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ABSTRACT

SEDIMENTOLOGICAL AND CYCLOSTRATIGRAPHIC ANALYSIS OF
UPPER PART OF THE KARTAL FORMATION (SW OF ANKARA)

Rufat Aghayev

M.Sc., Department of Geological Engineering
Supervisor: Assis. Prof. Drsmail Omer Y Imaz

October 2008, 113 pages

The Montian Kartal Formation lies in the south-west of Ankargoregnd
overlies the Upper Cretaceous Beyobasi Formation and is overldihdnetian
K rkkavak Formation conformably in the studied region (Kayabiflage, NW of
town of Haymana). A 283 m stratigraphic section, which is maafyposed of
an alternation siliciclastic and carbonate rocks has beesumehin the Kartal
Formation within the Haymana-Polatl basin.

The aim of this study is to carry out the sedimentological and
cyclostratigraphical analyses of the upper part of the K&oamation within
Haymana-Polatl basin which represents a well developed gyattern. In this
study, detailed lithofacies analyses were performed and ftiaratit facies were
recognized along the measured section: sandstones, limestones, muhacks
conglomerates.

Sedimentological analyses, such as modal, provenance, palaeocurrent,
grain-size and grain parameters were also performed andreéhaion with the
depositional environment and change in depositional conditions were e@dcuss
Interpretations of the depositional environment revealed that the deposit
occurred by low sinuosity rivers and waves. Additional environmental
interpretations suggested that the sediments were deposited iowshadirine
and/or coastal (beach) environments. High resolution cyclostratigrsipioyes

based on meter scale cyclic and rhytmic occurrences of Idiesfaalong the



measured section were performed. The whole section, which is 2B&knwas
divided into large-scale hierarchy-cycles which comprise Iemstale fining

upward and deepening upward cyclic and rhythmic beds.

Key words: Sedimentology, Cyclostratigraphy, Montian, Kartal Foion,
Haymana-Polatl ,
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KARTAL FORMASYONU UST KISMININ SED MANTOLOJ K VE
DEV RSELSTRAT GRAF K ANAL Z (ANKARA GB’s)

Rufat Aghayev

Yuksek Lisans Jeoloji MuhendsiiBolumu
Tez Dan man : Yrd. Dog. smail Omer Y Imaz

Ekim 2008, 113 sayfa

Monsiyen yal Kartal Formasyonu Ankara bolgesinin gineybat s nda yer
almaktad r. Calma alan nda (Kayabakoyt, Haymana ilgesinin KB kesimi) bu
Formasyon Ust Kretase yaBeyobas Formasyonunu lzerlemekte ve Tanesiyen
ya | Krkkavak Formasyonu taraf ndan uyumlu olarak Uzerlenmektedir. |Gene
silisiklastik ve karbonatl kayaclardan o&in Kartal Formasyonu Haymana-Polatl
havzas nda yer almakta olup cala alan nda olcllen stratigrafik kal nl 283 m
olarak dlgulmatur.

Bu cal ma, iyi gelimi devirsellikler sergileyen Haymana-Polatl
havzas n n icindeki Kartal Formasyonu’nun dst kesminin devirsel griafii ve
sedimantolojik analizlerini amaclamaktadr. Bu galada detayl litofasiyes
analizleri yap Im olup 6l¢cult kesit boyunca dért farkl fasiyes tan mlarim
Bunlar : kumta, kiregta , gamurta ve konglomerad r.

Ayr ca modal, provenans, paleoak nt, taneboyu ve tane paramegilieri
sedimantolojik analizler de yap Imolup cal mada cokel ortam ve c¢okelim
ko ullar tart Im tr. Cokel ortamlarda yap lan tan mlamalara gore, sedimanlar
bask n olarak diiik sintziteli rmak ve dalgalar taraf ndan kontrol edikmi Ek
olarak, ¢cokelim ortamlar n n tan mlanmas sedimanlar ndeniz ve/veya ky
(sahil) koullar nda c¢okeldiine iaret etmektedir. Bunlara ek olarak, metre
Olce inde devirsel ve ritmik litofasiyes olumlar Uzerine bina edilmi olan

yuksek c¢oOzunadrlikli devirsel stratigrafi cahalar yaplmtr. 283 metre



kal nl a sahip cal lan ksmn tamam kucuk oOlcekli yukar do tane boyu
kiculen ve yukar dau derinleen devirsel ve ritmik tabakalardan cdm buyuk

Olcekli hiyerarik devirselliklerden olumaktad r.

Anahtar so6zcukler: Sedimantoloji, Devirsel Stratigrafi, Monsiyen, Kartal
Formasyonu, Haymana-Polatl .
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CHAPTER 1

INTRODUCTION

1.1 Purpose and Scope

The main objective of this study is to investigate the sedimentcogly
cyclostratigraphy of the uppper part of the Kartal Formation,reviegclicity is
well developed. In order to carry out this objective, several studiee
performed based on different disciplines of geology including litabgraphy,
sedimentology and the cyclostratigraphy.

The Haymana-Polatl basin is characterized by Upper Cretaeebliddle
Eocene clastic turbidite sediments at its center, passing iatfonph carbonates
and continental red beds towards the margins (Yuksel 1970; Goérur 1981; Ciner
1992). During Paleocene time, due to continued convergence of the Sakarya
continent and northern branch of Neo-Tethyan ocean, and to the onggovwit)
of the accretionary wedge and its uplift, margins of the HagaRolatl partly
emerged i. e. Kartal Formation (Kogiti 1991; Unalaret al, 1976). Since the
Paleocene events in the Haymana-Polatl are revealed bydbspsead and rapid
fluvial sedimentation, a 283 m thick stratigraphic section has beasured in
details in the upper part of the formation, where continental and shalkowne
facies variations and repetitions throughout the section displaylia pattern of
depositional package. The measured section represented by timatialterof
limestone blocks with continental sediments along the measurédnseghere
the middle part is dominated by sandstone-conglomerate alternatthén the
measured section six large-scale hierarchies were identifire the basis of
lithological facies description in the field. Sedimentological analysesdb&sthe
laboratory and field works yielded several data on the anatoroyemance and
depositional environment within upper part of the Kartal Formation.

Cyclostratigraphic analyses of the measured section in thidy stelped to



investigate the nature of the contact with the overlying K rkkdw@mation and
examine the characteristic properties of the upper part of dn@lkEormation in

comparison with its lower part.

1.2 Geographic Setting

The town of Polatl is located about 75 km SW of Ankara in Centrekéely
(Figure 1). The study area is located south of Kayabkage on the Kartal hill,
approximately 5 km south of Polatl. The measured section statte dop of
Kartal Formation at coordinates 36444920 ° E - 4379470 °N, and ends at
36445835 °E-4378062 ° N.
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Figure 1. Geographic location map of the studied section.



1.3 Methods of Study

This study mainly consisted of field and laboratory work. In thil fia
stratigraphic section 283 m. in thickness was measured (Figuk¢ e bottom,
the succession is mainly composed of red mudrocks and sandstonedateterca
with limestones, changing upward into sandstone-conglomerate addt@ae-
limestone alternations whereas the uppermost part of the sectioly m@nsists
of gray colored limestones. During the field work, lithologic and sediary
structure descriptions were carried out in the field. 76 samplaesenting
sandstone, limestone, mudrock, and thick conglomeratic successions were
collected during the study. Samples were collected from therbothiddle part
and top of the measured section. Detailed petrographical, sedimerdflogic
palaeocurrent, grain size analyses of conglomeratic beds andosesdsvere
carried out during the field and laboratory works. For this purpose, ¢iross
were prepared from all samples.

In the laboratory, point counting analyses were carried out in oaler t
classify the sandstone, limestone and mudrock beds, and to understand the
response of mineral and rock fragment concentrations in the bedsirigecin
depositional environments. Approximately 1000-1500 points were counted in
most of the thin sections by using J. Swift Co., apparatus. In ordebt#in
skewness, sorting, kurtosis, roundness and sphericity, grain sizesemalgre
performed for 16 sandstone samples, using projection techniques. Bredfoti
sandstone provenance were carried out from thin section analyselsreén t
conglomeratic successions in the field, approximately 300 pebblescekected
and measured in 3 dimensions by using Vernier Caliper and detadligdsize,
shape determination and sphericity analyses were performed in@glee some

information about depositional environment and paleocurrent direction.



Figure 2. Location of detailed studied section (red line). (snapshot taken from
Google Earth, www.earth.google.com).

1.4 Previous works

In the course of the last century, numerous geological studies had been
carried on Haymana-Polat region, for different purposes. Chaput (198@¢ m
one of the earliest studies in the region. His work recognizeth¢@®us and
Eocene successions in the Haymana region, and from differenbpstadies, he
predicted the distribution of flysch sequences in the region. The studies carried out
by Erol and Wenidgart (1955), and the Gulf and Mobil companies (1958-1961),
were for general geology of the area and economic resources. tddiess
performed by Rigo de Righi and Cortesini (1959); Reckamp and Qai8ép),
Schimidt (1960), Yiksel (1970), Akarsu (1971) were oriented to petroleum
researches and exploration. Sirel (1975) and Uneflai, (1976) made detailed
studies of the Haymana-Polatl basin and established the ddtaile outcrops
and Formations in the area.

Sirel (1975) was the first to make detailed paleontological,
lithostratigraphic and chronostratigraphic work in the area. @i835) identified

Rotalia trochidiformis Lamark, Missisipina binkhorstiReus andDistichoplax



biserialis Dietrich in the upper part of the Kartal Formation and assigned a
Montian age (Paleocene) for the whole Formation, composed of red
conglomerates and biomicritic limestones. Nummulites from thledeene to
Eocene in the Haymana-Polatl basin were also n the S{E¥85) scope of
study. Recent biostratigraphic studies of the Haymana-Potath were also
carried out by Sirel (1999), Ozkan-Alt ner and Ozcan (1999), Oetah (2001

b).

