MICROFACIES ANALYSIS OF UPPER DEVONIAN LOWER
CARBONIFEROUS SHALLOW WATER CARBONATES OF THE YILANLI
FORMATION IN ZONGULDAK AREA, NORTH WESTERN, TURKEY

A THESIS SUBMITTED TO
THE GRADUATE SCHOOL OF NATURAL AND APPLIED SCIENCES
OF
MIDDLE EAST TECHNICAL UNIVERSITY

BY
NOUMAN AHMED

IN PARTIAL FULFILLMENT OF THE REQUIREMENTS
FOR
THE DEGREE OF MASTER OF SCIENCE
IN
GEOLOGICAL ENGINEERING

OCTOBER 2016






Approval of the thesis:

MICROFACIES ANALYSIS OF UPPER DEVONIAN - LOWER
CARBONIFEROUS SHALLOW WATER CARBONATES OF THE YILANLI
FORMATION IN ZONGULDAK AREA, NORTH WESTERN, TURKEY

submitted byNOUMAN AHMED in partial fulfillment of the requirements for the
degree oMaster of Science in Geological Engineering Department, Middle East
Technical University by,

Prof. Dr. Gilbin Dural Unver
Director, Graduate School dfatural and Applied Sciences

Prof. Dr.Erdin Bozkurt
Head of DepartmenGeological Engineering

Assoc. Prof. Dr. Ksmail _¥mer Yeél maz
SupervisorGeological Engineering Dept., METU

Examining Committee Members:

Prof.Dr.Seving OzkamA | t éner
Geological Engineerin®ept., METU

Assoc. Prof. Dr. Ksmail _¥mer Yeél maz
Geological Engineerin®ept., METU

ProtDr . Ujur Kajan Tekin
Geological Engineerin@ept., Hacettepe University

Assist. ProfDr.Er man ¥z sayén
Geological Engineerin@ept., Hacettepe University

Assist. Prof. Dr. Fatma Toksoy Koéksal
Geological Engineerin@ept., METU

Date: 18-10-2016



| hereby declare that all information in this document has been obtained and
presented in accordance with academic rules and ethical conduct. | aldeclare
that, as required by these rules and conduct, | have fully cited and referenced all

material and results that are not original to this work.

Name, Last name : NOUMAN AHMED

Signature



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. m&rof . Dr . Ks ma
October 2016135pages

TheYél anl & Formation of Upper Devonian to
Zonguldak region were measured from Gokgoél section near ZonguldakNW

Turkey. The studied secticsiominantly consists of limestone of giieglark grey color

with thin to thick beds of black shale and claystof variety of lithofaciesdentified

in the studied section includifdgnestone, dolomite, shale, claystone and mudstone.
Nine microfacies are identified as grainstone, packstone, woaeks mudstone,
bindstone, rudstone, shale, claystone and dolomite. Grainstone and packstone have
abundant peloids, bioclasintraclast and ooids. Wackstoneand mudstone are
characterized biivalves ostracodslamination and breccia. The model for carbonate
microfacies are generated by using texture, modal and spatial parameters in context of
component analysis to interpret depositional environméftie depositional
environment is interpreted as shallow masnétidal to shallow lagoon environment

of inner ramp type carbonate platforifthe Y € | d&arrhaéon is characterized by
variety of fauna like ostracods, foraminifera, bivalves, gastropods, echinoderms,

sponges, corals and green algae in the studied sectio

Keywords: Upper DevoniarLower Carboniferous;omponent analysisf carbonate

microfacies shallow water Inner ramp carbonate platform.
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USTDEVONYENi ALT KARBONKFER SIJ DENKZ KARBONATL
MKKROFASKYESLERKNKN KNCEQRVMASYDSWYK ( YI LANL I
ZONGULDAK, KUZEYBATI ANADOLU)

Ahmed, Nouman
Yuksek Lisans) e ol o i M¢hendi sl i BO1l ¢ mg¢
Tez Y°%°neticisi: Do-. Dr . Ksmail ¥mer
Ekim 2016, B5sayfa

Zongul dak (Kuzeybateée T¢rkiye) yakéinendaki GO
At Kar boni fer I sti fi olan Yélanlé& Formasyonu

i nceden kal éna tabakal anma gPkeyuegriteakh si yah ke

kire-taklaréndan ol ukmaktader . ¢tal ékél an ke
-amurtakéné i-eren bir -exkitlilik saptanmécxkt
Ki |l I Keyl , bajl amt ak é, kabat ak, Keyl , kil t
|l itofasiyes belirlenmixktir. Tarbgdklaské ve i st.i

intraklast ve ooid bul wanrdwituaké pliamimalcd reir . b i\

ostrakodlar, |l aminasyon ve breklenme ile kar
model l eri, -°kelim ortaméné yonmruoklsahmak adéna
Kekil sel ve mekansal parametreler kullanél ar

kar bonat yokuk plagebgmunwnrteaemg déeri keakt | ¢
araseéenda deji kKken Y é |d aifjotmm@sydnéal ostrdkaellarmi Kkt i r .
forami ni ferl er |, bivalvl ar, gastropodl ar , ekino

algler i -eren -ok -exitli bir faunanén varl e

Anahtar Kelimeler: Ust Devonyeni Alt Karbonifer, y¢ k s e k  &agblordaté k | &,

mi kr of asi yes|l eirsdjnicde rbiid eik-e nk amkadnat yokuk pl
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Figure E: Photomicrograph of wackstone represents bivalve (Bi) pyrite (Pr) and
calcite vein (V) (PPL, GT/S 61).

Figure F: Photomicrograph of wackstone represents bivalve (Bi) calcisphere
(Cs) and pyrite (Pr) (PPIGT/S 57).
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Plate 6 121
Figure A and B: Photomicrograph of bindstone displaying fine layer between
peloidal layer .consist of intraclast (Ir), ooids (O), peloids (P), stylolite (St) and
calcite vein (V) (PPL, GT /S 23).

Figure C and D: PRotomicrograph of bindstone microfacies showing
dolomitization of fossil fragment and lime mud matrix, peloids (P), gastrapods
(G), bivalves (Bi), organic matter (OM) and calcite vein (V) (PPL, GT/S 41).

Figure E: Photomicrograph, of stromatolite bindstamcrofacies showing algae
(Al) organic matter (OM) and calcite vein (V) (PPL, GT/S 47).

Figure F: Photomicrograph of displaying skeletal stromatolite bindstone having
agglutinated fabric. algae, calcisphere (Cs), organic matter (OM) and vein (V)
(PPL, GI/S 48).

Plate 7: 123
Figure A and B: Photomicrograph illustratimgdstone microfacieshowing
dark grey intraclast (Ir), bioclast (B) and calcite cement (C), ostracods (Os) (A,
PPL, and B XPPL GT/S 54).

Figure C: Photomicrograph displayadstone microfacieshowing micritic
intraclast (Ir), peloid (P) and pyrite (Pr) (PPL GT/S 9).

Figure D: Photomicrograph displayimgdstone microfacieshowing intraclast
(Ir), peloid (P) and micritic ooids (MO) and grggate grain (Ag) (PPL GT/S
54).

Figure E:Photomicrograph of rudstone microfacies showing A. peloids (P),
intraclast (Ir), pyrite (Pr) and calcite cement (C). (PPL, GT/S 6)

Figure F: Photomicrograph of rudstone showing laminated ooid (O), ostracods
(Os9), embedded in sparite cement (Sp) (PPL, GT/S 68).
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Plate 8 125
Figure A and B: Photomicrograph shows rudstone displaying intraclast (Ir),
bivalves (B), peloids (P) aggregate grain (Ag) and bioclast (Bl) (PPL, GT /S
14).

Figure C:Photomicrograph of rudstone microfacies showing calcisphere (Cs)
Intraclast (Ir) (PPL, GT/S 26).

Figure D: Photomicrograph of peloidal packstone showing bioclast (Bl),
intraclast (Ir) and pyrite (Pr) (PPL, GT/S 25).

Plate 9 Figure A, B and CPhotomicrograph of grey to black color clayey shale
showing unidentified fossil fragment (Fl), bivalve (Bi), hematite (H) calcite vein
(V) and orgaic matter (OM) (GT/S 13). 127

Plate 1Q 129
Figure A andB: Photomicrograph, represent dark grey to black color silty shale
showing parallel lamination (L), bivalve (Bi) and orgamatter (OM) (GT/S
43).

Figure C and DPhotomicrograph of dark grey to black color black shale
showing intraclast, calcite vein, fracture and organic matter (&GMure A,
XPPL; B. PPL, GT/S 56).

Plate 11: 131
Figure A and B: Photomicrograph of grey to black caltaystone showing
unidentified fossil fragment (Fl), hematite (H) micro fracture (Mf) and organic
matter (OM) (Figure 1. 20X, PPL, Figure 2. 4X, GT/S 3).

Figure C:. Photomicrograph representing hematite (H) and silicification (4X,
PPL, GT/S 58).
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Figure D:Thin section photograph of grey to black color claystone showing
hematite (H) and silicification (S) (XPPL, GT/S 58).

Figure E: Photomicrograph of grey to black color claystone showing relict of

feldspar (F) (XPPL, 10 X, GT/S 3).

Plate 12: 132
Figure A, B and CPhotomicrograph represents black color silty claystone

displaying bivalves (Bi), burrows (Br), calcite vein (V), sparite (Sv) and organic
matter (OM). (PPL, 4X, GT/S 45).

Plate 13: 134
Figure A and B: Microphotograph of microcrystalline dolomite fabrics consist

of pyrite cubic crystal and calcite vejA: PPL, 4X, B: PPL, 20 X, GT/S 35).

Figure C: Microphotograph of dolomite texture showing xenotopic and pyrite

cubic crystalPPL, 40 XGT/S 35).
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CHAPTER 1

INTRODUCTION

1.1. PURPOSE AND SCOPE

The DevoniarCarboniferous period is sigicanttime intervalin the geological time
scalebecause ofifferent geological events occurredch as mass extinctioviariscan
orogenesisTherefore, these periods have been studied in depth all over the world for
sedimentology, paleogeography, paleoclimatojogiyatigraphic correlatignglobal
tectonics and amxic evens. Several studieson the DevoniatCarboniferous
sedimentology and anoxic everitave been carried olly differentscientists(i.e.

Allen andRajetzky 1992 G° n c ¢ o] 1997 Gaplan atla).1999 Menninget al.,

2006 Y a | and¥Yilmaz, 2010.

The aim of this study is to determine tthepositionalchanges and sedimentological
properties othe Y danlé Formation ofUpper DevoniaslLower Carboniferous ofhe
Zonguldak region, Nrthwest Turkey. This study can be helpful fopetroleum
exdorationsand may be usedo establish the correlatiowith other stratigraphic
successionsf different terranglike Moesian Terrane, Istanbul Terrane and Balkan
Terrang(Garetskiy, 19706Go6rlr et al., 1997achev et al., 1998

No detailed sedimentological studies have been carried out so far in the Gokgél tunnel
section of theY e | an| & . Fhe presant sty covers the detail lithological
description, facies, components analysis and sedimentological interpretation of 86
meer i nterval of the Yeél anweeCarbanmifenous)tat on (|

the Gokgol section.



