrine basitmve beerdocumented from central and western Anatolia

during the Paleocene to Upper Miocene. Somi@lacustrine basins are important
resources ofibshat and coal (kener , defu, 1896). The 1995 ;
Paleocendzocene and MiddiJpper Miocene age strata are generally well
documentedor oil-shak in Turkey The oil-shak depositsare reportedrom the
SeyitbmetK ¢ t ahya, -AB&kywypazarldi mmet oj | usBoluBol u é
MengenBolu regions( k ener & kengg¢l er ;Eocéng 8-6hgles The |
deposits of Turkey are eatlyintermediate maturitin general Sar € and Sonel
Sonel et al., 1987a, 1987b; Saré et al .,

Oil-Shaleis defined as the kerogeith sediments, whicis one of the mostnportant

energy alternatives. Thesleposits are in enormous quantity and widely distributed

around the world which makes them one of promising option as an oil source and solid
fuel suppl ement. Li-Shalleogiical hgt omley tee:
It also includesnarl andcarbonatdithofacies which forms a mixture of tightly bound

organic and inorganic materials. Simpbjil-shak can be defined as tightbound

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

rarely exceeding (Yen ar@hilingarian, 1976; Cestari, 201%}enerally, he mineral

composition of carbonatech oil-shalescomprise ofcalcite, dolomite and siderite

with lesser amount of aluminosilicates. In silicatéh oil-shales, the oithales are

dominated by quartz, fedgpar and clay mineral and lesser components of carbonates
(Yen and Chilingarian, 1976; keng¢ler, 1

other minerals irthe oil-shalesare sulfide mineralssuch as pyrite and marcasite but



in small quantity andndicatesthat 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 thehailes, organic matter is
predominantly composed of kerogemith also some existence of bitumen and/or
prebitumen (Altun et al., 2006).

Quartz
/ Feldspars
Inorganic Matrix Clays (Mainly Tllite and Chlorite)
Carbonates (Calcite and Dolomite)

Pyrite and others

OIL SHALE = Bitumens (Soluble in CS,)

Kerogens (Insoluble in CS,)
N (Containing U, Fe, V, Ni, Mo)

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

The oilshales are different in many ways from coal in terms of mineral and elemental
contents. The large amount of inert minerals (60 to 9&%esent in the oithales

while coal containdess than 40 % mineral matters. The higher content of hydrogen
and lower content of oxygen are observed in organic mattér-shaks, which is the
source of typically liquid and gaseous hydrocarbon. These contents are lesser than
thoseof lignite and bitumen coal. The origin of organic matter irsbihles are adlgal

source with presences sbmevascular land plants remains, which predominantly
occusin the coal organic matter. Sometime, the origin of organic matter-ghalés

are difficult to characterize becausetloé lack ofbiological structuress biological
structuresare helpfulin theidentification ofprecursor organisms. Such materialyma

be of bacterial origin or product of bacterial degradation of algae or other organic



matter. Most of the organic matter in-shales are derived from various types of

marine and lacustrine algae (Dyni, 2006).

Recently, many different types of @halehave 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 organicich sedimentary rocks into theenajor groups, which are humic

coal and carbonaceous shale, bitusmepregnated rock, and eshale. Hutton (1987,
1991) further classified the eshale into three groups on the basis their environment

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

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

saline lacustrine, continental platforms and continental shelves, epicontinental marine
basins, and related subtidal shelves as well as shallovs morakes associated with
coatforming peat in limnic and coastal swamp depositional environments. Organic
matter in oitshales is mostly hosted by various types of marine and lacustrine algae,
with some debris from spores, pollen, plant cuticle, corgrirents 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).

Bitumen-
impregnated Rocks

= Terrestrial oil shale Cannel Coal

E E | ine Oil shal i

TS Oil Shales .Aacustine Oil shale ']_iﬂmOSlfe

=2 = L'orbanite

=9 u

S § % Marine Oil shale Kukersite

[ = Tasmanite
o

Cax Marinite

Humic Coals

Figure 1.2. Classification of oHlshales from Hutton (1987, 1991).



1.2.QOil-shalesin the World and Turkey

Recently, oidshales are one of the substantial and focusing unconventional fossil
resource in thevorld, which can be converted into liquid hydrocarbons via different
processes. Oshales have been deposited across the globe in variety of lacustrine and
marine setting. Oithales are recorded from Reambrian to Tertiary age and occur

as giant depots 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 pace in the agenda of big countries such as the USA and China. Turkey has
also accelerated investigationstire unconventional oil exploration. Although -oil
shales exist in the form of extensive deposits in many countries, in the USA, Estonia,
China, Jordn, Australia, Canada, Israel and Brazil have been very important over the
past hundred years. The Eocene agestdlle extends mainly over Piceance Creck
basin (Colorado), Uinta basin (Utah), Green River basin, Washakie basins (Wyoming)
and Middle WesterAnatolian Turkey (Altun et al., 2006; Dyni, 2006 and Zeng et al.,
2015).

CHLORCPHYCEAE Mixed CYANOPHYCEAE
(green algae) (blue-green algae)
Parent Genus Glogocapsomorpha Reinschia Pila Tasmini Dinof
prisca punciatus acritarchs algae
(Nostocopsis)
Modern-Day Botryococcus Pachysphaera Blue-green algae Pediastrum
Equivalent braunii species
Life Form Colonial Calonial Colenial Unicellular
Dominant Telalginite telalginite Telalginite Telalginite Bituminite Lamalginite Lamalginite
Liptinite | h I \ Micrinite
Qil Shale Kukersite Torbanite Torbanite Tasminite Marinite Lamosite Lamosite
Non-Algal ? vitrinite vitrinite vitrinite liptodetrinite corpohuminite vitrinite
Organic inertinite inertinite lamalginite Itelalginite sporinite telalginite
Compounds sporinite sporinite inertinite vitrinite sporinite  resinite
resinite sporinite bitumen bitumen
corpohuminite
Deposit Estonia. Joadja. N.S.W. Westfield Mersey River, Tas  Toolebuc Formation, Green River Stuart
Mawabi Kas (Pakistan) Mewnes Torbane Hill, Qld. Formation, US.A.  Rundie
Glen Davis N.S.W. Posidonia Shale, Condor
Alpha, Qld Toarcian, Paris
Carnarvon Basin.
Creek, Qld
Environment marine Lacustrine lacustrine Marine (shallow shallow marine Stratified (saline) shallow
freshwater lake sea) I fresh
in a lake peat lacustrine
mire (swamp)

Figure 1.3. Qil-shak classification based on maceral composition and environment of deposition
(after Hutton et al., 198CHutton, 1982).



After lignite coal,oil-shak includes the second largest potential fossil fuel in Turkey.
These d-shaks are documented from Paleocene to late Miocene age and their main
resources are locatedtimemiddle 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 carbomates. The main potential resources ibfshak deposits in Turkey are

i n Beypazaré (Ankara), Seyit°®mer (K¢tahy
which are of major importance in terms of quality, amount and exploitability (Tables

1.1, 1.2). Otherreported potentially important resources are in Mengen (Bolu),
Ulukeéexkla (Nijde), Bah-ecik (Kzmit), Burh
(Corum) and Demirci (Manisa), Saricakaya and Celtik (Table 1.1; Altun et al., 2006).

The geological studiesnd o | possibilities of the ar
Beypazaré have been studied by several
: 19
Sonel, 20004aSabée &Sareael et 200, 2007) .

Granit and kener, 1987; Sonel et al
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Tablel.1. Main adil-shak reserves in Turkey (Altun et a2006).

Name of the deposit Geological reserve Possible reserve Total reserve
(x10° tones) (x10° tones) (x10° tones)
Beypa z ar é 327.8 T 327.68
Seyitdmer 83.2 38.8%6 122.17
Himmetoj lu 65.97 i 65.97
Hat €l daj 78.31 389.0 467.57
Mengen i 50.0 50.00
Ulukela | 130. 130.00
Bahcedk | 42.0 42.00
Burhaniye | 15.80 15.60
Beydili i 300.0 300.00
Doduga | 138.0 138.00
Demirci I 172. 172.00
Sar cakaja | 300.M 300.00
Celtik | 90.0 90.00
TOTAL 555.3 1665.6 2220.99

Tablel.2. Characteristics of the majoileshak deposits in Turkey (EGOS, on ave
et al., 1982 and Altun et al., 2006).

