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ABSTRACT 

 

RESERVOIR HETEROGENEITY OF THE GARZAN FORMATION BY 

USING SEDIMENTOLOGICAL, MICROPALEONTOLOGICAL,  

GEOPHYSICAL, AND GEOCHEMICAL ANALYSES,  

BATMAN AND SIIRT,  

SOUTHEAST T¦RKĶYE 

 

Altēntaĸ, Damla 

Doctor of Philosophy, Geological Engineering 

Supervisor: Prof. Dr. Ķsmail ¥mer Yēlmaz 

Co-Supervisor: Prof. Dr. Sevin­ Altēner 

 

 

January 2024, 512 pages 

 

 

The sedimentary architecture of depositional environment, diagenetic history, and 

geochemical model of the Garzan Formation were built by the use of thin section 

analysis of well cuttings, cores and logs, three-dimensional seismic data, field 

observations, and geochemical data.  

In this research, the Garzan Formation is divided into twenty two microfacies 

deposited in inner ramp, mid-ramp, outer ramp, and basin facies zones on a distally 

steepened carbonate ramp. The main diagenetic processes, which influenced the 

Garzan strata, are determined as micritization, neomorphism, dissolution, 

cementation, compaction, and partial dolomitization. The sedimentological facies 

are correlated with the seismic facies defined on the spectral decomposition map 

generated from three dimensional seismic data. This study revealed that different 

colored seismic facies are ascribed to different sedimentological facies zones of the 

Garzan successions. The channel-like features observed on top of the unit on the 

seismic attribute maps are characterized as tidal channels influenced by the bottom 

currents.  
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The micropaleontological analysis was conducted by the classification of 

macrofossils, benthic and planktic foraminifera on the samples collected from the 

outcrop of the Garzan carbonates. Calcareous nannopaleontology was carried out on 

the samples of the measured section and the core piece. The benthic foraminifera 

classification shows that the unit deposited in the Maastrichtian. The planktic 

foraminifera and nannofossil biozonation point out the late Maastrichtian age. 

The geochemical analyses such as stable carbon and oxygen isotopes, XRF, XRD, 

SEM, and CT scanning were performed to decipher the nature of the irregular  

contact between the Garzan and overlying Germav formations in Well E. This study 

reveals that a small scale karstification occurred before the deepening of the 

carbonate platform.  

Keywords: Arabian platform, Garzan Formation, Carbonate sedimentology, 

Reservoir characterization, Seismic facies analysis, Stable isotope analysis 
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¥Z 

 

GARZAN FORMASYONUôNUN REZERVUAR HETEROJENLĶĴĶNĶN 

SEDĶMANTOLOJĶK, MĶKROPALEONTOLOJĶK, 

JEOFĶZĶKSEL, VE JEOKĶMYASAL ANALĶZLERĶ, 

BATMAN VE SĶĶRT, G¦NEYDOĴU T¦RKĶYE 

 

 

Altēntaĸ, Damla 

Doktora, Jeoloji M¿hendisliĵi 

Tez Yºneticisi: Prof. Dr. Ķsmail ¥mer Yēlmaz 

Ortak Tez Yºneticisi: Prof. Dr. Sevin­ Altēner 

 

 

Ocak 2024, 512 sayfa 

 

Birimin ­ºkelim ortamēnēn sedimantolojik ºzellikleri, diyajenetik tarih­esi ve 

jeokimyasal modeli, kuyu karot ve kesinti numuneleri ile loglarē, ¿­ boyutlu sismik 

data, arazi gºzlemleri ve jeokimyasal data kullanēlarak oluĸturulmuĸtur.  

Bu araĸtērmada, Garzan Formasyonu kēyē uzaĵēndaki kesimi dikleĸmiĸ bir karbonat 

rampa platformu ¿zerinde i­ rampa, orta rampa, dēĸ rampa ve havza fasiyes 

zonlarēnda ­ºkelmiĸ yirmi iki mikrofasiyese ayrēlmēĸtēr. Garzan Formasyonuônu 

etkileyen baĸlēca diyajenetik prosesler; mikritleĸme, neomorfizma, erime, 

­imentolanma, sēkēĸma ve kēsmi dolomitleĸme olarak belirlenmiĸtir. Sedimantolojik 

fasiyesler, ¿­ boyutlu sismik verilerden elde edilen ñspectral decompositionò 

haritasēnda tanēmlanan sismik fasiyeslerle karĸēlaĸtērēlmēĸtēr. Bu ­alēĸma, farklē 

renkli sismik fasiyeslerin Garzan karbonat kaya­larēnēn farklē sedimantolojik fasiyes 

zonlarēna atfedilebileceĵini ortaya koymuĸtur. ñSeismic attributeò haritalarēnda 

birimin ¿st¿nde gºr¿len kanal benzeri oluĸumlar, dip akēntēlarēndan etkilenen gelgit 

kanallarē olarak karakterize edilmiĸtir. 

Mikropaleontojik analizler, Garzan Formasyonuônun mostrasēndan alēnan ºrnekler 

¿zerinde makrofosil, bentik ve planktik foraminifera sēnēflandērēlmasēyla yapēlmēĸtēr. 
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¥l­¿l¿ kesit ve karot ºrneklerinde nannopaleontoloji ­alēĸmasē ger­ekleĸtirilmiĸtir. 

Bentik foraminiferler ¿zerinde yapēlan ­alēĸmalar, birimin Maastrihtiyenôde 

­ºkeldiĵini gºstermektedir. Planktik foraminiferler ve nannofosil biyozonasyonu 

ge­ Maastrihtiyen yaĸēnē iĸaret etmektedir. 

Duraylē karbon ve oksijen izotoplarē, XRF, XRD, SEM gibi jeokimyasal analizler ve 

BT tarama, Kuyu E'de Garzan ve ¿zerinde yer alan Germav Formasyonu arasēndaki 

dokanak iliĸkisini anlamak i­in yapēlmēĸtēr. Bu veriler ēĸēĵēnda, karbonat 

platformunun derinleĸmesinden ºnce k¿­¿k ºl­ekli bir karstlaĸmaya maruz kaldēĵēnē 

ortaya koymaktadēr. 

Anahtar Kelimeler: Arap platformu, Garzan Formasyonu, Karbonat sedimantolojisi, 

Rezervuar karakterizasyonu, Sismik fasiyes analizi, Duraylē izotop analizi 
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CHAPTER 1  

1 INTRODUCTION   

An integrated study of carbonate sedimentology, geochemistry, biostratigraphy, and 

geophysics based on well, seismic and outcrop data documents the combined effects 

of horizontal and vertical facies changes, and diagenesis on a carbonate reservoir in 

the southeast of T¿rkiye. The closure of the Neotethys Ocean initiated a set of 

tectonic regime promoted the development of shallow marine settings during the 

Late Cretaceous. Maastrichtian age Garzan Formation deposited on a distally 

steepened carbonate ramp in this unique depositional setting.  

The wide effects of this regional tectonism and related relative sea-level changes 

which influenced the area were recognized during macro-, meso- and micro-scale 

studies. Subsurface data of cores, cuttings, and several well logs integrated with 

outcrop studies were used to investigate the sedimentological, stratigraphical, 

micropaleontological, and geochemical properties of the Garzan Formation in 

different oilfields, wells, and at the outcrop in Batman and Siirt provinces, in 

southeastern T¿rkiye.  

1.1 Motivation  

The Garzan Formation is one of the most productive reservoirs for hydrocarbon 

exploration in the southeast of T¿rkiye. The heterogeneity of the microfacies 

associations, the unique microfossil assemblages, and the complex diagenetic 

properties of the Garzan Formation create a challenge in terms of hydrocarbon 

exploration in southeastern T¿rkiye. The spatial and vertical variations of these 

properties in short distances cause difficulties in proposing exploration wells. To 
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bring a solution to these problems and disentangle the riddle of the Garzan 

succession 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 properties are defined in the aspect of petrographic 

and diagenetic features by conducting thin section analyses.  

There are some studies which suggest that the upper boundary of the Garzan 

Formation was exposed to atmospheric conditions and underwent the effects of 

meteoric diagenesis (Naz, 1986; Sayēlē et al., 2016). Moreover, some other studies 

exhibit seismic sections which reveal so-called incised valleys at the top of the 

formation (Sarēkaya et al., 2012; Sayēlē et al., 2016). One of the aims of this study is 

to test published and recent evaluations about these issues.  

This study strives to reveal the reasons behind the complex heterogeneity of the 

Garzan Formation. The combined effects of the syndepositional faulting mechanism, 

sea-level fluctuations, and diagenetic modifications are elaborated in this research.  

1.3 Objectives 

One of the objectives of the research is to discuss the facies and architectural 

variability, to approach the characteristics and the time of the diagenetic features, 

and to construct the depositional model of the Maastrichtian age Garzan Formation 

in the Oilfield G. In order to fulfill this objective, 11 wells were chosen and the thin 

sections were obtained from well cuttings and cores. The vertical and lateral 

microfacies associations were described and diagenetic features were recorded. The 

reservoir parameters in each well were evaluated in order to understand the reservoir 
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characteristics of the Garzan Formation. The depositional model of the Garzan 

Formation was built in Oilfield G.  

Another objective of this study is to evaluate the possible mechanisms for the 

formation of the channels detected on the upper boundary of the Garzan Formation 

recognized on seismic studies and to bring a new perspective of the correlation of 

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 facies zones on the 

spectral decomposition map in order to compare them with the sedimentological 

facies defined during the petrographic analysis.  

The other objective is the comprehension of the sedimentological properties, 

micropaleontological implications, stable isotope geochemistry, and depositional 

environment of the Garzan Formation at the outcrop and in the subsurface extent at 

the site of Well F. The effects of burial diagenesis and faulting system on Well F and 

the recent meteoric diagenesis on the outcrop were discussed for comparing the 

subsurface and surface data in this study.  

Yet another objective of this research is to clarify the nature of the contact between 

Garzan and Germav formations by conducting sedimentological analyses, stable 

isotope geochemistry, DECT scanning, XRD and XRF analyses, SEM,  and 

petrophysical analysis in Well E. 