1.2. GEOGRAPHIC SETTING

The study area isituated near Gokgol tunnein the Zonguldak regionBlack Sea
region NW Turkey(Figures1.1, 1.2 and 1.3)[he studied section was measured about
268 km northwest of Ankardhe studied sectioof the Gokgol tunnel (GTis easily
accessibldrom Zonguldakcity. The studied section was sampled from the exposed
outcrops near Gokgol tunnel on the Caycuma highwesy Asma, Zonguldakity.

The geographic coordinates ofie measured stratigraphic section degitude
41°26'1610"N and longitude31°50'11.30"Eapproximately.

1.3. METHODS OF STUDY

This study consistof field and laboratory workd.he fieldstudy has been carried out
in the exposed outcrops neghe Gokgol tunnel orthe Caycuma highway near Asma
town, Zonguldak.

In the field, the stratigraphic section wasasuredrom bottom to tof the formation

by using centimeter tap®&uring the study8,600cm thick sedimentary sequencd
theYéIl anl & wasmeasarédSixtyneightoriented and disorientesamples
were collectedthrough the section The samplinginterval between thecollected
samples rangetfom 2 cm t01200 cm. The measured stratigraphic log waswvn
along with description obbserved sedimentary structusexdd identified fossd The
rock colors have beeassignedo strata using dry color chdsly visual estimation
accordingo internationalcolor codes of the geological rock color chart of Geological
Society ofAmerica (GSA 2009.

For microscopic studieshin sectios of al the samples were preggal and studied
underthe polarizedmicroscops. Detailed microfacies study was carried outhe
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 numbeiseafomponeist 600-1100

points were counted per thin sectidine 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 wthin the microfacies at different interval and through the measured section.



The microfacies analysesrecarried out tadetermine the texture and compositmn

the sampleusing visual estimatiochart Baccelle and Bosellini, 1965)0 classify
differert microfaciesFaciesunder the polarizenhicroscopeareused to determine the
ratio between matrix and components within the individual lithofacies and the
variations of matrixand terrigeneousmaterial along the measured sectioithe
microphotographs of the thin sections were taker©Ohynpus SC30camera in the
Crustal ResearchLaboratory Geological EngineeringDepartment,Middle East
Technical University. The graphic sedimentary log was prepared by the Sedlog
software Sedlog 3.1. This software is developed Wyimaitrios Zervas (SedLog
developer)at Royal Holloways. This is a multifunction software for creating a graphic
sediment log that is used by geologikhis software provides an intuitive graphical
userinterface thatnake it very easy for anyone to use with minimtimme andeffort

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

sedimentology and depositional environments.


http://www.sedlog.com/
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Figure 1.1: Geogaphic location of the studiedeation in the Zonguldakegion NW Turkey (Red
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1.4. PREVIOUS STUDIES

Thestudy area igeographicallyocated in the vicinity ofhe Zonguldak region@kay,

1989) of north western Black Sezgion.Zonguld& Terrane comprises four reggn

Camdaj, Zongul dak, AGRanscr¢éao j d ud aSaf rKaonzbuorl,u 199
Many studies have beararried out in the Pontidelue topresencef natural resource

such agetroleum and coal resourcaace 180.

In Pontides, coal basnwee studiedby Stasmopoul os (1898) , Pohl (1¢
(1912), Arni (1938, 194@,b, c,d , 1 9 4 1 )and PeKreecitee(1945), Arslan

(1978), Bulu et al. (1982, 1992), Nekir al. (1996), Yavuz et al. (200@Fonguldak

basin have a major bituminous coal deposit of TurkKéere are many coal seams in

the area. Tonsteins and smectites are reported by Burgei(20@0)from Zonguldak

Terrane.

Studies on coal bed methane (CBWjrecarried ou(Y a | 1981n1997Y a | etal.n
1994; Mann et al.1995 Girdal andY a | ,-1¥9%, 2000; Gurdal, 199&arayi it et
al., 1998)

The petroleum and gas potentié@Carboniferou} in the regionwas examinedby
Er doj anWddding 61368, 1969ndT a Kk n{ED81).

The general geology dhe Pontides regiomwas studied byLucius (1926), Ziglstra
(1950), Fratschiner (1952), Tokay (1954), Pince (1982), Deveciler (1986), and Nejdi
(1994a,b) Paleozoic othe ZonguldakTerraneis different from the Istanbuléfrane
(G°ncg¢o] | u, 1998)d TheKauthausdiscused the stratigaphy of the
ZonguldakTerrane Lower Paleozoic rocksf the Istanbul €rraneare similar to
Zonguldak Errane(Chen et al 2002). Middle Devonian td.ower Carboniferous
stratigraphicsequenceconsiss of carbonates othe shelf type deposition that is
overlain by nommarine coal bearing units¥ € | n280@2) déscribededimentology,
cyclostratigraphy and sequence stratigraphy of pelagic and carbonate plattben of
ZonguldakTerrang NW Turkey. Upward shallowing pattern is observed in all the
measuredtsatigraphic sectiondJnliice(2013) studied the #entonite otheY &€ | an | &

Formation of shallow marine carbonate platfornthed Zonguldakregion Denayer



(2014) carried out studies on shall ow ma
identified different species of corals and brachiopods.

Paleogeography and paleoclimatology of the Zonguldak Terrane was discussed and
correlatel with Istanbul Terrane, Moesian Terrane and Balkan Ter@®feit ¢ ¢ed J | u
al., 1997 Yaney, S. and Cassinis, G. 1998arev, 2000.

REGIONAL GEOLOGICAL SETTING

The tectonic setting of Turkegpresents a compleggionalgeological setting that is
formed by thecontinental and oceanic crusind show lateral tectongetting with
Alpine Orogenyk eng®°r and ;%8 hmg o] ]|1099)8khe Pantides

have almost the complete record of evolutiothefTethys. Pontides are divided into
three regiongFigures 1.4and 15): Western Pontides, Central Pontides and Eastern
Pontides(Tlysuiz, 1993) The Western Pontidesomprise following tectonic units:

The Istranca Massif, the Istanulzonguldak zone, the ArmutiAlmacik zore and

the Sakarya continenfThe Istanbuli Zonguldak zone tectonically overlies on
Rhodopei Pontide fragment and the northern most parthef Western Pontides.
Istanbul and Zonguldak terraswere considexdas a single unit (Gorir et.all997).
However G° nc ¢ o] | u an d99%® suggested thdt Idhdguldak Terrane is
distinct to Istanbul @rrane.In Istanbui Zonguldak terrar® the lowerPaleozoic
sedimentary sequence is similar on the basis of lithology anditiepakfeatures. In
Istanbul Zonguldak, the basement rockensist of a high grade metamorphic
crystalline assemblage. This assemblage cansistmetagabbro, doleritelykes,
granite, gneiss and schist. The crystalline basement is overlain by a thick, lower
Paleozoic sedimentary sequence. The sedimentary strata of Ordovician comprises
Kurtkbéy and Aydos Formation (red conglomerate, mudstone and sandstone). The
Aydos Formation sequee in Zonguldal erranes similar to IstanbulerrangDean

et al, 1997 G° n c ¢, @991).The Aydos Formation i®verlain by thick limestone

of Upper Ordovician. Inhe Zonguldak region the pper Silurian is missinDean et

al., 1993), wile in the Istanbul region there is a transitional unit of Silurian and
Devonian(Ketin, 1983). Thd= & n dFérindti@n is overlain byhe Ferizli Formation
which consist of siltstone, shale and cross bedded sandstone. The upper cotftact of

Ferizli Formation is conformable wittheY €1 an |l & F oiddlm Bdvonamto o f M



Lower Carbamiferous The general lithology oftheY €1 anl &€ Fdarkgneyt i on 1 s
grey, beige colad nodular limestone interbedded with shale, marl, dolomite, chert,
shale ad clay. T he Y&l an | i€ corffoamabtyaoverlainnbyhe Madendere
Formation of turbidié. TheA | a ¢ d&prmatian (Namurian)the Kozlu Formation,

the Karadon Formation antheK é z é | | & HWeey 189&4tGordret al( 1997

Yiji t letalk1999 of Pennsylvanianf marine to continental rock units that consist
shale bearing coal seams with sandstone bed and conglomerate of darkbtaek to
color and at the upper part of KE&eheel |l & strat
Zonguldak Formation of Namurian to Westphaliaonsiss of fluvial deltaic
sedimentscomprisingcoal seams in Zonguldak Terrane (Akyol et &B74). The
patchy outcrops of Mesozoic sediments unconformably overliesdPaleozoic strata.

The CakrazFormation consiss of river and flood plain depositof Triassichaving
unconformable contact with underlying the Zonguldak Formation and overlain by the
Himmetpaa Formation of théliddle Jurassic of turbiditic clasts with coal bedthat

base of the Fornti@n. The | n aHorin&tion haglisconformable contact with the
Himmetpaa Formation and comprises homogeneous carbonate platform of Late
Jurassic.Two sedimentary bassrwere formed duringCretaceous time peripdhe
Zonguldak andheUlus Basin(Tuysiz,1999. TheUlus Formatiorconsistof marine
deposit resting unconformably dhe | n aFortmagion Gorur (1997 describedthe

Ulus sediment asyn-rift depositsof Western Black &a Basin of Brly Cretaceous.

The Ulus Formation hatbour members: Mezealastics, h p i r i l i mestones, Tg¢r
marls and Ulus flyschrhe upper contact ¢fieUlus Formation is unconformable with
theDerekdy Formation of uronianthat comprises magmatic rocks with alternation of
shallow and deep carbonate and clastics. Tdnisdition was reported a&yn i rift
deposit(Tlysiz 1999. The Upper Santonian pelagic limestondltUnaz Formation
shows variable contact (unconformable and transitional) with underlying Derekoy
Formation orsyn-rift deposit due tohorst andgraben ofthe area.The Cambu
Formation consistof a thick volcano sedinmtary sequence of Campanian have
conformable contact with Derekdy FormatidriiysizandSuna) 2009. The Akveren
Formation oflate CretaceousMaastrichtiaf have conformable contact witthe
Cambu Formation which consssof calciturbidite and pelagic mudstone. This
formation representthe end of arc magmatism. The Cenozoictld Istanbut

Zonguldak terrarecomprisegsh e At b a K éand-tloeKusuai Farneation The



At baké Eansissad gelagicmudstone and marlthie PaleoceneThe Kusuri
Formationof Eocendlisplaysregressive developments and corsstgimarl, turbiditic
sandstone and shgl&kyol et al., 1974 Tuysiz, 1997Ketin andGumus, 1968

N 3400
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Figure 14: Dark gey mtches represent Paleozoig@ops in the Zonguldak Terraf@mplified from
Bozkaya et al., 2012)
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CHAPTER 2

