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ABSTRACT

RESERVOIR HETEROGENEITY, SEDIMENTOLOGY, AND DIAGENESIS
OF ORDOVI CI AN FBEMAKIEM SOUTHERN DKYARBAKI R
BASIN, SE TURKEY: PALEOGEOGRAPHIC IMPLIC ATIONS

Yel,Gekay
Master of Sciengeseological Engineering

SupervisorProf. DrKs mai | ¥ mer Yeél maz
May 2019 195pages
Recenthigqual ity oi l di scoveries in SE Turke

the Ordovician aged Bedinan Formation sandstone reservoir levels have introduced
many questions. The fact that variable hydrocarbon production rates in the studied
wells dolige 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 stug, GazziDickinson method of point counting on thin sectionsrax
computed tomography imaging technigsemiquantitative Xray diffraction (XRD)

bulk powder mineral analysiseismic lines, wireline log data, and available well data
were used to undeesd 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 stratigrapy 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 betiedéomer and



upper shoreface of an ichstal 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 s@ndsto
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
carbonateements have exerted great control on the reservoir quality in meters scale,

which results in variable hydrocarbon production rate.

Keywords: Reser voi r Heterogeneity, Eodi agenesi s,
Basin, lllitization, Mixed Clay Layer
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G! NEYDOJU ANADOLU B¥LGESK, G! NEY DKYARBA
ORDOVKSKYEN BEDKNAN FORMASYONU REZER'
HETEROJENLKJK, SEDKMENTOLOJKSK VE DK)Y

PALEOCOJRAFKK ¢l KARI MLAR

Yéel,&Gekay
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G¢neydoju Anadolu b°l gesinde, Di yarbaker
For masyonu kumtaké rezervuar seviyelerin
creti mi beraberinde bir -ok soruyu get.i
dej i hkam okar bon creti mi, rezervuar é ol t
-ékarél maséna ve hidrokarbon kurtar é@méneé
y°nteml eri gel i ktirmek i -1n rezervuar I

zor|l améxkt ér .

Bu - al éxdnardaan MBor masyonu en ¢st rezervua
pal eocojrafyaseé, k°ken ve -ateée el emanlar
¢czerinde n o k-Diekinssrame®dn), is@ik attar, log ve kuyu verileri,

X-ray Computed Tomogrp hy g°r ¢ ntvegl-éexrkea g @RE)jmmJ nt e mi

kull anél mékter. E k ol ar ak, rezervuar he
b°l gesel stratigrafik veriler, kuyu kor
kull anél arak petlraogféei zialk éll ongg Kt &@mru ml a ma

Bu -al ékmanén sonkcwaras g&meni tsiukb ak krmatza k é
il erisinde, alt keye °n¢ ile ¢st keyeée °n,
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yané séra, -al ékélan kumtakénéezenagumalt i Eevi

kaya-1lar ol duju anl akeéel mexteér .
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CHAPTER 1

INTRODUCTION

1.1.Purpose and Scope

The subsurface GE Turley, northern margin of the Arabiatel, is rather complex
due to the impacts of both tectonism and relative sea level chabgspitethe
complexity of the structures anehriation in facie distribution due to variable
paleobathymetry during deposition of eachusagpe in SE Turkey, the new enbad
well stimulation methods enable to increase hydrocarbon recovery anddwitidm
reservar levels with heterogeneity problem, unexpected fluid flow barieFbe
Ordovician aged uppermost Bedinan Formasandstoneeservoir levels are good

exampla for formations having reservoir heterogeneity problem.

I n some wel | s drin, dillpreddiction has Beeryparformedkrénrt theb a s
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 thistudy is to fad an answer to the reason of the reservoir
heterogeneity of the sandstone levels, whicluld enable ugo develop proper

enhanced oil recovery programs.

The study covers edimentary petrography, -Kay computed tomography{RD

analysispetrophysical intgretations tainderstandhe following issues;

U Depositional environment
U Sedimentological properties
U Determination of porosity types, texture and fabric

i Clay typing



U Diagenetic evaluation of the formation
1.2.Location of the Study Area

The study areawhichincludes 6 wells (A, B, C, D, E and figsbetween Mardiand
Diyarbakir provinces and cMoveepresiseljghepr oxi mat e
locaion of the study areais confinedy | at i t ud e s3 73A74/433 75'12. 60.00'ON' Na n d
l ongitudes -490AR39595900EE(Figure 1).
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Figurel: Location map of the study areehe rectangle shows tzeomed area.



