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ABSTRACT

PETROGRAPHY AND MINERAL CHEMISTRY OF THE BASALTIC
ROCKS AND DYKES FROM THE BURUNK¥Y (¢ ORL
TURKEY

(ATAK) K} ¢} K, Aynur
M.Sc., Department of Geological Egineering

Supervisor:Assi st . Prof . Dr. Fatma Toksoy K¢

November2014, 165 pages

Petrographyand mineral chemistry of the &mltic rocks and dykes, which are
outcropping i(n¢otrhuen), Bne misguskedh yn the scope of this
thesis.The stidied rockh el ong t o t he o p h-AnkdraiEzincan me |l an
Suture Zone that wererived fromthe closure of northern branch of Neotethys.

the study area, the metamorphic rocks of Sakarya Composite Téedarically

overlies the ophiolitic melange usj and Upper Neocene sediments cover both units

unconformably.

The rocks in the study area are divided into three categories; intensely foliated
sheared metabasalts, basalts and doleritic dykes. These rocks are mostly contain
pyroxene and feldspar minésawith varying crystal sizesThe augite phenocrysts
display reaction rims with reddistolor, compositional zoning, casionand tailing
propertieswhich also observed for feldspars indicatingppre mafic hot magma

impulse into magma chamber during caytation.

Vil



The Electron Probe Microanalysgata from constituent minerals of the rock groups
revealed that pyroxene and feldspar are augite and albite, respe@&iviedyituional
mechanism plots generallijsplay more than ongroupinferring newmeltinflux(es)
into magmathat supports the petrographical observatioM$neral chemistry data
indicate the rocks have a transitional charactem subalkaline to alkaline that

derived from a noforogenic environment.

Whole rock geochemical datacluding isotopic once reveal that the rocks are
alkaline in character angenerated in a transitional environment betwedi®@RB
and OIB. Furthermore, the data of studied rocks suggest that these rocks evolved

from a melt formed by mixture of DMM and EM

Keywords:¢ or um, petrography, mineral chemistry
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CHAPTER 1

INTRODUCTION

1.1Purpose and Scope

Geology of Turkey stands for an important part in the Alpiialayan orogenic
system. Turkey is represented by a very complex geology. Although there are
increasing amount of geological data, this complex geology results in different point
of views on the geological evolution of Turkey (Okay, 2008). Geology dtejuis

closely related to the evolution of Neotethys. Subbranches of Neotethys Ocean once
were surrounding the main tectonic units of Turkey. These tectonic units are now
separated by sutures which were formed the closure of subbranches of Neotethys.
Devdoped series of oceanic seaways and microcontinents during the fragmentation
of the northern part of Gondwana were closed by convergence of Africa and
Euroasia during the Late Cretaceous (Robertson, 2002). The complete closure of this
ocean ended up witthte  kAnkaraErzincan SutureStudy area of this thesis is

on t h-énk#rabmzingan branch of the Alpine Neotethys.

Ophiolite occurences in Earth history largely coincide with orogenic events causing
the formation and brealip of supercontinents. €hefore, ophiolitesnd ophiolitic
melangesare useful databanks in order to observe and examine ancient pieces of
oceanic lithosphere and they keep significant evidence of some tensmatic
events such as opening of a rift or subducting of a contioenintraplate
magmatism (G°nc¢gojlu et al., 2010).

Today, it is possible to analysecks in terms of theirmineral chemistry and
geochemistry including isotopic onty using analytical methods such as electron
microprobe and iojprobe techniques. Thusthis methods supply valuable

information aboupetrologichistory of rocks.



This thesis aims to provide contribution to tfeemation of the mafic magmatic
rocks which are |l ocated around ¢orum regi on
element and isofie geochemistry, and mineral chemistry. Firstly, a field study was
conducted and rock samples were collected. After that, textural and mineralogical
features of the studied rocks were examined by a petrographical study. Followingly,
mineral chemistry studyincluding nomenclature of minerals, substitutional
mechanismsand their implications on petrology and tectonic settings were discussed.
Additionally, geochemical interpretations were maduaksed on major and trace
elements, and isotopic characteristicshef studied rocks. Finally, in the light of the
petrographical, mineralogical, whole rock geochemical characteristics, the
comparison of the pyroxene occurences in different rock samples and their

crystallization processes were examined.

1.2Geographic Setting

The study area is |l ocated between the <city
¢or um. It is |l ocated in H33 quadrangle of t|
Turkey within latitudes 705 N and longitudes 560 E in the east of Central

Anatolia (Figue 1).

1.3Methods of Study

Geol ogi cal features of volcanic rocks arounc
to be investigated in this thesis. The first part of the study includes the sampling from

the field. Study area iseémcaiteydy aéenseut bk at
and Alaca (Figure 1). Rock outcrops were sampled from 10 different selected

locations. Totally, 30 rock samples were collected for petrographical and
geochemicabtudies. The petrographical study was performed in order to degect th

main petrographical characteristics of the study a@réaamples of total 30 samples

were chosen from the rock samples in order to make petrographic interpretations and



mineral chemistry analyses (EPMAYoreover,6 of 17 samplesvere chosen for

wholerock element analyses and isotope (TIMS) analysis.