LITHOSTRATIGRAPHY

2.1. LITHOSTRATIGRAPHY OF ZONGULDAK REGION

The general stratigraphy of the Zonguldakrranerangs from Precambrian to
Carboniferous. The maiexposedocks aresedimentary that ranges from Ordovician
to Carboniferous inhestudied ared.ithological characters of various rock units were
noted briefly, however, the expaksection oftheY & | d&arrha8onnear Gokgol

tunnel, Asma villagevas studied in detafFigures2.1, 2.2 2.3 and 2.1

The basement of the Zongulda&rrane is exposed theKaradere arethat comprises

a metamorphic crystalline series of continental eangfinated gneisses; ateanic

set of gabbros, basalsd ultramafis of CadomiarfChen et al.2002,G° nc ¢ o] | u et
al., 2014). The upper contact of Cadomian basement is unconformable with Lower
Ordovician Bakacaknember ofKurtkdy Formation(Ozgul 201]) that consiss of

siltstone and mudstorie G°® nc ¢ o] | u . TeaKurtkdy Formai@nGdngisk of

red pinkish and greyolored arkosic conglomerate, sandstpsbaleand mudstone

unit (Dean et aJ 1993). The Aydos Formationconformablyoverlies the Kurtkdy
Formation thatconsiss of a thick T massive bedded light grey to whitelored
quartzite and gartzarenite, have gradational contact with the Karadere Formation
thatcompriseghick beds of gartz sandstone in lower part of the Karadere Formation.
Thegeneral lithology of thé&aradere Formatiois characterized bgreyi dark gey
mudstone followed by thindalded shale having pyrite bladirk grey color (Dean et

al.,, 1997, 2000)The Ketencikdere Formation has two membersadtgtmestone and
siltstone member Limestone member consssif medium to thick bedded mudstone
interbedded with black limestone whilee siltstone member consssbf a succession

of poorly bedded dark grey to greyish green silty mudstone or siltstone that lies on the
top of limestone bed. The upper stratatloé Silurian were erodedTheFénd é k| &

Formation comprises graptolite bearing grey shale interbedded with mudstone of

11



greenish grey grey coloedwith intercalatios of thin beds of limestonéraptolite
was reported from theF & n dF®@rhnation dominantly caiss of black siliceous
argillites and lyditesG° n c ¢ et pll2011).The B € - Horgation unconformably
overliestheF & n drFerkatié and consisof red color cross bedded sandstone and
mudstone of Middle Devonian. The general lithology of the&eFormationis
characterized bghale, siltstone and limestone of grey to black colbeY €1 an | &
Formationof Late Middle Devonian Lower Carboniferousncludes shallow m@rine
sequence that consisif limestone interbedded with shale and dolomite. According to
Harput et al, (1999),th€ e | a n | é irfFtleZanguldak Gmane has an average
value of TOC is 0.63% which may have a potentalifydrocarbon generatioithe
Yél anl e igoconformablyovertain byLower to Upper Carboniferous strata
that includes shallow marine to marine and continental deposits dfladendere
Formation the Alacg aéFormation the Kozlu Formationthe KaradonFormation,

t he Kezeéel hneltheRZonguidaki~arnoation The Paleozoic sediments are
unconformablyoverlain by gpatchy outcrops of Mesozoic sedimetitat consis of
continental depostof Triassic followed by a homogeneous carbonate platform
deposits The Ulus Formation unconformably overlying then aFbrina&ion consist

of marine sedimentas yn-rift deposits of Western Blackea lasin of Early
Cretaceou$Goruret al, 1997) The Ulus Formation is unconformably overlaintbg
alternatiors of volcanic rocks and shallow, deep marine carbonate and claktios
Derekdy Formation haveinconformable and transitional contact with the Unaz
Formationthat is followed by volcano sedimentary sequence, calciturbidites and
pelagic mudstone of the @dbu and the Akveren Formations. The lower contact of the
Akveren Formation is transitionalunconformable with the Cambu Formation while
upper contact is conformable with thet b a Kk € F dhe Benbzoio ofthe
ZonguldakTerrane consistof the At b aokm&tiorrand theKusuri Formationthat
represents the carbonates, pelagic mudstone and nradeafcenand marlturbiditic
sandstone and shabé Eocene respectivelyyere deposited in &V trending narrow

basin(Figure 2.).
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AGE FORMATION! LITHOLOGY EXPLANATION
£O KUSURI ] Tarbiditic sandstone - shale aliermation
ATBASI Carbonate Mudssone
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Figure 2.2: Generaked ®olumrar section of theZonguldakregion fiot to scale, mdified from
Bozkaya et a) 2012;Tlysuz et al 2002)
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Figure 2.3: The field photograph showing carbonate sequence oY téd #&arrhaéon on the road

side.
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2.2. LITHOSTRAT IGRAPHY OF THE SECTION

The stratigraphic section measu®&SE of Asma town aGokgol tunnelthatlies in
the upper part of the uppéfiddle Devonan - Lower Carboniferousf the Yédanlé
Formation.Thisformationis characterized by cherty limestone, shaterbedded with

limestonedolomite and claystone with-Kentonite layers.

The YdanleFormation has two members, thd a b a | é k(Kipshannib7d)rand
theManasé r M e(@edlik and Onalgr2001) TheA| a b a | & kconrisesd§ e r
the lower part of thé/ danlé Formation that mainly consgsof dark grey lime mud

rock succession followed by presence of small coral upkl abundantly in the
middle part of the member. The intercalations of limestone increase in thickness as
move upward grading into the rmmesemed ody
rugoseand tabulate corals indicata mddle Eifelianagefor this memberKayaand
Birenheide1988. TheManasé r emberis characterized bnealternation of nodular
limestone, shale, siltstone and dolomite of beige, grey, greénishiowish, thin to
medium bedded consists abundance of macrofossils mainly corals, brachiopods,
bivalves andields the Eifelian agéKaya and Birenheid@988).The general lithology

of theY € | &amnhationis characterized bgrey to dark grey, beiggreenish colad
limestone, lime mudstone, dolomitimestone,dolomite, marl and chert of medium

to thick bedded alternate with thin beds of clay, black shale, calcareous shale,
carbonaceous shale ari¢-bentonite (T ¢ r k me etodl.,| 205). The Y&l an | é
Formation has a thickness of approximately 800 m@tex r k me et al} 208).

The upper contact of th& &€ | aFarinadion is transitional with thé& | acaj az e
Formation (Y a | -a@rYdmaz, 201Q. In Cama ] a heeYag,| dFormagion
unconformably overlain by PernioTriassic sediments of the Cakraz Formation or
overlain by younger sedimentkdya et al.,1988 Gedik et al. 2005 Y a | ang@n
Yé@maz 201Q. The boundary between Devonian and Carboniferous is located in the
lower part of they € | &arnhaton(Okuyucuet al., 2005). In the Western Pontides,

theY & | &amnhaton is exposed throughout.
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TheY & | BRannhatton was eposited in atsallow marine to shelf / carbonate platform

of a typical marine environment in betwddddle Devonian tdearly Carboniferous
timeintervald Aydén et all1997198Yal Dem mamd Yél maz
et al., 2012 2019. On the basis of fossils, age of tifee | #&arrhaéon represents

EifelianT Visean (Middle Devonia to Lower Carboniferous) (Dil, 1976Kaya and

Birenheide 1988. TheY & | &ornhagon is partially equalent to lithics of(Kaya

1973. Ko z y dilmestpneand time equivalent B¢y ¢ kada For mati on

region and Devonian (Dinantian) limestong@briret al, 1997) (Figire2.5).
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In the present study, different lithologic units of ted | &aorrhagonare studied
(Table 2.1). The measured stratigraphic section starts from thin bed of dark grey to
black color rich in organic matter of shahale beds are alternating wgtey, light

grey, dark grey beigeto black coloed limestone have intealations of mudstone
(Figures 2.6, 2.7 and 2.§. Some fossils like corals, bivalve, gastrapaasd

stromatolite m this part of the formatioare documented (Figus2.9 and 2.1]

~ -~ - » A b o« S \
3 3 £ e " \
. o ol ' L v : -
- , e A ? 8 ) e ¥ - - . <
I Gy 7 L, F &'\",‘\, NS TE g a2 O U

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

with thin shalga), limestone (b) anchudston€gc) alternations.
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Table 2.1:Identification ofsampleswith their colorfrom theGokgdl Section.

lor Nam .
No. | Sample | Rock and their outcrop color (l\?f nZeII aColti)r Geolog(l:coelltl)r(:gtl)oork():?érstzozdgo(gl\;lunsell
Book) (GSA, 2009)

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

2. GT02 Grey colorBioclastic Packstone Medium Grey N5

3. GT03 Grey color Laminated Claystone Medium Grey N5

4. GT04 Dark Grey Black Bioclastic Packstone Greyish Black N2

5. GTO05 Grey Beige color Intraclastic Packstone Yellowish Grey 5Y 8/1
6. GTO06 Grey color Rudstone Medium Grey N5

7. GTO07 Dark Grey Intraclastic Packstone Dark Grey N3

8. GTO08 Dark Grey color burrowed lime Mudstone | Dark Grey N3

9. GTO09 Dark Grey- Beige color Rudstone Dark Grey N3

10. | GT10 | Dark Grey Beige color Peloidal Packstone| Pinkish Grey 5YR8/1
11. GT11 alaargk(j:% eDark Beige color Bioclastic 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 :\(/I?J”c?svtvoi%m brown color Burrowed Lime 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 | Blackcolor 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 \I;\igr::tkgsrteoyngeige color Bioclastic Yellowish Grey 5Y 8/1
28. | GT28 \L,\i,%':kgsrfoyngdge color Bioclastic Yellowish Grey 5v 8/1
29. GT29 | Black color burrowed lime Mudstone Black N1

30. GT30 | Light Grey Beige color Peloidal Grainstong Yellowish Grey 5Y 8/1
31. GT31 Grey ColorPeloidal 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 \I;\iI%r;tkSSr;eoan:eige color Bioclastic 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 | GreyBlack color Shale Greyish Black N2

37. GT37 | Grey Beige color Bioclastic Wackestone | Pinkish Grey 5YR 8/1
38. GT38 | Yellow colorclaystone 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 shalehaving Mudstone Greyish Black N2

44, GT44 | Dark Grey Black color Peloidal Wackeston| 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 Bindstongstromatolite) Black N1

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

49, GT49 | Beige creamy color Bioclastic Wackestong Pale yellowish Orange 10YR 8/6
50. GT50 | Grey color Bioclastic Packstone Medium Grey N5

51. GT51 | Grey Creamyolor Bioclastic Packstone Pale Green to grey G712
52. GT52 | Green color Bioclastic Packstone Brilliant Green 5G 6/6
53. GT53 | Grey color Peloidal Packstone Medium Grey N5
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Table 2.1: Continued

54. GT54 | Dark Grey color Rudstone Dark Grey N3

55. GT55 | Grey ColorBioclastic 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 %:izzg;:en color Intraclastic 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 S;i{igt;ige color Bioclastic calci Yellowish Grey 5y 8/1
65 GT65 | Darkgrey color Peloidal Wackestone Dark Grey N3

66 GT66 \I?vaar:kgrstigfm?eige color Intraclastic 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
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Figure 2.8: A photographdisplayingparallel lamination on outcrop of mudstone.

Gokgol

tunnel

Figure 2.9: A photograptshowing corals in thick bedded limestone approximately in the middle of the
section(GT25).
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Figure 2.10: A photographillustratingbivalve in the middle of theneasured section of limestone.

From bottom to top of the sequengestratigraphic log was prepared (Figure 2.11).
During the field different lithologies were recorded and some microfpssitaclast
and parallel laminations were obsen(&jures 2.122.13 and 2.14)
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Figure 2.11: Continued (4486 m).
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Figure 2.12 A field view of thick bedded limestone at the top of ¢fedied section.

