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ABSTRACT

GEOLOGY AND PETROLOGY OF THE K¥S
METAVOLCANIC ROCKS TO THE SOUTH OF TOSYA

Berber, Faruk
M.S., Department of Geological Engineering
Supervisor: Assoc. Prof . Dr . Ka e

August 2015, 1P pages

The K°sedaj dvbpdcatvimothesowhern Central Pontides asNg&-

SW trendingbelt to the south of Tosya. Thimit is characterized by aWw-grade
metavolcanic assemblage interbedded with metasedimentary lithologies. While
these metavoanics are bounded to the north by the North Anatolian Fault Zone,

they structurally overlie the metabanates of tb Dikmen Formatioim the south.

Petrographically, t he K°sedaj Met avol can
metaandesites and metablis The metdacites within tis unit includeabundant

quartz phenocrysts, whereas the metaandesites are plagiocjase The

metabasalts, on the other hand, consists of clinopyroxene and plagioclase as the
dominant primary phases. All these metavolcanics have infaencedby low-

grade metamotpi s m. Il n addition, the K°seda] Met
affected by mylonitic deformation along the NAFZ.



The K°%sedaj Met avol canics ar echemicdr acteri ze
compositiongncluding basalts, andesites and dacilée K ° s e Meatayolcanics

are subdivided into two groups as Type 1 and Type 2 based on trace element
systematicsThe K°sedaj Met avol canics display enr
relative to HFSE, and characterized by negative Nb anomalies, suggesting

involvement of subdttion component. The high Zr/Nb, low Zr/Y and Nb/Y
signatures of t he K°%9seda]j Met avol cani cs i n

depleted mantle source similar teNNORB source.

Geochemical signatures ¢fhe K°®sedaj Met avol cani cs sugge
formed above a subduction zone. Considering also their geological characteristics,
t he K°seda] Metavolcanics appaecavithihnd o represe

Neotethyan branch during the Late Cretaceous.

Keywords: Central Pontides, metavalcicrocks, geochemistry, island arc
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¥Z

TOSYA G! NERKKNBEDAJ METAVOLKANKK
KAYALARIN INJ EOLOJKSK VE PETROLOJKSI

Berber, Faruk
Y¢ksek Lisans, Jeol oj i M¢hendi s
Tez Y°neticisi: Do - . Dr . Kaan S

AjJ ust od02sayal 5,

K sedaj mek awal &kmégitka PonTodyaedro@re ge¢ney
KD-GB uz anéml & bbayunkak ayk¢ z Bitnk metasedimantdr e r
litolojilerle ardalanan metavolkanik kayatae n o | KK wvietdvalkanikleri
kuzeyde Kuzey Anadol uneyledy @menl €osamaéyban

met akarbonatl aréné tektonik ol arak ¢zerl

K sedaij met avol kani k kayal ar é petrograf
met abazal't ol ar ak tanémlanméxl|l ardér . N\
fenokristallerii - éenimet aandezi tl er de haki m miner a
taraftan met abasaltl ar én birincil fazl
ol ukt ur makt aMeétraavoKRaeprdh| er i d¢ K¢ Kk der ec

et ki | enmBii wli enr déuzey. Aradolu Fay Zonuboyunca, milonitik

def ormasyona.maruz kal méxkter
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K° s e Meatjgvolkanikleri baazlttan andezitve dasitekadard ej i Kken geni K Dbi t
ki myasal kompozilas X8 8 e tHatdadkeénjkléri izs alemant
sistematijine go°re Tip 1 veer .| R peda] ol mak
met avol kani k keey gP aeeel HFE va r IZREE

konsant rdaszyeonngl ianrl éenk me ve gregstif eNb i andnalrsie

sahiptirletBu ©°© zel | i k| ebratamal arjéens id atlamkaé d e k|l ar éné i
Yéeksek Zr/ Nb,ved¢MBKkY Zo v aMetavalka@klerkih Ne d a j

MORB k a yberaégrte nlae tbirmmamtko kaynaj éndan tg¢redi kI e

Jeokimyasal karakterleri, K° s e dMefjavolkaniklerinin dalmdoatma zonu
sczerinde ol ukt uke @alr @jniek i Xaelelti kddeerri. de g°z
K° s e Maayjolkaniklerin i n Ge -0 dkar Nedieasgodu i inde yeralan bir

yayén kaléentésé olduju de¢egkeneglebi i,

Anahtar kelimeler: Orta Pontidler, mewolkanik kayalarjeokimya,ada .y ay é
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CHAPTER 1

INTRODUCTION

Anatolia represents an eagést trending sector within the Alpitéimalayan

orogenic belt, and is located between Laurasia in the north and Gondwana in the
south. This belt is characterized blstinct oceanic and continental fragments

related to the opening and closure of the Paleozoic and Mesozoic oceanic basins
known asthe @t hys Qecnega®nrs a( nkti981YG | nncayzet jall, 1997,

Ok ay a n d 1999).yAmaiodia can be subdivided infour continental

microplates (fromnorth to south): 1) The IstrancalstanbutZonguldak Terrane

(1IZT), 2) The Sakarya Composite Terrane (SCT), Bje TaurideAnatolide

Terrane (TAT) and 4) the SE Anatolian Autochton. From north to s&igh1-1),

the Alpine sutures separating these terranes are the-Romtide Suture Belt

(IPSB), Izmir-AnkaraErzincan Suture BelflAESB) and SE Anatolian Ophiolite

Bel t, respectively (e. g. GO fPongde Sutune et al
Belt is bounded byhe Sakarya Terrane in tseuthand Kst anbul Terra
north The ophiolitic suture known as theESB occurs between th8CT and the
AnatolidesTaurides. This latter oceanic domain includes remnants of an ancient
ocean basi n k prAokama secien oftthe dcastérn Mésozoic Tethys
Ocean (Seng®°r and Yél maz, 1981; Dercourt
Dilek et al ., 1999; G°nc¢ojJlu et al ., 19
2002; Bortolotti and Principi, 2005; Schmid et al.020Moix et al., 2008).
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Figurel-1: Distribution of the main Alpine terranesNorthernTurkey (modified fromG°® nc ¢ 0] | u
et al, 2010.

The studied unit, namely the iskitadedtba] Met avo
the south of Kastamortiosya. They are at the junction of tHeSB and IAESB,

where the IIZ, Sakarya and the Central Anatolian Crystalline Con{@laC) of

the TaurideAnatolide terranes juxtapose. The North Anatolian Transform Fault

with its numerous splays runs through the studied area, which complicates the
classification of the studied unit into the major tectonic units in the region. In the

next paragraphs, an overview of the main tectonic units around the study area will

be presented irorder to give a brief information about their definition and

geodynamic origin.

The Rhodopd>ont i de Fragment (keng?®°r, 1984) or Te
part of Ketinds (1966) Pontides is bounded
Intra-PontideSuturein the south. The RPT comprises a Cadomian basement (e.qg.

