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ABSTRACT

RESERVOIR HETEROGENEITY OF THE GARZAN FORMATION BY
USING SEDIMENTOLOGICAL, MICROPALEONTOLOGICAL,
GEOPHYSICAL, AND GEOCHEMICAL ANALYSES,
BATMAN AND SIIRT,

SOUTHEAST T! RKKYE

Al t ©Damla
Doctor of PhilosophyGeological Engineering
SupervisorProf. DrrK s ma i IY é¥ marz
Co-SupervisorProf.Dr.Sevi n- Al t éner

January 2024512 pages

The sedimentargrchitectureof depositional environment, diagenetic histaagd
geochemical model ahe Garzan Formatiowere built by the use dhin section
analysis ofwell cuttings, cores and logshreedimensional seismic data, field
observations, and geochemical data.

In this research, the Garzan Formationdigided into twenty two microfacies
deposited in inner ramp, mmmp, outer ramp, and basin facies zones on a distally
steepened carbonatamp The main diagenetic processegich influenced the
Garzan strata are determined agnmicritization, neomorphism, dissolan,
cementation, compaction, and partial dolomitizatibhe sedimentological facies

are correlated with the seismic facies defined on the spectral decomposition map
generated fronthree dimensionaseismic data. This study revealed that different
coloredseismic facies are ascribed to differeatimentologicalacies zones of the
Garzan succession§he channelike features observed on top of the unit on the
seismic attribute maps are characterized as tidal channels influentselboytom

currents.



The micropaleontological analysis was conducted thg classification of
macrofossils, benthic and planktic foraminifera on the samples collected from the
outcrop of the Garzan carbonates. Calcareous nannopabgpynieas carried out on
the samplesof the measured section and the cpiece. Thebenthic foraminifera
classificationshows that the unit deposited the Maastrichtian. The planktic

foraminifera andhannofossil biozonatiopoint outthe late Maastrichtian age.

The geochemical analyses $uas stablearbon and oxygeisotopes, XRF, XRD,
SEM, and CT scanningvere performed to decipheéhe nature of therregular
contact betweethe Garzan andverlyingGermav formationgh Well E. This study
reveals that asmall scale karstification occea before the deepening of the
carbonate platform.

Keywords: Arabian platform, Garzan Forration, Carbonate sedimentology,
Reservoir characterizatipSeismic facies analysis, Stable isotope analysis
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GARZAN FORMASY OREZERMUAR HETEROJENLKJKNKN
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CHAPTER 1

INTRODUCTION

An integrated study of carbonate sedimentoJ@gochemistry, biostratigraphgnd
geophysicdased on well, seismic and outcrop data docustlbatcombined effects

of horizontal and vertical facies chamsgand diagenesis aacarbonate reservair

the southeastf T ¢ r k The elosure of the Neotethys Ocean initiated a set of
tectonic regime mmoted the development of shallow marine sg#iduring the

Late Cretaceous. Maastrichtian age Garzan Formation deposited on a distally

steepened carbonate ramp in this unique depositional setting.

The wide effects othis regional tectonism and relateglative sealevel changes
which influenced thereawere recognizedduring macre, mese and micrescale
studies. Subsurface data of cores, cuttirgsl several well logs integrated with
outcrop studieswere used to investigate the sedimengidal, straigraphical
micropaleontological, and geochemigadoperties ofthe Garzan Formation in
different oilfields, wells, and at the outcrop Batman and Siirt pramces, in

southeasterit ¢ r ki y e

1.1 Motivation

The Garzan Formation is one of the mostdociive reservoirs for hydrocarbon
explorationi n t he s out h dhedseterogeheity Tog, thek migragacies
associations, the unique microfossil assemblagesl the complex diagenetic
properties of the Garzan Formation create a challenge in terms of hymnoca
exploration in southeastin T ¢, r k The spatial and vertical variations of these

properties in short distances cause difficulties in proposing exploration wells. To



bring a solution to these problenad disentangle the riddle of the Garzan

successin motived the author.

1.2  Purpose and Scope

This research basically centers upon the characterization of microfacies changes of
carbonate rocks of the Garzan Formation both vertically and laterally throughout the
study area. The sedimentological propertiesdafined in the aspect of petrographic

and diagenetic features byrmhucting thin section analyses

There are some studies which suggest that the upper boundary of the Garzan
Formationwas exposedo atmospheric conditions and underwém effects of
meteoric diagenesifNaz, 1986;S a y & | ,&201@) MoreoVer, some other studies
exhibit seismic sdémns which reveal segalled incised valleys at the top of the
formation( Sar é k ay a Saty & & R01@ Ore @fthégaimsof this study is

to test published and recent evaluations abogeibsues.

This study strives to reveal the reasons behind the complex heterogeneity of the
Garzan Formatiorlhe combined effects of the gigpositional faulting mechanism,

sealevel fluctudaions,anddiagenetic modificationare elaborated in thisesearch

1.3 Objectives

One of the objectives of the research is to discuss the fan@sarchitectural
variability, to approach the characteristics and the timthefdiagenetic features
andto construct the depositional model of the MaastrichtigaGarzan Formation
in the Qlfield G. In order to fulfill this objective 11 wellswere chosen and the thin
sectionswere obtaired from well cuttings and core§he vertical and lateral
microfacies associationgere described and diagenetic featunese recorded. The

reservoir parameters in each wedre evaluated in order tinderstand theeservoir



charactestics of the Garzan Formation. The depositiomadel of the Garzan

Formation was builin Oilfield G.

Another objective of this study is to evaluate the possible mechanisms for the
formation of the channels detectedtbr upper boundary ahe Garzan Formation
recognized on seismic studies and to bangew perspective of the correlatioh
seismic attribute facies with the sedimentological facies in oilfields A, B, C and D.
A total of 20 wells were examined in different colored seismic faz@seson the
spectral decomposition map in order to comghmm with the sedimentological

facies defined during the petrographic analysis.

The other objective igthe @mmprehension ofthe sedimentological properties,
micropaleontologicaimplications, stable isotope geochemistaynd depositional
environment othe Garzan Formatioat theoutcrop andn the subsurface extent at
the site oWell F. The effects of burial diagenesis and faulting system on Well F and
the recent meteic diagenesis on the outcrop mediscussed for comparing the

subsurface and surfadatain this study

Yet another objective of this research is to clarify the nature of the contact between
Garzan andGermav formations by conducting sedimentological analyses, stable
isotope geochemistryDECT scanning, XRD and XRF analyseSEM, and
petrophysical analysis in Wet.

To achieve the requirementkthe objectives of the projeamultidisciplinaryand
comprehensive study was carried out on an outcrop seatiexpsoratiorwell close
to the field study areand 32 wells in six oilfilels with distinguished and different
characteristics.

1.4  Study Area

The study area of this research is located in the vicinity of Batman and Siirt
provinces, southeast ¢, r k(Figurel.l). Qilfield G is locatedin KurtalanCounty,
Siirt and the oilfields A, B, CD, and Well E are placeth Besiri and Kozluk
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County, BatmargFigure 1.).
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1.5 Petroleum System and Economic Significance

Consideringoverwhelming proportion of the major petroleum reservoirs in the
world, the Arabian Platform plays a significant role with its broad continentaleshel
andramp sygems developed during Mesoez@Beydoun, 1991). SoutheaBt;, r ki y e
is locatedat thenorthernmost part of the Arabigiate where thenajor tectonic
movements occued Thistectonically active zone led to the breaking of the giant
traps into piece@ahtiyar, 2013)It makes the oil exploration difficult in the region

and decreases the volume of the reservoirs in the oilfields.

The Cretaeous successions Batman and Siirt, southeabBt¢, r kwierg groven as
significant prolific hydrocarboprovinces with a greatumber of oil and gas fields
The Garzan Formation is one of the most important reservoirs in the southeast
T ¢ r kTheg @l and gas production from the Garzan reservoir dates back to 1950s.
More than 300 million barrels of oil habeen produced frotie Garzan carbonate

rocks untilrecentlf Yél maz and.T¢gresin, 2021)

The oils areclassifiedinto three main and two mix groups in the south&agtr ki y e
Besides gross parameters, API gravity, sulfur contartasphalteneatio are ged

for the oil classification (Kztan, 1999;
groups are Jurassic Cudi Group, Cretaceousocate rocksand Si | uri an Dg:
Formation( Kzt an, .1T8e9pdoduced Oillfrémhe Garzan Formation was
generatedrom these source rockand assigned to main and mixed ddsses in

di fferent oil fields (Kztan, 1999; 2015)

Germav marls and shales overlie the Garzan Formation in the study area as moderate
to good cap rocks. The geometry of the buifis, the latetaand vertical facies
changs, and differential diagenesis credtihe stratigraphic traps for hydrocarbon
accumulation. The most important structural elements for trapping of the
hydrocarbon are defined asrtical and lateralaults in the areé&Bahtiyar, 2013)

The stratigraphkstructural combined traps provide feway closure in the

structural elements.






CHAPTER 2

LITERATURE REVIEW

2.1 Previous Studies

The evolution and the tectonic history of the Arabiartf®lm has been subject of
significant number of studies for many years (Beydoun, 1991). The main reason of
this attention is the fact thtitewide expansion of the high quality source rocks have
been deposited on broad continentalgés (Beydoun, 1991AIthoughthe Garzan
Formation stands for theqduct of Cretaceous carbonate platfpenimited number

of studieswere published. Considerable numbestifdies of the dilelds and welk

have been carried out APAO; however, most fothe reports othese studies we

recorded as confidential repsm the archives of the company.

One of the most comprehensive study in the area of interestlisxtto®nwritten by

Y € | rarad Duran in 1997. The book presents the stratigraphic nomenclature of the
aubchthonous and allodibnous units in the Southedst, r k Thg tgpe locality,

the herarchicalposition in the lithostratigraphic units, the history of definition and
classification, synonyms, upper and lower boundary relationships, thickness
variations regionalcharacteristicsgeological ageand environment of each uiite

defined in this report

Another broadlybasedstudyhas beerconducted and reported I8¢, v etral in
1991. CampaniaPRaleocene autochthonous successiotieisoutheagirnAnatolia
aresubdivided into five depositional sequensesh as middikeipper Campanian,
upper Campanialower Maastrichtian, middtepper Maastrichtian, Loweniddle
Paleocengand Upper Paleocene successidhg (v et al, 199]). Numerous wells
were revewed and correlated to construct the cross sections @adgpographic

maps for each time period of th&uccessionsThe Garzan Formation vea



demonstrated as the depositional sequence on a carbonate platform whideaxte

from allochthonous units in theorth and narrowing and ended towatttssouth

Salemet al.(1986 conducted a study covering the oilfields in BatArtakkariarea
(former Central District, Licence X areia)order to evaluate the geologic conditions

and hydrocarbon potential of the main producing reservoirs including the Garzan
Formation. The regional aspects of Garzan sedimentation were evaluated in terms of
(1) presence of a prexisting high, (2) presee of a current circulation pattern, (3)
presence of a contemporaneous fault systemd (4) influence of subsidence on
facies distribution. The carbonates of the Garzan Formation were sedimented in a
shallow marine environment with uneven bottom topogyapfhe antecedent
topography after the pedardin compressional tectonic phase was created as a
number of eastvest trending high and low structures delineated by a series of
fractures, lines of weaknesseand incipient faults A syndepositional faulting
system affected the deposition of Garzan sediments by creating relief change in the
low and high structures. The diagenesis of Garzan carbonatediseunssed by
Salemet al.(1986).Various types of diagenetic features were observedlassified

as tke products of marine, meteoric, mixethd subsurface water diagenedibe

effects of the post burial diagenesisravscarcely seen in this studyalemet al.