Unalan et al (1976) studied the stratigraphy and paleogeographical
evolution of the Upper Cretaceous-Lower Tertiary sediments in dkadl Parea.
Unalanet al (1976) prepared a geological map in the scale of 1:25000 for an
approximately 2800 kfmarea and measured stratigraphic sections comprising
Temirdzu, Mollaresul, Derekdy, Haymana, Beyobas , Kartal, Caldaglyurt,

K rkkavak, Eskipolatl , Beldede, Cayraz and Yamak Formations.

Various scientists have investigated the biostratigraphic framehe
Cretaceous to Eocene successions of the Haymana-Polatl réglar. (1979),
Ozcan and Ozkan-Alt ner, (1997, 1999 a, 2001) studied the Upper Cretaceous
units of the basin, based ptanktonic and benthonic foraminifers, and calcareous
nannoplanktons. Meri¢ and Gorir (1979) carried out detailed paleontological and
stratigraphical investigations within limestone blocks of thiel€aFormation in
the Haymana-Polatl area.

enalp and Gokcen (1978) studied the oil-saturated sandstones of the
Haymana region. More recently, Growl al (2000) investigated the Haymana
Basin for its oil petroleum potential.

engor and Y Imaz (1981), Gorét al (1984), Kogyiit et al (1988), and
Kogy t (1991) have made valuable contributions to tectonic studies ofehe ar
According to these studies, the Haymana-Polatl basin developed ander
continental collision regime along the northern branch of the NabySe
Because of the existence of Tertiary calcalkaline volkanSalatian volcanics),
and the presence of ophiolitic basement in the basin, these autlpgested that
Haymana-Polatl basin had developed on a fore-arc accretionarnyewweaich
was active from the Late Cretaceous to the Late Eocene i{incl991). Arc

activity in the Sakarya continent during the Paleocene suggestsutb@ction



was towards the north (Fourquin, 1975%ng6r and Y Imaz, 1981). Recent
tectonic studies of the area, which were carried out by OkdyTéystz (1998)

and Okayet al. (2001), proposed that Haymana-Polatl basin is a composite basin
and represents both foreland and forearc basin’s features.

Gokcen and Kelling (1983) studied Eocene submarine fan systethe of
Haymana-Polatl basin. Their study was based on investigationsheof t
characteristics and provanence (paleocurrent direction) of ubeasine fan
systems within the basin.

The most recent study of the area, made by Turgay and Ku(a@Q0), was
based on seismic exploration data. They used the data of gtalarf1976) and
seismic data, to discover Haymana-Polatl area’s subsurfacsctdvéstics and oil
petroleum potential.

The cyclostratigraphic studies have been performed by @inat (1993,
1996), Ciner (1996) in the Haymana-Polatl basin. Cetal (1993) studied the
cyclicity in the Middle Eocene Cayraz Formation, which is nyamibde up of
carbonates and represent the youngest lithologies of the HayPodath basin.

The aim of their study was to describe coarsening-upward and shmajtoyward
nummulite-bearing carbonate cycles of different magnitudes ansketheence of

the stratigraphic frame of the study area. Ceateail (1996) also studied cyclicity

of the 1 km thick Lutetian, Yamak Turbidite complex which they founcbtusist

of three depositional sequences. In this study, they described the cycl
sedimentation and depositional environment of the complex. In order to
understand its evolution and obtain cyclostratigraphy of the comphey; t
subdivided it in basic sequences (BS) and basic units (BU), correspdadifig

and 8" order cycles, respectively.

As our work is directly related to sedimentology and cyclagtagthy, it is
necessary to mention cycle theories studied previously. Milankovitch (1941)
proposed an astronomical theory of glaciation, which explained climiagicges
as resulting from fluctuations in the seasonal and geographicbdigin of
insolation (In Schwarzacher, 1993). Brinkman (1932) differentiated bettween
groups which he called autonomous and induced cycles, depending on time and
type of the deposition. Beerbower (1964) introduced the two terms awseyal



allocycles, based on the alluvial fan studies. Ginsburg (1971) prepgcéd c
model for carbonate accumulation on a size restricted shelf wmdbrgoes
subsidence. Vaikt al (1977) made additional, dramatic discoveries in cycle
patterns. Using data derived from seismic exploration, they detireedycles of
relative changes of sea level as an interval of time duvimgh a rise and fall of

sea level take place. Schwarzacher (1993), Drummond and Wilkinson (1993)
suggested cyclic models for different types of depositional envigatsnand
applied tectonic approach as well.

Einsele (2000) proposed forearc basin types, their general dratcs and
sedimentary successions. He divided forearc basins into accrgfioasidual,
constructed, and composite basin types and purposed idealized sedimentary
successions for residual basins. He also studied the factors ¢ogtmyitles in
the deep-sea sedimets. According to affromentioned tectonic stuities
Haymana-Polatl is a composite basin, which represented bydapsdrforeland

basins (after Okay and Tuysuz, 1998).

1.4 Geological Settings

The Haymana-Polatl basin, 75 km SW of Ankara, developed on an
accretionary wedge (Figure 3). The accretionary complex is madéa mélange
with basalt blocks, radiolarian chert and serpentinite with minor diebi
(Norman, 1984; Goncuidu, 1992; Okayet al, 2001).

The wedge formed by the convergence and collision of the Sakarya
Continent to the north, Tauride-Anatolide block to the south anekirblock to
the south-east during the Late Cretaceous to Late Eoceree lmlasure of the
northern branch of Neo-Tethys (Izmir—Ankara suturegngor and Y Imaz, 1981;
Gorur et al, 1984; Kogyiit et al, 1988; Kogyiit, 1991; Goncuolu, 1992)
(Figure 4). After the closure of the northern Neo-Thethys Oceanyndation
continued until the Late Pliocene (Kocli 1991). The shallowing of the basin
during the latest Maastrichtian, and evidence for earlieso&ale continental
collision from farther west, indicate that the Haymana-Pdbasin is a composite
basin (Goncudu, 1992; Okay and Tuysuz, 1998). The Campanian-Maastrichtian
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basin fill represents a fore-arc basin, whereas the overRalgocene-Middle
Eocene sequence has been deposited in a foreland basin formed duraitgrand
the continental collision (Kocgyit, 1991 Goénclolu, 1992; Okay and Tuyslz,
1998). However Catest al. (1991) assigned Campanian-Maastrichtian basin fill
of the Haymana-Polatl to the piggy-back basin.

In the studied area, represented successions are spanning iorageafe
Cretaceous to Eocene (Figure 5). The Haymana-Polatl basprissented by 5
km thick clastic turbidite sediments at its center and by lteenation of massive
carbonates with continental sediments at the margin (Yuksel, 1970r, G881,
Ciner, 1992). The transition from deep sea turbidites to redbetis iHadymana-
Polatl basin took place during Early Paleocene time (@kay 2001).

The basement of the Haymana-Polatl basin is composed of theidurass
Lower Cretaceous carbonate cover of the Tauride-Anatolide Bl@okdtio lu,
1992), the Karakaya Complex gngor and Y Imaz, 1981) and the Ankara
Mélange (Norman, 1975; Unalabal, 1976; Gorir and Derman, 1978).

The Haymana—Polatl basin itself is characterized by higéfgrched
sedimentary fill (Kogyiit, 1991). Different depositional conditions existed toward
the NW margin of the basin, where shallow marine clasticsalreairbonates
lacustrine and fluvial deposits occurred (Yiiksel, 1970; Unelat, 1976; Ciner,
1992). In the Haymana-Polatl the Upper Cretaceous sequencesgemnggaely
marine | mestones and turbidites, lie unconformably over the Uppessia
Lower Cretaceous pelagic carbonates. The overlying Lower Pala@sequence
shows facies variation and ranges from continental clastichannorthwest
through shallow marine limestones to pelagic shales in the sstith&vidence
for earliest Paleocene continental collision and the absend® dflaastrichtian
sequence in the western part of the Haymana-Polatl basin tendiea foreland
features. Late Palaeocene (Thanetian) shallow marine limestamé marls
characterize second transgressive cycle, which is followed by Eocerditasbi

During the Early to Middle Eocene time, the Haymana-Polatl nbasis
characterized by a shallow transgressive sea in which wigls$ sandy and

nummulite—bearing limestones were deposited on the shelf, but deep marine sedi-
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mentation continued to the SE, within the basin interior (Unalaal, 1976;
Kogyi it and Lunel, 1987; Kogyit, 1991). Because of extensive and intensive
tectonic deformation, it is not possible to trace the latenasitian from turbiditic
strata into shelf and continental facies in the outcrop (Ciner, 1992).

The basal formations here are: Temir6zu (Trias-Early Jarassi
metagreywackes); Mollaresul (Late Jurrasic limestonesyekdg (Ophiolitic
mélange, consisting on serpentinite, volcanic and limestone blocks) (énalg
1976).

Deposition of continental red beds of the Kartal Formation, reefal
limestones of the CaldaFormation during the Paleocene age characterized the
basin edges. The red beds of Paleocene Kartal Formatiocharacterized by
alternation of continental and marine sediments (Gorir and Derman, T9i&8)
relatively deeper water shale-marl with limestone blocksraatdations of the
Ye ilyurt Formation were precipitated in the interior part of theirba3he
K rkkavak Formation overlies the Kartal, Caldand Yeilyurt Formations and
represented by algal limestones and marls (Unefeai, 1976). A semi-circular
shelf existed near Haymana, on which the Caldiad Cayraz Formations were
deposited (Figure 6). The partly-continental units Kartal and Beldedared
behind the shelf, while the flyschoidal units of the Haymana, Po¥alilyurt,
and Yamak Formations were deposited in front of the shelf (Uealal 1976).

The deposition of thick turbidite successions in the central pattedfasin
in Early and Middle Eocene was occupied a larger area thamal@odene. In
Eocene age the depositional areas of the Caleefal limestones were filled up
with turbidites and as a result the shoreline retreated away tfie basin centre
(Cineret al, 1996).