1.3.1. Mineralogical Analyses

Major and minor element compositions of the minerals from the studied samples
were performed by using Electron Probe Microanalyser (EPMA) which is an ideal
method for nordestructive in-situ microanalysis. Coating and the analyses of the
well-polished46 mm x 25 mnthin-sections were carried out at Central Laboratory,
Middle East Technical University. Nezonductive geological samples require a
conductive coating in order to preveaharging under electron bombardement.
Therefore, carbon coating is preferred using Electron Probe Microanalyser because it
has a minimal effect on the-bay spectrum. A carbon coater belonging to Quorum
Technologies, Q150R ES, were used for this purpdse.optimum thickness of the
carbon should be around 20 nm. The thickness of the carbon was controlled by the
device by using a fixed current and evaporation time. The analyses on the minerals
were performed by a fully automated JE@XA-8230 electron micqarobe at
Central Laboratory, Middle East Technical University. The instrument has been
operating in two ways. These are enedigpersive and wavelengtlispersive
modes. Energylispersive type spectrometer recordsrays of all energies and
produces an dput in the form of a plot of intensity versusrXy photon energy.
However, wavelenghdispersive type spectrometer uses crystals working according
to Bragg reflection principle. Although spectral resolution is better in energy
dispersive spectrometer; Wever, wavelenghtlispersive one is faster and more
convenient. Both spectrometers were used according to purpose of the study- Energy
dispersive mode was generally used in order to determine what elements a mineral
has, and wavelenglglispersive mode wassed to measure major and minor oxides

in percent. 15 kV accelaration voltage and 15 nA beam current were used during
analysesThe applied beam size was 5 Om. A
standards were used for calibration. The following elemeats analysed using the



standards: Albite for Na, wollastonite for Ca and Sip3lfor Al, MgO for Mg,
hematite for Fe, rhodonite for Mn, Mietal for Ni, orthoclase for K, Ti©for Ti,
Cr,0O3 for Cr, SrTiQ; for Sr and baryte for Ba. Matrix corrections wererformed by
the PRZ (XPP method metal/oxide) procedure in the JEOL software.

1.3.2. Whole Rock Element and Isotope Geochemistry Analyses

Whole rock samples for the chemical analyses were chosen after examining thin
sections of the studied samples in termmoferalogical compositions and degree of
alteration. Six representative samples (2 bagafthetabasalt, 2 dike) were selected

for analyses. The rock samples were crushed to small chips, less than 1 cm size, in a
jaw crusher. Then altered chips were eliated by hangbicking. After that, the rest

of the samples were ground in order to obtain sample powder. All these processes
were carried at Central Laboratoryjddle East Technical Universit{zor the whole

rock analyses, powdered samples were sent té\¢hee Laboratories, Canadgor

major elements and the trace elements Ba, Nb, Ni, Sr, Sc, Y and Zr, an ICP emission
spectrograph of Jarrel Ash AtomComb 975 model were used. An ICP mass
spectrometer of Perkiglmer Elan 6000 model were used for the deteatiom of

other trace elements including rare earth elements. Accuracy for major elements and

trace elements is better than 2% and 10%, respectively.

Isotope geochemistry experiments of Sr and Nd weréompeed at Middle East
Technical University, Central laboratory, R&D (Research and Development)
Education and Measurement Center with methods GdfiLM-ARG-RIL-01
(Experiment instruction for isotope ratio analysis of Sr) and JARIG-RIL-02
(Experiment instruction for isotope ratio analysis of Nd) which were tadafjpom
methods irK ® klsaand G°ncg¢ojlu (2008).
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Half of the sample powders of total whole rock analysis were used for this purpose.

Weighing, chemical resolving and chromatqdra processes were performed at

Clean Laboratory with 100 sanitation standard. About 80 mg rock powder were

weighed from each specimen and they transferred into PFA (a kind of teflon) bottles.

Samples were resolved completely in 4 mL 52% HF which werehmt plate with

the temperature of 1600C for 4 days. Af ter
day in 4 mL 6 N HCI solution. Then, these samples were evaporitized and dried on

hot plate and they were placed in 1 mL 2.5 N HCI and prepared for chroaqatggr

Sr element was separated in teflon columns by using 2.5 N HCI| acid and 2 mL

volume of Bio Rad AG 50 WK8, 100200 mesh resin. After collecting Sr, fraction

of rare earth elements were collected with 6 N HCI. Sr was loaded on single Re

filament by usig Taactivator and measured on static mode. Dat{S1°Sr were

normalized to®®SrP®Sr=0.1194. During measurements, Sr standard NBS 987 was
measured as 0.710261N5 (n=2) and required
measurement results. Nd element wasagsgpd in teflon columns by using 0.22 N

HCI acid from other rare earth elements and run through 2 mL volume of Bio Rad

(biobeads) resin which was surrounded by HDEHP -éthyexlyl phosphate).