To achieve the requirements of the objectives of the project, a multidisciplinary and 

comprehensive study was carried out on an outcrop section, an exploration well close 

to the field study area, and 32 wells in six oilfields 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 T¿rkiye (Figure 1.1). Oilfield G is located in Kurtalan County, 

Siirt and the oilfields A, B, C, D, and Well E are placed in Besiri and Kozluk 
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counties, Batman. The fieldwork location is seated in Konak Village, near Gerc¿ĸ 

County, Batman (Figure 1.1).  
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1.5 Petroleum System and Economic Significance 

Considering overwhelming proportion of the major petroleum reservoirs in the 

world, the Arabian Platform plays a significant role with its broad continental shelves 

and ramp systems developed during Mesozoic (Beydoun, 1991). Southeast T¿rkiye 

is located at the northernmost part of the Arabian plate where the major tectonic 

movements occurred. This tectonically active zone led to the breaking of the giant 

traps into pieces (Bahtiyar, 2013). It makes the oil exploration difficult in the region 

and decreases the volume of the reservoirs in the oilfields.   

The Cretaceous successions in Batman and Siirt, southeast T¿rkiye were proven as 

significant prolific hydrocarbon provinces with a great number of oil and gas fields. 

The Garzan Formation is one of the most important reservoirs in the southeast 

T¿rkiye. The oil and gas production from the Garzan reservoir dates back to 1950s. 

More than 300 million barrels of oil have been produced from the Garzan carbonate 

rocks until recently (Yēlmaz and T¿resin, 2021).  

The oils are classified into three main and two mix groups in the southeast T¿rkiye. 

Besides gross parameters, API gravity, sulfur content, and asphaltene ratio are used 

for the oil classification (Ķztan, 1999; 2015). The source rocks of the distinct oil 

groups are Jurassic Cudi Group, Cretaceous carbonate rocks, and Silurian Dadaĸ 

Formation (Ķztan, 1999; 2015). The produced oil from the Garzan Formation was 

generated from these source rocks, and assigned to main and mixed oil classes in 

different oil fields (Ķztan, 1999; 2015). 

Germav marls and shales overlie the Garzan Formation in the study area as moderate 

to good cap rocks. The geometry of the build-ups, the lateral and vertical facies 

changes, and differential diagenesis created the stratigraphic traps for hydrocarbon 

accumulation. The most important structural elements for trapping of the 

hydrocarbon are defined as vertical and lateral faults in the area (Bahtiyar, 2013). 

The stratigraphic-structural combined traps provide four-way closure in the 

structural elements.  



 

 

6 



 

 

7 

CHAPTER 2  

2 LITERATURE REVIEW  

2.1 Previous Studies 

The evolution and the tectonic history of the Arabian Platform has been subject of 

significant number of studies for many years (Beydoun, 1991). The main reason of 

this attention is the fact that the wide expansion of the high quality source rocks have 

been deposited on broad continental shelves (Beydoun, 1991). Although the Garzan 

Formation stands for the product of Cretaceous carbonate platform, a limited number 

of studies were published.  Considerable number of studies of the oilfields and wells 

have been carried out by TPAO; however, most of the reports of these studies were 

recorded as confidential reports in the archives of the company.  

One of the most comprehensive study in the area of interest is the Lexicon written by 

Yēlmaz and Duran in 1997. The book presents the stratigraphic nomenclature of the 

autochthonous and allochthonous units in the Southeast T¿rkiye. The type locality, 

the hierarchical position in the lithostratigraphic units, the history of definition and 

classification, synonyms, upper and lower boundary relationships, thickness 

variations, regional characteristics, geological age, and environment of each unit are 

defined in this report.  

Another broadly-based study has been conducted and reported by G¿ven et al. in 

1991. Campanian-Paleocene autochthonous successions in the southeastern Anatolia 

are subdivided into five depositional sequences such as middle-upper Campanian, 

upper Campanian-lower Maastrichtian, middle-upper Maastrichtian, Lower-middle 

Paleocene, and Upper Paleocene successions (G¿ven et al., 1991). Numerous wells 

were reviewed and correlated to construct the cross sections and paleogeographic 

maps for each time period of the successions. The Garzan Formation was 
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demonstrated as the depositional sequence on a carbonate platform which extended 

from allochthonous units in the north and narrowing and ended towards the south. 

Salem et al. (1986) conducted a study covering the oilfields in Batman-Hakkari area 

(former Central District, Licence X area) in 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 pre-existing high, (2) presence of a current circulation pattern, (3) 

presence of a contemporaneous fault system, and (4) influence of subsidence on 

facies distribution. The carbonates of the Garzan Formation were sedimented in a 

shallow marine environment with uneven bottom topography. The antecedent 

topography after the post-Mardin compressional tectonic phase was created as a 

number of east-west trending high and low structures delineated by a series of 

fractures, lines of weaknesses, and 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 carbonates were discussed by 

Salem et al. (1986). Various types of diagenetic features were observed and classified 

as the products of marine, meteoric, mixed, and subsurface water diagenesis. The 

effects of the post burial diagenesis were scarcely seen in this study. Salem et al. 

(1986) studied depositional and facies distribution models of the Garzan Formation 

in several oilfields. In Oilfield A, Well A-1 was located inside the tidal channel in 

the depositional model in this study.  

Another striking study about the facies change and the subsequent diagenetic history 

of the Garzan Formation throughout the geologic time was carried out by Naz in 

Oilf ield 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 light of the obtained data, he subdivided carbonate 

shelf unit into six depositional facies; in terms of, shallow-basinal carbonates, fore- 

reef/talus carbonates, flank carbonates of shoal-reef complex, carbonates of shoal-

reef complex, back-reef carbonates, and lagoon carbonates (Naz, 1986). The 

depositional environment is the main agent which designates the initial reservoir 
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features such as porosity and permeability. On the other hand, the diagenesis puts 

the formation into final form by improving or reducing these initial features. Hence, 

he also evaluated the eogenetic, telogenetic, and 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 them for the projection of 

new hydrocarbon prospects.   

A dissertation on the Garzan Formation was published by Zeynep Elif Gaziulusoy 

Yēldēzel in 2008. She studied on the depositional stacking patterns and cycles of the 

Garzan Formation in Garzan and Germik oilfields. She described the Garzan 

Formation as deepening upward marine carbonates including successions ranging 

from subtidal to open marine facies (Yēldēzel, 2008). According to her research, the 

Garzan Formation is composed of five microfacies types; miliolid wackestone 

(subtidal), orbitoid-miliolid wackestone, rudist wackestone (back shoal to shoal), 

rotalid-miliolid wackestone (shoal to fore shoal), and pelagic foraminiferal mudstone 

(fore shoal to open marine). She assigned these facies to five types of depositional 

cycles (A to E). The type A and D cycles were described as the retrogradational 

stacking patterns of transgressive systems tract (Yēldēzel, 2008). The type B and type 

C are the aggradational parts of the highstand systems tract, whereas the type E cycle 

is the progradational part of the highstand systems tract (Yēldēzel, 2008). 

Sarēkaya et al. (2012) presented a poster in AAPG 2012 International Conference 

and Exhibition, Singapore to elaborate the mechanism for the channel-like features 

observed at the upper part of the Garzan Formation in seismic studies. The reflection 

strength amplitude maps highlighted trends such as channel features in that study. 

The sedimentological analysis on the well and core data was integrated to this 

seismic study in order to understand the petrographical properties of the Garzan 

Formation in the area of interest. The unit was subdivided into two main facies and 

five subfacies which were assigned to shoal complex, lagoon, and incised valley 

subenvironments. The channel features trending northwest to southeast were 

described as incised valleys in this study. It is stated that the channel complex 
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probably formed at a later stage of the deposition and deeply cut the upper Garzan 

successions. The upper reservoir section of the Garzan Formation was eroded 

partially or entirely. The shale and argillaceous limestone of the Germav Formation 

filled the valleys as the deep marine sediments. 

In 2014, a presentation was given by T¿resin et al., titled as ñA new approach to 

Maastrichtian Garzan and Kēradaĵ formations in western Siirt region, Southeast 

Anatolia: Stratigraphic differences, sequence stratigraphic evaluation, and effects of 

regional tectonics on facies distributionò in the 67th Geological Congress of Turkey. 

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 build-ups and carbonate 

sand shoals, shelf margin shoals, and open shelf. In a sequence stratigraphic 

perspective, the clastics of the underlying Kēradaĵ Formation were described as LST 

deposits. The initial carbonate strata of the Maastrichtian sea, 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 Maastrichtian shelf is tectonically unstable. 

Demir (2014) published a masterôs thesis on applications of polymer gel in Raman 

(Batman) oilfield whose main reservoir is Garzan Formation. The purpose of this 

research is to examine the Garzan Formation for polymer gel injection operations in 

order to increase the oil production by using 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 such as shallowing-upward and deepening-upward 

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

depositional environment were referred.   

In 2016, Sayēlē et al. prepared an internal and unpublished report in TPAO about the 

microfacies and reservoir properties of the Garzan Formation. They discussed on the 

channel-like features on top of the Garzan carbonates interpreted on the seismic 
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sections and seismic attribute maps. They described these channels as incised valley 

channels like Sarēkaya et al. (2012). They also defined the Garzan Formation as a 

shallowing upward sequence in the study area.  

Sinanoĵlu (2016) prepared a dissertation on micropaleontology and paleoecology of 

the Upper Cretaceous-Paleogene units in the southeast Batman. The outcrop located 

at the west of Gerc¿ĸ town was measured, and detailed micropaleontologic and 

paleoecologic investigations were carried out on the collected samples. The Garzan 

Formation is described as beige-yellowish, thin-thick bedded, limestones with 

benthic foraminifera, and algae. Seven different facies are defined based on 

described fossils. Reef bank, restricted back reef, and fore reef subenvironments are 

assigned to these facies. The age of the Garzan Formation is declared as 

Maastrichtian in that study.  

A recent comprehensive study was carried out by Yēlmaz and T¿resin and reported 

in 2021 as an internal report in TPAO. The sedimentological and sequence 

stratigraphical properties of the Garzan Formation are presented by using enormous 

number of thin section data obtained from the cuttings and cores of the wells drilled 

in many oilfields. The Garzan Formation is subdivided into eight microfacies in this 

study. The depositional subenvironments 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, pyritization, stylolitization, 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 paper on structural and stratigraphic feature 

delineation and facies distribution using seismic attributes and well log analysis 

applied to a Brazilian carbonate field. They identified the structural and stratigraphic 
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components in the oilfield, and constructed the conceptual geologic models and the 

facies maps by using seismic properties of the unit. They used the sweetness and the 

spectral decomposition seismic attributes in order to delineate architectural elements 

of the reservoir. They utilized the well log data to support the seismic interpretation. 

