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ABSTRACT 

 

 

 

MICROFACIES ANALYSIS OF UPPER DEVONIAN - LOWER 

CARBONIFEROUS SHALLOW WATER CARBONATES OF THE YILANLI 

FORMATION IN ZONGULDAK AREA, NORTH WESTERN, TURKEY 

 

 

 

Ahmed, Nouman 

M.S., Department of Geological Engineering 

Supervisor: Assoc. Prof. Dr. Ķsmail ¥mer Yēlmaz 

October 2016, 135 pages 

 

 

 

The Yēlanlē Formation of Upper Devonian to Lower Carboniferous succession of the 

Zonguldak region were measured from Gökgöl section near Zonguldak city, NW 

Turkey. The studied section dominantly consists of limestone of grey ï dark grey color 

with thin to thick beds of black shale and claystone. A variety of lithofacies identified 

in the studied section including limestone, dolomite, shale, claystone and mudstone. 

Nine microfacies are identified as grainstone, packstone, wackstone, mudstone, 

bindstone, rudstone, shale, claystone and dolomite. Grainstone and packstone have 

abundant peloids, bioclast, intraclast and ooids. Wackstone and mudstone are 

characterized by bivalves, ostracods, lamination and breccia. The model for carbonate 

microfacies are generated by using texture, modal and spatial parameters in context of 

component analysis to interpret depositional environment. The depositional 

environment is interpreted as shallow marine sub-tidal to shallow lagoon environment 

of inner ramp type carbonate platform. The Yēlanlē Formation is characterized by 

variety of fauna like ostracods, foraminifera, bivalves, gastropods, echinoderms, 

sponges, corals and green algae in the studied section.  

Keywords: Upper Devonian-Lower Carboniferous, component analysis of carbonate 

microfacies, shallow water Inner ramp carbonate platform. 
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ÖZ 

 

 

 

ÜST DEVONYEN ï ALT KARBONĶFER SIĴ DENĶZ KARBONATLARININ 

MĶKROFASĶYESLERĶNĶN ĶNCELENMESĶ (YILANLI FORMASYONU, 

ZONGULDAK, KUZEYBATI ANADOLU)  

 

 

 

Ahmed, Nouman 

Yüksek Lisans, Jeoloji M¿hendisliĵi Bºl¿m¿ 

Tez Yºneticisi: Do­. Dr. Ķsmail ¥mer Yēlmaz 

Ekim 2016, 135 sayfa. 

 

 

 

Zonguldak (Kuzeybatē T¿rkiye) yakēnēndaki Gºkgºl kesitinden bir ¦st Devonyen ï 

Alt Karbonifer istifi olan Yēlanlē Formasyonu ºl­¿lm¿ĸt¿r. ¢alēĸēlan kesit baĸlēca 

inceden kalēna tabakalanma gºsteren siyah ĸeyl ve kiltaĸlarē i­eren gri ï koyu gri renkli 

kire­taĸlarēndan oluĸmaktadēr. ¢alēĸēlan kesitte, kire­taĸē, dolomit, ĸeyl, kiltaĸē ve 

­amurtaĸēnē i­eren bir ­eĸitlilik saptanmēĸtēr. Bu kesitte, tanetaĸē, istiftaĸē, ­amurtaĸē, 

killi ĸeyl, baĵlamtaĸē, kabataĸ, ĸeyl, kiltaĸē ve dolomit olarak belirlenen bir dizi 

litofasiyes belirlenmiĸtir. Tanetaĸē ve istiftaĸē olan birimlerde yoĵun peloid, biyoklast, 

intraklast ve ooid bulunduĵu saptanmēĸtēr. Vaketaĸē ve çamurtaĸē birimleri bivalvlar, 

ostrakodlar, laminasyon ve breĸlenme ile karakterize olmuĸtur. Karbonat mikrofasiyes 

modelleri, ­ºkelim ortamēnē yorumlamak adēna bileĸenler analizi baĵlamēnda, dokusal, 

ĸekilsel ve mekansal parametreler kullanēlarak oluĸturulmuĸtur. ¢ºkelim ortamēnēn i­ 

karbonat yokuĸ platformunun sēĵ deniz alt-gelgit ortamē ile kēsētlē lag¿n ortamē 

arasēnda deĵiĸken olduĵu belirlenmiĸtir. Yēlanlē Formasyonda ostrakodlar, 

foraminiferler, bivalvlar, gastropodlar, ekinodermler, s¿ngerler, mercanlar ve yeĸil 

algler i­eren ­ok ­eĸitli bir faunanēn varlēĵē gºzlemlenmiĸtir.  

Anahtar Kelimeler:  Üst Devonyen ï Alt Karbonifer, y¿ksek sēklēklē, karbonat 

mikrofasiyeslerinin bileĸen analizi, sēĵ deniz i­ karbonat yokuĸ platformu 
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CHAPTER 1 

 

 

INTRODUCTION  

 

 

 

1.1. PURPOSE AND SCOPE 

The Devonian-Carboniferous period is significant time interval in the geological time 

scale because of different geological events occurred such as mass extinction, Variscan 

orogenesis. Therefore, these periods have been studied in depth all over the world for 

sedimentology, paleogeography, paleoclimatology, stratigraphic correlation, global 

tectonics and anoxic events. Several studies on the Devonian-Carboniferous 

sedimentology and anoxic events have been carried out by different scientists (i.e. 

Allen and Rajetzky, 1992; Gºnc¿oĵlu et al., 1997; Caplan et al., 1999; Menning et al., 

2006; Yal­ēn and Yilmaz, 2010). 

The aim of this study is to determine the depositional changes and sedimentological 

properties of the Yēlanlē Formation of Upper Devonian-Lower Carboniferous of the 

Zonguldak region, Northwest Turkey. This study can be helpful for petroleum 

explorations and may be used to establish the correlation with other stratigraphic 

successions of different terranes like Moesian Terrane, Istanbul Terrane and Balkan 

Terrane (Garetskiy, 1970; Görür et al., 1997; Dachev et al., 1998).  

 

No detailed sedimentological studies have been carried out so far in the Gökgöl tunnel 

section of the Yēlanlē Formation. The present study covers the detail lithological 

description, facies, components analysis and sedimentological interpretation of 86 

meter interval of the Yēlanlē Formation (Upper Devonian - Lower Carboniferous) at 

the Gökgöl section. 
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1.2. GEOGRAPHIC SETTING  

The study area is situated near Gökgöl tunnel in the Zonguldak region, Black Sea 

region. NW Turkey (Figures 1.1, 1.2 and 1.3). The studied section was measured about 

268 km northwest of Ankara. The studied section of the Gökgöl tunnel (GT) is easily 

accessible from Zonguldak city. The studied section was sampled from the exposed 

outcrops near Gökgöl tunnel on the Çaycuma highway near Asma, Zonguldak city. 

The geographic coordinates of the measured stratigraphic section are latitude 

41°26'16.10"N and longitude 31°50'11.30"E approximately.  

 

1.3. METHODS OF STUDY 

This study consists of field and laboratory works. The field study has been carried out 

in the exposed outcrops near the Gökgöl tunnel on the Çaycuma highway near Asma 

town, Zonguldak.  

In the field, the stratigraphic section was measured from bottom to top of the formation 

by using centimeter tape. During the study 8,600 cm thick sedimentary sequence of 

the Yēlanlē Formation was measured. Sixty eight oriented and disoriented samples 

were collected through the section. The sampling interval between the collected 

samples ranged from 2 cm to 1200 cm. The measured stratigraphic log was drawn 

along with description of observed sedimentary structures and identified fossils. The 

rock colors have been assigned to strata using dry color chart by visual estimation, 

according to international color codes of the geological rock color chart of Geological 

Society of America (GSA, 2009). 

For microscopic studies, thin sections of all the samples were prepared and studied 

under the polarized microscopes. Detailed microfacies study was carried out in the 

laboratory. The quantitative analysis was carried out by point counting method using 

James Swift apparatus that is mounted to microscopic stage. This point counting data 

was used in order to obtain percentage and numbers of the components. 600-1100 

points were counted per thin section. The point counting data and visual estimation 

observation of different components of the microfacies are used to generate a graph 

and ternary diagrams to interpret the depositional environment and component 

variation within the microfacies at different interval and through the measured section. 



3 
 
 

The microfacies analyses are carried out to determine the texture and composition of 

the sample using visual estimation chart (Baccelle and Bosellini, 1965), to classify 

different microfacies. Facies under the polarized microscope are used to determine the 

ratio between matrix and components within the individual lithofacies and the 

variations of matrix and terrigeneous material along the measured section.  The 

microphotographs of the thin sections were taken by Olympus SC30 camera in the 

Crustal Research Laboratory, Geological Engineering Department, Middle East 

Technical University. The graphic sedimentary log was prepared by the Sedlog 

software Sedlog 3.1. This software is developed by a Dimitrios Zervas (SedLog 

developer) at Royal Holloways. This is a multifunction software for creating a graphic 

sediment log that is used by geologist. This software provides an intuitive graphical 

user interface that make it very easy for anyone to use with minimum time and effort 

(http://www.sedlog.com/). These microscopic details were used for interpretation of 

sedimentology and depositional environments. 

 

 

 

 

 

 

 

 

 

 

 

 

 

http://www.sedlog.com/
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Figure 1.1: Geographic location of the studied section in the Zonguldak region, NW Turkey (Red 

rectangle). 

 



5 
 
 

 

Figure 1.2: Satellite image showing the studied location in the Zonguldak region, NW Turkey (Yellow 

arrow represents north direction of the Google map). 

 

Figure 1.3: Close view of the satellite image red arrow showing the studied section in the Zonguldak 

region, NW Turkey. 
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1.4. PREVIOUS STUDIES 

The study area is geographically located in the vicinity of the Zonguldak region (Okay, 

1989) of north western Black Sea region. Zonguldak Terrane comprises four regions; 

Çamdaĵ, Zonguldak, Amasra and Safranbolu (Gºnc¿oĵlu and Kozur, 1998, a, b). 

Many studies have been carried out in the Pontides due to presence of natural resource 

such as petroleum and coal resources since 1890.  

 

In Pontides, coal basins were studied by Stasinopoulos (1898), Pohl (1903), Yeĵin 

(1912), Arni (1938, 1940 a, b, c, d, 1941), Eĵemen and Pekmezciler (1945), Arslan 

(1978), Bulut et al. (1982, 1992), Nekir et al. (1996), Yavuz et al. (2000). Zonguldak 

basin have a major bituminous coal deposit of Turkey. There are many coal seams in 

the area. Tonsteins and smectites are reported by Burger et al., (2000) from Zonguldak 

Terrane. 

 

Studies on coal bed methane (CBM) were carried out (Yal­ēn 1991, 1997; Yal­ēn et al., 

1994; Mann et al., 1995; Gürdal and Yal­ēn, 1995, 2000; Gürdal, 1998; Karayiĵit et 

al., 1998). 

 

The petroleum and gas potential (Carboniferous) in the region was examined by 

Erdoĵan (1963), Wedding (1968, 1969) and Taĸman (1981).  