Separated Nd was located on-filament with 0.005 N H3PO4 ancheasured on

static mode by using double filament technique. During analy3i&l/**Nd data

were normalized with*Nd/*Nd=0.7219 and Nd LaJolla standard was measured as
0.511848N5 (n=2). There was any bias coll e
measuement results. Measurements were performed as-oaliéiction by Triton

Thermal lonisation Mss Spectrometry (Therrd@isher). Analytical uncertainty is

around 2 sigma. BCR USGS rock standard which was measured by the same

processes with experiment saeml gives °%'SrP°%Sr =0. 705028KN9 and
“NdMNd=0.512626N4.



1.4.Review on Ophiolite Belts of Turkey

Ophiolitic remnants of the Paleotethys and Neotethys are observed as isolated
outcrops throughout Turkey. There are three main ophiolite belts in Turkeye Thes
are IntraPontide Ophiolite Belt, North Anatolian Ophiolite Belt and Southeast
Anatolian Ophiolite Belt (Figure 2).

1.4.1. Intra -Pontide Ophiolite Belt

The IntraPontide Ophiolite Belt is composed of sequence of dismembered
metaophiolites such as serpentinizestidotite, layered cumulate gabbros, isotropic
gabbros, diabase dikes, sheeted dikes and mafic lavas and overlymghietiic
deepsea cover sedimentd8Bozkurt and Mittwede, 2001)lt is located between
RhodopeStrandja and Istanb@onguldak terrare in the north and Sakarya
Composite Terrane i n t199@).Siace Narth Anat@&nnc ¢ o |
Transform Fault is still active, oblique and stridlgo movements within this fault
have been affecting the main components of the -Pnatide Oplolite Belt.
Although the opening age of the InfP@ntide oceanic branch has not been clearly
revealed, according to literature, time passing from middle of Middle Jurassic to
middle of Late Cretaceous is the ridge spreading age of the unit.

1.4.2. North Anatoli an Ophiolite Belt

The North Anatolian Ophiolite Belt represents the northern Neotethyan ophiolite and

seen as allocthonous fragments. The North Anatolian Ophiolite Belt is composed of
huge bodies of ophiolitic sequences and tectonic melanges of theAnkara
accretionary complek G° nc¢oj Il u et al ., 19%he Norttok ay a
Anatolian Ophiolite Belt were positioned on the Tawitetolide Platform in South

during Late Cretaceous. Moreover, the units of Sakarya Composite Terrane overlie

on the ophiolites in northwest Anatolia tectonically. However, the ophiolites are
thrust onto Tertiary basins along steep basements in Central and East Anatolia

( G°ncy¢ o] | u Teetophaolites,displag venal.characteristics geochemical



features of MORB, OIB and suprsubduction zondéype ophiolites and were

transported towards south onto the Tauddatolide Platform( G°® nc ¢ o] | u et al
2006 a, b; Y a | éSmeezthe gdochemnlstry,of tie Ordzks )within the

melange displays several charaistics, it indicates a complex oceanic lithosphere

formation. The earliest ages of MORB are Carnian indicating that the formation of
Izmir-Ankara oceanic crust corresponded to Middle Triassic and lasted until Late
Cretaceou¢ G° nc¢ o] | u etnetall, ,2002).2000a; Teki

1.4.3. Southeast Anatolian Ophiolite Belt

The Southeast Anatolian Ophiolite Belt was located between Tauride platform in the

north and Arabian platform in the south representing the southern part of the

Neotethyan ophiolite and contains differ@nbricated structural units of oceanic and

islandarc clusters. The Southern Neotethyan ocean was active during the period

from Triassic to Eocen&k(e ng°r and Yél maz, 1981; Robertsol
al., 2009. According to studied paleontologia#ata from the ophiolitic unit, its age

is corresponding to Jurasdicat e Cr et aceous (G°nc¢goj !l u, 201C¢C
about ophiolitic sequences of the Souteast Anatolian Ophiolite Belt indicate that a
suprasubduction zone settingRobertson, 2002; Blak et al., 2002, 2004).

Moreover K é zOpHiotiteaij Hatayforms an ophiolitic successiorand can be

correlated with Zagros and Oman ophiolites and the Troodos Massif in Cyprus
(G°nc¢ojlu, 2010) .
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CHAPTER 2