Upper

calorific Total organic Total
Deposit 9 Oil content, % | Oil content, | | sulphur,

value, carbon, % 0

Y%

kcal/kg
Beypa z ar € 812.0/ 48 54 600 1.4
SeyitOmer 847.9D 6.9 50 543 0.9
Himmetoj lu 4991.8 309 430 4820 25
Hat él daj 773.8 56 53 580 1.3

In this study, the research area relatetheMiddle Eocene b-shaks is lying in the

MudurnuGoynik basinin the Bolu province, Turkey. The Eocefermationswith

oil-shaks units arevell exposed ifMudurnuGaoyniuk basini.e. Yunuslar Formation,

Guveng Formation, Gemicikdy Formation, Kabalar Formation, Caycuma Formation,
Kézel-ay Formation, Kislakoy Formati on, Cal
(Saner, 1978b; Meri -and keng¢l er 1986) and
2002). In previous studse these are identified ag-shaks of lacustrine and marine

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

anoxic condition, whictoccursdue to high organic productivity developing in the
basinandleadtogih accumul ati on of dead organism at



1.3.Aim and Scope

In this study, the detailed work on the middle Eocene manmitheenced lacustrine
depositan the MudurnuGoynik Basinwill be reviewedin terms ofsedimentology,
cyclostraigraphy, sequence stratigraphic relationshgml geochemical studies. It is
also intended tanterpretthe basin correlationlateral distribution, change in the
depositional environment asdurce rockcharactein the studied section®ne of the
mainobjectivesof thisstudyis toidentify the lateral continuity ofibshak within the

basin, marine influence in the lacustrine system and transgression to marine
transitional environment in the regime during MelBocene. The Eocene successions
are particularly importarandlikely favorable for the ib-shak depositsn the studied
region Therefore, more recent aspects of sedimentoloegglostratigraphy and
sequence stratigraphy are applied to study mariheemée in the lacustrine setting
andoverlying marine environment, architecture and structure of sedimentary packages
andtheir organierich character within the basiAnotherobjective is to understand

the process controlling their evolution in the baamd modelling with the best
correlation of the studied sections éyployingthis methodology In addition, his
studyincorporateso document the vertical and lateral variation in the facies and facies
recognition in the MudurmGoynik BasinThis reseech also intendetb study the
nature and origin of cyclic succession in the Middle Eoéemederto determnethe
factors involved in Milankovitch climatic signals changing responses in the Eocene
sedimentary record in the studied area. Thesepretdions will show the generation

of ail-shak cycles in lacustrine in response of the orbital mode and tectonic forces in
the continental to marginal marine settirignally, possible depositional setting
model, relative seevel/water level curve, verticand lateral distribution of the
Middle Eocene ib-shak deposits in the basin will be interpreted based on
sedimentology, cyclostratigraphy, sequence stratigraphy and geochemical analysis.
The interpreted data will be useful for futuré-shak exploraton in the studied

region.



1.4.Geographicand GeologicalSetting

The geographicoordinate®f the Middle Eocene studied sections are present in Bolu
province in the Northwestern Anatolia of Turkey, and geologically in the Mudurnu

Goynik Basin (Figu®l.5).The studi ed sections were measur

village, Hasanlar village (east of the Dajha
t he Daj hacél ar village), in the vicinity o
Daj haceéel ar vililldpg)e gambdbr$Shnmodt tvhe Daj haceéel a
the figure 1.5. I n the geological map of T
section, Kes¢re section, and S¢gnnet section

1:100000 scaled topographic m@pedik and Aksay, 2002 The Karahisar section

l ays in the Adapazar é H26,(Tinur dand Akea,0 scal ed
2002. Geographically, Mudurn®oynik Basin are lying between the Istanbul in the

north and Ankara in the southeast. Geologically, ItiteaPontide suture zone is

present in the north andlz AAnkaraErzincan suture zone in the south of the studied

sections. The development of these sutures was occurred as result of @ldkieg

Neo-Tethyan ocean durintpe Eoceneperiod( Ko - y il.] 109; Figures &;6L.9).

1.5. Methodology

Oil-shaks are experiential in a diverse range of sedimentary environment such as
marine, fluvial and lacustrine settings (Demaison and Moore, 1980; Katz, 1990). In
worldwide, dl-shak bearing lacustrine and marine deposits represent promising
proportion of hydrocarbon resources. Organic rich bearing shale of lacustrine
environments almost entirely composed of algal remains. In a lacustrine setting, there
is high frequency fluctuatio in lake level and sediment invasion which gie
characteristic cyclic sequence of newly deposited organic matter and/or other
l ithology (Ocakojlu et al., 2012).

In the field studies, five stratigraphic sectiome measured in the well exposed
Middle-Eocene sedimentary sequeniecghe MudurnuGoynik basirand nameds

Dajhaceéel ar, Hasanl ar, K°%sg¢irmeasurkdhr ahi sar and
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thicknesses of the studied stratignep 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 fi
Karahisar and Slnnet sections, respectivelye $amples 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 obsereatiand 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), 20009.

In the laboratory studies, the collected samples are separated for fiethded
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 séedjites
defining andrecognizingthe microfaciestheir composition and depositionsgtting
interpretation in the studied regimiEheidentified mineralogical compositiaof the
studiedsamples arelassified by using different classification modelspending on

the types of the rock unisuch adiaz 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) ariRettijohn et al. (1987) triangular classifications for
sandstone and Folk's (1965) texture classification of fine sedimentary rocks. In this
study, calcirudite lithofacies recordedn the Stinnet section. Thereforiae Embry

and Klovan's classificatior(1971) is preferred ovethe Dun hamé s l i mestone
classification (1962). The study then followedby cyclostratigraphic analyses and
sequence stratigraphy studieghich are interpreted byfield studies and bwsing

microscopicobservation and geochemicalalyses.

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

literatures to extract microfossils from the sedimentary rocks. The selected chemical
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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 (CHCOOH) and 15% diluted Hydrogen peroxide@) chemical solvents are

used to the extract desire fossils from selected samples, which are soaked for a
duration of D minutes to 30 minutes, depending on the hardness of the lithofacies.

The diluted CHCOOH and diluted kD> methods are used by a number of researchers

to extract the different types of microfossils from the lithofacies (Lirer, 2000; Petrizzo,
2000; Luciam , 2002; Esmeray, 2006; kafak et al

For the extraction of ostracednd chanphytes 50g of sample is collected from each
studied sample for the extraction of desired fossils. The 50g sample is crushed to the
size of 15 mm in diameter in order t@btain more fragmented residue and less than
that size is removed from the samples (Lirer, 2000). Then the sample is placed in the
oven at 86C for an hour to dry (Figure 1.7). After drying, the sample was immersed

in a 1:3 ratio solvent of diluted GBOCH and diluted HO- 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 thgiotbOOum, 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 ove?Gtt®@ry. Then the
250um, and 125um collected samples arsgmeed for microscopic analysis (Figure
1.7). The ostracadand charophyte gyrogonites are picked out under reflected
microscope. The extracted ostrasadd charophyte gyrogonites are studied by using

a scanning electron microscope (Figures 4.3, 4.44%65,

The cycles in the studied successions are established on the basis of centimeter to
meter scale sediment inten(@insele et al., 19955 chwarzacherl993;Matthews

11



Figure 1.7. A) Crushed sample, B) soaked in dilutegDrHand diluted CHCOOH, C) washed with
distilled water and sieve through 500um, 250um, 125um and 63um, D) Dry in oveéaEpO0
Collected samples and store it in the 15ml boE)eRicked the extracted fossils from store samples
under reflected microscope and placed on microfossils slide.
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and Perlmutter, 199£&insele, 2000; Strasser et al., 20P&chlus et al., 2008 The
determined cycles are also examined by usiadimentological, petrographically

(both siliciclastic and carbonate), vertical and lateral facies association, within and
along the sectiondn Fischer plots, we constructed a plot of cumulative departure
from mean cycle thickness as a function of cyalenber 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
sectiongSadler et al., 1993 usinec et al., 2(&)

Later,geochemical analysesidmicroscopic studieof theselected samplaetataare
interpretedand are used toevaluatethe source rockcapability and geochemical
character In geochemical analyses, microscopic data wallies obtained using
chemicalmethodfrom the powder samplesre used to determine organic matter
content andnorganic mattecontent in the studiesamples. In this study, 10% dilute
hydrochloric acid (HCI) solutioms used to remove the carbonate component from
samples and 30% diled hydrogen peroxidis used to remove organic matter from
samples (Saxby, 1970; Lewis and McConchie, 1994; Vaasma, 2008; Wang et al.,
2009; Zeng et al., 2018).ater, the obtained data in the geochemical analyses
examined from different aspect$he visual porosity of the studied sampigs
estimated by using imagsdftwards , which processemicroscopic image and the
percent porosity value is obtained fom the studied sampls processes image
(Widiatmokoet al, 2010 Loucks et al., 2012; Schieber, 2013; Datta et al., 2016). The
types of theexistingporosityaredetermined byarrying outmicroscopicstudiesand
imageJ softwaie procesedmicroscopic imagéwidiatmokoet al, 2010 Loucks et

al., 2012; Schieber(43; Datta et al., 2016).