The turbiditic depositional areas of the Haymana-Polatl basgarb¢o
shrink rapidly from the end of the Middle Eocene. Turbidites gradedcakyti
and laterally into shallow marine nummulitic limestones of thgr§z Formation
and the terrestrial clastic sediments of the Kartal Foomaturing the Eocene age
(Cineret al, 1996). Both the mélange nappe and the units underlying it were late
covered unconformably by terrestrial conglomerates, marls, temeds

evaporates and the tuffs of the Cihanbeyli Formation in Mio-Pliocene age.



Figure 6. Block diagramm illustrating depositional environment of the dart
Calda and Yeilyurt Formations (modified from Unalaet al, 1976)



CHAPTER 2

LITHOSTRATIGRAPHY

2.1 Regional Lithostratigraphy

Haymana-Polatl basin deposits are mainly characterized bgerUp
Cretaceous to Eocene marine and continrntal sequences and thiei¢kiass of
these deposits is about 5000 m (Kogyil991). The lower Paleocene Kartal
Formation, which is the subject of this study, mostly representezbibynental
red beds at the margins of the basin and its total thickness is a%00tm
(Yuksel, 1970; Unalaet al, 1976; Gorir, 1981; Ciner, 1992).

Kartal formation’s type locality is well represented neaydta village on
the Kartal hill in the south of Polatl . This unit also outcropsvbeen Beyobas
and Kucu villages in the north, around Yenimehmetli village in the west, and
between Temirdzu and Kavak villages in the south (Sirel 1975, Uredlah
1976). Sirel (1975) identifiedRotalia trachidiformis Lamark, Mississipina
binkhorsti (Reuss)Distichoplax biserialis DietrichMiliolidae, Gastropoda and
Lamellibransh (Ostrea shells)in the upper part of the Kartal Formation.
According to these fossil assemblages, Sirel (1975) assign&Gitad Formation
to the Montian age.

Lithostratigraphic units in the studied area the Caltepe, Seymatépe,
Haymana, Kartal, Calda Yeilyurt, Krkkavak, Eskipolatt and Cayraz
Formations (Figure 7). According to previous works Kartal Fommnatiomprises
1362 m thick red marl, limestone, lenticular conglomnerate, sandstonachie
and algal limestone successions (Sirel, 1975; Unafaral, 1976). Kartal
Formation resting at the bottom on the Maastrichtian Beyobamdtmn (coral
sandstones and conglomerates 125 m thick), bounded at the top with the

Thanetian K rkkavak (limestone and black marls 640 m thick) andaligter



wedges out with Yelyurt (marls and limestone blocks 342 m thick) and Calda
Formations (algal limestones 1187 thick) (Figure 7)
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2.1 Lithostratigraphy of Upper part of the Kartal Formation

The section studied is located south of Kayalki#lage on the Kartal hill.
The measured section starts from the first limestone bed ipiper part of the
Kartal Formation and finishes 283 m above at the contact with Thaneti
K rkkavak Formation. Cyclic variations of facies and consistent titepe
throughout the section indicate a cyclic pattern of deposition alongé¢hsured
section.

The lowermost 100 meters of the measured section representeellby
developed cyclic alternation of shallow marine carbonates with ouksly
conglomerates and sandstones, (Samples 65-74) (Figure 8A). The pavt bel
measured section, which is out of the scope of study, is complefebsented by
the alternation of sandstones with mudrocks and conglomerates.

The measured section is enriched with red (or pinkish) to grayisured
marls and mudrocks from the center to the top of the Kartal Fiemmakheir
percentage is greater than that of other sediments along the wéctien.
Mudstones along almost all the section contain trace fossils, valembrding to
Demircan (1994) indicate coastal or shallow marine environméndgposition
(Figure 8B). Upward to the center the Kartal Formation oledidplays the cyclic
repetition of marls and/or mudrocks with cross stratified sandstames
conglomerates (Samples 27-60) (Figure 9A). The sand content ircgasard
through the mudstone and conglomerate (Figure 12). In general, sarnfdsiese
are composed of lithic greywackes, which are abundant along the stidied
section and litharenites which are mainly observed in the centralopahe
section. The next upper part is represented by 3 m of gray-cotmiic
limestone succession (samples 21-26) (Figure 9B). Toward the top bpunda
continental sediments are dominant (Figure 12). The Kartal Famnatinsists
there of sandstone, conglomerate, sandstone with cross-stratificatidn
mudstone successions (Figure 10A).

Polygenic conglomerate and mudstone alternation grade into pebbly
sandstone facies upward through the section (samples 16-20). Goagr&enish



pebbly sandstones here contain some plant fragments, ichnofaciesraodystal
inclusions (Samples 12-15) (Figure 10B). The uppermost most part of the
Formation represented by the transition from sandstone into thelitniestone
succession indicating transition from continental to marine environ(frégire

11 A).

Figure 8. Field photographs of the rock units recognized along the measured
section. A- Sandstone-limestone alternation in the lower part of the measured
section. B- Bioturbated mudrock (KRF 63).



Figure 9. Field photographs of the rock units recognized along the measured
section. A- Oolitic limestone succession (KRF 21-26). B- Alteonatof
conglomerates with red sandstone and marl (KRF: 28-31).



Figure 10. Field photographs of the rock units recognized along the measured
section. A-polygenic conglomerate, grading into sandstone (KRF 13-17); B-
Transition from continental to marine environment



The presence of ostrea’s shells within conglomerates and sandstones
further evidence of a transitional environment (Samples 12, 16) (Figure 11B).

Figure 11 Field photographs of the rock units recognized along the measured
section. A- Transition from K rkkavak to Kartal Formation, represkbte4.8 m;
B- Ostrea shell within polygenic conglomerate.
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CHAPTER 3

SEDIMENTOLOGY

Sedimentological study of the upper part of the Kartal Formation
comprises petrographical, grain size and grain parameter, proeenanc
sedimentary structures, paleocurrent analyses. Sedimentiargtusees were
investigated by outcrop studies along the entire measured sectioogr&ehic
analyses were carried out by microscopic examinations. Grag asid grain
parameters analyses including roundness, sphericity, sorting, kuréosd

skewness were carried on by the projection of the thin-sections.

3.1 Petrography and Classification of Lithofacies

66 samples were examined under the microscope for microfacigseanal
Using SWIFT point counter machine, a total 750-1000 points were counted withi
each thin sections in order to obtain accurate percentage ofiieeahcontent.
These quantitative data were used to establish the compositionsandaasify
the rock types. According to outcrop and microscope studies, fous ofpeck
were defined in measured section: 1. Sandstones, classifidilha®nites,
graywackes and sublitharenite; 2. Limestones, which are clasagigrainstones,
packstones and rudstones; 3. Mudrocks, classified as very fing, cliaese
mudstones and marls; 4. Conglomerates, classified as polygenic

orthoconglomerates (clast-supported).

3.1.1 Sandstones

Sandstone facies are observed throughout the entire measuedcfetie
Kartal Formation. Sandstones were classified as litharenites, §reywackes

and sublitharenite, according to point counting data (Figure 13). Pettijals



classification (1987) - which is based on the percentage of timeeral
components: Q=quartz, F=feldspar, L=lithic (rock fragments) - wsead to
determine sandstones. The term arenite is restricted hemadstenes containing
less than 15% of matrix and wacke used for sandstones containingnaine
Sandstones show current ripples, herringbone cross stratificatiorar pteoss
stratification, and channel sedimentary structures along thiee emeasured

section ( For details see subchapter.

Figure 13. Classification of sandstones. After Pettijadtral. (1987).

3.1.1.1. Litharenites

Litharenite is the prevalent type of sandstone, interpretedteefi samples
(Sample No: 12, 13, 14, 20, 27, 29, 34, 35, 38, 40, 42, 48, 52, 54, 58, 64)
(Appendix B). Minerals or mineral groups identified in the sandstoreegjaartz
(monocrystalline was prevalent along with minor polycrystaljineldspar;
lithoclast; calcite (mainly as cement); bioclasts; ooidsgapaminerals and micas
(Figure 14). Rock fragments are composed of igneous and sedimightaehasts
and constituent an average of 33% rock volume. The average contamrtd q
mineral is 25% within the thin sections, dominated mainly by mowstalige and

some polycrystalline quartz, showing straight extinction. Theingraare



subangular to subrounded. Minor feldspars are weathered and/or corroded and
include plagioclase comprising of the majority of the feldspar component 1.5-4%.

—n

e

Figure 14. Photomicrographs of the litharenite (Q-quartz, L-rock fragments, C-
calcite cement). A: KRF-34, B: KRF-64 (Plane polarized). Barscale dH@w
m



Mica is rarely observed and reached a maximum 1% of total rock golBome
litharenites contain bioclasts and ooids at an average of 8% throughsettios
(Sample No 12, 13, 14, 27). The bioclasts are represented by ben#mgrifers
and algae. This factor may be indicative of a shallow marine envéainm
deposition of the aforementioned sandstones (after Fligel, 2004). Tleatcem
calcite, comprising an average 22% of the whole rock volume. Lithagenite

contain an average 4% of matrix, composed of silt-sized quartz and clay minerals.

3.1.1.2 Lithic greywackes

This type is not prevalent and only observed in five levels (Sahgld5,
19, 28, 38B, 33, 38, 44) (Appendix B). Quartz, feldspar, calcite and opaque
minerals were identified as components in lithic greywackepkesm(Figure 15,
Appendix B). Quartz represented by 16.5-22% along the succession. These
samples are dominated by monocrystaline quartz showing strexdgintction.
Amount of rock fragments averages 24%. According to visual observation of
graywacke samples, grains are subangular to subrounded. Feldspaging
between 1.7-3.5%. Opaque minerals are observed in some sampleg 12bgi
7.5% Cement is mainly calcite, and constitutes in average 10-16% efhble
rock volume. Lithic graywackes contain an average 27% of clay nmstaired

with iron oxide.

3.1.1.3 Sublitharenites

This type of rock is the least abundant in the measured section and is defined
in one level (KRF 56). Quartz (81%), rock fragment (8.8 %), plagiodla®g
were identified in the sample (Appendix B). Grain size analyss®aled
subrounded grains. KRF-56 is moderately well sorted and according@warbt
(1958) and Passega (1964) scattered diagrams, was deposited invihe wa

dominated environment (for details see subchapter 3.6).