GEOLOGY

2.1. Introduction

Anatoliais grouped into 3 main continental zon@kay, 2008).These continental
zones arehte Pontidesthe Anatolide Tauride Block andhe Arabian Platfornirom

north to south.These continental zones are separated from each other by suture
zones: The IntrdPontide Ophiolite Beltthe NorthAnatolian Ophiolite Belt and the
Southeast Anatolian Suture Belt frororth to south, respectively. Among them, the
North Anatolian Ophiolite Belt is composed of huge bodies of ophiolitic sequences
and tectonic melanges of the Izim k ar a accreti onary compl €
1997; Okay an @TheWwgll knwnzphiolit thé&adge which is known

as Ankara Melange oBailey and Mc Callien (1953)s mainly composed of
dismembered blocks of red to green, intensely fofdectured, thin bedded
radiolarites; fractured peridotite®rpentinites; fractured radiolaria beg pelagic
limestones; folded and fractured JurasSretaceous carbonates; Cenomanian
Turonian mardargillaceous limestone sequences and rare fragments eframe
metamorphic blocks. All of the units of the ophiolitic melange are found in an
intensely tectonized, mylonitidorecciated ophiolitic matrix. In the extent of this
thesis, the mafic rocks (basaltic rocks and doleritic dykes) belonging to ophiolitic

Ankara mel ange from the Burunk©®y area (¢«

2.2. Regional Geological Setting

Turkey is an important segment of the AlpiHenalayan orogenic belt which lies
between the cratons of Laurasia in the north and Gondwana in the south. Within this
suture zone, remnants of oceanic basins of Tethys ocean, of which the Eastern
Mediterranean se#& the last surviving remnant, can be found. Paleozoic ocean

Paleotethys was followed by smaller Mesozoic ocean basins (NeotdRigkstt et
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al., 1996. The Mediterranean ophiolites belonging to Tethys ocean were divided into
two groups(Nicolas & Jackon, 1972; Rocci et al., 1975; Abbate et al., 19ap6jhe
western and central Mediterranean ophiolites (AdpgnninesCarpathions
DinaridesHellenides), b) the eastern Mediterranean ophiolites (Cypuusey
SyriaOman). Another study was suggested thathyan ophiolites were grouped

into as subduction related (eastern Tethyan region) and subduction unrelated

(western Tethyan regionJ¢ksoyK°® ksal , 2003 and references th

Ophiolites in the Mediterranean region show differences from each ottesnia of

age and tectonic setting. The Midte Jurassic ophiolites in western region
composed of different tectonic settings such as subduction related Eastern Albanian
and Vourinas ophiolites in Greece, nudean ridge (MORB) related Western
Albanian oghiolites, transitional character related (from MORB to stguiduction

zone (SSZ)) South Albanian ophiolites, Pindos and Asproptamos ophiolites in
Greece and intracontinental bagic basin related Guevgueli ophiolite in northeast
Greece Robertson, 2002Dilek and Thy, 2009; Topuz et al., 2013However, the

Late Cretaceous ophiolites in Turkey, Troodos in Cyprus and-Ba&sit in Syria
show supresubduction zone (SSZ) charactétatlak et al., 2009 and references
thereir). According to studies conductexh the Anatolian ophiolites, the common
lithological and isotopic features suggest that Anatolian ophiolites formed as a part
of a very large ophiolite body comparable with the size of the Semail Ophiolite in
Oman Qkay et al., 20011

The Turkish branclof Neotethys is characterized by three major-eaestt trending

belts (Figure 2).Each of belt records closure of a separate branch of Neotethys:
a)intraPont i de Op hi o-AnkarakrziBcan Gphiolitd Belk z)&outheast
Anat ol i an Sut uAngaraBreincan.SuturehZene Kxtentds n an east
west direction for more tma2000 km from the Aegean coast to the SeAkera
suture in Armenia. Moreover, it continues across the Aegean Sea and links with the

Vardar Suture in the Balkan region (Figure 2).
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The Jmkara Suture Zone which is in the northern Turkey represents the
remnants of t h-Ankakk&mrinhcantOcearg whicliKig oné of the most

notable branches of the Neotethys in Turkey, dating back to Devonian that was
consumed by northward subduction under the Pontides from Late Paleozoic to Late
Mesozoic with catinental collision during Paleocene to Early Eocene resuiting
southwergent obduction of ophiolif®k ay & T¢ysda,l énheag et a l
Tekin et al., 2002ToksoyK °® ks al G° 20 8 | u Tepuzet &l.,20132 00 6 ;
It has a key importanct® study the formation of ophiolites and related oceanic

rocks. Ophiolite related rocks were integrated into the subduction accretion prisms

and melange complexes and come through subduction.

Generally suture zones are composed of allocthonous assemivlaighscomprise

of subductioraccretion units, ophiolites and metamorphic equivalents of the
continental margin sequences. The presence of opHi@daang melange complexes

or accretionary prisms along IAESZ have been known dakey and McCallien

(1990). Accordingtok e ng®°r and  Yhe Sakarya Cdmpdsi& Tgrrane in

the north and t he Keér Katide blockMatlsesouth weaend t h
separ at e-Ankaafrzincanr®cean during the Jurassic time. Moreover, it is
indicated byan association of alkali ocean island basalts (OIB) type metabasites and
mid-ocean ridge basalts (MORB]).h e  KAmkara Erzincan Suture Zone is formed

by several segmentOk ay & T¢yse¢ zl,hel 99%9% ment bet we
Bal ékesir i s gaAooguhsdegmehtPakdryan Cdmpasite Terrane is

in contact with Bornova Flysch Zone of Anatohldiauride block. The Sakarya
Composite Terrane contains the Karakaya Complex, which is represented by the