This study also examiseahe relationships between the Middle Eocenesbak of
lacustrine and marine transitiaine cyclic changes related with Milankovitébrces
and other factorsThe analysisalso proved to beelpful in the framework to
understand the cyclicity transition, driving mechanism related witshak andin

understandinghe processes controlling their evoluti@chwarzacher, 199&insele,
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2000; Strasser et al., 2006n addition, detailed work is carriezt on the Middle
Eocene marine influenced lacustring-shak, to establish sequence stratigraphic
models. The Fischer plot is used to describe the accommodation and sea level
fluctuation (Fischer and Roberts, 199atthews and Perimutter, 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 mattandcolorchanges are studied to recognizedyrdes with

high confidence in lacustrine and marine influence flueaenvironment
Depositional sequences are established due to the interaction of eustdtiekea
fluctuation, tectonic activities, sediment sup@ccommodation and paleogeography
(Posamentier and Allen, 1999). In the sedimentary record, these variable interactions
are observed as a change in relativeleeal that controls the facies distribution and
stratal architecture. Smadtale sequencescthe large sequences of kilear scale

in the facies evolution is interpreted in terms of sequence stratigraphy (Strasser, 1998).
The sequence stratigraphy and cyclostratigrapiiydies help toreconstruct the
depositional historpf marineinfluence l&ustrine system in the MiddiEocene time

within the MudurneGaoynik 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 theyfaieed sediments
aralysis, there are extra complications arise. In an aquatic condition, therdimed
sediments may form as an aggregate and known as flocs. By characterization, these
sediments are cohesive and temporally changeable their composition and structure
(Pateson, 1997 and Kim et al., 2005). In the aquatic condition, different micro and

macracomponent, 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 techniges are used to describe sediment texture and composition,
depending on the area of interest. Such as an electron microscopic research enables to
analyze the thredimensional 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 seatyneat
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 paraffimaphthene hydrocarbons, benzaegetonemethanol (3:1:1),
benzenamethanol (4:1), benzerethanolacetone (3:1:1), benzemeethanol (3:1),
chloroform, ether, methanehcetonechloroform 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 researshkave 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 determirteetchemical 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 oa tithological 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 ma@esN-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).

Tablel.3. Brief descriptions of the prgeatment methods studied (Vaasma, 2008).

Chemical Description of method

LOI550 Organic matter removal by thermal combustion at 5€or 3.5 hours

H20, Elimination of organic matter by 30 %6,

LOI950 Removal of carbonate at 980 thermal combustion for 2.5 hours

HCI+ HxO» Removal of carbonate by 10% HCI athéreafter removal of organic matter,

by 30% HO,

HCI+H,Ox+ KOH

Carbonate dissolution by 10% HCI and thereafter removal of organic ma

by 30% HO;; 10% KOH to remove silica

HCI+Zinc

Removal of pyrite

1.6.1.Chemical Procedure

In this studydifferent 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 thenf@asured stratigraphic section

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

quartz/feldspar in studied lithofacies (Appendices Al; A2; A3; A4d; A5; A6; A7; AS;
A9; A10; Figures &; 8.7; 8.11; 8.15; 8.19). A total of 43, 12, 25, 21 and 14 samples

are selected for geoame c a | analysis along

t he

Daj hacé

Karahisar, and Siinnet 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 theamples are placed in the oven at 200for 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 det@re 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 (HCI) 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
deiized water and then dry it in the oven. The weight loss of the samples after the
diluted HCI treatment are weighed of carbonate content in the studied sample
(Appendices Al; 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. ¢) 30% Hydrogen peroxi@e) @&tid used to remove
the organic matter and d) placed it in the embath.
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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 peroxi@e)((Saxby

1970; Vaasma, 2008; Wang et al., 2009) (Figlu@). The RO: 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 hoursi@4$olution at around 8C in

a water bath to completely digest organic matter. The samples are stirred fram time
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 (Agpendic
Al; A2; A3; A4; A5; A6; A7; A8; A9; A10). The clay content and qualieidspar
content are calculated from petrographic data and geochemical analyses (Using 50%

diluted Hydrofluoric acid).
1.7.Previous work

The MudurnuGoynik Basinhaving thestudied sectios is locatedin 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 Sakatite belt

of Anatolia fromdifferent point of view. This region tegreater prospect for the
geoscientists in terms of hydrocarbon and coal exploration and tectonic history related
to theTethyan Oceam Biostratigraphy and biozonation studies are also conducted in

the Northwestern Anatolablockby number of research€ Al t éner , 1991; Al tE
al ., 1991; Alténer and ¥zkan;AlI®hlk;r B ¥2108r6,

and 1999, Rojay and Alteéener, 1998, Ocakojlu
kaf ak, 2 0-dh&} of Temiaryage o, the northwestern Anataligegion ha

been investigated by Yanél maz et al ., 1980;
kenge¢l er, 1992; Gor ¢ and Té¢éyséz, 2001; Sa

Kor kmaz, 2008; Sar & ando9; Gimeneet al., 20 &l ; Al i yev

assessed their source potential, thermal maturity and type of organic matter
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In 1928, Luciug1928)c onduct ed t he study on the bitu
Cay valley in Bolu Basin. The research is based on the gesteralcteristics of the

bituminous schist deposits and-b#aring bituminous schists.

In Bolu-Mengen basin adjacent to Mudur@dynuk Basin, 0.122.0 m intervals of
oil-shak are identified by Lokman (1929) and estimatezlind 91.250 tondil-shak
reservefrom 1 m interval at 10 km depthater, Blumenthal (1937) has conducted a
geological survey of the region and calculated 37 million tons of bituminous shale

reserves athe depth of 300 m.

In 1960°s, MudurntG8ynik basin has been analgzer stratigraphic studies and

basin anal yses by Abd¢ssel amoiDevoniagth959) ¢
recent stratigraphic sequences is documented and illustratedd166,000 sale

geol ogi cal map . According to Abd¢gssel an
composed of carbonates and Upper Cretaceouscangprised of alternating
carbonatdurbidite facies in the southern Mudurnu region. Turkiunal (1957)

i nvesti gat ed umiuhaaed SHzeh regomaacdescridaitite developéd

to WSW trending orogenic succession in the northwestern Anatbliack and are

known as the Cretaceous Sillon and Cordillers zones. The Cretaceous Sillois zone
comprised ofclay, planktonicForaminifea bearing variegated carbonate, volcanic

and flyschoidal deposits. The Sillon zone restricted to Mudurnu basin, Vaccinates
basi n, kehlar village basin and K°stebek
is composed of marly limestone. The Tavgat Mauntn , Nall éhan Mount
Mountain and Cal 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 Anatolma block has beengreatly focused for the nature of

hydrocarlon, their depositional history and potential, cyclostratigraghydies
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stratigraphy, biostratigraphyeochemical analyses and tectonic hist{lRygo de

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

Ar ékan, 18hFGEkcenkl®78;&0hapan and Yiksel, 1985; Gorir and Tlysuz,

2001; G¢l bay and Kormaz, 2008; Saré and Geze
2010, 2012 and 2012, Al i yev et al ., 20009, ¢ i
2012; kafakdekadhk, 2018; an

In 1969,Besemg1969)calculated the bitumen contantthe Kabalar syncline in the
vicinity of Goynuk (Bolu) villageanddetermine thgossibility ofoil-shak reserve in

theregion

The general stratigraphy and tectestoatigraphy of th Northwestern Anatolia was
described by Alténlé (1973a, 1973b, 1975, 1
(1975) , Saner (1980a and 1980b) and Ocakojl
geophysical survey was conducted by Saner (1980a) in the westatidePand

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 1980l&r $ds0

established the Jurassuaternary stratigraphic succession in the Mudu@iynik

Basin and also known as Mudurnu Trough (Al
lithostratigraphy, the Mudurnu Trough of the former Sakarya Continent was first

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

G°rm¢k (1980) studied the detail geol ogi cal
and interpret the paleogeographic and geological evolution of the region. He
determing the main tectonic directienwhichis effective in the deformation of the

region. Duringhis studies, the last active orogenic movements in the region were

occurred in the nortleast direction. Stratigraphic and paleontological data revealed

that the Yeéjél ca {oKi8congposediof therUpmen Deevoniagu c c e S S
Upper Cretaceous age. The transgression in Upper Cretaceous sedimentation

continued until the Lower Eocene in this region.
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Yanél maz et al . (1980) identified- possi/

D a ] «klexiwiHages, 27 km southwest of Goynuk village. They deterthitie
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.