Geologically, the sidy area located southern paftheD i y a r Basink(Fegure 2)
canbea pioneersiteto find answer for reservoir heterogeneity problems for the rest

of theupper Ordoviciarsandstone reservoir levels of the basin
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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),



diagendic impact,the time of oil emplacement, palebmate, 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., 202DaBdun et

al., 2014;Worden et al., 2018). The heterogeneity of the reservoirs is responsible for
variation involume, hydrocarbon recovery from the reservoir and fluid flow rate
(Morad et al., 2010).

The study is carried out in thredases following the stages of;
1) Datacollection and literature survey.
2) Fieldwork and laboratory wé (petrography, Xay microCT, XRD analysi$.

3) Software analyses, observations and evaluation of outcomes.

The data consists of;

1) Digital (ASCII and LAS files) wireline log datéSpectral Gamma Ray, Sonic,
Photoelectric factor from ¢al ek Petrol date

2) Petrophysicalinterpretations (porosity, permeability and water saturation)

3) Hydrocarbon production performance (daily oil production rates) of 6 wellsr@=ig
3) (A, B,C,D, EandF).

4) 15 cores (vertical fuldiameter cores, 28inches in diameter,-20 cm in length)
and 4 cutting samplg® cores and 4 cutting samples for petrographic analysis, 5
cores for the depositiohaenvironment interpretation, tore for Xray CT
measurement and 4 cores for XRD analys@h 4 wells (A, B, D and F).

5) 1 seismic profildor paleogeographic reonstruction.

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

and correlation of the facies betwethe studied wells).



All availableresources and reports regarding the Bedinan Formation reservoir levels
and other relevant studies on reservoir heterogemadtg compiledand 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 servoir levels of interest between the studied wells are
constructedusing 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 andelitre log data in ASCII format to Petrel
software system. The geological elements including key horizons and faults were
picked on seismiprofiles with the aid of borehole information. Thkepths to the
surface determined in seismic profiles were adjusyaasing reaformation 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 distributienthroughoutthe trapped @&a were obtained by the
reservoir modelling by utilizingppropriate simulation methods (Gaussian, Kriging),

variograms and trends.

X-ray computed tomography (CT) imaging was used to determpamesity, 3D
volumetric and diametrical dimensions of paspaes and type of porosity ithe
reservoir levelgFigure 4. This technique reveals the internal features of the interested
opague objects. It was originally used for medical care but later on, developed and
becoming widely used for geoscientific studespecially to measure porosity, size

and volume of each pore and penetration of injected fluids (Mees et al., 2003).



Figure4: The core sample of the uppermost Bedinan Formatibsandstone level
from F well is used to determe pore type, volume, size and porosity via
Ni konos Xray cbmp@ted somograptscamer.

X-ray tomography measurement is based on 2D radiographs from different angle
around the studied sample to create 3D image from the projection. TadidBraphs

are constituted by-ray beams from Xay source passing on the studied opaque
sample and visualization of attenuatethy on the detector. Theray attenuation is
resulted from Xray absorption, in other words, photoelectric absorption ompton
scattering.X-ray attenuation measements around the studied core in 360 degree
yield 2-dimensional cross sectional images (Taud et al., 208&m8nsional cube or
image can be generateddigcking interpolation of 2dimensional images (Ak ard
Kovscek, 2014) (Figure)5



Projection

‘ radiographs

1. Imaging radiographs at
incremental projection angles

2. 3D reconstruction with
filtered back projection

Stacked slices 3D Volume

Figure5: X-ray computed tomography working principle

CT imagingwas applied to theore sample of the firgandstone levedenetratedn
F well by using Nikon XT H 22ndustrial CT scaner. The technical specifications
of thescanneare as follows;

1 225kV /225 W Reflection target source
9 \Varian 4030 Flat Panel
9 5-axis fully programmable part manipulator

f Mini mum spot size of 3 Om
Scan conditions

1 90kVv
1 175uA
1 500 ms Expsure



The core sample used for the CT scannwas selected fronan interval almost

withoutanyshale laminas.