Figure 15. Photomicrographs of lithic greywacke, (Q — quartz, M — clay matrix,
F-feldspar, L-rock fragment); A- Transmitted normal, B- Plane polarizdfF{K
19). Barscale below 100m



3.1.2 Limestones

Limestones were classified by using Folk (1959) and Dunham (1962)
classifications, with additional terms from Embry and Klovan (fégl6, Figure
19). The classification scheme of Folk is based mainly on compusiéind
distinguishes three components (Figure 17): 1. Grains (allochem#jat@ix
(micrite), 3. Cement (drussy sparite). Depending on dominanceskkietal
grains, 0o-ooids, pel-peloids, intra-intraclasts) abbreviations anc poeffinicrite
or sparite is used here (Tucker, 2001). Dunham (1962) divides limestohe on t
basis of the texture. Additional terms of Embry and Klovan in Dunh&h981)
classification give an indication of coarse grains. Six sswes of limestones
are observed along the measured section from top to bottom: 1. Reguielsgnt
alternation of oosparites and biosparites (oolitic and bioclastimsgoaes
respectively) (Sample No 1-11); 2. Represented mostly by oospdatditic
grainstones) (Sample No 21-26); 3. Represented by rudstones (bio¥parites
(Sample No 60-62); 4. Represented by an alternation of oolitic gragsstand
rudstones (Sample No 65-66); 5. Represented by bioclastic grainstones
(biosparite) (Sample No 68-70); 6. Represented by sandy rudstones € 3dmnpl
72-75). Along the entire measured section, limestones are usuallytdiglark
grey, bluish, beige colored, very well packed, and contain ostrea ahdllglant

fragments.

3.1.2.1 Oolitic Grainstones (Dunham, 1962), Oosparites (Folk, 1959)

Oolitic grainstone or oosparite is interpreted in twelve leGample No. 1,
6,7, 8,9, 10, 11, 21, 22, 23, 24, 25, 65) and contain an average 60% of medium
size ooids (1.76-2.06 ) cemented by a sparry calcite. A variety of graingeser
as nuclei including quartz, rock fragments, bioclasts and skelagrhénts, and
especially foraminifers (Figure 18). Samples are moderateivell-sorted and
also include bioclats as benthic foraminifera with an average 1B #te rock
volume. The ooid cortices represented by micritic laminae. Such oolititstpae
facies are typically deposited under shallow marine environments (T 2CKHr).



Figure 16. Classification of limestones based on depositional texture, Embry and
Klovan, 1971 (after Dunham, 1962).

Figure 17. The classification scheme of Folk (1959), based on composition of a
limestone.

Samples are characterized by abundant, well-sorted ooids. Two sample
(KRF-10, 11) contain an average of 5% quartz and 5 % rock fragmestts ea
Oolitic grainstones contain an average of 20% sparry calciteerteand 5 %

micrite matrix. One sample (KRF-22) contains meniscus cerhantén be stated



as subjected to meteoric-vadose diagenesis (after Tucker and VZOgd).The
environment of deposition of oolitic grainstones is discussed in detdiha

depositional environment subchapter.
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Figure 18 Photomicrograph of oolitic grainstone (O-ooid, M.C. — meniscus
cement). Plane polarized ( KRF-22). Barscale below 100

3.1.2.2 Bioclastic Grainstones (Dunham, 1962), Biosparit@solk, 1959)

This type of limestone is not prevalent and is only observed andevels
(Sample No: 2, 3, 4, 26, 68, 69, 70). Biosparites mostly take place in the upper
(boundary with the overlying K rkkavak Formation) and lower parts of the
measured section. The most common components are benthic foramamifera
some algae; on average, biosparites contain 50.5 % of bioclastse(ERurThis
limestone type contains some ooids - an average 19.5% of the whal&raukz
and sedimentary rock fragment grains serve as nuclei for tloéde The cement
is spary calcite and represents an average 28 % of the whdievoaame.

Biosparites contain an average 2% of micrite matrix Accortbnigliigel (2001),



this type of limestone constitutes high energy skeletal bamnkslaeets deposited
seaward of ooid shoal, in wave agitated shallow marine settingse Hedtings
mostly represented in the lower and uppermost parts of the measotoh
(Appendix A).

_m

Figure 19. Photomicrographs of bioclastic grainstone (S.C-sparry calciterdem
B- bioclast (foraminifer); Biosparite. Plane polarized (KRF-Barscale below
100 m.

3.1.2.3 Rudstones (Dunham, 1962), Biosparites (Folk, 1959)

This type of limestone is mostly supported by algae fragmesns than 2
mm diameter and defined in three levels (Sample No: 60, 61, 62) (R&e
Bioclasts are represented by algae and benthic foraminiferscangtitute an
average 56% of the rock volume. Ooids constitute 2 % of whole rock volume.
Quartz, rock fragments and feldspars are also observed and cen8titat of
whole rock volume. The cement is spary calcite and represents an average 31 % of

the whole rock volume. Rudstones contain minor matrix ranging 2%. Oneesampl



(KRF-60) contains 18% rock fragments, 5.3% quartz and 1.6% feldspar, and can

be stated as sandy.

3.1.2.4 Dolomitic Limestone

This type of rock was defined only in 1 level (Sample No: 3guf€ 20B).
This facies takes place in the middle part of studied areh shows a high level
of dolomitization. Dolomitization probably occurred here after duringaburi
diagenesis (Moore, 2001). Calcite cement and bioclastic shellepleeced by
idiomorphic dolomite crystals. According to microscope analyses, didomi
sandy limesone consists of quartz (18.8%), rock fragments (18.3%ldsgar

(2.9%). The rest represents dolomitized calcite cement and shells.

3.1.2.5 Packstones (Dunham, 1962), Biomicrites (Folk, 1959)

This type of rock was interpreted only in one level (Sample 9)o:
(Appendix B) and contains 18.5% of matrix. Bioclasts, represented fithibe
foraminifera, constitutes 29.4 % of whole rock volume. According to visual
observation, this type of limestone is moderately well sorted ahdles 22 % of
ooids. Packstone is cemented by sparry calcite, which constitute8024f the

whole rock.

3.1.3 Conglomerates

These beds are composed of clasts of sedimentary, metamorphic and
volcanic origin. Visual observations revealed herringbone, planar cross
stratifications and finening upward structures in these polygenidaroergates.

All conglomerates were defined as clast-supported (orthoconglteaeraith
minor sand matrix according to Boggs’s classification (1992). Graonstitute

70-90% of the whole conglomerate volume.



Figure 20. Photomicrographs of limestones (A.F- algae fragment, Q-quartz, S.C
sparry calcite cement, L-rock fragment, D.C.-dolomitic cryytafsrudstone
(KRF-62), B-dolomitic limestone (KRF-32). Plane polarized. Baesbalow 100

m.



3.1.3.1 Clast-supported Conglomerates (Orthoconglomerates)

This type of rock is matrix-poor (80% or more framework graarg), has
an intact, stable, grain-supported sandy matrix. These lithefasee interpreted
in 4 levels (Sample No: 16, 18, 29, 31). Among the minerals recogimzie
matrix of orthoconglomerates, quartz ranges from 8 to 18%, opaque minerals from
2 to 12% and feldspar from 1.5 to 3. Rock fragments constitute in awara@éo
of the whole rock matrix, and most of them are metamorphic. eecantent of
clay matrix is 2%. Orthoconglomerates contain an average of 25¢288te
cement by volume. One sample (KRF-16) contains 32% of bioclastesegped
by benthic foraminifera (Figure 21). Marine environment of depsithay be

suggested for this bed. The grains are subrounded to rounded.

\

Figure 21 Photomicrograph of a conglomerate: (Q-quartz, L-rock fragment, F-
foraminifer, S.C.-sparry calcite cement). Sandy conglomerate itisgp@s marine
environment (KRF-16). Plane polarized. Barscale below 100



3.1.4 Mudrocks

Indurated, massive mudstones and marls were classified duririgldhe
works and in the laboratory, by visual estimation and modal analpsethe
upper part of Kartal Formation shows the abundance of continenialesgd,
mudrocks here may be associated with floodplains (after Tucker 20@1dhe
other hand, some of the mudrocks along the measured section contaial verti
ichnofacies, which, according to Demircan (1994) suggests a shailaine
environment of deposition (For details see subchapter 3.4.)

Red and gray coloured mudrock have been observed along all measured
section and documented in 12 samples (Sample No: 18A, 30, 36, 37, 41, 45, 46,
49, 50, 53, 57, 63) (Appendix B). Two classifations were applied for mudrocks:
Pettijohn (1975) and McKee and Weer (1953) (Figure 22, Figure 23, Appendix
B). Following Pettijohn’s classification, mudrocks were cli@sdias mudstones.
Silt-sized quartz grains are presented in all samples augyd faetween 2.5-26.5
%, with an average of 13 % (Figure 24). According to McKee and '#/eer
classification (1953) based on the quartz percentage within a roastones
were defined as very fine (Sample No: 45, 63), fine (Samplel8la, 30, 46, 50,

53, 57) and coarse (Sample No: 36, 37, 41, 49) (Appendix B). Mudstones contain

an average of 73.5 % and a maximum 77% of clay matrix stained with iron oxide.

3.1.4.1 Marls

According to Pettijohn (1975) marl is applied for mudrocks contaiBisg
65% clay and 65-35% carbona@alcareous mudrocks-marls are observed in the
middle and lower parts of the measured section and were documenfat
levels (KRF-17, 39, 51, 55). Intensive bioturbation and parallel laminatien wa
seen on marls in the outcrop. Marls contain an average of 45% ahlichand
55% of clay matrix with iron stains. Quartz, rock fragments fhdspar were

rarely observed in marls.



Figure 22 McKee and Weer classification based on the amount of quartz
components within a mudrock (1953).

Figure 23. Classification of mudrocks based on clay/silt ratio withmock (after
Pettijohn, 1975).