Ni | ¢ f dhat isltinaratterized by legrade geenschist facies metamorphism

this region, unconformably overlain by a Jurassic to Lower Cretaceous succession
Okay & T¢yseéegz,)1999; Sayeéet, 2005

Anot her segment i s between Bal éekesir and

this segment,the Sakaya CompositeTerraneisi n cont act with Tav

13



AnatolideTaur i de bl ock. Tavkanl é Zone represent
Karakaya Complex nits and the overlying Jurasis@retaceous succession of the

Sakarya Composite Terrane are foumdhe north of the suture and for the Central
Sakarya Basin in MudurrG°® yn¢ k area and Nall éhan area. I
Cretaceous blueschists, accretionary complex, ophiolite and Eocene granodiorites of

t he Tavk@kay W84F o Ok ay &999.,ys ¢ z

I n the segment bet ween Beypazaré and Ankar
getting increased. To the souittdoenmaad of Beypa
Late Cretaceoli€ocene basin called the Haymana Basin. The contact between the

Haymama Basin and Tavkanl é Dblueschists are t
sedimentary rocks. The basement of the Haymana Basin is formed by an accretionary

complex and Jurassit Lower Cretaceous carbonates of the Sakarya Composite

TerraneG° r ¢r etKo-lyi,] §1t9,8 41,99 1

T h e KmkaraBrzincan Suture Zone has a contact of Sakarya Composite Terrane

and Kérkehir Massif between the Haymana Basi
of the Sakarya Composite Terrane was emplaced over the Tethyan subduction

accretion complexes forming al® km wide tectonic belt resulting in a large loop of

the suture caOHeaeywW & ahk)Sakaryd ComAo3itd Terrane

comes in direct contact with the Anatohkdauride block in the region of south of the

Eastern Pontides and the length of this segment is 320 km. In the north of this

segment, there is a waleveloped Upper Cretaceous magmatic island arc. In the

south, there is a Senonian faee region represented by the Inner Eastern Pontides

Okay &z T99Y s ¢

During the con-AngaragcrimcaneOcearf, Poltlas istood for the
upper plate and the Anatolideaurides for the lower plate. Between Late Turonian
and Latest Campanian, the arc magmatism of the Pontides formed along which the

Black Sea coastMoreover, ophiolite obduction over the passive margin of

14



Anatolide Tauride block started in the Santonian and took place after the origination
of subduction in the Turoniai®kay et al., 2001

Oceanic accretionary complexes cover wide arehsdbey t h-&nkakazsumvrer

They dominantly consist of mafic lava, pyroclastics, radiolarian chert and pelagic
shale with small amounts of pelagic limestone, greywacke and serpentinite (Bozkurt
and Mittwede, 2010). However, some accretionary complexes atmtain
continental margin sequences such as Lycian melange most probably because of the

incorporation with the continental crust during their emplacement.

Moreover, these accretionary complexes differ from their Pacific counterparts in
terms of insufftiency of the siliciclastic sediments. The accretionary prism units of
t h e -Knkara Qcean, that is Central Sakarya Ophiolite Complex according to
G°ncg¢ojlu et awlere thr(s2 ontb Gthe Ariatdlides umij along steep

contacts. Basement rocks tife Sakarya Composite Terrane represented by the
oceani c r emn a-Ankasa Ogdan andctbey &e overthrusted onto the

upper tectonic unit.

The Sakarya Composite Terrane wAmkamh i s
Ocean contains several tedmmnonits. The basement of the unit is composed of-high
grade metaclastic and metabasic rocks which are intruded by Variscan granitoids.
The first overstep sequence is formed by platform type deposits and belong to
Permian time. Extensional basin developtneas observed in the Early Triassic and

it is followed by the emplacement of Paleotethys. The second overstep sequence is
composed of Lower Jurassic to Mtetaceous platform type deposits which were
overlie on the Karakaya complex unconformably. Morepthés second overstep is
overlain by the oceanic assemblages of ®toatide branch of Neotethys during its

Alpine closureG° nc¢oj lu et al ., 2010 and referen

The basement of Anatolide unit, which represents the metamorphic northern margin
of the AnatolideTauride Block, is composed of orthogneisses, quartzofeldspathic
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schists and mica schists with garnetd agreenschistsBprtolotti et al., 2013

Lithologic counterpart of this unit occur around Afyon area of Central Turkey and

represents the Cadomian basement of the AnatdbdeidesG¢ r su and G°nc¢oj |l u
20069. The overlying succession lies on disconfabigaand contains quartzites and
quartziterecrystallized limestone bands and it is thought to belong to Middle

Permian. On top of them, the Mesozoic succession starts with red continental clastics

of Early Triassic and grades into a package of platfornmaédtone which is

belonging to MidTriassic to Late Jurasskearly Cretaceous. Towards upward, the

succession grades into turbidites and olistrostromes with ophiolitic detritus. The

fossil called AGlI obotruncana spothsvas found
succession and it i ndi caAnkas Otednadok platee e mp | a c ¢
in Late Cretaceous5° nc ¢ o0jJ |l u an@°idge¢e]livu, 1200 a; Bortol
2013.