Figure 2.13 A close view of thick bedded limestone and intercalation of stegleesents different

sample numbers
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Figure 2.14 A photographshowing intraclasin rudstone microfacies ahick bedded limestone.
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CHAPTER 3

MICROFACIES ANALYSIS

3.1 SEDIMENTOLOGICAL STUDIES

The measuredmatigraphic section comprisegpper Devonian Lower Carboniferous
strataof theY danléFormation. The samples were taken from almost every bed layer.
The fdimentologicabktudyis based on the field observations aiobratorystudies.
These studies includedentification of lithology and sedimentary structure
Microfacies analysis includpetrographiadeterminationspoint counting grain size
measuremestandtheir statistical interpretatiol.hese analysis angsed to classify

the facies, understand the carbonate depositional envirorandnhterprepossible
conditions of depositionf theformation in theGokgol tunnekection There are nine

different miaofacies established in measured section

3.2. RESULTS OF POINT COUNTING AND MEASUREMENTS

In order todetermine thgpercentage constituents wiicrofacies,the point counting
method ha been carried outind results of point countin@igure 3.1)wereused to

categorizechanges in the compositiaf the microfaciegTable 3.1)

Through the petrographic studies, different mirgeréthlorite feldspar and
muscovite), lithieclass, bioclasts, pyrite, hematite, cememtd matrix have been
recognized and aunted per thin section as quantitativelyThe point counting

guantitative measuremepércentagelata are represented bglile 32.

Grain size of some microfacies were measifi@ble 3.3) The grain size is used to
indicate the depositional environmentdaa major factor that effects porosity and

permeability values. In this studgoncentric, 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 oraidbars (Flugel, 2004). Micritic ooids are
characterized by reduced sedimentation rate and random growtmarine
environment The presence of radial ooids illustratesdmwederate energy condition

for the deposition.

The graphic interpretation of intraclast measurements indicate that the formation is
deposited at shallow marin€he measurement converted to phi values are used to
constructPassega diagraffrigure 3.2).Very few sample values indicate theach
depositon (Fligel 2004pp 253). The median value hi scale for intraclast is 2.9
(Passegal964)

Thepointcountingdata percentage peaks indicate that the bottom part of the measured
section has a sudden variation in depositional environment.&lbielp anl intraclast
peaks in Kyure 3.3illustrates 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 teection represents a stable depth eftewas
compared to bottom of the section indicated by all allochem and matrix having
approximately samealues (Figure 3)3 The upper part has almost same depositional
condition as bottom buthe samplesixty eight represensudden shallowing of

environment.

g

8
kg
o
~
=
=}
—

|

Sample numbers of the Gokgél section

Figure 3.1: Graphicillustrationof point counting dataf the Gokgol section
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Table 3.1 Petrographic and point counted datah&#fGokgdlsamples (data illustrated
in graphic cuve as Figure 3)1

£ P
| S| 5| & | . ) 2| 5

2 8| o | 2| B| 2| 2| B|S|S|8| x| e|B]E E| & | -

| 8| 3|2| 8| S| S|s5|S|sz|&5|8|s|5|2|&|=|28|3| 2| 8

(%] o (e] o m [ s i £ i (8] = a T O (3] %) a L (@] [~
GT1 |0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
GT2 | 110 | 39 |0 145 | 0 137 [ 35 | 0 2 0 0 10 | 0 0 0 0 0 0 0 822
GT3 [0 0 0 0 0 0 0 0 0 3 24 | 27 |0 0 573 | 16 | O 34 | 10 | 687
GT4 | 4 8 0 148 | 195 [ 35 [ 62 | 84 | O 0 78 | 50 | O 0 0 0 0 0 21 | 685
GT5 | 23 126 | 0 31 | 14 [ 32 [ 28 |0 6 0 0 4 0 0 0 0 0 0 14 | 812
GT6 | 502 | 27 | 2 5 9 0 0 68 | 0 60 | 0 16 | 0 0 0 0 0 0 0 689
GT7 | 26 118 | 0 33 | 47 [ 23 [ 22 |0 1 74 | 2 26 | 0 0 0 0 0 0 67 | 768
GT8 |0 4 0 2 0 0 0 9 0 12 | 537 | 62 | 0 0 0 0 0 0 48 | 674
GT9 | 409 |31 |0 14 [ 25 |0 8 0 0 43 [0 12 [0 0 0 0 0 0 12 | 998
GT10 | 327 | 204 | O 19 [0 12 (15 |0 1 40 [ 18 [ 34 [0 0 0 0 0 0 5 923
GT11 | 42 48 | 0 29 | 38 | 115 17 | 64 | 6 55 | 423 | 22 | 0 1 0 0 1 0 42| 903
GT12 | 415 | 29 |0 18 |11 | 16 | 0 0 0 45 [0 33 |0 0 0 0 0 0 0 790
GT13 | 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 | O 0 0 0 0 0 22 | 726
GT15 | 2 0 0 33 | 0 0 5 15 | 0 15 | 572 | 23 | 0 0 0 0 0 0 54 | 719
GT16 | 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
GT17 [ 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
GT 18 | 60 22 |0 41 [ 143 0 63 |34 | 0 26 | 237 | 45 | 0 0 0 0 1 0 58 | 750
GT19 | 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
GT20 | 0 0 0 5 0 0 0 9 0 7 607 | 21 | O 0 0 0 5 0 22 | 676
GT2L [ 0 27 | 0 190 [ 224 [ 0 173 | 36 | 91 | 6 163 | 72 | O 1 0 0 0 0 66 | 0
GT22 | 339 | 87 | O 19 [ 36 |0 12 |0 1 54 | 0 16 | 0 0 0 0 0 0 0 729
GT23 | 205 | 139 | O 24 | 48 [ 13 [ 5 0 2 85 | 130 | & 0 0 0 0 0 0 42| 964
GT24 | 26 18 | 0 211 | 86 | O 35 |37 | 10 | 0 19 |0 0 0 0 0 0 0 5 849
GT25 | 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
GT27 | 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
GT29 [ 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
GT30 | 335 | 90 | 0 29 | 65 |0 38 | 0 0 44 |8 10 | 0 0 0 0 0 0 0 775
GT3l | 267 | 145 | 0 20 |0 0 17 | 0 0 0 5 14 | 0 0 0 0 0 18 | 802
GT32 | 228 | 92 | O 1 [ 5 52 | 3 |0 17 [0 0 13 | 0 0 0 0 0 0 27 | 849
GT33 | 4 6 0 114 [ 59 | 0 110 | 47 | 3 26 | 361 | 77 | O 0 0 0 0 0 53 | 860
GT34 | 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
GT35 [ 0 0 0 0 0 0 0 0 0 37 | 0 46 | 0 0 0 0 0 0 1 697
GT36 | 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
GT37 | 0 0 0 24 |8 |0 17 [ 34 |0 3 548 | 15 | 0 0 0 0 0 0 3 728
GT38 | 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
GT39 | 45 82 | 0 21 |60 [ 89 [ 11 |0 11 [ 39 [ 42 | 26 | O 0 0 0 0 0 26 | 852
GT40 | 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
GT4L [ 111 | 0 0 27 |11 [ 35 [18 |0 0 0 357 | 7 0 0 0 0 74 [0 46| 988
GT42 | 233 | 196 | 0 31 |17 [ 43 [0 0 0 70 [ 0 2 0 0 0 0 0 0 0 755
GT43 [ 0 0 0 68 | 0 0 0 10 [0 0 0 64 | 0 0 34 | 666 | O 4 39 | 885
GT44 | 101 | 3 0 8 7 0 0 72 | 0 12 | 485 | 24 | O 0 0 0 2 0 49 | 763
GT45 | 0 0 0 1 0 0 0 0 0 11 [ 0 1 0 0 125 | 474 | 0 0 221 | 833
GT46 | 15 19 [0 51 | 563 | O 0 0 7 1 81 | 85 | 16 | O 0 0 0 0 16 | 968
GT47 [ 0 0 0 475 | 0 0 110 | 90 | 8 7 1 | 3 0 0 0 0 0 0 182 | 886
GT48 | 57 6 0 470 | 0 0 42 |64 | 6 43 [ 77 [ 16 |0 0 0 0 0 0 89 | 870
GT49 | 2 8 0 147 | 0 0 11 [ 83 |0 19 | 506 | 20 | O 0 0 0 1 0 17 | 814
GT50 | 46 21 |0 66 | 95 | 190 [ 55 | O 13 [ 8 134 | 44 | 0 0 0 0 0 0 15 | 863
GT51 | 32 29 |0 69 | 74 | 223 41 |0 11 [ 12 [ 84 | 41 | O 0 0 0 0 0 11 | 896
GT52 | 180 | 0 0 92 | 47 [ 17415 |0 13 | 67 |24 | 47 | 0O 0 0 0 0 0 11_| 870
GT53 | 347 | 25 | 0 13 |3 | 13 |0 0 12 [ 95 [ 30 |32 |0 0 0 0 0 0 33 | 894
GT54 | 250 | 14 | O 35 | 15 [ 28 |12 | 0O 0 0 0 4 0 0 0 0 2 0 8 858
GT55 | 214 | 54 | 0 110 | 138 [ 38 [ 59 | O 5 2 98 | 16 | O 0 0 0 0 0 65 | 937
GT56 | 0 0 0 1 0 0 0 0 0 89 | 0 3 0 0 297 | 2 0 0 444 | 836
GT57 | 0 9 0 26 | 15 [0 11 | 66 | O 14 | 515 | 8 0 0 0 0 0 0 31 | 695
GT58 | 0 0 0 0 0 0 0 0 0 0 0 7 66 | 0 594 | 0 0 0 79 | 746
GT59 | 136 | 37 | 0 65 | 35 |0 45 |0 0 21 [ 179 75 | 0 0 0 0 0 0 45 | 809
GT60 | 9 3 0 110 [ 17 | 0 95 [ 48 | 0 9 463 | 55 | 0 0 0 0 2 0 101 | 912
GT6L | 9 26 | 0 121 [ 19 |0 55 | 41 | 40 | 31 | 318 | 8 0 0 0 0 0 0 81 | 749
GT62 | 313 | 95 | O 29 |14 [0 18 |0 0 3 0 40 | 0 0 0 0 1 0 46| 694
GT63 | 16 17 | 0 108 | 44 | 0 110 [ 57 | O 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
GT65 | 217 | 8 0 36 | 0 0 0 77 | 0 32 | 34259 |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
GT67 | O 0 0 134 | 70 | O 0 0 0 2 22 | 8 0 0 258 | 76 | O 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
measuredGokgol section (data illustrateth graphic curves as well as in ternary
diagrams)