Figure 24. Photomicrographs of mudrocks (Q - quartz, M - matrix, L — rock
fragment). A- Transmitted normal, B- Plane polarized. (KRF-B@)scale below
100 m.



3.2 Analyses of Grain Parameters

The size of detrital grains within sediment is proportional teatadable
materials and to the amount of energy imparted to the sedimelkt (©74).
There is also a close correlation between the grain size ampsofritsandstone.
Because the size and sorting of sediment grains may refldenesgation
mechanisms, grain size data can be used to interprete theitidepbs
environment of sedimentary rocks (Tucker, 1988). In order to obtain gjn
roundness, sphericity, skewness, kurtosis parameters for sandstonesiand g
shape for conglomerates, grain size analyses was performed sandétone
samples and 3 conglomeratic beds. 200 individual grains were measwachi
sample using projection techniques (Appendix C). The histogram and cwaulat
frequency curves were constructed in order to obtain the end pammmete
(Appendix D).

The effect of measuring grain size in thin section should be t@asectiee
relative number of very fine grains, and a sieve analysis should resut in a
higher percentage of fines than comparable grain size analysdnifan,1962).

The (phi) scale introduced by Krumbein and Sloss (1963) is a nooneeaient way of
presenting data than if the values are expressed in mm, and was thus used.

The grain size of the sand fraction in sandstones has commonly been
measured by sieving dissaggregated samples (Johnson, 1994). Convetting of t
section data to its sieve equivalent has been performed usingnmasitsd
equations suggested by Johnson (1994). The empirical equation proposed by
Johnson (1994) (Equation 1) was used in this study to obtain mean true Inomina

diameter of grains from 2D measurements.
D, =d; - 04a - d,f

Equation 1. True Nominal diameter of ellipsoidal quartz grain (@), - mean
nominal diameter and - major axes of the central section (after Johnson, 1994).

Long, intermediate and short ellipsoid axis lengths here correspbng S
with a and b representing the long and short axes of cross sections through

ellipsoid (Johnson, 1994). According to the empirical equation, mean nominal



diameter D) of ellipsoidal grain, obtained from sieve analysis, can be dkfime
thin sections from mean nominal sectional diametgfsafd major axeg¢a') of
the central section (derived from the observed values by subgdcf023 from
the means) (Johnson, 1994).

Median diameter represents the midpoint of grain size distributibis, tot
as useful as the mean grain size (Boggs, 2001). Its size imdetdrby the 50%
line of the cumulative frequency curve (Tucker, 2001). The meanisitiee
arithmetic average of all the particle sizes in a sanpbgds, 2001). Where a
grain—size distribution is perfectly normal and symmetrical, tthen median,
mean values are the same. The sorting is a measure ohgjeafthe grain sizes
present and the magnitude of the spreads of these sizes aroundithgizeelt is
one of the most useful parameters because it indicates thévefiess of the
depositional medium in separating grains of different classes. Méleswis a
measure of the symmetry of the distribution. Skewness is alssaiptive factor
for depositional environments: sediment becomes more negatively slewled
finer grained along its transport path, whereas the source sediemhes more
positively skewed and relatively coarse (Tucker, 2001). Kurtosisthes
quantitative measure used to describe the departure from normality (R0§ad3.
Although kurtosis is commonly calculated along with other grain{sé&@ameters,
the geological significance of kurtosis is less than thatoding and skewness
(Boggs, 2001). The grain-size frequency curve showing the relatiormghip
standard deviation to the mean and median size was constructed fintwrde
calculate mean and median, sorting, skewness and kurtosis @kerd Ward,
1957) (Appendix D). The' 16", 258" 50", 75" 84", 95" percentile values of the

were used for calculations by graphical-statistical methodbl€T1). Grain

size parameters for sandstones were calculated using Folk ardgl fd¢¢mulae
(1974) and cumulative percent log. (Table 1, Appendix D). Results ajrtie
size parameters are shown in the Table 2.

The grain-size characteristics reflect conditions of the depagiti
environment. Some techniques for utilizing grain size data to interpre

depositional environment have been used. The techniques are basedtamn scat



diagrams that compare median grain size versus skewnessngtgti and sorting
versus skewness for distinguishing between beach, dune and river sands (Tucker,

Table 1. Formulae for the calculation of grain—size parameters frognaphic
presentation of the data in a cumulative frequency plot.

Table 2. Grain size parameters derived graphically, using Folk and Ward
formulae (1957).



Table 3 Terms used to describe sorting, skewness and kurtosis values.

1988). Interpretation of depositional environment in the upper portion of the
Kartal Formation is discussed in the depositional environment subchapter.

Figure 25 illustrates the heterogeneous sublitharenitic sandstormrding
to depositional environment interpretation obtained from scatteredadiagthe
rock’s main transportation mode was saltation (after Visher, 1969)tands
deposited by waves (after Stewart, 1958) (subchapter 3.6). Along tsured
section, mean grain size of sandstones varies from 1.3 to 2.8%pendix C).
The sandstones are moderately- to well-sorted and the sortingwaalas from
0.37 to 0.74 (Tables 2, 3). There is fine to coarse skew that varas-@r.31 to
0.25 (Tables 2, 3). Kurtosis values vary from platykurtic (0.67-0.90) to mesokurtic
(0.90-1.11) and leptokurtic (1.11-1.50), with values ranging from 0.87 to 1.39
(Tables 2, 3). As marine carbonates are predominantly biogediments, the
size and the type of carbonate sediments is largely controllételoriginal size,
rather than by any size reduction process that might take glaing transport
(Flugel, 2004). Depositional environment of sandstones and limestones is
discussed further in the depositional environment subchapter.



The morphology of a grain depends upon the mineralogy, nature of the
source rock, degree of weathering and degree of abrasion durimgpdra
(Tucker, 2001).

Figure 25. Graphic presentation of grain size data for a sample KRF-56 (Le
histogram.

These factors are reflected in the roundness and sphericityraina Sphericity is

a measure of how closely the grain shape approaches thapbkre. Roundness

is a level of curvature of the corners of a grain (Tucker, 2001). $pkeaind
roundness analyses were carried out on 16 sandstone samples. R}
equation for two dimensional grain images has been used to calculate sphericity of

the samples (equation 2).

Sk = /D, /D,

(2)

Average sphericity ranges from 0.69-0.75, and varies between subequant to
very equant in all samples (after Folk, 1974) (Tables 4, 5 and App&).
Roundenss analyses were performed for 16 samples. Dobkins and Folk (1970)
formula was used to calculate the parameter (Equation 3). RoundgmeEssfrom
subangular to subrounded and in average, the roundness is 0.27 for all samples
(Tables 4, 5 and Appendix C).



R- =D, /D,

End results of sphericity and roundness suggest high level of abrasion during

transportation.

Scattered diagram representing relationship between roundnes® mat
content and sorting data have been used to determine the maturibhe of t
sandsones (Figure 26). Maturity of sandstone varies from immature to mature.

Most of the ooids within grainstones of the measured section argcsihhe
The shape of ooids often results from the shape of the nuclei (Figgel). Ooid
size within a sediment is controlled by the supply of nucleitl{Brst, 1979),
growth rate (Swett and Knoll, 1989) and mobilization and agitatiomo@a
1989).

Table 4. Roundness and sphericity values derived from equations (after Dobkins
and Folk, 1970; Riley, 1941)




Table 5 Terms used to describe roundness and spericity.

Figure 26. Textural maturity of siliciclastic sedimentary rocks.

Population of grain sizes may be defined by dynamic consideratioihy,
supply characteristics (McManust al, 1980). Distribution of the grain size
population was obtained using Visher’'s (1969) scattered diagram, wibelseasl
on the three subdivisions of the mode of transportation. The results oldtaimed
the diagram shows that most of the sandstone grains were transposadthbon

mode (Figure 27).



Figure 27. Transport modes in relation to size distributions (Friedman and
Sanders, 1978).

Sphericity analyses have also been performed for three aroagitic
successions. Form analyses were based on ratios of the longt¢kimediate (1)
and short (S) axes of pebbles collected from the field. In ouyseslsphrericity

was calculated based on the Sneed and Folk (1958) formula shown below:

SpH=3/S%/LI

The results of these calculations are shown in (Appendix E). Ongavera
the sphericity is 0.71 for three beds, which results in the partaiesbeing
compact. Oblate—Prolate index calculations (OP index) have beennpedfdor
these beds. OP index is closely related to form, but it is oltdipen different

formula, as shown below:
OP = (10L (L-1)/S (L-S)) — (5L/S)

The OP index data is plotted against the diagram proposed by Dafukins a
Folk (1970), which developed the OP index of shape to distinguish beach gravel



from stream gravel (Figure 28, Figure 29, Figure 30). It can benadxs from the
OP index diagram, that in all three beds peak position correspoadsrige
between 2 and 4, which means that the river environment gravetimieate
(after Dobkins and Folk, 1970). In general, as we may observe, gravbissa
beds are more likely to be a mixture of beach and river typesgainly, the
gravels deposited within the conglomerates in the Kartal Formiatticates both
beach and river environments. Roundness for these three conglorbedzibas
been interpreted by visual estimation and they were found to beosubrytwell-
rounded indicating a considerable distance of transportation for mogsteof t
pebbles.

Additionally, form of the pebbles within each conglomeratic bed res be
revealed using scattered diagarams proposed by Zingg (1935) amukiger
(1991). According to Zingg's diagram average amount of I/L and Sdisratere
used to obtain average shape of pebbles within each bed (Figure 31, Agpendix
lllenberger’'s (1991) diagram based on disc rod and shape indmess rgore
precise information about form of the pebbles (Figure 32, Figure §8re~B4,
Appendix E). Affromentioned form analyses revealed that the majofitthe
pebbles are compact and spherical. This factor can be evidentandoterm

channel transportation and minor wave influence of pebbles.

Figure 28.OP index diagram for Bed-1 (after Dobkins and Folk, 1970).



Figure 29. OP index diagram for Bed-2 (after Dobkins and Folk, 1970).