(1986) studiedlepositional and facies distribution models of the Garzan Formation
in several dfields. In QOilfield A, Well A-1 was located inside the tidal channel in

the depositional modéh this study

Another striking study about the facies change and the subsequent diagenetic history
of the Garzan Formation throughout the geologic time wasied out by Naz in
Oilfield G in 1986. He focused on the reservoir characteristics of the formation by
analyzing and classifying the sedimentological and diagenetic features on thin
sections and core samples. In the lighthe obtained data, he subdied carbonate

shelf unit into six depositional facies; in terms of, shallmaginal carbonates, fore
reeftalus carbonates, flank carbonates of sieaf complex, carbonates of shoal

reef complex, backeef carbonatesand lagoon carbonates (Naz, 198%he

depositional environment is the main agent which designates the initial reservoir



features such as porosity and permeability. On the other hand, the diagenesis puts
the formation into final form by improving or reducing these initial fezguHence,

he also evaluated theogenetic, telogeneticand mesogenetic effects on the
formation. With the effect of these diagenetic phases, he determined the final
reservoir characteristics and categorized them into four groups. He defined the
boundaries of these groups on the facies maps and used thdma foojection of

new hydrocarbon prospects.

A dissertatioron the Garzan Formatiomwaspublished by Zeynep Elif Gaziulusoy

Yél dezel in 2008. She studied onththe dep
Garzan Formation irGarzan and Germik oi#lds. She decribed the Garzan

Formation asleepening upward marine carbonates including successions ranging
from subtidal to open marine facithes (Yeéel
Garzan Formation is composed of five microfacies types; milinlédtkestone

(subtidal), orbitoidmiliolid wackestone, rudist wackestoilleack shoal to shoal),
rotalid-miliolid wackestone (shoal to foshoal) and pelagic foraminiferal mudstone

(fore shoal to open marine). She assigned these facies to five typesosftibel

cycles (A to E). The type A and D cycles were described as the retrogradational
stacking patterns of transgressive syster
C are the aggradational parts of the highstand systems tract, whereas Eheyiyiee

is the progradati onal part of the highst:;

Sar édé aly2812) presented a poster MAPG 2012 International Conference
andExhibition, Singapore to elaborate the mechanism for the chdikedeatures
observedt the upper part of the Garzan Formatiogaeismic studies. Thefitection
strength amplitude maghighlighted trends such as channel features in that study.
The sedimentological analysis on the wafld coredatawas integrated tothis
seismic study in order to understan@ petrographical properties of the Garzan
Formation in the area of interest. The unit wabdivided into two main facies and
five subdacies which were assigned to shoal complex, lagaod incised valley
sulervironmens. The channel features trending northwest to southeeste

described as incised valleys in this studyisltstated thathe channel complex



probably formed at &ater stageof the deposition andeeply cut thaipperGarzan
successionsThe uppe reservoirsection of the Garzan Formation wasdded
partially or entirely The shale and argillaceous limestafi¢he GermavFormation
filled the valleys as thdeep marine sediments.

Il n 2014, a presentatian twaed wappoainhtonye T¢r esi
Maastrichtian Garzan and Keéeradaj formati ons
Anatolia: Stratigraphic differences, sequence stratigraphic evaluation, and effects of
regional tectoni c she®/th Géolgical Eangressteirkey.i but i on o |
In this study, the Garzan Formation was defined in several wells by conducting thin

section analysis and well logs. The depositional environment of the unit is

subdivided into four facies zones such as lagoonal, rudist-bpgdand carbonate

sard shoals, shelf margin shoaland open shelf. In a sequence stratigraphic

perspectiveite cl asti cs of Fomationwerk dasdribedasgSTKeér ad aj
deposits. The initial carbonate strata tbé Maastrichtiansea, namely Garzan

Formation is defined by as a product of a latter transgression. The deposits of the

overlying Germav Formation were ascribed to HST with a rapid subsidence. They

clarified that it proved the Maastrichtighelf is tectonically unstable.

Demir (2014) publishedanmase r 6 s t hesi s ¢ymer gepirpRamanat i ons of
(Batman) oifield whose main reservoir is Garzan Formation. The purpose of this

researchs to examine the Garzan Formation for polymer gel injection operations in

order to increase the oil production bging core and well data. In this thesis, the

possible mechanisms which affected the reservoir properties and the heterogeneity

of the formation was discussed briefly. The effects of depositional facies changes,

the variations in vertical stacking suchsasllowingupward and deepeniagpward

sequences, and the currents which bring the nutrient and sediments to the

depositional environment were referred.

Il n 2016, Sayélée et al. prepared an internal
microfacies andeservoir properties of the Garzan Formation. They discussid on

channellike features on towf the Garzan carbonates interpreted on the seismic
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sections and seismic attribute maps. They described these channels as incised valley
channel s detd& €013)aThey lalsoydefined Barzan Formation as a
shallowingupward sequence in the study area.

Si nano]j Ipreparedadisseériation aricropaleotology and paleoecology of
the Upper Cretaceotalenogene units in the southeasitBian Theoutcroplocated

at thewe s t of Gwas mearuredara wktailed micropaleontologic and
paleoecologic investigationgere carried oubn the collected sampleShe Garzan
Formationis described adeigeyellowish, thinrthick bedded, limestones it
benthic foraminifera and algae Seven different faciesre ddined based on
described fossils. Reef bank, restricted back exef fore reef sudnvironmentsre
assigned to these facie¥he age of the Garzan Formation is declared as

Maastrichtian in that study.

A recent comprehensive studsgs carriedoutbyy é | maad T¢resin and
in 2021 as an internal reporin TPAO. The sedimentological and sequence
stratigraphical propertiesf the Garzan Formaticarepresented by using enormous
number of thin section data obtained from the cuttings and cores of the wells drilled

in many oilfields.The Garzan érmation is subdivided into eight microfacies st

study. The depositional setivironments are defined as open shelf, carbonate,shoal

and shelf lagoon for these facies. The main diagenetic processes are documented as
micritization, neomorphism,  chalkification, dissolution, dolomitization,
cementation, pyritizatiorstylolitization, and fracturing in the report. The positive

and negative effects of these diagenetic modifications on reservoir properties are

discussed in detail.

2.2  Seismic Facies Study

Bueno et al. (2014) published a papesn structural and stratigraphifeature
delineaton and faciedistribution usingseismic attributes and well lognalysis

applied to a Brazilian carbonate fielthey identified thetructural and stratigraphic
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componentsn the oilfield and constructed the conceptgablogic modelandthe
faciesmaps by using seismic properties of the unit. They used the sweetness and the
spectral decomposition seismic attributes in order to deliaeeléecturaklements

of the reservoir. They utilized the well log data to support the seismic interpretation.
This study allowed the classification of tfaur main archiectural elements of the
carbonate reservoir as tidal channels, carbonate shoals, re&gaods(Buenoet

al., 2014) The grainstone, packstone, wackestone, and cemented facies are assigned
to these elements which are defined by using well logs.

2.3  Isotope Geochemistry

Keller (2016) definedhe lateMaastrichtianasa time of major climate, evolution

and extinction extremesThe carbon and oxygen stable isotope variations were
measured in Amboangection, Madagascar. Stable isotope analysis was performed
on planktic (Rugoglobigerina rugosa) and benthic (Cibicidoides pseudoacuta)
foraminiferaand drawn individually to demotrate the variations of the carbon and

oxygen isotope measurements.

A high-resolution study of carbon isotope stratigraphy and calcareous nannofossil
biostratigraphyof the SantoniarMaastrichtiarstrata was established Byazmjooei

et al.(2020a and 2021) inthe Zagros Basiriran. The Upper Cretaceousacessions

of the Gurpi Formation in the Shahneshin and Bowan sections were analyzed. It is
stated that thdsotopic dataof Bowan and Shahneshin sections demonstrate

remarkable similarityo each other.

The carbon and oxygen isotope stratigraphy of the Upper Maastrichtian successions
in Spain was established by Mowttal.(1986). It is stated that Upper Maastrichtian
and lowermost Danian rock successions represent several major isotopic excursions

befae the Cretaceous/Paleogene boundary event (Maaht 1986).
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CHAPTER 3

DATA AND METHODOLOGY

3.1 General Remarks

An integrated study of carbonate sedimentologgeochemistry, and
micropaleontology based on outcrop, well, and seismic aetandents theeservoir
properties oMaastrichtian carbonate shelf deposits in the soutflegst ki y e

3.2  Privacy Policy

Most of the datareprovided byTPAO. The well and oilfield names are nominated

by randomcapital letters in accordance with the privgojicy of the company.

3.3  Analyses

3.3.1 Field Study and Sampling

One of the significatrequirements of this research involtegerformafield-based

research in order to measure and sample the sole outcrop of the Garzan Formation.

To investigate the Garzastrata on site, to examine the unit in a broader saat®

to measure a section with sampleellwork was conducted in Juaad July 2015

at thesouthof Batman. The study areaisseat i n Konak Vill age,
County The outcrop of the unitavs vi si ted at t heFigueere of
1.1).
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The general information about the locality, the thickness of the Konak measured
section, and the total numbof the hand specimens collected dutimgfield work
aregiven inTable3.1. Thesatelliteimage of the outcrop is demonstratedrigure

3.1. The section starts from point A and ends at point B.tdpegraphicathanges

and color variations of the Garzan and Germav (lower and upper units) formations

are distinguished.

Table3.1 The general information of the Konakeasuredection.

SECTION GEOGRAPHIC POSITIO
LOLROIEl At ata STRUCTURA| THICKNES{ NUMBER
NAME | LOCATION MAP o ) OF
1/25000 STARTING ENDING SAMPLES
DSNDN 37700033 N| 37700319 N| SO O
KONAK | B ATMAN M46-c4 4160773 E| 4160569 E A'?msc |:\rl1§ N 146 4

Figure3.1 Satellite imagef Konak measuredestion (from Google Earth).

The thicknesses of the stratee r e pr eci sely measured by wusin
meterl ong stick, and a bul |harslredangferty-sbevel f or p
meter section was measured and sampled in Kmealsuredection. A total éforty

one samples wemllectedthroughoutthe section
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The samplewere taken from closely spaced intervals at the lower part ckttteon.
Towards the upper paot the section, the strata represent recessive Demstothe
weathering of the strata andtense vegetation, the samplesre obtined from
intermittent resistant beds. The sampling intewas diminished at the upper part
of the section.The samples we cut and thin sections we prepared for
sedimenttogical analysis. Each sampleasdrilled and the obtained powderas
collectedfor isotope analysisSamplesvere processed in the&® Center,TPAO
and Geological Engineering Department, METlin section blanks were cut from

specimens and standasize petrographic thin sections were prepared.