This study allowed the classification of the four main architectural elements of the 

carbonate reservoir as tidal channels, carbonate shoals, reef, and lagoons (Bueno et 

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) defined the late Maastrichtian as a time of major climate, evolution, 

and extinction extremes. The carbon and oxygen stable isotope variations were 

measured in Amboanio section, Madagascar. Stable isotope analysis was performed 

on planktic (Rugoglobigerina rugosa) and benthic (Cibicidoides pseudoacuta) 

foraminifera and drawn individually to demonstrate the variations of the carbon and 

oxygen isotope measurements.  

A high-resolution study of carbon isotope stratigraphy and calcareous nannofossil 

biostratigraphy of the Santonian-Maastrichtian strata was established by Razmjooei 

et al. (2020a and 2020b) in the Zagros Basin, Iran. The Upper Cretaceous successions 

of the Gurpi Formation in the Shahneshin and Bowan sections were analyzed. It is 

stated that the isotopic data of Bowan and Shahneshin sections demonstrate 

remarkable similarity to each other.  

The carbon and oxygen isotope stratigraphy of the Upper Maastrichtian successions 

in Spain was established by Mount et al. (1986). It is stated that Upper Maastrichtian 

and lowermost Danian rock successions represent several major isotopic excursions 

before the Cretaceous/Paleogene boundary event (Mount et al., 1986). 
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CHAPTER 3  

3 DATA AND METHODOLOGY  

3.1 General Remarks 

An integrated study of carbonate sedimentology, geochemistry, and 

micropaleontology based on outcrop, well, and seismic data documents the reservoir 

properties of Maastrichtian carbonate shelf deposits in the southeast T¿rkiye.  

3.2 Privacy Policy 

Most of the data are provided by TPAO. The well and oilfield names are nominated 

by random capital letters in accordance with the privacy policy of the company.  

3.3 Analyses 

 Field Study and Sampling 

One of the significant requirements of this research involved to perform a field-based 

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

To investigate the Garzan strata on site, to examine the unit in a broader scale, and 

to measure a section with samples, a fieldwork was conducted in June and July, 2015 

at the south of Batman. The study area is seated in Konak Village, near Gerc¿ĸ 

County. The outcrop of the unit was visited at the core of Gerc¿ĸ Anticline (Figure 

1.1).  
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The general information about the locality, the thickness of the Konak measured 

section, and the total number of the hand specimens collected during the field work 

are given in Table 3.1. The satellite image of the outcrop is demonstrated in Figure 

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

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

are distinguished.  

Table 3.1 The general information of the Konak measured section. 

SECTION 

NAME LOCATION 
TOPOGRAPHIC 

MAP  
1/25000 

GEOGRAPHIC POSITION 
STRUCTURAL 

POSITION 
THICKNESS 

(m) 

NUMBER 
OF 

SAMPLES STARTING  ENDING 

KONAK 
DŜǊŎǸǒ, 

BATMAN 
M46-c4 

37700033 N 
4160773 E 

37700319 N 
4160569 E 

Core of  
DŜǊŎǸǒ 

Anticline  
146 41 

 

  

Figure 3.1 Satellite image of Konak measured section (from Google Earth). 

The thicknesses of the strata were precisely measured by using Jacobôs scale, 1.5 

meter-long stick, and a bullôs eye level for projection. One-hundred-and-forty-six-

meter section was measured and sampled in Konak measured section. A total of forty 

one samples were collected throughout the section. 
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The samples were taken from closely spaced intervals at the lower part of the section. 

Towards the upper part of the section, the strata represent recessive beds. Due to the 

weathering of the strata and intense vegetation, the samples were obtained from 

intermittent resistant beds. The sampling interval was diminished at the upper part 

of the section. The samples were cut and thin sections were prepared for 

sedimentological analysis. Each sample was drilled and the obtained powder was 

collected for isotope analysis. Samples were processed in the R&D Center, TPAO 

and Geological Engineering Department, METU. Thin section blanks were cut from 

specimens and standard-size petrographic thin sections were prepared.  

 Wells  

A total of 33 wells from different localities were examined in the scope of this work. 

The spatial distribution map of the wells in Oilfield A, B, C, and D is illustrated in 

Figure 3.2. Eight wells in Oilfield A, three wells in Oilfield B, four wells in Oilfield 

C, and 5 wells in Oilfield D were examined in detail.  

A total of eleven wells were chosen for detailed investigation of the Garzan 

Formation in Oilfield G. The spatial distribution map of the wells in Oilfield G is 

shown in Figure 3.3. The locations of Well E and Well F on satellite image are given 

in Figure 1.1.  Well F is located at the 12 km east of the Konak measured section 

(Figure 1.1).  
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Figure 3.3 Spatial distribution of the wells in Oilfield G. 

 Cuttings 

Cuttings are tiny rock fragments that crushed by the bit teeth and brought to the 

surface by drilling 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 texture, 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 



 

 

18 

of depth analysis. One other 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 cores were investigated with thin sections of the cutting 

samples chosen under the Zeiss Stemi 1000-C microscope. The samples for XRD 

analysis were also obtained from the cuttings where they were required. 

 Conventional Cores 

In exploration 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, and for the measurement of the 

reservoir properties.  The core recovery efficiencies of some of the wells are low. 

Typical core barrel is 9 m long and it is cut into 1 m lengths for convenient 

transportation with the core boxes. Core diameters vary from 5 cm to 15 cm and they 

are obtained mostly 10 cm in the Garzan Formation. The cores are marked by red 

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

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

general information about the cores are given in Table 3.2.  

Table 3.2 The general information of the cores obtained in the wells. 

Well Name 
Core No. 

Thickness 
(m) 

Depth Recovery 
(%) 

FCAL 
Top (m) Bottom (m) 

Well G-1 

5 4.68 1721.4 1726.56 90% V 

6 1.08 1726.56 1732.56 18% V 

7 4.8 1732.56 1738.56 80% V 

8 4.8 1738.56 1744.56 80% V 

9 0.3 1744.56 1750.56 5%  ̆

10 5.3 1750.56 1756.23 98% V 

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 3.2 The general information of the cores obtained in the wells (continued). 

Well G-2 1 0.6 1768 1774 10%  ̆

Well G-3 

1 2.46 1704.5 1708.61 60%  ̆

2 0.95 1720 1721 95%  ̆

3 0.95 1735 1741 50% V 

4 0.9 1755 1761 15%  ̆

5 0.6 1770 1776 10%  ̆

6 1.2 1790 1796 20%  ̆

Well G-4 

2 4 1735.86 1740.8 80% V 

3 3 1740.9 1745.9 60% V 

4 4.5 1761 1765.93 90% V 

5 5.1 1780 1786 85% V 

Well G-5 1 3.32 1884.2 1889.3 65%  ̆

Well G-6 1 5.92 1724.2 1730.12 50%  ̆

Well G-7 1 4 1707.02 1711.02 10%  ̆

Well G-8 

2 2.5 1724.9 1727.4 40%  ̆

3 6 1727.4 1733.4 60% V 

4 5 1750 1755 60% V 

Well G-9 1 2.8 1733.3 1736.1 45%  ̆

Well G-10 1 3 1777 1780 20%  ̆

Well G-11 1 6 1496 1502 55%  ̆

Well G-11 2 6.7 1505 1511.7 55% V 

Well G-11 3 5 1521 1526 25%  ̆

Well G-11 4 6 1536 1542 45% V 

Well G-11 5 1 1567 1568 25%  ̆

Well G-11 6 6 1568 1574 100% V 

Well G-11 7 6 1574 1580 100% V 

Well G-11 8 6 1581 1587 80% V 

Well A-2 2 4 2189 2193.75 84%  ̆

Well A-2 3 9 2193.75 2202.75 100%  ̆

Well A-3 1 1.6 2222 2228 27% V 

Well A-4 1 5.7 2159.5 2165.5 95% V 

Well A-4 2 2 2165.5 2170.3 42% V 

Well A-5 1 8.6 2215 2224 95% V 

Well A-6 1 8.64 2094 2103 96% V 

Well A-6 2 8.47 2103 2112 94% V 

Well A-7 1 9.18 2260 2269.18 100% V 

Well A-7 2 1.4 2273 2277 35% V 

Well A-8 1 9 2264 2273 100% V 

Well B-2 1 9 2401 2410 100% V 

Well C-1 1 6 2309 2315 100% V 

Well C-2 1 9 2263 2272 100% V 

Well C-3 1 3.5 2156 2164.5 41% V 

Well C-5 1 7 2147 2154 100%  ̆

Well D-1 1 5.5 2190.5 2196 50% V 

Well D-4 1 6.8 2210.6 2217.4 100% V 

Well E 
2 7.4 1994 2001.4 87%  ̆

3 9.68 2003 2012.68 100% V 
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  Thin Section Analysis 

A detailed petrographic study was carried out on the cores and cuttings obtained from 

the wells and the outcrop section. 41 thin sections from the hand specimens collected 

from the Konak section, 344 of them from the core plugs and core pieces, and 334 

of them from the cuttings were prepared as thin sections or taken from thin section 

archive for petrographic analysis in the R&D Center, TPAO. 

Table 3.3 The number of the thin sections. 

Well/ 
Section 

Thin Section  Well/ 
Section 

Thin Section 

Core Cuttings  Total  Core Cuttings  Total 

A-1 - 18 18  G-1 38 16 54 

A-2 7 5 12  G-2 - 2 2 

A-3 2 7 9  G-3 9 5 14 

A-4 16 3 19  G-4 6 15 21 

A-5 8 23 31  G-5 11 8 19 

A-6 55 2 57  G-6 2 2 4 

A-7 21 7 28  G-7 1 3 4 

A-8 12 6 18  G-8 11 - 11 

Oilfield A 121 71 192  G-9 2 3 5 

B-1 - 16 16  G-10 2 - 2 

B-2 18 - 18  G-11 17 - 17 

B-3 - 28 28  Oilfield G 99 54 153 

Oilfield B 18 44 62  Well E 27 - 27 

C-1 4 1 5  Well F 7 27 34 

C-2 15 16 31  Konak  - - 41 

C-3 14 17 31      
C-4 13 20 33    Core: 344   

Oilfield C 46 54 100    Cuttings: 334   

D-1 6 24 30    Hand Specimen: 41   

D-2 - 10 10    Total: 719   

D-3 - 14 14      
D-4 20 24 44      
D-5 - 12 12      
Oilfield D 26 84 110      
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The thin sections were examined with a binocular transmittedïlight microscopy 

(Zeiss Axio Imager, A1 m attached with Zeiss AxioCam Erc 5s camera). Zen 

software program was used for taking photomicrographs of the thin sections. The 

photomicrographs were taken both in plain polarized and cross polarized light. A 

thin section scanner machine (Zeiss Axioscan 7) was also performed for taking high 

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

The identification of the microfacies follows the classification of Facies Dunham 

Classification (1962) and Embry and Klovan (1971). The recognized microfacies 

were compared to the Ramp Microfacies Types of Fl¿gel (2004). The porosity types 

were identified by using Choquette and Prayôs (1970) Classification (Figure 3.5). 