Y anlaz (1981) studied the tectonic evolution history of the southern margin of the
Sakarya Continent and observed that it is composed of different rock gwdupls
weredeposited ira wide rangef tectonicsetting, 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 shallowboaate platform are underlain by the
northern granitic units. During this time flystike sediments were deposited against

the continent margin. Three tectonic successions are defined in the region such as 1)
granitic rocks, metabas rock and overlying ocks, 2) ophiolite complex and its
equi valent metaophiolite and 3) dynamic
(1981), the rock units in the north of the Sakarya river were deposited in different
times, environmental setting and conditions than thk vmits deposited in the south

of the Sakarya river.

The Upper Jurassic/Lower Cretaceous limestones in the $&beh | -&tda aegion
hasbeest udi ed by Varol and Kazancé (1981)
TheS o] uk - am hreconsistihgof 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 JuragSretaceos boundary in the region.

Gorlr 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 resé@atientified the

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

and stratigraphic characteristics near the Ahmetbeyler village. They istietprets

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

the regon. The studied stratigraphic successidnsthe region areYenipazar

f ormati on, Sel vipeénar |l 1T mest one, Deni z Il i,
Ahmebeyler formations. These studied stratigraphic successions are interpreted as

deposited in the marine to terrestrial environments.

Sonel et al. (1987b) studied geGdynikgy and bit
Bolu region. They studied the geological cweristic of coal deposits and their
formation in the region. The coal and bituminous shales were investigatéd
determinghevolatile mattercontent moisturecontent relative carbon, calorie value

and total sulfur contenib the coal and bituminowhales

The NorthwesternAnatolia has also been explored for tectstratigraphy and
regional tectonic geology by Ko-yijit et al
1991) developd 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 Contimasitdivergent margin

in late TriassieAptian period interval

kener and keng¢l er ofklof ¢h@ bituminaus shale ihe o ut t he
Hat &1 d &pynik)BegibnuThey reported 26 to 120 m ranging thitkminous

shale intervals and rated as pomility deposits in terms of organic matter. They

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

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

1.34% sulfur content.

In 1996,G° nc ¢ 0] | u bas stuied and(mbg&us Western, northern and
southern sections of Central Sakarya. T st udy covering the Saréca
Saréyar and G°k-ekaya regions and revealed t

the tectonic units which &s found to contain three main tectestyatigraphic
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associations that came together during aloguof theK z aAinkara Ocean in the

Late Cretaceous.

Sar e (1999) studied the bituminous s hal
(GoynukBolu Basin) by using organic geochemical analysis and organic petrographic
methods. Theeterminedlata indicate thairganic matter isf type Il kerogen which

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

and production indegftheb i t umi nous shal e oheinkkipretsmet o |
t hat Hi mmet o] | excellénb somearock @atentil e low thermal

maturity.

Okay and Tuysu£1999) explaired the closingof TethyanOceansof Turkey and
establisked the stratigraphy of the western central part of the Sakzopa They
concluded that these sequeneesre deposited in entinental to shallow marine
condition. The successisrarecomposed of clastic sedimerd$ lower Jurassic to
lower Cretaceouwith association of interbedded Ros&mmonitico facies horizons
(Al't eéner edlagicachrbonated ®&ppdr Jurassitower Cretaceous and

volcanogenieurbiditic sedimentary successionldpper CretaceouBaleocene.

Sareé and Sonel (2000) <collected bitumino
( Mi ocene) , Seyit®mer/ K¢t ahy a)abtdWKabalaré ne )
Bolu (Paleocen&ocene) 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 stfales

Kabalar Formation of lake basin indicategxcellent oil source rock potential.

Hi mmet oj | u, Seyit©°mer, Ulukeéexkla bitumino

to oil production.

The Tethyan tectonic evolution of western Turkey has been dischg<@kay et al.
(2001), on the basis of Upper Cretace&asly Eocene sedimentary sequences. These
sedimentary records reflegtarious event inthe Northwestern Anatolia, Turkey.
According to Okay et al. (2001), the Northwestern Anatelés subjected to for
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main tectonic events from late Cretace@asly Eocene The four main tectonic

events weresubduction, ophiolitic obduction, high pressure/low temperature

metamorphic and continenbntinent collision. These Tethyan tectonic evolution lead

to the formé&on of foreland basin in the Central Sakarya continent and then followed

by closing of Tethyan ocean (Yijitbak and EI

Sar e an (ROOHA tarrigdeout detail studies on lacustring-shak bearing
deposits in the Gayik-Bolu region. The @-shaks of PaleocerEocene Kabalar
Formation (Goynik, 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#ReEval, gas chromatography), microsaop
studies and geochemical anaysType | 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 HCdgg hydrogen index values.
Pyrolysis yield and organic petrographic studies indicate excellent source rock
potential with type | kerogen. Spore color index and Tmax value indicate that the
Paleocend=ocene Kabalar Formationl shak are immature to dgrmature and are

at the early stages of ajeneration.

Y e kK i |Balkkh@a ét.al., (2005) investigated the pa@wironmental conditions of

Neogene coal and Dbituminous -Bolupihch i n Hi mmet
characterized two different depositior@inditions. It is indicated that lower 8.5m

interval is humic coals and above 12.5miisshhak dominance. In between these two

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

The lithofacies, biegeochemical paraners and properties of water column (salinity,

redox) were carried out taleterminethe paleeenvironmental conditions. The

concluded studied data indicates that lower 8.5m intemealofterrestrial OM rich

deposits in an oveilled, open, freskwater bke with an oxic water column. The

above 12.5m thick intervareidentified as sapropelic OM rich and deposited in a

balancetfilled, closed lake, which had a dominantly brackish/salty water column. The
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interval between the 8.5m and 12.5m was documeagdchnsitional period from an

open lake to a closed lake and represent alternating sequence.

The Paleoceneocene Kézél-ay Group in Nall éhan
determine organic geochemical characteristic of thesltme by Sar é& and
(2006). In the studied region, Paleoceee® c e ne Kéz él -ay Group
Beykdy, Camalan and Lacin Formations. It is concluded in their studied that
Paleocend=ocene d-shak Camalan formation has high total carbon content {1.32
40.72wt%) and categaed as good to excellent sounsmk potential. Pyrolysis

analyze data of the Camalan formatiail-shak indicats excellent source rock.

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

Color Index and Tmax evaluationatd indicates early to intermediate maturity.

Ocakojlu et al. (2007) conducted the det ¢
of the Late CretaceotBaleogenéepositan the Central Sakarya Region. According

to their study, at the end of the L&estaceous, occurrence of basin scale uplift in the

region and sustained until the end of Lutetian age. It results in the deposition of
continentalshallow marine successions in the south and deposition of deep marine
clastic sediments and carbonaceousime nor t h. Later, kafak e
the Eocene Ostracoda assemblages of Halidiye formation in Central Sakarya region

In their studies, thegetermine biozonatioand correlaed with adjacent basin and

predicate palecenvironmental condition ad age The observed Ostracoda
assemblages in Halidiye Formation define Lutefaimbonian age and reflects

transitional lagoonal to deep marine environmental setting.

Paleocendzocene terrestrial deposited in the former foreland setting related to
southen situated z ”Ainrk ar a suture zone. Ocaked | u et
work on the Middle Eoceneileshak lacustrine deposits in the Mudur@dyniik

basin to determine the orbital forcing control and cyclic pattern initfehak bearing

lacugrine successions. In this study, medeale symmetric to asymmetric

transgressiveegressive cycles are document in the Middle Eocene lacustrine units. It
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Is proposed that short duration cyclic pattern in the lacustilrghak successions
develop inhe 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 thepiado evaluate the organic matter
quantity, hydrocarbon potential, organic matter type and their maturity. In this study,
it is identified that Eocenbituminousshale in the basin possess good to excellent
source potential character and categorized w®0y3c to anoxic environmental

deposits, type | and type Il kerogen with immature to early mature phase.

