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ABSTRACT

The M iddle A natolia Massif is one of the largest igneous and 

m etam orphic complexes in Turkey. The western part of the massif is the 

subject of the present study.

The m ain purposes of the work are to map the different igneous and 

m etam orphic rocks; to identify their mineralogical, petrographical and 

geochemical characteristics and by considering their relationships to each 

other, determ ine the m etamorphic, magmatic and geological evolution of 

the Ortakoy area.

The geological map of the Ortakoy area(Appendix-Ia) shows that the 

oldest iden tified  rocks are the Seksenusagi Form ation of Silurian- 

Devonian age and the conformably overlying Gobektepe Form ation of 

Upper Palaeozoic age. The Ekecekdagi gabbro comprises hornblende-gabbro 

and m inor banded  gabbro and m ay have been em placed onto the 

m etam orphic rocks as an allochthonous un it or in truded  in to  the 

m etased im ents before the in trusion  of the O rtakoy p lu ton . The 

m etasedim ents w ere in truded and hornfelsed by the volum inous U pper 

C retaceous - Paleocene O rtakoy  p lu to n  con ta in ing  ho rnb lend ite , 

hornblende diorite, biotite-hornblende granitoid, m icrogranite and quartz- 

alkali syenite. The massif is overlain by the Pecenek Formation of Pliocene 

age com posed of rhyolitic tuff; clay and sand w ith some gravels; and 

lacustrine  lim estone. C olluvium  and alluvium  are the youngest 

formations in the area.

The O rtakoy part of the M iddle Anatolia Massif underw ent four 

phases of deformation: D1 during the formation of the m etamorphic rock 

fabric, D2 which produced folds varying from isoclinal to tight while D3



XX

folds have open limbs and developed in approximately an E-W direction. 

D4 folds are usually open with steep axial planes and plunge roughly 

towards the S-E. The massif was then uplifted inducing the development of 

the WSW-ENE dom inated joint sets in the Ekecekdagi gabbro, diorite and 

granitoid and the formation of WNW-ESE faults.

D uring or after D1 deform ation , the O rtakoy m etased im ents 

underw ent a single episode of regional m etam orphism  corresponding to 

the upper amphibolite facies conditions (second sillimanite grade), which is 

confirm ed by geotherm om eter studies from the different m etam orphic 

assemblages which yield between 608-761 °C at 4 kb. pressure. The high 

grade m etam orphic rocks have undergone lim ited retrogression  to 

greenschist facies assem blages which is show n by the replacem ent of 

sillimanite and K-feldspar by muscovite, and breakdown of garnet to biotite.

The Ortakoy metasediments occur as roof pendants, and as a result of 

this, they suffered intensive contact m etamorphism, which resulted in the 

formation of pelitic hornfels consisting of biotite, cordierite, orthoclase and 

plagioclase; paragneissic granites and their pelitic inclusions, both of which 

are m ade of cordierite, biotite, plagioclase (An 26-40%), orthoclase and 

garnet; skarn zones in carbonate xenoliths, and andalusite in the semipelitic 

gneiss. The temperature ranged from 681(±50) to 533 (± 50) °C at 4.17(±0.29) 

kb in contact metamorphism.

Evaluation of the geochemical analyses of the hornblende diorite, 

biotite-hornblende granitoid and microgranite indicates that these igneous 

units represent different batclfs of a magma which was possibly formed by 

mixing of m antle and lower crustal derived m agm as, coupled w ith 

fractional crystallisation w ith a possible sm all degree of high level 

contamination. The melt dom inated character of the I-type acidic rocks is
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evidenced by decreasing K /Rb with increasing Si02. Y /N b variation in the 

granito ids also im plies heterogenity  at the source of the granitoids. 

Hybridisation processes such as mixing and mechanical transfer affected the 

chemical composition of the granitoids.