 

The general geology of the Pontides region was studied by Lucius (1926), Ziglstra 

(1950), Fratschiner (1952), Tokay (1954), Pince (1982), Deveciler (1986), and Nejdi 

(1994a,b). Paleozoic of the Zonguldak Terrane is different from the Istanbul Terrane 

(Gºnc¿oĵlu and Kozur, 1998). The authors discussed the stratigraphy of the 

Zonguldak Terrane. Lower Paleozoic rocks of the Istanbul Terrane are similar to 

Zonguldak Terrane (Chen et al., 2002). Middle Devonian to Lower Carboniferous 

stratigraphic sequence consists of carbonates of the shelf type deposition that is 

overlain by non-marine coal bearing units. Yēlmaz (2002) described sedimentology, 

cyclostratigraphy and sequence stratigraphy of pelagic and carbonate platform of the 

Zonguldak Terrane, NW Turkey. Upward shallowing pattern is observed in all the 

measured stratigraphic sections. Ünlüce (2013) studied the K-bentonite of the Yēlanlē 

Formation of shallow marine carbonate platform of the Zonguldak region. Denayer 
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(2014) carried out studies on shallow marine limestone of the Yēlanlē Formation and 

identified different species of corals and brachiopods. 

 

Paleogeography and paleoclimatology of the Zonguldak Terrane was discussed and 

correlated with Istanbul Terrane, Moesian Terrane and Balkan Terrane (Gºnc¿oĵlu et 

al., 1997; Yanev, S. and Cassinis, G. 1998; Yanev, 2000). 

 

REGIONAL GEOLOGICAL SETTING  

The tectonic setting of Turkey represents a complex regional geological setting that is 

formed by the continental and oceanic crust, and show lateral tectonic setting with 

Alpine Orogeny (ķengºr and Yēlmaz, 1981; Gºnc¿oĵlu et al., 1997). The Pontides 

have almost the complete record of evolution of the Tethys. Pontides are divided into 

three regions (Figures 1.4 and 1.5): Western Pontides, Central Pontides and Eastern 

Pontides (Tüysüz, 1993). The Western Pontides comprise following tectonic units: 

The Istranca Massif, the Istanbul ï Zonguldak zone, the Armutlu-Almacik zone and 

the Sakarya continent. The Istanbul ï Zonguldak zone tectonically overlies on 

Rhodope ï Pontide fragment and the northern most part of the Western Pontides. 

Istanbul and Zonguldak terranes were considered as a single unit (Görür et al., 1997). 

However, Gºnc¿oĵlu and Kozur (1998, 1999) suggested that Zonguldak Terrane is 

distinct to Istanbul Terrane. In IstanbulïZonguldak terranes, the lower Paleozoic 

sedimentary sequence is similar on the basis of lithology and depositional features. In 

IstanbulïZonguldak, the basement rocks consist of a high grade metamorphic 

crystalline assemblage. This assemblage consists of metagabbro, dolerite dykes, 

granite, gneiss and schist. The crystalline basement is overlain by a thick, lower 

Paleozoic sedimentary sequence. The sedimentary strata of Ordovician comprises 

Kurtköy and Aydos Formation (red conglomerate, mudstone and sandstone). The 

Aydos Formation sequence in Zonguldak Terrane is similar to Istanbul Terrane (Dean 

et al., 1997; Gºnc¿oĵlu, 1997). The Aydos Formation is overlain by thick limestone 

of Upper Ordovician. In the Zonguldak region the Upper Silurian is missing (Dean et 

al., 1993), while in the Istanbul region there is a transitional unit of Silurian and 

Devonian (Ketin, 1983). The Fēndēklē Formation is overlain by the Ferizli Formation 

which consists of siltstone, shale and cross bedded sandstone. The upper contact of the 

Ferizli Formation is conformable with the Yēlanlē Formation of Middle Devonian to 
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Lower Carboniferous. The general lithology of the Yēlanlē Formation is dark grey, 

grey, beige colored nodular limestone interbedded with shale, marl, dolomite, chert, 

shale and clay. The Yēlanlē Formation is conformably overlain by the Madendere 

Formation of turbidite. The Alacaĵazē Formation (Namurian), the Kozlu Formation, 

the Karadon Formation and the Kēzēllē Formation (Kerey, 1984; Görür et al., 1997; 

Yiĵitbaĸ et al., 1999) of Pennsylvanian of marine to continental rock units that consist 

shale bearing coal seams with sandstone bed and conglomerate of dark grey to black 

color and at the upper part of Kēzēllē strata a red unfossiliferous bed are present. The 

Zonguldak Formation of Namurian to Westphalian consists of fluvial deltaic 

sediments comprising coal seams in Zonguldak Terrane (Akyol et al., 1974). The 

patchy outcrops of Mesozoic sediments unconformably overlie on the Paleozoic strata. 

The Çakraz Formation consists of river and flood plain deposits of Triassic having 

unconformable contact with underlying the Zonguldak Formation and overlain by the 

Himmetpaĸa Formation of the Middle Jurassic of turbiditic clasts with coal beds at the 

base of the Formation. The Inaltē Formation has disconformable contact with the 

Himmetpaĸa Formation and comprises homogeneous carbonate platform of Late 

Jurassic. Two sedimentary basins were formed during Cretaceous time period; the 

Zonguldak and the Ulus Basin (Tüysüz, 1999). The Ulus Formation consists of marine 

deposit resting unconformably on the Inaltē Formation. Görür (1997) described the 

Ulus sediment as syn-rift deposits of Western Black Sea Basin of Early Cretaceous. 

The Ulus Formation has four members: Mezeci clastics, Inpiri limestones, T¿rbeyanē 

marls and Ulus flysch. The upper contact of the Ulus Formation is unconformable with 

the Dereköy Formation of Turonian that comprises magmatic rocks with alternation of 

shallow and deep carbonate and clastics. This formation was reported as syn ï rift 

deposit (Tüysüz, 1999). The Upper Santonian pelagic limestone of the Unaz Formation 

shows variable contact (unconformable and transitional) with underlying Dereköy 

Formation or syn-rift deposit due to horst and graben of the area. The Cambu 

Formation consists of a thick volcano sedimentary sequence of Campanian have a 

conformable contact with Dereköy Formation (Tüysüz and Sunal, 2002). The Akveren 

Formation of late Cretaceous (Maastrichtian) have conformable contact with the 

Cambu Formation which consists of calciturbidite and pelagic mudstone. This 

formation represents the end of arc magmatism. The Cenozoic of the Istanbul-

Zonguldak terranes comprises the Atbaĸē Formation and the Kusuri Formation. The 
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Atbaĸē Formation consists of pelagic mudstone and marl of the Paleocene. The Kusuri 

Formation of Eocene displays regressive developments and consists of marl, turbiditic 

sandstone and shale (Akyol et al., 1974; Tüysüz, 1997; Ketin and Gümüs, 1963). 

 

 

Figure 1.4: Dark grey patches represent Paleozoic outcrops in the Zonguldak Terrane (simplified from 

Bozkaya et al., 2012). 
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CHAPTER 2 

 

 

LITHOSTRATIGRAPHY  

 

 

 

2.1. LITHOSTRATIGRAPHY OF ZONGULDAK REGION  

The general stratigraphy of the Zonguldak Terrane ranges from Precambrian to 

Carboniferous. The main exposed rocks are sedimentary that ranges from Ordovician 

to Carboniferous in the studied area. Lithological characters of various rock units were 

noted briefly, however, the exposed section of the Yēlanlē Formation near Gökgöl 

tunnel, Asma village was studied in detail (Figures 2.1, 2.2, 2.3 and 2.4). 

The basement of the Zonguldak Terrane is exposed in the Karadere area that comprises 

a metamorphic crystalline series of continental crust-originated gneisses; an oceanic 

set of gabbros, basalts and ultramafics of Cadomian (Chen et al., 2002; Gºnc¿oĵlu et 

al., 2014). The upper contact of Cadomian basement is unconformable with Lower 

Ordovician Bakacak member of Kurtköy Formation (Özgül, 2011) that consists of 

siltstone and mudstone (Gºnc¿oĵlu et al., 2014). The Kurtköy Formation consists of 

red, pinkish and grey colored arkosic conglomerate, sandstone, shale and mudstone 

unit (Dean et al., 1993). The Aydos Formation conformably overlies the Kurtköy 

Formation that consists of a thick ï massive bedded light grey to white colored 

quartzite and quartz-arenite, have a gradational contact with the Karadere Formation 

that comprises thick beds of quartz sandstone in lower part of the Karadere Formation. 

The general lithology of the Karadere Formation is characterized by grey ï dark grey 

mudstone followed by thin bedded shale having pyrite black-dark grey color (Dean et 

al., 1997, 2000). The Ketencikdere Formation has two members that are limestone and 

siltstone members. Limestone member consists of medium to thick bedded mudstone 

interbedded with black limestone while the siltstone member consists of a succession 

of poorly bedded dark grey to greyish green silty mudstone or siltstone that lies on the 

top of limestone bed. The upper strata of the Silurian were eroded. The Fēndēklē 

Formation comprises graptolite bearing grey shale interbedded with mudstone of 
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greenish grey ï grey colored with intercalations of thin beds of limestone. Graptolite 

was reported from the Fēndēklē Formation dominantly consists of black siliceous 

argillites and lydites (Gºnc¿oĵlu et al., 2011). The Bē­kē Formation unconformably 

overlies the Fēndēklē Formation and consists of red color cross bedded sandstone and 

mudstone of Middle Devonian. The general lithology of the Ferēzlē Formation is 

characterized by shale, siltstone and limestone of grey to black color. The Yēlanlē 

Formation of Late Middle Devonian - Lower Carboniferous includes shallow marine 

sequence that consists of limestone interbedded with shale and dolomite. According to 

Harput et al, (1999), the Yēlanlē Formation in the Zonguldak Terrane has an average 

value of TOC is 0.63% which may have a potential for hydrocarbon generation. The 

Yēlanlē Formation is conformably overlain by Lower to Upper Carboniferous strata 

that includes shallow marine to marine and continental deposits of the Madendere 

Formation, the Alacaĵazē Formation, the Kozlu Formation, the Karadon Formation, 

the Kēzēllē Formation and the Zonguldak Formation. The Paleozoic sediments are 

unconformably overlain by a patchy outcrops of Mesozoic sediments that consists of 

continental deposits of Triassic followed by a homogeneous carbonate platform 

deposits. The Ulus Formation unconformably overlying the Inaltē Formation consists 

of marine sediments as syn-rift deposits of Western Black Sea basin of Early 

Cretaceous (Görür et al., 1997). The Ulus Formation is unconformably overlain by the 

alternations of volcanic rocks and shallow, deep marine carbonate and clastics of the 

Dereköy Formation have unconformable and transitional contact with the Unaz 

Formation that is followed by volcano sedimentary sequence, calciturbidites and 

pelagic mudstone of the Cambu and the Akveren Formations. The lower contact of the 

Akveren Formation is transitional ï unconformable with the Cambu Formation while 

upper contact is conformable with the Atbaĸē Formation. The Cenozoic of the 

Zonguldak Terrane consists of the Atbaĸē Formation and the Kusuri Formation that 

represents the carbonates, pelagic mudstone and marl of Paleocene and marl, turbiditic 

sandstone and shale of Eocene respectively, were deposited in E-W trending narrow 

basin (Figure 2.1). 
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Figure 2.2: Generalized columnar section of the Zonguldak region (not to scale, modified from 

Bozkaya et al., 2012; Tüysüz et al., 2002). 
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Figure 2.3: The field photograph showing carbonate sequence of the Yēlanlē Formation on the road 

side. 

 

Figure 2.4: General view of the bottom of thin to thick beds of carbonate of the Yēlanlē Formation. 
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2.2. LITHOSTRAT IGRAPHY OF THE SECTION 

The stratigraphic section measured at SE of Asma town at Gökgöl tunnel that lies in 

the upper part of the upper Middle Devonian - Lower Carboniferous of the Yēlanlē 

Formation. This formation is characterized by cherty limestone, shale interbedded with 

limestone, dolomite and claystone with K-bentonite layers. 