3.3.2 Wells

A total of 33 wells from diférent localitiesvere examined in the scope of this work.
The spatial distribution map of the wells in Oilfield A, B, &d D is illustrated in
Figure3.2. Eight welk in Qilfield A, three wells in Qilfield B, four wells in Qilfield

C, and 5 wells in OilfieldD were examined in detail.

A total of eleven wellswere chosen for detailed investigation of tarzan
Formation inQilfield G. The spatial distribution map of the wells in Oilfigllis
shownin Figure3.3. The locatios of Well E and Well F on satelé image argiven

in Figure1l.1. Well Fis located at the 12 km east of the Konak measured section
(Figurel.l).
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Figure3.3 Spatial distribution of the wells in Qilfield G.

3.33 Cuttings

Cuttings are tiny rock fragments that crushed by the bit teeth and brought to the
surface bydrilling mud during drilling operations. They are washed and dried in
order to be ready for examination. They allow the direct observations as opposed to
electrical logs. They are examined for basic lithological classification, color, size,
shape and texta, and sampled for further analysis. Cavings are rock pieces with
particular shape and form related with the wellbore failure and washouts during
drilling. They are excluded during sampling for thin section preparation to avoid out
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of depth analysis. Onather bias related with the cuttings is tendency to less porous
and permeable fragments because they are more easily crushed. Samples are usually

taken once per two meter to collect a sufficient number of representative samples.

The intervals without corewere investigated with thin sections of the cutting
samples chosen under the Zeiss Stemi XD0Aicroscope. The samples for XRD

analysiswvere also obtaied from the cuttings whetkey wererequired.

3.34 Conventional Cores

In explomtion and development wells, the conventional coring operation is
frequently used to have intact and continuous samples for visual examination of the
lithology, sedimentary structures and fractures, andtffermeasurement of the
reservoir propertiesThe core recoery efficiencies of some of the wellgeaow.
Typical core barrel is 9 m long antis cut into 1 m lengthdor convenient
transportation with the core boxes. Core diameters vary from 5 cm to 15 cm and they
are obtained mostly 10 cm in the @an Formation. The corese marked by red

and blue board markers to point out the up and down pasafdhe core pieces. A

total of 59coreswere obtained from the Garzan Formation in the studied wells. The

general information about the cores are givehable3.2.

Table3.2 The general information of the cores obtained in the wells.

Well Name Thickness Depth Recovery
Core No. (m) Top (m) | Bottom (m) (%) FCAL
5 4.68 1721.4 1726.56 90% \")
6 1.08 1726.56 1732.56 18% \"/
7 4.8 1732.56 1738.56 80% \")
8 4.8 1738.56 1744.56 80% \"/
9 0.3 1744.56 1750.56 5% -
Well G1 10 5.3 1750.56 1756.23 98% \")
11 5.46 1756.23 1762.23 91% -
12 2.46 1762.23 1768.23 41% -
13 0.83 1769.5 1775.27 15% )
14 1.2 1775.27 1781.27 20% )
15 0.9 1781.27 1787.27 15% -
16 3 1874.46 1877.46 20% -
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Table 3.2The general information of the cores obtained in the wells (continued).

Well G2 1 0.6 1768 1774 10% i
1 2.46 1704.5 1708.61 60% i

2 0.95 1720 1721 95% i
3 0.95 1735 1741 50% \'

Well G3 4 0.9 1755 1761 15% i
5 0.6 1770 1776 10% i

6 1.2 1790 1796 20% i
2 4 1735.86 1740.8 80% \%
3 3 1740.9 1745.9 60% \%
well G4 4 4.5 1761 1765.93 90% \%
5 51 1780 1786 85% \%

Well G5 1 3.32 1884.2 1889.3 65% j
Well G6 1 5.92 1724.2 1730.12 50% i
Well G7 1 4 1707.02 1711.02 10% i
2 2.5 1724.9 1727.4 40% i
Well G8 3 6 1727.4 1733.4 60% \'
4 5 1750 1755 60% \'

Well G9 1 2.8 1733.3 1736.1 45% i
Well G10 1 3 1777 1780 20% i
Well G11 1 6 1496 1502 55% i
Well G11 2 6.7 1505 1511.7 55% \'
Well G11 3 5 1521 1526 25% i
Well G11 4 6 1536 1542 45% \'4
Well G11 5 1 1567 1568 25% i
Well G11 6 6 1568 1574 100% \'4
Well G11 7 6 1574 1580 100% \'4
Well G11 8 6 1581 1587 80% \%
Well A2 2 4 2189 2193.75 84% i
Well A2 3 9 2193.75 2202.75 100% i
Well A3 1 1.6 2222 2228 27% \%
Well A4 1 5.7 2159.5 2165.5 95% \%
Well A4 2 2 2165.5 2170.3 42% \%
Well A5 1 8.6 2215 2224 95% \'
Well A6 1 8.64 2094 2103 96% \'
Well A6 2 8.47 2103 2112 94% \'
Well A7 1 9.18 2260 2269.18 100% \'
Well A7 2 1.4 2273 2277 35% \'
Well A8 1 9 2264 2273 100% \'
Well B2 1 9 2401 2410 100% \'
Well G1 1 6 2309 2315 100% \'
Well G2 1 9 2263 2272 100% \'
Well G3 1 3.5 2156 2164.5 41% \'4
Well G5 1 7 2147 2154 100% i
Well D1 1 5.5 2190.5 2196 50% \4
Well B4 1 6.8 2210.6 2217.4 100% \%
Well E 2 7.4 1994 2001.4 87% i
3 9.68 2003 2012.68 100% \%
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3.35

A detailed petrographic stuayascarried out on the cores and cuttings obtained from
the welk and the outcrop sectiofil thin sectiongrom thehand specimens collected
from theKonak section, 344of themfrom the core plugs and core piecasd 334

of themfrom the cuttings wee prepaed as thin sections or taken from thin section

Thin Section Analysis

archivefor petrographic analysia theR&D Center,TPAO.

Table3.3 The number of the thin sections.

20

Well/ Thin Section Well/ Thin Section
Section | Core | Cuttings Total Section Core Cuttings| Total
Al - 18 18 G1 38 16 54
A2 7 5 12 G2 - 2 2
A-3 2 7 9 G3 9 5 14
A4 16 3 19 G4 6 15 21
A5 8 23 31 G5 11 8 19
A-6 55 2 57 G6 2 2 4
A7 21 7 28 G7 1 3 4
A-8 12 6 18 G8 11 - 11
Oilfield A | 121 71 192 G9 2 3 5
B-1 - 16 16 G10 2 - 2
B-2 18 - 18 G11 17 - 17
B-3 - 28 28 Oilfield G 99 54 153
Oilfield B 18 44 62 Well E 27 - 27
Gl 4 1 5 Well F 7 27 34
G2 15 16 31 Konak - - 41
G3 14 17 31
G4 13 20 33 Core: 344
Oilfield C 46 54 100 Cuttings: 334
D1 6 24 30 Hand Specimen 41
D-2 - 10 10 Total: 719
D-3 - 14 14
D4 20 24 44
D-5 - 12 12
Oilfield D | 26 84 110




The thin sectios were examined with a binocularansmittedlight microscopy
(Zeiss Axio ImagerAl m attached with Zeiss AxioCam Efss amera). Zen
software program wsused for taking photomicrographs of the thin sections. The
photomicrographsvere taken both in plain polarized and cross polarized light. A
thin section scanner machine (Zeiss Axioscawdg) also performed for takirfggh

guality photomicrographs of the thin sections obtained from the core plugs.

The identification of the microfacies follows the classification of Fabiesham
Classification (1962) an&mbry and Klovan (1971 The recognized microfacies
werecompared ttheRampMi cr of aci es Ty pEhspowmdity typése ge |l (
wer e identified by usi n@lassificatian@rigure3.®. and Pr
Choquet e and Pr atggdorzd tijelpdrdsiy)types int@ main groups,

namely, fabric selectivenonfabric selectiveand fabric selective or nofor the

petrographic analysis, Lucia (1983) classified the porosity as interparticle and vuggy
(Figure3.7).

The core plugs and chips were treated by blue epoxy for a better identification of the
porosity on the thin sections. Howevtte air bubbles trapped in some ottphore
spaces are seen white in the thin sections.

Some of the thin sections were impregnated by Alizarin red for retomgrof

dolomitization when it wa necessary.
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Depositional texture recognizable Depositional
texture not
Components not bound together during deposition Components |recognizable
Contai rbonat d w:ro I::"nd
ontains carbonate mu ether
(clay / fine silt) La::: ?smd ?l?lrln
grain deposition
Mud supported Grain supported
supported
Less than More than
10% grains | 10% grains
Mudstone | Wackestone | Packstone | Grainstone | Boundstone | Crystalline
5mm - |=2mm S\l 5 mm
/ ‘ ) ¢
e Q
@ ‘ (2 L
Floatstone Rudstone Framestone
(large grains) (large grains) X\ Y TN im
30 mm <
\ )

Figure 3.4 The carbon&e rock texture classification (Dunhani962) with
modifications byEmbry and Klovan (1971taken from the Bureau of Economic
Geology website)

22



Porosity Types in Carbonate Rocks

Fabric Selective Not Fabric Selective
Interparticle Fracture
Intraparticle
E Channel
Fenestral
i '
Shelter » o Vi
Growth- |
Framework Cavern*
_ o d
Intercrystal
Stylolitic
Moldic
*Cavern porosity refers to meter-scale
or larger vug or channel pores

Fabric Selective or Not

l" A & S
Breccia Boring Burrow Shrinkage

Figure3.5 Classification of pore types in carbonate rodksre spacgareshown in
blue color (modified from Choquette and Pray, 191i;ker and Wright, 1990T.he
image wergedrawn from Scholle and UImecholle(2003).

SIZE MODIFIERS®
CLASSES mm
large 256
Megapore “small 32 —
Mesopore % 1/2 —
1/16
Micropore *for regular-shaped
sub-cavernous pores

Figure3.6 Size madlifiers of the porosityChoquette and Prag970)
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Vuggy
Separate Touching

Interparticle

Figure3.7 Classification of pore types by Lucia (1983).

3.3.6 Cathodoluminescence (CL)

Cathodoluminescend€L) analysiswvas performed ithe R&D CenterTPAO. The
RELIOTRON VII CL is a microscopenounted cathodoluminescence (CL) system,
designed for the primary purpose of looking at thin sections of matérredsool is
equipped with Leicatandard peographic binocular microscope and Zeiss Axiocam
506 colorcameraThe electrorgun isdefined as cold cathode discharge type which
performsbetween 5 kV and 25 kV'he beam current iset as irbetween 0 and 1
mA.

Figure3.8 RELIOTRON VII cathodoluminescence (CL) system.
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Light microscopy basedathodoluminescence method ssential to understand the
diagenetic history of the cement typlss used to observe tlegually luminescing
zones which indcate similar diagenetic timingMachel, 1985; Yetim, 2031
Manganese (Mn) anidon (Fe) are the most common trace elements which possess
higher intensityluminescence in carbonatguccessions Yetim, 202). These

elements exhibit bright orange color.