The Ortakoy metasediments may have been derived from pre-Silurian 

weathering of G ondw analand which was made of m ainly acidic igneous 

and volcanic rocks with possible minor basic-ultrabasic contributions and 

deposited in an active continental m argin and possibly in part in a 

continental island arc. The general transgressive character of the Ortakoy 

m etasedim ents is indicated by the decreasing sem ipelite and psam m ite 

layers and increasing carbonate. The w ithin p late character of the 

continental amphibolites that were emplaced into the m etasediments imply 

a change in the geotectonic environm ent from an active continental 

m argin to a passive continental one between the Silurian and Permian 

time. The sedim ents were later in truded  by volum inous post-tectonic 

granitoids of active continental margin type in Upper Cretaceous-Paleocene 

time. As a tensional tectonic regime was dom inant in the Anatolia block 

between Permian and Upper Cretaceous times (Sengor &Yilmaz,1981), the 

m etam orphism  in Ortakoy would be Permian-Carboniferous. The non­

existence of the pre-U pper Cretaceous formations in the M iddle Anatolia 

M assif indicates that the m assif acted as a rig id  block after the 

metamorphism, between the Permian and Upper Cretaceous.
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I INTRODUCTION

The area studied is located in the Ortakoy region, Central Turkey 

(Fig.l). The m ain m ountains in the area are Ekecekdagi (2137m), 

H arundagi (1505m.) and Yerlitepe (1538m) m ade up hornblende gabbros 

and biotite-hom blende granitoids, otherwise the topography is muted.

Ankara

Ortakoy

Pecenekozuderesi
—— jjJJrtakoy „  

alci ^To 
Ankara

0 5 10km

TUZ LAKE

: City 
O : Town 

: Villaqe 
: Road 
: S tream

m  : The area 
^  studied 
O  : Lake

Aksaray

To Konya

Figure 1: Location map of the area studied

The area is composed of marbles, semipelites, psammites, quartzites 

and  am phibolites of Silurian-D evonian (possibly Carboniferous) age 

m etam orphosed in pre-Cretaceous time. These rocks were intruded and 

hornfelsed by hornblendite, hornblende diorite and granitoids during Late 

Cretaceous to Paleocene time. The m etasedim ents also contain post 

regional m etamorphic gabbros but the contacts w ith the metasediments are
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not exposed and it is unclear whether the gabbros intrude, or are thrust 

in to , the  m etased im ents. All these rocks are  variab ly  covered 

unconform ably  by Pliocene lim estone, tuff and  unm etam orphosed  

sedim ents.

LI AIM AND METHODS

The area studied is situated in the western part of the Middle Anatolia 

Massif (MAM) which can be defined as an association of igneous and 

metamorphic rocks around Kirsehir,Nigde (Okay, 1954) and Akdagmadeni, 

Yozgat (Erkan, 1980-b) (Fig. 2). No detailed study has been performed before 

in this part of the massif. Therefore, the main aims of this study were to 

m ap the d ifferen t m etam orphic and igneous u n its , iden tify  their 

mineralogical, petrographical and geochemical characteristics and evaluate 

the m agm atism  and m etam orphism  of the area and  its geological 

evolution.

Field studies started in 1987 and finished in 1991, resulting in 1/25 000 

geological maps of the Ortakoy area (-380 km square) including m apping of 

Sirayalardagi at 1 /5  000 scale (2 km square). About 650 samples from 

different lithologies were collected, -200 thin sections examined and, major 

and trace element analyses of -100 samples determined and REE analyses of 

17 sam ples perform ed on selected representative fresh samples. To 

determine the modal mineralogical compositions point counting of 14 thin 

sections w ere carried out. A major problem  has been the difficulty of 

obtaining fresh samples of m any of the rocks, especially the semipelitic 

rocks.
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Figure 2 : Geological m ap of the M iddle Anatolia Massif (border of the 

massif adopted from Bingol, 1974)
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1.2 HISTORY OF RESEARCH

Many studies have been carried out by different authors in the Middle 

A natolia Massif, the second biggest complex in Turkey. These are, 

however, mostly undetailed researches and often unpublished. In last two 

decades, considerable work has been carried out especially by Erkan (1976 a- 

b, 1977, 1978, 1980 a-b), Goncuoglu (1977), Tulum en (1980) and Seymen 

(1981, 1982). No detailed study had been carried out in the present area of 

study before the present work began. The principal publications dealing 

with the massif as a whole are summarised chronologically :

A round Kirikkale and K irsehir, Baykal (1941) reported  granitic 

xenoliths in dolerite and that the dolerites cut the granite.