Sare et al . (2015) investigated the el ement
(bituminous shale, bituminous claystone and bituminous marl) ofKidealar
formation in the Hatél daj field in the G°yr
potential of the bituminous rocks was discussed in terms of mineral occurrence and

their concentration. 0.48.25 wt% of Corg have been recorded from studied samples.
According to Sareée et al. (2015), the presenc
Ba elements in the bituminous rocks leads to information of more carbonaceous and

suboxic depositional setting of Hateéldaj fie
1.8.Regional GeologicalSetting

The Eocene measured sections are in the southern matheSatkaryazoneandare

surrounded by the branche$ North Anatolian Fault. The Sakarysone was a

separated block of the Cimmeridian continent dutiveganti-clockwise rotation and

resuledin the closing of Paledethys ocean (Figure&. keng?®°r , 1987; keng?
Yél maz, 1981) .

The current tectonic evolution of Turkey is associated thigitlosure of multibranch
NeoTethys oceans ithe LateMesozoi ¢ and Cenozoic era (ken
1981). Turkey imnamalgamation of several continental blocks and oceanic crust with

lateral Alpine-Himalayan tectoks et t i ng ( Ket i n, 1966 ; keng?©r
Gorur and Taysuz, 2001; Lefebvre et al., 2013; Figuse 1.
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The Middle Eocene studied sections tectonically lie in the Northevaginatolian

block, Turkey. The northwestn Anatolian block is described bthe Istanbulzone
Strandjazoneand Sakarya zone (Figure6l. The zoneswere separated from each

other bythelntra-Pontide andheK z mfinkara oceans in the most of Mesozoic period
(keng®°r and Yél maz, 1)9T&ellstantOllaradbtrandipdondse y S ¢, :
define the part of southern margin of Eurasia blddie Sakaryazoneis considered
asindependent continental block. Tletanbulzone Strandjazoneand Sakaryaone
along with ArmutluAl macéeék zone arPoRnhobwe bhbkowlkst eV
al., 1997). In the soutliheK z mfinkaraErzincan suture separatide Sakarya zone

from AnatolideTauride block (Okay et al., 2001).

The Sakaryazone forms the eastwest extending crustal terrane fronthe Biga

Peninsula in wesindfrom 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 grandids (Devonian, Carboniferous, and early Permian periods) (Okay et

al., 2002, 2006a; Topuz et al., 2006; Aysal et al., 2012); and (3) Karakaya complex of
PermianTriassic subductiom c cr et i on assembldmag,eld98l; ( keng"

keng°r et al., 1984; Okay and G°ncg¢oj |l u,

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

to formation of Neel' e t h y s-Ankakazoeean) (Figure 9. The Lower Jurassic
riftingeventhasbeendescb ed by Yél maz (1971) and G°r ¢
Jurassic deposits are composed of coarser clastic rocks with association of alkaline

and tholeiitic basaltic lavas and are overlain by Middpgper Jurassic shelf deposits,

known as the Bilecik imet one ( Al ténl é&, 1973a) . The u
|l i mestone iIs transitional with pelagic d
al., 1997).

During Middle Jurassic, steady demise of the Ralethhyan ocean and results in the

formationofsolt f aci ng continent al mar gin units
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Figure1l9.Showi ng Tectonic evalwuation of Turkey during Lat
al. 1984 Robertson et 11991 Szary, D14).

According to Deveciler et al. (1989) and Aydin et al. (1995), the Pid¢tmyan ocean

was closed in the eastern Pontide during the Mitldle Mesozoic period. Though,

the region lying in the west of Kastamonu indicates continuous deposition in the
marine units. In the Late Jurassic, the n@lith extension occurred in the Pontide in
relationto collision-related convergent regime and continued until Early Cretaceous.

During this period, the region was characterized bgthand graben structures and
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the marine invasionto the successivedeposits( Yél maz et al ., 199
Cretaceous, gradual subsidence occurred in the Pontide and development of Neo
Tethys ocean with passive continental margin. Pelagic units wereitdejiasthe
Neo-Tethyan basin during the Cenomanifuronian stage. Through Late Cretaceous,
NeoTethyan ocean began to subduct under the Pontide in the north. This subduction
generatd active continental margin with volcaractivity in north ofthe Pontde and

flysch deposits and accumulation wiélangeat continerdl edge during Turonian

(Yel maz et al . ,-Maasrieh@ian,.volchnic arffoatshpftadta sauth

with regional transgressioifihis resuled withdevelopment of Black Sdzasin inthe

northand clockwise moment in the western Pontide. The clockwisements in the

western region kkto the closing of Paledethys reli¢ which was remained open in

this region (keng®°r and Yél maz, 1981 an
movementoccurred in the Sakarysone Due tothe clockwise rotational meement

of continental fragment, the convergence in the redgmmtame oblique and
development ofNorth Anatolian transform fault zone. This transform fault zone
resuledin the western driftig of Sakaryazonef r om eastern Ponti de
1997).

Late Cretaceous timing, ophiolitic mélarigeghesouthern margin of the Sakarz@ne
wasoverl ain by back thrusting nappes (¢oju
facies were depositechahe top of the Sakaryzonein the Maastrichtian to Early

Eocene epoch. The northern margithefSakaryazonewas composed doniacian
Santonian pelagic and flysch deposits (€
1995). Upper Campaniandeposits inthe northern region afhe Sakaryazoneare
defined by transgressi ve InctheaMaastrichtizid e p o s i
Paleocene transitiorhe northern region of the Sakarz@aneis defined by changing

from deep marine to shallemarine deposits anithen followed by continental red

bed deposits (Altenl e, 197 3a,; Saner , 19
According to G°ncg¢ojlu et al . (2000) , d
Miocene, the Central Sakarganewassubjected to tensionélanst&sional tectonic
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setting which was concluded from postollision andesiticmagmatism and fault

controlled continentashallow marine deposits.

During Early to Middle Eocene, new stage of nestluth shortening begins in the

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

and moved toward the north direction as a de
al., 1997). In the beginning of the Middle Eocene, the compression regime is replaced

by northsouth extension and iacsion of marine environment to the basin. Therefore,

the continental clastic were replaced by t he
the Lutetian, the marine sediments were deposited in region along with volcanic

activity associated strata in sonmegion. Late Eocen®ligocene transition is

described by the initiation of transpressional tectonic in the region. This
transpressional reseltin the uplift of the Pontide and retreat the previously existed

marine environmentin Early-Middle Eocene time.The marine sediments were

progressively replaced by continental tles This tectonic activity reseltl in the

development of peripheral basins. These basins are extendeth&Bmas regionn

the easto the Eskisehir regn in the westThe basins are characterized by lagoonal

to marine shelf depositional setting in the Muduiynik Basin (Saner, 1977,

1980b; Ocakojlu eldcustrmné and cabOn@t& ymarinefshelf v i o

depositional setting in the OrhaniyeandyjHma na basins (Kazancé and (
Ko-yijJit, 1991; Ocakojlu and ¢iner, 1995; ¢
evaporitic marginal m gorumnbasin Hakyemez et a., i n t he
1986; Ocakojlu, 1997; Kaeyapaiticmargimaltmaremd . , 200 3)

setting in the Sivas basin in the east (Cater et al., 1991; Simengen et al., 1987). The
Pontides and its adjacent areas were exposed to extensive erosion at the end of
Ol'igocene (Yeéel maz et al ., 1993 and Yeéel maz et

The Early Miocene period was documented as another new phase obmdith
extension in the Pontide and Sakazxgae The marine incursi@wereintroduced to
fault associated basins in this period. The adjacent plain regimes were occupied by

interrelatel lacustrine environment and associated fluvial deposits (Benda et al., 1977
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and Yélmaz et al., 1997). At the end of t
regressie event and thers followed by the Pontide mountain orogeny upéfid

continueit he Quaternary (Yélmaz et al ., 1997)
1.8.1.Mudurnu -Goéynuk Basin

Geologically, theMiddle Eocene studied sections are present in the Mud@ywnik

basin, Northwestern Anatolian block. The Mudu@dynuk basin is lying in the north

of the Sakaryaone The Mudunu-Goynuk basin is also known as Mudurnu Trough

and is defined as rift basin along Sakar
The Upper Jurassic to Cretaceous successiotine Sakarya Contineris comprised

of alternative marine shelf and pelagarbonates, volcanic and pyroclastic deposits

and themareover |l ain by wupper Cretaceous sl ope
Al t éner et al ., 1 9 9 1 dhe endFaf lautetianl. thdreewasCr et a c
continuous bashscaletectonicuplift 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 noralh,, r26@ect2022y K OfT:
The Late Cretaceous deep marine clasts are represerttegllog r a k| € and Sel
Formations and Middle Eocene continental to shallow marine are defindueby

Kezeéel -ay, Hal i diye andbCiaanidl ©®c akoij mhat ied n

During ToarciarBathonian, the riftingwas initiated and continued until Late
Cretaceous and development of Mudu®@8@ yn ¢ k Basin (Saner, 19
Yél maz, 1981and Ko-yijit et acharacterized 91) .
by CallovianTithonian carbonate sedimentation with association of rift volcanics.