Figure 30. OP index diagram for Bed-3 (after Dobkins and Folk, 1970).



Figure 31 Grain form description according to Zingg (1935).

Figure 32 Grain shape description for Bed-1 (after lllenberger, 1991).



Figure 33.Grain shape description for Bed-2 (after lllenberger, 1991).

Figure 34. Grain shape description for Bed-3 (after lllenberger, 1991).



3.3 Provenance Analysis

Provenance studies of sandstone sequences can be made using modal
composition plus maturity indicators (i.e. sorting, roundness) (Valloni, 1985;
Dickinson, 1985). Sandstone sequences are the result of both provenance and
tectonic environment, modified by climate, depositional environment aed lat
diagenetic events. Provenance determinations of sandstones also cadebe ma
from examination of individual quartz, feldspar and lithic grains Gitrg, 1946).
Dickinson (1985) distinguished four major provenance terrains for sandstone
stable craton, basement uplift, magmatic arc and recycled rorbgeorder to
perform provenance analysis, 16 sandstone samples were usedbtfieng
data from microfacies analysis. Samples were chosen on tegacof Cox and
Lowe (1996), who suggested using sandstones with less than 15%tmi m
content for such purposes. Dickinson’s triangular diagram (1985) waswlset,
plots Qm (monocrystalline quartz), F (total feldspar), Lt (téithic fragment),
including Qp (polycrystalline quartz) with lithic grains to datere the source.
Detritus from the various provenance terrains generally has racubar
composition, as the debris is deposited in associated sedimentary, bvalsich
occur in a limited number of plate—tectonic settings (Tucker, 2001his modal
analysis of sandstone samples, the percentages of various combinhtpams
are plotted on a triangular diagram. According to Tucker (2001)gaat 300
samples are required from different places within one layer tairolprecise
results.

In order to give at least some information about possible testttiitg of
sandstones and detect relative change along the section, liemtednt of
samples (16) samples were selected ().

Thin—section analyses of the samples show that the sandstonesirdye ma
composed of monocrystalline quartz, volcanic and sedimentary rock négme
and a small quantity of feldspars. Limited data plotted on a terdi@agram
reveals that sandstones are mainly related to combination ofe@aymgen and

transitional arc (Figure 35). Detritus derived from the rengcbf orogenic belts



is varied in composition, reflecting the different types of eroge.g. continent-
continent or continent-ocean collisions) (Tucker, 2001). Sediments from recycled

Figure 35. Triangular diagram showing average compositions of sand derived
from different provenance terrains (after Dickinson, 1985).



orogen may fill adjacent foreland basins or be transported by miagorsystems
to more distant basins in unrelated tectonic settings. Sedimentstfansitional
arcs have a high percent of volkanic rock fragments, and they tdd®&ao to
more plutonic roots. Such sands are usually deposited in forearc lnasins
Haymana—Polatl basin (after Tucker, 2001). Among the lithic fragments, volcani
rock is dominant; most probably these fragments derived from the basement of the
Sakarya Continent and/ or Tertiary calcalkaline volkanism i.e.t@al&olcanic
arc. (Unalanet al, 1976; Gorir and Derman 1978; Norman, 1984; Katyi
1991).

Demirel and ahbaz (1994) studied petroleum potential and provenance
charcteristics of the Haymana-Polatl basin. The same provenasalts were

obtained in their study: recycled orogen and transitional arc.

3.4 Sedimentary structures

The majority of sedimentary structures form by physicacesses, before,
during and after sedimentation, whereas others result from organchandcal
processes (Boggs, 2001). In this study, sedimentary structeresdwcumented
from the outcrop studies. More than 50 sedimentary structures weneedsnd
they are documented along the measured section. In the uppert part of the
measured section where carbonate rocks, pebbly sandstones and comgtomera
are common, burrow structures, graded bedding, cross bedding and cross
lamination were mainly observed (Figure 36, Figure 37). Massidelibg in
mudrocks and limestones without any apparent internal structussisommon
along the measured section. According to Demircan (1994), who studied
ichnofacies $kolitos SP/Planoolitgsf the upper part of Kartal Formation, it was
possible to distinguish between continental, shallow coastal andnemar
bioturbations. Vertical burrowing is the evidence of a marine envirofjme
obligue of transitional or shallow coastal, and horizontal of continental
environment (Figure 37A). Measurements made showed that in gerferal, t
ichnofacies varied from 5 to 15 cm in length and from 1-2 cm in diameter. Cross-



Figure 36. Photographs of sedimentary structures observed in the field; A —
Burrowed limestone (KRF-11); B — Three sets of graded beddirdgnwitlO cm
thick conglomeratic bed (KRF-18)



B

Figure 37. Photographs of sedimentary structures observed in the field; A-
Vertically and obliquely burrowed mudrock (KRF-30) (after Demmyck994). B
— Cross-laminated sandstone bed (KRF-19).



bedded sandstones are commonly observed in the upper and lower parts of the
measured section and can be associated with downstream migratoumnexf
and/or bars (after Tucker, 2001) (Figure 38A). Ancient channels, shdivng
pathways for sediment and water transport over considerable perimdepfare
represented with materials coarser than the underlying beds Taicker, 2001).

The typical evidence of a channel structure is represented lgyoooeratic bed

(KRF 31) that cuts into underlying cross bedded sandstone (Figure S8ayr

base is also observed in conglomeratic beds overlying sandstonesgnxes
(Figure 38B). According to Boggs (2001) scours are formed by dived
channel erosional events.

Normal grading is common in most of the conglomerates along the
measured section (Figure 36 B). According to Tucker (2001) gradeng be
associated with changes in flow conditions. Some sandstones in gredam of
the measured section show bimodal cross stratification, withctivation surface
in between. Such sediments are deposited under a tide or wavedefl(after
Tucker, 2001) (Figure 39A).

Abrupt transition from coastal to marine environment, where limestone
overlies cross-bedded conglomerate and massive sandstone, is alsedbse
the lower part of the section (Figure 40A). In the middle and lowds [p& the
measured section low angle cross bedded beach sandstones are albumaiant (
38 B, Figure 39B). According to Tucker (2001) such structures are dowhen
waves move sediment to shallow depth or shore. Additionally, in the (maveof
the section, community of pebbly limestones is also presented. Patnbles
calcarudites are mostly presented by algal remains and oncoids (Figir@#eB
Blair, 1999). According to depositional environment interpretation these
limestones are probably deposited by a high energy wave agitatten Fltgel,
2004).

Taking in to account affromentioned interpretations of sedimentary
structures, transitional depositional environment can be stated fopges 283

meters of the Kartal Formation.
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Figure 38 Photographs of sedimentary structures observed in the field. A-
Channel structure. B-Scour-base conglomerate (short lived charosbral
event)
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Figure 39. Photographs of sedimentary structures observed in the field. A-
Herringbone cross stratification in sandstone. B-cross bedded beztstoses
(KRF-56)



B

Figure 40. Photographs of sedimentary structures observed in the field. A-
Transition from continental to marine environment.B. Pebbly rudstoner (af
Embry and Klovan, 1971)



3.5 Palaeocurrent Analysis

The measurement of paleocurrent is an important item in study of
sedimentary rocks, since they provide information on the paleogeggraph
palaeoslope, current and wind directions and they are useful in facies
interpretation. Many different features of a sedimentary rcak be used as
paleocurrent indicators, as some structures record the directiomowément
(azimuth) of the current whereas others only record the line omtheement
(trend) (Tucker, 2003). According to Tucker (2003) the most useful todecaf
paleocurrent are cross bedding and sole structures (flute and grasisg Grain
size analysis performed on sandstone samples and conglomeratidongdith
outcrop observations revealed that the distributary channel sysasnther major
transportation agent for the sediments’ deposition.

In the Kartal Formation, measurements were taken from tessdedded
sandstones by measuring vector mean and from six conglomeests ty
measuring tentative pebble imbrication in the lower, middle and yyapts of the
studied section. According to Tucker (2001) prolate pebbles in fluvial deposi
produce normal-to-current orientation. In the entire measured secaionityn of
pebbles represented almost the same orientation within each betdoraltyi, a
bimodal conglomeratic bed located 2 levels below KRF 57 comprizes
symmetrical ripples with paleocurrent values 270° N and 120° N.

Obtained measurements have been plotted on rose diagram (Table 6,
Figure 41). As observed from the diagram, the major transporttidivewas
towards SE (unidirectional) and source area is located in the A¢¥ébrding to
Tucker (2001), small dispersion on rose diagram, indicates depositioowby |
sinuosity rivers. The typical vertical sequence of low sinuosigrs usually
represented by repeated succession of finining-upward gravel-sgmeinses, 1
to 3 m thick (Figure 42). These successions are very common thlemgeasured
section. Study of sedimentary structures and results of grmaaysis also
indicated deposition of sediments by river systems (For details see subxBapte
and 3.2). Additionally, according to scattered diagrams of Bjorlykke4(188d
Stewart (1958) the majority of the sandstones were deposited éng riiFor



details see subchapter 3.6). Taking affromentioned factors in to account
deposition by low sinuosity channels may be suggested for most @rttistenes
and all of the conglomerates along the measured section. Howbedéner the
deposition occurred by low sinuosity meandering or by distibutaryddmtai

channels is still questioned.

Table 6. Measurements plotted on rose diagramm

Figure 41.Rose diagram, illustrating palaecurrent direction for all beds



Figure 42 Field photographs of the rock units recognized along the measured
section. Vertical succession of finening upward gravel-sand units, typical for low
sinuosity channel system (after Einsele, 2000)

3.6 Depositional Environment

Interpretation of depositional environment of the sediment is the ot of
most important tools for sedimentological analysis. A depositemalonment is
characterized by a particular geomorphologic setting in which tecylar set of
physical, chemical, and biological processes operates toageraecertain kind of
sedimentary deposit (Boggs, 2001). Previous studies interpreted dmpaisiti
environment of the Kartal Formation as transitional-deltaic (Sie¥5; Unalaret
al., 1976). However typical succession produced by delta progradation were not
observed in the upper part of the Kartal Formation (after Battgehand Van
Wagoner, 2006). Though, field and laboratory studies suggest transitiona
environment of the deposition.

