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ABSTRACT 

 

RESERVOIR HETEROGENE ITY, SEDIMENTOLOGY, AND DIAGENESIS 

OF ORDOVICIAN BEDĶNAN FORMATION, SOUTHERN DĶYARBAKIR 

BASIN, SE TURKEY: PALEOGEOGRAPHIC IMPLIC ATIONS 

 

Yēldēz, Gºkay 

Master of Science, Geological Engineering 

Supervisor: Prof. Dr. Ķsmail ¥mer Yēlmaz 

 

May 2019, 195 pages 

 

Recent high-quality oil discoveries in SE Turkey, specifically Diyarbakēr Basin from 

the Ordovician aged Bedinan Formation sandstone reservoir levels have introduced 

many questions. The fact that variable hydrocarbon production rates in the studied 

wells oblige us to delineate internal framework of the sandstone levels and to find the 

answer for the reason of the reservoir heterogeneity which will be a proxy to find 

convenient well stimulation methods in order to increase hydrocarbon recovery.  

In this study, Gazzi-Dickinson method of point counting on thin sections, X-ray 

computed tomography imaging technique, semi-quantitative X-ray diffraction (XRD) 

bulk powder mineral analysis, seismic lines, wireline log data, and available well data 

were used to understand the depositional environment, the paleogeography during the 

geological evaluation, the mineral framework and the provenance of the levels of 

interest. Additionally, petrophysical log interpretation via Petrel software together 

with regional stratigraphy and correlation studies were carried out to explain the 

reason and scale of the reservoir heterogeneity. 

As a consequence of the studies, it is seen that the subarkose to quartz arenitic 

sandstone levels of the Bedinan Formation were deposited between the lower and 



 

 

 

vi 

 

upper shoreface of an ice-distal glaciomarine depositional environment. Additionally, 

the origin of sandstones are related to igneous and cratonic sources.  

The most important result of this study on the reservoir heterogeneity of this sandstone 

levels of uppermost Bedinan Formation is that besides the depositional facies, 

structural features and compaction, particularly diagenetic clay coating minerals 

(illite, kaolinite and illite/smectite mixed clay layer) together with quartz and 

carbonate cements have exerted great control on the reservoir quality in meters scale, 

which results in variable hydrocarbon production rate.    

 

 

Keywords: Reservoir Heterogeneity, Eodiagenesis, Mesodiagenesis, Diyarbakēr 

Basin, Illitization, Mixed Clay Layer  
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¥Z 

 

G¦NEYDOĴU ANADOLU B¥LGESĶ, G¦NEY DĶYARBAKIR BASENĶNDE 

ORDOVĶSĶYEN BEDĶNAN FORMASYONU REZERVUAR 

HETEROJENLĶĴĶ, SEDĶMENTOLOJĶSĶ VE DĶYAJENEZĶ: 

PALEOCOĴRAFĶK ¢IKARIMLAR 

 

Yēldēz, Gºkay 

Y¿ksek Lisans, Jeoloji M¿hendisliĵi 

Tez Danēĸmanē: Prof. Dr. Ķsmail ¥mer Yēlmaz 

 

Mayēs 2019, 195 sayfa 

 

G¿neydoĵu Anadolu bºlgesinde, Diyarbakēr Baseninde Ordovisiyen yaĸlē Bedinan 

Formasyonu kumtaĸē rezervuar seviyelerinden ger­ekleĸtirilen y¿ksek kaliteli petrol 

¿retimi beraberinde bir ­ok soruyu getirmiĸtir.  Bu seviyelerden ger­ekleĸtirilen 

deĵiĸken hidrokarbon ¿retimi, rezervuarē oluĸturan ­atē elemanlarēnēn ortaya 

­ēkarēlmasēna ve hidrokarbon kurtarēmēnē artērmaya yºnelik yeni kuyu canlandērma 

yºntemleri geliĸtirmek i­in rezervuar heterojenliĵinin nedenlerini araĸtērmaya 

zorlamēĸtēr. 

Bu ­alēĸmada, Bedinan Formasyonu en ¿st rezervuar seviyelerinin ­ºkelim ortamē, 

paleocoĵrafyasē, kºken ve ­atē elemanlarēnē belirlemeye yºnelik olarak; ince kesitler 

¿zerinde nokta sayēm (Gazzi-Dickinson metodu), sismik hatlar, log ve kuyu verileri, 

X-ray Computed Tomography gºr¿nt¿leme tekniĵi ve X-ēĸēnē kērēnēm (XRD) yºntemi 

kullanēlmēĸtēr. Ek olarak, rezervuar heterojenliĵini ve skalasēnē a­ēklamak i­in 

bºlgesel stratigrafik veriler, kuyu korelasyonlarē ve ºzellikle Petrel yazēlēmē 

kullanēlarak petrofizik log yorumlamalarē yapēlmēĸtēr. 

Bu ­alēĸmanēn sonucuna gºre, subarkoz-kuvars arenitik kumtaĸē seviyeleri buzul 

ilerisinde, alt kēyē ºn¿ ile ¿st kēyē ºn¿ arasēnda ­ºkelmiĸ ve kētasal kºkenlidir. Bunun 
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yanē sēra, ­alēĸēlan kumtaĸē rezervuar seviyelerinin ana kaynak kayasēnēn magmatik 

kaya­lar olduĵu anlaĸēlmēĸtēr. 