Later, the Mudurnu trough were further extend in the ValangiBeuty Hauterivian
anddevelopmenbof broad BigaBi | eci k car bonate po9OIAtf or m
The deposited sequence to the Late Cretaceousf aigelf and pelagic carbonate
depositswith occasional silicieclasts andarefollowed by slope and basinal deposits

with low preserved organic carbon quantstyccessionsWagreich and Krenmayr,
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200 5 ; Yél maz, 2008; Wagreich et al ., 2009 an
basinal deposits with low preserved organic carbon quantity are defined by the red

pelagic carbonate that were deposited inEady Campanian and andentified as
Cretaceousoceani c red beds ( CORB) (Dej i rmen?®zyg
formation). These carbonate sedimentations are overlain by lower Paleocene

hemipelagic marls and themefollowed by shallow marineepositst he Sel vi pénar
reefal limestoneandt h e AJ] s a koh @eltaicf lagoomeh dnd fluvial deposits)

till Eocene period (Gedik and Aksay, 2002). Skdiments of Loweliocene in the

region are composed of coal and bituminous shale of lacustmnenmentndare

overlainby rivers and terrestrial depositslaiteMi ocene ( Taka and kener

I n the Dajhacélar vill a@°y mnki Bagiarc,e ntth a ejeda Im
Formati on and KeétanirnedsaBaleoGaneanp Paleaoc&@orene

successions respectivel y. Th emp8sedofreefaldimestonef or mat i o
of theEarly Paleocene age and having transitional contact with the Upper Cretaceous

Tarakl e Formati on. The Upper Cretaceous Tar

shale and sandstone units (Figure 2.2). Lower Palearetieasconformable contact

with the Kegzdlh-ea))eéQ@mdnsigss)yf therMiddlg Paleocene

Aj sakl ar Formati on, Upper Pal eocene Kabal ar

Formati on. The Aj sakl ar Formati on S repr

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

units ofKabalar Formation is reported as-shak, shale, marls, mudstone, siltstone

and | imestone with occasional claystone. T
consisting of reddisbrownish, gray to greenish mudstone, sandstone, siltstone and

marls (Alténer et al ., 1991; kener and kengyg

I n the Hi mmet ofield,MudarnuGoySik pasin, therb®aene units are

conformably overlain by the Miooe formatios. The Hi mmet oj | u form
representdignite, dl-shak, limestone, marl and alternated conglomerate, claystone

and tuffsdeposits oMiocene age. The overlain succession is composed-shak,

marls, tuffs and occasional conglomerate, slt one and i dentified as
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successions of Oligocerge The Pliocene Seyitomer succession are characterized

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

by the Quaternary deposits (Unalan et al., 1976A1 t éner et al ., 1
kenge¢ler 1998, G¢l bay and Korkmaz, 2008) .
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CHAPTER 2

GENERAL STRATIGRAPH Y

2.1.General Geology of theRegion

In the Northwestern Anatolia, the documented stratigraphic sequences are ranging

from Paleozoic to Quaternary age (Figure 2lf)the studied regionhe Upper

Triassic Karakaya Complex is the otdeck reported inthe Sakaryazone The

younger reporteguccession is the Pliocene units which are roofed by Quaternary
alluvial and talus breccias sedi ments (|1
Ko-yijit, 1991).

In the Anatoliam block, the basement of Sakarganeis comprised of volcanic
volcanaclastic sedimentary units and low to high grade metamorphosed units
associated with subductienc cr et i on compl exes (Tekel i,
Té¢yséz and YijJitbackxk, 1994) . The SBkarya
Variscan high grade nemorphic 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 ,aR006; Aysal et al., 2012); and (3) Permienassic

subductoraccr et i on assembl ages of t he Karaka

1981; keng?©r et al ., 1984, Okay and G°n
basement Variscan unit is overlain by molassethe Upper Carboniferous deposits
(G°ncg¢oj |l u, 2010) . The pitches of Pal eoz

different locality in the Sakarya Continent. The JuraEficene successions are
unconformably resting over these {n@rassic crystallinbasements in the Sakarya
Continent (Delaloye and Bingdl, 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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metabasites along with some associatidn mar bl e and phyl i te (¢
2004). The upper portion of the Karakaya complex is tectonically overlying the lower
Karakaya complexThe upper portion of the Karakaya complexc@nposed of

deformed arkosic sandstone, graywackes with Carbianis and Permian blocks
(Okay et al., 2002; and Okay and G°nc¢ofj |l
volcanic sequences. The lower Karakaya compleidestified aslower Middle

Triassic age and upper Karakaya complex is reported as Upper TagegiOkay 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 Lowssidura

fluvial to shallow marine deposits withmmonitic Ros s o i nt er v al ( Al
1991). The eastern zone of the Sakarya Continent is defined by unconformably
overlying volcanoclastic with sandstone intercalatidro(- yi j it , 1991; Ko-
1991, Okay and Tg¢yseéz, 1999; Okay and Al t.
2010. In MudurnuGoynuk Basin, the Karakaya complex is unconformably covered

by Liassic succession§.heMiddle Jurassid.ower Cretaceous ophiolitic mélange of

the Ankara group havintectoniccontact with underneath Karakaya complexha

Ankara region (jnalan et al ., 1976; Ko-yi

In the MudurnuGoynik region, Paleozoic to Quaternary stratigraphic framework has
been illustrated by number of reseachieFour quin (1975), Toker
(1977), Saner (1980a), Altéener et al. (1
(1999), Okay et al. (2001); Okay and Al t
2018), Ocakojlundtkafak(200d@| .2020)1L5%.

2.2. Stratigraphy of Mudurnu -Goynik Basin

In the MudurnuGoynik Basin, the MesozeiCenozoic sedimentary sequences are
unconformably overlying the Pidurassic basement units (Figures 2.1 and 2.2). These

5km thick sedimentary successeon ar e studi ed by Altéenl é (:
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Figure22.Gener al i zed stratigraphic Hateéldashowsi | field (ki
studied interval
1978b) and (1A91)x Ehe Measozactto Early Eocene successions can be

divided into two sedimentary packageld transgressive packages duriigrly
Jurassic to Late Cretaceous, andedjressive packages in thaastrichtian to Early
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Eocene. The initial transgressivendatoneconglomeratalepositsof lower Jurassic
age in the MudurneGoynuk Basinhas unconformablycontact with underlying

Sakarya basements (Alténle, 1975; Yeél maz.
2.2.1.Jurassic to Cretaceous Succession

In the MudurnuGoynuk Bain, Jurassic to Lower Cretaceous successiares
identified asthe Mudur nu For mati on, Kurucal ékder e
For mati on a hidest@hesh yw k Aaméner et al . (1991
Mudurnu Formation is composed of volcanogenic depa@sidthe Middle Jurassic

agehas been assigndad theformation( Saner |, 1980b) . Accordir
(1991), the Mudurnu Formation g®@mposed omarine deposits arefjuivalent tahe

Dogger Formation. The BajocigDallovian age has beallotted to the Mudurnu

Formation. The overlying formationon the Mudurnu Formatiors known as the

Kur u c a Fankatoaaf @allovianKimmeridgian age and having a transitional
character with ta underlying Mudurnu FormationT he Kur ucal ékder e
represents olistostromes of reefal fragments, tuffaceous, siliceous and basaltic level
and pelagic mudstones lithofacies. It has conformable contact with the Tithonian

Val angini an Yaonsation |whidh bisa goepoged & calciturbiditic
limestone and packstone with interbeds of mudstone. The upper contact is transitional
with the So] skAlamémhe mest omle. , 1991).