©

. = | s < s . . 8
sample | 2 3 % % § & 2 é i L e 2 3 Total

S E S | & g S 2 5 £ | = g £ 2

& 8§ | 6§ |¢& £ g 8 g g | S 2 8

o [ € 5 (8] 8

GT1 0 0 0 0 0 0 0 0 0 0 0 0 0 0
GT 2 13.4 47 |0 20.9 27.37 | 0.24 14.5 0 12 [0 0 0 0 100
GT3 0 0 0 0 0 0 0.44 3.49 39 [ 233 8341 | 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
GT5 2.83 16 0 9.11 49.01 [ 0.74 16.7 0 05 [0 0 0 1.72 100
GT6 72.9 39 [ 03 [ 131 9869 | 0 8.71 0 23 [0 0 0 0 100
GT7 3.39 15 0 12 42.84 0.13 9.64 0.26 3.4 0 0 0 8.72 100
GT8 0 06 | 0 0 1335 | 0 1.78 79.7 92 [0 0 0 7.12 100
GT9 41 31 |0 3.31 4449 [0 431 0 12 [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
GT11 | 465 53 | 0 18.8 7.087 | 0.66 6.09 46.8 24 |0 0 0.11 4.65 100
GT12 | 525 37 |0 3.42 2823 | 0 5.7 0 42 [0 0 0 0 100
GT 13 0 0 0 0 0 0 0 0 0 0 0 0 0 0
GT14 | 5.92 4 0 16.1 26.17 | 1.65 3.44 32 37 [0 0 0 3.03 100
GT15 | 0.28 0 0 0.7 208 | 0 2.09 79.6 32 [0 0 0 7.51 100
GT 16 0 0 0 0 0 0 0 0 0 0 0 0 0 0
GT17 | 0 0 0 0 0 0 0 0 0 0 0 0 0 0
GT18 | 8 56 | 0 275 4533 | 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
GT20 | 0 0 0 0 1331 [0 1.04 89.8 31 [0 0 0.74 3.25 100
GT21 |0 26 | 0 37.8 3.432 | 8.67 0.57 15.5 69 [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
GT23 | 213 14 0 6.85 2759 | 0.21 8.82 135 05 | 0 0 0 4.36 100
GT 24 | 3.06 21 |0 14.3 4358 | 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
GT26 | 6.78 07 |0 3.45 2149 | 7.82 1.26 24.4 67 | 0 0 0.11 19.1 100
GT 27 | 0.43 09 [0 14.5 5.78 0.72 2.89 46.7 49 [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
GT29 | 0 0 0 0 0 0 0 0 0 0 0 0 0 0
GT30 | 43.2 12 0 13.3 2013 | 0 5.68 1.03 13 [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
GT32 | 26.9 11 0 10.8 2615 | 2 17.3 0 15 [0 0 0 3.18 100
GT33 | 047 07 |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
GT41 | 112 0 0 6.48 1862 | 0 11.9 36.1 07 [ o 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 25 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
GT57 | 0 13 |0 3.74 9.496 | 0 2.01 74.1 12 [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
GT61 | 1.2 35 |0 9.88 5474 | 534 4.14 42.5 11 [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
GT63 | 1.89 2 0 18.2 6722 | 0 271 475 38 | 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 d&thlgyolsection.

Ooids Intraclast Peloids
S £ £ E i g
= 8 2 S 2y E E Min.  (mm) Max. (mm) Min. mm Max. mm
o & s 5 55 &
g 3
£
& B
iz | € 3| g g | & g
EE 3 X Y § £ X Y X Y s £ X Y X Y s
&~ S z 3 @ o @
8
G2 | 0.09 0.02 0.05 021 | 031 | 017 [ 023 | SA | M 0043 | 012 | RO
GT4 0.306 0.17 SA M
oTs | 0219 0.044 M | 019 [ 1 0239 | 0580 | 034 | 069 | SR | M 0115 | 0289 | RO
0.020 | 0224 | 0310 [ M [ 0495 | 2 0207 | 0237 | 09 21 [ SA | M 0.08 | 0332
0.047 | 0176 | 0325 [ M_| 01 2 0247 | 0296 | 045 | 233 | SA [ M 0.097 | 0504 | R
ors 01 M| 0.061 0.218 | 0.265 SA [ M 0127 | 034 | R
0.105 | 0.162 | RO
0031 | 0120 | 31 | M [ 028 0.328 | 0408 SA [ ™ 0.089 | 0138 | R
0214 | 0315 0135 | 0724 | R
o [ozs 0.03 M | 015 0257 | 0287 | 0501 | 06 | SA [ ™
0.256 | 0419 | 0369 | 08 | SA [ M
0.021 | 0167 | 02156 [ M [ 0071 | 2 0.286 | 0388 | 0561 | 2.99 0134 | 0407 | R
0.26 0.048 M | 0.186 0.081 | 0.137
6To 0002 | 0071 | 0583 | M | 0003 | 1 0662 | 0648 | 0304 | 277 | sr | M 0149 | 0.108 | R
0.075 | 0281 | 0415 | M_| 0151 | 2
0043 | 0176 | 0235 | M | 0.005 | 2 0101 | 0155 | 1326 | 3.08 | wer | M 0183 | 0675 | R
0.251 0.049 M | 0.176 0.061 | 0.157 M
6T10 0005 | 0091 | 0563 | M | 0.004 | 1 0521 | 0648 | 0304 | 094 | wer | M 0149 | 0.108 | RO
0076 | 0297 | 0422 | M_| 0157 | 1 035 | 0.49 M
0.044 | 0179 | 0238 | M_| 0.087 | 1 0001 | 0181 | 0557 | 062 | sr M 0183 | 0675 | R
0.196 0.074 0.268 | 0234 | 0162 | 098 | wer 0045 | 047 | 008 | 0435 | R
Tz 0038 | 0182 | 03l 0447 | 2 | 0177 | 019 | oass | 031 | wer 0092 | 027 | 0144 | 0867 | R
0208 | 053
0121 0.011 M | 0088 | 1 1175 | 1.034 | 3.023 | 281 AM__| 0171 | 0.06 | 0303 | 0061 | R
6T 0.207 | 0313 | 2.061 | 185 M 0.078 | 0.31 | 0.087 | 0.024 | R
013 | 0.258 SR M 0073 | 0023 | R
GroL 0.032_| 0.087 | 0601 | 005 | SR M
0.16 0.042 0.078 0406 | 023 | A M 0,067 | 014 | 0142 | 0362 | R
P 0.044 0.034 0169 | 0376 | 0201 | 071 | A M
0.026_| 0.189 | 0425 0.367 0597 | 0.32
0.195 0.068 0.094 035 | 022 | A M 0.096 | 0.09 | 045 | 0131 | wo
0.023 | 0.189 | 0425 0.347 0.478 | 0290 | SR M 0.069 | 0.9 | 038 | 0391 [ R
6123 015 | 0262 | 057 [ 063 | SR 0103 | 022 | 029 | 0268 | R
0.007 | 0.302 A 0.06 | 004 | RO
0.207 | 0347 | 09 062 | SA ™ 0.084 | 035 | R
0.102 | 0272 | 054 | 0.88 | SA M 0.060 | 0511 | R
6T25 0341 | 0265 | 022 | 057 | A M 015 | 032 | s
0482 | 0211 | 067 | 034 0.069 | 0.03
0304 | 0.08_| 0325 | 026 | A M 0,052 | 0.09 | 057 | 0121 | wo
0.15 0.032 M | 0074 | 1 0444 | 1.102_| 0801 | 3.08 | SR 0118 | 0.2 | 014 | 0087 | R
ora 0554 | 0.64 | SR AM 0321 | 004 | RO
0.662 | 0.621 SR P
0211 | 022 | SR M
0.055 0.014 003 | 2 0193 | 0157 | 0241 | 021 | SA M 0,047 | 0.07 | 0084 | 0195 | SR
o130[ 0.041 0.109 | 0174 0.071 0118 | 024 | SA 0.078 | 0.14 | 0.101_| 0.187 | mro
0.071 0.012 0.048 | 2 0150 | 0.22 M
Grs1| 0.26 0.044 M | 0073 | 1 053 | 039 | 035 | 069 | A M 009 | 035 | 022 | 057 | SR
oTa2 032 | 0199 | 021 | 042 | A M 0.060 | 0.05
0.128 0.025 M | 0071 | 1 1751 | 2.796 | 1.561 | 3.71 | SA M 0.054 | 0.1 rod
0.0182 0.046 M [ 009 | 1 1160 | 0.155 | 0.347 | 093 | SA M 0.07 | _0.06 rod
T30 0.007 0.022 M | 0057 | 1 0211 | 0.279 SR M 0.049 | 0.04 R
02 0.421 SR M
0717 | 089 | A
oraL 007 | 008 | 01 007 | A M 0,005 | 0.09 | 015 | 0076 | SR
0,035 | 0139 | 0.189 0077 | 1 0.182_| 0.52 M 0.059 | 0.09 | 0.058 | 0.09
0.108 0.038 0.052 | 10 011 | 021 M 0.047 | 0.09 | 0.336 | 0.08
cra 0.041_| 0192 | 0.266 0124 | RL 0276 | 039 | A M 0.074 | 0.096 | RO
0.189 0.045 0084 | RL 0174 | 0.09 | SA M 0094 | 0401 | R
0025 | 0412 | 0144 | ™M | 0063 | R2
0.224 0.055 M | 0115 | 2
GT50 0016 | 008 | 015 | 026 | SA M 002 | 006 | 004 | 0.09
oT51 027 | 032 | A M
oT52 0218 | 047 | SA M 009 | 0.91 | 0072 | 0.036 | =
oTsa 0.072_|_0.09 SA 0,059 | 0.02 | 0077 | 008 | o
0.19 0.032 M | 0118 | 2 | 0122 | 0.018 | 0239 | 067 0,072 | 0.04 | 0098 | 0049 | R
orsa| 0.12 0.017 M | 0083 | R4 0163 | 0.38 | wsr 0054 | 0.07 | 0141 | 0061 | RO
0.124 0.011 M | 0097 | 2 2.302_| 057 | SA
0276 | 05 | SA
0.114 0.015 0.055 | RL 0175 | 011 | SA M 0.057 | 0.06 | 0.053 | 0131 | ro
GT62™ 5118 0.023 007 | R2 0.055 | 0.06 | 0.088 | 027 | .o
0.104 0.034 M | 0045 | 2
GTes 0214 | 0187 | 009 | 024 | SR 0,084 | 036 | 033 | 0128 | R
0.44 0.131 019 | R 0357 | 033 | A M 0086 | 0.28 | 013 | 0329 | R
0.18 0.056 0.065 | R2_| 0392 | 0257 | 1350 | 3.29 | SA M 0.134 | 0.06 | 0079 | 0253 | R
oo 0.019 | 0246 | 0353 0267 | S| 0175 | 0193 | 114 | 089 | A M 0051 | 0313 | R
0051 | 03L | 039 0309 | 4
0063 | 028 | 0398 | M | 031 | 3
0027 | 0181 | 0351 | M | 0123 | 2

Symbols of table 3.6 micrite (M), rounded (R), safgular (SA), angular (A), subrounded (SR), rod
(RO).
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Intraclast size in Phi scale
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Figure 3.2: Passega diagramheareaincluded by thélackstraight line ighe pattern based enedian
(Coarse grainC, median: M2.9 phi valug.
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Figure 3.3 Graphicrepresentation of percentage of different allochem, lime matrix and cerfntet
GOkgol section peloids (P), ooids (O), bioclagBl), bivalve (Bi), forams(Fm), echinodermgEc),
intraclast(In), cement (C) an{M) matrix).
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3.3. MICROFACIES OF GOKGOL TUNNEL SECTION

In the Gokgol tunnelsection, total sixty eightamples were collected almost from

every bedThin section of sme sample were not prepardaecause of fissilenature

andvery thin size Nine mcrofacies of ther € | anl & F o r areardcagoized ( MY F)
on the basis of outcrop and microscopic studies. Té& 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 chartas well as by point counting memtages, both
percentages are correlatgth each other to get precise results of microfacié®
microfaciesofther € | anl & F o rameadscrilbgm (TAbMY.4. Yhese are as

follows;

Table 3.4 Microfacies and suinicrofacies of theY @anleFormation.