 

The Yēlanlē Formation has two members, the Alabalēk Member (Kipman, 1974) and 

the Manastēr Member (Gedik and Önalan, 2001). The Alabalēk Member comprises of 

the lower part of the Yēlanlē Formation that mainly consists of dark grey lime mud 

rock succession followed by presence of small coral build-ups abundantly in the 

middle part of the member. The intercalations of limestone increase in thickness as 

move upward grading into the main body of the Yēlanlē Formation. The presence of 

rugose and tabulate corals indicates a middle Eifelian age for this member (Kaya and 

Birenheide, 1988). The Manastēr member is characterized by the alternation of nodular 

limestone, shale, siltstone and dolomite of beige, grey, greenish ï yellowish, thin to 

medium bedded consists of abundance of macrofossils mainly corals, brachiopods, 

bivalves and yields the Eifelian age (Kaya and Birenheide,1988). The general lithology 

of the Yēlanlē Formation is characterized by grey to dark grey, beige, greenish colored 

limestone, lime mudstone, dolomitic limestone, dolomite, marl and chert of medium 

to thick bedded alternate with thin beds of clay, black shale, calcareous shale, 

carbonaceous shale and K-bentonite (T¿rkmenoĵlu et al., 2015). The Yēlanlē 

Formation has a thickness of approximately 800 meter (T¿rkmenoĵlu et al., 2015). 

The upper contact of the Yēlanlē Formation is transitional with the Alacaĵazē 

Formation (Yal­ēn and Yēlmaz, 2010). In Çamdaĵ area, the Yēlanlē Formation 

unconformably overlain by Permo ï Triassic sediments of the Çakraz Formation or  

overlain by younger sediments (Kaya et al., 1988; Gedik et al., 2005; Yal­ēn and 

Yēlmaz, 2010). The boundary between Devonian and Carboniferous is located in the 

lower part of the Yēlanlē Formation (Okuyucu et al., 2005). In the Western Pontides, 

the Yēlanlē Formation is exposed throughout. 
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The Yēlanlē Formation was deposited in a shallow marine to shelf / carbonate platform 

of a typical marine environment in between Middle Devonian to Early Carboniferous 

time intervals (Aydēn et al., 1987; Derman, 1997; Yal­ēn and Yēlmaz, 2010; Bozkaya 

et al., 2012, 2016). On the basis of fossils, age of the Yēlanlē Formation represents 

Eifelian ï Visean (Middle Devonian to Lower Carboniferous) (Dil, 1976; Kaya and 

Birenheide, 1988). The Yēlanlē Formation is partially equivalent to lithics of (Kaya, 

1973). Kozyataĵē limestone and time equivalent of B¿y¿kada Formation in Ķstanbul 

region and Devonian (Dinantian) limestone of (Görür et al., 1997) (Figure 2.5). 
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In the present study, different lithologic units of the Yēlanlē Formation are studied 

(Table 2.1). The measured stratigraphic section starts from thin bed of dark grey to 

black color rich in organic matter of shale. Shale beds are alternating with grey, light 

grey, dark grey, beige to black colored limestone have intercalations of mudstone 

(Figures 2.6, 2.7 and 2.8). Some fossils like corals, bivalve, gastrapods and 

stromatolite in this part of the formation are documented (Figures 2.9 and 2.10).  

 

 

Figure 2.6: The field photograph displaying the bottom of the studied section. Thick bedded limestone 

with thin shale (a), limestone (b) and mudstone (c) alternations. 
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Table 2.1: Identification of samples with their color from the Gökgöl Section. 

Gökgöl Section Samples color name and their color code 

No. Sample Rock and their outcrop color 

Color Name 

(Munsell Color 

Book) (GSA, 2009) 

Geological Color Chart Code (Munsell 

Color Book) (GSA, 2009) 

1. GT01 Dark Grey Black color Clayey Shale Greyish Black N2 

2. GT02 Grey color Bioclastic Packstone Medium Grey N5 

3. GT03 Grey color Laminated Claystone Medium Grey N5 

4. GT04 Dark Grey Black Bioclastic Packstone Greyish Black N2 

5. GT05 Grey Beige color Intraclastic Packstone Yellowish Grey 5Y 8/1 

6. GT06 Grey color Rudstone Medium Grey N5 

7. GT07 Dark Grey Intraclastic Packstone Dark Grey N3 

8. GT08 Dark Grey color burrowed lime Mudstone Dark Grey N3 

9. GT09 Dark Grey - Beige color Rudstone Dark Grey N3 

10. GT10 Dark Grey Beige color Peloidal Packstone Pinkish Grey 5YR 8/1 

11. GT11 
Dark Grey ïDark Beige color Bioclastic 

Wackestone 
Dark Grey N3 

12. GT12 Light Grey-Beige color Peloidal Grainstone Pinkish Grey 5YR 8/1 

13. GT13 Dark Black Clayey Shale Black N1 

14. GT14 Dark Grey color Rudstone Dark Grey N3 

15. GT15 Dark Grey color Burrowed Lime Mudstone Dark Grey N3 

16. GT16 
Yellow light brown color Burrowed Lime 

Mudstone 
Dusky Red 5R 3/4 

17. GT17 Black color Muddy organic rich Shale Black N1 

18. GT18 Beige color Bioclastic Wackestone Yellowish Grey 5Y 8/1 

19. GT19 Grey Color Intraclastic Packstone Medium Grey N5 

20. GT20 Beige color Brecciated Mudstone Yellowish Grey 5Y 8/1 

21. GT21 Dark Grey Black Bioclastic Packstone Greyish Black N2 

22. GT22 Dark Grey color Peloidal Grainstone Dark Grey N3 

23. GT23 Black color Bindstone Black N1 

24. GT24 Dark Grey color Bioclastic Wackestone Dark Grey N3 

25. GT25 Dark Grey Beige color Peloidal Packstone Pinkish Grey 5YR 8/1 

26. GT26 Black color  Rudstone Black N1 

27. GT27 
Light Grey Beige color Bioclastic 

Wackestone 
Yellowish Grey 5Y 8/1 

28. GT28 
Light Grey Beige color Bioclastic 

Wackestone 
Yellowish Grey 5Y 8/1 

29. GT29 Black color burrowed lime Mudstone Black N1 

30. GT30 Light Grey Beige color Peloidal Grainstone Yellowish Grey 5Y 8/1 

31. GT31 
Grey Color Peloidal Packstone Medium Grey N5 

Yellow color claystone at bottom Moderate Yellow 5Y 7/6 

32. GT32 Light Grey Beige color Peloidal Packstone Yellowish Grey 5Y 8/1 

33. GT33 
Light Grey Beige color Bioclastic 

Wackestone 
Yellowish Grey 5Y 8/1 

34. GT34 Grey Black color Clayey Shale Greyish Black N2 

35. GT35 Grey Beige color Sparite Dolomite Pinkish Grey 5YR 8/1 

36. GT36 Grey Black color Shale Greyish Black N2 

37. GT37 Grey Beige color Bioclastic Wackestone Pinkish Grey 5YR 8/1 

38. GT38 Yellow color claystone Moderate Yellow 5Y 7/6 

39. GT39 Light Grey color Rudstone Light Grey N7 

40. GT40 Black color shale Black N2 

41. GT41 Grey Color Bindstone Medium Grey N5 

42. GT42 Dark Grey color Peloidal Grainstone Dark Grey N3 

43. GT43 Black Silty shale having Mudstone Greyish Black N2 

44. GT44 Dark Grey Black color Peloidal Wackestone Greyish Black N2 

45. GT45 Black color Silty claystone Greyish Black N2 

46. GT46 Dark Grey color Bivalve Packstone Dark Grey N3 

47. GT47 Dark Grey Black Bindstone (stromatolite) Black N1 

48. GT48 Dark Grey Black Bindstone (stromatolite) Greyish Black N2 

49. GT49 Beige creamy color Bioclastic Wackestone Pale yellowish Orange 10YR 8/6 

50. GT50 Grey color Bioclastic Packstone Medium Grey N5 

51. GT51 Grey Creamy color Bioclastic Packstone Pale Green to grey G 7/2 

52. GT52 Green color Bioclastic Packstone Brilliant Green 5G 6/6 

53. GT53 Grey color Peloidal Packstone Medium Grey N5 
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54. GT54 Dark Grey color Rudstone Dark Grey N3 

55. GT55 Grey Color Bioclastic Packstone Medium Grey N5 

56. GT56 Dark Grey color Black Shale Dark Grey N3 

57 GT57 Grey color Intraclastic Wackestone Medium Grey N5 

58 GT58 Grey color Claystone Medium Grey N5 

59 GT59 
Greyish Green color Intraclastic 

Wackestone 
Light Greenish Grey 5GY 6/1 

60 GT60 Beige color Bioclastic Wackestone Yellowish Grey 5Y 8/1 

61 GT61 Grey color Bioclastic Wackestone Medium Grey N5 

62 GT62 Black color Peloidal Grainstone Black N1 

63 GT63 Grey color Bioclastic Wackestone Medium Grey N5 

64 GT64 
Grey ïBeige color Bioclastic calci 

Packstone 
Yellowish Grey 5Y 8/1 

65 GT65 Dark grey  color Peloidal Wackestone Dark Grey N3 

66 GT66 
Dark grey ï Beige color Intraclastic 

Wackestone 
Pinkish Grey 5YR 8/1 

67 GT67 Dark grey Black color Clayey Shale Greyish Black N2 

68 GT68 Dark grey color Rudstone Dark Grey N3 

 

 

 

 

 

Figure 2.7: Shale interbedded with limestone in lower part of measured section. 

 

Table 2.1: Continued  
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Figure 2.8: A photograph displaying parallel lamination on outcrop of mudstone. 

 

 

Figure 2.9: A photograph showing corals in thick bedded limestone approximately in the middle of the 

section (GT25). 

 

 

Gökgöl 

tunnel 
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Figure 2.10: A photograph illustrating bivalve in the middle of the measured section of limestone. 

 

 

From bottom to top of the sequence a stratigraphic log was prepared (Figure 2.11). 

During the field different lithologies were recorded and some microfossils, intraclast 

and parallel laminations were observed (Figures 2.12, 2.13 and 2.14). 
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Figure 2.12: A field view of thick bedded limestone at the top of the studied section. 

 

 
Figure 2.13: A close view of thick bedded limestone and intercalation of shale represents different 

sample numbers. 
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Figure 2.14: A photograph showing intraclast in rudstone microfacies of thick bedded limestone. 
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CHAPTER 3 

 

 

MICROFACIES ANALYSIS  

 

 

 

3.1 SEDIMENTOLOGICAL STUDIES  

The measured stratigraphic section comprises Upper Devonian - Lower Carboniferous 

strata of the Yēlanlē Formation. The samples were taken from almost every bed layer. 

The sedimentological study is based on the field observations and laboratory studies. 

These studies include identification of lithology and sedimentary structure. 

Microfacies analysis include petrographic determinations, point counting, grain size 

measurements and their statistical interpretation. These analysis are used to classify 

the facies, understand the carbonate depositional environment and interpret possible 

conditions of deposition of the formation in the Gökgöl tunnel section. There are nine 

different microfacies established in measured section.  

 

3.2.  RESULTS OF POINT COUNTING AND MEASUREMENTS  

In order to determine the percentage constituents of microfacies, the point counting 

method has been carried out and results of point counting (Figure 3.1) were used to 

categorize changes in the composition of the microfacies (Table 3.1). 