The red color of the most of clastic sediments within Kartahfation is
probably related to the presence of iron oxide (after Tucker, 2001)ary oases,
these rocks were deposited in continental environment, most probably a



floodplain. Micron-size oxidized crystals of iron, even in small am¢Qrit %),
are enough to give red colour to sediment (Mucke, 1994).

Based on petrographic data, sands are mainly litharenites. Sealiynent
structures interpreted along the studied section are commonlylanoisstion,
planar and herringbone cross-bedding, which are typically relatsdndstone
deposition in fluvial and wave realms (see section 3.4). Grainpsicameters,
such as those based on skewness versus median diameter (Stewargot85g),
versus skewness (Bjorlykke, 1984) and coarsest class percentils veeslian
diameter scatter diagrams (Passega, 1964), show that granmes nagnly
transported by wave and river action (Figure 43, Figure 44) and teEpasithe
beach (Figure 45). Additionally, field studies indicated that the beach environment
signatures such as the presence of macrofossils within sandstibiegie
burrowing within mudstones, wave-generated cross-bedding are common along
the measured section (Section 3.4; Appendix A)

Oolites are valuable paleoenvironmental proxies for water energy, salinity
temperature and depth. The paleoenvironmental interpretations ehaocids
should be done with caution; the transport of ooids from the areas in thibich
were produced to the depositional areas is often underestimated (Flugel, 2004).

Figure 43, Scattered diagram of median versus skewness (Stewart, 1958)



Figure 44. Sorting and skewness of grain size distribution parameters. (Bjorlykke,
1984).

Figure 45. Scattered diagram of coarsest class percentile versuamuidmeter,
indicating environment of deposition (Pasega, 1964)



Additionally the microfacies analyses performed for limestonesvegor
the shallow marine environment. From the above mentioned, we may conclude
that the measured section represented by transitional environment.

Accordingly to interpretation of depositional environment of limestone
facies within upper portion of the Kartal Formation, oolitic grmines most
probably were deposited in shallow marine environment (after Fl2gé#). As
the ooids within grainstones are represented by micritic lamitieey are best
associated with shallow marine environment. Additionally some ooidal
grainstones contain meniscus cement, that can be evidence of vaalpzeetic
alteration (after Flugel, 2004).

The minor bioclastic grainstones represented within Kartal Faymat
constitute high energy skeletal banks and sheets, most probably dipeaiteard
of ooid shoals in wave-agitated settings (after Fligel, 2004).

Depositional environment of rudstones may be related to agitatedvghall
subtidal and/or beach environment (Golulgic al, 1984; Richter and Sedat,
1983).

Dolomitic limestone, which was only represented in one samplé&{83,
was probably deposited in near-surface vadose zone (after Kenny, 5392),
calcite cement and bioclastic shells are replaced by dolowitte idiotopic
mozaic (Figure 22B).

Clast-supported conglomerates and also some better-sorted pebbly
sandstones with floating larger clasts within measured seoticord bedload
deposition from stream flows (after Reading, 1996). Conglomerates ar
commonly characterized by lenticular bedding and erosion surfate w
conspicuous relief and some of them are deposited in marine envirorsaent (
subchapter 3.4). Form analyses of the pebbles confirmed that thetynaj the
clasts within conglomerates are deposited by streamss(dedapter 3.2). The
presence of foraminifers within conglomerates and siliclasiignients within
limestones is further evidence of a transitional environment (&ig0, Figure
21). Additionally, Dem rcan (1994) identified caliche nodules within sangés
and mudstones in the lower part of the Kartal Formation. Thisrfeecthe further

evidence of the continental deposition for the part below of our studied section.



According to affromentioned results, outcrop observations, sedimentary
structures study, grain size and microfacies analysis, thesdtuaterval of the
Kartal formation might be interpreted as a transition betwémtiosv coastal

(beach) and shallow marine environments of deposition (Figure 46).

Figure 46. Depositional environment (not to scale) of the Kartal Formation
(modified from Demircan, 1994).



CHAPTER 4

CYCLOSTRATIGRAPHY

Cyclostratigraphy is the study of cyclic depositional pattgmgluced by
climatic and tectonic processes (Schwarzacher, 1993). It aatis minor,
relatively short-period (high-frequency) sedimentary cyatesirily Milankovitch
cycles) and has become a field of great interest becaute lofk with climate
change and potential to complement and refine chronostratigraphy and
stratigraphic correlation (Einsele, 2000). The term “cycle”vensally used for
describing repetition of more than 2 lithological patterns, refersneasured
thicknesses between repetitions and to time cycles when thiglagamt
(Schwarzacher, 2000).

Cyclic bedding originates with slow, gradual, periodic variationgrimary
sediment composition and sedimentation rates. These lead to aalvertic
sedimentation buildup that changes smoothly with time and is chastctéor
various sediment types (after Einsele, 2000). Rhythmic bedding ré&smitsuch
repeated episodic phenomena as storms, turbidity currents and rivés #od
characterized by the repetition of 2 lithological patterns (Einsele, 2000).

Rhytmic and cyclic sediments are subdivided into four groups: the-var
scale laminations, bed-scale rhytms and cycles, field-soaikes and various
orders of macro-scale cyclic sequences (Einsela., 1991). Because of meter-
scale cycles are not the products of one specific processeriaan environment,
each of them may represent quite different time periods. dime $edimentary
cycle do not represent equivalent time periods but it's used¢@svanient way to
describe repeated successions of certain lithologies and depositoeals
(Einseleet al,, 1991).

The measured section is represented by meter-scale cydss Wwaich
according to Beerbower (1964) termed autocyclic and controlled by gsexe

taking place in the sedimentary prism itself (e.g. within sirbar part of it).



Cyclic successions in fluvial environment show limited stratig@gmontinuity
and related with the migration and superposition of channel and lobamsys
(Beerbower, 1964; Einsedt al.,, 1991). According to Allen (1965) ancient fluvial
fining upward cycles represented by the fine grade memberedinge
gradationally a coarse grade member which rests on an erosimhabfien
channel surface. The coarse member here represented by coagdsmpebbly,
cross-bedded and parallel laminated sandstones, whereas fiteemepresented
by massive to laminated flood plain mudstones (Allen, 1965).

In coastal environment, terrigenous input can show the alternatibn wit
limestone beds representing the flactuations of the sea Ensk(eet al, 1991).
The flactuations are caused by external factors, such as climate amictect

. Sirel (1975) assigned Montian age for the whole Kartal Foomgti4
My; 62 = 0.2 to 58 £ 0.2 Ma ), however according to recent geoldgicalscale
this period of time roughly corresponds to Selandi@My; 61.7 + 0.2 to 58.7 +
0.2 Ma (Van Eysinga, 1975; Gradstenal, 2004). It is assumed that the lower
part of the Formation which is below the measured section was azposity
quickly and represented by continental sediments. Hence the stotkedhl is
characterized by terrestrial siliciclastics and macaonate alternation and may
roughly correspond to the half of the Selandian age5(My), because of the
limestone successions dominate towards the upper part of thetkrmThis
property may lead to consider the longer duration of carbonate iti@pos
compared to terrestrial siliciclastics and in turn help to pm&grthe time span for
this part of the Formation.

According to detailed lithofacies analyses, the whole sectiorghniki283
m thick, was divided into large-scale hierarchies which commsaller-scale

repeated cyclic and rhythmic beds.
4.1 Hierarchy in cycles
According to litofacies analysis 6 large scale hiehrarchiesre

distingueshed along entire measured section. Each hierarctsyvath sandstone

or mudrock and fnishes with thick limestone succession representimgfdmgd of



sea level (Figure 47, Figure 48JC.-1 starts at the lowest point of the measured
section below which only continental sediments were deposited. dtadss is
about 20 mHC.-2 represented by 35 m thick succession of meter scale rhytmic
and cyclic bedsHC.-3 represented by 24 m thick succession of cyclic and
rhytmic bedsHC-4 is 24.5 m in thickHC-5 is the thickest of all hierarchies (120
m). Taking into account that the cyclic and rhytmic lithofagugkin 120 m thick
HC-5 are represented by conglomerates, sandstone and red mudstonps] so ra
continental deposition can be suggestedH@-5. HC-6 represented by 15 m
thick succession of cyclic and rytmic beds.

Figure 47. Satelite image illustrating location of studied section (ree){i

hierarchy cycles (blue triangles). (snapshot taken from Googheth,E
www.earth.google.com).



Figure 48 Simplified measured section showing large scale hierarchies in cycles



Figure 48.Continued



4.2 Meter-Scale Cyclic and Rhytmic Beds

According to detailed lithofacies analyses and their veréisabciation, the
whole section, which is 283 m thick, is represented by meter-foatlg and
deepening upward cycles and rhytmic beds. According to lithofasgexiation,
three types of meter-scale cycles and six types of roytmits were determined
along the measured section (Figure 49).

Fining upward A type cycle and rhytmic units represented by coarse
sediments at the base which rests on an erosional often channek samfh
overlying by fine sediments (Figure 49; Appendix A). TyxE cycle starts with
conglomeratic bed passes in to finer sandstone and finishes watttdlain
mudstone and its thickness is 3.5-5 m. This type of cycles repremacient
fluvial fining upward cycle and nine times repeated along the megs@ction
(after Allen, 1965; Ciner, 1996A1 cycle is limited at the bottom and top by the
B or C type rhytmic units, which also represented by fining upward suoosss
(1.5-3.5 m) (Appendix A). TypeA cyle comprisesA2 and A3 incomplete
subtypes, which represented by fining upward succession of twdodtbal
patterns (after Einselet al, 1991). A2 and A3 start with erosive base
conglomerate passing in to fine sandstone and flood plain mudstone ixedpect
(1.5-3.6 m) (Appendix A). Periodic deposition Aftype cycle and rhytmic units
is best associated with the migration and superposition of channlelcenslystem
(after Beerbower, 1964; Einsateal, 1991).