The area between Nigde-Incesu, Kizilirmak, and Tuz Golu was studied 

in term  of the general geology by Tromp (1942) w ho discovered the 

existence of Upper Cretaceous units called the Asmabogazi Formation at the 

east side of Tuz Lake.

Lahn (1949) tried to explain the basement in the M iddle of Anatolia. 

He indicated that it was composed of metam orphic and igneous rocks of 

several old m assifs, e.g., the Kirsehir, the Yukari Sakarya and the 

Akdagmadeni massifs. He proposed that there existed similar unexposed 

massifs covered by the younger deposits of the Konya and Tuz Golu basins.

The first extensive geological m apping was by Buchardt (1954). He 

published a geological map of the area at 1/100,000 between Kirsehir and the 

Kizilirmak river and concluded that the gabbros and dolerites represent the 

initial magmatism of Cretaceous age while the granite is of Laramide age
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i.e. the Cretaceous-Tertiary boundary. A geological map of the massif at the

eastern side of Kirsehir was produced at the same scale by Erguvanli (1954).

The M iddle Anatolia Massif was defined for the first tim e as the 

igneous and metamorphic rocks of the Nigde and Kirsehir terrains by Okay 

(1954).

Roenner (1958) dealt w ith skarn mineralisation at the granite-m arble 

contact, in the Kirsehir area, and he proposed that the sedimentary age of 

the marbles was Palaeozoic or Mesozoic.

Pisoni's (1961) work was the first in Ortakoy. He showed that a 

Palaeozoic metamorphic complex was made of gneiss with quartzite and 

amphibolite intercalations, and highly recrystallized marble.

In the Kirsehir terrain, the granite was observed to cut through gabbro 

which itself was intruded into ophiolite (Ayan, 1963).

The first geological m ap of the major part of the massif at 1/500.000 

which includes the area of study, was published by Ketin (1963) who 

confirmed Ayan (1963)'s opinion, that is, gabbro cut the ophiolitic sequence.

Vache's (1963) first suggested the existence of a discordance in the 

m etam orphic units at the Akdag m ountain belt. He explained that the 

basem ent is composed of marbles discordantly over the basal series of 

gneiss. Above the marbles are mica schists and quartzite.

The volcanic area, between Aksaray and Hasandagi was m apped by 

Beekman (1966) who identified m any tuff, tuffite, ignim brite and lava
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units. He suggested that some eruption may have originated along the

Sereflikochisar-Aksaray fault which is on the east side of Tuz Golu.

A round Kirsehir, the isotopic ages of plutonism  in the massif were 

studied by A tam an (1972). He recorded a 71 my. age to the Cefalikdag 

granodiorite using the Rb-Sr method.

Bingol (1974) produced the m etam orphism  m ap of Turkey. He 

show ed that the m eta-sedim entary  rocks in the m assif have been 

m etam orphosed under m edium  pressure-greenschist facies conditions.

In 1975, Arikan described the geology of the Tuz Golu basin including 

the gravels containing granite and granitic gneiss clasts in the Haymana 

Formation which is of Upper Cenonian age.

The first detailed study in the massif was carried out by Erkan (1976 a) 

who identified high grade greenschist-amphibolite facies rocks reaching to 

the sillim anite+K-feldspar isograd around Kirsehir. Plagioclase became 

more calcic and hornblende richer in Ti, K, A1 and garnet poorer in Mn 

with increasing metamorphic grade (Erkan, 1976-b,1977, 1978).

At the south end of the massif; near Nigde, an im portant study was 

Goncuoglu (1977) who identified gneiss and amphibolite of the Gumusdere 

Form ation , m arb le-gne iss-quartz ite  a lte rna tions of the K aleboynu 

Formation and marble of the Asigedigi Formation. These units are cut by 

metabasic rocks and the Uckapili Granodiorite, respectively.

Erkan (1980 a) suggested that the amphibolites in the massif have a 

sedim entary origin. He also concluded that the m eta-sedim entary rocks
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m etam orphosed  under h igh-am phibo lite  facies conditions around 

Akdagmadeni-Yozgat belong to the Middle Anatolia Massif (Erkan, 1980-b). 