A total number of 30 thin sections froffull-diameter cores and 4 cutting samples of
the uppermost Bedinan Formation collected from 3 wells ( A, B angtf@examined
under microscope. GazBickinson methodof point counting measurements
(Dickinson, 1970; Ingersoll et al., 1984y using Jame Swift brand mechanical stage
mounted on the microscopeere carried out to eplore mineralframework of the
studied intervalsrelative ratio of quartz, feldspar and rock fragmentdassifyng

the sandstone amgfovenancestudy (with quartz type). Appoximately 2®0-2600
points were counted in the selected thin sectidfizarin red test was carried out to

discriminate between calcite and dolomite.

The sedimenty structures and their geometri@gh the corresponding gamma ray
readings of 5cores wee used to understanithe 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 symmeindex (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 the full diameter cores were plotted on the chart
suggested by Tanner (1967). In adhdit the sedimentgrstructures (cross bedding

etc.) recognizedni the cores and their formationraditions were used to understand

the depositional environment with the aid of gamma ray log reading trends (Siddiqui
et al., 2013).

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

of D well were uploaded to Bel Software System to differentiatiee type ofclay
minerals constituting the matrix of the sandstone levels. The charts (Thoriumi(ppm)
Potassium (%), Thorium (pp) 7 Pefz, Thorium(ppm) / Potassium(%)Thorium

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

type of clay minerals in the sandstone levels studied.

10



The semiquantitativeX-ray diffraction (XRD)bulk powdermineral analysis on 4
core samplgcollectedthe studied level§enetrated i\, B and F wellswere carried
out to identifythe mineral framework and particularly to determiype of the clay
matrix. XRD analysis were performad Turkish Petroleum Corporatidoy the use
of a Rigaku DMAX -2200Ultima*/PC diffractometeunderthe following conditions;

Scanrange:5- 70 A

Scanspeedl /s

X-ray tube:Cu (kV: 40kV mA: 30mA)

Voltage: 40 kV

Current: 20 mA

Wavelenght(CuKa) 1. 54059 Angstr©°m
Software: MDI Jade 7.0

= =4 A A4 -4 A -

Sample preparation;

1 Powdering a piece of the core sampjeRetsch R&00 grinding equipment
1 Mounting of the powders on glaks XRD bulk powder analyses.

The X-ray diffractograms were evaluated according to Inorganic Crystal Structure
Database (ICSD) dhternational Center for Diffraction Data (ICCD)

1.4 Previous Works

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

sandstone level®llowed by the variety of hydrocarbon production performance.

With regard to thigact; lithofacies, sedimentology and depositional environroént
the levelsaresubstantial to delineate the reservoir heterogeneity maps.
The Paleozoic stratigraphy has been

different aspects, especiafiyr hydrocarbon researeh.

11
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After hydrocarbon discoveries in the Bedinan Formation subarkose sandstone
reservoir | evels in the southern side of

very popular for Paleozoic petroleum system of SE Turkey.

The formation $ described for the first time by Cobb (1957c) in Maifledinan
region with cropping out successions Co b b 6 s foHlowweddy thewstudis
performed by Blakslee et allg60, Durkee (961), Kellogg(1961); Stratum(1963,
Koaster(1963, Schmidi(1964; 1966, TPAO(1966, N.V. Turkse Shel1966, Dean
(1979a; 197B), Ala and Moss 1979, Monod and Dean1@80, Dean et al. 981,
Amaco (1985, Dean and Monog1985, Dean et al(1993, Bozdogan et al(1987,
1994;1995.

This chapter provides 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 Formaitelisted below in

chronological order.

Kellogg (1960c) spent significant effoitts 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 ascendindeo500 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 FormatimrMardin-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).

12



Demirtaxkle (1974) per f or neezdic level ofdutkkya u st i v
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 Shiegel Mila
Formations in Iran and the upper level of Habur Group in Irag.

Bozdogan et a[1987; 1994; 1995t996) 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 Beain 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 especialiyre upper clastic levels response to global
cooling. LanvirnianAshgillian age (MiddleLate Ordovician) is assigned to the
Bedinan Formation clastic units based on the fossils found in the mentioned formation.

P e rek (1990) dealt with the strataghic units of Hakkari province and surrounding
area located at the border of Turkezg. He tried to determine contacts and
lithostratigraphic properties of the exposed strata including the Miduke
Ordovician aged Bedinan Formation. He argued trauhper part of Habur Group
named by Wetzel (1959) in Irag might be equivalent to the uppermost Bedinan
Formation, after the age of uppermost Bedinan Formation is assigned as Ashgillian in
accordance with fossils assemblage {daymenesusp,Dindymenesp, Dionide sp,
Duftonia sp, Hammatocnemisp, Otarion sp, Prionocheilussp, andRemopleurides

sp, trilobites.
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Steemans et al(1996) recorded welpreserved palynomorphs consisting of

cryptospores and miospores in samples of Ordovician (Bedinan Formation) and
Silurian (Dadak Formati on) uni t s. Di fferent
uppermost part of Bedinan Formation veasigned as Hirnantion in accordance with

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

part of Diyarbakeér basin.