; : GT12,GT22, GT30, GT42, Intertidali sub tidal
1. Grainstone Peloidal oTe2. hallow marine
; . GT2, GT4,GT21, GT5Q
Bioclastic GT51, GT52, GTS5, GT64
2 Packstone Intraclastic ©T5. GT7. GT19 Shallow marine subtidab
: Peloidal GT10, GT25, GT31GT32, restrictedagoon
eloiga GT53
Bivalve GT46
Peloidal GT44, GT65
GT1L, GT18GT24,GT27, Restricted lagoon to ep
3. Wackestone Bioclastic GT28,GT33GT37, GT49, GT6( marine
GT61, GT®,
Intraclastic GT57, GT59 GT66
4 Mudstone Burrowed Lime mudstone| T 6115, 6116, 6129, Shallow marine to restricte
; Brecciated GT20 lagoon.
5. Bindstone G723, GTALGTA7,GT48, Intertidal to restricted
lagoon.
6. Rudstone %ﬁf;&;ﬂk G126, GT39 Subtidal to lagoon.
GT1, GT13, GT17, GT34,
Clayey GT36,, GT67
7. Shale Silty GTa3 Shallow marine to restricte
lagoon.
Black GT40,GT56
Claystone GT3, GT38, GTSS, _ )
8 Claystone Shallowmarine to restricted
. Silty GT45 lagoon.
9 . GT35 .
: Dolomite Shallow marine to lagoon.
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The adopted classificatiorere toproposemicrofacies ofcarbonate rock arebased

on Dunham(1962) Embry and Klovan (1971), James (1984) and Kendal (2005)
(Figure 3.4) The modified classification of Folk ytrohmenger and Wirsing 991)

is used to classifmicrofaciesafter Folk (1959, 1962 classificationgFigures 3.5 3.6

and 3.7). Dunham (1962)classified thecarbonate rockson basis ofprimary
constituentsand modified by Kendal (2005)Embry and Klovan (1971) and James
(1984) classify rocks on the basis of texture primégsed on allochthonous and
autochthonous organismsliigel and Haditsch (1975), Langbein et al. (1982), Oates
(1998) classifid the limestone on the basis of mineralogical or chemical composition
of rock. It can be expressed in percentage. The basic element or mineratesacalc
dolomite along with nomarbonate Oates (1998) (Figure 3.8Bhe Wilson (1975)
model is usedo classify microfacies and swuhicrofacies of carbonate. Standard
microfacies types are fundamental classifications that use identical criteria to define
facies and their gmsitional environment. Mostly standardcnofades types (SMF)

are classified on théasis of dominant characteristic including grain types, biota
(bioclast) or depositional textureStandard microfaciesSMF) can be used to
understand the facies distribution along the depositional profile and interpret the
possible depositional conditiaor environment for the facies. The interpretation of
microfacies compare to SMF are put in the ramp type depositional model of Wilson
(1975) (Figurs 3.9 and 3.10

Baccelle and Bosellini (1965) charts are usedsfsumal estimation (Figure 3.11The
point counting data is used to genereégbonate microfaciamodelin the context of
high-frequency dynamicelative sedevel changesThe combined classification of
modified Dunham and Folk were used to categottze microfacies and their sub

microfaciesof carbonates.
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Original components not bound together at deposition

Original components

Contains mud
(particles of clay and fine silt size) kA et hound tpgether "
deposition. Intergrown
skeletal material,
Mud-supported Grain-supported lamination contrary to
gravity, or cavities
Less than More than floored by sediment,
10% Grains | 10% Grains roofed over by organic
material but too large
to be interstices
Mudstone | Wackestone | Packstone | Grainstone Boundstone
0 3 ' =
(e

C. G. St. C. Kendall, 2005 (after Dunham, 1962, AAPG Memoir 1)
=

Figure 3.4: Classification of carbonat®cks proposed by Kendall (200&fter Dunham (1962)

Folk's Textural Classification of Carbonate Sediments

Over 2/3 Micrite Matrix Subequal |  Over 2/3 Spar Cement

Percent ? 2 Spar& “soing | Sorting |Rounded &

Alochems| ™% | 110% | 1050% | Overs0%| Micrite | “poor | Good | Abraded
Quiet Water Deposition < »  Wave/Current Activity

«—— Watrix Supported Allochems Grain Supported Allochems T

Rock , Fossi Sparse | Packed Poorly | ynsorted | Sorted | Rounded

N Micrite | iferous | piomicrite | Biomicrite | V2" | Biosparite | Biosparite | Biosparite
s Biomicrite Biosparite pa o pa

& LEV
R e

Lime Mud
Matrix

C.G.SL.C. Kendall, 2005 (after Folk 1959)

Figure 3.5 Text ur al classification of carbonate rocks

Folk (1959).
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Figure 3.6. Classification of carbonat®cks based on crystal textus&rohmenger and Wirsing (1991)
after Folk (1959).
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Allochthonous

Autochthonous

Original components not
bound organically at

Original components bound
organically at deposition

deposition
>10%grains>2mm
Matrix Supported By By
supported by >2mm organisms organisms organisms
component that act as that encrust that build
baffles and bind a rigid
framework
Floatstone Rudstone Bafflestone Bindstone Framestone

Figure 3.7 Textural classificabn of carbonate rocks by Fodnd improved by Kendall (2005) after

Folk (1959).
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Figure 3.8: Limestoneclassification on the basis of compositigfitigel and Haditschl975; Oates,
1998.
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SMF 1: Spiculite wackestone/packstone

SMF 2: Microbioclastic peloidal calcisiltite

SMF 3: Pelagic mudstone/wackestone

SMF 4: Microbreccia, bio-lithoclastic packstone

SMF 5: Allochthonous bioclastic grainstone/
rudstone/packstone/floatstone, breccia

SMF 6: Densely packed reef rudstone

SMF 7: Organic boundstone, platform-margin ‘reef’

SMF 8: Whole fossil wackestone/floatstone

SMF 9: Burrowed bioclastic wackestone

SMF 10: Bioclastic packstone/wackestone with worn
skeletal grains

SMF 11: Coated bioclastic grainstone

SMF 12-S: Limestone with shell concentrations

SMF 12-Crin: Limestones with crinoid concentrations

SMF 13: Oncoid rudstone/grainstone

SMF 14: Lag deposits (found in different facies zones)

SMF 15-C: Ooid grainstone with concentric ooids

SMF 15-R: Ooid grainstone with radial ooids

SMF 15-M: Ooid grainstone with micritic ooids

SMF 16-Non-LaminaTeD: Peloidal grainstone/packstone

SMF 16-LaminaTED: Peloidal bindstone

SMF 17: Aggregate-grain grainstone

SMF 18: Grainstone/packstone with abundant
foraminifera or algae

SMF 19: Densely laminated bindstone

SMF 20: Laminated stromatolitic bindstone/mudstone

SMF 21: Fenestral packstone/bindstone

SMF 22: Oncoid floatstone/packstone

SMF 23: Homogeneous, non-fossiliferous micrite

SMF 24: Lithoclastic floatstone/rudstone/breccia

SMF 25: Laminated evaporite-carbonate mudstone

SMF 26: Pisoid cementstone/rudstone/packstone

Figure 3.9 List of standard microfaciegpes ofthe Wilson Model going fnm the basinal SMFR/pe 1
to subaerial SMF 26 (Wilson, 1975).
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Inner ramp Mid-ramp Outer ramp Basin

Peritidal zone
Sand shoals
and banks
Restricted
Open-marine

FwWwB
SWB

Outer | Basin
ramp ramp

Peritidal |Lagoon Restrict. ' Open-

marine
RMF 1:  Peloidal calcisiltite with spicules

RMF 2:  Argillaceous burrowed mudstone/wackestone

RMF 3:  Burrowed bioclastic wacke-/packstone with
diverse fossils

RMF 4: Peloidal wackestone/packstone

RMF 5:  Pelagic mudstone

RMF 6:  Graded, laminated bioclastic grainstone

RMF 7:  Bioclastic packstone, abundant echinoderms

RMF 8:  Burrowed multigrain packstone/wackestone

RMF 9:  Wackestone/packstone/floatstone with ramp-
derived intra- and bioclasts

RMF 10: Limestone conglomerates ===========s

RMF 11:  Marls with intraclasts and limestone pebbles

RMF 12: Boundstone

RMF 13: Wackestone/packstone with larger foraminifera

RMF 14: Packstone/grainstone with various bioclasts [=====x

RMF 15: Bioclastic floatstone, reef-derived material

RMF 16: Mudstone/wackestone with miliolids

RMF 17: Bioclastic wackestone with dasyclads

RMF 18: Bioclastic wackestone with ostracods

RMF 19: Non-burrowed lime mudstone

RMF 20: Bioclastic wackestone/packstone with algae
and benthic foraminifera

RMF 21: Oncoid packstone/floatstone

RMF 22: Finely laminated dolomitic or lime mudstone

RMF 23: Fenestral bindstone

RMF 24: Intraclast mudstone/wackestone

RMF 25: Laminated evaporite-carbonate bindstone

RMF 26: Bioclastic grainstone/packstone with diverse [m====a
skeletal grains

RMF 27: Bioclastic grainstone/packstone with a few
dominant skeletal grains

RMF 28: Bioclastic grain-/floatstone, disorganized fabric

RMF 29: Ooid grainstone with concentric ooids

RMF 30: Shelly ooid grainstone and packstone

Figure 3.1Q List of ramp nicrofaciestypes and depositional profile tife Wilson Model in different

parts of a carbonate ramp (Wilson, 1975).

41



Figure 3.1 The comparison charts rfavisual percentage estimatidno r |l i mestonebs (Baccell
Bosellini, 1965). The charts represents gilt-sized and finesand sized particles, e.g. peloids, small

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

skeletal grainsC - equalsized ooids; D differently sized ooids or peloids; Eoriented 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 graihsawilack and with a white

background. Low and high valuddost 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%. | and J: Few and

abundant peloids contrastd€iand L: Few and abundant bioclasts (Baccelle and Bosellini, 1965).
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3.31. MYF-I GRAINSTONE MICROFACIES

The submicrofaciesof grainstone othe Y@&anleFormation isidentified on the basis
of primary constituent and textu®unham, 1962; Folk, 19625trohmenger and
Wirsing, 1991 Kendall 2005, during petrographic studieme submicrofacies is
identified (Figures 3.4, 3.and 3.9.

i) Peloidal Grainstongé Petintra-ocsparite

3.31.1. S-MYF | PELOIDAL GRAINSTONE 1 PEL-INTRA -
OOSPARITE

The samplesGT12, GT22, GT30, GT42and GT62 show peladal grainstone sub
microfacieqPlate 1) Allochem include mainly peloids, bioclasts, ooids and intraclast.
The grain sizef peloid, ooid and intraclast aneeasurd (Table 3.3.

The peloids presenn this grainstonesubmicrofaciesrepresend5 %. Peloids are
roundedelongate rod-shapedand the average size of roued peloid ranges from
0.0557 0.455mm and rod like peloids hav&206 0.785mm in size,dark color,
homogenousral sphericalpellets are showm Plate 1 that indicatkecal pelletdype

of peloids. Mud peloidsalgal peloidsand cortoid are rar@late 1, AD).