Tulum en (1980), how ever, identified ten different petrographic  and 

m etam orphic facies ranging from muscovite-bearing schist to almandine- 

bearing gneiss in the same area. The degree of m etam orphism  increases 

from  southw est to northeast w ith increasing anorthite  content of the 

plagioclase from An8 to An26.

Another im portant study was carried out by Seymen(1981,82) on the 

Kirsehir terrain which is 50 km from the area of study. He identified gneiss, 

granulite and am phibolite schist of the Kalkanlidag Formation, marble- 

schist-gneiss alternations w ith in terbanded quartzite  of the Tam adag 

Form ation, marble of the Bozcaldag Formation, gabbro in the Karakaya 

Ultramafite and granitoid in the Baranadag Pluton. He considered that the 

gabbro is tectonically overlying the m eta-sedim entary units. He also 

determ ined greenschist and a transition zone am phibolite to granulite 

facies and four phases of deformation.

The sedimentology of the Tuz Golu Basin was studied by Yasar et al.

(1982). They discovered granite pebbles in the Kartal Formation of Upper 

Cretaceous age. They also showed that the 150 km. length Sereflikochisar- 

Aksaray fault is an oblique-slip fault.

In 1984, Gorur et al. tried to interpret the events developed in the Tuz 

Golu Basin in term s of global tectonics. They pointed out tha t the 

Baranadag Pluton which initiated its intrusion during the M aastrichtian 

and continued into the Paleocene, shows the features of an Andean type 

con tinen tal arc. It w as situated  along the p lu ton ic  axis of the 

Sereflikochisar-Aksaray fault.
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Seymen (1984) explained the geological evolution of the Kaman Group 

of m eta-sedim entary rocks in the massif. He suggested that the Kaman 

Group was developed transgressively at an Atlantic type of continental 

margin. Then the Group was deformed and intruded by igneous rocks at a 

Pacific type of continental margin. .

Yaman stated that the basic and acidic igneous rocks show transition to 

each other (Yaman, 1985).

In 1987, Atabey et al. described schist and gneiss of the Kalkanlidag 

Formation, schist, marble, calc-schist, marble and amphibolite alternations 

of the Tamadag Formation, marble of the Bozcaldag Formation, and acidic- 

basic intrusive rocks of the Ortakoy granitoids.

Bayhan and Tolluoglu(1987) identified microcline bearing syenites, 

felsic vein rocks, and nepheline bearing syenites around Kirsehir.
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II STRATIGRAPHY

The m etasedim ents in the M iddle A natolia M assif, "MAM", are 

generally well-exposed both in the north, northeast, or south of the massif 

(Kirsehir, Akdagmadeni, Nigde) (Fig. 2 ). In the western part of the massif, 

they are almost non-existent due to being altered and covered by extensive 

Tertiary formations. In the studied area, gneisses can only be seen around 

the village of Seksenusagi

D.l PALEOZOIC

II.l.l Seksenusagi Formation

This formation is typically exposed near the village of Seksenusagi, 

and is mainly made of migmatitic gneiss, semipelitic and psammitic schist 

and gneisses with lesser quartzite, calcite marble, calc-silicate gneiss and 

amphibolite.

Fresh semipelitic and psammitic gneisses are mainly beige, brownish 

and varying tones of gray in colour with the altered surfaces being yellow 

and pale brownish. The gneisses occupy lower topography in the field due 

to being weathered easily. They occupy the cores of major anticlines 

(Appendix-1 a, b).

The m arble m em bers, 20-30 m in th ickness are m ade of 

m etam orphosed limestones interbedded with quartzites, semipelites and 

psammite. The bedding in the quartzite and marble is almost parallel to 

the main foliation and the bed thicknesses range between 0.1 cm -7 cm and 

3 cm - 1 m., respectively although it is recognised that these thicknesses will 

not be the original sedimentary values.
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The bottom  of the formation is nowhere seen while towards the top of 

the formation, the marble beds within the formation increase in proportion 

and the sem ipelitic and psam m itic gneiss decrease. Fig. 3 shows the 

sequence and relationship between quartzite, marble and psam mitic and 

semipelitic gneiss in Navruztepe. The formation which has a thickness of 

> 300 m is conformably overlain by the Gobektepe Form ation w ith a 

transitional contact, the boundary being draw n by calcite marbles occupying 

>50% in the sequence.