Through the petrographic studies, different minerals (chlorite, feldspar and 

muscovite), lithic-clasts, bioclasts, pyrite, hematite, cement and matrix have been 

recognized and counted per thin section as quantitatively. The point counting 

quantitative measurement percentage data are represented by Table 3.2. 

Grain size of some microfacies were measured (Table 3.3). The grain size is used to 

indicate the depositional environment and a major factor that effects porosity and 

permeability values. In this study, concentric, radial, superficial and micritic ooids 
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were documented. Ooids consisting of tangential laminae indicates high energy marine 

environment may be oolitic shoals or tidal bars (Flügel, 2004). Micritic ooids are 

characterized by reduced sedimentation rate and random growth in marine 

environment. The presence of radial ooids illustrates low-moderate energy condition 

for the deposition. 

The graphic interpretation of intraclast measurements indicate that the formation is 

deposited at shallow marine. The measurement converted to phi values are used to 

construct Passega diagram (Figure 3.2). Very few sample values indicate the beach 

deposition (Flügel 2004, pp 253). The median value in phi scale for intraclast is 2.9 

(Passega, 1964). 

The point counting data percentage peaks indicate that the bottom part of the measured 

section has a sudden variation in depositional environment. The peloids and intraclast 

peaks in Figure 3.3 illustrates that environment is shallow but few high peaks of lime 

matrix indicate lagoonal to shoal. Low value of benthic forams indicate that water 

depth increases. The middle of the section represents a stable depth of water as 

compared to bottom of the section indicated by all allochem and matrix having 

approximately same values (Figure 3.3). The upper part has almost same depositional 

condition as bottom but the sample sixty eight represent sudden shallowing of 

environment. 

 
Figure 3.1: Graphic illustration of point counting data of the Gökgöl section.  
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Table 3.1. Petrographic and point counted data of the Gökgöl samples (data illustrated 

in graphic curve as Figure 3.1). 
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GT 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

GT 2 110 39 0 145 0 137 35 0 2 0 0 10 0 0 0 0 0 0 0 822 

GT 3 0 0 0 0 0 0 0 0 0 3 24 27 0 0 573 16 0 34 10 687 

GT 4 4 8 0 148 195 35 62 84 0 0 78 50 0 0 0 0 0 0 21 685 

GT 5 23 126 0 31 14 32 28 0 6 0 0 4 0 0 0 0 0 0 14 812 

GT 6 502 27 2 5 9 0 0 68 0 60 0 16 0 0 0 0 0 0 0 689 

GT 7 26 118 0 33 47 23 22 0 1 74 2 26 0 0 0 0 0 0 67 768 

GT 8 0 4 0 2 0 0 0 9 0 12 537 62 0 0 0 0 0 0 48 674 

GT 9 409 31 0 14 25 0 8 0 0 43 0 12 0 0 0 0 0 0 12 998 

GT 10 327 204 0 19 0 12 15 0 1 40 18 34 0 0 0 0 0 0 5 923 

GT 11 42 48 0 29 38 115 17 64 6 55 423 22 0 1 0 0 1 0 42 903 

GT 12 415 29 0 18 11 16 0 0 0 45 0 33 0 0 0 0 0 0 0 790 

GT 13 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

GT 14 43 29 0 29 80 10 27 0 12 25 232 27 0 0 0 0 0 0 22 726 

GT 15 2 0 0 33 0 0 5 15 0 15 572 23 0 0 0 0 0 0 54 719 

GT 16 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

GT 17 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

GT 18 60 42 0 41 143 0 63 34 0 26 237 45 0 0 0 0 1 0 58 750 

GT 19 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

GT 20 0 0 0 5 0 0 0 9 0 7 607 21 0 0 0 0 5 0 22 676 

GT 21 0 27 0 190 224 0 173 36 91 6 163 72 0 1 0 0 0 0 66 0 

GT 22 339 87 0 19 36 0 12 0 1 54 0 16 0 0 0 0 0 0 0 729 

GT 23 205 139 0 24 48 13 5 0 2 85 130 5 0 0 0 0 0 0 42 964 

GT 24 26 18 0 211 86 0 35 37 10 0 19 0 0 0 0 0 0 0 5 849 

GT 25 295 84 0 13 48 23 15 0 0 0 59 4 0 0 0 0 0 0 13 899 

GT 26 59 6 0 72 23 0 7 0 68 11 212 58 0 0 0 0 1 0 166 870 

GT 27 3 6 0 119 85 0 15 40 5 20 323 34 0 0 0 0 0 0 42 692 

GT 28 60 15 0 46 175 0 35 69 77 35 308 45 0 0 0 0 0 0 81 946 

GT 29 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

GT 30 335 90 0 29 65 0 38 0 0 44 8 10 0 0 0 0 0 0 0 775 

GT 31 267 145 0 20 0 0 17 0 0 0 5 14 0 0   0 0 0 18 802 

GT 32 228 92 0 11 5 52 35 0 17 0 0 13 0 0 0 0 0 0 27 849 

GT 33 4 6 0 114 59 0 110 47 3 26 361 77 0 0 0 0 0 0 53 860 

GT 34 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

GT 35 0 0 0 0 0 0 0 0 0 37 0 46 0 0 0 0 0 0 1 697 

GT 36 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

GT 37 0 0 0 24 84 0 17 34 0 3 548 15 0 0 0 0 0 0 3 728 

GT 38 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

GT 39 45 82 0 21 60 89 11 0 11 39 42 26 0 0 0 0 0 0 26 852 

GT 40 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

GT 41 111 0 0 27 11 35 18 0 0 0 357 7 0 0 0 0 74 0 46 988 

GT 42 233 196 0 31 17 43 0 0 0 70 0 2 0 0 0 0 0 0 0 755 

GT 43 0 0 0 68 0 0 0 10 0 0 0 64 0 0 34 666 0 4 39 885 

GT 44 101 3 0 8 7 0 0 72 0 12 485 24 0 0 0 0 2 0 49 763 

GT 45 0 0 0 1 0 0 0 0 0 11 0 1 0 0 125 474 0 0 221 833 

GT 46 15 19 0 51 563 0 0 0 7 1 81 85 16 0 0 0 0 0 16 968 

GT 47 0 0 0 475 0 0 110 90 8 7 11 3 0 0 0 0 0 0 182 886 

GT 48 57 6 0 470 0 0 42 64 6 43 77 16 0 0 0 0 0 0 89 870 

GT 49 2 8 0 147 0 0 11 83 0 19 506 20 0 0 0 0 1 0 17 814 

GT 50 46 21 0 66 95 190 55 0 13 8 134 44 0 0 0 0 0 0 15 863 

GT 51 32 29 0 69 74 223 41 0 11 12 84 41 0 0 0 0 0 0 11 896 

GT 52 180 0 0 92 47 174 15 0 13 67 24 47 0 0 0 0 0 0 11 870 

GT 53 347 25 0 13 36 13 0 0 12 95 30 32 0 0 0 0 0 0 33 894 

GT 54 250 14 0 35 15 28 12 0 0 0 0 4 0 0 0 0 2 0 8 858 

GT 55 214 54 0 110 138 38 59 0 5 2 98 16 0 0 0 0 0 0 65 937 

GT 56 0 0 0 1 0 0 0 0 0 89 0 3 0 0 297 2 0 0 444 836 

GT 57 0 9 0 26 15 0 11 66 0 14 515 8 0 0 0 0 0 0 31 695 

GT 58 0 0 0 0 0 0 0 0 0 0 0 7 66 0 594 0 0 0 79 746 

GT 59 136 37 0 65 35 0 45 0 0 21 179 75 0 0 0 0 0 0 45 809 

GT 60 9 3 0 110 17 0 95 48 0 9 463 55 0 0 0 0 2 0 101 912 

GT 61 9 26 0 121 19 0 55 41 40 31 318 8 0 0 0 0 0 0 81 749 

GT 62 313 95 0 29 14 0 18 0 0 3 0 40 0 0 0 0 1 0 46 694 

GT 63 16 17 0 108 44 0 110 57 0 23 403 32 0 0 0 0 0 0 38 848 

GT 64 44 46 0 9 95 85 51 0 39 36 105 14 0 0 0 0 0 0 29 730 

GT 65 217 8 0 36 0 0 0 77 0 32 342 59 0 0 0 0 0 0 19 790 

GT 66 84 9 0 63 26 0 35 0 6 54 393 9 0 0 0 0 0 0 61 902 

GT 67 0 0 0 134 70 0 0 0 0 2 22 8 0 0 258 76 0 0 383 953 

GT 68 81 206 0 11 25 24 22 0 0 75 0 0 0 0 0 0 0 0 4 718 
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Table 3 2. Percentage data of the quantitative analysis using point count data for the 

measured Gökgöl section (data illustrated in graphic curves as well as in ternary 

diagrams). 