Besides the old studies related with the age assignment for the Ordovician units
regarded macrofossitich as trilob#és and graptolites; Paris et @007) 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 Bedlan 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 Pal4maeic
Mesozoic clastic units. They claimed that the clay minesdociation such as
illite/illite -smectite, glauconite in Paleozdawver 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 lover Paleozoic levels in MardiDerik-K é z él t epe area. SEM (Scani
microscopy) and XRD (Xay diffractometry) method are applied on the samples to

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

on the shale andlstone 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

14



abundance by kaolite, illite, chlorite, IS (mixed layered clay, illitsmectite),

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 bunetamorphism of argillaceous
sediments. He claimed that based eray diffraction analyses results performed on
the samples taken from the Oligocevismcene sediments of Gulf Coast of the United
States from 1.250m to 5.500m, a significant change in thengibgical composition
(clay coating minerals, quartz cements, carbonate cemsrdabserved 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 exgnést control on
diagenetic alteration in sandstoeservoir levels. They emphasizbdt the hydraulic

head variation ifbasirs controlmineral composition of clay matrix of sandstones.

Chang (1986)emphasizedthe impact of burial diagenesis to dioctdfe and
trioctahedral smectite clay minerals in the Cretaceous offshore sediments of Brazilian
offshore sediments ¢fotiguar, Ceara, and llha de Santbaains. With regard to the
results of the study, the percentage of illite shows progressive increnresponse

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 aeepsive

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 strestay 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 feldspansressure solution, and adjacent amadk 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 zoneather 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
depasitional environment but also diagenetic factors such as bioturbation, mechanical
infiltration and softsediment 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.

Mar-Mant 2 n(2006) woakéd. through # kaolin minerals in Permbrias

sandstone levels of SE Iberian basin. The variation of kaolin mineral in amount

16



throughout the basin extent was attributed to illitization of kaolin clay minerals in

relation to maximum burial temperature.

Lahann (1980) sted 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 cetne

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 McCan2011) 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 ¢f-feldspar, and the syntaxial quartz overgrowth around

detrital quartz grains denotes the mesodiagenetic stage. Furthermore, mesodiagenetic
illite clay minerals form around the temperature 01998 0 CA wi th the pi

high available potassium in ponater.

Credoz et al(2011) studied on the reactivity of mixed clay layer of HBtaectite in
the different range of ph values from 3 t
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 Hlgenectite 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 increasemhd
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 isdifferent from the studies above mentioned dhe first study on
reservoir heterogeneity of the Bedinan Formation sandstone reservoiritevie¢s
region

18



CHAPTER 2

GEOLOGICAL SETTING

The study area situated in Diyarbakér and
Early Pliocene aged fluvial kel mo Formati o
aged Midyat Group carbonate the southern side (Figude7). 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 Ec€hei goc e ne) and
Formations (the Late Miocertearly Pliocene) crop along theigidle and northern parts

of the study area.

Miocene-Pliocene Selmo Formation |f

- Eocene Oligocene Germik Formationj

- E Olig e Hoya For

w== Province Boundary

®  The Studied Well

Figure6: The geologicalmap (constuct ed by g e o Parg)oftitearaarnf of ¢ ¢
interest embedded on the Google Earth image
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Thesubsurface 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 ol dest member of the Derik Group (¢Co
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 O6O0rTiedsbéets mby SMo s e)sThe(fdrrBaBioh tonsists ofg u r e
andesite, aglosrate and volcanic breccia at the bottom, and red colored sandstone

and shale intercation, andesite towards thgkgtlogg, 1960c; Schimidt, 196Ala

and Moss, 1979, G¢ven et al . 1991; Bozd
G°ncg¢oj |l uz2a08d Kozl u,

The Precambrian aged Telbesmi Formation is unconformably overlain by the Early
Cambrian aged Sadan Formation (Figupe8 whi ch bel ongs to the I
et al ., 1997 ; Y eéThetspe loclitydf SBdam Formationlisol ki ) .