Bu ­alēĸmanēn Bedinan Formasyonu kumtaĸē rezervuar seviyeleri heterojenliĵi 

¿zerine en ºnemli ve asēl sonucu ise, ­ºkelim fasiyesi, yapēsal elementleri ve 

kompaksiyon dēĸēnda, kuvars ve karbonat ­imentosu ile birlikte ºzellikle matriksi 

oluĸturan diyajenetik kil minerallerinin (illite, kaolinit ve illit -smektit karēĸēk kil 

tabakasē) rezervuar kalitesini metre ºl­eĵinde etkilediĵi, ve bunun da hidrokarbon 

¿retim ve kurtarēm farklēlēklarēna neden olduĵudur. 

Anahtar Kelimeler: Rezervuar Heterojenliĵi, Eodiyajenez, Mesodiyajenez, Diyarbakēr 

Baseni, Ķllitleĸme, Karēĸēk Kil Tabakasē 
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CHAPTER 1  

 

1. INTRODUCTION  

 

1.1. Purpose and Scope 

The subsurface of SE Turkey, northern margin of the Arabian Plate, is rather complex 

due to the impacts of both tectonism and relative sea level changes. Despite the 

complexity of the structures and variation in facies distribution due to variable 

paleobathymetry during deposition of each sequence in SE Turkey, the new enhanced 

well stimulation methods enable to increase hydrocarbon recovery and fluid flow from 

reservoir levels with heterogeneity problem, unexpected fluid flow bariers. The 

Ordovician aged uppermost Bedinan Formation sandstone reservoir levels are good 

examples for formations having reservoir heterogeneity problem. 

In some wells drilled in Diyarbakēr basin, oil production has been performed from the 

uppermost Bedinan Formation sandstone levels, while the others could produce only 

low levels of oil or could not produce it at all due to the reservoir heterogeneity 

problem. 

The purpose of this study is to find an answer to the reason of the reservoir 

heterogeneity of the sandstone levels, which could enable us to develop proper 

enhanced oil recovery programs. 

The study covers sedimentary petrography, X-ray computed tomography, XRD 

analysis, petrophysical interpretations to understand the following issues; 

ü Depositional environment 

ü Sedimentological properties 

ü Determination of porosity types, texture and fabric 

ü Clay typing 
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ü Diagenetic evaluation of the formation 

1.2. Location of the Study Area 

The study area, which includes 6 wells (A, B, C, D, E and F), lies between Mardin and 

Diyarbakir provinces and covers approximately 600 kmĮ area. More precisely, the 

location of the study area is confined by latitudes 37Á37'26.00"N- 37Á43'51.00"N and 

longitudes  40Á39'15.00"E- 40Á29'59.97"E (Figure 1). 

 

 

  Figure 1: Location map of the study area. The rectangle shows the zoomed area. 
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Geologically, the study area located southern part of the Diyarbakēr Basin (Figure 2) 

can be a pioneer site to find answer for reservoir heterogeneity problems for the rest 

of  the upper Ordovician sandstone reservoir levels of the basin. 

 

 

Figure 2: Extention map of Lower Paleozoic units; Ordovician aged Bedinan 

Formation and Silurian aged Dadaĸ Formation. The area where Dadaĸ 

Formation exist is so-called Diyarbakēr Basin. Hachures shows the area 

where the related formations exist (modified from Aydemir (2012)). 

 

1.3 Data and Methods of Study 

 

Reservoir heterogeneity refers to relative variation in porosity, permeability and 

capillary pressure due to depositional facies, type and amount of matrix content, 

provenance, rate of deposition, the degree of compaction (mechanical and chemical), 
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diagenetic impact, the time of oil emplacement, paleo-climate, structural deformations 

(fracturing, fault e.t.), thermal history of basin (Worden and Morad, 2000; Worden 

and Barclay, 2003; Ajdukiewicz and Lander, 2010; Morad et al., 2010; Al-Laboun et 

al., 2014; Worden et al., 2018). The heterogeneity of the reservoirs is responsible for 

variation in volume, hydrocarbon recovery from the reservoir and fluid flow rate 

(Morad et al., 2010).  

 

The study is carried out in three phases following the stages of; 

1) Data collection and literature survey.  

2) Fieldwork and laboratory work (petrography, X-ray microCT, XRD analysis). 

3) Software analyses, observations and evaluation of outcomes.  

 

The data consists of;  

1) Digital (ASCII and LAS files) wireline log data (Spectral Gamma Ray, Sonic, 

Photoelectric factor from ¢alēk Petrol database).  

2) Petrophysical interpretations (porosity, permeability and water saturation).  

3) Hydrocarbon production performance (daily oil production rates) of 6 wells (Figure 

3) (A, B, C, D, E and F). 

4) 15 cores (vertical full-diameter cores, 2 5/8 inches in diameter, 5-10 cm in length) 

and 4 cutting samples (5 cores and 4 cutting samples for petrographic analysis, 5 

cores for the depositional environment interpretation, 1 core for X-ray CT 

measurement and 4 cores for XRD analysis) from 4 wells (A, B, D and F). 

5) 1 seismic profile for paleogeographic re-construction. 