Ust a®mer and Ro g e200)of NothdGBndwalahoegm, cevereda |

by an almost complete Paleozoic basement, known as the Paleozoic of Istanbul

(e. g. G°r ¢r et ndafl Paleozoit,aHe RPT wasAamaldgamated t®

Laurasia by the Variscan orogeny. During the MesozoicRiR& constituted the

active margin of Eurasia facingtothe InPBaont i de br anch of Neot et

and Yél maz, 1981; Ok ay aas fnally gogsemged in 1 999) .



Late Cretaceous, leading to the collision between the RPT and the SCT. The
earliest common cover of the RPT and the SCT is of Early Cretaceous in age
(Tée¢ysegz, 1990; Yijitbak et al ., 1999) .

The IntraPontide Suture Zone (IPSZ) isharacterized by deformed and/or
metamorphic rocks lying along an eaast trending belt and units belonging to a
Neotethyan oceanic basin (e@.° n ¢ly et al., 1997, 2000, 2008). It extends

more than 400 km at northertoBoyabatdway f r om
(keng®©r et al ., 1982; Yél maz et al ., 1
G°ncg¢ojlu et al ., 1 9 90wWn) the rotkounits bfdhe P& s t of
disappear between the active faults or alternatively merge withAtB8B. The

recentédt a from the oceanic assemblages witt
that the lifespan of the IntrdPontide Ocean was from Middle Triassic to early Late
Cretaceous (e. g. G°nc¢oglu et al ., 2014)
was consumed by &wodic intraoceanic subduction events giving rise to supra
subductiortype oceanic crust generatignG°® nc ¢ o gl u Rayit etadl.,. , 201
2015) and multiple phases of subduction related metamorphism (e.g. Okay et al.,

2006, 2013, 2014, 201y g ¢ | , 2@19. Thelfinal closure of the IntrRontide

Ocean very probably occurred at the end of Cretaded®@® nc¢oj |l u et al .,

The SCT is a Acompos b Vaiscananc basemeni (e.gonsi s
G Mceoglu et al, 1997, 2000; Topuz et al., 20042007; Okay et al.2006

G Nceoglu et al, 2010; Ust a® mer et al ., 2012) and i
G°nc¢oglu et al ., 1997, 2010) . The remn:

accretion prism (the Karakaya Compl ex s
tectonically accreted with the Variscan basement and its Pefimagsic cover

(e. g. Sayi t and GSaytce a.,g20ll)Early2Juréssitate 2 0 1 3
Cretaceous cover of the SCT typically represents a 4fiacthg passive margin

bounding the In&Pontide Branch of Neotethys. During the Late Cretaceous

closure oftheIntrlPont i de Ocean, its oceanic |itho
G°ncg¢oglou et al-accrO@tli20n spbidsmt imarnt er i al
Mel ange,; G° nc¢ ogl uwere thrustetl onto the2 BAT2passiz0 1 4 )

margin. In the Central Pontides, the remnants of this subduaticnetion prism



with metamorphic for@arc, arc and backr ¢ assembl ages (e. g. Yél
1988; Téyseéz, 1990; Ust a°mer éebmdz Rebenat son,
1997 Yijitbak et al ., 1999; GOmayweaalt al . , 200
2012, 2014; Topuz et al., 2013; Marroni et al., 2014) were named recently as the

Central Pontide Structural Complex (CPSC) (Tekin et al., 201Ceatral Pntide

Supercomplex (Okay et al., 2013), which is in tectonic contact with the studied
K°seda] Mesanditsoover.ani c

The representatives of t he | AESB, | ocat ed
Metavolcanis have been studied relatively welh terms of geological and

geochemical aspeci$or a recent review seRojay, 2013 Parlak et al., 2013;

G°kten and SRIreyd,ki2d2@®0 1; Wysal eadl.,. 2014,209).8 , 2014;
This suture belt extends from the Aegean coast eastwards for hundreds of

kiiomet res t o Erzincan and to northern Iran (e
other hand, it merges with the Vardar Ocean in the west (e.g. Marroni et al., 2014).

The earliest ages of oceanic material within the IAESB are Middle Triassic (e.qg.

Tekin et al.,2002). As it is the case in the IrtiPntide Ocean, the Izmiknkara

Erzincan Ocean started to close as early as Midddet e Jur assic (e. g. ¢ e
2011; Topuz et al., 2013) by intoxeanic subduction, generating supra
subductiortype oceanic lithe pher e (e. g. G°nc¢oglu and Tg¢r e
al., 1996) as late as the Campanian (e.g. Bortoletti et al., 2013). The subduction

accretion prism units of the Izraiknkara Ocean were thrusted upon the Anatolide

Unit in the Central Sakarya OphioliticoBplex prior to the Middle Paleocene (e.g.
G°ncg¢ojlu et a |l . CACQtiRe(bductiod 6f @hiplitic materialt h e

onto the continental crust was prior to the Maastrichtian (e.g. Yaliniz et al., 1999,

2000). The final closure of the IAESB by the Itision of the SCT and Tauride

Anatolide units is Middle Eocene, where oceanic relicts of the {Amkara

Ocean, overthrusted the basement rocks ofSG& to the north of Ankarde.g.
G°ncg¢o0j)u, 2010

TheTAT is represented in the vicinity of the stuakga by th&CACC. It comprises
a Tauridetype continental crust succession with a-@eembrian basement and a

PaleozoieMesozoic platform sequence, metamorphosed at the end of Cretaceous



(G°nc¢gogl u et a | .-subduct®rdyfpe) ophiolMa@asserhblagess u p r a
(Central Anatolian Ophiolites, Yaliniz et al., 1996; Floyd et al., 1998) of mainly
Turonian age, derived from the IAESB (Yaliniz et al.,, 2000) are found as
allochthonous bodies within the CACC. The basement and the ophiolites are
intrudedbygani t oi ds of Late Cr et2804,2042)2013a ge ( e.

indicating a posfruroniar pre-Maastrichtian age for ophiolite obduction.

1.1.Aim and Scope

The K°Metadokdnicss located in a tectonically complex area, which had

been affectedirfst by the accretion ansubsequent closure of Neotetlttsring the

Late Mesozoicand by the later tectonic processes in relatioNddh Anatolian

Fault (NAF)Zone( Ber ber et al ., 2Redadlingakorgatidn et al
o f t he Netagdeadia with the surrounding metamorphic ones, they

display similarities to the variably metamorphosed volcanic units cropping out to

the north of the study area in tk¥°SC However a possible primary relation is

obscured by the transform fault charadgthe splays of thBlAF Zone

On the other hand, the MudurMolcanicsof Lower to Middle Jurassiagewithin

the SCT ( Gen - and Téyseéz, 2010) show rese
Metavolcanis in terms of lithological and geochemical aspects. Howetrer,

preci se age oMetavolbaeics Krfd steecdraghate cover is a matter of

debate. Moreovet he met amor phi ¢ nMetawlcaismakest he K?©°
them different than the Mudurnu volcanics. In addition,-ratated volcanics,

simil ar t o t Metavokdngsada] exposed within the
wi t hi n -Ankaa SKtarenBelt, which have been identified in recent years
(Sarefakéojlu et al ., 2008; celi k et al

t he K 9NMetavdl@iisand their caelation with the volcanics cropping out in

di fferent uni t sAnkaraekrdincad iSutuge Belthweould Kprovide r

crucial information regarding the distribution of tectonic units in the surrounding

areas and help to distinguish between the ptowlof the metamorphic rocks of
theintraPont i d e S u tAnkareErzzncad Sukie lmelts. Hence, this study

area was selected to try to shed light on these critical problems.