The ages obtained from accretionary complex, which represent the covaesedi

of the subducted Tethyan oceanic crust, would be the best evidence for the age span

of KAnkataEr zi ncan Ocean ( ORaodingtoBragilyand z , 1999) .
Tekin (1996)radiolarian ages from various outcrops located at northwest of Ankara

have given age of Late Norian, Early Jurassic, Kimmeridgighonian, Early

Cretaceous and Albiafiuronian. Moreover, other studies of radiolarian ages from

di fferent | ocat i eAnkara suture Rkaees fielded fthat Karlyi r

Cretaceous from Biga PenidauBeccaletto and Stampfli, 20p@nd from north of

Es ki k&°hnicr¢g o | u )eAccording.tg thege0datd) it is concluded that

K z mAnkara Neotethyan ocean had an age span of at least Late Norian to Albian.

The ages of the ophiolites which overiiee accretionary complex can be known as

only the age of the preserved lower plutonic parts of the ophiolitic sequence (Okay &
Téyseéz, 1999) . According to sever al studi es
several ophiolite bodies such as Semail ophi¢@man) and Greek and Yugoslavian

ophioltesCanphere, 1981; Spray et)rewdlthgtagt 984 ; Ok a
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of the metamorphic sole is very close to the age of the overlying ophiolite. In the
light of this information, the isotopic ages of thetamorphic rocks of subophiolites
suggest an age span of Late Jur-Ankasa c t o
Erzincan Ocean{zen & Hal | , 1993, Harris et al
G°nc¢ojlu .et al., 2006)

2.3. Geology of the Study Area

Ther ocks from the study area to the south
K z mAinkaraErzincan suture zone. In the study area, the metamorphic rocks of the
Sakarya Composite Terrane are tectonically overlying the ophiolitic melange of
IAESZ (Bortolotti et al., 2013). Moreover, Upper Neogene rocks cover both units
unconformably (Figure 3).

In this section, only description of lithological features of the rocks and their contact
relations with cover units and underlying units are given. The geolagma of the
Burunk®°y (¢or um) area is given in Figur
observed is the Silurian marbleéglonging to Karakaya Complekat tectonically

overlies the basaltic rocks in concern (Figure 4).

In the study area, the blockelbnging to the IAESZ melange is mainly composed of
serpentinite, serpentinized peridotitadiolarian chertbasalt, metabasadnd dyke.
Serpentinite is the essential matrix evél. The most extensive rodgpes are
basalts andykes.Basalts are metaorphosed up to greenschist facies place to place,
especially at contacts with marble. Therefore, basalts are explained under two

headings as basalts and metabasalts.

17



(€Y

Yenice

¢ayhatap
Kuk-unun hill
Ketep

‘:I Quaternary, alluvium

Karakaya clastics
Silurian to Triassic marble blocks

B¢jdéz

Ozan hill

0 1000 2000 m
0
Upper Miocene to Pliocene,
one
Jurassic-Cretaceous,
IAE ophiolitic melange

— L Dip-strike

400

800 m

Fault

A roliation
A A Thrust Fault
Sample locations

f—
— strikeslip fault [ ]

(c)

X

Figure3. Simplified geological map of the study area (nfied from 1:100000 scale
geology map of H3® o r uand)(b) sample locations on the map. (c) Sketch-§f X

Y
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2.3.1. Basalts

The basalts away from the tectonic contact with Silurian marelerestly fre of
shearing, foliation and metamorphisithey are dark brown to dark gray in color.
They are plow in shape.Pillow structures of the basalts are mostly preserved
(Figure 5) everthough they are highly fractured at some locations. At quads of

the pillows, vesiclesare widespread. The basalts are generally subjected to surface
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alterations. The fractures and vesicles of the pillows are extensively filled by calcite
and also epidote. It is rare to observe chert in the study areafaliit zone, ba$a
pillows and chert fragmentare observed as reworked in talc matrix due to

hydrothermal alteration (Figure 6).

Figure4. Photograph showing the position of the marbles from the study area.
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pillow basalts

Figureb. Photograph showing pillow basalts from the study area.

2.3.2. Metabasalts

In the study area, the basaltic rockstectoniccontact with and close to marble are
highly dissected, sheared and foliated. Foliation varies with differegteds of
schistosity(Figure 7). As a result of lowgrade metamorphism, metabasalts show
greenschist facies metamorphism including chlorite (Figure 7) that is characteristics
both in hand specimen and supported with petrographical observations (see Chapte
3). Chlorite minerals are generally observed as elongated, parallel quasailel

spots. Boulders of metabasalts are in a olistostromal matrix in some places.
Metabasalts display manganese enrichment according to the field observations. They

are tectorcally in contact with pillow basaltd={gure8).
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Figure6. Photograph showing a pillow basalts and talc in the matrix from the study
area.