Sample 
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Total 

GT 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

GT 2 13.4 4.7 0 20.9 27.37 0.24 14.5 0 1.2 0 0 0 0 100 

GT 3 0 0 0 0 0 0 0.44 3.49 3.9 2.33 83.41 0 1.46 100 

GT 4 0.58 1.2 0 42.6 12.26 0 0 11.4 7.3 0 0 0 3.07 100 

GT 5 2.83 16 0 9.11 49.01 0.74 16.7 0 0.5 0 0 0 1.72 100 

GT 6 72.9 3.9 0.3 1.31 9.869 0 8.71 0 2.3 0 0 0 0 100 

GT 7 3.39 15 0 12 42.84 0.13 9.64 0.26 3.4 0 0 0 8.72 100 

GT 8 0 0.6 0 0 1.335 0 1.78 79.7 9.2 0 0 0 7.12 100 

GT 9 41 3.1 0 3.31 44.49 0 4.31 0 1.2 0 0 0 1.2 100 

GT 10 35.4 22 0 2.93 26.87 0.11 4.33 1.95 3.7 0 0 0 0.54 100 

GT 11 4.65 5.3 0 18.8 7.087 0.66 6.09 46.8 2.4 0 0 0.11 4.65 100 

GT 12 52.5 3.7 0 3.42 28.23 0 5.7 0 4.2 0 0 0 0 100 

GT 13 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

GT 14 5.92 4 0 16.1 26.17 1.65 3.44 32 3.7 0 0 0 3.03 100 

GT 15 0.28 0 0 0.7 2.086 0 2.09 79.6 3.2 0 0 0 7.51 100 

GT 16 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

GT 17 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

GT 18 8 5.6 0 27.5 4.533 0 3.47 31.6 6 0 0 0.13 7.73 100 

GT 19 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

GT 20 0 0 0 0 1.331 0 1.04 89.8 3.1 0 0 0.74 3.25 100 

GT 21 0 2.6 0 37.8 3.432 8.67 0.57 15.5 6.9 0 0 0 6.29 100 

GT 22 46.5 12 0 6.58 22.63 0.14 7.41 0 2.2 0 0 0 0 100 

GT 23 21.3 14 0 6.85 27.59 0.21 8.82 13.5 0.5 0 0 0 4.36 100 

GT 24 3.06 2.1 0 14.3 4.358 1.18 47.3 2.24 0 0 0 0 0.59 100 

GT 25 32.8 9.3 0 9.57 26.47 0 11.9 6.56 0.4 0 0 0 1.45 100 

GT 26 6.78 0.7 0 3.45 21.49 7.82 1.26 24.4 6.7 0 0 0.11 19.1 100 

GT 27 0.43 0.9 0 14.5 5.78 0.72 2.89 46.7 4.9 0 0 0 6.07 100 

GT 28 6.34 1.6 0 22.2 7.294 8.14 3.7 32.6 4.8 0 0 0 8.56 100 

GT 29 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

GT 30 43.2 12 0 13.3 20.13 0 5.68 1.03 1.3 0 0 0 0 100 

GT 31 33.3 18 0 2.12 22.32 0 17.1 0.62 1.7 0 0 0 2.24 100 

GT 32 26.9 11 0 10.8 26.15 2 17.3 0 1.5 0 0 0 3.18 100 

GT 33 0.47 0.7 0 19.7 5.465 0.35 3.02 42 9 0 0 0 6.16 100 

GT 34 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

GT 35 0 0 0 0 0 0 5.31 0 6.6 0 0 87.9 0.14 100 

GT 36 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

GT 37 0 0 0 13.9 4.67 0 0.41 75.3 2.1 0 0 0 0.41 100 

GT 38 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

GT 39 5.28 9.6 0 18.8 46.95 1.29 4.58 4.93 3.1 0 0 0 3.05 100 

GT 40 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

GT 41 11.2 0 0 6.48 18.62 0 11.9 36.1 0.7 0 0 7.49 4.66 100 

GT 42 30.9 26 0 7.95 21.59 0 9.27 0 0.3 0 0 0 0 100 

GT 43 0 0 0 0 1.13 0 0 0 7.2 75.3 3.842 0 4.41 100 

GT 44 13.2 0.4 0 0.92 9.436 0 1.57 63.6 3.1 0 0 0.26 6.42 100 

GT 45 0 0 0 0 0 0 1.32 0 0.1 56.9 15.01 0 26.5 100 

GT 46 1.55 2 0 58.2 11.78 0.72 0.1 8.37 8.8 0 0 0 1.65 100 

GT 47 0 0 0 12.4 10.16 0.9 0.79 1.24 0.3 0 0 0 20.5 100 

GT 48 6.55 0.7 0 4.83 7.356 0.69 4.94 8.85 1.8 0 0 0 10.2 100 

GT 49 0.25 1 0 1.35 10.2 0 2.33 62.2 2.5 0 0 0.12 2.09 100 

GT 50 5.33 2.4 0 39.4 20.39 1.51 0.93 15.5 5.1 0 0 0 1.74 100 

GT 51 3.57 3.2 0 37.7 30.02 1.23 1.34 9.38 4.6 0 0 0 1.23 100 

GT 52 20.7 0 0 27.1 22.99 1.49 7.7 2.76 5.4 0 0 0 1.26 100 

GT 53 38.8 2.8 0 5.48 28.86 1.34 10.6 3.36 3.6 0 0 0 3.69 100 

GT 54 29.1 1.6 0 6.41 45.34 0 11.8 0 0.5 0 0 0.23 0.93 100 

GT 55 22.8 5.8 0 25.1 14.73 0.53 0.21 10.5 1.7 0 0 0 6.94 100 

GT 56 0 0 0 0 0 0 10.6 0 0.4 0.24 35.53 0 53.1 100 

GT 57 0 1.3 0 3.74 9.496 0 2.01 74.1 1.2 0 0 0 4.46 100 

GT 58 0 0 0 0 0 0 0 0 0.9 0 79.62 0 10.6 100 

GT 59 16.8 4.6 0 9.89 21.14 0 2.6 22.1 9.3 0 0 0 5.56 100 

GT 60 0.99 0.3 0 12.3 5.263 0 0.99 50.8 6 0 0 0.22 11.1 100 

GT 61 1.2 3.5 0 9.88 5.474 5.34 4.14 42.5 1.1 0 0 0 10.8 100 

GT 62 45.1 14 0 4.61 19.45 0 0.43 0 5.8 0 0 0.14 6.63 100 

GT 63 1.89 2 0 18.2 6.722 0 2.71 47.5 3.8 0 0 0 4.48 100 

GT 64 6.03 6.3 0 31.6 24.25 5.34 4.93 14.4 1.9 0 0 0 3.97 100 

GT 65 27.5 1 0 0 9.747 0 4.05 43.3 7.5 0 0 0 2.41 100 

GT 66 9.31 1 0 6.76 17.96 0.67 5.99 43.6 1 0 0 0 6.76 100 

GT 67 0 0 0 7.35 0 0 0.21 2.31 0.8 7.97 27.07 0 40.2 100 

GT 68 11.3 29 0 9.89 37.6 0 10.4 0 0 0 0 0 0.56 100 
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Table 3.3. Grain size measurement of some samples of the Gökgöl section. 
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GT 2 0.09 0.02       0.05   0.21 0.31 0.17 0.23 S A M     0.043 0.12 RO 

GT 4                   0.306 0.17 S A M           

GT 5 0.219 0.044     M 0.19 1 0.239 0.589 0.34 0.69 S R M     0.115 0.289 RO 

GT 6 

  0.029 0.224 0.319 M 0.195 2 0.297 0.237 0.9 2.1 S A M     0.08 0.332  
  0.047 0.176 0.325 M 0.1 2 0.247 0.296 0.45 2.33 S A M     0.097 0.504 R 

0.14       M 0.061   0.218 0.265     S A M     0.127 0.34 R 

                              0.105 0.162 RO 

  0.031 0.129 .3.1 M 0.28   0.328 0.408     S A M     0.089 0.138 R 

              0.214 0.315             0.135 0.724 R 

GT 7 
0.218 0.03     M 0.15   0.257 0.287 0.501 0.6 S A M           

              0.256 0.419 0.369 0.8 S A M           

GT 9 

  0.021 0.167 0.215 M 0.071 2 0.286 0.388 0.561 2.99         0.134 0.407 R 

0.26 0.048     M 0.186   0.081 0.137                   

  0.002 0.071 0.583 M 0.003 1 0.662 0.648 0.394 2.77 
S 

A/SR M     0.149 0.108 R 

  0.075 0.281 0.415 M 0.151 2                       

  0.043 0.176 0.235 M 0.095 2 0.101 0.155 1.326 3.09 
S 

A/SR M     0.183 0.675 R 

GT 10 

  

  

  

0.251 0.049     M 0.176   0.061 0.157       M           

  0.005 0.091 0.563 M 0.004 1 0.521 0.648 0.394 0.94 
S 

A/SR M     0.149 0.108 RO 

  0.076 0.297 0.422 M 0.157 1     0.35 0.49   M           

  0.044 0.179 0.238 M 0.087 1 0.091 0.181 0.557 0.62 SR M     0.183 0.675 R 

GT 12 

0.196         0.074   0.268 0.234 0.162 0.98 
S 

A/SR   0.045 0.17 0.08 0.435 R 

  0.038 0.182 0.311   0.147 2 0.177 0.19 0.184 0.31 
S 

A/SR   0.092 0.27 0.144 0.867 R 

                  0.208 0.53               

GT 14 

0.121 0.011     M 0.088 1 1.175 1.034 3.023 2.81   AM 0.171 0.06 0.303 0.061 R 

              0.207 0.313 2.961 1.85   M 0.078 0.31 0.087 0.024 R 

              0.13 0.258     SR M     0.073 0.023 R 

GT 21               0.032 0.087 0.601 0.05 SR M           

GT 22 

0.16 0.042       0.078       0.406 0.23 A M 0.067 0.14 0.142 0.362 R 

0.1 0.044       0.034   0.169 0.376 0.201 0.71 A M           

  0.026 0.189 0.425   0.367       0.597 0.32               

0.195 0.068       0.094       0.355 0.22 A M 0.096 0.09 0.45 0.131 SRO 

GT 23 

  0.023 0.189 0.425   0.347       0.478 0.29 SR M 0.069 0.19 0.38 0.391 R 

              0.15 0.262 0.57 0.63 SR   0.103 0.22 0.29 0.268 R 

              0.097 0.302     A       0.06 0.04 RO 

GT 25 

  

  

  

              0.297 0.347 0.9 0.62 SA M     0.084 0.35 R 

              0.192 0.272 0.54 0.88 SA M     0.069 0.511 R 

              0.341 0.265 0.22 0.57 A M     0.15 0.32 SRO 

              0.482 0.211 0.67 0.34         0.069 0.03   

              0.304 0.08 0.325 0.26 A M 0.052 0.09 0.57 0.121 SRO 

GT 26 

0.15 0.032     M 0.074 1 0.444 1.102 0.801 3.08 SR   0.118 0.2 0.14 0.087 R 

                  0.554 0.64 SR AM     0.321 0.04 RO 

              0.662 0.621     SR P           

                  0.211 0.22 SR M           

GT 30 

0.055 0.014       0.03 2 0.193 0.157 0.241 0.21 SA M 0.047 0.07 0.084 0.195 SR 

0.041   0.199 0.174   0.071       0.118 0.24  SA   0.078 0.14 0.101 0.187 R/RO 

0.071 0.012       0.048 2     0.159 0.22   M           

GT 31 0.26 0.044     M 0.073 1 0.53 0.39 0.35 0.69 A M 0.09 0.35 0.22 0.57 SR 

GT 32               0.32 0.199 0.21 0.42 A M     0.069 0.05   

GT 39 

0.128 0.025     M 0.071 1 1.751 2.796 1.561 3.71 SA M 0.054 0.1     rod 

0.0182 0.046     M 0.09 1 1160 0.155 0.347 0.93 SA M 0.07 0.06     rod 

0.097 0.022     M 0.057 1 0.211 0.279     SR M 0.049 0.04     R 

              0.2 0.421     SR M           

                  0.717 0.89 A             

GT 41               0.07 0.08 0.1 0.07 A M 0.005 0.09 0.15 0.076 SR 

GT 42 

  0.035 0.139 0.189   0.077 1     0.182 0.52   M 0.059 0.09 0.058 0.09   

0.108 0.038       0.052 10     0.11 0.21   M 0.047 0.09 0.336 0.08   

  0.041 0.192 0.266   0.124 R1     0.276 0.39 A M     0.074 0.096 RO 

0.189 0.045       0.084 R1     0.174 0.09 SA M     0.094 0.401 R 

  0.025 0.112 0.144  M 0.063  R2                       

0.224 0.055      M 0.115 2                       

GT 50               0.016 0.08 0.15 0.26 SA M 0.02 0.06 0.04 0.09   

GT 51                   0.27 0.32 A M           

GT 52                   0.218 0.47 SA M 0.09 0.91 0.072 0.036 R 

GT 53               0.072 0.09     SA   0.059 0.02 0.077 0.08 SRO 

GT 54 

0.19 0.032      M 0.118  2 0.122 0.018 0.239 0.67     0.072 0.04 0.098 0.049 R 

0.12 0.017      M 0.083 R4     0.163 0.38 
S 

A/SR   0.054 0.07 0.141 0.061 RO 

0.124 0.011      M 0.097 2     2.302 0.57 SA             

                  0.276 0.5 SA             

GT 62 

  

  

0.114 0.015       0.055 R1     0.175 0.11 SA M 0.057 0.06 0.053 0.131 RO 

0.118 0.023       0.07 R2             0.055 0.06 0.088 0.27 AR/RO 
0.104 0.034      M 0.045 2                        

GT 64               0.214 0.187 0.09 0.24 SR   0.084 0.36 0.33 0.128 R 

GT 68 

0.44 0.131       0.19 R     0.357 0.33 A M 0.086 0.28 0.13 0.329 R 

0.18 0.056       0.065 R2 0.392 0.257 1.359 3.29 SA M 0.134 0.06 0.079 0.253 R 

  0.019 0.246 0.353   0.267 S 0.175 0.193 1.14 0.89 A M     0.051 0.313 R 

  0.051 0.31 0.396   0.309 4                       

  0.063 0.28 0.398  M 0.31 3                       

  0.027 0.181 0.351  M 0.123 2                        

Symbols of table 3.6 micrite (M), rounded (R), sub-angular (SA), angular (A), subrounded (SR), rod 

(RO).  
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Figure 3.2: Passega diagram. The area included by the black straight line is the pattern based on median 

(Coarse grain: C, median: M 2.9 phi value).  