Within the scope of this study, a geological map ofife s e Meatayolcaicswas

prepared and petrographic features of the lithologies making up the unit were

investigated. Furthermore, geochemical characteristics of & seda]j
Metavolcanichave been presented for the first time in this study. Consequently, it

isaimedher¢e o make petrogeneti c Metamoltani€aadk i ons on t

to enlighten the geological evolution of the area between the IPSB and IAESB.

1.2.Previous Studies

Geological studies in the vicinity aiown of Tosya have been mainly about

tectonics and ecamic geology. Furthermore, some reports of MTA regarding the

study area also exist. The first studies performed in Tosya and the surrounding

areas intended to investigate the nickel formations by Coulant (1984) and Pilz

(1937). Blumenthal prepared 1/100008caled geological maps of the area in

different years (1939, 1948, 19504y ar oj Il u (1980) mentioned t

importance of the area in his study.

Yol dak (1982) was the f i rPerimationdor these t he n

a)

lithological assemblage comged of chloritealbite-quartzepidote schist, chlorite
carbonateguartz schist, metavolcanic rocks, diabase, spilite, andesite and slightly
recrystallize | i mestone. He $amgptioe st ed t hat

Lower Triassidoy regional correlion.

Yél maz and T¢gyseéegz (19849r metsican baesd the Kas
Metamorphics They proposed that the age of the K

or prelLiassic.

Hakyemez et al . (1986) mentioned that t he
schig¢, carbonate rocks and metavolcanics, which is exposed in a large area
extending vilageam MKeonmdkhwestern of kemsettin n
aut hors defined the Yaylacék Formati on, wh |
Kéneéek vil |l ages , by aalsschist, esardstoses nniemshndstone,
metaconglomerate, metasiltstone and metavolcanics. They stated that the lower

cont act of t he Karabg¢r - ek Formati on i s t o



For mati on i s transi ti on &bérmatioro Wthirh the over |
car bonat es ddrmatioh they ¥lservedatioseanicrofauna consisting of
Protopeneroplissp., Neotrocholira sp, Nummoloculinasp., Nautiloculina sp.,

Trocholina sp., Pseudocyclamminap., Valvulina sp., Textularia sp., Lagenidae
sp.,Clypeinasp.,Actinoporellasp.,Bacinellasp.), which suggests a Late Jurassic

Early Cretaceous age.

Berber et al. ( 2 0 1 4Netawlbanics @re chardiceerizedtbyhae K©° s
wide range of subalkaline lavas, including basalts, andesites arngsdabhey

proposed two distinct chemical types on the basis of trace element systematics, and
suggested that both types have involved subduction component in their genesis
They I nt er pr et Metavoldaiee whikh® are dheepedded with
recrystallizd pelagic limestone, chert and mudstone, as remnants of-ealaded

magmat i sm. They al so ment i onMetvoltahie r esen
to the Lower to Middle Jurassic Mudurnolcanics in terms of both lithological

and geochemical characterist s , and sugges tMetdvoldarica t t he
can be metamorphic equivalents of the Mudurnu volcanics, provided that the

Keseda] Metavolcanics are also of the sal

Ay gl et al . ( 2 0 1j 5 9rmatian éodthe tmbtavoloaracmoeks K° s d a
the core of an overturned anticline, overlain by the Late Cretaceous Dikmen
Formation. They mentioned thétis tectonically overlain by Middle Jurassic and
Albian-Turonian subduction complexes of t8®SCto the north, and tectonically

underlain by the dpi ol i t i c m®| ange. They further
bet ween tHrmatish@ng the gverlying Dikmen Formation, represented

by metacarbonates, slate and volcanogenic sandstone is stratigraphic. These authors
reached a similar conclusion drawn Bgrber et al. (2014) and infeeted the

K° s e dadvolcanis( equi val ent t o askaferelatedjprodaatsr mat i o
of an intraoceanic subduction withithe IzmirAnkaraErzincan OceanThey
suggested that the Late @rPbtadiometricages ( 93 . 8
acquired from two metarhyolite samples reflect the age of magmatism, whereas the
Ar-Ar age of 69. 9NO0. 4 MgradeeefamazphieEmt s t he ag



Some regional studi es di Metavolganishitithegp ct | v st uc
included and described this wunit in their

Robertson (1999) regarded the K°%sdaj uni t

vol canic arc bounded by the Kirazbaké M®I| an
their study on the Ceratl Pantides, mapped the the€° s e Meaiajolcanis as the

PermaTriassic metabasitp hy | | it e association that they n
Kargé Complexes and the Upper Cretaceous a
basal t, chert, s hli& leteal. @01d), os ¢he pthen hand) i t e . ¢e
i nterpreted Mdtavocani& 8ss thed dufassiEocene sedimentary

sequence of the Sakarya Zone.

The NAF Zone on the arthernb oundar y o f Metayoleani«i$ ssveryg a j
important structural feature indith Anatolia (e.g.Barka, 1992)It is a several
kilometres wide zone with several right lateral strskip faults (e.g. Ellero et al
2015), that have produced an extensive belt of mylonitic rocks. Barka (1992)
regarded the age of the fault zone as the Mibcene to Early Pliocene. This idea

is also consistent with a number of studies which ascribe the initiation time of the

NAFZonet o early | ate Miocene (13 Ma) (keng®°r €

1.3.Study Area

The study area is exposed to the southeasivaf of Tosyatown which is located

on the IstanbuBamsun main road and approximately 70 km south of Kastamonu
city. It is bounded byNAF to north and covers an areaagproximately80 knf in

the G32 al, G32 a2 quadrangles of 1/25.000 scale topographic maps of Turkey.
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Figurel-2: Location map of the study area

The study area can be reached by an asphalt road conneetimgf Tosya and

Iskilip. In the inves i gated ar ea, the main village:
Soful ar and Yukaredi kmen, whi |l e Akaj é
Top-uojlug®°yn¢gjé¢ Hill constitute the mai |
1.4.Field Work

The field work was performed in 2013 summer period, and a 1/25.000 scaled
geological map of the study area was prepared. During the fieldwork,
approximately 195 rock samples were collected, which include mainly
metavolcanics and to a lesser extent voldasics, recrystallized limestones,

mudstones and cherts.