II. 1.2 Gobektepe Formation

This formation which typically occurs at Gobektepe mainly consists of 

calcite marble w ith lesser quartzite, semipelitic and psammitic gneiss, rare 

amphibolite and tremolite bearing gneiss. The m igmatite and migmatitic 

gneisses have not been observed in the formation.

The marbles are medium-coarse grained (calcite crystals can reach up 

to 5 cm in length), fractured and often deform ed. Sem ipelitic and 

psammitic gneiss levels occur at the bottom of the formation and become 

rarer upw ards as m arble becomes almost the sole lithology w ith rare 

quartzites or metacherts. The am phibolite w ith dark green(fresh) and 

brownish(altered) colours forms small lenses or thin layers(~5cm) between 

marble layers.

The marbles and quartzites vary in bedding between 5 cm- >1 m and 2 

mm-24 cm, respectively. The thickness in the Ca-silicate bands ranges from 

3 to 9 cm. Calcite is ubiquitious in the marble but in a few places dolomite 

is also found. Siliceous dolomite in which tremolite and actinolite formed 

has been seen only at the summit of Armutlutepe. The formation is > 500
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m in thickness.

Neither the Seksenusagi nor the Gobektepe form ation preserve way- 

up sedimentary structures to indicate the sequence order.

II. 1.3 The age of metasediments

The se d im en ta tio n  and  m etam o rp h ic  ages of the  MAM 

metasediments are subject to differing views:

Kober(1931), Arni(1938), Leuchs(1943) and Blumenthal(1946) stated 

that the metasediments were Paleozoic or Precambrian in age. In contrast, 

Ketin (1955, 1959, 1963, 1966) postulated a Paleozoic-Mesozoic geosyncline 

m etamorphosed by the Laramide orogeny. Brinkman (1971 ) suggested, on 

the basis of his observation on the Tauros m ountains that the age of 

metamorphism was pre-Ordovician -Devonian. A pre-Mesozoic age for the 

metasediments is suggested by Seymen(1982) with respect to the relation of 

the Ankara melange of Jura-Campanian age to that of the metasediments. 

At the southernmost massif of Nigde, Goncuoglu(1977) accepted a Paleozoic 

age for the metamorphism.

From mica schist or gneiss and amphibolites, Erkan and Ataman(1981) 

obtained 69, 70 and 74 my. ages which probably correspond to the 

emplacement or cooling of the acidic igneous intrusions using K /A r dating 

m ethod.

Around Kirsehir, the isotopic ages of plutonism  in the massif were

studied by Ataman (1972). He recorded a 71 my. (i.e. Cretaceous) age to the
with

Cefalikdag granodiorite using the Rb-Sr method. In agreement this, acidic
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rock pebbles were found in the Kartal formation of Upper Cretaceous age

(Yasar et al.,1982).

There is no reliable age of sedimentation of the m etasediments except 

they m ust pre-date 70-80 my. To determine the sedim entation age of the 

m etasedim ents microfossils were separated from m arble samples of the 

Seksenusagi Formation by treatment with acetic acid. The residue obtained 

contained a very low diversity polynom orph assem blage dom inated by 

three species of the sphaerom orph acritarch L e io sp h a e rid ia  and also 

Lophosphaeriduim  sp. Together with these were found possible graptolite 

fragm ents-questionably of R etio lites sp. The assemblages indicates a 

Cambrian to Devonian age.

The very low diversity assemblage is best attributed to a restricted 

circulation in a shelf environment in view of the existence of a coral. The 

lack of any spores in the sample would suggest deposition away from areas 

of sediment derived from a vegetated terrestrial environment.

The first certain macro fossil was discovered near Sirayalardagi in 

marble near the top of the Seksenusagi Formation. Although the sample 

w as ra th e r  re -c ry s ta l l is e d , H e lio litin a e  (H e lio lit id a e  fam .) 

P aeck e lm an n o p h o ra  sp can be recognised, which is Lower Silurian to 

Upper Devonian.

In conclusion, the acritarchs give a broad Cam brian to Devonian 

range, while the coral gives a range of Lower Sil urian to Upper Devonian. 