Deepening upward type cycles and rhytmic beds (units) represented by
coarse clastic bed at the base, which passes in to the fineres¢dind finishes
with thick limestone succession (Figure 49; Appendix A). Deepening dpwar
cycles characterized by a rise of the sea level and reduat terrigenous input
(Einseleet al, 1991). Based on facies variation witlntwo types of cycles and
three types of rhytmic units were defined. TypE cycle starts with erosive base
conglomeratic bed, which passes in to the sandstone and finisheshiskh t
limestone succession and its thickness is 3.5-5.5 m (Figure 49; dipp&h
Along the measured secti@1 andD2 type cycles repeated seven and eight times

respectively (Appendix A). Typ®2 cycle starts with coarse sandstone bed,



passes in to marine mudstone (marl) and finishes with limes&be (m).D1
and D2 type cycles are limited at the top by B or C type rhgtomits, which
represent subsequent fall of the sea level and increase in terrigenous inpeie(Ei
et al, 1991).D2 type cycle comprise®3 andD4 rhytmic subtypes, representing
transition from sandstone to limestone and from marine mudstone estdine
respectively.

The lower part of the section corresponding to HC-1 represented celypplet
by deepening upward cycles and can be associated with seallewehations.
HC-2 mainly consists of B type fining upward rhytmic beds, stgnvith B type
and finishing with D3 type rhytmic succession (Appendix A). HC-limged by
deepening upward D3 units at the bottom and top, whereas the middbé {beart
hierarchy represented by deepening upward D1 cycles and finingrdipwa
incomplete B and C units. HC-4 is limited by deepening upward D2t the
bottom and top, whereas the middle part represented by fluvial finingrdp&2
and C rhytmc units. HC-5 is the largest of all hierarchies ceepfining upward
fluvial cycles and rhytmic beds. HC-6 is the smallest ohi@tarchies starts at the
bottom with fining upward C unit passes in to fining upward A2, A3, C wamtb
is capped by thick deepening upward D1 cycle.

According to facies association the lower part of the measweitbss is
mostly represented by deepening upward cycles and rhytmic urhexeas
central and upper parts are enriched by fluvial fining upward s\ae rhytmic
beds (after Allen, 1965). The uppermost part of the measured se¢iresaeted
by thick deepening upward D1 cycle (5.5 m), indicating transition from
continental to shallow marine environment at the boundary with overlying

K rkkavak Formation (Appendix A).



Figure 49. Determination of meter-scale Cyclic and rhytmic beds within large
scale cycles (hierarchies).



CHAPTER 5

CONCLUSION AND RECOMENDATION

1. 283 m thick stratigraphic section was measured within upper portidheof
Kartal Formation in the Haymana-Polatl basin. Studied sectionpiises
sandstone, mudrock, limestone, and conglomerate successions and represents
well developed cyclic pattern just below the boundary with overlying
K rkkavvak Formation.

2. According to previous studies, the depositional environment of the whole
Kartal Formation was interpreted as transitional-deltaie(S1975; Unalan et
al., 1976). Based on the field works and detailed lithofacies analyses,
observations suggest that, the uppermost 283 meters of the Formation
represented by coastal and shallow marine environments of the deposition. And
no deltaic evidences were observed along the measured section.

3. Detailed petrographic, sedimentologic analyses were carriedno@83 m
(starting from the top) of the total measured section. Accortbnghodal
analyses sandstones were interpreted as litharenites, lidywagkes and as a
sublitharenite (after Pettijohet al, 1987). Limestones were interpreted as
oolitic granestones (oosparites), bioclastic grainstones (bios)aritelstones
(biosparites), packstone (biomicrite) and dolomitic sandy limes{aifier
Dunham, 1962; Folk, 1959). Mudrocks were interpreted as very fine, fine and
coarse mudstones (after Pettijohn, 1975; McKee and Weer, 1953).
Conglomerates were interpreted as orthoconglomerates (Boggs, 1992).

4. Analysis of grain parameters showed that the grain sizeldistn along the
measured section displayed the distribution of very fine to cosases.
Sorting of sandstones varies from moderately well to well sosieglyness
from fine to coarse skewed and kurtosis from leptokurtic to platigkur
Dominant transportation mechanism as been revealed as saltatiomityviait
the sandstones varies from immature to mature according togsatid
sphericity analysis. According to interpretations of depositional emvient

and grain parameters results, the main transportational agentshé



sandstones were rivers and waves, which deposited them in the beach
environment. Channel and wave created sedimentary structures gégstsu
affromentioned results (i.e. herringbone cross bedding, cross beddeld be
sandstones, graded bedded conglomerates). Modal analyses of carbonates
suggest their shallow water deposition.

5. The provenance of sandstones based on modal analysis of 16 samblesrhas
used to obtain the tectonic setting of the basin and source rocks plitieng
on Dickinson (1985) terniary diagram the provenance of sandstones
corresponds to recycled orogen and transitional arc. According toi Kiogy
(1991) Haymana-Polatl basin is forearc basin. However Okay &duz
(1998) indicated that the Haymana-Polatl is a composite basin.idwaiy
Demirel and ahbaz (1994) revealed the same result as in our study. So the
obtained provenance and tecton c results correspond to the prev dgsandr
most probably studied sandstone fragments derived from the basemieat of t
Sakarya Continent and/ or Tertiary calcalkaline volkanism i.e. ti@ala
volcanic arc. According to paleocurrent analyses the major trandipection
was towards SE (unidirectional) and source area is located in the NW.

6. Cyclostratigraphic and field studies revealed 6 hierarchy symeresponding
to fifth order. Hierarchy cycles start with sandstone bed and entis
limestone varying 20-120 m in thickness. Each hierarchy cycle risesp
meter-scale fining and deepening upward cyclic and rhytmicts.uni
Environmental interpretation of fining upward cyclic and rhytmic dgyest
the migration and superposition of channel and lobe system, whereas
deepening upward cycles and rhytmic units suggest a rise oéahlesel and
reduction in terrigenous input (Beerbower, 1964; Allen, 1965; Eireteid,
1991, Ciner, 1996).

Sirel, (1975) identifiedRotalia trochidiformisand Missisipina binkhorstin the

upper part of the Kartal Formation and assigned the entire 1326 tinekeress to

the Montian-age. However the lower part of the Formation was rashierd in

terms of its age. As a recomendation for further work, deteramafithe age for

the whole formation, detailed sedimentologic and sequence stratignaptks

for the rest part of the Formation may be suggested.
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APPENDIX A

Figure Al. Detailed measured section (From top to bottom).



Figure A2. Detailed measured section (continued)



Figure A3. Detailed measured section (continued)



Figure A4. Detailed measured section (continued)



Figure A5. Detailed measured section (continued)



Figure A6. Detailed measured section (continued)



Figure A7. Detailed measured section (continued)



Figure A8. Detailed measured section (continued)



Figure A9. Detailed measured section (continued)



Figure A10. Detailed measured section (continued)



Figure Al1l. Detailed measured section (continued)



Legend



Table BL Point counting data derived from the samples of studied section sandstones

SANDSTONES

4 XIAN3ddVv



Table B2 Point counting data derived from the samples of studied section limestones

LIMESTONES



Table B3 Point counting data derived from the samples of studied section conglomerates

CONGLOMERATE



Table R4. Point countina data derived from the samnbles of studied se mudrock:

MUDROCKS



APPENDIX C

CD with Excel file of the Grain size parameters data — Back Cover of Thesis



APPENDIX D

Figure 1D. Graphic presentation of grain size data for a sample Zisfdgram, B-
cumulative frequency curves plotted with an arithmetic scale).

Figure 2D. Graphic presentation of grain size data for a sample 18isfdgram, B-
cumulative frequency curves plotted with an arithmetic scale).



Figure 3D. Graphic presentation of grain size data for a sample 1disfdgram, B-
cumulative frequency curves plotted with an arithmetic scale).

Figure 4D. Graphic presentation of grain size data for a sample 20isfagram, B-
cumulative frequency curves plotted with an arithmetic scale).



Figure 5D. Graphic presentation of grain size data for a sample 2fisfdgram, B-
cumulative frequency curves plotted with an arithmetic scale).

Figure 6D. Graphic presentation of grain size data for a sample 3disfdgram, B-
cumulative frequency curves plotted with an arithmetic scale).



Figure 7D. Graphic presentation of grain size data for a sample 3bisfdgram, B-
cumulative frequency curves plotted with an arithmetic scale).

Figure 8D. Graphic presentation of grain size data for a sample 3@isfdgram, B-
cumulative frequency curves plotted with an arithmetic scale).



Figure 9D. Graphic presentation of grain size data for a sample 4isfdgram, B-
cumulative frequency curves plotted with an arithmetic scale).

Figure 10D. Graphic presentation of grain size data for a sample 42 (égn#&n, B-
cumulative frequency curves plotted with an arithmetic scale).



Figure 11D. Graphic presentation of grain size data for a sample 48 {(égn&sn, B-
cumulative frequency curves plotted with an arithmetic scale).

Figure 12D. Graphic presentation of grain size data for a sample 52 (égn#&n, B-
cumulative frequency curves plotted with an arithmetic scale).



Figure 13D. Graphic presentation of grain size data for a sample 54 (A-histogram, B-
cumulative frequency curves plotted with an arithmetic scale).

Figure 14D. Graphic presentation of grain size data for a sample 56 (A-histogram, B-
cumulative frequency curves plotted with an arithmetic scale).



Figure 14D. Graphic presentation of grain size data for a sample 58 (égn&sn, B-
cumulative frequency curves plotted with an arithmetic scale).

Figure 15D. Graphic presentation of grain size data for a sample 64 (égni&n, B-
cumulative frequency curves plotted with an arithmetic scale).



APPENDIX E

Figure E1. Grain size parameters for conglomeratic Bed-1.



Figure E1. Continued.



Figure E2. Grain size parameters for conglomeratic Bed-2.



Figure E2. Continued.



Figure E3. Grain size parameters for conglomeratic Bed-3.



Figure E3. Continued.