weg of Sadan village, located Derik district of Mardin city. The formation was firstly
defined as a | evel wi t hsi(1934)4Kiglre B Babls mi Se
(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 MqQsks 9 7 9 ; Perin-ek et al ., 19
Bozdolj%9Mm4; Yeéel mal2a97)and Dur an

The Sadan Formation is conformably topped ly Middle Cambria aged Koruk

Formation (Figure8 whi ch i s the member of the Der
Yél maz and Duran, 1997). The type |l ocalit
located 40 km west of Mardin city. The Koruk Formation westly described as a

l evel 60606Tel bes mi Series66 by Moses (1934
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 cololietestone

(K°yl ¢go] I u, 1986; Perin-ek et al ., 1991;
1997).
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The Koruk Formation conformably underlies the Middle to Late Camlaged

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

(Ymdz and Duran, 1997; ¢oruh et al ., 1997). T
is Koruk valley north of Sosink village, located Derik district of Mardin city. The
formation was firstly desciebéd aay Mobkevel 1@
(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 gree colored sandstone at the top (Ala and Moss, 1979; Tardu et al., 1990;

G¢ven et al ., 1991; Bozdojan et al ., 1994, Y

The Sosink Formation unconformably underl i es
Formation which is the oldest méne r o f Habur Group (Yél maz a
¢oruh et al ., 1997). The type |l ocality of $
village of Konya city. This fo-SmaAiebdberwas fi
by Blumenhal (1947) (Figure B The formatbn 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, greetored shale and brownish gray

colored siltstone intercalation towards the
Bozdojan, 1994; Yélmaz and Dur an, 1997) .

The Seydikehir Formation i s-LatenQrdowvicliror mabl y t
aged Bedian Formation (Figure)8 whi ch bel ongs to the Habur C
1991; Perin-ek et al., 1991; Bozdojan et al
1997, Yél maz and Duran, 1997, Oktay and Wel
Bedinan Formatioms Bedinan village, located 20 km southeast of Derik district of

Mardin city. The formation was firstly desci
(1957c¢). The formation starts with greenish gray, dark gray colored shale at the bottom

and grades to lightrgy, 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 ¢o07 | u, 1986; Tardu et al ., 1990; Boz
Yél maz and Duran, 1997).

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

Devonian aged Dadak Formation which is th
et al., 1997; Yélmaz and Duran 1997; Okt :
Dadak ForRm&tm emsits of Dadak vill age, | oca
city. The Dadak Formation was filloggly i n-

and Kayar (1959in Kellogg, 1960a(Figure §. The formation starts with dark gray,
brownish gray coloredhale at the bottom, and grades to greenish gray, gray colored
shale, gray colored limestone and brownish colored sandstone intercalation towards
the top (Yél maz and Duran, 1997).

The Dadak Formation is conformably topp:¢
Formation which belongs to the Diyarbakeée
et al., 1997). The type locality of Hazro Formation is 6 km east of Hazro district of

Di yar bakeér city. The Hazro Formation was
me mb e rKéllbgg bng Kayar (1959n Kellogg, 1960a(Figure §. 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 ad greenish red, red colored marl towards the top (Kellogg, 1960a; Tardu

et al ., 1990; Perin-ek et al ., 1991; G¢
Topdemir, 1992; Yélmaz and Dur an, 1997) .

The Hazro Formation unconformably underlies the Late Perngad &omaniibrik

Formation which is the member of the Tani
1990; G¢even et al ., 1991; Perin-ek et a l
Dur an, 1997; ¢coruh et al ., 1997nis The t
gomani i brik village, | ocated 1 km northe
Gomaniibri k Formation was firstly descri |

Kayar (1959 in Kellogg, 1960a After Schmidt (196% the name of Gomaniibrik
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Formation wasused for the interval (Figure).8The 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; Yeéelmaz and Dur an, 1997)

The Gomaniibrik Formation is unconformably overlain by the Early Triassic aged

Uludere Formation which is the only represe.]
area (Yél maz and Dur &nThe type ®datity of Wudereh et al .,
Formation is near Uludere district of Kkérnak

as | ower | evelsonbdbdbobwmomMars &pThénd@lader) (Fi gur
Formation consists of purplish red, greenish gray cdlafeale, and gray, yellow

colored limestone interal at i on ( PerQ@¢nv-eenk eett adl..,, 1199911, ; Ye
Duran, 1997).