3.3.7 Isotope Analysis

The specimens and the core p@eere drilled bymicromill drilling (Dremel 4000)
in order to avoid any contamination of diagenetic overprints such as large calcite

veins, blocky calcite cements, dark burrow fills, and clustered pyrite.

41 samples from hand specimsent the Konak ection and 205 samples from Core
2 in Well E were drilled for obtaining bulk powder. A systematic sampling was
applied on the rock pieces and the core with dental micro drill tool. Approximately
5 to 10 mg powder was collected in small plastic vials ahdl¢éal. The samples
were delivered to the Central Laboratory in the Middle East Technical University

(METU) for stable carbon and isotope measurements.

Me as ur e melfCt adffdistidpesvaliies in carbonate samjdesarried out
usingthe Gas Berte Continuous Flow Isotope Ratio Mass Spectrometry (Dlia

XP Isotope Ratio Mass SpectrometeiThermo Finnigan) technique. Carbonate
samples & weighed between G2 6 milligrams and placed in sample holders. Each
sample $ reaced with Ortho-Phosphac acid (99%)for abouttwo hours at 70
degrees Celsius’he CQ gasproduced bythis reaction is purified and sent to the
mass spectrometer to be separated into isotopes. ISODAT sofsmatibzed to
convert thean ratios of CQgas into raw isotopicatios.The A NBS19 Li mest
( NI Sstapdard iC: 1. 95'%Qi-2 a @ @is @nalyzedvith each sebf
sampledo convert the raw isotopic ratios of the samples into real isotopic values.
Thel 0 mar gi n RCf adf@isabpe rdtiosrisledshan 0. 2 &.
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iCeavdata is reported per mil (a) rel ative
(VPDB) isotopic st d0ghamd a( Ceplremp,orte@@ds)p.erd

relative to Vienna Standard Mean Ocean Water (VSMOW) and ceoviertYPDB

using the equation:

UOvepe = 0 . 9 7¥D0s@ow ¥ 29.94

(Friedman and OO6Nei || 1977) .

3.3.8 Well Logs

This part covers the basic principlestbé well log recordings and reviesssome
special purposes of the tools. The utilized logs in this stuehe obtained with
conventional logging techniques with basic ofete tools.Spontaneous potential
(SP),Gamma ray(GR), spectral gamma ra{6GR) sonic(DT), density(RHOB),
neutron(NPHI), photoelectri¢PE), and borehole image loggkRMI) are discusse
below.The well logswererun in each well are listed ihable3.4.

Table3.4 Well log data distribution.

Well RHOB
Name sP SGR NPHI

Well A1
Well A2
Well A3
Well A4
Well A5
Well A6
Well A7
Well A8
Well B1 \4
WellB-2
Well B3
Well G1
Well G2
Well G3
Well G4
Well D1

9]
Py
Q
_|

PE XRMI

I K<IK<|IK|IK|K|K|<

HMEAENAEAEAEGEGEGEDAEDENENE DGR K
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Table 3.4Well log data distributiorfcontinued).

Well D2 \ \

Well D3 \ \

Well D4 \Y \%

Well D5 \ \ \

Well G1 \ \

Well G2 \

Well G3 \

Well G4 - \

Well G5

Well G6 \

Well G7 \ - \

Well G8 - \ - - \4
Well G9 - \4 - - \4
Well G10 \4

Well G11 \ - \

Well E \% \% \% \% \% \% \%
Well F - \ - \

3.3.8.1 SpontaneousPotential

Spontaneoupotentialor selfpotential log is a passive measurement method which
records the difference between the potential of a movable electrode inside the well
and the fixed potential of an electrode at the surfacblumberger, 1972The main

use of the log is for the deteatiof the permeable beds, defining the formation
boundaries, determiimg the values of formation water resistiyignd obtaining bed
shalinesgSchlumberger, 1972)n this research, SP log used for delineatinthe
formation well tops in some older drilled wells where gamma raywag not

acquired
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3.3.8.2 Gamma Ray

The gamma ray (GR) log is a unigue passive log which measures the natural gamma
ray emitted by the rockEven though there are numerous radioactive isotwpesh
produce gamma ray emissjoonly three 6them are noticeable in rocks, namely,
uranium(U), thorium(Th), and potassiuntK) isotopes. These isotopes are found in
clay minerals in significant amount. The most common usage is for differentiation
of the clean beds frothe shaly ones. The shale volume calculations are rbgde
using the records of thgamma ray adiation(Schlumberger, 1972). API scale is
used as the unit of the gamma ray emissions. The range of the API scale is displayed

from O to 100n the gamma ray tracks in this study.

3.3.8.3 Spectral Gamma Ray

A spectral gamma ragSGR) log measures the natural gamma ray of the rocks
separately and records the U, @hdK values ndividually. Although limestone has
lower clay content anth representethy lower GR responses, the high GR values
are observed related to organic conterite Drganic matter creates highanium
gamma ray emits. In order to differentiate limestone lithology, the computed gamma
ray (CGR) values are calculated by omitting unam gamma rayalues Thorium

and potassium gamma ray values are just consideréds curve. CGRogs are
created to perceive the clean and di@g intervals. Some wells are drilled with KCI
mud and a potassium correction should be done during wedMalgation. If it is

not corrected decently, it results in high potassium content. This pitfall should be

considered in order to avoid mistakes.
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3.3.8.4 Porosity Logs

The porosity values are interpreted by utilizing the readings of the sonic (acoustic),
density and neutron logs in order to estimate the percentage of the pore volumes of
the formatios.

The conventional sonic tooleasures thiaterval transit time¢aken by a sound pulse
to travel between a transmitter and a receilée sonic log(DT) providesthe
reciprocal of the velocity ot ( Sc hl u his a measure pf thé @adity ) .
to transmit compressional sound wavesmMdve) of the formatiorfSchlumberger,
1972) This capacity varies with lithological properties andtidydureof the rocks.

It is utilized for creahg porosity log through depth.

The density log(RHOB) tool emits medium energy gamma rays into the rock unit
by using a chemical gamma ray source (Schlumberger, 1972). It is a continuous
record of the calculation of the bulk degdy utilizing the number of the electrons

per atom (Z) and the atomic weight (A).

Theneutron log(NPHI) tool measures the hydrogen index (HI) of the formation by
counting the collision or the absorption of the neutrons with the formation nuclei at
the deector (Schlumberger, 1972). It basically responses to the ambloydrogen

present in the pores of the formation (Schlumberger, 1972).

The porosity log is estimated by using the sonic, deraity neutron logs. The wells
in the study area are interpgdt mostly by using sonic logs. Some of the recently
drilled wells have density and neutron logs and the porosity curves are derived by

processing these logs.

3.3.8.5 Photoelectric Factor Log

The photoelectric &ctor (PE) log is an improved version of thaensity log. It
measures the photoelectrabsorption cross sectiomdex of the formationin

volumetric termgNext, 2023) PE value is a unique number for differemtservoir
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rocks, minerals, and fluiddt is used forlithology identification. PEvalues are
defined as 5.08 for calcite argl14 for dolomite minerals. P&alues are also used
for the classification of the clay type by drawing the cass$s with spectral gamma

ray logs.

3.3.8.6 Borehole Image Log

Borehole imaging tool delineates bbdundariesfractures and sedimentological
features of the rock units by using acoustic and resistivity image properties. The
image log(XRMI) of Well E is illustratedn this studyto exhibit the bed contact

between Garzan and Germayv formations.

3.39 Fundamental Core Analysis Measurements FCAL )

Fundamentalcore analysis isonducted in order to measure the petrophysical
properties of the Garzan Formation sucgrasn density, porosy, and permeability.

These analyseare performed at thR&D Center TPAQ.

For ambientgrain density and porosity measurementgeinch diameter core plug
samples withvarying lengthdrom 40 mm to55 mmare retrieved from cores and
dried inconstant temperature oven at65or four days. The grosity of the core
plugs ae calculated by uisg a helium ga expansion porosimeter and by applying
t he princi pl.&hesdtherBallydxmaidson oltlaewelium gas the
matrix cupenables to acquirgrain volume used for porosity and grain density

calculations.

Permeability measuremisnae conductedy placingthe core plugs Hassler type

core holder at a pressure of 300 p3igeflow of dry airataconstant temperature
allowed through the holder in theeady state condition® a r ¢ y 6 appliecafov i s
permeabilitycalculations The formula for the lknkenberg permeabilitgalculation

is given below.
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A total of 220fundamentakore analysis measurements were performed and used
for approaching reservoir propesief the Garzan Formatiomgble3.2). The mean
values wee calculated to obtain the average valuesefmh well. The arithmetic
meanis used for calculating averagerpsity and the geometric raeis utilized for

average permeability in order to eliminate the extreme values.

3.3.10 X-ray Diffraction (XRD)

Semiquantitative XRD bulk powder and clay mineralogy sampleanation and
analysis proceduref theR&D Center, TPAO is written as the following excerpt.

The sampls aregently ground with brass mortar by hanidl the sample contains

mi nerals which have higher hardness | eve
mill is preferred toobtainsmooth powder. A aluminum sample holder is filled by

this powder and bulk XRD analysis is performed.

The general mineralogical content is determined as analyzing the bulk XRD
diffractogram byutilizingt he @A MDI 6 s J aTheminéraldyical cordehtt war e .
which consists of no-clay minerals such as rock forming minerals, accessory

minerals, total clay and mica narals excluding clay minerals is measured.

After the completion of bulk XRD analysifyrther analysis is performedr the
measurement of theay mineraé. Thesanpl e i s prepared by foll
Mount Methodod described in Moore and Rey
clay mineral types. Chemical pretreatments, such as removal of iron oxides or
removal of organic materials, are not followed unless mandatory as suggested

also in Moore and Reynolds (1997) in order to prevent altering the clay minerals,

especially mixedayer types.

The bulk powderdiffractogram is interpreted based on the Inorganic Crystal
Structure Database (ICSD) of Internatio@antre for Diffraction Data (ICCD) by

31



using MDIO&s AJade Fguadtidatives andlysisv s peformed nd s e mi
according to the profikwased matching of the software and reference intensity ratios
(RI'R) of minerals by ussfivargThdiFbB2ggtab&3e@ ant 0 pat ¢

is used for mineral identification.

The clay fraction XRD diffractograms are interpreted based on the rules described

in Moore and Reynolds (1997) and Brown and Brindley (1980), and-semi

guantitative clay mineral analysis isrfmgmed by applying the procedures in
Underwood and Pickering (1996).h e XRD anal ysi s was perfor mec
Huvaj in the R&D Center, TPAO.

3.3.11 X-Ray Huorescence (XRF) Spectrometrydr Compound Analysis

X-Ray fluorescence (XRF)psctrometryanalysis vas performed orfourteen
samples retrieved from Core 2 in Well Ehe procedure of thenalysisconducted

in theR&D Center, TPAO arewritten as the following excerpt.

Samplesare ground in aring hand dried inanovenat185C f or 1 hour to dr
moistue before the analysis. Samplegighed in certain grams are turned into

compressed tablets calledpellets with the help of waXRF spectrometry is used

to determine major, minpand trace elements in the samples. SPECTRO energy

dispersion Xray (ED-XRF) is used for XRF analysis. Elemental analysis is

performed with an Xay fluorescence detector. The instrumental conditions in the

XRF analysis is given ifable3.5.