1.5.Laboratory Work

Laboratory work can be subdivided into two main phases as petrographic and
geochemical studiesRegarding the petrographistudies, more than 80 thin
sections were studied from rock samples collected from the study Hraa.

sections, prepared at the Department of Geological Engineering, METU were



investigated under the Nikon polarizing microscope. Tdaation
microphotograps, on the other hand, were taken by the Olympus camera attached

to an Olympus polarizing microscope.

After petrographical investigations, 15 samples were chosen for the geochemical
analysis. The samples were broken into small pieces by using a hamdhegnan

to ACME Analytical Laboratories (Canada) for pulverization and subsequent
analysis to get major, trace and rare earth element concentrations H51@rd
ICP-MS.
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CHAPTER 2

GEOLOGICAL FEATURES

2.1.Regional Geology

The Ko°Metawlagnisand its cover are bounded to tmarthby the splays of
the NAF and by the tectonic slivers of tl@#PSC(Fig. 2-1). The NAF, which is a
1200 km long active strikslip fault, has had a major effect on the geology of the
study areaThe lithologies affectd by the fault have been intensely sheared and
undergone mylonitiation, which is especially evident fhe northernboundary of

the study area.

TheK°® sedaij Mest avohleabhhcust by the Upper C
forear ¢ sedi ment2015(Fyy2yy|] eobrmaésponding to
Comp | e(xTog yosf¢ z 1985, 1 9R@7) in thecareatgthe NEN d T e k
of the NAF and the study ared.o t he sout h, t hesisk® sedaj
bounded bythe Dikmen Formation with a tectonic cowrtaThe relationship of the

Dikmen Formatiorwi t h  t he o p hi oslalsottactonicywh@h iswely e uni t
observed in the proxi mity oThe dnéjiscél ar
characterized by an ophiolitic m®l ange
gabbros, pillowbasalts, pelagic limestones and radiolarian cherts, which are thrust
onto the recrystallized | i mestones of Di
represent t he c Metawolcans{ Ayhel Kétseddaj , 201
chapter, geological characteristics of the units within@GRSCthat surround the

K ° s e Maajolcanics will be outlined in an order from north to south. This will

11



bethenfdl owed by the geol ogi Weaavolchnsandthe es of t he

Dikmen Formation.

:l Undifferantiated Quaternary - Slope debris (Quaternary) N
Undifferantiated continental clastic rocks (Pliocene) *
- 0 3 km
Undifferanbated volcanic rocks (Lower-Middle Miocene) -—
- Clastic rocks (Lower-Middle Eocene)
:] Clastic and carbonate rocks (Upper C 15-Pal ) Active fault
- Volcanic and sedimentary rocks (Upper Senonian) = ==+ Probable active fault
) —A__ Overthrust
- Pelagic limestone (Upper Cretacecus) H
— RO
- Kosedag Metavolcanes Road
B Clastic and carbonate rocks (Upper Jurassic) B Tomn
- Dikmen Formation (Upper Jurassic-Lower Cretaceous) ® \Viliage
- Carbonate rocks and partly clastic rocks (Permian)
I 1ctabosite, micaschist, marble with Jurassic-Cretaceous metamorphism
- Kirazbasi complex (Upper Cretaceous)
- Undifferentiated basic and ultrabasic rocks (Mesozoic) - Sakarya Composite Terrane

Figure2-1: Modified from 1/500.000 Geological Map of Turkey MTA Publication, MTA, 2003

2.1.1.Central Pontide Sructural Complex (CPSC)

The CPSCis an association of several tectonic units, which covers a wide area in
the Central Pontided €kin et al, 2012). These variably metaorphosed units are
from N to S:the¢ a n g a lomdpek,theE| ek daj ophi dcCbmplee , Domuzda

12



Martin Complex, Esenler Complex, Sakao @Gp | e x , Kézeéel ér mak ofj
Kir azdmwplex@Fig@2). The ¢angal daj Comptowx i s e)
of Takk®pr¢ and characterized by an over
volcanic, volcaniclastic and firgrained clastic rocks that have metamorphosed

under lowgreenschist aci es condi tions (Yél maz, 1988
1993; Okay et al., 2013)The complex is unconformably overldny the Lower
Cretaceoussedimentary rockgo the north (Okay et al., 23) . Ust a® mer a
Robertson (1999) proposedee-L at e Jurassic age for the f
Complex on the basis dfliddle-Jurassic granit rocks intruding the complex

(Yél maz, 1980; Yél maz and Boztuj, 1986 ;
Robertson (1993, 1994) suggest a Middle Jurassic age (168 and 169 Ma) based on
zircons extracted from dacite porphyries. In their recent study, how@kay et al.

(2013) suggested an Early Cretaceoualgnginian-Barremian) metamorphic age

for this unit based on AAr age performed on white micas from phyllites. The
¢angal daj Complex was interpreted by Yel
anophiol t e, whereas Usta°mer and Robertson |
an intraoceanic magmatic arc. Okay et al. (2006), on the other hand, regarded the
¢tangal daj Complex as similar to the Nilg¢
PaleaTethyan ocean plateau (Okay, 2000) or a series of oceanic islands (Pickett

and Robertson, 2004; Sayit and G°ncg¢oglu

The EIl ekdaj Ophiolite (Yeé INmarending bally T ¢y s ¢ .
consisting of serpentinite, serpentinized layepedidotite, serpentinized massive

peridotite, dykes of massive metagabbro, layered gabbro lenses, isolated dolerite,
microgabbro and pegmatitic gabbro. The unit has been subjected te high
pressure/lowt e mper at ure metamor phi sm. stdvaere EI ek
m®| ange wunits in the south. On the other
Complex is a thrust. A Late Cretaceous age was suggested as the age of HP/LT
metamorphism byOkay et al. 2006;2 0 1 3 ) . El ekdaj ophiolite

representpsupras ubducti on zone ophiolite (Usta®°n

The Domuzdaj Co mp | e x-micasschistonmefalmasite, anarluef quar

metachert and ophiolites displaying eclogitic metamorphism (Okay,e20416).

13



This metamorphic unit crops out &an area covering the north of the Tosya town,

north of Kargé and west of Boyabat. I n pre
Domuzdaj Compl ex was defined under di ffer
For mati on (Teyseéz and Yi-fatbaap Comg) exand
(Usta°mer and, Robertson, 1997). The Domuzd
by the Esenler Complex that is characterized by bluesfauigs metamorphics

including phyllite, metasandstone and subordinate metabasite and marble (Okay et
al,2013) . On the other hand, t oCongplexut h it I s
Ust a°®mer and Robertson, -e@rlle) 9ridssic meifgrge st ed a
subducti on accreti on -Saa mplaepkx. doavévere d Domuzd
Okay et al. (2006) suggest a Middle Cretaceous age (circa 105 Ma) for the

met amor phi sm of t he Do rArandRbSrisGtopopatag x based
which is similar to that othe Martin Complex.The D 0 mu z @oaplex was
interpreted as a subductigva¢sgzcompdeXxi piyt blak
(1994), and Usta°mer and Robertson (1997, 1

The Martin Complex is mainly composed of slate and phyllite with lesser amount

black recrystallized limestone, metasiltstone and-@reened metasandstone (Okay

et al., 2013). ltisconsdr ed as a Triassic or ol der bas
Usta®mer and Robertson, 19914, 1999; Yél maz
Ujuz et al ., 2002). I n a recent study, Okay

Ma) age for the metamorphism of the unit

The Esenler Complex crops out to the SE of Kastamonu and it consists of phyllite,

metasandstone, metabasite and marble. The complex is characterized by Middle
Cretaceous (Albian) metamorphism (Okay et al., 2013). The Esenler Complex

tectonically overliet h e D o mumpldxaij the@orth. The Esenl@omplex

di splays the same metamorphism age (105 Ma)

The Saka Complex is composed of micaschists, marbleschist, metabasite and
serpentinite slivers, which crops out arduhe Daday Massif (Okay et al., 2013).