2.3.3. Dykes

In the study areaparallel to sukparallel dykes extensively outcrop (Brg 9).
Intrusion direction of the dykes are roughly from north to south (Figure 9). They are
dark greenish grey in color (Figure 10). They are fine to medium grained. They are
doleritic in character. The dykes are fractured place to place, where thédledrey
calcite and epidote. Close to the contact with Silurian marble shearing and fracturing

in dykes increases (Figure 11).
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Figure7. Metabasalts showing different degrees of schistosity and greenschist facies
metamorphism dark green chlorite spots) (a) weak, (b) modarate to strong, (c)
strong.
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Figure 7. (continued).
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Figure 8. Photograph showing contact relationship between metabasalts and pillow
basalts in the study area.
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parallel to sub-parallel dykes

Figure 9. Photographshowing parallel dyke system in the study area.
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Figure 10. Photograph showing general (a) and clogeview (b) of dykes from the
study area.
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Figure1l. Photograph showing doleritic dyke close to contact with marble from the
study area.
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CHAPTER 3

PETROGRAPHY

3.1. Introduction

Petrographical study of the rocks in concern was conducted on 23 thin sections. The
studied thin sections were categex into three main groups as basalts, metabasalts,
and dykes based on field observations and petrographic studies. All the studied rocks
essentially consist of pyroxenes and feldspars as phenocrysts, and as microcrysts in
matrix. The studied rocks alsormist of actinolite, chlorite and epidote, and calcite

and sericite due to lograde metamorphism and alteration, respectively. Morever,

limited amounts of opaque minerals are found as accessory minerals.

3.2. Basalts

Basaltic rocks are dark in hand speeim They are characterized by aphanitic and
porphyritic textures (Figure 12). Phenocrysts are rarely clustered into aggregates
resulting in glomeroporphyritic textur&igure13). Vesicles of pillows are generally
filled by calcite. In addition to phenoatg of pyroxene and feldspar, groundmass of
basalts is made up of glass and microcrysts of pyroxene and feldspar (Figure
12&14).

Petrographic examination of the basalts reveals that pyroxene is the most common
phase with variable size from micro te54mm. More than 65% of the basalts are
made up of pyroxene with moderate relief. Pyroxene crystals are colorless to pinkish
reddish in color (Figure 15). The colored varieties show strong pleochroism.
Extinction angle of pyroxene crystals varies betweer4®dthat infer augitic

composition. These pyroxenes have second order interference colors.
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Not only the size of the pyroxene crystals but also the shape of them varies. It is
possible to observe both euhedral and subhedral crytgisre Ra). Subhedral
crystals are generally corroded, which are abund&idu(e 2b,c). Resorption
observedin pyroxene giving a spongy cellular texture is abundant feature in the
rocks (Figure 2a). Clingpyroxene crystals extensively display compositional zoning
and twinning (Figures 12a, 16 & 17). Campositional zoning is predominantly
observed at rims of pinkish to reddishridh clinopyroxene crystals. In addition to
zoning, growth of fine grained clinopyroxene crystals both forming rims at earlier
pyroxene and feldspar phecrysts and in the groundmass is a common feature
(Figure 16). In a single crystal ofclinopyroxene, it is possible to identify
compositional zoning, corrosion and also reaction rim (FigideMoreover, tailing

is a common property both in phenocrystsl anicrocrystof pyroxeneqFigures 15

& 18).

Feldspars in the basalt samples are mostly found as microcrysts that are scattered into
groundmass. Like pyroxenes, most of them generally display compositional zoning
and twinning. The phenocrysts of feldspaommonlyexhibit spongy cellular texture

(Figurel9). Sericitization is a common property due to surface alteration.

The petrographical observations strongly infer open system magmatic behavior. All
the textural features observed in the studied sectndesthat there are chemical dis
equilibrium conditions during crystallization. Especially growth of pyroxene
microcrysts at rim of feldspar and earlier pyroxene crystals, resorpsion and corrosion
of pyroxene crystals stronglgfer influx of highertemperature more mafic magma.

The rocks could be products of multistage mixing during ascent. For instance; the
properties observed in Figure biay infer at least three stages of growth of the
crystal such as first stage of crystal growth, second stage siicgyowth and third

stage of corrosion.
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Figure12. Microphotograph showin¢g) euhedral pyroxenphenocrystsvith simple
twinning in a basaltsample (b, c)corroded subhedralpyroxene crystal (pyx:
pyroxene cc:calcitecomp.zon.: compositional zoning).
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Figure 12 (continued).