Besides peloidspoids(11.1%) in the grainstonesubmicrofaciesareradiatfibrous
concentri¢ superficial tangentialand micritizedmicrofabrics. The radial ooidsand
superficial ooidsare comron. These generally display moderateting and @41-
0.24 mm diameter size, with overall size uniformity. The nucleus of ooids is
compsedof shell fragments, micritized particleBhecortex size ranges from 0.021
0.055 mm.Bioclasts(10.5%) include ostracods, foraminifers, gastropods, bivalves,

corals, calcisphere, algae, charophyta (ggrote) and bryozoarP(ate 1 A-F).

The intraclasare angular to suAngular and their size ranges from (X: 0.177.406
mm and Y: 0.234 0.712mm) and poorly sorted.ithoclast and grains are reworked
by storm/wave and modified by cyanobactef@alcite vein, stylolite, fractures,

aggregate, intraclgsorganic matter, oil remains and pyrite are present.

The dlochems to cement ratio in theaghstonemicrofaciesis 41 approximately
according® visual estimationPeloids represent$ %, ooids 11.26 cemenb.7%and
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intraclast 3 % and 11% bioclast This submicrofacies is similar to SMF 15, SMF16,
SMF17andcSMF 18 of Wi | s oaddé and dqeadeit o)RMSaVi&nd m
RMF 14 ofamp mode | of Willh.sonbés (Figure 3.10

3.31.2 INTERPRETATION
The diagnostic features oficnofacies areharaterizedby:

i) Predominantly goid and intraclast as allochem,
i) Bioclasts includes mainly ostracods, foraminifera, bivalve

gastropods, calcisphere arfthcophyta.

This microfaciesis primarily representetly fecal pellets Plate 1) of biotic originn
the form ofrounded elongated, ovoid dark color micritic grains, algal structures and
minor bioturbation. Fecal pellets are produced in tropicsrine environment and

preserved in subidal to intertidal platform (Fliigel2004)

Intraclast mainly cosists ofblack pebbles and reworked clast indicated by poor
sorting and angular to strbunded grains that represents shallow marine condition.
Ooids of tangential radial, micritized can be seerand represent high energy
environmentalong with bioclasts abundawtlostracods, foraminifera, bivalves,
gastropodsThis microfaciesis interpreted to have deposited itigh energywave

dominatedntertidal to suktidal marineenvironment

The presence of foraminifera and ostracods represg@nmarine conditions of
normal salinity and gyrogonite green algae indicate eWwabbrackish and sunlight

water.

So the ncrofacies represent wave dominated, shallow water of normal salinity marine
conditions, intertidal to subdal, shoals and restricted on the inner ratype

carbonate platform.
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3.32. MYF-lIl PACKSTONE MICROFACIES

On the basis of constient and texture Dunham (196Eplk (1962) Kendall (2005,
Strohmenger and Wirsindl991), four submicrofacies of pckstone of theydanle
Formation are identified during petrographic studidBochem measurement are

represented byable 3.3

1) Bioclastic Packstonk Bio-pelmicrite
i) IntraclasticPackstoné Intra-oo-biomicrite
iii ) PeloidalPackstoné Petintra-biomicrite
iv) Bivalve Packstoné Biomicrite
3.32.1. S-MYF | BIOCLASTIC PACKSTONE i BIO-PELMICRITE

The samplesGT2, GT4,GT21, GT50, GT51, GT52, GT5%nd GT64 represerd
bioclastic packtonesubmicrofacies. The bioclast&4.8 %) dominantly comprise
ostracods, foraminifers and gastropods. The other Isisctae bivalves, green algae,

charophyta, echinoids, calcisphere and fossil fragm@&iase 3.

Along with bioclastdn this pack$one submicrofacies, peloids, intraclaahdooids
Algal type and fecal pellet are document&iganicmatter, micro fractures, calcite
vein, sparite, stylolite with oil remnants and pyrite are predgaturbation and

stromatolite are present. Micritic layer have lamination.

This submicrofaciescorrespondso S MF 2, SMF 4 and SMF 10
SMF Model and equivalent to RMF 7.

3.32.2. S-MYF Il INTRACLASTIC PACKSTONE 1 INTRA -OO-
BIOMICRITE

The sample&T5, GT7andGT19represerdintraclastic ackstone sulnicrofacies.
Intraclast(47 %) and bioclast (136) are mainly composed obivalve, ostracods,
corals,algae micritized peloid€3.1%), and ooid¢15.1%). Fossil fragments, organic
matter, stylolite and pyrite. Minor fracturing is also preg@iate 3,A). This sub
microfacies is sinhartoSMF 4 of Wil sonés (1975) SMF
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3.32.3. S-MYF Ill PELOIDAL PACKSTONE 1 PEL-INTRA -
BIOMICRITE

The sample$T10, GT25, GT31, GT32 and GTS#splayspeloidal packstone sub
microfacies. This sumicrofacies dominantly consssof peloids(34 %). The peloids
are oblate, elongate to rarely roundedgein size from 0.048 mm to 02inm and

peloids are of fecal pellet origifPlate 3,B-D).

The ooids are associated with peloids but their frequency is less. QRid@%%6) are

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

The bioclastg7 %) consistof ostracods, gastropods, foraminifera, bivalve and other
fossil fragments. IntraclagR6 %), calcisphere, calcite vein, organic matter, stylolite

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

This submicrofaciescorresponddo SMF 16 of Wil sonds (1975) SNV
approximately equal to RMF 4.

3.32.4. SMYF IV BIVALVE PACKSTONE - BIOMICRITE

The sampleGT46 illustrate bivalve mckstone sumicrofacies. Allochem mainly

comprisedivalve (58 %), bioclastsand pebids.

The allochems include ostracods, bives\and fossil fragments (PlateR3, This sub
microfacieds similarttoSMF 10 (RMF 7) of Wil sonés (1975)

3.32.5. INTERPRETATION

Salient features of packstonecrofacies are characterized by:
i) Presence of micrite as matrix
i) Predominantly bioclasts oktracods, foraminifera, gastropods,

bivalve, calcispherand green algae,

ii ) Peloids of fecal originalgal peloidand micritized grain,
V) 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 abupdant
foraminifers bivalves,ostracods and relatively low fregncy gastropodsalcisphere,

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

low energy condition of deposition may be shallowperoshelf platform.

Textural relationship indicates restricted platform to cp®arine platform below fair
weather wave base on the basis of radial peloids, ooids and bioclasts embedded in

micrite as matrix

Intraclass represent reworking and redeposition achieved through iooehsntense
activity at sedimentvater interface and their presence indisa®rm/wave event.

Partial dolomitization ad calcitevein shows recrystallization.

This microfacies shows shallow marine, shoals to open magimaronment of inner
ramp carbonate setting.

3.3.3. MYF-lll WACKESTONE MICROFACIES

During petrographic study three sobcrofacies of Wackestoneof the Yél anl é
Formation are identified on the basis of textame constituents Dunham (1962), Folk
(1962),Kendall (2005) Strohmenger and Wirsing (1991

i) PeloidalWackestoné Pelintramicrite
i) BioclasticWackestoné Bio-intramicrite
i) IntraclasticWackestoné Intra-pelmicrite
3.33.1. S-MYF | PELOIDAL WACKESTONE i PEL-INTRA MICRITE

The sample$T44 andGT65 show peloidal wackestonesubmicrofacies. Allochem
consiss of primarily peloids(20.4%) along withintraclast(9.5 %) andbioclasts(3.2
%). Micritic type of matrix consistof 53.4%.

The peloids are elongated to rounded, poorly datel mud peloid origin (Plate 4; A
B). This submicrofacies consisif some bioclasts like ostracods, bivalves, gastropods,
calcisphere, fossil fragments. Calcite vein, fractures, organic matter, burrowing,

stylolite may be with oil remnants and pyrite @iso present.
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The peloidalackestonesubmicrofacieds similartoSMF 2 and SMF 9 of Wi
(1975) SMF Model and corresponds to RMF 4.

3.33.2. S-MYF Il BIOCLASTIC WACKESTONE 71 BIO-
INTRA MICRITE

The amplesGT11, GT18, GT24, GT27, GT28, GT33, GT&T49, GT60, GT61 and
GT63 representhioclastic wackestonesubbmicrofacies. Allochem include mainly
bioclastg27 %) (ostracods) along with intracla@@ %) and consistof approximately

43 % of matrix andcement(7 %).

This microfacies is mainlyconsistsof ostracods, bivalves (pelecypods), gastropods
and calcisphere. The other bioclasts occur in relatively low frequency like

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

Intraclast (limeclast, siliciclast), calcite vein, fractures, bioturbation, organic matter,
stylolite, fractures, pyrite, rhombohedral crystal of dolomite and heavy oil remnants
are presenfPlate 5A, D and E)

The bioclasticwackestonesubmicrofaciescorresponds to SMF 8 and SMF 9 of
Wil sonds (1975) SIWMMFBland RMF 2&(Righre 3.9 amd 31.1@ r

33.3.3 SMYF IIl INTRA CLASTIC WACKESTONE 7 INTRA -
PELMICRITE

The sample$sT57, GT59 and GT6ghow intraclasticwackestonesulrmicrofacies.
Allochems include mainlyintraclast (16%) along withbioclasts(12 %) (Bivalve,

ostracods, foraminiferagnd consigtof approximately46.5% of matrix.

Intraclastare composed dflack limestone @bbles, dark grey color angular to sub
rounded limestone pebble 0.020.8 mm in size. Plate 4llustratedintraclasts and

bioclast.

The intraclastiovackestonesub-microfacies corresponds to SMFa@d SMF10 of
Wil sonds (109 a&ndsgimil& tdRNFRU{Rigeré 3.9 and 3.0
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3.33.4 INTERPRETATION

This microfacies is characterizeg following diagnostic features:

i) Presence of micrite as matrix
i) Bioclasts mainly consigif ostracods, gastropods, bivalve and
calcisphee,
iii ) Presence of bioturbaticand burrowing.

This microfacies islominantlycharacterized by a diversity of bioclasts along with
peloids and micritized grain. Bioclasts corsisf abundant ostracods, gastropods,
pelecypod, calcispherand relatively low frequency foraminifers, bivab; 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 Goldrind993).Small size bioclasts (shell debrisaving
strong burrowing matrix represents open sea. Partial dolomitization, crystal of
dolomite and sparite vein may because of reclition or burial diagenesighe
presence of gastropods composition indicate open marine to restricted conditions.

The microfacies may be represents as restristedlow lagoonal to open marine

condition of inner to middle ramgarbonate platform environment.

3.34. MYF-IV MUDSTONE MICROFACIES

Two submicro facies of mudstone of theé | &annhaton are identified on the basis
of textureand constituents Dunham (1962), Folk (19&2ndall (2005) Strohmenger
and Wirsing (1991Lduring petrographic studies.

i) Burrowed lime nudstone

ii)  Brecciated mdstone
3.34.1. S-MYF | BURROWED LIME MUDSTONE

The sample$sT8, GT15, GT16 and GT2&present burrowed lime udstone sub
microfacies.This sib-microfacies consistof approximately 80% of lime mud as

matrix and 2% cement.
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This submicrofaciescomprisesdominantly burrows along with some bioclags%
%). Bioclasts mainly comprises foraminifera, ostracods and bivalves. Very low

frequency of gastropods, fossil fragment and peloids.