Ar-Ar ages from muscovite indicated a Middle Jurassic (162 and 170 Ma) age

14



(Okay et al.2013). The Sak&@omplex was interpreted by Okay et al. (2013) as an

accretionary complex.

Taskdpri

‘ . Safranb ' o a.
Karabiik Karadere Series
Bolu Massif

A A

Central Pontide Metamorphic Supercomplex

I:I Martin Complex - Lower Cretaceous turbidites
metamorphosed in greenschist facies in the Albian
:l Esenler Complex - Phyllite, metasandstone, metabasite
metamorphosed in blueschist facies in the Early Cretaceous|
- Domuzdag Complex - Metabasite and micaschist
metamoprhosed in eclogite facies in the Albian

:l Maastrichtian and younger deposits
Upper Cretaceous volcaniclastic and sed. rocks

Upper Cretaceous pelagic Ist.

Arag and Kirazbasi formations: Upper Cretaceous
greywacke, pelagic Ist., basalt, chert, serpentinite

ophiolitic melange - Cangaldag Complex - Metaandesite, metadacite and
phyllite with Early Cretaceous greenschist facies
Lower Cretaceous sandstone, limestone, shale metamorphism

. s Saka Complex - Micaschist, metabasite and marble with
Caglayan Formation: Lower Cretaceous turbidites - Middle Jurgssic amphibolite facies metamorphism

Upper Jurassic Lower Cretaceous Ist. blocks

Upper Jurassic Lower Cretaceous Ist. N

Middle Jurassic volcanics, granitic and metamorphic rocks *
0 20 40 km
(|

ISTANBUL ZONE SAKARYA ZONE

T Permo Triassic red beds Triassic turbidites with basalt
| ) 5 and serpentinite - Kire Complex
Paleozoic sed. rocks Permo-Carboniferous granitic and metamorphic

|| Late Neoproterozoic basement rocks

Figure2-2: Distribution of tectonicunitsin the CentraPontideqafter Okay et a).2013.

The southern part of thePSCi n t he vicnity of Kargé is
TriassicEarly Cretaceous metamorphic units imbricatedhwihe late Early
Cretaceous Kirazbakeée CompulTekin, 200T)¢ Whe ¢ z , 1
KirazbmpkexX thrust over s$he¢ yKs®¢sze dan d MEd k
2007, Fig. 21) and is overthrust by the higitade metamorphics of the Domugda

Unit. To the NW of the study area the same unit is named as the ArKot Da

15



M®| ange, wheras the ophiolitic slfice on to
Ophi ol i tjdu et(alg 2014; Catanzariti et.aR014;Marroni et al.,2014;

Sayit et al.,, 2015)The Ki r azbaké Compl ex and i ts cont i
comprise ophiolitic assemblages and deep marine sedimentary rocks accompanied

by blocks of different origin. Apart from these, sgepositional blocks and

tectonic slices including metamorphic rocks and Upheassid.ower Cretaceous

limestones from the Central Pontide basement, along with some silisiclastic
turbidites are found withirk€nmpexwis razbackeé
regarded as a Triassic unit by ebuslyys¢z and Y
Okay et al. (2006) . However, T¢yseéegz and Tek
obtained from the matrix and blocks ife Ki r azbak é& Co mlpte e x , sugge

Valanginianearly Barremianmiddle Albiarrlatest Cenomanian ages.

The main tectonicuni t o the S of NAF and the K°%9seda]j
Kézeéel ér makl¢®p lg®odf thedAESR. It actually is an ophiolitic

m®| ange, c h ar abiotke ofi serpedtinizbdy haraburgitel, eumulate

pyroxenite, dunite, isotropic and layergdbrro and deformed greenschist facies
metabasaltiillow lava in a clastic matrixThis unit crops out in Bayat, Eldivan,

al ong the Kezél evilaga heartBwnofKarige . Pd@hiet prlesence
Globotruncanaobtained from the pelagic limestes interbedded with basaltic

pillow lavas suggests @ampaniarMa ast r i chti an age for the Keé:
(Teys®ez, 19

Younger units in cont actsandiitd dovertareghe K° sedaj
Eocene volcanics outcropping to the southeashefstudy area and the Miocene

volcanics located to the southwest of it. The Miocene volcanicpyaoelastcs

known asthe Uludere( Sevi n and Uj uz, 201 ts)are The Ul ud
composed of andesitic, dacitic tuff, tuffite, agglomerate, volcanigloomrerate,

basalt, andesite and dacitic lavas.
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2.2. GEOLOGICAL OBSERVATIONS IN THE STUDY AREA

22.1.TheK°® sedaj] Metavolcanic Rocks

The K°9seda] Metavolcanics (Berber et al
rocks consisting of medacites metaandesites and metabasalts that have been
affected by lowgrade metamorphism and variably degree of deformation. These

|l ithol ogies were pr evinetamsolpkis (nYedrhemh zasantdh
Téyséz, 1984) . avildarecsdier frandtlze] ohervieetamorphic

units in the region by the presence of dynamic metamorphlsine K° sedaj
Metavolcanis cover an area of approximately 20 kmand is exposed in the
vicinity of Akaj édi kmen, Y u k a (Fig.&B)k me n , S
Since the alteration of different metavolcanics occurs at short intervals, they were

not mapped as distinct entities, but given collectively under the name
Amet av o(Fig.&8 2-4).s 0

The K°seda] met av ol tothenortby anoactikesplayeofte b ound
NAF. The fault can be recognized to the NW of the study area, near the
Akaj édi kmen vill age, where it has affect
of faulting is reflected by the occurrence of shear zones in which the metavolcanic
lithologies have ben heavily mylonitized. The presence of foliation is common in

these rocks, which has been developed in response to the deformation associated
with the faulting. Also, in some places, the mylonitized rocks include boudinaged

parts that are observable hetoutcrop scaldt must also be noted that while the

sheared lithologies display the signs of ductile deformation, this effect becomes
weaker away from the shear zone. In contragiedoliated and boudinaged nature

of the former (sheared) lithologiethe latter ones (nesheared) exhibit massive

outlines, reflecting the original appareance of the metavolcanics.
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Figure2-3: Geological map of the study area.