6) Regional well side geology observations (cutting sample analysis under microscope 

and correlation of the facies between the studied wells).  
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All available resources and reports regarding the Bedinan Formation reservoir levels 

and other relevant studies on reservoir heterogeneity were compiled and analyzed 

comprehensively. 
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3D petrophysical models, wireline log, facies, water saturation, porosity and 

permeability correlations and modeling, and particularly reservoir matrix evaluation 

for the Bedinan Formation reservoir levels of interest between the studied wells are 

constructed using Petrel E&P Software Platform, Version 2017.1 of Schlumberger 

Company. The workflow for the 3D modelling was started with importing seismic 

depth map of the Bedinan Formation and wireline log data in ASCII format to Petrel 

software system. The geological elements including key horizons and faults were 

picked on seismic profiles with the aid of borehole information. The depths to the 

surface determined in seismic profiles were adjusted by using real formation tops data. 

And then, structural framework was determined by using fault modelling, pillar 

gridding and generation of the faulted horizons. Finally, porosity, permeability and 

water saturation distributions throughout the trapped area were obtained by the 

reservoir modelling by utilizing appropriate simulation methods (Gaussian, Kriging), 

variograms and trends.  

X-ray computed tomography (CT) imaging was used to determine porosity, 3D 

volumetric and diametrical dimensions of pore spaces and type of porosity in the 

reservoir levels (Figure 4). This technique reveals the internal features of the interested 

opaque objects. It was originally used for medical care but later on, developed and 

becoming widely used for geoscientific studies especially to measure porosity, size 

and volume of each pore and penetration of injected fluids (Mees et al., 2003). 
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Figure 4: The core sample of the uppermost Bedinan Formation, 1st sandstone level 

from F well is used to determine pore type, volume, size and porosity via 

Nikonôs XT H 225 X-ray computed tomography scanner. 
 

X-ray tomography measurement is based on 2D radiographs from different angle 

around the studied sample to create 3D image from the projection. The 2D radiographs 

are constituted by x-ray beams from X-ray source passing on the studied opaque 

sample and visualization of attenuated x-ray on the detector. The x-ray attenuation is 

resulted from X-ray absorption, in other words, photoelectric absorption or compton 

scattering. X-ray attenuation measurements around the studied core in 360 degree 

yield 2-dimensional cross sectional images (Taud et al., 2005). 3-dimensional cube or 

image can be generated by stacking / interpolation of 2-dimensional images (Akin and 

Kovscek, 2014) (Figure 5). 
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                      Figure 5: X-ray computed tomography working principle. 

 

CT imaging was applied to the core sample of the first sandstone level penetrated in 

F well by using Nikon XT H 225 industrial CT scanner. The technical specifications 

of the scanner are as follows; 

¶ 225kV / 225 W Reflection target source 

¶ Varian 4030 Flat Panel 

¶ 5-axis fully programmable part manipulator 

¶ Minimum spot size of 3 Õm. 

Scan conditions; 

¶ 90 kV 

¶ 175 uA 

¶ 500 ms Exposure. 
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The core sample used for the CT scanning was selected from an interval almost 

without any shale laminas. 

A total number of 30 thin sections from 5 full -diameter cores and 4 cutting samples of 

the uppermost Bedinan Formation collected from 3 wells ( A, B and F) were examined 

under microscope. Gazzi-Dickinson method of point counting measurements 

(Dickinson, 1970; Ingersoll et al., 1984) by using James Swift brand mechanical stage 

mounted on the microscope were carried out to explore mineral framework of the 

studied intervals, relative ratio of quartz, feldspar and rock fragment for classifying 

the sandstone and provenance study (with quartz type). Approximately 2500-2600 

points were counted in the selected thin sections. Alizarin red test was carried out to 

discriminate between calcite and dolomite. 

The sedimentary structures and their geometries with the corresponding gamma ray 

readings of 5 cores were used to understand the depositional environment and 

paleogeography of the studied levels. The dimensionless parameters such as ripple 

index (the ratio between two adjacent crests spacing and horizontal distance between 

crest and trough) and ripple symmetry index (the ratio between one crest to trough 

along the gentler slope and the crest to next trough along the steeper slope) (Tanner, 

1967) of the ripples recognized in the full diameter cores were plotted on the chart 

suggested by Tanner (1967). In addition, the sedimentary structures (cross bedding 

etc.) recognized in the cores and their formation conditions were used to understand 

the depositional environment with the aid of gamma ray log reading trends (Siddiqui 

et al., 2013).  

Spectral gamma ray and photoelectric factor wireline log data (ASCII and LAS files) 

of D well were uploaded to Petrel Software System to differentiate the type of clay 

minerals constituting the matrix of the sandstone levels. The charts (Thorium (ppm) ï 

Potassium (%), Thorium (ppm) ï Pefz, Thorium(ppm) / Potassium(%) ï Thorium 

(ppm) / Uranium (ppm)) suggested by Schlumberger (2009) were used to specify the 

type of clay minerals in the sandstone levels studied. 
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The semi-quantitative X-ray diffraction (XRD) bulk powder mineral analysis on 4 

core samples collected the studied levels (penetrated in A, B and F wells) were carried 

out to identify the mineral framework and particularly to determine type of the clay 

matrix. XRD analysis were performed in Turkish Petroleum Corporation by the use 

of a Rigaku D/MAX -2200 Ultima+/PC diffractometer under the following conditions; 

¶ Scan range: 5- 70Á 

¶ Scan speed: 1 o/s   

¶ X-ray tube: Cu (kV: 40kV mA: 30mA) 

¶ Voltage: 40 kV 

¶ Current: 20 mA 

¶ Wavelenght: (CuKa) 1.54059 Angstrºm 

¶ Software: MDI Jade 7.0 

 

Sample preparation; 

¶ Powdering a piece of the core sample by Retsch RS-200 grinding equipment 

¶ Mounting of the powders on glass for XRD bulk powder analyses. 