During the Berriasia\ptian, the Mudurnd'roughwas subjected to theansgressive

conditors. These are indicat eswhixlyarecommgose8afj uk - a
the slope to basin pelagic limestone with interbedded black shale and mudstone
(Al téener, 1991; Altéener et al ., ®f91; Ye
the formation is defined by cherty limestone and taeafollowed by pelagic fauna
mudstone/wackestone. The upper portion is composed of black shale/marl with
alternating | i mest onsarecoverbdeby &onjliurlembemof Li me .

the Yenipaza For mati on of Late Cretaceous (Al
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The unconformable overlain Uzimlii member is known as AiBianomanian

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

pelagic limestone with intbedded grayplack shaledeposits It has unconformable

upper contact with the Santonitha mpani an Dejirmen®z¢ member
Formation (Ti mur and Akes aBRe] i2r0@e&n 9szY¢e | mamh e r2
described by regink pelagic marls, mudstone, ctgne with occasional siltstone

and sandstongepositf Ti mur and Aksay, 2002; Yélmaz, 20
the MudurnuGoyniuk region, the upper contact tife Soj uk - am | i mest one a
Yenipazar Formation is described as disconformable contact wigtuilan Dykes

(el maz, 2008)

In some region in the MudurA@dynik basin, the overlying formation on the

Yeni pazar formation is described by the Sebe
and kengg¢l er , Fointatbds)identifiedhby BeSeenb @ 9%t has been
reported from the G°l pazar é, Mu dillage n u , near

(Saner, 1980b). It has flyschoidal character deposits with occasionalfaicral

marls and neritic horizons and increases in the shales lithofacies towtnp (Baner,

1980b). The observed fauna in the lower portion of Seben Formatidmanehytes

(Echinoccoryy ovatu LAMARCK, Neithea (Janire) seacostate LAMARCK,
Gryohea(Pycnodontaveskularidl AMARCK, OstrealunataNiLLSON, Alectryonia

trons PARKINSIN, Micraster costestudinarium GOLDFUSS, Belemnitella
macronutaSCHLOTHEM. The fauna documented in the upper portion of the Seben

Formation are Globotruncana contus CUSHMAN, Globotruncana arca,

Globotruncana stuarti Gt. Stuartiformis DALBIEZ, Globotruncana falsostuarti

SIGAL and define SantoniaBar | yv Ca mp ani akne naggdd9&(Tkkaner and
and kener 1988). It is interpreted that the
environment (Saner, 1980b) .Sedehormatiarr. akl &€ For
The Tar ak|appedfsoas mealtshatensandstone and pebbly sandstone and

having shallow marine fauna (Saner, 1980b). The Camp&méastrichtian age has

been assigned to the Tar dksedéonOrdoidesat i on by
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gruenbachensiBRAPY, OrbitoidesapiculatusSCHLUMBERGER andbiderolitessp.
According to Saner (1980b) stabned tGFPpn,c ¢tohd uT
Formation sandstone indicate the regressive marine condition and interpreted as
deltaic, coastat ont r ol depositional setting. The

|l i mestone has progressively transitional
2.1 and 2.2; Saner, 1980b).

2.2.2.Tertiary Succession

Marine depositional environment continued during Bedeocend=ocene periods.

The Lower Paleocene hemipelagic marls are gradually replaced by shallow marine

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

the MudurnuGoynuk Basin (Gedik and Aksay, 2002). Accordingsemer (1978a),

during the Paleocergocene, the region demonstrates transgressive marine packages.

|t is i1llustrated by dkEkimpestsnein theoRaleooehe t h e
period and also documentation of meandering river channels. The Teut@assion

i's characterized by the Paleocene Selvi
includes Ajsakl ar For mati on, Kabal ar For
followed by MioceneQu at er nary succession (}Jnalan et

keenr and kenge¢ler, 1998 and ¢i men et al .,

The Lower Paleocene Selvipénar Formati on
reefal limestone at the bas@d sandstone and mad the top. The macwssils

recorded n t he Sel vi pén agastrépods,miaalve and comlr he al g a
Early Paleocene age has been assigned by determiaffifteina cf. bibensis

MARIE, Laffitteina aff. monodisMARIE, Cymopoliacf. MOROLET, Solenomeris
couvilleiPREFENDER andPseudolithamniunaloumP REFENDER 10780 t en | é
and Saner, 1977) . Af ter the marine regr
formation was replaced by lacustrine setting. Therefore, the upper pation

Sel vi pén a reprdserd the dransitommal character arbcumented ased

colored shoreline deposits (Saner, 1978b).
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2221Kéezeéel -ay Group

Theredcol ored terrestri al sedi ments were firsHi
Eroskay (1965) and Alteéenl é& (1973b) . Later Al
1980b) descri bedup.t ®&Blse Kkazdl-ayy GGroup i s w
G°l pazar é, Hat él daj mount ai-Nali héhare rG&gyingirk.
Generally, the Kézél-ay Group deposits are
poorly sorted conglomerate, sandstone, shalgstdae, marl, limestone, bituminous

shale and mudstone. In some places, there is rarely observed coal and gypsum
horizons. Overall, the Kéezeéel-ay Group def i ne
period (Sareée et al ., 2 0, 1he PakaryA €gntinentis t he end
subjected to the regressive phase of marine environment until EGdesreatfter,

during the Middle Eocene, the basin indicates the onset of marine transgression in the
region (Saner, 1978b; Al ¢&réoo8and@menathl, , 1991;
2013).

The Kézeéel-ay Group is divided into the Aj]sal

Daj hacél ar Formation (Figure 2.2; kener and
2222A7 sakl ar For mati on

The formation was firstly me(h967). Latesit iLower r
was named as Ajsaklar For mati osthelbwer Yanél maz
portion of Kézél-ay Group. Théhteypgslaatality
village. The formation isalso exposed near the Hasanlar village,tHé | daj vi |l | age a

Turgutlar village.

The Ajsakl ar For mat i on-graysands@nemmugstormandposed of
marl intercalation. Theecorded auna i n the Ajsaklar Formati on
Ostrea rariamellaMELLEVILLA muf. Prisca DONCIEUK, Amgulina cf. forbesi
DESHAYES, Tympanatonus futandANTELL, Cyrena cuneiformi&SERRUSAC,
Batillaria subacutaD 6 O R B | &Niperusaff suess@ensis DESHAYES (Taka
and kener, 1988; Koralay, 2009). Near the Ah
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of the fomation is defined by a conglomerate and tisdollowed by red sandstone,

marl and mudstone. The red sandstone identified as fluvial channel filled deposits.
The Aj sakl ar Formati on has conf ormabl e
Formation. The Late PadeeneMiddle Eocene age has been assigned to the formation
(kener and kengg¢ler, 1998 and Koralay, 2

2.2.2.3.Kabalar Formation

In the type locality, near the Kabalar village, it is composeclay limestone,

bituminous shale, marl, claystone and sandstone @dgtasional coal and named as

Kabalar formation by Saner (1978b). It is also repari¢de proximityofDaj hac él ar ,
Dajkeyhleri, Kes¢r e, Ke¢rnegHat BEugapéemamunt
and Capawillage (Koralay, 2009). The sandstone in thenfi@tion 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 fairedif

intervals.

kener and kenge¢l er (1998) di vided the K
includes marl memberjleshat member and siltstone member (Figure 2.2). The marl
member unit is identified as the first lacustrine deposit in the Kabalar Eorma
Paleocendzocene periods. The marl member is consisting of marl and claystone with
underlying red mudstone and thsifollowed by dl-shak member. @-shak member

is composed of varvstructurel light and dark gray laminated shale. The observed
average organic matter content in thieshak member is around 10% oil yielded

organic matter. The upper portion of the formati®nestricted 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 chargciee ner and
kenge¢l er, 1998)
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The Kabalar Formation is devoid of fossils, though Upper Paledomner Eocene

age 6 confined based on its stratigraphic position. It has conformable contact with

underfingt he Aj sakl ar Formation andommattoar | yi ng th
(Granit and kener, 1987).

2224Daj hacél ar For mati on

kener and keng¢ler (lLl@92fFordeaentohi e@atheé hBa]
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 reddiskorange color sandstone. Accordingte stratigraphic position, Beseme

(1967) referred Eocene age to the formati on.
EoceneOligocene age to the formation. It also des@ithee new phase of marine

transgression in the region during the Eocene periods,Tihe Paleocergocene

terrestrial deposits are overlain by new phase marine transgression. It has

unconformabl e contact with overlain Quaterna

I n the Hi mmetojlu and Seyi t6évenlaimby tha | | age, t !
Ol i go c e n esuccesdiopaadMa 0 € e n e H Fammagoh The Miacene

Hi mme tForindtianconsists oflignite, al-shak, limestone, marl and alternated

conglomerate, claystone and tuffs. The Pliocene Seyitomer successampssed

limestone, tuffs, sandstone and siltstdDeaternary deposits topplestse successions
intheregion( | nal an et al ., 1976, Al téner et al .,
Gulbay and Korkmaz, 2008).