Table3.5 Theinstrumental conditions XRF analysis.

Generator | MNX 75W XRAY POWER SUPF
Tube Cu

Target Tungsten, Molybdenum
Voltage 40 kv

Current 0.9 mA
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The XRF method is based dine principle of excitation of atoms in the sample.
Typically, the primary Xray produced in an Xay tube hits the electron in the inner
orbital of the atom and drives the electron away from the atom. The open position is
filled with another electron frortihe outer orbit to stabilize the atom and fluorescence
radiation is emitted. The fluorescence energy is equal to the energy difference
between two orbitals. The energy of this radiation is characteristic for the atom and

indicates which atom is presenttire sample.

Because the sample contains a large number of atoms, it will emit a variety of X
rays with different energies. In an energy dispersive XRF device, fluorescent
radiation is collected by a semiconductor detectorayé produce signals that
depend on the energy of the radiation coming into the detector. Signals are collected
in a multcchannel analyzer. In the analysis section, a spectrum is generated to show
the intensity points of the -Xay versus energy. The peak area or density is an

indication of the amount of element in the sample.

3.3.12 Scanning Electron Microscopy(SEM) - Energy Dispersive
Spectrometer (EDS) Analyses

Scanning Electron Microscopy (SEM)Energy Dispersive Spectrometer (EDS)
analyseswere carried ounh theR&D Center TPAO. The procedures of the analyses
arewritten as the following excerpt.

The samples which have been representat.
EVO-1 0SEMt o obt ain morphological-20@Byes and
to acquire electromagnetic sperhs of chemical constituents of the samples. The

samples were placed onto the stubs by using carbon adhesive tapes and then
remained within 6BAEThéd evendrieddsampleseantheri o r 4
coat ed whickdold-@alla@iym (AuPd) coatingpy usi ng-56BX0AEMS
sample coater, in order to gain conduetsurface. The coated samples analyzed

under theconditions given imable3.6.
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Table3.6 The parameters in SEEDS analysis.

SEM Accelerated Voltage | 20 kV

SEM Beam Current on >
SEM Working Distance 7¢48 mm
EDS Analysis Software ESPRIT

EDS Correction Software P/BCZAF

3.3.13 Dual Energy X-ray Computed Tomography Scanning DECT)

The usage ofdual energyX-ray computed tomographyDECT) in petroleum
industry dates back to 1980s (Siddiqui, 20@BCT scanning is a nedestructive
imaging method that provides high resolution images and enablview cross
sectional slices of the core samples without direct contact (Siddiqui, 2004). The tool
measureghe bulk density and effective atomic number of specific minerals by
scaani ng at dual nandKevseel, 20033 he edreds s¢amukivce

for obtaining bulk density in low energy setting and for meas.effegtive atomic
numberin high energy setting0 KeV (low) and 140 KeV (high) energy levelsre

operated iIDECT scanning for capturing high resolution image.

FUJIFILM SCENARIAview machine wa used foacquiring DECT scanning data
of Core2 recovered from Well ih the R&D Center, TPAO (Figure3.9). Pergeos
software programwas performed fo removing artifacts, segmentatjomnd

conmputing the physical properties.
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Figure3.9 DECT scanning machine.

3.3.14 Plain and Ultraviolet (UV) Light Core Scanning

Digital drill core imaging systes{DMT CoreScah3 and DMT CoreSca&tV) are
utilized to 360A drill core scanning und e
from three wellsvere scanned under the plain light for visual estimations. The core

piece from Core 2 in Well Bvas scanned under thaction of UV light for
differentiating the areas saturated with hydrocarbon by observing reflection of the

oil-shows with the fluorescence.

3.3.15 Seismic Data

Approximately 70km? threedimensional seismic data was aquisited by TRAO

the area of interesfThe seismic data was pressed in Data Processing Center,
TPAO for preparing further seismic interpretation. Seismic seciversinterpreted

to delineate formation tops of the units. The structural seismic maps and seismic

attribute mapsvere generated foestimating subsurface geometrigd$ie seismic
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data interpretation was conducted by Halil Emre Celepthia Exploration
DepartmentTPAO.

3.3.16 Software Programs

During this study, some software prograwese frequently used. The figuresere
drawn in CorelDraw. WellCawas used fowisualizationof the well sections and
the core sections of the wells. The petrophysical analagerformed in Techlog
software. The seismic sections, spectral decompostiot thickness mapsere
generatd in Petrel softwarel he photomicrographs wepeocessed in Zen software.

36



CHAPTER 4

GEOLOGIC SETTING

4.1  Paleogeography

The Arabian Platbad beera divergent passive margin during the Early Mesozoic,
until the ongoing rapid opening of the Atlantic Ocean resultedtha
counterclockwise drift of the plate (Sharlagtdal, 2001).The Cretaceous was a time
of remarkable examples of broad carboraddeninated passive margin platforms.

The paleogegraphic landsea distribution of the Maastrichtian is illustrated in

Figure4.1.

Figure4.1 The patogeographic mapf thelLate Cretaceou@Blakey,2016.

The study area is located at the northernmost part éfrti@anPlate. A closer view
of the paleotectonical reconstruction of the Central Tethyan Realnaten
Maastrichtians illustrated inFigure4.2. Thearea ofinterest is shown in an orange

coloredrectanglg(Figure4.2).
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Figure4.2 The paéaectonical reconstruction of the Central Tethyan Realhate
Maastrichtian (69.46.0 Ma)(modified after Barrieret al, 2018).

The onset of compression within Arabia and Nethys commenced at tineddle
Turonian and developed an active margin at the northern edge of the plate to the
present day (Sharlandt al, 2001 andMartin, 2001). The distribution of the
lithostratigraphiaunitsin this crededtectonicregimein the Central Tethyan Realm

in late Maastrichtiaims illustrated inFigure4.3. Paleotopographic reconstruction of

the region provided paleaigh areas whiclgielded shallow marine environment and
related carbonate factories.
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Figure4.3 Thedistribution of the units opaleaectonical map of the Central Tethyan
Realm inlate Maastrichtian (69-:66.0 Ma)(modifiedafter Barrieret al, 2018). Note
that the area of terest is shown inside red rangle.

Time-equivalent lithostratigraphic units of the Garzanrration are nantkasthe

BesniFormationi n yAadng&a n

(Terkiye), Aqral/ Bekhme

Formation in Iran, Tayarat/Gudair Formation in Kuwait, Aruma Formation in Saudi

Arabia, and Simsima Formation in Qatar and United Arab Emirates (U.A.E)
(Beydoun, 1991 (Figure 44).
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Figure 4.4 The spatial variations of the rock uniis Zagros aregmodified after
Beydoun, 1991
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4.1.1 Tethys Ocean Closure

The counterclockwise motion of the Arabian Platform created the conpraks
tectonic systenfFigure4.5). Regional compression associated withabéduction of

the K oali Ophioliteand movement of the allochthonous units ontocthr&inental
margin of the Arabian Plate caused in the development of the foreland basin system
(Sharland et al., 2001The grata of the Cretaceous of southeastern paft gfr ki y e
were deposited within a foreland basin system created dureglosure otthe

southern branch of tiédeotethys Ocean.

PROTEROZOIC | CAMBRIAN orDovician|  oevoman [cameonwerous] PERMIAN | TRIAsSIC| suRassic
' rcynian Orogen) A5°N

15°'N

TIME (Million Years)

Figure4.5 The counterclockwise motion of the Arabian Platfqkusseini, 1991)

4.1.2 Foreland Basin System

The closure of the Neotethys Ocean initiated a uniqueosééectonic regime
promoted the development of foreland basin system during Creta@&artand et

al., 2001) The counterclockwise movement of the Gondwana had a profound effect
in the tectonic evolution and the basin configuration. Every part of tietafw
system has a unique subsidence rate and geometry of motion (Dorobek, 2012). The
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foreland basin system consistisfour-part districting schemsuch aswvedgetop,
foredeep, faebulge, and backbulge depozor{Egure 4.6) (DeCelles and Giles,
1996 DecCelles, 20111 The forebulge depozor@acedbetween the foredp and

the backulge depozones thelarge area of potential flexural uplifideCelles and
Giles,1996; DeCdes, 201). The positive geometry of this part of the foreland basin
system created the synorogenic carbonate platform deposition (Dorobek, 2012). The
morphology and the stratigraphicharacteristics of thesynorogenic carbonate
platform had asignificant impact on the deposition of the carbonate rocks on the
forebulge depozoneRidgeswell topography on the forebulge araffiected the
depositional architecture of the shelf carbonates.efigodef siliciclastic input

onto the forebulge areaeased the carbonate production, on the other hand. The

lithostratigraphic units sedimented in this regavadiscussed ilChapter 5.

Foreland basin system

<«—————— Orogenic wedge

Topographic front Wedge top Foredeep Forebulge Backbulge
\ -~
\
Fold-thrust belt / s

= el M Craton

Progressive

p = Triangle zone unconformities
Passive margin megasequence

Figure 4.6 The elements of thoreland basin ystem DeCelles andsiles, 1996
DeCeles, 2011)

7/

S =
7

4.1.3 Cretaceous Sequences

The tectonic movements resulted in the development of severallpglea@and
paleclow areas which govern the depositional characteristics ofCtetaceous
successions. The shallow marine environmentes@ated on the forebulge and the
unconformably separated depositional sequences evolved. In the deeper areas which
were always submerged, a continuous sedimentation occurred, on the other hand
(G¢ v etal, 1991).
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The depositional model arlde stratigaphic evolution of the Campanidaleocene
successions proposed on the basis of the foreland basin systémyg, lyetral.
(1991). Some of the paleogeograghgies maps constructed in that study, such as
the early Maastrichtian, end of thearly Maastrichtan, middle Maastrichtigrand
middle tolate Maastrichtian, are redrawn and demonstrated in this sectieinilbi e
the effects of theinherited paleotopography on the deposition of the Garzan

Formation.

Therise of the cordillera of allochthonous urdtisthe north created a foreddgpe

of trough (Kastel Troughyvhich surrounded the area of interest as a belt from
northeast to northwest (Rigo de Rigi and Cortesini, 1964; Sungurlu, 1974; Ala and
Moss, 1979G ¢, v etl, 1991). The turbidites of the Kia$ Formation with shale

and sandstone lithologies were deposited in this belt as erosional products of the
cordillera with considerable thicknesss § v eenh al, 1991). The favorable
combination of thecontributory factors such as tectonically uplifted terand,
humid climateand eustatic lowstanskalevelincreased the volume of the sediment
supply Sharland et al., 2001Related to the compressional tectonic regime at that
time of period, the shallow maring positive areas were also roged emerga

(G ¢ v etal, 1991). The other parts of the region remained stable under relatively
deep marine conditions but shallower than Kastel Trough. The marls of the Bozova
Formation were deposited as a tieguivalentunit of the Kastel Formation in those

area (Figured.7).