The Uludere Formation is unconformably overlain by the Apfitbian aged Areban

Formation which is the oldest member of the Marn Gr oup ( G¢gven et al
Yél maz and Dur an, 1TheOtype locéality of Afebare Rormatibn 1997) .
is Areban village, situated 16 km southeast of Derik district of Mardin city. The
formation was firstly desacrmrd bme mbaesr 666V awii tchoil
Sabunsuyu Formation by Wilson andukimenacher (1959). Schmidt (196first

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

is composed of whitish yellow, bluish green, dark yellow colored sandstohearl
intercalations (G¢gven et al ., 1991; Perin-e
¢oruh et al ., 1997).

The Areban Formation is conformably overlain by the Albian to Cenomangh ag

Sabunsuyu Formation (Figurg @hich belongs to the Mardin Groypuna, 1973;

Perin-ek et al ., 1991; G¢ven et al ., 1991; Y
The type locality of Sabunsuyu Formation is Sabunsuyu valley, located east of Kilis

city. The formation was firstlnyimedtenecr i bed as

formationé6é by Krausert and Temple (1957). '\
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used 606 Sabuns oaype forRhe rintervdl (Fgure).Brhe 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
(Perin-ek et al ., 1991, G¢ven et al . 19

The Sabunsuyu Formation is unconformably topped by the Cenonsayg@drberdere

Formation (Figure Pwhi ch bel ongs to the Mardin Grou
G¢gven et al ., 1991, Perin-ek et al 1991,
1994; Cokkun, 1996 ; Yél maz and Dand an, 1
Guneri 2000). The type locality of &dere Formation is Derdere village, located in
¢¢engek district of Diyarbakeér city. Hand
66 Der der e Rhdhe namé¢ daf Derdéréd (Figuie The formation consists of

dark gray, brown colored dolomitetae bottom and white colored limestone towards

the top (Perin-ek, 1990; G¢é¢ven et al ., 1
Duran, 1997).

The Derdere Formation unconformably underlies the Late Coniasian to Early
Campanian ged Karababa Formation (fire 9 which belongs to the Mardin Group
(Perin-ek, 1980; Koyl o]l u, 1988; Perin-
1991; ahd Duren,z1997; Demirel and Gune2000). The type locality of

Karababa Formation is the southern side of Karababa tdimyfocated 32 km south

o f Adéyaman <city. tlyheseribed byr Gossage ¢1856) vas s f i
660Karababa | i méeketfoomatod startd whth gyay, dark geay, brown

colored, clayey, organidch limestone with marl interbeds and gradesbeige

colored, cherty thickly bedded limestone and beige colored thiolyerately bedded

|l i mestone towards the top (G¢gven et al .,
1997; Demireland Guneri2000).

The Karababa Formation is unconformably overginhe Middle to Late Campanian
aged Beloka Formation (Figure)lI0 whi ch bel ongs to the Adé
and Duran, 1997; ¢oruh et al ., 1997). The
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village, located east of Derik district of Mardin city. Tihgerval corresponding to the

Bel oka Formation was firstly described as a
Dam (1954). Schmidt (1964) first used the na
limestore / dol omi t e f or maThae Belokaéormétien sfants with 1 0

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

(Schmidt, 1964 K°yl ¢o0jJ 1l u, 1986; G¢ven et al ., 1991;

This formation is unconformably topped by the Middle Maastrichtian &pedan

Formation carbonates (Figure)10 ( Ar a- et al . , 1990; G¢éven et
Duran, 1997; ¢oruh et al ., 1997). The for mat
et al ., 1991; Yélmaz and Dur an, ar9Pafl 7; C¢or uh

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 o6@admpvenri aMatkeds tbradshtbiyanTen Dam (!
of Garzan was firstly used for the interval from the wells in the Garzan oil field by

Kellogg (19®a) (Figure 1D The formation starts with dark beige, beige colored,

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

towards the tp (Kellogg, 1960a; Schmidt 1964 K° y |l ¢o0j l u, 1986; G¢ven
Perin-ek et al., 1991; Yél maz and Duran, 199

The Middle Maastrichtian to Late Paleocene aged Germav Formation conformably
overlies the Garzan F®gvean ieoth dlAr,a-1*91 ,alYe
Dur an, 1997, ¢ The typk locality ofaGlermav FdrrBa8ion js Germav
vill age, | ocated 40 km east of Gerc¢k distr
firstly described by Max séodm He(mis®a®ifline as o606 Ker
(Figure 10 . The equivalent | evel of the formati ol

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