The X-ray diffractograms were evaluated according to Inorganic Crystal Structure 

Database (ICSD) of International Center for Diffraction Data (ICCD). 

 

1.4 Previous Works 

 

The main objective of the study is to find an answer for reservoir heterogeneity of the 

sandstone levels followed by the variety of hydrocarbon production performance. 

With regard to this fact; lithofacies, sedimentology and depositional environment of 

the levels are substantial to delineate the reservoir heterogeneity maps.  

The Paleozoic stratigraphy has been studied by several authors since 1950ôs for 

different aspects, especially for hydrocarbon researches.  
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After hydrocarbon discoveries in the Bedinan Formation subarkose sandstone 

reservoir levels in the southern side of Diyarbakēr Basin, the reservoir has become 

very popular for  Paleozoic petroleum system of SE Turkey. 

The formation is described for the first time by Cobb (1957c) in Mardin-Bedinan 

region with cropping out successions. Cobbôs study was followed by the studies 

performed by Blakslee et al. (1960), Durkee (1961), Kellogg (1961); Stratum (1963), 

Koaster (1963), Schmidt (1964; 1966), TPAO (1966), N.V. Turkse Shell (1966), Dean 

(1979a; 1979b), Ala and Moss (1979), Monod and Dean (1980), Dean et al. (1981), 

Amaco (1985), Dean and Monod (1985), Dean et al. (1993), Bozdogan et al. (1987; 

1994; 1995).   

This chapter provides a brief summary regarding the published regional and relevant 

studies, which has been used to investigate the reservoir heterogeneity of the 

uppermost Bedinan Formation in chronological order. 

The regional published studies related to the Bedinan Formation are listed below in 

chronological order. 

 

Kellogg (1960c) spent significant efforts to sort out the Paleozoic level of SE Turkey. 

Based on his study performed on the Paleozoic outcrops in Mardin Derik area, the 

Bedinan Formation comprises in ascending order 500 meters shale, siltstone and 120 

meters fine grained sandstone levels. He is the first one stated that the uppermost 

Bedinan Formation sandstone levels can be good hydrocarbon reservoir. 

 

Dean (1967; 1975) worked on the outcrop of Bedinan Formation in Mardin-Derik 

area. He argued that the fossil assemblage, especially trilobites in clastic levels of the 

uppermost part of Bedinan Formation is not younger than Caradocian age (Late 

Ordovician). 
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Demirtaĸlē (1974) performed an exhaustive study on the Paleozoic level of Turkey-

Iran and Pakistan to make a correlation. The author argued that, based on fossils 

assemblage, especially trilobites in the Bedinan Formation shale levels, the unit 

deposited in the Middle Ordovician, and can be correlated with Shirgest and Mila 

Formations in Iran and the upper level of Habur Group in Iraq.  

 

Bozdogan et al. (1987; 1994; 1995; 1996) carried out a comprehensive study to clarify 

depositional environment, distribution, hydrocarbon source, reservoir characteristics, 

paleogeographic evaluation and tectonic history of Paleozoic autochthonous units of 

SE Turkey. He argued that the Bedinan Formation might be informally divided into 

four members in accordance with the depositional environment, lithology and wireline 

log responses; comprises predominantly sandstone, siltstone and shale lithology and 

showing regressive character especially in the upper clastic levels in response to global 

cooling. Lanvirnian-Ashgillian age (Middle-Late Ordovician) is assigned to the 

Bedinan Formation clastic units based on the fossils found in the mentioned formation. 

 

Perin­ek (1990) dealt with the stratigraphic units of Hakkari province and surrounding 

area located at the border of Turkey-Iraq. He tried to determine contacts and 

lithostratigraphic properties of the exposed strata including the Middle-Late 

Ordovician aged Bedinan Formation. He argued that the upper part of Habur Group 

named by Wetzel (1959) in Iraq might be equivalent to the uppermost Bedinan 

Formation, after the age of uppermost Bedinan Formation is assigned as Ashgillian in 

accordance with fossils assemblage like Calymenesun sp, Dindymene sp, Dionide sp, 

Duftonia sp, Hammatocnemis sp, Otarion sp, Prionocheilus sp, and Remopleurides 

sp, trilobites. 
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Steemans et al. (1996) recorded well-preserved palynomorphs consisting of 

cryptospores and miospores in samples of Ordovician (Bedinan Formation) and 

Silurian (Dadaĸ Formation) units. Different from the old studies, the age of the 

uppermost part of Bedinan Formation was assigned as Hirnantion in accordance with 

late biozone documented with the cores taken from the well that is located northern 

part of Diyarbakēr basin. 

 

Besides the old studies related with the age assignment for the Ordovician units 

regarded macrofossils such as trilobiles and graptolites; Paris et al. (2007) studied on 

samples collected from the surface and subsurface in Taurus range, Hakkari and 

Mardin-Derik area that is based on microfossils chitinozoans and acritarchs. The study 

indicates that the Bedinan Formation is deposited in the time range from Darriwilian 

(Middle Ordovician) to Late Katian (Late Ordovician). 

 

Bozkaya and Kozlu (2011) examined the clay minerals of the upper Paleozoic-lower 

Mesozoic clastic units. They claimed that the clay mineral association such as 

illite/illite -smectite, glauconite in Paleozoic-lower Mesozoic sequence in Hazro area 

formed during diagenesis rather than detrital inputs. 