Related to the relative séavel at the end of thearly Maastrichtian, the Kastel

Trough was filled by clastic sediments, ahé emerged area was\@red by the

alluvial fansand thewnt i nent al c | zaksForinatian. Toefforebdige Ter b ¢
area which had been already exposed duéatling of thesealevel, was spready

the erosional p r ForchationtGs¢, v eetfral, 1981¢. Hekce thea d a |

Garzan Formation is undentabytheT e rzék £Formation at the nortirebelt while

i t ov er ladgerFsrmdtidn én thi forebulge arekigure4.8). In thedeeper

parts, the sedimentation was continued uninterruptedly and allowed the deposition

of the Kastel and Bozova formatioimsthat period of timéFigure4.8).
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With the onset of a latter sdéavel rise during middle tdate Maastrichtian, the
shallow marine environment conditions governed the northern belt and the forebulge
region G¢ v etmal, 1991). A carbonate platform was created and enabled the
deposition of tk Garzan Formation transgressively. The deposition of the pelagic
successions continued in the deeper parts of the basin, and shales, marls, and
argillaceoudimesb nes o f t h e kidzformatons sadmented as time

equivalentunitsof the GarzararbonatesG ¢, v etal, 1991) Figure4.9).

In thelate Maastrichtiarrelatively rapid inundatioand the related deepening of the
platform caused the cease oé ttarbonate accumulation and the shales, paarts
theargillaceoudimestones othe Germav Formatiooverlaid the Garzan Formation
in the forebulge zon&y ¢, v et al, 1991) Figure4.10).

The lateralfacies change of the units allkustrated inFigure 4.11 in order to

understand the geometry of the foreland basin system.
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Figure 4.7 Paleogeographymap of yper Campaniatower Maastrichtian
successiongedrawn fromG ¢, v et al, 1991).
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Figure4.8 Paleogeographyap oflower-middle Maastrichtiasuccessiongedrawn
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4.2  Tectonic Setting

4.2.1 Main Tectonic Unitsof T ¢ r ki y e

The main geological characters of the southeastern p@rgof kare ylefined by a
complex tectonic history’he major tectonic parts of ¢, r kare gedined as Pontides
which arecomposed oK s t a n bSaKkaryaa a d e sehir Massif, Knatolide
TaurideBlock, and Ar abi an Pl atf or m THe®lura yonea n d
betweenAnatolide Tauride Block, and Arabian Platformis named as the Zagros
orogenybelt(k eng°r and ) Yieelstdy area islogased on the Arabian
Platform and at the south of this orogenic bieig(re4.12).

Figure4.12 The main tectonicnits of T ¢ r k(iOkeay and TThygaseg z ,
of interestis shownby a red star.
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4.2.2 Structural Elements of Zagros Orogeny Belt

Zagros province sged on the passive margin of the Niezithys Ocean comprises
Alp-Himalaya orogenic betinddelineates the northern boundary of the study area.
The structural zones of the Zagmsgenybelt postulated byralcon (1969) include

1) the Arabian Platform?) a broad simply folded belt, 3) a narranbricated belt,
and4) a thrust bel{Figure4.13). These zore are recogaed as such because of
sudden geomorphic changes that frequently correspotitetsignificant surface
faults (Kent, 2010)

BITLIS
-

_X DIYARBAKIR
.
.
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SIRNAK
MARDIN
"4Ro,~_ -
KANYA ey,
Fr

SYRIA | e - —— East Anatolian Fault System

4~ Miocene Overthrust

e

~4—4 Late Cretaceous Overthrust

0 50 100 km '7L- Main Paleohighs

Figure4.13 The structural lements of Zagrosrogeny leltin Southeastern Anatolia
Regi on (ettak 19D1). Naekthat Miocenaverthrust (pink color) overlays
Late Cretaeous overthrust (green color) on the map. The main paigbs are
shown in black color.

4.2.3 Structural Geology

The tectonic activity in th@rabian Plate created the main struatwelements in the
study areaThese tectonic movements governed the depositemaronments by

producing syeedimentary fault€Salem et aJ.1986. The northern part of the region
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was shaped by the emplacementlaite Cretaceous and Miocene allochthonous
units. The tectonic windows and klippes are observed as the parts of the overthrust

systems in this are&igure5.2).

The region is mainly defined bMW-SE trending faulting and folding systems
related tahe northsouth compressional movementesated duringagrosorogeny.

The ®utheastermnatolia represents several thrusts and blind thrustgchivare
delineated by asymmetrical fold axes (Suppe, 1983; Mitra, 1990; Suppe and
Medwedeff, 1990, Seyifdu et al, 2017)(Figure5.2).

The normal faultingnovements of the fault systems during Cretaceous gained the
lateralul t characteristics i n NMineoteetanie ( keng
period (After midMiocene), the faults moved laterally regarding the escaping
movement of the Anatol@TaurideBlock towardswest k e ng®°r and;, Y&l maz
keng°r and )karojlu, 1985

4.2.4 Structural Ged ogy and Geomor pAntelineogy of Ger ¢

The Garzan Foration crops out at the core Gfe r Argi@ine whichis a part of

fault-pr opagati on f ol dim, @0Hteytdlaatl al,2017).(tYsé | dér é
one of the major asymmetrical anticlines plunging both east and west directions. The
southern limb of the structure is bounded by a refardt (Figure4.14). The present
topographical features and the morphological appearance of therensichpedhy

the neotectoniactivity and the drainage patterns of the fluvial systems.

49



- HOYA - GERCUS
GERMAV GERMAV
(UPPER MEMBER) (LOWER MEMBER)

Figure 4.14 Geological nap of the Ger ¢ Anticline (redrawn from Siyako et al.,
2015)
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4.3  Paleoclimatology

Pronounced paleoclimatological changes associated with earthbound mechanisms

such as Earthodés i nt er andextertiyervacanismenland ect oni ¢
and in the sea are known to have occurred during the Cretaceous life (Twitchett,

2005; F°lImi, 2011). Cretaceous Period was
period of major geological events such as large igneouwsnges (Larson, 1991),

oceanic anoxic events (Schlanger and Jenkyns, 1976), Cretaceous oceanic red beds

(Hu et al, 2005;Wanget al, 2005) and carbonate platform drownings (Schlager,

1989) which cause rapid environmental aolinatic changes (Het al, 2012).

Greenhouse climate is blamed for high£€vel which is two to sixteen times the

pre-iindustrial level (Hay and Floegel, 2Q18ameset al, 2016). Warm equable
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climate induced warmer tropical (as high as’@pand polar temperatures (reached

20°C) as a result of higher atmospheric rates of greenhouse gases (Hay, 2008).

Kidder and Worsley (2012) proposed fAcool
Awar mo (|l acks ©pol ar i ce) states for the
(2012) assertedhat the cool greenhouse conditions prevailed the much of the Early

and latest Cretaceous.

A more detailed approach presents that the climate of the Maastrichtian showed
variability such as a long term cooling trend, a brief interval of warming in trst late
part of the ageand a cooling period just before-lg boundary (Barrera, 29;
Abramovich and Keller, 2003;witchett, 2005). Keller (2008) proposed a warming
period starting from 250 kyr before-Rg boundary. The latest Maastrichtian
greenhouse warmgnevent was linked to the degassing of Deccan volcanism (Keller
et al, 2016).

During the Cretaceous Period, deael was 170250 m higher than present sea

level (Conrad, 2013; Haqg, 2014; Samesal, 2016). Twenty percent of the
continental area was submerged and allowed the creation of shallow water carbonate
platforms (Barroret al, 1980; Simeet al, 1993 and Gargili, 2013).

4.4  Maastrichtian Chronostratigraphy

The Maastrichtian Stage is the uppestnchronostratigraphic unit of the Cretaceous
System and spans 6.13 myr between 72.17 and 66.04 Ma (Grastssjr2004;
Ogget al, 2016,Gradsteiret al.,2020). The upper boundary of tMaastrichtian

age marks a catastrophic event caused a majos edmiction which turned out
Mesozoic Era. It is still debated if it is caused@lyicxulub impacr the massive
eruption of Deccarontinental flood basalts (Alvez et al, 1980; Couirtillotet al,

1988 2000; Samant and Mohabey, 2014). The global dawn stratotype and
section point (GSSP) location of the Maastrichtian Stage is placed in Tercis les
Bains, Landes, France (Oggal, 2016,Gradsteiret al., 202].
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Figure4.15 The geological time scalhich represents polarity, chron, sea level
curves, cyclesand stable isotope profilémodified afterGradsteiret al.,2020 and
Haq, 2014

4.5  Arabian Plate Seqience Stratigraphy

The late Precambrian and Phanerozoic sedimentary successions of the Rlatieian
were revisited to construct a framework by reviewing the tectonostratigraphic,
chronostratigraphijcand sequence stratigraphic evolution of the whole continental
plate (Sharlaneét al, 2001). A serious of major tectonic events created prominent
regonal unconformities which bound the tectonostratigraphic megasequences
(TMS) (Hubbard, 1988; Sharlamd al, 2001). The Arabian Plate is subdivided into

11 tectonostratigraphic megasequences (from AP1 to AP11). Even though it is
beyond the scope of thesudy to address each succession|ate TuroniarDanian
Megasequence (AP9) (83 Ma)is briefly discussed. The lower boundary of the
succession is defined by onset of ophiolite obduction and inversion as the initiating
regional event (Sharlared al, 2001 Haq and AlQahtani, 2005). The megasequence
isre g esented by Kar albarzam GernBgarid 8ikaa formatiens a d a |
in the study areaHgure4.16). Each succession comprises one or more maximum
flooding sufaces (MFS) and AP9 TMS contairK150, K160, K17pand K180
surfaces which allow the succession to be divided into genetic stratigraphic
sequences (GSS) (Galloway, 1989; Sharktral, 2001). K180 MF$s a widespread
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surface defined by open ocean fauna and subsidence enhanced lsy assta
controlling mechanism (Sharlangt al, 2001). The horizon is representbg
proceeding marls and plamkiforaminifera bearing pelagic limestooé Germav
Formation and records a pronounced deepening associated with the maximum rate
of sealevel rise. K180 GSS is composed of shallow water carbonates of the Beloka
and Garzan formations and capped by deeper water deposits of Germav Formation
in the aea of interest Kigure 4.16). In a grand manner, the skewel patterns
recorded in the Garzan Formation are consistent thgtMaastrichtian se&evel

reconstruction for the Arabian Plate.
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Figure4.16 The Arabian Plate sequendesodified dter Sharlandet al, 2001).
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CHAPTER 5

LITHOSTRATIGRAPHY

5.1 Lithostratigraphic Units

In the southeast of ¢ r k many rock units withgeologic ages ranging from
Paleozoic to recent amresent. Allochthonous units are seated at the northeastern

part of the region and ovging thetop of theautochthonous urst

5.1.1 Allochthonous Units

Two major orogenic stages lmte Cretaceous ahMiocene periods result is the
emplacement of the allochthonous units at the northern part of the studigtea (
5.2). Cretaceous allochthons corisi$ Maden Complex¢ ¢ n drlysch, Guleman

Ophiolite and Bitlis Massif.