32



Figure 13. Microphotograph of a basalt showing pyroxene aggregates
(glomewoporphyritic texture) ((a) analyser out, (b) analyser in, pyx: pyroxene).
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Figure 14. Microphotographof a basaltshowing pyroxenghenocrystsn a glassy
groundmass with pyroxene microcrysts ((a) analyser out, (b) analyser in, pyx:
pyroxene).
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Figure 15. Microphotogaph of a basaltshowing pinkish to reddishpyroxene
phenocrysts with tailing propertifa) analyser in, (b) analyser out, pyx: pyroxene,
felds: feldspar).
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Figure16. Microphotograplof a basalshowing pyroxenerystals withreaction rim,
compositional zoning and simple twinn{@) analyser out, (b) analyser in, pyx:
pyroxene, chl: chlorite, rxn rim: reaction rim).
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Figure 17. Microphotograph of a basalt showing a corroded pyroxene crystal with
compositional zoning (1) and reaction rim (formation of a new pyroxene, 2),
corrosion (3) in (a) and ( k(a) analyser out, (b) analyser in, pyx: pyroxerge).

Back scattared image of a clinopyroxene crystal (1) showing overgrown by a new
crystal materib(2).
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Figure 17. (continued).

3.3. Metabasalts

The basaltic rocks in tectonic contact with and close to marble display different
degrees of foliation from weakly to strongly schistose. The metamorphosed basalts
with varying degrees of foliatiorr@ called as metabasalt in this part. At the tectonic
contact, especially strongly schistose ones are observed that are abundant in green
minerals such as chlorite, actinolite and epidéigure20). As the distance from the
tectonic contact increaseshsstosity and effect of metamorphism decreabe® to
shearing effect, vesicles in metabasalts are elongated resulting inléegsnucture
(Figure2l).
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Figure 18. (a) Microphotograph of a basalt showing lgmgsmaic pyroxene
microcrysts with tailing property in groundmasandlyser in pyx: pyroxene, cc:
calcite). (b)Back scattared image of a clinopyroxene crystal with tailing. (c) Back
scattared image of a clinopyroxene crystal (1) showing overgrown by a newal crys

material (2) and tailing (3).
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Figure 18 (continued).

Since the rocks undergone laywade metamorphism, it is hard to observe well
preserved igneous textures. Where the igneous texture is preserved, aphanitic texture
and porphyritic texture aralentified with glassy groundmass and microcrysts of
feldpar and pyroxene, and phenocrysts of pyroxene and feldspar. The rocks are
dominated byphenocrysts opyr oxene ( 065 %) . Pyroxene
reddish in color with strong pleochroism that infEBrenrichment. Moreover, its
extinction angle varies between -4ZA indicating Tirich augitic composition.
Clinopyroxene phenocrysts commonly display ikstory and sector zoning, and
twinning (Figures 22 & 23). Corrosion and resorpsion on clinopyroxene phenocrysts
(Figures22, 23 & 24) are extensive in the metabasalts similar to those observed in
the basalts. In some of the sections simildbdealts arrangement of clinopyroxene

microcrysts around larger feldspar crystals are identified (Ff)re
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Figure19. Microphotograptof a basalshowingfinely spongy cellular texture in the
center and near the rim of feldspar stajs ((a) analyser out, (b) analyser in, pyx:
pyroxene, felds: feldspar).
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Feldspars of metabasalts generally found as microliths scattered into groundmass.
Phenocrysts of therare mostly subhedral. They display compositional zoning and
twinning. Morewer, albitization is a common property due to low grade

metamorphism.

Mineralogical and petrographical features of the metabasalts other than the
metamorphic features are quite similar to those observed in the basalts that suggest
derivation from the samenagma. Moreover, petrographic features indicate open
magmatic system, chemical ebguilibrium conditions like reaction rims,
overgrowth features on pyroxene, growth of pyroxene microcrysts around feldspars,
tailing, resorption, corrosion. All are briefexplained to indicate as melt influx with
higher temperature during magma ascent.
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Figure 20. Microphotographof a metabasalf(a) analyser out, (b) analyser in, ep:
epidote, chl: chloritegc: calcite)
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Figure 21. Microphotographof a metabasalt showing a sheared \Jesiesembling
augen structur¢(a) analyser out, (b) analyser in, ep: epidote, pyx: pyroxene, chl:
chlorite, cc: calcite).
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Figure22. Microphotographof a metabasalt showing simple twinniga) andsector
zoning (b & c¢) in clinopyroxe phenocrysts (pyx: pyroxene, comp.zon.:
compositional zoning).
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Figure22. (continued).

3.4. Dykes

Dykes are dargrey to black in color in handpecima. The dykes areoarse
grained holocrystallineMoreover, they display ophitic and intergranular textures
(Figure26). The rocks are dominated B¥%-40% clinopyroxene anplagioclase (55

60%) with minor opaques

The most bthe pyroxenes have pinkiskddish color indicating Fenrichment. In
clinopyroxene crystals, compositional zoning and twinning properties (F2J\eere
common. Resorption and corrosion are extensively observed in the clinopyroxene
crystals (Figureg6, 27 & 28).

Feldspars of theykes found as coarse crystals in the dykes. They are generally
subhedral crystals and sgilay compositional zoning angivinning (Figure 29).

Sericitization is common alteration type observed in feldspars.
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