The more questionable attributions of a Silurian age for Reliolites sp and a 

Lower Dev onian age for Paeckelm annophora sp (Weissermel, 1939), are 

also consistent with a range of Silurian to Lower Devonian. The regional
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m etam orphism  of m etasedim ents m ust have taken place betw een the 

Devonian and the U pper Cretaceous. If the rifting in Anatolia, which 

started  in Perm o-Trias time and continued to the Lower Cretaceous 

(Sengor&Yilmaz, 1981), is taken into the consideration, the metam orphism  

w ould be Carboniferous-Perm ian (Hercynian?). The lack of pre-U pper 

Cretaceous formations in the massif show that the massif acted as a rigid 

block after the m etamorphism

II.2 POST METAMORPHIC INTRUSIONS

The oldest igneous unit is the Ekecekdagi gabbro, cut by the granitoids 

as seen in the Ekecekdagi, followed by the hornblendite, hornblendediorite 

and granitoids. The hornblendites exposed in a lim ited area shows 

transition to the hornblende-diorites, and have not been seen with the 

granitoids. The biotite-hornblende granitoids cut the hornblende-diorites 

as is show n by fragm ented diorite xenoliths (Photo 1) at the granitoid- 

diorite contact but as there are also small separate diorite intrusions into 

the granitoids e.g. in north of Sirayalardagi (Appendix-2), it seems as if the 

granitoids and diorites were intruded at the same time. The granitoids 

were later in truded by the microgranitoid and quartz-alkali syenite. The 

restricted occurfence of the microgranites and quartz-alkali syenites do not 

allow determ ination of their relative order of intrusion.

The Ekecekdagi gabbro may be an allochthonous unit. The contact 

with the metamorphic rocks has not been seen. Similar rocks were named 

as Karakaya ultramafite of pre-Upper Maastrichtian age (Seymen, 1981) and 

of U pper Paleozoic age (Yasar et al.,1982) in the massif. However, 

G oncuoglu (1977) iden tified  m etagabbros w hich cut th rough  the 

metasediments in Nigde, southern massif. In the area studied, only some
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hornblende gabbro, rare banded gabbro and sheet dykes (Fig. 4) of the 

Ekecekdagi gabbro can be seen and the rest of the ophiolitic sequence such 

as peridotite and pillow lava have not been observed. On the basis of field 

evidence, it is not possible to determine whether the Ekecekdagi gabbro is 

allochthonous or autochthonous. In the geological m ap of the Ortakoy area 

(Appendix-1 a), the gabro is shown with the granitoids as Upper Cretaceous - 

Paleocene.

II.3 NEOGENE FORMATIONS

II.3.1 Pecenek Formation

This was nam ed after the Pecenek valley by Yasar et al. (1982) and 

mainly consists of rhyolitic tuff; clay and sand w ith some gravels; and 

lacustrine limestone

The tuffs, vitric and rhyolitic, are white and yellowish cream and 

contain granitoid, diorite, marble gravels and hornblende-basalt. They are 

exposed near Kepir.

The limestones include clasts of the tuff and gastropoda fossils. They 

occur east of Ortakoy village.

Clay and sand are m ore w idespread than both the tuff and the 

limestone. The red colour of the clay and sands, and the white colour of 

the tuffs are typical in distinguishing the formation in the field. These 

colours shows transitionnteach other depending on the relative proportion 

of the tuff or clay and sand.

Nonm arine sediments were deposited in a basin formed by block 

faulting in the Pliocene(Yasar et al.,1982).
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11.3.2 Collovium

This only forms at the north side of the Ekecekdagi in relation with 

the development of the faults. Angular particles of the gabbros in the 

formation range from sand to block in size.

11.3.3 Alluvium

This occurs along the streams which flow off the granitoids. The 

alluvium contains rounded and poor-sorted, gravel, sand and clay which 

were derived from many lithologies, but the granitoids seem to be 

comparatively dominant.

Photo 1: Fragm ented diorite (dark coloured) xenoliths within the

granitoids (light coloured) , ENE Seksenusagi. Black colour on the picture 

refers some moss.
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1 8

III PETROGRAPHY

m .l PALEOZOIC

III. 1.1. Seksenusagi Formation

This formation is mainly migmatitic gneiss, migmatitic granite, semi­

pelitic and psam m itic sch ist/gne iss  w ith  lesser calc-silicate gneiss, 

trem olite-bearing gneiss, am phibolite, quartzite and m arble sometimes 

with chert. There is gradational contact between the Seksenusagi and the 

overlying Gobektepe formation. The typical outcrop of the unit occurs 

around the village of Seksenusagi. The bottom  of the formation has not 

been seen anywhere..