5.1.2 Autochthonous Units

The Arabian plateis represented by carbonate and clastic rock units from
Precambrian to recenfFigure 5.1). The autochthonous rock units consist of 59

different formations, 6 members defined under 12 distinct gr@mus 1 formation

which does not belong to any group (Yeél m
described in the outcrops exposed throughout the southeastern Anatolia and from the

well data drilled in many oilfields.

In the area of interest, the oldestk units penetrated in the wells are the Middle

Upper Ordovician clastic units. Some of the formations are not defined in the wells
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because they were not deposited or eroded after the deposition. The units observed

in the wells and exposed in the areasrertly given below.

LITHOSTRATIGRAPHIC E
AGE UNIT £E| LTHOLOGY DESCRIPTIONS ENVIRONMENT
GROUP| FORMATION ':l__:
QUATERNARY Karacadag| 7s [ . Voleanics |
Alluvium | 50 Conglomerate, Sandstone; Mudstone | | Fluvial,........
w 2L -{ Conglomerate
i Selmo | 350 fF—————=+—— Sandsione Fluvial
o === Gypsum intercalations
Q e 10117221 SO S,
= [SILVANI _Firat 35 AR AR EESION e Carbenate Platform,
w \‘\.\-\\:\v\‘!\\‘\ Gypsum
w=l = Germik | 300 Sabhka
z g N Dolomite
wel
E 8 8 E Dolomitic Limestone Shallow Marine
< w = Hoya 250 Dolomite Carbonate Platform
—_— (*]
ln_: Conglomerate )
Ll w .. Alluvial
t w GeI'GU§ 350 Mudstone Fluvial
3 Sandstone Playa
@ Sinan (U) | 175 Limestone Carbonate Platform
3 « T ISR
o < Shale Delta
fod Germav |, .
Z2 | @ | (Upper)
=
o Sinan (L) | 125
Qe
b N Germav (L)| 125
w
8 :!t Garzan |10
g = Kiradag 50
= [CAMP. Beloka 60
LU [CON. Karababa | 100 Limestone
K [cevo- =z Derdere 85 Dolomite, limestone
QO |manian E Carbonate Platform
ALBIAN <§: Sabunsuyu 300 Dolomite
APTIAN Areban 100 Shoreline
M-U | CUDI Bakuk | 100
g Mudstone
g E = Limestone Fluvial
< | = (0] Uludere | &s0
[1'd 8 o Shallow Marine
- Shale
E E s Sh” ..... M .......
= Shrild 300 allow Marine
= | 2 [TanN Gomaniibrik| i::;tg:: shale Delia
w 5
o Kas 50
ORD.| M-U |HABUR| Bedinan Sandstone, shale Glaciomarine

Figure 5.1 Generalized stratigraphic columnar section tbé autochthonous
l'ithostratigraphic
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5.1.2.1  Habur Group

5.1.2.1.1 Bedinan Formation

The oldestautochthonous rock unit penetrated in a few wellghis Bedinan
Formation. It is the second and the uppermost formation of the Habur Group. It is
seated transgressively tre Early Ordovician agieS e y dhir HormationAt the
eastern parof the area of interesthe K a lkormation is seen aiop ofthe Bedinan
Formation. The upper contact of the unitdsscribedas angular unconformity

(Y & | rared Duran, 1997).

The lithology of the Bedinan Formation is composed of arkosic, subarkosic and

quartz arenitic sandstones, siltstgreasd shalesThis lithological associatiosiare

ascribed to open marine (offshore), shallow marine (shorefacd)glaciomarine
environments which represent shallowing upwardewwes i on ( Yél maz and
2021).

5.1.2.2 Tanin Group

5.1.2.2.1 K a kormation

T h e HRéraation unconformably overligse underlying Bedinaf-ormation.lt is

the lower rock unit of the Tanin Grouphe age of the formation is assignedae
Permian. The thickness of the unit is 50 meters in the studyHne urticomprises
the alternation o$andstones and shales. The depositional envirosraerdefined

as shoreline and delta (Yeél maz and Dur an.

5.1.2.2.2 Gomaniibrik Formation

The upper unit of the Tanin Group is nametha@ssomaniibrik Formation. Thenit

is informally subdivided into three members, namély B, and C from oldest to
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youngest. Member A is composed of limestones, Member B ssribed as
alternations of siltstone, sandstpand shale with coal intealations and Member C

includes limesines with thin beds of siltstone, sandst@rel marl lithologies.

The lower contact ofthe Gomaniibrik Formation is conformable withhe K a K

Formation. The upper boundary of the unit is defined as unconformable. The

thickness of the unit is approximately 300 meters in the area of interest. Late Permian

is the periodn which the formation is dated. The depositional environments of the

Gomaniilrik Formaton are shallow marine, tidallgfluenceddelta plain and flood

plain (Yél maz and Duran, 1997) .

5.1.2.3 ¢ é jGroap

The¢ é jGroap is subdividedintbo hr ee f or mati ons sand h
U z u nitgfermations from older to younger. In theudy area, only Uludere

Formation is present.

5.1.2.3.1 Uludere Formation

Lower Triassic Uludere successions are unconformably seatde Gomaniibrik
Formation. The unit is composed of shale, sandstone, limesaademudstone
lithologies. The thickness of the formation is about-800 meters in the fully
penetrated wells. The unit was deposited in the fluvial, transitiamal shallow
marine environmentsr(é | rarad Duran, 1997).

5.1.2.4  Cudi Group

The Cudi Group was pmarily defined on the Zap Antiaiorium in the south of
Hakkari povince. Theg oup i s ¢ omp o s e d anwflu, TBllaakag, k ,
Di er-Kozluca,Yolamand Ldtodanjaé& i on s .k F@malioa lisy ,

observed in the study area.
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5.1.2.4.1 B a K Eormation

The B a k Eormation is the lowermost unit of the Cudi Group. It urfioomably
overlies theUludere FormationThe Middle-Upper Triassic successions of the unit
are observed as dolomites-hAindredmeterthick unit is overlain bythe Mardin
Group unconforrably. The depositionasukenvironmens are defined as lagoon,

intertidaland suprati dal (Yél maz and Dur an, 19

5.1.2.5 Mardin Group

The Mardin Group is one of the most extensive unit in the dregas initially
described near Mardiprovince. The group corsts of four formationsuchas

Areban, Sabunsuyu, Derdeesd Karababa formations.

5.1.2.5.1 Areban Formation

TheAreban Formation is the clastic unit of the Mardin Group. In some recent studies,
it is not included in the Mardin Group. The unit is representecebgw, yellowish
brown colored sandstone, sandy limest@amgldolomitic limestone lithologies with
green colored shale imtmlations. It transgressively overlies the Paleozoic, Triassic
and Jurassic successions with an unconformable contact relatidh&hdefined as
thedeposits okhoreline, coastahndcontinental clastics environmenighe age of

the formation spans Aptian to early Al bi

5.1.2.5.2 SabunsuyuFormation

The carbonate rocksf the Sabunsuyu Formation seanformably ornthe Areban
Formation.The age of the formation is assigned as AlltaamomanianK ° y | ¢ oj | u,
1986 Yél maz ancabDdryamptian7)t,o Al bi)an (¥zKk
and Albiarear |l 'y Cenomartiiah 0 { 81, badi M().IThey i m, 2 (
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products of shallow marine environment are observed as dolomite, dolomitic
limestoneand limestone. The average thickness of the uoiclatedas 300 meter

in the study area.

5.1.2.5.3 Derdere Formation

The Cenomanian age carbonate successions of aheiftMGroup are named Hwe
Derdere Formation. It conformably overlies the Sabunsuyu Formation. The upper
contact is unconformable. It comprises the limestone, dolomitic limestote
dolomite lithologies. Dolomites are mostly seen at the lower and enptts of the

unit. The depositional environment is defined as restricted to-mestricted shallow

marine carbonate rampY €l maz and Dur an, 1997) .

5.1.2.5.4 Karababa Formation

TheKarababa Formatiois the uppermost formation of the Mardin Group. The upper

and bwer boundaries of the unit are unconformable. It represents the final

depositional sequence of the Mardin Grougthe age of theformation is

controversial. It is assigned lase ConiacianearlyCanp ani an (Yél maz and Dt
1997), late TuroniarCammnian (Robertsonet al, 2016), middle Turonian

Sanbni an (¥zkan agandeafylGapargahyur @ @il&8n ( M¢l ayi m,
2020).

The Karababa Formation is subdivided into three informal members. The lower

member is named as Member A and composed of pldiakeiminiferal limestone.

Member B is seen at the middle and represented by dark colored, silicified,
calcispheruligplanktic foraminiferal limestone with chert nodules and chert

intercalations. The upper Member C comprises shallow marine carbonates with

macr of ossi |l fragment $899¥%¥E2l Mak man)dThadd r A pr es i n
Karababa Formation is defined #se depaits of restricted to sernestricted

intrashelf shallow marine environment (Yélm
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5.1.2.6 A dyaman Group

The yandreGroupixc omposed of Kar amder¢amazBelok@r t abaj
formations. n t he st udyamaa IGeap, igedrdsentedAbyg Beloka

Formation.

5.1.2.6.1 BelokaFormation

Unconformably resting on top of the MamdGroup is the Beloka Formation. It is

overlain bythech st i ¢ r o c k sFomnktiont The uniKig suladidided into

two membersTheDirik Member is composed of planktic foraminiferal limestones.

The Bada Member comprises the rudisted and benthic foraminiferal limestones.
Depositional environment of theiflix Member is defined as deep marine, whereas

the Bada Member represents the shallow marine carbonate platform deposits. The

total thickness of the unit is about 60 meters in the area of int@ifestBeloka

Formation is dated as Campanian in ggé& ¢ \etah 1991, Yél maz anc
1997).

5.1.2.7 k mak Group

k mak Group represents the carbonate and clastic rock units deposited-in non
marine, shallow marineand deep marine environmeni&is group consists of
fifteenformations andi¥e informal membersKastel, B z o v a , Keradaj, T
Beqi , Haydarl &, Garaan, SGaeaamav An}t ak, Ka
Becirmana n d Gfermatigngthat make up this groufpome of the formations

arelateral extensions of one anothEne resarch area contairis h erad&,&arzan,

Germav, Sing/a n d  Gfermatigns.
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5.1.2.7.1 Ké r a Eoaration

K é r aFbrangtion is positioned on top of tiBeloka Formation in the research

region. The unit is composed of an alternation of polygenetic, red colored

conglomerate, sandstommed and green colored mudstone, et dolomitic marl.

This lithologicalrelationship is attributed to fluvial, floodplain, lacustrine, lagoon

and tidal flat eteah vilro®drmme n'téd maG Eadgitad Dur an, 1
middle Maastrichtianithe age r ange for ettahe l1BD@dmatredmagGy
andDuran 1997) . The radg Farnkatioa is ffty meters tn hverage é

in the research area.

5.1.2.7.2 Garzan Formation

The GarzanFor mat i on IS S e at darmaterm ©here is tah e Kér adeé
conformable boundary between these units. The formation is described as rudisted

limestone. The depositional environment of the unit is classified as shallow marine

carbonate platform. Middle tate Maastricitan i s t he age of the for
eta,1991; Yél maz and Duran, 1997).