Choquette and Prayôs (1970) categorized the porosity types into 3 main groups, 

namely, fabric selective, nonfabric selective, and fabric selective or not. For the 

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

(Figure 3.7).  

The core plugs and chips were treated by blue epoxy for a better identification of the 

porosity on the thin sections. However, the air bubbles trapped in some of the pore 

spaces are seen white in the thin sections.  

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

dolomitization when it was necessary.  
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Figure 3.4 The carbonate rock texture classification (Dunham, 1962) with 

modifications by Embry and Klovan (1971) (taken from the Bureau of Economic 

Geology website). 
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Figure 3.5 Classification of pore types in carbonate rocks. Pore spaces are shown in 

blue color (modified from Choquette and Pray, 1970; Tucker and Wright, 1990). The 

image were redrawn from Scholle and Ulmer-Scholle (2003). 

 

Figure 3.6 Size modifiers of the porosity (Choquette and Pray, 1970). 
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Figure 3.7 Classification of pore types by Lucia (1983).  

 Cathodoluminescence (CL) 

Cathodoluminescence (CL) analysis was performed in the R&D Center, TPAO. The 

RELIOTRON VII CL is a microscope-mounted cathodoluminescence (CL) system, 

designed for the primary purpose of looking at thin sections of materials. The tool is 

equipped with Leica standard petrographic binocular microscope and Zeiss Axiocam 

506 color camera. The electron gun is defined as a cold cathode discharge type which 

performs between 5 kV and 25 kV. The beam current is set as in between 0 and 1 

mA.  

 

Figure 3.8 RELIOTRON VII cathodoluminescence (CL) system. 
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Light microscopy based-cathodoluminescence method is essential to understand the 

diagenetic history of the cement types. It is used to observe the equally luminescing 

zones, which indicate similar diagenetic timing (Machel, 1985; Yetim, 2021). 

Manganese (Mn) and iron (Fe) are the most common trace elements which possess 

higher intensity luminescence in carbonate successions (Yetim, 2021). These 

elements exhibit bright orange color.  

 Isotope Analysis 

The specimens and the core pieces were drilled by micromill 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 specimens of the Konak section 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 and labeled.  The samples 

were delivered to the Central Laboratory in the Middle East Technical University 

(METU) for stable carbon and isotope measurements.   

Measurement of the ŭ13C and ŭ18O isotope values in carbonate samples is carried out 

using the Gas Bench-Continuous Flow Isotope Ratio Mass Spectrometry (Delta Plus 

XP Isotope Ratio Mass Spectrometer ï Thermo Finnigan) technique. Carbonate 

samples are weighed between 0.2-0.6 milligrams and placed in sample holders. Each 

sample is reacted with Ortho-Phosphoric acid (99%) for about two hours at 70 

degrees Celsius. The CO2 gas produced by this reaction is purified and sent to the 

mass spectrometer to be separated into isotopes. ISODAT software is utilized to 

convert the ion ratios of CO2 gas into raw isotopic ratios. The ñNBS19 Limestone 

(NIST)ò standard (ŭ13C: 1.95 ă and ŭ18O: -2.20 ă) is analyzed with each set of 

samples to convert the raw isotopic ratios of the samples into real isotopic values. 

The 1ů margin of error for ŭ13C and ŭ18O isotope ratios is less than 0.2 ă. 
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ŭ13Ccarb data is reported per mil (ă) relative to the Vienna Pee Dee Belemnite 

(VPDB) isotopic standard (Coplen, 1994). ŭ18Ocarb data is reported per mil (ă) 

relative to Vienna Standard Mean Ocean Water (VSMOW) and converted to VPDB 

using the equation:  

ŭ18OVPDB = 0.97006 * ŭ18OVSMOW ï 29.94  

(Friedman and OôNeill 1977). 

 Well Logs 

This part covers the basic principles of the well log recordings and reviews some 

special purposes of the tools. The utilized logs in this study were obtained with 

conventional logging techniques with basic open-hole tools. Spontaneous potential 

(SP), Gamma ray (GR), spectral gamma ray (SGR), sonic (DT), density (RHOB), 

neutron (NPHI), photoelectric (PE), and borehole image logs (XRMI)  are discussed 

below. The well logs were run in each well are listed in Table 3.4.  

Table 3.4 Well log data distribution. 

Well  
Name 

SP GR SGR DT 
RHOB-
NPHI 

PE XRMI 

Well A-1 - V - V - - - 

Well A-2 - V - V - - - 

Well A-3 - V - V - - - 

Well A-4 - V - V - - - 

Well A-5 - V - V - - - 

Well A-6 - V V V - - - 

Well A-7 - V - V - - - 

Well A-8 - V - V - - - 

Well B-1 V   - V - - - 

Well B-2 - V - V - - - 

Well B-3 - V - V - - - 

Well C-1 - V - V - - - 

Well C-2 - V - V - - - 

Well C-3 - V - V - - - 

Well C-4 - V - V - - - 

Well D-1 - V - V - - - 
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Table 3.4 Well log data distribution (continued). 

Well D-2 - V - V - - - 

Well D-3 - V - V - - - 

Well D-4 - V - V - - - 

Well D-5 - V V V - - - 

Well G-1 - V - V - - - 

Well G-2 V   - - - - - 

Well G-3 - V - - - - - 

Well G-4 - V - - - - - 

Well G-5 - - - - - - - 

Well G-6 V   - - - - - 

Well G-7 V   - V - - - 

Well G-8 - V - - V - - 

Well G-9 - V - - V - - 

Well G-10 V   - - - - - 

Well G-11   V - V - - - 

Well E V V V V V V V 

Well F - V - V - - - 

 

3.3.8.1 Spontaneous Potential 

Spontaneous potential or self-potential 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 surface (Schlumberger, 1972). The main 

use of the log is for the detection of the permeable beds, defining the formation 

boundaries, determining the values of formation water resistivity, and obtaining bed 

shaliness (Schlumberger, 1972). In this research, SP log is used for delineating the 

formation well tops in some older drilled wells where gamma ray log was not 

acquired.   
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3.3.8.2 Gamma Ray  

The gamma ray (GR) log is a unique passive log which measures the natural gamma 

ray emitted by the rock. Even though there are numerous radioactive isotopes which 

produce gamma ray emission, only three of them are noticeable in rocks, namely, 

uranium (U), thorium (Th), and potassium (K) isotopes. These isotopes are found in 

clay minerals in significant amount. The most common usage is for differentiation 

of the clean beds from the shaly ones. The shale volume calculations are made by 

using the records of the gamma ray radiation (Schlumberger, 1972). API scale is 

used as the unit of the gamma ray emissions. The range of the API scale is displayed 

from 0 to 100 in the gamma ray tracks in this study.  

3.3.8.3 Spectral Gamma Ray  

A spectral gamma ray (SGR) log measures the natural gamma ray of the rocks 

separately and records the U, Th, and K values individually. Although limestone has 

lower clay content and is represented by lower GR responses, the high GR values 

are observed related to organic content. The organic matter creates high uranium 

gamma ray emits. In order to differentiate limestone lithology, the computed gamma 

ray (CGR) values are calculated by omitting uranium gamma ray values. Thorium 

and potassium gamma ray values are just considered in this curve. CGR logs are 

created to perceive the clean and clay-free intervals. Some wells are drilled with KCl 

mud and a potassium correction should be done during well log evaluation. 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 formations.  

The conventional sonic tool measures the interval transit time taken by a sound pulse 

to travel between a transmitter and a receiver. The sonic log (DT) provides the 

reciprocal of the velocity, ȹt (Schlumberger, 1972). It is a measure of the capacity 

to transmit compressional sound waves (P-wave) of the formation (Schlumberger, 

1972). This capacity varies with lithological properties and the texture of the rocks. 

It is utilized for creating 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 density by utilizing the number of the electrons 

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

The neutron 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 detector (Schlumberger, 1972). It basically responses to the amount of hydrogen 

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

The porosity log is estimated by using the sonic, density, and neutron logs. The wells 

in the study area are interpreted 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 factor (PE) log is an improved version of the density log. It 

measures the photoelectric absorption cross section index of the formation in 

volumetric terms (Next, 2023). PE value is a unique number for different reservoir 
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rocks, minerals, and fluids. It is used for lithology identification. PE values are 

defined as 5.08 for calcite and 3.14 for dolomite minerals. PE values are also used 

for the classification of the clay type by drawing the cross-plots with spectral gamma 

ray logs.  

3.3.8.6 Borehole Image Log 

Borehole imaging tool delineates bed boundaries, fractures, and sedimentological 

features of the rock units by using acoustic and resistivity image properties. The 

image log (XRMI) of Well E is illustrated in this study to exhibit the bed contact 

between Garzan and Germav formations. 

 Fundamental Core Analysis Measurements (FCAL ) 

Fundamental core analysis is conducted in order to measure the petrophysical 

properties of the Garzan Formation such as grain density, porosity, and permeability. 

These analyses are performed at the R&D Center, TPAO.  

For ambient grain density and porosity measurements, one-inch diameter core plug 

samples with varying lengths from 40 mm to 55 mm are retrieved from cores and 

dried in constant temperature oven at 65oC for four days. The porosity of the core 

plugs are calculated by using a helium gas expansion porosimeter and by applying 

the principle of Boyleôs Law.  The isothermally expansion of the Helium gas into the 

matrix cup enables to acquire grain volume used for porosity and grain density 

calculations. 

Permeability measurements are conducted by placing the core plugs in Hassler type 

core holder at a pressure of 300 psig. The flow of dry air at a constant temperature is 

allowed through the holder in the steady state conditions. Darcyôs law is applied for 

permeability calculations. The formula for the klinkenberg permeability calculation 

is given below. 
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A total of 220 fundamental core analysis measurements were performed and used 

for approaching reservoir properties of the Garzan Formation (Table 3.2). The mean 

values were calculated to obtain the average values for each well. The arithmetic 

mean is used for calculating average porosity and the geometric mean is utilized for 

average permeability in order to eliminate the extreme values.  