Metadacitesare exposedn a large part of the study arealn the field, the
metadacites display white, light brownish and greenish colors. Greenish ones
actually resemble to metaandesites and can be easily confused if not examined in
detail. Inside metadacites, quartz phenocrysts can be iddngéfien in hand
specimen, which provide a robust distinction relative to metaandesites. The
metadacites are characterized by quartz grains which can be observed by naked
eye, with their smoky colors and vitreous appearance. These lithologies are
sporadicaly distributed with the other metavolcanics in the field. The metadacites
are observed to be cut by calcite veins in several places. Metadacites exhibit
foliation. Wellpreserved outcrops of these metavolcanics are found on the road to
the Yukar é cdgeKhge2s). Vi | |
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Figure2-4: Cross section of the study area.

Figure2-5: Light-colored metadacites with weldleveloped foliation observed on road to the
Yukarédi kmen Village.

Metaandesitegprobably forms the most common member observed within the
Kesedaj Me.tMest ofl thee anmretaandesites are fip@ined and have
shades of green colors implying the effects of-gnade metamorphisifirig. 2-6).
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Similar to metadacites these metavolcanics also display mylonitic texture which
can be observed at outcrop scéfey. 27). Feldspar is bounded by new sericite
minerals, so they exhibit augen appearance. Some kinds of metaandesites display

purple colorsMicas leads to shiny appearance in metaandesites.

Figure2-6: Photograph of typical greenish colored metaandesite displaying foliation.

The metabasalts are recognized by their dark colours in constrastdaandesites

and metadacites that are lightarlored (Fig. 2-8). The colors of metabasalts on
fresh surfaces change from greenish to dark grey. While some metabasalt samples
have foliation, others are ndaliated. The influence of lowgrade metamorphis

on the metabasalts can be identified by the occurence of greenish metamorphic
minerals such as epidote and chloritdhese metabasic lithologies appear to be
originally porphyrtic andaphanitic.In some caseselict pyroxene phenocrystsan

be recognied by n&ed eye.
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Figure2-7:Shear ed metaandesites around the Akaj édi kme

developed in response to ductile deformation associated with the faulting.

Figure2-8: An exposure of finggrained metabasalt with dark green color from the south of

Kuk-ular village. Note the presence of shea
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In the study areahe metavolcanics displayasscut relationships. In some places,
metadacitesare found tocrosscut metaandesitesand metabasalts cresat
metadacites (Fig. -2). Accordingly, it can besuggestedthat at least some
metabasaltsrepresentthe youngest magmaticproducs among the K° s ed aj
Metavolcanics. Neverthless, in many ardas presence of intense shearing makes
it difficult to decidethe relationshipas to whether thénvestigatedmetavolcanic

rock isa dykeor lava flow.

Figure2-9: Metabasalt dyke crossutting the lightcolored metadacites.

Apart from the metadacites, metaandesite and metabasalts, which form the bulk of
t he K°sedaj Met avol cani cs ,and tsédenentdary ar e al sc

lithologies interbedded with éhmetavolcanic rocks. Thelcaniclasticlithologies
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are characterized byhe occurrence ofmineral andvolcanic rock fragments
generally set in a volcanic matrikig. 2-10).

The nature of the fragments are especially is well observed in theries@as thia
include angular clasts (Fig-11). The clasts are represented by dark green
metabasalt fragments with vesicular texture. Nearby the shear zones, the clasts
within these fragmental lithologies appear to be elongated, while the relatively less
effected parts reflects the original, angular appearance.

Figure2-10: Field viewof volcaniclastic rock including volcanic clasts.
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Figure2-11: Lavabrecciaincluding metabasalt fragments with gas vesicles embedded in a

carbonate matrix.

The sedimantary lithologieshat are interbedded with tHe® s e d aj met avol cani
rocks arerepresented bypurplecolored chert and mudstoriEig. 2-12). In some
parts,thesdlithologies are observed asnds which are generally mediuivedded,

are exposed on the maioad reachingheYu k ar edi kmen vill age. I n
pinkish-colored mudstones are observed to include chert nodéigs 2-13).

Although the intenseettonic activity in the region has largely destroyed the

primary structuresvithin these lithologiesin the relatively preserved parts, cherts

are foundo consist of radiolarian ghosts (Figl2).
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Figure2-122 K ° s eethwlcanicsMlternating with reddish mudstone and chert.

Figure2-13: Red tert nodulesvithin the pinkish, thin-bedded mudstone dheroadto the
Yukar édillageme n

Figure2-14: Microphotograph of radiolarian (R) skeletons with calcite in chert lithologies a) in PPL

view, b) in XPL view.
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In the study area, the northeenont act of the K°sedaj Uni t i
splays of NAFZonethat forms the southern boundary of the Tosya Basin. Thus, in
the mapped area, the contact CPSCishohe K°sedaj

observed. However, further nort h, t he K°9sed
overlain by theCPSC( Ok ay et al . , 2 0 Ohé ¢oldest gogeg unit et al . |,
in primary depositional contact with the K°

Eocene clastic rocks to the east and SE of the study area{Big. 2

No stratigraphic contact bet ween the K°®sed
Formation was observed. Therefore, it is not possible to suggest a relative age for

t he K9Metavdleajpicso t he basis of the | i mestones.
also indicate that the Hacéhasan Formati on,
metavolcanic rocks, displays tectonic contact relationship with upper and lower

units. Hakyemez et al. (1986) named thisn i t as Raamatioh and- e k

suggest MalrNeoccomianageb ased on presence of transitior
Formation and overlying Yayl acédchisFor mati on
sandstone, met asandstone, me taamdo nfglysmer, at e,
(1984) named the unit as K°%sdaj premet amor phi
Li assic age f quO90)plopgosed nate Mesozbig Nestethyan age for

K°osdaj ar c. Ay gl et al . (2015) al so indi
94. 4ND)UPbMages for magmati sm and 69.9N0. 4
implying DaniarMaastrichtian by Ar/°Ar.

2.2.2.The Dikmen Formation

The Di kmen Formation was named by Tg¢gyseéez (
yellowish, light grey to pinkish colored carbonatebjch are exposed in an area of

about 35 khii n the southern part of the study arc¢
and a major part of the Dedem villages. The unit, in general, appears to be a

micritic limestone. In some parts, however, these micritic pdtesnate with

clayey to sandy carbonates and light pinkish muds®@herts are also encountered

within the formation, and it isgenerally observed aslenses within the
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metacarbonates-urthermore, in some places, especially the clay parts
show wel developed foliationn response to the sheariffgg. 215). The Dikmen
Formation have been affected by metamorphism, which is evidendbd inyense
recrystallizationand destruction of the primamicritic textures as well as the
fossilsinside

Figure2-15: Outcrop of yellowish colored, thin bedded, strongly foliated and recrystallized

limestone of Dikmen Formaticiw then or t h o f Yukar édi kmen vill a

Ay gl et al . (2015) proposed that Di k me
K sedaj met av ol c then presentstualyc kowever, Daprimany, g
stratigraphic relatiorcould be observetietween the Ksed§ Metavolcanicsand

Dikmen Formation.In contast, the contact relationship between the Dikmen
Formation and K°seda] tonbetecioniodnd iais wall r oc k s
observed on the ridge in the vicinity o
village. Metacarbonatem this localitydip to the north with angles betwee® to
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60" Furthermore,they are observed to belded which is evidenced by the
repetition of the lithologieéFig. 2-16).