 

Tetiker et al. (2015) carried out a study on the samples collected from the Precambrian 

and lower Paleozoic levels in Mardin-Derik-Kēzēltepe area. SEM (Scanning elecron 

microscopy) and XRD (X-ray diffractometry) method are applied on the samples to 

determine mineral composition of the interested formations. The study is performed 

on the shale and siltstone levels of the Bedinan Formation rather than the sandstone 

levels. Based on the study results, the Ordovician aged Bedinan Formation, especially 

shale and siltstone levels are composed of predominantly phylloslicates in order of 
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abundance by kaolinite, illite, chlorite, I-S (mixed layered clay, illite-smectite), 

smectite minerals.   

 

The studies related to the reservoir heterogeneity of sandstones can be listed as below 

in chronological order. 

 

Hower et al. (1976) introduced the mechanism of burial metamorphism of argillaceous 

sediments. He claimed that based on x-ray diffraction analyses results performed on 

the samples taken from the Oligocene-Miocene sediments of Gulf Coast of the United 

States from 1.250m to 5.500m, a significant change in the minerological composition 

(clay coating minerals, quartz cements, carbonate cements) is observed in the rocks 

from 2.000 m to 3.700 m with burial depth accompanied with increasing temperature. 

 

Hurst and Irwin (1982) proved that porewater chemistry exerts great control on 

diagenetic alteration in sandstone reservoir levels. They emphasized that the hydraulic 

head variation in basins control mineral composition of clay matrix of sandstones. 

 

Chang (1986) emphasized the impact of burial diagenesis to dioctahedral and 

trioctahedral smectite clay minerals in the Cretaceous offshore sediments of Brazilian 

offshore sediments of Potiguar, Ceara, and llha de Santana basins. With regard to the 

results of the study, the percentage of illite shows progressive increment in response 

to rising temperature with depth and expense of dioctahedral smectite clay minerals. 

However, it is observed that the trioctahedral smectite clay mineral in sandstone, 

nevertheless, transformed to mixed clay layer chlorite/saponite with the progressive 

rising of temperature with burial depth. 
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Worden and Morad (2000) investigated the origin of quartz cement and controls on its 

distribution. With regard to the study, the controlling factors for quartz cementation 

are temperature, effective stress, clay coating minerals along grain interface and 

emplacement of oil. They have accentuated that the transitional reactions among clay 

coating mineral such as illitization of smectite as a response of rising temperature with 

depth, dissolution of feldspars, pressure solution, and adjacent mud-rock constitute the 

main source of the silica. 

 

Worden and Barclay (2003) studied on the Upper Jurassic Magnus turbiditic 

sandstone levels having the higher concentration of illite and potassium in the oil zone 

in comparison with water saturated zone. They noticed that the potassium 

transportation capacity of oil saturated zone by either diffusion or advection is lesser 

than water saturated zone; therefore, illitization proceed can be expected more in oil 

saturated zone rather than water zone due to the more available potassium in formation 

fluid. 

 

McKinley et al. (2003) contextualised smectite occurrence and their behavior during 

diagenesis. They stated that smectite clay minerals form as a function of not only the 

depositional environment but also diagenetic factors such as bioturbation, mechanical 

infiltration and soft-sediment deformation. Smectite clay minerals are mostly carried 

into deeper water in marine environment due to the fact that these minerals are finer 

grained than the other clay minerals. Smectite holding considerable amount of 

structural water induces to overpressuring as a consequence of in situ generation of 

water during the clay transformation reactions.  

 

Mart²n-Mart²n et al. (2006) worked through the kaolin minerals in Permo-Trias 

sandstone levels of SE Iberian basin. The variation of kaolin mineral in amount 
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throughout the basin extent was attributed to illitization of kaolin clay minerals in 

relation to maximum burial temperature. 

 

Lahann (1980) stated that transformation reactions among clay coating mineral in 

elevated temperature and presence of available potassium and aluminum cause 

releasing of considerable amount of water and silica which resulted in movement of 

hydrocarbon and sedimentary cement. 

 

Morad et al. (2010) accentuated the role of depositional fades and sequence 

stratigraphy on the heterogeneity of sandstone reservoir rocks. He claimed that grain 

coating clays formed during eodiagenesis (early diagenesis) and mesodiagenesis (late 

diagenesis) such as kaolinite, illite, chlorite, which in turn, affect the permeability and 

porosity of the sandstone formations; additionally, the place of sandstone level in 

system tracts plays a very important role for reservoir quality. 

 

Rahman and McCann (2011) aimed to shed light on the diagenetic impact on Miocene 

Surma Group sandstone reservoir levels. They stated that the origin of quartz cement 

is the function of pressure solution, transformation reaction among clay coating 

minerals and dissolution of K-feldspar, and the syntaxial quartz overgrowth around 

detrital quartz grains denotes the mesodiagenetic stage. Furthermore, mesodiagenetic 

illite clay minerals form around the temperature of 90-130 CÁ with the presence of 

high available potassium in pore water.  