 X-ray Diffraction  (XRD) 

Semi-quantitative XRD bulk powder and clay mineralogy sample preparation and 

analysis procedure of the R&D Center, TPAO is written as the following excerpt.  

The samples are gently ground with brass mortar by hand. If the sample contains 

minerals which have higher hardness levels, than Retschôs RS 200 vibratory disc 

mill is preferred to obtain smooth powder. An 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 by utilizing the ñMDIôs Jade 7.0ò software. The mineralogical content 

which consists of non-clay minerals such as rock forming minerals, accessory 

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

After the completion of bulk XRD analysis, further analysis is performed for the 

measurement of the clay minerals.  The sample is prepared by following the ñSmear 

Mount Methodò described in Moore and Reynolds (1997) in order to determine the 

clay mineral types. Chemical pretreatments, such as removal of iron oxides or 

removal of organic materials, are not followed unless it is mandatory as suggested 

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

especially mixed-layer types.  

The bulk powder diffractogram is interpreted based on the Inorganic Crystal 

Structure Database (ICSD) of International Centre for Diffraction Data (ICCD) by 
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using MDIôs ñJade 7.0ò software, and semi-quantitative analysis is performed 

according to the profile-based matching of the software and reference intensity ratios 

(RIR) of minerals by using ñEasy Quantò patch of the software. The PDF-2 database 

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-

quantitative clay mineral analysis is performed by applying the procedures in 

Underwood and Pickering (1996). The XRD analysis was performed by Yinal Neĸes 

Huvaj in the R&D Center, TPAO.  

 X-Ray Fluorescence (XRF) Spectrometry for Compound Analysis 

X-Ray fluorescence (XRF) spectrometry analysis was performed on fourteen 

samples retrieved from Core 2 in Well E. The procedure of the analysis conducted 

in the R&D Center, TPAO are written as the following excerpt.  

Samples are ground in a ring mill and dried in an oven at 105ÁC for 1 hour to dry out 

moisture before the analysis. Samples weighed in certain grams are turned into 

compressed tablets called as pellets with the help of wax. XRF spectrometry is used 

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

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

performed with an X-ray fluorescence detector. The instrumental conditions in the 

XRF analysis is given in Table 3.5. 

Table 3.5 The instrumental conditions in XRF analysis. 

Generator  MNX 75W X-RAY POWER SUPPLY 

Tube   Cu 

Target   Tungsten, Molybdenum 

Voltage  40 kV 

Current  0.9 mA 

 



 

 

33 

The XRF method is based on the principle of excitation of atoms in the sample. 

Typically, the primary X-ray produced in an X-ray 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 from the 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 present in the 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 detector. X-rays produce signals that 

depend on the energy of the radiation coming into the detector. Signals are collected 

in a multi-channel analyzer. In the analysis section, a spectrum is generated to show 

the intensity points of the X-ray versus energy. The peak area or density is an 

indication of the amount of element in the sample. 

 Scanning Electron Microscopy (SEM) - Energy Dispersive 

Spectrometer (EDS) Analyses  

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

analyses were carried out in the R&D Center, TPAO. The procedures of the analyses 

are written as the following excerpt. 

The samples which have been representatively selected were analyzed by ñZEISS 

EVO-10ò SEM to obtain morphological images and by ñBruker Quantax-200ò EDS 

to acquire electromagnetic spectrums of chemical constituents of the samples. The 

samples were placed onto the stubs by using carbon adhesive tapes and then 

remained within 60ÁC heated oven for 4 hours. The oven-dried samples are then 

coated with 200¡-thick gold-palladium (Au-Pd) coating by using the ñEMS-550Xò 

sample coater, in order to gain conductive surface. The coated samples are analyzed 

under the conditions given in Table 3.6.  
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Table 3.6 The parameters in SEM-EDS analysis. 

SEM Accelerated Voltage  20 kV  

SEM Beam Current   ол ˃!  

SEM Working Distance  7 ς 48 mm  

EDS Analysis Software  ESPRIT  

EDS Correction Software   P/BςZAF 

 

 Dual Energy X-ray Computed Tomography Scanning (DECT) 

The usage of dual energy X-ray computed tomography (DECT) in petroleum 

industry dates back to 1980s (Siddiqui, 2004). DECT scanning is a non-destructive 

imaging method that provides high resolution images and enables to view cross-

sectional slices of the core samples without direct contact (Siddiqui, 2004). The tool 

measures the bulk density and effective atomic number of specific minerals by 

scanning at dual energy levels (Akēn and Kovscek, 2003). The core is scanned twice 

for obtaining bulk density in low energy setting and for measuring effective atomic 

number in high energy setting. 80 KeV (low) and 140 KeV (high) energy levels were 

operated in DECT scanning for capturing high resolution image. 

FUJIFILM SCENARIA view machine was used for acquiring DECT scanning data 

of Core-2 recovered from Well E in the R&D Center, TPAO (Figure 3.9). Pergeos 

software program was performed for removing artifacts, segmentation, and 

computing the physical properties. 
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Figure 3.9 DECT scanning machine.  

 Plain and Ultraviolet (UV) Light Core Scanning 

Digital drill core imaging systems (DMT CoreScanÈ3 and DMT CoreScanÈUV) are 

utilized to 360Á drill core scanning under the plain and UV lights. A total of six cores 

from three wells were scanned under the plain light for visual estimations. The core 

piece from Core 2 in Well E was scanned under the action of UV light for 

differentiating the areas saturated with hydrocarbon by observing reflection of the 

oil-shows with the fluorescence. 

 Seismic Data 

Approximately 700 km2 three-dimensional seismic data was aquisited by TPAO in 

the area of interest. The seismic data was processed in Data Processing Center, 

TPAO for preparing further seismic interpretation. Seismic sections were interpreted 

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

attribute maps were generated for estimating subsurface geometries. The seismic 
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data interpretation was conducted by Halil Emre Celep in the Exploration 

Department, TPAO. 

 Software Programs 

During this study, some software programs were frequently used. The figures were 

drawn in CorelDraw. WellCad was used for visualization of the well sections and 

the core sections of the wells. The petrophysical analysis was performed in Techlog 

software. The seismic sections, spectral decomposition, and thickness maps were 

generated in Petrel software. The photomicrographs were processed in Zen software. 
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CHAPTER 4  

4 GEOLOGIC SETTING  

4.1 Paleogeography 

The Arabian Plate had been a divergent passive margin during the Early Mesozoic, 

until the ongoing rapid opening of the Atlantic Ocean resulted in the 

counterclockwise drift of the plate (Sharland et al., 2001). The Cretaceous was a time 

of remarkable examples of broad carbonate-dominated passive margin platforms. 

The paleogeographic land-sea distribution of the Maastrichtian is illustrated in 

Figure 4.1. 

 

Figure 4.1 The paleogeographic map of the Late Cretaceous (Blakey, 2016). 

The study area is located at the northernmost part of the Arabian Plate. A closer view 

of the paleotectonical reconstruction of the Central Tethyan Realm in late 

Maastrichtian is illustrated in Figure 4.2.  The area of interest is shown in an orange 

colored rectangle (Figure 4.2).  
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Figure 4.2 The paleotectonical reconstruction of the Central Tethyan Realm in late 

Maastrichtian (69.0-66.0 Ma) (modified after Barrier et al., 2018).  

The onset of compression within Arabia and Neo-Tethys commenced at the middle 

Turonian and developed an active margin at the northern edge of the plate to the 

present day (Sharland et al., 2001 and Martin, 2001). The distribution of the 

lithostratigraphic units in this created tectonic regime in the Central Tethyan Realm 

in late Maastrichtian is illustrated in Figure 4.3. Paleotopographic reconstruction of 

the region provided paleo-high areas which yielded shallow marine environment and 

related carbonate factories.  
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Figure 4.3 The distribution of the units on paleotectonical map of the Central Tethyan 

Realm in late Maastrichtian (69.0-66.0 Ma) (modified after Barrier et al., 2018). Note 

that the area of interest is shown inside red rectangle.  

Time-equivalent lithostratigraphic units of the Garzan Formation are named as the 

Besni Formation in Adēyaman (T¿rkiye), Aqra/Bekhme Formation in Iraq, Tarbur 

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 4.4).  

 

Figure 4.4 The spatial variations of the rock units in Zagros area (modified after 

Beydoun, 1991). 
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 Tethys Ocean Closure 

The counterclockwise motion of the Arabian Platform created the compressional 

tectonic system (Figure 4.5). Regional compression associated with the obduction of 

the Ko­ali Ophiolite and movement of the allochthonous units onto the continental 

margin of the Arabian Plate caused in the development of the foreland basin system 

(Sharland et al., 2001). The strata of the Cretaceous of southeastern part of T¿rkiye 

were deposited within a foreland basin system created during the closure of the 

southern branch of the Neotethys Ocean.  

 

Figure 4.5 The counterclockwise motion of the Arabian Platform (Husseini, 1991). 

 Foreland Basin System 

The closure of the Neotethys Ocean initiated a unique set of tectonic regime 

promoted the development of foreland basin system during Cretaceous (Sharland et 

al., 2001). The counterclockwise movement of the Gondwana had a profound effect 

in the tectonic evolution and the basin configuration. Every part of the foreland 

system has a unique subsidence rate and geometry of motion (Dorobek, 2012). The 
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foreland basin system consists of four-part districting scheme such as wedge-top, 

foredeep, forebulge, and backbulge depozones (Figure 4.6) (DeCelles and Giles, 

1996; DeCelles, 2011). The forebulge depozone placed between the foredeep and 

the backbulge depozones is the large area of potential flexural uplift (DeCelles and 

Giles, 1996; DeCelles, 2011). The positive geometry of this part of the foreland basin 

system created the synorogenic carbonate platform deposition (Dorobek, 2012). The 

morphology and the stratigraphic characteristics of the synorogenic carbonate 

platform had a significant impact on the deposition of the carbonate rocks on the 

forebulge depozone. Ridge-swell topography on the forebulge area affected the 

depositional architecture of the shelf carbonates. The episodes of siliciclastic input 

onto the forebulge area ceased the carbonate production, on the other hand. The 

lithostratigraphic units sedimented in this region are discussed in Chapter 5.  

 

Figure 4.6 The elements of the foreland basin system (DeCelles and Giles, 1996; 

DeCelles, 2011).  