5.1.2.7.3 Germav Formation

The Germav Brmation exhibits extensive distribution in the study area. Regarding
the deepening of the area, deep marine carbonate and clastic rocks led to the
deposition otheGermav Formation in considerable thickn@&ggldle Maastrichtian

to late Paleocene is the age range for the formationsome studies, the
Maastrichtian rock unitsre referred ashe Germav Formation LoweMember

while the Paleocene successions @esgnated aghe Germav Formation Upgy
Member.In someother publications, thdthostratigraphic characteristiasf the
Germav Formatiorare taken into consideratiom this study, the lower marl and

argillaceoudimestones are named as Lower Member, wdmetke upper sandstene
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shale successions are defined as Upper Member. Garzan Formation is overlain by
marl and pelagic limestones of the Germav Formation Lower Member. Its thickness
ranges between 75 to 125 meters. The thickness of the Upper Membenist80®

in average. In the eastern part of the study éineginan Formation Lower Member

is placed between these members. This unit pgoht in the direction of the west.

5.1.2.7.4 Sinan Formation

TheSinan Formation is subdivided into twdormal members. The age of the lower
member is assigned to Maastrichtian and the upper member is Paleocene in age. The
lower member is situated in between the upper and lower members of the Germav
Formation as it is stated above. The thickness of therlmember ispproximately

120 meters in the east and it gradually thins out and disappears toward#/itrest.
regard to fosil assemblages, the rudisted limestones of the Loveanibér resemble

those of the Garzan Formation.

The Upper Member of the Sin&ormation overlies the Germav Formation Upper
Member in the study arebn the penetrated wells, the unit has an average thickness
of 175 meterslt is composd of limestones, dolomitic limestoneand dolomites.
This lithological association is ascribematidal flat, shelf lagoon, restricted shelf

and shelf slopsukenvironment.

5.1.2.7.5 Ger ¢ Earmation

TheGer Eq@mationi s t he upper makQGroupuimthetstudy areat h e

It crops out anghenetratedh the drilled wells widely. Fittdy, the unitwas named as

~

k &

Ared bedsd (Mason, 1930; Moses, 1934 and

and sandstoneso (Tasman, 1930 and Eyoub,

mudstone, siltstone, sandstpaad conglomerate alternation. Marl and gypsites are

seen as intealations of thin beds. The average thickness of the unitdsx83 he
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Bo] a zykViemberis locateda t t he middl e FHomanation. Ibi§ t he

composed of mudstormmarkgypsite alternations.

T h e GEormatprkis overlain bthe HoyaFormation. The contact between two
units is described as unconformable. The depositional envirosraegacustrine,

lagoon, fluvial and flood plain. The age of the unit is Paleocene.

5.1.2.8 Midyat Group

The Midyat Group comprisethe Hoya and Germik formatits. Total thickness of
the group is approximately 570 mihe geological age of the Midyat Group is

EoceneOligocene.

5.1.2.8.1 Hoya Formation

TheHoya Formatioowa s f i rst named as Anummul i tes
the formation are described as limestot@omitic limestongeand dolomite. The
average thickness of the formation is 250 m in the area of interest. Depositional

environment of the formation is defined as shallow marine carbonate platform.

5.1.2.8.2 Germik Formation

TheGermik Formations conformably sead ontheHoya Formation. It is composed
of gypsum and dolomite alternations. Red colored mudstonecafggons are
described as well. It is three hundred meters in thickness. The depositional

environment of the unit is restricted shallow marine emvirent.

5.1.2.9 Silvan Group

TheSilvan Group compriseKap é k ayand Fleir ae fra Fometiom o n s .

is observed in the study area.

64

Ger

Feé



5.1.2.9.1 F &t Formation

TheF &t Formatiorunconformably overlies the Germik Formation. It is composed
of limestones and bioclastic limestones. The average thickness of the unit is 35
meters in the drilled wells. The depositional environment of the formation is

described as shelf margin and redise geological age of the unitlate Miocene.

5.1.2.10 kelmo Formation

The siliciclasticd e p 0 s i t slmooFbrmatidn eincdnformably covére reefal
|l i mest onesFoomat hen FéTh e eltndHoron&tionevariss 10 f t h e
to 1070 meters in the studgrea. Mudstones, sandstones, siltstorasd

conglomerates are the common lithologies of the unit.

Upper Miocene clastics are definadthe products of the fluvial systems of the

continental environment.

5.1.2.11 Plio-quaternary Alluvium

The nearly nortfsouth tending rivers deposited their alluviums along the riversides.
Loose sediments of conglomerates, sandst@mesmudstones are described as river

alluviums.

5.1.2.12 Kar a c Babat§

The basaltic flows are seated on top of the alluviums and restricted to isudied

and erosional remnants in the river channels.
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5.2  The Geological Map

The spatial distribution of the lithostratigraphic units at the surface is demonstrated

in Figure5.2. The older rock units amexposed at the cores tieanticlinesandthe

Garzan Formation is the oldesckunit s een at t heAntcineie of the G
the area of interest. One of the youngexk units which crop out in the study area

i s elimceeForknation and it represents the most extensive distribution over the

others. The Quatr nar y deposi t Basali &ndhe alleviurKkd thea c ad aj

rivers show narrow outcrops and linear distributidiiochthonousunitsseat on the

northeastern part of the study afEayure5.2).

66



- Allochthonous Units D Selmo Formation - Hoya Formation D Germav Formation (Lower)

- Quaternary Basalts |:| Firat Formation - Gercus Formation - Garzan Formation

[ ] Alvium [ ] cemikFormaton [l GermavFormation  —+— Fautt ——  Anticline
(Upper) ~—4— Syncline v Thrust

Figure 5.2 Geological map of the resehararea ¢ompiledfrom TPAO archive
maps).
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5.3  Geological Cross Section

The geologicalcross section is drawn by the informationtbé subsurface data
obtained from well logscores, and cuttingsThe surface data is acquired from the
geological and satellite maps.

The vertical depth range of the cross section is drawn from 100030G0 m. This
range is defined by the topographic data at the surface and the penetration of the
wells into the subsurface.

The cross section demonstrates tageral continuity of the rock units frorhe
Mardin Group at the bottom tihe kelmo Formation at the tog-igure 5.3). The
Mardin Group is seen as the thickgstnetrated unitThe Kér adajratand Fé

formations are described as the thinnest units in the area of interest.

The alluvium deposits of the Yanarsu River is seated @ dineo Farmation. The
cross section illustrates that top horizons of the lithostratigraphic units ascend from
northwest to southeasthe lower member of th8inan Formation is penetrated in

the wells of the Qilfield A and pine&s out towards southeast. Téeerage thickness

of the Garzan Formation increases from west to east.
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5.4  Lithostratigraphy of the Garzan Formation

Garzan Formation is a widespread lgtratigraphic unit of the Maastrichtian
succession and is represented by shallow marine carbonates in the southeastern

T ¢ r k Gayzan Formation was originally described in Ga&anvell by Kellogg

(1960a) and Halstead (1960) for naming the Maastricliignreefal limestone unit
penetrated i n Gar andDuraf il997). Befad thloméntladrema z
theuni t wa s defined as A Mai n Li mestoneo,
Formati ono, A Oyrabnidt ofiiLdo weirmedsatmgraend amt b ad s o
the previous studie¥(é | rarad Duran, 1997).

The thickness ofhe Garzan Forration varies between 99 and 18tters in the
study area depending upon the depositiosalenvironment defined by
synsedimentary tectonism and differential bathymeTiye bed thicknesses differ

from bottom to top of the unit relatedaoecommodatiomiuring deposition.

The Garzan Formaticoverlies the red and gy colored mudstonand shaleleposits
of t h e Fdin@atioa and is succeeded conformably by marine clagtiosits
of the Germav Formation Low&tember Figure5.4).

TheGarzan Formation is divided into three informal members from bottom to top as
the Zivialikan member, thBastokan member a n d rip ineenbe¥iay Wonkan
(1963) , K1 h aek (19782)06d8%) € k &P alK198h)-The Zivialikan
memberis dominated by the alternation of clayey limestone, naeudi shaleThe
Bastokan membés described as massive, partly dolomitized limestone with sparse
microfossils. The M a fip memberis characterized by bioclastic limestone with
abundant rudist, pelecypod, echinoid, Orbitaidd Loftusia test fragment§ @ | ma z
and Duran, 1997)hese memérs are not commonly advised in recent studies.
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Figure5.4 Neostratotype aheGarzan Formatiofredrawn fromY & | @rad Duran,
1997).
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5.5 Field Study

The evaluation of the lithological features aswtimentary structures is the main
criteria for meseand macrescale facies interpretation. A field study requires a basic
understanding of stratification and depositional characteristics defined by

sedimentary features.

5.5.1 Lithostratigraphic Units in the Fi eld Study Area

The lithostratigraphicunitsi n t heAn@leirceg Ki s composed of Hoye
Becirman, Germavand Garzan formations deposited from Cretaceous to Miocene
(Figureb.5). The Garzan Formation is the oldest rock unit cropped out at the core of

the anticline.

Garzan Formations defined as cream, white colored, bioclastic, fossiliferous, thin
to thick beddedgil stained. The upper 144 meters of the strata is exposed at the core
of the anticline. The total thickness of the unit is measured as approximately 170 m
in the Well F. It is unconformably seated on limestones and dolomites Mdtiakn
Groupin this well. The Garzan Formation is overlain by th@ever member ofthe
Germav Formation. The fiftmeterthick rock unit of thelower member ofthe
Germav Formationis described as offvhite colored, thin beddedrgillaceous
limestone and light grey, beige catol, soft ananicrofossiliferos marl. The upper
member of theGermav Formatioroverlies the lower unit with shale, siltstored

sandstone lithologies.

The Becirman Formationis a yellowish cream colored, nodular, detrital
fossiliferous limestone. The thickness of the unit is about 50 meters in the study area.
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The G e r d~grmation covers the Becirman Fornia. It contains the reddish
brown colored conglomerates, sandstoreesd shales. The lower part of the

B o] ayMkrbers composed of dolomites and the upper parts are represented by
claystonemarlgypsum alternation cycles. At the uppermost, dolomitic marls,
dolomitic limestonesand limestones of thdoya Formatiorare exposedlhe cross
sectional view othe unitsobsev e d at Anficlene iSikBustratgdknFigure

5.6.

Figure5.6 G e r Argidline cross sction.

5.5.2 Field Observationsand Interpretations

At the eroded cAmticlme, thd Gartzdn estrat® expasedkwith
alternation of recessive and resistant b&igufe5.7). Some parts are covered with
grass and plants which occlude the examination of the sttadower parts of the
sectionis described as cream, white, beige colored, thattded to massive
limestone. Cream, ofivhite colored mediumthick-bedded, irregular bedded,
fossiliferous limestone strata are present at the middlefguré5.8). Towards the
upper parts, two resistant thitkedded to massive beds are pthbetween the thin
bedded sata These massive and moulikk beds built by macrofossils are
described as bioherms and the planar, thin beds are defined as biostromes in this
interval of the rock unitsHigure5.9 andFigure5.10). The vetical descriptions of
the strata and the field photos are illustratedigure5.11.
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