 

Credoz et al. (2011) studied on the reactivity of mixed clay layer of illite-smectite in 

the different range of ph values from 3 to 8.5 at 80 ÁC and 0.1 M NaCl solution. Based 

on the results of the study, the acidic condition increases the illitization of the initial 

clay mineral. 
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Al -Ramadan (2014) straightened out the illite- smectite transition and its effect on 

reservoir quality of Permian aged Unayzah Formation in Saudi Arabia. He stated that 

while the transformation of smectite to illite in response to increasing depth 

accompanied by rising temperature causes to the preservation of pore volume, the 

reaction resulted in deterioration of permeability of the sandstone reservoir level. Even 

though the study is not related with Bedinan Formation, reservoir heterogeneity 

problem in targeted formation is essentially similar with reservoir quality problem of 

Ordovician age Bedinan Formation; therefore the study constitutes the most important 

milestone to solve reservoir quality and heterogeneity problem in Bedinan Formation. 

This study is different from the studies above mentioned and the first study on 

reservoir heterogeneity of the Bedinan Formation sandstone reservoir levels in the 

region. 

 

 

 

 



 

 

 

19 

 

CHAPTER 2  

 

2. GEOLOGICAL SETTING  

 

The study area situated in Diyarbakēr and Mardin provinces covered by the Late Miocene-

Early Pliocene aged fluvial ķelmo Formation in northern side and the Eocene to Oligocene 

aged Midyat Group carbonates in the southern side (Figure 6, 7). The oldest unit exposed 

along the southern side of the study area is the Early Eocene to Early Oligocene aged 

Hoya Formation carbonates. The Germik (the Middle Eocene-Oligocene) and ķelmo 

Formations (the Late Miocene-Early Pliocene) crop along the middle and northern parts 

of the study area. 

 

 

Figure 6: The geological map (constructed by geology team of ¢alēk Petrol) of the area of 

interest embedded on the Google Earth image. 
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The subsurface of the study area is rather complex, and revealed by the borehole data 

and the outcrop studies. The Telbesmi Formation constitutes the basement rock and is 

the oldest member of the Derik Group (¢oruh et al., 1997; Yēlmaz and Duran, 1997) 

in the study area. The type locality of the Telbesmi Formation is Telbesmi village, 

located 40 km west of Mardin city. This formation was firstly described as a level 

within óóTelbesmi Seriesôô by Moses (1934) (Figure 8). The formation consists of 

andesite, aglomerate and volcanic breccia at the bottom, and red colored sandstone 

and shale intercation, andesite towards the top (Kellogg, 1960c; Schimidt, 1964; Ala 

and Moss, 1979; G¿ven et al., 1991; Bozdoĵan et al.,1994; Yēlmaz and Duran, 1997; 

Gºnc¿oĵlu and Kozlu, 2000).  

The Precambrian aged Telbesmi Formation is unconformably overlain by the Early 

Cambrian aged Sadan Formation (Figure 8) which belongs to the Derik Group (¢oruh 

et al., 1997; Yēlmaz and Duran, 1997). The type locality of Sadan Formation is 1 km 

west of Sadan village, located Derik district of Mardin city. The formation was firstly 

defined as a level within óóTelbesmi Seriesôô by Moses (1934) (Figure 8). Cobb 

(1957a) used the name of Sadan for the interval first. The formation consists of brick 

red, pink, wine colored sandstone, pink, wine colored quartzite and red colored shale-

siltstone intercalation (Ala and Moss, 1979; Perin­ek et al., 1991; G¿ven et al., 1991; 

Bozdoĵan, 1994; Yēlmaz and Duran, 1997).  

The Sadan Formation is conformably topped by the Middle Cambrian aged Koruk 

Formation (Figure 8) which is the member of the Derik Group (¢oruh et al., 1997; 

Yēlmaz and Duran, 1997). The type locality of Koruk Formation is near Koruk village, 

located 40 km west of Mardin city. The Koruk Formation was firstly described as a 

level óóTelbesmi Seriesôô by Moses (1934). The name of Koruk Formation for the 

interval was used for the first time by Ketin (1964). The formation is composed of the 

intercalation of white, light gray colored dolomite and gray colored limestone 

(Kºyl¿oĵlu, 1986; Perin­ek et al., 1991; Bozdoĵan et al., 1995; Yēlmaz and Duran, 

1997).  
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The Koruk Formation conformably underlies the Middle to Late Cambrian aged 

Sosink Formation (Figure 8) which is the youngest member of the Derik Group 

(Yēlmaz and Duran,1997; ¢oruh et al., 1997). The type locality of Sosink Formation 

is Koruk valley north of Sosink village, located Derik district of Mardin city. The 

formation was firstly described as a level within óóTelbesmi Seriesôô by Moses (1934) 

(Figure 8). The name of Sosink Formation for the interval was first used by Cobb 

(1957a). The formation is composed of gray colored sandstone; gray, greenish gray 

colored siltstone and greenish gray colored shale at the bottom and reddish brown, 

beige, dirty green colored sandstone at the top (Ala and Moss, 1979; Tardu et al., 1990; 

G¿ven et al., 1991; Bozdoĵan et al., 1994; Yēlmaz and Duran, 1997).  

The Sosink Formation unconformably underlies the Early Ordovician aged Seydiĸehir 

Formation which is the oldest member of Habur Group (Yēlmaz and Duran 1997; 

¢oruh et al., 1997). The type locality of Seydiĸehir Formation is near Seydiĸehir 

village of Konya city. This formation was firstly described as óóSeydiĸehir-Schieferôô 

by Blumenthal (1947) (Figure 8). The formation starts with yellow, greenish colored 

sandstone; olive green, dark gray colored siltstone and pink, white colored quartzite 

intercalation at the bottom, and grades to yellow, dirty yellow colored sandstone, 

yellowish gray sandstone, yellowish gray, green colored shale and brownish gray 

colored siltstone intercalation towards the top (Tardu et al., 1990; Perin­ek et al., 1991; 

Bozdoĵan, 1994; Yēlmaz and Duran, 1997).  