 Cretaceous Sequences 

The tectonic movements resulted in the development of several paleo-high and 

paleo-low areas which govern the depositional characteristics of the Cretaceous 

successions. The shallow marine environment was created 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¿ven et al., 1991).  
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The depositional model and the stratigraphic evolution of the Campanian-Paleocene 

successions proposed on the basis of the foreland basin system by G¿ven et al. 

(1991). Some of the paleogeography-facies maps constructed in that study, such as 

the early Maastrichtian, end of the early Maastrichtian, middle Maastrichtian, and 

middle to late Maastrichtian, are redrawn and demonstrated in this section to exhibit 

the effects of the inherited paleotopography on the deposition of the Garzan 

Formation.  

The rise of the cordillera of allochthonous units at the north created a foredeep type 

of trough (Kastel Trough) which surrounded the area of interest as a belt from 

northeast to northwest (Rigo de Rigi and Cortesini, 1964; Sungurlu, 1974; Ala and 

Moss, 1979; G¿ven et al., 1991). The turbidites of the Kastel Formation with shale 

and sandstone lithologies were deposited in this belt as erosional products of the 

cordillera with considerable thickness (G¿ven et al., 1991). The favorable 

combination of the contributory factors such as tectonically uplifted hinterland, 

humid climate, and eustatic lowstand sea-level increased the volume of the sediment 

supply (Sharland et al., 2001). Related to the compressional tectonic regime at that 

time of period, the shallow marine or positive areas were also rose and emerged 

(G¿ven et al., 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 time-equivalent unit of the Kastel Formation in those 

areas (Figure 4.7). 

Related to the relative sea-level at the end of the early Maastrichtian, the Kastel 

Trough was filled by clastic sediments, and the emerged area was covered by the 

alluvial fans and the continental clastics of the Terb¿zek Formation. The forebulge 

area, which had been already exposed due to falling of the sea-level, was spread by 

the erosional products of the Kēradaĵ Formation (G¿ven et al., 1991). Hence, the 

Garzan Formation is underlain by the Terb¿zek Formation at the northern belt while 

it overlies the Kēradaĵ Formation in the forebulge area (Figure 4.8). In the deeper 

parts, the sedimentation was continued uninterruptedly and allowed the deposition 

of the Kastel and Bozova formations in that period of time (Figure 4.8).  
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With the onset of a latter sea-level rise during middle to late Maastrichtian, the 

shallow marine environment conditions governed the northern belt and the forebulge 

region (G¿ven et al., 1991). A carbonate platform was created and enabled the 

deposition of the Garzan Formation transgressively. The deposition of the pelagic 

successions continued in the deeper parts of the basin, and shales, marls, and 

argillaceous limestones of the Germav and ¦­kiraz formations sedimented as time  

equivalent units of the Garzan carbonates (G¿ven et al., 1991) (Figure 4.9). 

In the late Maastrichtian, relatively rapid inundation and the related deepening of the 

platform caused the cease of the carbonate accumulation and the shales, marls, and 

the argillaceous limestones of the Germav Formation overlaid the Garzan Formation 

in the forebulge zone (G¿ven et al., 1991) (Figure 4.10). 

The lateral facies change of the units are illustrated in Figure 4.11 in order to 

understand the geometry of the foreland basin system. 
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Figure 4.7 Paleogeography map of upper Campanian-lower Maastrichtian 

successions (redrawn from G¿ven et al., 1991). 

 

Figure 4.8 Paleogeography map of lower-middle Maastrichtian successions (redrawn 

from G¿ven et al., 1991). 
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Figure 4.9 Paleogeography map of middle-upper Maastrichtian succesions (redrawn 

from G¿ven et al., 1991). 

 

Figure 4.10 Paleogeography map of upper Maastrichtian successions (redrawn from 

G¿ven et al., 1991). 



 

 

46 

 

 

 

 

Figure 4.11 NW-SE cross sections (modified after G¿ven et al., 1991). 
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4.2 Tectonic Setting 

 Main Tectonic Units of T¿rkiye 

The main geological characters of the southeastern part of T¿rkiye are defined by a 

complex tectonic history. The major tectonic parts of T¿rkiye are defined as Pontides 

which are composed of Ķstanbul and Sakarya zones, Kērĸehir Massif, Anatolide-

Tauride Block, and Arabian Platform (Okay and T¿ys¿z, 1999). The suture zone 

between Anatolide-Tauride Block, and Arabian Platform is named as the Zagros 

orogeny belt (ķengºr and Yēlmaz, 1981). The study area is located on the Arabian 

Platform and at the south of this orogenic belt (Figure 4.12).  

 

Figure 4.12 The main tectonic units of T¿rkiye (Okay and T¿ys¿z, 1999). The area 

of interest is shown by a red star.  
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 Structural  Elements of Zagros Orogeny Belt 

Zagros province seated on the passive margin of the Neo-Tethys Ocean comprises 

Alp-Himalaya orogenic belt and delineates the northern boundary of the study area. 

The structural zones of the Zagros orogeny belt postulated by Falcon (1969) include 

1) the Arabian Platform, 2) a broad simply folded belt, 3) a narrow imbricated belt, 

and 4) a thrust belt (Figure 4.13). These zones are recognized as such because of 

sudden geomorphic changes that frequently correspond to the significant surface 

faults (Kent, 2010).  

 

Figure 4.13 The structural elements of Zagros orogeny belt in Southeastern Anatolia 

Region (Perin­ek et al., 1991). Note that Miocene overthrust (pink color) overlays 

Late Cretaceous overthrust (green color) on the map. The main paleo-highs are 

shown in black color.  

 Structural Geology 

The tectonic activity in the Arabian Plate created the main structural elements in the 

study area. These tectonic movements governed the depositional environments by 

producing synsedimentary faults (Salem et al., 1986). The northern part of the region 
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was shaped by the emplacement of Late Cretaceous and Miocene allochthonous 

units. The tectonic windows and klippes are observed as the parts of the overthrust 

systems in this area (Figure 5.2).  

The region is mainly defined by NW-SE trending faulting and folding systems 

related to the north-south compressional movements created during Zagros orogeny. 

The southeastern Anatolia represents several thrusts and blind thrusts which are 

delineated by asymmetrical fold axes (Suppe, 1983; Mitra, 1990; Suppe and 

Medwedeff, 1990, Seyitoĵlu et al., 2017) (Figure 5.2).   

The normal faulting movements of the fault systems during Cretaceous gained the 

lateral fault characteristics in Miocene (ķengºr and Yēlmaz, 1981). In neo-tectonic 

period (After mid-Miocene), the faults moved laterally regarding the escaping 

movement of the Anatolide-Tauride Block towards west (ķengºr and Yēlmaz, 1981; 

ķengºr and ķaroĵlu, 1985). 

 Structural  Geology and Geomorphology of Gerc¿ĸ Anticline 

The Garzan Formation crops out at the core of Gerc¿ĸ Anticline which is a part of 

fault-propagation folding mechanism (Yēldērēm, 2003; Seyitoĵlu et al., 2017). It is 

one of the major asymmetrical anticlines plunging both east and west directions. The 

southern limb of the structure is bounded by a reverse fault (Figure 4.14). The present 

topographical features and the morphological appearance of the anticline shaped by 

the neotectonic activity and the drainage patterns of the fluvial systems.  
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Figure 4.14 Geological map of the Gerc¿ĸ Anticline (redrawn from Siyako et al., 

2015).  

4.3 Paleoclimatology 

Pronounced paleoclimatological changes associated with earthbound mechanisms 

such as Earthôs interior dynamics, tectonic activities and extensive volcanism on land 

and in the sea are known to have occurred during the Cretaceous life (Twitchett, 

2005; Fºllmi, 2011).  Cretaceous Period was a greenhouse climate state and the time 

period of major geological events such as large igneous provinces (Larson, 1991), 

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

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

1989) which cause rapid environmental and climatic changes (Hu et al., 2012). 

Greenhouse climate is blamed for high CO2 level which is two to sixteen times the 

pre-industrial level (Hay and Floegel, 2012; Sames et al., 2016). Warm equable 
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climate induced warmer tropical (as high as 42 oC) and polar temperatures (reached 

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

Kidder and Worsley (2012) proposed ñcoolò (some polar ice and alpine glaciers) and 

ñwarmò (lacks polar ice) states for the greenhouse climate and Hay and Floegel 

(2012) asserted that 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 the latest 

part of the age, and a cooling period just before K-Pg boundary (Barrera, 1994; 

Abramovich and Keller, 2003; Twitchett, 2005). Keller (2008) proposed a warming 

period starting from 250 kyr before K-Pg boundary. The latest Maastrichtian 

greenhouse warming event was linked to the degassing of Deccan volcanism (Keller 

et al., 2016). 

During the Cretaceous Period, sea-level was 170ï250 m higher than present sea-

level (Conrad, 2013; Haq, 2014; Sames et al., 2016). Twenty percent of the 

continental area was submerged and allowed the creation of shallow water carbonate 

platforms (Barron et al., 1980; Simo et al., 1993 and Gargili, 2013).  

4.4 Maastrichtian Chronostratigraphy  

The Maastrichtian Stage is the uppermost chronostratigraphic unit of the Cretaceous 

System and spans 6.13 myr between 72.17 and 66.04 Ma (Gradstein et al., 2004; 

Ogg et al., 2016, Gradstein et al., 2020). The upper boundary of the Maastrichtian 

age marks a catastrophic event caused a major mass extinction which turned out 

Mesozoic Era. It is still debated if it is caused by Chicxulub impact or the massive 

eruption of Deccan continental flood basalts (Alvarez et al., 1980; Courtillot et al., 

1988, 2000; Samant and Mohabey, 2014). The global boundary stratotype and 

section point (GSSP) location of the Maastrichtian Stage is placed in Tercis les 

Bains, Landes, France (Ogg et al., 2016, Gradstein et al., 2020).  



 

 

52 

  

Figure 4.15 The geological time scale which represents polarity, chron, sea level 

curves, cycles, and stable isotope profiles (modified after Gradstein et al., 2020 and 

Haq, 2014).  