2.3.Lithostratigraphy of the Measured Sections

Thefive straigraphic sections foring Middle Eocenel(utetianBartonian) age have

been measured and studied in the southwest, in the southeast and in the northeast of
G°yn¢gk town near the Dajhaceéelar village, Has
village, and Sunet village in the Mudurn@&oyniik Basin. The measured stratigraphic

sections are identified as Middle Eocehe@tétianBar t oni an) age; Upper

Formation and Halidiye Formation (Ocakojlu
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2015). The formations aswmposed of continental (lacustrid@ackish lacustrine) to
marine deposits. The deposits are consisting of limestone, rheshake and fine to
coarser sandstora@l-shak intercalation. Near the Sinnet village, in the Middle
Eocene I(utetianBartoniar) measured succession, there is also documentation of
occasional conglomerate and calcirudite lithofacies at different horizons. The recorded
fauna in the formation include ostraspdchapphytes gastropod, bivalve and
occasionally benthidoraminiferg rare fishteeth 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
(Tympanatoos, Ampullina, Dentalium, Trochus, Luciadf. L. corbarica, Ostrea,

Natica), benthic foraminifers Nummulites, Alveolina and Ostracoda. Planktonic
foraminifera @Acarinina bulbrooki, A. densa, A. nitida, Subbotina eocaena,
Turborotalia cerroazulensis frdosa, Globigerapsis subconglobgtaannoplankton
assemblage Qoccolithus pelagicus, Reticulofenestra dictyoda, R. Hillaad
macrofossils assemblage€efithium sismondai, Nerinea, Ampullaria canalifera,
Glycymeris, Exogyra lateralis, Pycnodonte vesicsl Micraster cf.
cortestudinariumm ar e observed by the Ocakojlu e
Eocene age to the formation. Therefobased onthe fossil assemblages, it is
interpreted that the Kézél-ay Fddurmgti on ¢
LutetanPr i aboni an periods (Ocakojlu et al .,
According t o San eFormdtidnid terrestrjal rivettake dépesited | - a y

and overlain by marine Halidiye Formation.

In this study, a total of 76, 21, 429 and 36 samples have been collected in the field
from the measured Dajhacél ar, Hasmnl ar ,
order to determine the lithofacies and depositional environment, respectively. The
field studies and microscopic analysig arsed 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 ndéaminated d-shak, limestone, marl and sandstone.
The pebble conglomerate and calcirudite are oetprdedalong the Stinnedtudied

section.
23.1.Daj hacél ar Measured Section

The | ocal ity studiedstehcet iDoanj hlaiceess amear t he Daj hac
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 from39.50n measured stratigraphic section (Figures 2.5 and 2.7).

TheDg hacéel ar measured section is documented
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 beddedligh fossiliferous limestone, limestone, marl, laminated and non
laminated d-shak 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 graglominated limestone with subordinate gastropod and ostracod fossils and
interbedded marl. As move up in the measured section, the limaéstenalsshow

an increase in the gastropod fossils congntertain level in the measured section
(Figures2.8 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 d-shak units (Figures 2.8 and 2.9). The marl beds are present dominantly
in the laver 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. Theileshak lithofacies are prominent in the middle to upper
portion of he studied section with occasional marls and sandstone bedsil-$hako

is characterized by thin to laminated intervals. The lamindishak is composed of
organicrich lamina and carbonatech lamina (Figures 2.10, 2.11, 2.12, 2.13, 2.15).

The al-shak interval in the lower portion of the stratigraphic unit is defined by highly
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Figure 2.5. The field bhotograph dfutetianBartonian measured stratigrahic section near
Daj hacélar village, Bolu. N dip direction (
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Figure 2.7: Continued (31.5162.3m).
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Figure 2.7: Continuedg3.3m-93.5m).
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Figure 2.7: Continued93.5m-125m).
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Figure 2.7: Continued1(25m-160m).
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Figure2.8. The field photographs @aj hacél ar measured stratigraphic se
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 irthe sample D8 beddings.

B i > :
Figure29.The fi el d photographs of Dajhacélar measured s
wackestone bedding (D7), overlain by high fossiliferous unit Packstone (D8) and thesedolip
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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Figure210.Fi gure 2. 10. The f i e stulliedsécton shgwing, p)ISilicedus Daj hac

concretion; B) marl (D34) with nodularity feature and above planar very thin bedded to algal
laminated d-shak (D35, D36).

{_\& ne

. ‘ .. “J’,” ¢ V] . X . }Q:
Figure211.The fi el d phoébgrambastr ®dj dtacati graphic se
laminated d-shaks; B) Thin preparation cutting algal laminated D40 sample; C) Algal Laminated

Qil-shak and marl alternation with occasional thin bedded sandstone.
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Figure212The fi el d photograph of Dajhacélar measured

laminated to thin planar beddedl eshak; B) Cross cutting section of sample D52 for thin section
preparation.

Figure213The fi el d photogr aph Dajhaceél ar measured
laminated dl-shak with interbedded sandstone.
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ph of Dajhaceélar measured str e

5
Flgre2 14 The fieldp h o t g r
dominated up section sandstone; A) Sandstone beds are low angle wavy rippled bedded sandstone

with interbedded ib-shak; B) wavy rippled bedded sandstone (Sample D65).

il Shale

@
=
=
R
o
-
=
<
7]

il Shale

F|gur6215The fi eId photogr aph of Dajhacélar measur ec
thick bedded sandstone and maril-6hak deposited above section.
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Figure2.16. T h e

ograph o Daj hacél alishameasured str
followed by marl with interbedded very thin wavy rippled sandstone to very thin to medium bedded
planar bedded sandstone (shown byB)Marl and sandstone intercalation at the top portion of the

measured section.

field phot

bearing ostracod shells. The thin to very thin bedded sandstone intervals increase in

the upper portion and intercalated with marl aiesbak.

In the field, therecorded 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, plaar laminated bedding, very thito mediumbedded 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 aneathgal lamination are
sedimentay features in theibshak (Figures 2.11, 2.12, 2.13 and 2.15). Tiesbak

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 sedim&ary features (Figures 2.14 and 2.16).

The age of the Daj haceéel autetiamBagonianroetteirs ect i on

chronostratigraphic position and previous
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kenge¢ler, 1997; Gedi k astratoddiktseanyddlepdriof 2 ) . T
of Hat el section (| ac usCyambcgtiee)ideanhebartianaD aj h a
(Bosquet), Cytheridea (Clithrocythridea) faboides(Bosquet), Cytheridea
(Haplocytheridea) sp., Vetustocytherideasp. and indicates Late Lutien age
(Ocakojlu et al ., 2012) . These are overl
Eocene in the MudurnG® yn¢ k basin (Ocakojlu et al .,
2015).

2.3.2.Hasanlar Measured Stratigraphic Section

The GPS coordinate of the Hasanlatsgraphic 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, whiis around Bm approx. away from the

Daj hacél ar measured section in the north
the measured succession arev2iiich are collectedt random interval. The samples

were selected on the basis of change in lithodsgicolor 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, pa 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 beddeitl-shak and occasional marl (Figures 2.18, 2.19,
2.21 and 2.22) The stigdl region shows high tensional tectonic regime. Tihslak

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 tudied section are ostracods.

The Hasanlar measured section is identified and correlatable with bitumihshsaie
member of the Kabalar Formation of kener

Hasanlar village. Therefore, it can be characterized &s lLatetian age and can
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correlatabl e with t he mi ddl e portion of t
bituminous d-shak member of the Kabalar Formation. In this study, it is described

as a portion of the Kézeéel -ay Faa.n2a807i on ( Gedi
and 2012).

2.3.3.Kdsiire Measured Section (Yenipazar)

The other measured section, stratigraphicall
exposed near the Kdsure village, Yenipazar, Bolu Province (Figure 2.23). The

measured section is startedrfravith 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 theasured section in the field (Figures 2.24

and 2.25).

+

Goggle Earth
=

P o

7y Demirhanlar

Figure 2.17. Satellite image showing the Hasanlar measured section in the Mu@iignik Basin,
in the vicinity of Hasanlar villagéHasanlar 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, thenwelibby planar thin beddedil@shak; B) Thin
section preparation rockutting Ql-shak sample HOb.

Al 4 : P A ity 2 et - <
Figure 2.19. The field photograph of Hasanlar measured section presenting intercalation of lime
mudstone ad fragile laminated ib-shak.
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Figure 2.20. Measured stratigraphic section near Hasanlar Village.
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Figure2.21. The field photograph of Hasanlatudied section presenting intercalation of A) lime
mudstone and marl; B) representing intercalation of lime mudstone and laminktdthbe.
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Figure 2.22. The field photograph of Hasanlar measured secpisenting; A) Wackestone and
Laminated @-shak; B) Lab cutting sample H14; C) representing intercalation of lime Mudstone and
Laminated @-shak.
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