 

Figure 3.3: Graphic representation of percentage of different allochem, lime matrix and cement of the 

Gökgöl section (peloids (P), ooids (O), bioclast (Bl), bivalve (Bi), forams (Fm), echinoderms (Ec), 

intraclast (In), cement (C) and (M) matrix).  
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3.3.  MICROFACIES OF GÖKGÖL TUNNEL SECTION  

In the Gökgöl tunnel section, total sixty eight samples were collected almost from 

every bed. Thin section of some samples were not prepared because of fissile nature 

and very thin size. Nine microfacies of the Yēlanlē Formation (MYF) are recognized 

on the basis of outcrops and microscopic studies. These microfacies have been 

identified on the basis of compositional and textural classifications, and percentage 

composition of different minerals. Percentage composition have been determined by 

using visual estimation charts as well as by point counting percentages, both 

percentages are correlate with each other to get precise results of microfacies. The 

microfacies of the Yēlanlē Formation (MYF) are described in (Table 3.4). These are as 

follows; 

Table 3.4: Microfacies and sub-microfacies of the Yēlanlē Formation. 

S.# Microfacies Sub-Microfacies Type Sample Numbers 
Environment of 

Deposition 

1. Grainstone Peloidal  
GT12,GT22, GT30, GT42, 

GT62, 

Intertidal ï sub tidal 

shallow marine 

2. Packstone 

Bioclastic 
GT2, GT4, GT21,  GT50, 

GT51, GT52, GT55 , GT64 

Shallow marine subtidal to 

restricted lagoon 

Intraclastic GT5, GT7, GT19 

Peloidal 
 GT10, GT25, GT31, GT32, 

GT53 

Bivalve GT46 

3. Wackestone 

Peloidal GT44, GT65 

Restricted lagoon to open 

marine Bioclastic 
GT11, GT18, GT24, GT27, 

GT28,GT33, GT37, GT49, GT60, 

GT61, GT63,  
Intraclastic GT57, GT59, GT66 

4. Mudstone 
Burrowed Lime mudstone GT8, GT15, GT16, , GT29,  

Shallow marine to restricted 

lagoon. Brecciated  GT20 

5. Bindstone GT23, GT41, GT47, GT48, Intertidal to restricted 

lagoon. 

6. Rudstone 
GT6, GT9, GT14, GT26, GT39, 

,GT54, GT68 Subtidal to lagoon. 

7. Shale  

Clayey 
GT1, GT13, GT17, GT34, 

GT36, , GT67 

Shallow marine to restricted 

lagoon. 
Silty  GT43 

Black GT40, GT56 

8. Claystone  
Claystone GT3, GT38, GT58,  

Shallow marine to restricted 

lagoon. 
Silty  GT45 

9. Dolomite  
GT35 

Shallow marine to lagoon. 



36 
 
 

The adopted classification here to propose microfacies of carbonate rocks are based 

on Dunham (1962), Embry and Klovan (1971), James (1984) and Kendal (2005) 

(Figure 3.4). The modified classification of Folk by Strohmenger and Wirsing (1991) 

is used to classify microfacies after Folk (1959, 1962) classifications (Figures 3.5, 3.6 

and 3.7). Dunham (1962) classified the carbonate rocks on basis of primary 

constituents and modified by Kendal (2005). Embry and Klovan (1971) and James 

(1984) classify rocks on the basis of texture primary based on allochthonous and 

autochthonous organisms. Flügel and Haditsch (1975), Langbein et al. (1982), Oates 

(1998) classified the limestone on the basis of mineralogical or chemical composition 

of rock. It can be expressed in percentage. The basic element or mineral is calcite and 

dolomite along with non-carbonate Oates (1998) (Figure 3.8). The Wilson (1975) 

model is used to classify microfacies and sub-microfacies of carbonate. Standard 

microfacies types are fundamental classifications that use identical criteria to define 

facies and their depositional environment. Mostly standard microfacies types (SMF) 

are classified on the basis of dominant characteristic including grain types, biota 

(bioclast) or depositional texture. Standard microfacies (SMF) can be used to 

understand the facies distribution along the depositional profile and interpret the 

possible depositional condition or environment for the facies. The interpretation of 

microfacies compare to SMF are put in the ramp type depositional model of Wilson 

(1975) (Figures 3.9 and 3.10).  

Baccelle and Bosellini (1965) charts are used for visual estimation (Figure 3.11). The 

point counting data is used to generate carbonate microfacies model in the context of 

high-frequency dynamic relative sea-level changes. The combined classification of 

modified Dunham and Folk were used to categorize the microfacies and their sub-

microfacies of carbonates. 
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Figure 3.4: Classification of carbonate rocks proposed by Kendall (2005) after Dunham (1962). 

 

 

 

 

Figure 3.5: Textural classification of carbonate rocks by Folkôs and improved by Kendall (2005) after 

Folk (1959). 
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Figure 3.6: Classification of carbonate rocks based on crystal texture Strohmenger and Wirsing (1991) 

after Folk (1959). 
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Figure 3.7: Textural classification of carbonate rocks by Folk and improved by Kendall (2005) after 

Folk (1959). 

 

Figure 3.8: Limestone classification on the basis of composition (Flügel and Haditsch, 1975; Oates, 

1998).  
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Figure 3.9: List of standard microfacies types of the Wilson Model going from the basinal SMF type 1 

to sub-aerial SMF 26 (Wilson, 1975). 
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Figure 3.10: List of ramp microfacies types and depositional profile of the Wilson Model in different 

parts of a carbonate ramp (Wilson, 1975). 
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Figure 3.11: The comparison charts for visual percentage estimation for limestoneôs (Baccelle and 

Bosellini, 1965). The charts represents A - silt-sized and fine-sand sized particles, e.g. peloids, small 

intraclasts, or microfossils; B - coarse angular and subangular particles, e.g. intraclasts and angular 

skeletal grains; C - equal-sized ooids; D - differently sized ooids or peloids; E - oriented shells, e.g. 

bivalves; F - associations of various grains, here predominantly bioclasts, a few coated grains and 

peloids. G and H display the same percentage of skeletal grains with a black and with a white 

background. Low and high values: Most charts start with images at 10%; only the charts for the groups 

A and B show images below 10%. The largest percentage value shown is 50 or 60%. I and J: Few and 

abundant peloids contrasted; K and L: Few and abundant bioclasts (Baccelle and Bosellini, 1965). 
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3.3.1. MYF -I GRAINSTONE MICROFACIES  

The sub-microfacies of grainstone of the Yēlanlē Formation is identified on the basis 

of primary constituent and texture (Dunham, 1962; Folk, 1962; Strohmenger and 

Wirsing, 1991; Kendall, 2005), during petrographic studies one sub-microfacies is 

identified (Figures 3.4, 3.5 and 3.9). 

i ) Peloidal Grainstone ï Pel-intra-oosparite 

 

3.3.1.1. S-MYF I  PELOIDAL GRAINSTONE ï PEL-INTRA -

OOSPARITE 

The samples GT12, GT22, GT30, GT42 and GT62 show peloidal grainstone sub-

microfacies (Plate 1). Allochem include mainly peloids, bioclasts, ooids and intraclast. 

The grain size of peloid, ooid and intraclast are measured (Table 3.3). 

The peloids present in this grainstone sub-microfacies represent 45 %. Peloids are 

rounded elongate, rod-shaped and the average size of rounded peloid ranges from 

0.055 ï 0.455 mm and rod like peloids have 0.206ï0.785 mm in size, dark color, 

homogenous and spherical pellets are shown in Plate 1 that indicate fecal pellets type 

of peloids. Mud peloids, algal peloids and cortoid are rare (Plate 1, A-D).  

Besides peloids, ooids (11.1 %) in the grainstone sub-microfacies are radial-fibrous, 

concentric, superficial, tangential and micritized microfabrics. The radial ooids and 

superficial ooids are common. These generally display moderate sorting and 0.041-

0.224 mm diameter size, with overall size uniformity. The nucleus of ooids is 

composed of shell fragments, micritized particles. The cortex size ranges from 0.021ï

0.055 mm. Bioclasts (10.5 %) include ostracods, foraminifers, gastropods, bivalves, 

corals, calcisphere, algae, charophyta (gyrogonite) and bryozoan (Plate 1, A-F). 

The intraclast are angular to sub-angular and their size ranges from (X: 0.177 ï 0.406 

mm and Y: 0.234 ï 0.712 mm) and poorly sorted. Lithoclast and grains are reworked 

by storm/wave and modified by cyanobacteria. Calcite vein, stylolite, fractures, 

aggregate, intraclast, organic matter, oil remains and pyrite are present. 

The allochems to cement ratio in the grainstone microfacies is 4:1 approximately 

according to visual estimation. Peloids represents 45 %, ooids 11.1 % cement 5.7 %and 
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intraclast 23 % and 11 % bioclast. This sub-microfacies is similar to SMF 15, SMF16, 

SMF17 and SMF 18 of Wilsonôs (1975) SMF model and equivalent to RMF 6, and 

RMF 14 of ramp model of Wilsonôs (Figure 3.10). 

 

3.3.1.2. INTERPRETATION  

The diagnostic features of microfacies are characterized by: 

i ) Predominantly peloid and intraclast as allochem, 

ii ) Bioclasts includes mainly ostracods, foraminifera, bivalves, 

gastropods, calcisphere and charophyta. 

This microfacies is primarily represented by fecal pellets (Plate 1) of biotic origin in 

the form of rounded, elongated, ovoid dark color micritic grains, algal structures and 

minor bioturbation. Fecal pellets are produced in tropical- marine environment and 

preserved in sub-tidal to intertidal platform (Flügel, 2004).  

Intraclast mainly consists of black pebbles and reworked clast indicated by poor 

sorting and angular to sub-rounded grains that represents shallow marine condition. 

Ooids of tangential, radial, micritized can be seen and represent high energy 

environment along with bioclasts abundantly ostracods, foraminifera, bivalves, 

gastropods. This microfacies is interpreted to have deposited in a high energy, wave 

dominated intertidal to sub-tidal marine environment. 

The presence of foraminifera and ostracods represents open-marine conditions of 

normal salinity and gyrogonite green algae indicate shallow brackish and sunlight 

water. 

So the microfacies represent wave dominated, shallow water of normal salinity marine 

conditions, intertidal to sub-tidal, shoals and restricted on the inner ramp type 

carbonate platform. 
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3.3.2. MYF -II PACKSTONE MICROFACIES  

On the basis of constituent and texture Dunham (1962), Folk (1962), Kendall (2005), 

Strohmenger and Wirsing (1991), four sub-microfacies of packstone of the Yēlanlē 

Formation are identified during petrographic studies. Allochem measurement are 

represented by Table 3.3. 

i ) Bioclastic Packstone ï Bio-pelmicrite 

ii )  Intraclastic Packstone ï Intra-oo-biomicrite 

iii )  Peloidal Packstone ï Pel-intra-biomicrite 

iv ) Bivalve Packstone ï Biomicrite 

 

 3.3.2.1.  S-MYF I BIOCLASTIC PACKSTONE ï BIO-PELMICRITE  

The samples GT2, GT4, GT21, GT50, GT51, GT52, GT55 and GT64 represents 

bioclastic packstone sub-microfacies. The bioclasts (44.8 %) dominantly comprise 

ostracods, foraminifers and gastropods. The other bioclasts are bivalves, green algae, 

charophyta, echinoids, calcisphere and fossil fragments (Plate 2). 