Calcite vein, fractures, bioturbation, stylolite, organic matter, pycdtgstal of

dolomite are preseifPlate 5.

This submicrofacies is similar to SMF 3, SMF 20 and RMF 16, RMLWVilson's
(1975) SMF and RMF odek (Figure 3.9, 3.1

3.34.2. S-MYF BRECCIATED MUDSTONE

The @ample 20 shows brecciated mudstone suicrofacies. Allochem include
dominantly brecciated clast along witsome bioclasts and ghost fossil fragment.
Breccia is poorly sorted, anguaubangular and subrouediclast of lime origin (Plate
5,Band C).

Calcite vein, fractures, stylolite, pyrite, rhombohedral crystal of dolomitprasent.
This submicrofacies is similar to SMF 4 of Wilson's (1975) SMF model.

3.34.3. INTERPRETATION
The important features of mudstomécrofacies are characterized by:

i) Presence of burrows in lime mudstone matrix,
i)  Bioclasts include mainlforaminifers, 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 thisciofacies is peritidal, restricted

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

During petrographic study microfacies are identified on the basis of texture and
constituents Dunham (196&olk (1962) Kendall (2005) Stronmenger and Wirsing
(199)).

The amples GT23, GT41, GT47 and GT4dlustrates bindstone microfacies.
Allochem include mainly peloid€9.7 %), stromatolite, and bioclas{85 %) along
with, ooids(4 %), intraclast(16 %), cement (6.8%6) and matrix (15%).

The peloids areounded, oblate, elongate, rsbaped of fecal pelletsigin of peloids.
Mud peloidsand algal type of peloids were document&étie bioclastomprises

ostracoda, foraminifera, bivalve, gastropods, algae and calcigjtiare §.

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 limestatexmThe dolomite

crystals exhibit straight boundaries.

Stromatolits are skeletal type of laterally linked hemispheroids origin (Logan.et al
1964).The sze of laminae of stromatolisaranges from.0- .49 mm. and laminae
consists of micrite, organianatter, peloids, cements and fossil fragments.

Agglutinated type of fabric is present.

This microfaciescorrespondso SMF 19, SMF 20 and SMF 21 of Wilson's (1975)
SMF Model.

33.5.1. INTERPRETATION

The diagnostic features oficrofacies areharacterized by:

i) Skeletal type stromatolitenicrobialites
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 biodadtalgae

shows tidal to intertidal environment.

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

restricted lagoon to open marineimher ramp carbonate platform.

3.36. MYF-VI RUDSTONE MICROFACIES

The microfaciess identified on the basis of textuaad constituents Dunham (1962),
Folk (1962) Kendall (2005),Strohmenger and Wirsing (199IThe gran size were

measured (Table 3.3

The amples GT6, GT9, GT14, GT26, GT39, GT54 and GT&preserd rudstone
microfacies. Allochem include dominantly intraclé3t %) along with bioclast§11.5
%), ooids (7%) and peloid$27.8 %).

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

clast origin. Poorly sorted, size rangesni 1.561 nm 1 3.71 mm. Theintraclast are
angular subangularto subroundedand their size ranges from (B:207 7 3.023mm

and Y: 01287 3.711 mm) and poorly sortePlate 7.

Bioclastsincludesforaminifera, ostracoda, bivalves, echinoderms, gastrapods, green
algae and calcisphere. Peloids are elongate, rounded and poorly Sbheederage

size of rounded peloid ranges from 0.G86.115 mm and rod like peloids have size
from 0.903 0.685 mm.

Ooids in the microfacies are radial, concentric, superfiaiaditangential. The ooids
shows moderate sorting and @®7-044 mm diameter size, with overall size
uniformity. The nucleus of ooids is composed of shell fragments, micritized particles.

Thecortex size ranges from Q6i 0.075 mm.

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

consist oforganic matter, stylolite and pyriteere documente(Plate8).

This submicrofacies is similar to SMF 5, SMF 6 and SMFdAVilson's (1975) SMF
Model.

52



3.36.1. INTERPRETATION

This microfaciesis characterized by the following diagnodtatures:
i)  Presene lithic and loclastic gravels,
i)  Nodular fabri¢

iii)  Tangentialsuperficial andadial ooids.

Thepresencef carbonate clast aredlongated micritic clast indicaelatform interior

to tidal flat depositional setting®oids represent shallow water environment.

So the depositional environment is subtidaghallow lagoorof 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 Folexture classification (196%Yable 3.5 and Pettijohn
(1975). Fine grains rocks are also (Figure 3.8) classified on the basis oferelati
proportion of grains (Picardodés 1971)
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Table 3.5.Folk (1965) classificatiorior fine-grain sedimentary rock on the basis of

texture.
el SIZ? o il Soft Indurgte_dNon— Indurated, Fissile
fraction fissile
>66 % Silt Silt Siltstone Silt-Shale
5 .
3366 % (Subequal silt Mud Mudstone Mud-Shale
and clay)
>66 % Clay Clay Claystone Clay-Shale
Clay
Picard’s (1971) o Gokgol Section

25

Claystone
(Silty Clay)

Clayey
Sandstone
(Clayey Sand) ¥

Clayey
Siltstone

(clayey silt) 25

Siltstone
(silt)

Sand 25 50 75 Silt

Figure 3.12 Classification ofclaystone on relative proportions of graingesishowing claystone

sample by green sphereqnd i f i ed from Picardébés 1971).
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3.37. MYF-VII SHALE MICROFACIES

The study of shale under ordinary optical microscope is difficult because of their very
fine grain size. In present studshale is classified onétbasis of grains size, amount

of clay and silt, induration, fissility, lamination, color andg@ece of organic matter
(Picards, 1971). Three sumicro facies of Bale arerecognizedn the basis of visual

estimation(Baccelle and Bosellini,965)duringthe petrographic studies.

i) Clayey $ale
i)  Silty shale
iii) Blackshale
3.3.7.1. S‘MYF | CLAYEY SHALE

The amples GT1, GT13, GT17, GT34, GT36 a@lT67 illustrateclayey shale sub
microfacies. Bioclast(21.3 %) includesbi val veds fragments an
Calcareous cement and hackly fracture is present. Silt size clast rich with organic
matter with calcareous matr{2.3 %). A mesh structure of bivalweas documented

(Plate 9)

3.37.2. SMYF Il SILTY SHALE

The ampleGT43 representsilty shale submicrofacies. Allocheneonsists obioclast
(7 %) includesostracods, bivalve®arallel lamination is documentdrbn matrix with
organic matter and calcite vein. @ipregnation is seen on fos@itlate 10).

3.37.3. S-MYF Ill BLACK SHALE

The samples GT40 and G56 represenblack shale submicrofacies. 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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3.37.4. INTERPRETATION

This microfcies is characterize by the following diagnostic feature
i)  Mesh structure of bivalves,
i)  Parallel lamination,
iii)  Rich with organic matter,

iv) Black shale.

This microfacies is deposited at low energy, calm conditioshalow marine to

restrictedagoonalenvironment.

3.38. MYF- VIl CLAYSTONE MICROFACIES

On the basis of grain proportigqRicard, 1971), two submicrofacies of lystone of
theY e | &amnhaton are identified during petrographic studies. Claystone have clay
size grain & % while silty claystone have approximately %®silt size grain and rest
clay size (Figure 3.11Claystone show yellow and black color but the composition

and texture is same.

i) Claystone
i)  Silty claystone

3.38.1. SMYF | CLAYSTONE

The amples GT3, GT38 and GT58 representclaystone submicrofacies and
characterizé by fissile. This facies consistof very fine size grais comprisingare

fossils and trace amount of muscovite, feldspar, iron oxide embedded in the clayey
matrix. Micro fractures and burrows are oceapby silica. Hematite, organic matter,

lamination and pyré are presenP(ate 1).

3.3.8.2. SMYF Il SILTY CLAYSTONE

The ampleGT45 represent siltylaystone submicrofacies. The microfacies is full of
silt size oganic matter. Bioclast includevalves, ghost fossil fragments, calcite vein,

sparite and buow filled with silica (Plate 12
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3.38.3. INTERPRETATION

The diagnosticdatures of this microfacies are:
i) Relict of feldspar

i)  Traces of muscovite

This microfacies may be depositecshallowmarine toagoon.

3.39. MYF-IX DOLOMITE MICROFACIES

A term dolomite is applied to both mineralg(CQs). and CaM((CQs)2. The
sedimerdry rock comprises more than 3@ of dolomite CaMg(CQ). mineral
sometimeknownas Dolostone (Selley, 200&lligel,2004).

3.3.9.1. CLASSIFICATION OF DOLOMITE
Genetically @lostones classified into three typdElugel, 2004)

a. SYNGENETIC DOLOSTONE
A rock simultaneously formed within the depositional

environment.

b. DIAGENETIC DOLOSTONE
A rock formed by replacement afarbonate 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 jepasting limestone CaCO 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 vay from anhedral to euhedral rhombs, with the teemotopic, idiotopic

and hypidiotopianosaics (Sibley and Gregg, 19§F)gure 3.13)
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ldiotopic mosaic.

Nonplanar: closely packed
anhedral crystals with mostly
curved, lobate, serrated, or
otherwise irregular intercrystalline
boundaries.

Xenotopic mosaic

Planar—e (euhedral): most
dolomite crystals are
euhedral rhombs.

Planar-s (subhedral): most
dolomite crystals are subhedral
to anhedral with straight,
compromise boundaries and many
crystal—face junctions.

Hypidiotopic mosaic.

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

The sampleGT 35 represent dolomite microfaciékhis facies shows a diagenetic

dolomite/dolostone type probably formed through replacement or recrystallization of

unfossiliferous or scarcely fossiliferous lime mudstone. Bioclastsdesostracods

andghost fossi(Plate 13)

The lime dolomitized mudstone microfacies corsfinely crystalline, subhedral to

euhedral, pervasive to selective dolomite replatapositional lime fabric. Unimodal

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

crystal are also present.

Pervasi ve

hypidiotopictexture isobservedThis microfacies is similar to SMF 20 and SMF 23

t o

mi crodol omi ti zati on

of Wilson's (1975) SMF Model.
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3.39.2. INTERPRETATION

The microfacies is characterized dominantly by subhedral to euhedral dolomite grains.
Repeated dolomitization in the formation indicate selectype. Secondary type of
dolomite formed by diagenetically alteration of lime mudstonaackestoneThis

facies may be deposited atline condition ofidal flats.

3.4  SEDIMENTARY STRUCTURE IN STRATIGRAPHIC SECTION

Sedimentary structures througe stratigraphic sectiothat have been observed in

field and microscopic level ages below.

3.41. BEDDING AND LAMINATION

The bedding of th&okgdlsection represents variation from very thin, thick to massive
bedded limestone with thin to medium ded shale and clay alternatioi3olomite

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 documentedditferent interval (Figures 3.14, 3.15, 3)16

3.42. BIOTURBATION

Bioturbation is determined mostly at microscopic level. The filling materials is dark
colorof clay to silt size grains iburrows (Plate 4, Figure 3.L7

3.43. DIAGNOSTIC FOSSILS

Some of thdossils that are identified are shown in Figure 3.3819 and 3.20
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Figure 3.15:Photograph illustratgsarallel 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 Microphotographillustrating bioturbationareawith white dotted lindPPL, 4 XGT/S
64).
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