Figure2-16: Recrystallized limestone including chegyd muddyparts. Yellowishparts represent

carbonate, reddish ones characterize mudstone.

The boundary between the Dikm&ormationand the ophiolitic melange is also

tectonic and can be observed at the Kézél c,
village. It is also important toate that in some parts of the study area, the Dikmen
Formation may be observed to |ie structural
of the IAESB. This tectonic relationship is also supported by our study on the road

bet ween YukdaSarakinankased &as orathe N5 trending dirtroads on

t he r i dge gFigol7, lge2zZl®.1 t ep e

No fossils could be obtained from the Dikmen Formation in the present study due
to their recrystallized nature. Hakyemez e
Jurasg-Lower Cretaceous age was actually acquired from the carbonate unit lying
to the west of the study area, ,1882pwn as AkbD
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I n contrast, Ujuz et Bakta¢ceod08)agegfest e
Formatigr. (T899, 1993) al so pr opkmened a si
Formation to Cenomaniaygebased on fossil findings

Apart from the formation ages of the studied units, the age of their primary
juxtaposition is not clearly understoodh e cont act bet ween t
Metavolcanics andikmen Formationas well asthe Dikmen Formation and the

ophi ol i tunitappesdtahavgeen affected by multiple events.

Figure2-17: Tect oni c contact r Mdtagotcanicsand Dikmen Formatione e n  K° s €

coverinthenor t h aof Kezél ca
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NS &

Figure2-18: Tectonic contact relationship betwetlie Dikmen Formation andphioliticm® | a n g e

as viewedromtheK & z € | c Note that th@igmen Formation istructurallyunderlain bythe

ophiolitc m®1 ange
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CHAPTER 3

PETROGRAPHY

In order to reveal the petrographic features of the metavolcanic rocks from the
K ° s e Mlaayvolcanis more than 80 thin sections were prepared and examined
under the polarizing microscop&he rock types presented in this sectmmly
include metavolcanic rocks, which make up the bulk of the unit, and the other
lithologies (i.e. volcaniclastics, carbonates, mudstones and cherse not
included The examineK ° s e Bletg/olcanicsare represented by metadacites,
metaandesites and metabasalts, which reflegiable metamorphism and/or
deformation histories. Thus, in this chapter, mineralogical assemblage and textural
properties of these metalcanicsalong with their alteration/metamorphism and

deformation features were studied in detail.

3.1. Metabasalts

Inhad speci men, the K°9seda] metabasalts
which reflects the presence of secondary mineral phases, such as chlorite, epidote
and actinolite.Both massive and foliated types were encounteRatphyritic
texture, which is neresented by large phenocrysts set in adireened groundmass,

is a common feature of volcanic rocks. It is suggested that phenocrysts are
generated by slow cooling in deeper parts and the groundmass is produced by rapid
cooling, accordingly has fingraned nature (Vernon, 2004). These basaltic
lithologies are aphaniticlt must be also noted that the exact determination of
primary mineral assemblage is difficult due to the-gnained nature of the basalts

and the presence of legrade metamorphism dfor deformation.
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Under the microscope, the primary mineral constituentshefmetabasalts are
plagioclase and clinopyroxene. Plagioclasepigsent as both phenocryst and
microlith in the groundmass. It is distinguished by fostler interference colors
combined with polysynthetic twinning under crgssarized light (XPL). It
generally forms subhedral to euhedral crystals. In some cases, plagioclase is seen as
randomly oriented laths with varying ei, indicating seriate textur&ig. 3-1).
Moreover in some samples, it is seen that plagioclase is lyealiered to

secondary mineralgcluding sericite and epidote.

Figure3-1: Clusters of randomly oriented plagioclase in a fine grained matrirmfoliated
metabasalt. Also seen is seriate texture defined by vaisé®d plagioclase laths (Samplg§'6; 4X,

XPL, ep: epidote, pl: plagioclase).

Other prominent constituent of the metabasalts is clinopyroxene. This mineral
appears colorless undelapepolarized light (PPL) and displays moderate to high
relief. Under crossed polars, it exhibits moderate birefringence with secdad
interference colors. Moderatetieveloped cleavages are commBgtinction angle

of clinopyroxene rangefrom 35 to45" In clinopyroxenetwinning is observed

(Fig. 32). Fractures are also present. It is a typical phenocryst phase in the
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metabasalts. It is also seen to create clusters, defining glomeroporphyrtic texture
(Fig. 3-2).

Figure3-2: Photomicrograph of fractured clinopyroxene phenocrysts forming glomeroporphyrtic
texture. The fine grained matrix is composed of epidote and clinopyroxene. (Sample 136; 4X, XPL,

cpx: clinopyroxene).

Opaque minerals are alsioticed in the metabasalts. The ones with cubic outlines
may indicate the presence of magnetibe pyrite Otherwise, the exact
determination of opaque minerals is difficult to determine under polarizing

microscope.

Plagioclase and clinopyroxeragethe primary mineras of the metabasaltehereas

epidote, atinolite, chlorite, sericite and calcite are presentths secondary
minerals(Fig. 3-3). Of these secondary mineral phases, chlorite and epidote are
present i n al | K° s e d a plite mymeass bta pia Ithiss wh
assemblage only in some samples. This ma
have been metamorphosed mostly under -greknschistacies conditions.
Representative minerals of typical greensefasies conditions are rarelydod.
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Figure3-3: Metabasalt showing flakes of sericite and chlorite aligned parallel to the foliation,
together with abundant opaque grains. Chlorite displays anomalous interference colors, whereas
epidote shows its characteristic patchy birefringence (Sample 76; 4X, XPL, ep: epidote, op: opaque,

Sser: sericite).

Chlorite and epidote occur as the typical secondary mineral phases replacing
pyroxene and plagioclase. The pale green color of chlord@gmostic with slight
pleochroism. It shows lowngle oblique extinction with firstrder anomalous
interference colors. Plagioclase is also replaced by sericite, which is another
alteration product seen in some tisiections. Epidote is easily identdi®y its high

relief and yellowish colors under PPL. It displays patchy birefringence under
crossed polars. It is seen in #gactions as altering plagioclagedclinopyroxene.
Clinopyroxene is also replaced by actinolite showing acicular (néikd)ehabit.