Along with bioclasts in this packstone sub-microfacies, peloids, intraclast and ooids. 

Algal type and fecal pellet are documented. Organic matter, micro fractures, calcite 

vein, sparite, stylolite with oil remnants and pyrite are present. Bioturbation and 

stromatolite are present. Micritic layer have lamination. 

This sub-microfacies corresponds to SMF 2, SMF 4 and SMF 10 of Wilsonôs (1975) 

SMF Model and equivalent to RMF 7. 

 

3.3.2.2. S-MYF II INTRACLASTIC PACKSTONE ï INTRA -OO-

BIOMICRITE  

The samples GT5, GT7 and GT19 represents intraclastic packstone sub-microfacies. 

Intraclast (47 %) and bioclast (13 %) are mainly composed of bivalve, ostracods, 

corals, algae, micritized peloids (3.1 %), and ooids (15.1 %). Fossil fragments, organic 

matter, stylolite and pyrite. Minor fracturing is also present (Plate 3, A). This sub-

microfacies is similar to SMF 4 of Wilsonôs (1975) SMF Model. 
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 3.3.2.3. S-MYF III PELOIDAL PACKSTONE ï PEL-INTRA -

BIOMICRITE  

The samples GT10, GT25, GT31, GT32 and GT53 displays peloidal packstone sub-

microfacies. This sub-microfacies dominantly consists of peloids (34 %). The peloids 

are oblate, elongate to rarely rounded range in size from 0.048 mm to 0.112 mm and 

peloids are of fecal pellet origin (Plate 3, B-D). 

The ooids are associated with peloids but their frequency is less. Ooids (12.7 %) are 

commonly tangential, radial and micritized. Superficial ooids are rare. 

The bioclasts (7 %) consist of ostracods, gastropods, foraminifera, bivalve and other 

fossil fragments. Intraclast (26 %), calcisphere, calcite vein, organic matter, stylolite 

with oil remains, iron oxide may be hematite and pyrite are also present.  

This sub-microfacies corresponds to SMF 16 of Wilsonôs (1975) SMF Model and 

approximately equal to RMF 4. 

 

 3.3.2.4. S-MYF IV BIVALVE PACKSTONE - BIOMICRITE  

The sample GT46 illustrate bivalve packstone sub-microfacies. Allochem mainly 

comprises bivalve (58 %), bioclasts and peloids. 

The allochems include ostracods, bivalves and fossil fragments (Plate 3, F). This sub-

microfacies is similar to SMF 10 (RMF 7) of Wilsonôs (1975) SMF Model. 

 

 3.3.2.5. INTERPRETATION  

Salient features of packstone microfacies are characterized by: 

i ) Presence of micrite as matrix, 

ii ) Predominantly bioclasts of ostracods, foraminifera, gastropods, 

bivalve, calcisphere and green algae, 

iii )  Peloids of fecal origin, algal peloids and micritized grain, 

iv ) Presence of intraclast reworked wave/storm and modified by 

cyanobacteria. 
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The packstone microfacies is mainly characterized by a diversity of bioclasts along 

with peloids, intraclast and micritized grain. Bioclasts comprises abundantly 

foraminifers, bivalves, ostracods and relatively low frequency gastropods, calcisphere, 

green algae, echinoid, tangential ooids, radial ooids and lime mud as matrix indicates 

low energy condition of deposition may be shallow to open shelf platform. 

Textural relationship indicates restricted platform to open-marine platform below fair 

weather wave base on the basis of radial peloids, ooids and bioclasts embedded in 

micrite as matrix.  

Intraclasts represent reworking and redeposition achieved through occasional intense 

activity at sediment-water interface and their presence indicates storm/wave event. 

Partial dolomitization and calcite vein shows recrystallization. 

This microfacies shows shallow marine, shoals to open marine environment of inner 

ramp carbonate setting. 

 

3.3.3. MYF -III WACKESTONE  MICROFACIES  

During petrographic study three sub-microfacies of Wackestone of the Yēlanlē 

Formation are identified on the basis of texture and constituents Dunham (1962), Folk 

(1962), Kendall (2005), Strohmenger and Wirsing (1991). 

i ) Peloidal Wackestone ï Pel-intramicrite 

ii )  Bioclastic Wackestone ï Bio-intramicrite 

iii )  Intraclastic Wackestone ï Intra-pelmicrite  

 

 3.3.3.1. S-MYF I PELOIDAL  WACKESTONE  ï PEL-INTRA MICRITE  

The samples GT44 and GT65 show peloidal wackestone sub-microfacies. Allochem 

consists of primarily peloids (20.4 %) along with intraclast (9.5 %) and bioclasts (3.2 

%). Micritic type of matrix consists of 53.4 %. 

The peloids are elongated to rounded, poorly sorted and mud peloid origin (Plate 4, A-

B). This sub-microfacies consist of some bioclasts like ostracods, bivalves, gastropods, 

calcisphere, fossil fragments. Calcite vein, fractures, organic matter, burrowing, 

stylolite may be with oil remnants and pyrite are also present. 
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The peloidal wackestone sub-microfacies is similar to SMF 2 and SMF 9 of Wilsonôs 

(1975) SMF Model and corresponds to RMF 4. 

 

 3.3.3.2. S-MYF  II BIOCLASTIC WACKESTONE  ï BIO-

INTRA MICRITE  

The samples GT11, GT18, GT24, GT27, GT28, GT33, GT37, GT49, GT60, GT61 and 

GT63 represent bioclastic wackestone sub-microfacies. Allochem include mainly 

bioclasts (27 %) (ostracods) along with intraclast (6 %) and consists of approximately 

43 % of matrix and cement (7 %). 

This microfacies is mainly consists of ostracods, bivalves (pelecypods), gastropods 

and calcisphere. The other bioclasts occur in relatively low frequency like 

foraminifera, algae (charophyta) and fossil fragments (Plate 4, C-F). 

Intraclast (limeclast, siliciclast), calcite vein, fractures, bioturbation, organic matter, 

stylolite, fractures, pyrite, rhombohedral crystal of dolomite and heavy oil remnants 

are present (Plate 5, A, D and E). 

The bioclastic wackestone sub-microfacies corresponds to SMF 8 and SMF 9 of 

Wilsonôs (1975) SMF Model and similar to RMF 3 and RMF 20 (Figure 3.9 and 3.10). 

 

3.3.3.3. S-MYF III INTRA CLASTIC WACKESTONE  ï INTRA -

PELMICRITE  

The samples GT57, GT59 and GT66 show intraclastic wackestone sub-microfacies. 

Allochems include mainly intraclast (16 %) along with bioclasts (12 %) (Bivalve, 

ostracods, foraminifera) and consists of approximately 46.5 % of matrix. 

Intraclast are composed of black limestone pebbles, dark grey color angular to sub-

rounded limestone pebble 0.02 ï 0.8 mm in size. Plate 4 illustrated intraclasts and 

bioclast.  

The intraclastic wackestone sub-microfacies corresponds to SMF 9 and SMF 10 of 

Wilsonôs (1975) SMF Model and similar to RMF 24 (Figure 3.9 and 3.10). 
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3.3.3.4. INTERPRETATION  

This microfacies is characterized by following diagnostic features: 

i ) Presence of micrite as matrix, 

ii )  Bioclasts mainly consist of ostracods, gastropods, bivalve and 

calcisphere, 

iii )  Presence of bioturbation and burrowing. 

This microfacies is dominantly characterized by a diversity of bioclasts along with 

peloids and micritized grain. Bioclasts consists of abundant ostracods, gastropods, 

pelecypods, calcisphere and relatively low frequency foraminifers, bivalves, fossil 

fragments. The greater number of bivalve indicate shallow lagoon environment of 

deposition. 

Burrowing process diminute the skeletal grain that indicate deep open shelf 

environment (Taylor and Goldring, 1993). Small size bioclasts (shell debris) having 

strong burrowing matrix represents open sea. Partial dolomitization, crystal of 

dolomite and sparite vein may because of recrystallization or burial diagenesis. The 

presence of gastropods composition indicate open marine to restricted conditions.  

The microfacies may be represents as restricted shallow lagoonal to open marine 

condition of inner to middle ramp carbonate platform environment. 

 

3.3.4. MYF -IV MUDSTONE MICROFACIES  

Two sub-micro facies of mudstone of the Yēlanlē Formation are identified on the basis 

of texture and constituents Dunham (1962), Folk (1962), Kendall (2005), Strohmenger 

and Wirsing (1991) during petrographic studies. 

i ) Burrowed lime mudstone 

ii ) Brecciated mudstone 

3.3.4.1. S-MYF I BURROWED LIME MUDSTONE  

The samples GT8, GT15, GT16 and GT29 represent burrowed lime mudstone sub-

microfacies. This sub-microfacies consists of approximately 80 % of lime mud as 

matrix and 2 % cement.  
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This sub-microfacies comprises dominantly burrows along with some bioclasts (2.6 

%). Bioclasts mainly comprises foraminifera, ostracods and bivalves. Very low 

frequency of gastropods, fossil fragment and peloids. 

Calcite vein, fractures, bioturbation, stylolite, organic matter, pyrite, crystal of 

dolomite are present (Plate 5). 

This sub-microfacies is similar to SMF 3, SMF 20 and RMF 16, RMF 19 of Wilson`s 

(1975) SMF and RMF models (Figure 3.9, 3.10).  

 

3.3.4.2. S-MYF  BRECCIATED MUDSTONE  

The sample 20 shows brecciated mudstone sub-microfacies. Allochem include 

dominantly brecciated clast along with some bioclasts and ghost fossil fragment. 

Breccia is poorly sorted, angular-subangular and subrounded clast of lime origin (Plate 

5, B and C). 

Calcite vein, fractures, stylolite, pyrite, rhombohedral crystal of dolomite are present. 

This sub-microfacies is similar to SMF 4 of Wilson`s (1975) SMF model.  

 

3.3.4.3. INTERPRETATION    

The important features of mudstone microfacies are characterized by: 

i ) Presence of burrows in lime mudstone matrix, 

ii ) Bioclasts include mainly foraminifers, bivalves and ostracods, 

iii )  Presence of lime brecciated clast. 

Dark color lamination and intercalation of bioclastic layer full of bivalve with organic 

matter represent restricted shallow marine environment. The presence of foraminifera 

in lime mud matrix and having lamination shows open platform to restricted lagoon 

environment. 

Fine grained microbreccia consisting bioclasts and shells derived from shallow water 

and previously cemented lithoclast. 

The general depositional environment for this microfacies is peritidal, restricted 

lagoonal to open marine of inner ramp type carbonate platform. 
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3.3.5. MYF -V BINDSTONE MICROFACIES  

During petrographic study microfacies are identified on the basis of texture and 

constituents Dunham (1962), Folk (1962), Kendall (2005), Strohmenger and Wirsing 

(1991). 

The samples GT23, GT41, GT47 and GT48 illustrates bindstone microfacies. 

Allochem include mainly peloids (9.7 %), stromatolite, and bioclasts (35 %) along 

with, ooids (4 %), intraclast (16 %), cement (6.6 %) and matrix (15 %).  

The peloids are rounded, oblate, elongate, rod-shaped of fecal pellets origin of peloids. 

Mud peloids and algal type of peloids were documented. The bioclasts comprises 

ostracoda, foraminifera, bivalve, gastropods, algae and calcisphere (Plate 6). 