The Seydiĸehir Formation is unconformably topped by the Middle-Late Ordovician 

aged Bedinan Formation (Figure 8) which belongs to the Habur Group (G¿ven et al., 

1991; Perin­ek et al., 1991; Bozdoĵan et al., 1994; Steemans et al., 1996; ¢oruh et al., 

1997; Yēlmaz and Duran, 1997; Oktay and Wellman, 2019). The type locality of 

Bedinan Formation is Bedinan village, located 20 km southeast of Derik district of 

Mardin city. The formation was firstly described as óóBedinan Formationôô by Cobb 

(1957c). The formation starts with greenish gray, dark gray colored shale at the bottom 

and grades to light gray, yellowish gray colored sandstone and greenish gray shale 

intercalation towards the top (Kellogg, 1960c; Tuna, 1973; Ala and Moss, 1979; 
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Kºyl¿oĵlu, 1986; Tardu et al., 1990; Bozdoĵan et al., 1987; Bozdoĵan et al., 1994; 

Yēlmaz and Duran, 1997).  

The Bedinan Formation is unconformably overlain by the Early Silurian to Early 

Devonian aged Dadaĸ Formation which is the member of the Diyarbakēr Group (¢oruh 

et al., 1997; Yēlmaz and Duran 1997; Oktay and Wellman, 2019). The type locality of 

Dadaĸ Formation is 2 km east of Dadaĸ village, located Hazro district of Diyarbakēr 

city. The Dadaĸ Formation was firstly introduced as óóDadaĸ Formationôô by Kellogg 

and Kayar (1959; in Kellogg, 1960a) (Figure 8). The formation starts with dark gray, 

brownish gray colored shale at the bottom, and grades to greenish gray, gray colored 

shale, gray colored limestone and brownish colored sandstone intercalation towards 

the top (Yēlmaz and Duran, 1997).  

The Dadaĸ Formation is conformably topped by the Early Devonian aged Hazro 

Formation which belongs to the Diyarbakēr Group (Yēlmaz and Duran, 1997; ¢oruh 

et al., 1997). The type locality of Hazro Formation is 6 km east of Hazro district of 

Diyarbakēr city. The Hazro Formation was firstly described as óóHazro sandstone 

memberôô by Kellogg and Kayar (1959; in Kellogg, 1960a) (Figure 8). The formation 

starts with dark gray, gray colored sandstone, bluish green colored siltstone and gray, 

greenish colored marl intercalation, and grades to yellowish beige colored dolomitic 

limestone and greenish red, red colored marl towards the top (Kellogg, 1960a; Tardu 

et al., 1990; Perin­ek et al., 1991; G¿ven et al., 1991; Bozdoĵan et al., 1992; 

Topdemir, 1992; Yēlmaz and Duran, 1997).  

The Hazro Formation unconformably underlies the Late Permian aged Gomaniibrik 

Formation which is the member of the Tanin Group (Bozdoĵan et al., 1987; Perin­ek, 

1990; G¿ven et al., 1991; Perin­ek et al., 1991; Bozdoĵan et al., 1994; Yēlmaz and 

Duran, 1997; ¢oruh et al., 1997). The type locality of Gomaniibrik Formation is 

gomaniibrik village, located 1 km northeast of Hazro district of Diyarbakēr city. The 

Gomaniibrik Formation was firstly described as óóInbrik Formationôô by Kellogg and 

Kayar (1959; in Kellogg, 1960a). After Schmidt (1964), the name of Gomaniibrik 
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Formation was used for the interval (Figure 8). The formation starts with dark gray, 

gray colored, fossiliferious limestones at the bottom and grades to gray colored shale 

with coal levels and dark gray, black colored clayey limestone levels towards the top 

(Tardu et al., 1990; Yēlmaz and Duran, 1997).  

The Gomaniibrik Formation is unconformably overlain by the Early Triassic aged 

Uludere Formation which is the only representative of the ¢ēĵlē Group in the study 

area (Yēlmaz and Duran, 1997; ¢oruh et al., 1997). The type locality of Uludere 

Formation is near Uludere district of ķērnak city. The formation was firstly described 

as lower levels of óóGoyan Formationôô by Maxson (1937) (Figure 9). The Uludere 

Formation consists of purplish red, greenish gray colored shale, and gray, yellow 

colored limestone intercalation (Perin­ek et al., 1991; G¿ven et al., 1991; Yēlmaz and 

Duran, 1997).  

The Uludere Formation is unconformably overlain by the Aptian-Albian aged Areban 

Formation which is the oldest member of the Mardin Group (G¿ven et al., 1991; 

Yēlmaz and Duran, 1997; ¢oruh et al., 1997). The type locality of Areban Formation 

is Areban village, situated 16 km southeast of Derik district of Mardin city. The 

formation was firstly described as óVaricolored shale/sandstone memberôô within 

Sabunsuyu Formation by Wilson and Krummenacher (1959). Schmidt (1961) first 

used the name of Areban Formation for the interval (Figure 9). The Areban Formation 

is composed of whitish yellow, bluish green, dark yellow colored sandstone and marl 

intercalations (G¿ven et al., 1991; Perin­ek et al., 1991; Yēlmaz and Duran, 1997; 

¢oruh et al., 1997).  