As mentioned before, the presence of these secondary minerals points -out low
grade metamorphism. Gas vesicles are present and appear to be filled by epidote in
most cases, and chlorite (Fig43
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Figure3-4: (a) Gas vesicles filled by epidote and chlorite in metabasalt (Sample 65; 4X, XPL, ep:
epidote). (b) Epidote exhibits high relief with yellowish colors, whereas chlorite is distinguished by
greenish colors. Note also abuntiapaque minerals in the groundmass. (Sample 65; 4X, PPL, chl:

chlorite, ep: epidote)

3.2. Metaandesites

Metaandesites, which constitute the most commmetavolcanic rock type in the
study area, are varicolored, exhibiting greerasid dark-greyish colors inhand

specimen. They are aphanitic and largely include foliated and to a lesser extent
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nonfoliated varieties. If the original textures of these rocks are taken into
consideration, the crystallinity of these rocks appears to change between

hypocrystalline ad holocrystalline.

Plagioclase is a major constituent of the metaandesites and occurs as subhedral to

euhedral crystals. In some placplggioclaseexhibitsconcentriczoning,indicating

the presence dbandswith distinct chemicalcomposition This typeof zoning is

essentially observed in plagioclase (e.g. Vernon, 2004), though there are many

ot her minerals displaying this feature (e.g
In addition, plagioclase is encountered as porphyrodkagt 8-5), whichindicates

the effect of ductile deformation on the metaandesites. The rocks that have
experienced ductile deformation are typically characterized by large relict minerals

embedded in a fingrained matrix. This microstructure defines porphyroclastic

texture. In this relationship, the relict crystals are known as porphyroclast.

Similar to metabasalts, chlorite and epidote constitute the common secondary

mi ner al phases i n Fig.%36).eSdrife is aiso foand andje s i t es (
observed to have vably replaced plagioclasd&ig. 3-7). Sericite forms as the

product of sericitization which is an important type of hydrothermal alteration in

igneous rocks (e.g. Creasey, 1966; Meyer and Hemley, 1967). Epidote, which is
generally observed filling the vietes in metabasalts, is found as replacing
plagioclase and clinopyroxene in metaandesites. Chlorite, with characteristic
anomalous interference colors, is found abundantly in metaandesites. The
metaandesites have figgained groundmass composed of emdqilagioclase,

chlorite.
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Figure3-5: Photomicrograph illustrating porphyroclastic texture in metaandesite. Note also the

polysynthetic twinning on plagioclase porphyroclast (Sample 110; 10X, XPL, ploplasg).

Figure3-6: (a) Photomicrograph of pale green chlorite and yellowish epidote identified its
characteristic feature high relief with opaque minerals (Samigke 80X, PPL, cal: calcite, chl:
chlorite, ep: epidote). (b) Chlorite is characterized by anomalous interference colors, calcite
displaying rhombohedral cleavage and epidote identified by patchy birefringence (Saraple 6
10X, XPL, cal: calcite, chl: chlorite, ep: epidote).
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Figure3-7: Plagioclase partially altered by sericite and epidote. Also found is larger epidote next to

plagioclase (Sample 153; 10X, XPL, ep: epidote, pl: plagioclase).

3.3. Metadacites

In hand specimen, metadacites are generally white in color. Some metadacites,
however, reflect somewhat similar appearance to those of metaandesites with

greenish colors. In spite of this similarity, the presence of quartz grains, which are
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even visible tothe naked eye, helps to distinguish these lithologies from the
metaandesites. Metadacites are aphanitic with visible, large graindedfigpar,
plagioclase and quartz. They show foliation similar to most metaandesites and
some metabasalts. Quartz is athant in metadacites and can be easily recognized
by naked eye, with shade of grey colors. At their original state, metadacites display

porphyritic and microcrystalline texture.

The main primary constituents of metadacites are characterized by quartz,
plagioclase and to a lesser extenffdfdspar. Opaque minerals are also present.
Quartz is the common primary mineral phase, which generally occurs as
porphyroclasts surrounded by aligned sericite minehalmetadacites, quartz and
K-feldspar minerals arengeloped by secondary mica minerals implying mylonitic
texture Fig. 38), which is an indication for strong ductile deformation (e.g.
Passchier and Trouw, 2009requently but by not always, it reflects rounded,
anhedral outlines, whereas to a lesseemxbccurs as subhedral crystals. Under
XPL, large rounded porphyroclasts of quartz showing undulose extin&tignX

9) can be encountered in the metadacites. They are surrounded bgréimed
quartz minerals, displaying mortar texture (Fig9)3eg. Barker, 1990). Because

of its strong resistance to alteration, under PPL quartz appears quite fresh. There is
no primary mafic phase found in metadacites; they are all replaced entirely by

chlorite and epidote group minerals.

Plagioclase is the secondramon primary mineral phase in the metadacites. It is
mostly found as subhedral to anhedral crystals. Like quartz, plagioclase also
appears to have been affected by dynamic metamorphism, and present as
porphyroclasts. Relatively less altered plagioclasangr display polysynthetic
twinning. Rarely, sector twinning is also observed on plagiockige ¥10).
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Figure3-8: Mylonite formed by intense deformation oktimetadacite, showing aligned white mica

adjacent to quartz porphyroclast (Sample 32; 4X, XPL, gtz: quartz).

Figure3-9: Undulose extinction observed on quartz porphyroclast displaying effects of deformation
(Sample 197; 4X, XPL, qtz: quartz).
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Figure3-10: Sector twinning in a plagioclase crystal surrounded by secondary sericite minerals in

metadacite (Sample 214; 4X PPL, pl: plagioclase).

Secondary mineral assemblage in metadacites comph$aite, epidote, sericite

and calcite, which is actually similar to that of metaandesites. Chlorite is an
abundant secondary mineral phase in metadacites, which is identified by pale green
colors under PPL, while it exhibits anomalous interference calwisr XPL (Fg.

3-11b). The anomalouspurple interferencecolor may indicate~e-rich nature of
chlorite. Epidotization is also common, which appear to have affected plagioclase
and clinopyroxene. Based on the secondary mineral assemblage in metadicites, i
can be suggested that they have been affected bgriade metamorphism.

Calcite occurs as a secondary mineral, replacing mafic phases and plagioelase via
late stage hydrothermal solutions by the presence of @ile it is colorless
under PPL, calcités identified by very higkorder interference colors under XPL.

Twinkling, which is a characteristic feature of calcite, may also be observed in
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a)

b)

Figure3-11: (a) Photomicrograph of rosetpidote exhibiting high relief with well aligned sericite
minerals and pale green chlorite lying parallel to the foliation (Sample 32; 20X, PPL, chl: chlorite,
ep: epidote). (b) Rosette epidote displaying patchy birefringence accompanied by chloritgyshowin

anomalous interference colors (Sample 32; 20X, XPL, chl: chlorite, ep: epidote).

metadacites. Another important point is rhombohedral twinrfing 3-12) which
is the cleavage type intrinsic property of calcite. Furthermore, zircon appears as a

commonaccessory mineral of metadacites.
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