Intraclast, oncoid, calcite vein, fractures, silt size organic matter, stylolite, fractures 

and heavy oil remnants are present. Dolomite crystal vary from subhedral to euhedral, 

equigranular selective to pervasive dolomite replacing limestone matrix. The dolomite 

crystals exhibit straight boundaries. 

Stromatolites are skeletal type of laterally linked hemispheroids origin (Logan et al., 

1964). The size of laminae of stromatolites ranges from.0.5-0.49 mm. and laminae 

consists of micrite, organic matter, peloids, cements and fossil fragments. 

Agglutinated type of fabric is present. 

This microfacies corresponds to SMF 19, SMF 20 and SMF 21 of Wilson`s (1975) 

SMF Model.  

 

3.3.5.1.  INTERPRETATION  

The diagnostic features of microfacies are characterized by: 

i ) Skeletal type stromatolite, microbialites 

ii )  Bioclasts includes ostracods, bivalves, foraminifers, gastrapods 

and algae, 

iii )  Presence of fecal pellets, 

iv ) Presence of dolomite. 
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Planar lamination of fine and coarse grain consisting of some bioclasts and algae 

shows tidal to intertidal environment. 

 

The overall depositional environment for this microfacies is intertidal, tidal flats, 

restricted lagoon to open marine of inner ramp carbonate platform. 

 

3.3.6. MYF-VI RUDSTONE MICROFACIES  

The microfacies is identified on the basis of texture and constituents Dunham (1962), 

Folk (1962), Kendall (2005), Strohmenger and Wirsing (1991). The grain size were 

measured (Table 3.3). 

The samples GT6, GT9, GT14, GT26, GT39, GT54 and GT68 represents rudstone 

microfacies. Allochem include dominantly intraclast (31 %) along with bioclasts (11.5 

%), ooids (7 %) and peloids (27.8 %). 

This microfacies is supported by coarse gravel (intraclast) of biogenic origin and lithic 

clast origin. Poorly sorted, size ranges from 1.561 mm ï 3.71 mm. The intraclast are 

angular, sub-angular to sub-rounded and their size ranges from (X: 0.207 ï 3.023 mm 

and Y: 0.128 ï 3.711 mm) and poorly sorted (Plate 7). 

Bioclasts includes foraminifera, ostracoda, bivalves, echinoderms, gastrapods, green 

algae and calcisphere. Peloids are elongate, rounded and poorly sorted. The average 

size of rounded peloid ranges from 0.085 ï 0.115 mm and rod like peloids have size 

from 0.903ï0.685 mm.  

Ooids in the microfacies are radial, concentric, superficial, and tangential. The ooids 

shows moderate sorting and 0.097-0.44 mm diameter size, with overall size 

uniformity. The nucleus of ooids is composed of shell fragments, micritized particles. 

The cortex size ranges from 0.019ï0.075 mm.  

Micro-crystalline calcite vein, aggregate grain, burrowing, nodular fabric, matrix 

consist of organic matter, stylolite and pyrite were documented (Plate 8). 

This sub-microfacies is similar to SMF 5, SMF 6 and SMF 24 of Wilson`s (1975) SMF 

Model.  
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3.3.6.1. INTERPRETATION  

This microfacies is characterized by the following diagnostic features: 

i ) Presence lithic and bioclastic gravels, 

ii )  Nodular fabric, 

iii )  Tangential, superficial and radial ooids. 

The presence of carbonate clast and elongated micritic clast indicates platform interior 

to tidal flat depositional settings. Ooids represent shallow water environment. 

So the depositional environment is subtidal to shallow lagoon of inner ramp carbonate 

platform. 

 

Mud rock is the general term used in are the sedimentary rocks. Fine grains facies are 

classified on the basis of Folk texture classification (1965) (Table 3.5) and Pettijohn 

(1975). Fine grains rocks are also (Figure 3.8) classified on the basis of relative 

proportion of grains (Picardôs 1971). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



54 
 
 

Table 3.5. Folk (1965) classification for fine-grain sedimentary rock on the basis of 

texture. 

 

 

 

 

Figure 3.12: Classification of claystone on relative proportions of grains size, showing claystone 

sample by green sphere (modified from Picardôs 1971). 

 

 

 

Mud-rock  division based upon Texture and Structur e   

Grain size of mud 

fraction 
Soft 

Indurated, Non-

fissile 
Indurated, Fissile 

>66 % Silt Silt Siltstone Silt-Shale 

33-66 % (Sub-equal silt 

and clay) 
Mud Mudstone Mud-Shale 

>66 % Clay Clay Claystone Clay-Shale 
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3.3.7. MYF -VII SHALE MICROFACIES  

The study of shale under ordinary optical microscope is difficult because of their very 

fine grain size. In present study, shale is classified on the basis of grains size, amount 

of clay and silt, induration, fissility, lamination, color and presence of organic matter 

(Picards, 1971). Three sub-micro facies of shale are recognized on the basis of visual 

estimation (Baccelle and Bosellini, 1965) during the petrographic studies. 

i ) Clayey shale 

ii ) Silty shale 

iii )  Black shale 

3.3.7.1. S-MYF I CLAYEY SHALE  

The samples GT1, GT13, GT17, GT34, GT36 and GT67 illustrate clayey shale sub- 

microfacies. Bioclast (21.3 %) includes bivalveôs fragments and ghost fossils. 

Calcareous cement and hackly fracture is present. Silt size clast rich with organic 

matter with calcareous matrix (2.3 %). A mesh structure of bivalve was documented 

(Plate 9). 

 

3.3.7.2. S-MYF II SILTY SHALE  

The sample GT43 represents silty shale sub-microfacies. Allochem consists of bioclast 

(7 %) includes ostracods, bivalves. Parallel lamination is documented. Iron matrix with 

organic matter and calcite vein. Oil impregnation is seen on fossil (Plate 10). 

 

3.3.7.3. S-MYF III BLACK SHALE  

The samples GT40 and GT56 represent black shale sub-microfacies. Organic rich 

shale with bivalve, fossil fragment, ostracods, corals, iron matrix, replacement of oil. 

Intraclast include organic matter and quartz. This facies is highly fractured and 

deformed. 
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3.3.7.4. INTERPRETATION  

This microfacies is characterize by the following diagnostic features: 

i ) Mesh structure of bivalves, 

ii ) Parallel lamination, 

iii )  Rich with organic matter, 

iv ) Black shale. 

This microfacies is deposited at low energy, calm condition of shallow marine to 

restricted lagoonal environment. 

 

3.3.8. MYF - VIII CLAYSTONE MICROFACIES  

On the basis of grain proportion (Picards, 1971), two sub-microfacies of claystone of 

the Yēlanlē Formation are identified during petrographic studies. Claystone have clay 

size grain 82 % while silty claystone have approximately 50 % silt size grain and rest 

clay size (Figure 3.11). Claystone show yellow and black color but the composition 

and texture is same. 

i ) Claystone 

ii ) Silty claystone 

3.3.8.1. S-MYF I CLAYSTONE  

The samples GT3, GT38 and GT58 represent claystone sub-microfacies and 

characterized by fissile. This facies consists of very fine size grains comprising rare 

fossils and trace amount of muscovite, feldspar, iron oxide embedded in the clayey 

matrix. Micro fractures and burrows are occupied by silica. Hematite, organic matter, 

lamination and pyrite are present (Plate 11). 

3.3.8.2. S-MYF II SILTY CLAYSTONE  

The sample GT45 represent silty claystone sub-microfacies. The microfacies is full of 

silt size organic matter. Bioclast include bivalves, ghost fossil fragments, calcite vein, 

sparite and burrow filled with silica (Plate 12). 
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3.3.8.3. INTERPRETATION  

The diagnostic features of this microfacies are: 

i ) Relict of feldspar 

ii )  Traces of muscovite 

This microfacies may be deposited at shallow marine to lagoon. 

 

3.3.9. MYF -IX DOLOMITE MICROFACIES  

A term dolomite is applied to both minerals Mg(CO3)2 and CaMg(CO3)2. The 

sedimentary rock comprises more than 50 % of dolomite CaMg(CO3)2 mineral 

sometimes known as Dolostone (Selley, 2001; Flügel, 2004). 

3.3.9.1. CLASSIFICATION OF DOLOMITE  

Genetically dolostone is classified into three types (Flügel, 2004): 

a. SYNGENETIC DOLOSTONE  

A rock simultaneously formed within the depositional 

environment. 

 

b. DIAGENETIC DOLOSTONE  

A rock formed by replacement of carbonate sediments or 

limestone during following consolidation. 

 

c. EPIGENETIC DOLOSTONE  

A rock formed by localized replacement along post-

depositional faults and fractures. 

There is different type of crystal forms, fabrics and mosaics for dolomite. Mostly 

dolomite are formed by replacement of pre-existing limestone CaCO3. This 

replacement of limestone by dolomite have wide range from fabric destructive to 

retentive and from selective fabric to pervasive. In the replacement process, the shapes 

of dolomite vary from anhedral to euhedral rhombs, with the term xenotopic, idiotopic 

and hypidiotopic mosaics (Sibley and Gregg, 1987) (Figure 3.13). 
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Figure 3.13: Classification of dolomite fabrics by Sibley and Gregg (1987). 

 

The sample GT 35 represent dolomite microfacies. This facies shows a diagenetic 

dolomite/dolostone type probably formed through replacement or recrystallization of 

unfossiliferous or scarcely fossiliferous lime mudstone. Bioclasts includes ostracods 

and ghost fossil (Plate 13).  

The lime dolomitized mudstone microfacies consists of finely crystalline, subhedral to 

euhedral, pervasive to selective dolomite replaced depositional lime fabric. Unimodal 

planar partial matrix replacement by dolomite (Gregg and Sibley, 1987). The pyrite 

crystal are also present. 

Pervasive to microdolomitization is recognized in the Yēlanlē Formation. Xenotopic to 

hypidiotopic texture is observed. This microfacies is similar to SMF 20 and SMF 23 

of Wilson`s (1975) SMF Model. 
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3.3.9.2. INTERPRETATION  

The microfacies is characterized dominantly by subhedral to euhedral dolomite grains. 

Repeated dolomitization in the formation indicate selective type. Secondary type of 

dolomite formed by diagenetically alteration of lime mudstone or wackestone. This 

facies may be deposited at saline condition of tidal flats. 

 

3.4.  SEDIMENTARY STRUCTURE IN STRATIGRAPHIC SECTION  

Sedimentary structures through the stratigraphic section that have been observed in 

field and microscopic level are as below. 

 

3.4.1. BEDDING AND LAMINATION  

The bedding of the Gökgöl section represents variation from very thin, thick to massive 

bedded limestone with thin to medium bedded shale and clay alternations. Dolomite 

in the studied section represent thick bed and located in nearly middle of the studies 

section. Intercalation of shale, chert and marl are documented at different horizon. 

Parallel lamination is documented at different interval (Figures 3.14, 3.15, 3.16). 

 

3.4.2. BIOTURBATION  

Bioturbation is determined mostly at microscopic level. The filling materials is dark 

color of clay to silt size grains in burrows (Plate 4, Figure 3.17). 

 

3.4.3. DIAGNOSTIC FOSSILS 

Some of the fossils that are identified are shown in Figure 3.18, 3.19 and 3.20. 
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Figure 3.14: Photograph illustrates lamination in the upper section of studied section. 

 

 

Figure 3.15: Photograph illustrates parallel lamination and calcite vein in the middle of the section.  
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Figure 3.16: Photograph showing dark color lamination in the upper part of the section. 

 

Figure 3.17: Microphotograph illustrating bioturbation area with white dotted line (PPL, 4 X GT/S 

64). 

 