The Areban Formation is conformably overlain by the Albian to Cenomanian aged 

Sabunsuyu Formation (Figure 9) which belongs to the Mardin Group (Tuna, 1973; 

Perin­ek et al., 1991; G¿ven et al., 1991; Yēlmaz and Duran, 1997; ¢oruh et al., 1997). 

The type locality of Sabunsuyu Formation is Sabunsuyu valley, located east of Kilis 

city. The formation was firstly described as the lower member of óóMardin limestone 

formationôô by Krausert and Temple (1957). Wilson and Krummenacher (1959) first 
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used óóSabunsuyu Formationôô name for the interval (Figure 9). The Sabunsuyu 

Formation starts with gray, beige colored dolomite with greenish white colored marl, 

and continues with gray, light gray colored, thickly bedded dolomite towards the top 

(Perin­ek et al., 1991; G¿ven et al., 1991; Yēlmaz and Duran, 1997).  

The Sabunsuyu Formation is unconformably topped by the Cenomanian aged Derdere 

Formation (Figure 9) which belongs to the Mardin Group (ķeng¿nd¿z et al., 1990; 

G¿ven et al., 1991; Perin­ek et al 1991; Karabulut et al., 1992; Cater and Gillcrist, 

1994; Coĸkun, 1996; Yēlmaz and Duran, 1997; ¢oruh et al., 1997; Demirel and 

Guneri, 2000). The type locality of Derdere Formation is Derdere village, located in 

¢¿ng¿ĸ district of Diyarbakēr city. Handfield et al. (1959) was firstly described the 

óóDerdere Formationôô with the name of Derdere (Figure 9). The formation consists of 

dark gray, brown colored dolomite at the bottom and white colored limestone towards 

the top (Perin­ek, 1990; G¿ven et al., 1991; Cater and Gillcrist, 1994; Yēlmaz and 

Duran, 1997).  

The Derdere Formation unconformably underlies the Late Coniasian to Early 

Campanian aged Karababa Formation (Figure 9) which belongs to the Mardin Group 

(Perin­ek, 1980; Kºyl¿oĵlu, 1988; Perin­ek, 1990; Perin­ek, 1991; G¿ven et al., 

1991; Yēlmaz and Duran, 1997; Demirel and Guneri, 2000). The type locality of 

Karababa Formation is the southern side of Karababa Mountain, located 32 km south 

of Adēyaman city. This formation was firstly described by Gossage (1956) as 

óóKarababa limestoneôô (Figure 9). The formation starts with gray, dark gray, brown 

colored, clayey, organic-rich limestone with marl interbeds and grades to beige 

colored, cherty thickly bedded limestone and beige colored thinly-moderately bedded 

limestone towards the top (G¿ven et al., 1991; Coĸkun, 1996; Yēlmaz and Duran, 

1997; Demirel and Guneri, 2000).  

The Karababa Formation is unconformably overlain by the Middle to Late Campanian 

aged Beloka Formation (Figure 10) which belongs to the Adēyaman Group (Yēlmaz 

and Duran, 1997; ¢oruh et al., 1997). The type locality of Beloka Formation is Beloka 
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village, located east of Derik district of Mardin city. The interval corresponding to the 

Beloka Formation was firstly described as a unit within óóMassive limestoneôô by Ten 

Dam (1954). Schmidt (1964) first used the name of Beloka for the interval as óóBeloka 

limestone/dolomite formationôô (Figure 10). The Beloka Formation starts with 

glauconitic and clayey limestone, and grades to bioclastic limestone towards the top 

(Schmidt, 1964; Kºyl¿oĵlu, 1986; G¿ven et al., 1991; Yēlmaz and Duran, 1997. 

 This formation is unconformably topped by the Middle Maastrichtian aged Garzan 

Formation carbonates (Figure 10) (Ara­ et al., 1990; G¿ven et al., 1991, Yēlmaz and 

Duran, 1997; ¢oruh et al., 1997). The formation belongs to the ķērnak Group (G¿ven 

et al., 1991; Yēlmaz and Duran, 1997; ¢oruh et al., 1997). The type locality of Garzan 

Formation is the wells drilled Garzan oil field, located east of Batman city. The 

stratigraphic interval corresponding to the Garzan formation was firstly described as 

a unit within óóLower Maestrichtian-Campanianôô beds by Ten Dam (1953). The name 

of Garzan was firstly used for the interval from the wells in the Garzan oil field by 

Kellogg (1960a) (Figure 10). The formation starts with dark beige, beige colored, 

crystalline limestone at the bottom and grades cream, whitish cream colored limestone 

towards the top (Kellogg, 1960a; Schmidt 1964; Kºyl¿oĵlu, 1986; G¿ven et al., 1991; 

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

The Middle Maastrichtian to Late Paleocene aged Germav Formation conformably 

overlies the Garzan Formation (Ara­ et al., 1990; G¿ven et al., 1991, Yēlmaz and 

Duran, 1997; ¢oruh et al., 1997). The type locality of Germav Formation is Germav 

village, located 40 km east of Gerc¿ĸ district of Batman city. This formation was 

firstly described by Maxson (1936) as óóKermav Formationôô in Hermis anticline 

(Figure 10). The equivalent level of the formation was defined as óógreenish shalesôô 

by Mason (1930). This formation is pervasive throughout Southeastern Turkey. 
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