4.5 Arabian Plate Sequence Stratigraphy 

The late Precambrian and Phanerozoic sedimentary successions of the Arabian Plate 

were revisited to construct a framework by reviewing the tectonostratigraphic, 

chronostratigraphic, and sequence stratigraphic evolution of the whole continental 

plate (Sharland et al., 2001). A serious of major tectonic events created prominent 

regional unconformities which bound the tectonostratigraphic megasequences 

(TMS) (Hubbard, 1988; Sharland et al., 2001). The Arabian Plate is subdivided into 

11 tectonostratigraphic megasequences (from AP1 to AP11). Even though it is 

beyond the scope of this study to address each succession, the late Turonian-Danian 

Megasequence (AP9) (92-63 Ma) is briefly discussed. The lower boundary of the 

succession is defined by onset of ophiolite obduction and inversion as the initiating 

regional event (Sharland et al., 2001; Haq and Al-Qahtani, 2005). The megasequence 

is represented by Karababa, Beloka, Kēradaĵ, Garzan, Germav, and Sinan formations 

in the study area (Figure 4.16). Each succession comprises one or more maximum 

flooding surfaces (MFS) and AP9 TMS contains K150, K160, K170, and K180 

surfaces which allow the succession to be divided into genetic stratigraphic 

sequences (GSS) (Galloway, 1989; Sharland et al., 2001). K180 MFS is a widespread 
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surface defined by open ocean fauna and subsidence enhanced by eustasy as 

controlling mechanism (Sharland et al., 2001). The horizon is represented by 

proceeding marls and planktic foraminifera bearing pelagic limestone of Germav 

Formation and records a pronounced deepening associated with the maximum rate 

of sea-level 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 area of interest (Figure 4.16). In a grand manner, the sea-level patterns 

recorded in the Garzan Formation are consistent with the Maastrichtian sea-level 

reconstruction for the Arabian Plate. 
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Figure 4.16 The Arabian Plate sequences (modified after Sharland et al., 2001).  
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CHAPTER 5  

5 LITHOSTRATIGRAPHY  

5.1 Lithostratigraphic Units  

In the southeast of T¿rkiye, many rock units with geologic ages ranging from 

Paleozoic to recent are present. Allochthonous units are seated at the northeastern 

part of the region and overlying the top of the autochthonous units. 

 Allochthonous Units 

Two major orogenic stages in Late Cretaceous and Miocene periods result is the 

emplacement of the allochthonous units at the northern part of the study area (Figure 

5.2). Cretaceous allochthons consist of Maden Complex, ¢¿ng¿ĸ Flysch, Guleman 

Ophiolite, and Bitlis Massif. 

 Autochthonous Units 

The Arabian plate is represented by carbonate and clastic rock units from 

Precambrian to recent (Figure 5.1). The autochthonous rock units consist of 59 

different formations, 6 members defined under 12 distinct groups, and 1 formation 

which does not belong to any group (Yēlmaz and Duran, 1997). The rock units are 

described in the outcrops exposed throughout the southeastern Anatolia and from the 

well data drilled in many oilfields.  

In the area of interest, the oldest rock 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 area are shortly given below.  

 

Figure 5.1 Generalized stratigraphic columnar section of the autochthonous 

lithostratigraphic units of Southeast Anatolian Region (G¿ven et al., 1991).  
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5.1.2.1 Habur Group  

5.1.2.1.1 Bedinan Formation 

The oldest autochthonous rock unit penetrated in a few wells is the Bedinan 

Formation. It is the second and the uppermost formation of the Habur Group. It is 

seated transgressively on the Early Ordovician age the Seydiĸehir Formation. At the 

eastern part of the area of interest, the Kaĸ Formation is seen on top of the Bedinan 

Formation. The upper contact of the unit is described as angular unconformity 

(Yēlmaz and Duran, 1997). 

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

quartz arenitic sandstones, siltstones, and shales. This lithological associations are 

ascribed to open marine (offshore), shallow marine (shoreface), and glaciomarine 

environments which represent shallowing upward succession (Yēlmaz and T¿resin, 

2021).   

5.1.2.2 Tanin Group 

5.1.2.2.1 Kaĸ Formation 

The Kaĸ Formation unconformably overlies the underlying Bedinan Formation. It is 

the lower rock unit of the Tanin Group. The age of the formation is assigned as late 

Permian. The thickness of the unit is 50 meters in the study area. The unit comprises 

the alternation of sandstones and shales. The depositional environments are defined 

as shoreline and delta (Yēlmaz and Duran, 1997).  

5.1.2.2.2 Gomaniibrik  Formation 

The upper unit of the Tanin Group is named as the Gomaniibrik Formation. The unit 

is informally subdivided into three members, namely; A, B, and C from oldest to 
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youngest. Member A is composed of limestones, Member B is described as 

alternations of siltstone, sandstone, and shale with coal intercalations and Member C 

includes limestones with thin beds of siltstone, sandstone, and marl lithologies.  

The lower contact of the Gomaniibrik Formation is conformable with the Kaĸ 

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 period in which the formation is dated. The depositional environments of the 

Gomaniibrik Formation are shallow marine, tidally influenced delta plain, and flood 

plain (Yēlmaz and Duran, 1997).  

5.1.2.3 ¢ēĵlē Group 

The ¢ēĵlē Group is subdivided into three formations such as Yoncalē, Uludere, and 

Uzunge­it formations from older to younger. In the study area, only Uludere 

Formation is present.  

5.1.2.3.1 Uludere Formation 

Lower Triassic Uludere successions are unconformably seated on the Gomaniibrik 

Formation. The unit is composed of shale, sandstone, limestone, and mudstone 

lithologies. The thickness of the formation is about 600-700 meters in the fully 

penetrated wells. The unit was deposited in the fluvial, transitional, and shallow 

marine environments (Yēlmaz and Duran, 1997). 

5.1.2.4 Cudi Group 

The Cudi Group was primarily defined on the Zap Anticlinorium in the south of 

Hakkari province. The group is composed of Bak¿k, Girmeli, ¢amurlu, Telhasan, 

Din­er, Kozluca, Yola­an, and Latdaĵē formations. Solely, Bak¿k Formation is 

observed in the study area.  
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5.1.2.4.1 Bak¿k Formation 

The Bak¿k Formation is the lowermost unit of the Cudi Group. It unconformably 

overlies the Uludere Formation. The Middle-Upper Triassic successions of the unit 

are observed as dolomites. A-hundred-meter-thick unit is overlain by the Mardin 

Group unconformably. The depositional subenvironments are defined as lagoon, 

intertidal, and supratidal (Yēlmaz and Duran, 1997). 

5.1.2.5 Mardin  Group 

The Mardin Group is one of the most extensive unit in the area. It was initially 

described near Mardin province. The group consists of four formations such as 

Areban, Sabunsuyu, Derdere, and Karababa formations.  

5.1.2.5.1 Areban Formation 

The Areban Formation is the clastic unit of the Mardin Group. In some recent studies, 

it is not included in the Mardin Group. The unit is represented by yellow, yellowish 

brown colored sandstone, sandy limestone, and dolomitic limestone lithologies with 

green colored shale intercalations. It transgressively overlies the Paleozoic, Triassic, 

and Jurassic successions with an unconformable contact relationship. It is defined as 

the deposits of shoreline, coastal, and continental clastics environments. The age of 

the formation spans Aptian to early Albian (Yēlmaz and Duran, 1997). 

5.1.2.5.2 Sabunsuyu Formation 

The carbonate rocks of the Sabunsuyu Formation seat conformably on the Areban 

Formation. The age of the formation is assigned as Albian-Cenomanian (Kºyl¿oĵlu, 

1986, Yēlmaz and Duran, 1997), early Aptian to Albian (¥zkan and Altēner, 2018), 

and Albian-early Cenomanian (M¿layim et al., 2016 and M¿layim, 2020). The 
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products of shallow marine environment are observed as dolomite, dolomitic 

limestone, and limestone. The average thickness of the unit is calculated as 300 meter 

in the study area.  

5.1.2.5.3 Derdere Formation 

The Cenomanian age carbonate successions of the Mardin Group are named as the 

Derdere Formation. It conformably overlies the Sabunsuyu Formation. The upper 

contact is unconformable. It comprises the limestone, dolomitic limestone, and 

dolomite lithologies. Dolomites are mostly seen at the lower and middle parts of the 

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

marine carbonate ramp (Yēlmaz and Duran, 1997).  

5.1.2.5.4 Karababa Formation 

The Karababa Formation is the uppermost formation of the Mardin Group. The upper 

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

depositional sequence of the Mardin Group. The age of the formation is 

controversial. It is assigned as late Coniacian?- early Campanian (Yēlmaz and Duran, 

1997), late Turonian-Campanian (Robertson et al., 2016), middle Turonian-

Santonian (¥zkan and Altēner, 2018), and early Campanian-Turonian (M¿layim, 

2020). 

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

member is named as Member A and composed of planktic foraminiferal limestone. 

Member B is seen at the middle and represented by dark colored, silicified, 

calcispherulid-planktic foraminiferal limestone with chert nodules and chert 

intercalations. The upper Member C comprises shallow marine carbonates with 

macrofossil fragments (Yēlmaz and Duran, 1997; Yēlmaz and T¿resin, 2021). The 

Karababa Formation is defined as the deposits of restricted to semi-restricted 

intrashelf shallow marine environment (Yēlmaz and Duran, 1997).  
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5.1.2.6 Adēyaman Group 

The Adēyaman Group is composed of Karaboĵaz, Ortabaĵ, Sayēndere, and Beloka 

formations. In the study area, the Adēyaman Group is represented by Beloka 

Formation. 

5.1.2.6.1 Beloka Formation 

Unconformably resting on top of the Mardin Group is the Beloka Formation. It is 

overlain by the clastic rocks of the Kēradaĵ Formation. The unit is subdivided into 

two members. The Dirik Member is composed of planktic foraminiferal limestones. 

The Bada Member comprises the rudisted and benthic foraminiferal limestones. 

Depositional environment of the Dirik 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 interest. The Beloka 

Formation is dated as Campanian in age. (G¿ven et al., 1991; Yēlmaz and Duran, 

1997).  

5.1.2.7 ķērnak Group 

ķērnak Group represents the carbonate and clastic rock units deposited in non-

marine, shallow marine, and deep marine environments. This group consists of 

fifteen formations and five informal members. Kastel, Bozova, Kēradaĵ, Terb¿zek, 

Besni, Haydarlē, Garzan, Germav, ¦­kiraz, Sinan, Antak, Kayakºy, Belveren, 

Becirman, and Gerc¿ĸ formations that make up this group. Some of the formations 

are lateral extensions of one another. The research area contains the Kēradaĵ, Garzan, 

Germav, Sinan, and Gerc¿ĸ formations. 
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5.1.2.7.1 Kēradaĵ Formation 

Kēradaĵ Formation is positioned on top of the Beloka Formation in the research 

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

conglomerate, sandstone, red and green colored mudstone, marl, and dolomitic marl. 

This lithological relationship is attributed to fluvial, floodplain, lacustrine, lagoon, 

and tidal flat environments (G¿ven et al., 1991; Yēlmaz and Duran, 1997). Early to 

middle Maastrichtian is the age range for the formation (G¿ven et al., 1991; Yēlmaz 

and Duran, 1997). The thickness of the Kēradaĵ Formation is fifty meters in average 

in the research area.  

5.1.2.7.2 Garzan Formation 

The Garzan Formation is seated above the Kēradaĵ Formation. There is a 

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 to late Maastrichtian is the age of the formation (G¿ven 

et al., 1991; Yēlmaz and Duran, 1997). 

5.1.2.7.3 Germav Formation 

The Germav Formation exhibits extensive distribution in the study area. Regarding 

the deepening of the area, deep marine carbonate and clastic rocks led to the 

deposition of the Germav Formation in considerable thickness. Middle Maastrichtian 

to late Paleocene is the age range for the formation. In some studies, the 

Maastrichtian rock units are referred as the Germav Formation Lower Member, 

while the Paleocene successions are designated as the Germav Formation Upper 

Member. In some other publications, the lithostratigraphic characteristics of the 

Germav Formation are taken into consideration. In this study, the lower marl and 

argillaceous limestones are named as Lower Member, whereas the upper sandstone-
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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 Member is 500 meters 

in average. In the eastern part of the study area, the Sinan Formation Lower Member 

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

5.1.2.7.4 Sinan Formation 

The Sinan Formation is subdivided into two informal 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 the lower member is approximately 

120 meters in the east and it gradually thins out and disappears towards west. With 

regard to fossil assemblages, the rudisted limestones of the Lower Member resemble 

those of the Garzan Formation. 

The Upper Member of the Sinan Formation overlies the Germav Formation Upper 

Member in the study area. In the penetrated wells, the unit has an average thickness 

of 175 meters. It is composed of limestones, dolomitic limestones, and dolomites. 

This lithological association is ascribed to a tidal flat, shelf lagoon, restricted shelf, 

and shelf slope subenvironments.  

5.1.2.7.5 Gerc¿ĸ Formation 

The Gerc¿ĸ Formation is the uppermost unit of the ķērnak Group in the study area. 

It crops out and penetrated in the drilled wells widely. Firstly, the unit was named as 

ñred bedsò (Mason, 1930; Moses, 1934 and Jordan, 1936) and ñred beds, red shales, 

and sandstonesò (Tasman, 1930 and Eyoub, 1931). It is composed of red colored 

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

seen as intercalations of thin beds. The average thickness of the unit is 330 m. The 
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Boĵazkºy Member is located at the middle part of the Gerc¿ĸ Formation. It is 

composed of mudstone-marl-gypsite alternations.  

The Gerc¿ĸ Formation is overlain by the Hoya Formation. The contact between two 

units is described as unconformable. The depositional environments are lacustrine, 

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

5.1.2.8 Midyat  Group 

The Midyat Group comprises the Hoya and Germik formations. Total thickness of 

the group is approximately 570 m. The geological age of the Midyat Group is 

Eocene-Oligocene.  

5.1.2.8.1 Hoya Formation 

The Hoya Formation was first named as ñnummulites limestoneò. The lithologies of 

the formation are described as limestone, dolomitic limestone, and 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 

The Germik Formation is conformably seated on the Hoya Formation. It is composed 

of gypsum and dolomite alternations. Red colored mudstone intercalations are 

described, as well. It is three hundred meters in thickness. The depositional 

environment of the unit is restricted shallow marine environment.  

5.1.2.9 Silvan Group 

The Silvan Group comprises Kapēkaya, Fērat, and Lice formations. Fērat Formation 

is observed in the study area.   
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5.1.2.9.1 Fērat Formation 

The Fērat Formation unconformably 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 reefs. The geological age of the unit is late Miocene.  

5.1.2.10 ķelmo Formation 

The siliciclastic deposits of the ķelmo Formation unconformably cover the reefal 

limestones of the Fērat Formation. The thickness of the ķelmo Formation varies 10 

to 1070 meters in the study area. Mudstones, sandstones, siltstones, and 

conglomerates are the common lithologies of the unit.  

Upper Miocene clastics are defined as the products of the fluvial systems of the 

continental environment.  

5.1.2.11 Plio-quaternary Alluvium  

The nearly north-south trending rivers deposited their alluviums along the riversides. 

Loose sediments of conglomerates, sandstones, and mudstones are described as river 

alluviums.  

5.1.2.12 Karacadaĵ Basalts 

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

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 Figure 5.2. The older rock units are exposed at the cores of the anticlines and the 

Garzan Formation is the oldest rock unit seen at the core of the Gerc¿ĸ Anticline in 

the area of interest. One of the younger rock units which crops out in the study area 

is the ķelmo Formation and it represents the most extensive distribution over the 

others. The Quaternary deposits of the Karacadaĵ Basalt and the alluvium of the 

rivers show narrow outcrops and linear distribution. Allochthonous units seat on the 

northeastern part of the study area (Figure 5.2).  
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Figure 5.2 Geological map of the research area (compiled from TPAO archived 

maps). 
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5.3 Geological Cross Section 

The geological cross section is drawn by the information of the subsurface data 

obtained from well logs, cores, and cuttings. The surface data is acquired from the 

geological and satellite maps.  

The vertical depth range of the cross section is drawn from 1000 m to -3000 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 the lateral continuity of the rock units from the 

Mardin Group at the bottom to the ķelmo Formation at the top (Figure 5.3). The 

Mardin Group is seen as the thickest penetrated unit. The Kēradaĵ and Fērat 

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

The alluvium deposits of the Yanarsu River is seated on the ķelmo Formation. The 

cross section illustrates that top horizons of the lithostratigraphic units ascend from 

northwest to southeast. The lower member of the Sinan Formation is penetrated in 

the wells of the Oilfield A and pinches out towards southeast. The average 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 lithostratigraphic unit of the Maastrichtian 

succession and is represented by shallow marine carbonates in the southeastern 

T¿rkiye. Garzan Formation was originally described in Garzan-47 well by Kellogg 

(1960a) and Halstead (1960) for naming the Maastrichtian age reefal limestone unit 

penetrated in Garzan Oil Field (Yēlmaz and Duran, 1997). Before this nomenclature, 

the unit was defined as ñMain Limestoneò, ñMassive Limestoneò, ñMardin 

Formationò, ñOrbitoid Limestoneò, and ñLower Maastrichtian-Campanian bedsò in 

the previous studies (Yēlmaz and Duran, 1997).  

The thickness of the Garzan Formation varies between 99 and 180 meters in the 

study area depending upon the depositional subenvironment defined by 

synsedimentary tectonism and differential bathymetry. The bed thicknesses differ 

from bottom to top of the unit related to accommodation during deposition.  

The Garzan Formation overlies the red and grey colored mudstone and shale deposits 

of the Kēradaĵ Formation and is succeeded conformably by marine clastic deposits 

of the Germav Formation Lower Member (Figure 5.4).  

The Garzan Formation is divided into three informal members from bottom to top as 

the Zivialikan member, the Bastokan member, and the Maĵrip member by Workman 

(1963), Ķlhan (1968), Perin­ek (1978a), and A­ēkbaĸ et al. (1981). The Zivialikan 

member is dominated by the alternation of clayey limestone, marl, and shale. The 

Bastokan member is described as massive, partly dolomitized limestone with sparse 

microfossils. The Maĵrip member is characterized by bioclastic limestone with 

abundant rudist, pelecypod, echinoid, Orbitoid, and Loftusia test fragments (Yēlmaz 

and Duran, 1997). These members are not commonly advised in recent studies.  
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Figure 5.4 Neostratotype of the Garzan Formation (redrawn from Yēlmaz and Duran, 

1997).  
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5.5 Field Study 

The evaluation of the lithological features and sedimentary structures is the main 

criteria for meso- and macro-scale facies interpretation. A field study requires a basic 

understanding of stratification and depositional characteristics defined by 

sedimentary features. 

 Lithostratigraphic Units in the Fi eld Study Area 

The lithostratigraphic units in the Gerc¿ĸ Anticline is composed of Hoya, Gerc¿ĸ, 

Becirman, Germav, and Garzan formations deposited from Cretaceous to Miocene 

(Figure 5.5). The Garzan Formation is the oldest rock unit cropped out at the core of 

the anticline.  

Garzan Formation is defined as cream, white colored, bioclastic, fossiliferous, thin 

to thick bedded, oil 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 of the Mardin 

Group in this well. The Garzan Formation is overlain by the lower member of the 

Germav Formation. The fifty-meter-thick rock unit of the lower member of the 

Germav Formation is described as off-white colored, thin bedded argillaceous 

limestone and light grey, beige colored, soft and microfossiliferous marl. The upper 

member of the Germav Formation overlies the lower unit with shale, siltstone, and 

sandstone lithologies.  

The Becirman Formation is 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 Gerc¿ĸ Formation covers the Becirman Formation. It contains the reddish 

brown colored conglomerates, sandstones, and shales. The lower part of the 

Boĵazkºy Member is composed of dolomites and the upper parts are represented by 

claystone-marl-gypsum alternation cycles. At the uppermost, dolomitic marls, 

dolomitic limestones, and limestones of the Hoya Formation are exposed. The cross-

sectional view of the units observed at the Gerc¿ĸ Anticline is illustrated in Figure 

5.6. 

 

Figure 5.6 Gerc¿ĸ Anticline cross section. 

 Field Observations and Interpretations 

At the eroded core of the Gerc¿ĸ Anticline, the Garzan strata exposed with 

alternation of recessive and resistant beds (Figure 5.7). Some parts are covered with 

grass and plants which occlude the examination of the strata. The lower parts of the 

section is described as cream, white, beige colored, thick-bedded to massive 

limestone. Cream, off-white colored, medium-thick-bedded, irregular bedded, 

fossiliferous limestone strata are present at the middle part (Figure 5.8). Towards the 

upper parts, two resistant thick-bedded to massive beds are placed between the thin 

bedded strata. These massive and mound-like beds built by macrofossils are 

described as bioherms and the planar, thin beds are defined as biostromes in this 

interval of the rock units (Figure 5.9 and Figure 5.10). The vertical descriptions of 

the strata and the field photos are illustrated in Figure 5.11. 












































































































































































































































































































































































































































































































































































































































































































































































































































































