III. 1.1.1 Migmatitic gneiss and migmatitic granite

The m igm atitic gneiss contains biotite, sillim anite fibrolite and 

ilmenite restite and granitic textured quartz, K-feldspar and plagioclase 

leucosome varying from a few mm. to a metre. This gneiss generally 

shows schollen (raft) structure, often exhibits deformation structure due to 

shearing; phlebitic (vein) structure possessing the paleosome traversed 

irregularly  by vein-like neosom es; or strom atic (layered) structures 

(Menhert, 1968).

The muscovite-garnet-bearing granite and pegmatitic granite appear to 

be generated by migmatisation of metasediments. The migmatitic granite, 

the earlier formed migmatites in depth, pierce through the metasediments 

and occurs as veins.

The mineralogy of the m igm atitic gneiss consists of perthitic K- 

feldspar (-45%), 0.15 to 3.1mm, much altered to sericite and muscovite;
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quartz (~30%), 0.01 to 3.0 mm and oligoclase (~20%) which varies in An 

content from 23 % to 29 % (Fig. 5) being 0.3 to 0.07 mm. Myrmekite is 

sometimes present and light brown to reddish biotite (5%), often replaced 

by fibrolite sillimanite; ilmenite; and accessory rutile and zircon. The 

chemical compositions of feldspar, biotite and ilmenite are given in Table 1 

and Table 2.

Using the two feldspars geotherm om eter of Haselton et al. (1983), 

603°C temperature is determined at 4 kb (data in Table 1, Ort2 and Plgl).

In the late fractionate from migmatitic granite, K-feldspar(~40%), 0.55 

to 0.1 mm., generally shows perthitic texture and is commonly altered to 

clay mineral or replaced by muscovite. Quartz (35%) and albite (20%), 0.8 to 

0.5 mm, are also p resen t and quartz  inclusions w ith in  garnet of 

composition Aim (81.58)*, Sps (15.67), Prp (2.09), Adr(0.66). The garnet is 

slightly zoned with a core relatively rich in Mn and the rim  richer in Fe, 

due to fractionation (H ollister,1966 ; A therton,1968 ; M iyashiro and 

Shido,1973 ; Tracy,1982). Gahnite; andalusite enclosed in its alteration 

products, sericite; schorl with strong pleochroism ranging from dark blue 

(no) to light blue (ne) and very rare ilmenite are also present.

Chemical analyses of muscovite, garnet and feldspars are given in 

Tables 3a and 3b.

* : The abbreviations for rock forming minerals are made according to Kretz 

(1983)
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Figure 5: The composition of feldspars in the migmatitic gneiss and late 

fractionate from migmatitic granite
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Table 1: Representative analyses of feldspars in the migmatitic gneiss

Sample (694-A) Or(l) Or(2) Pl(l) Pl(2)

Si02 64.21 64.311 60.04 61.24
Ti02 0.06 0.16 0.00 0.02
A1203 18.71 18.92 24.54 23.72
FeO* 0.00 0.00 0.00 0.04
MgO 0.14 0.05 0.10 0.14
MnO 0.06 0.07 0.03 0.00
CaO 0.06 0.14 6.26 4.89
N a20 2.01 1.9 8.20 8.61
K20 13.46 3.85 0.22 0.37
Total 98.72 99.39 99.40 99.03

Formula based on 32 oxygens

Si 11.92 11.87 10.77 10.98
Ti 0.01 0.02 0.00 0.00
Al 4.09 4.12 5.19 5.01
Fe2+ 0.00 0.00 0.00 0.01
Mg 0.04 0.01 0.03 0.04
M n 0.01 0.01 0.01 0.00
Ca 0.12 0.03 1.20 0.94
N a 0.72 0.68 2.85 2.99
K 3.19 3.27 0.05 0.09

Mol % An 0.30 0.68 29.32 23.35

* : Fet is assumed as Fe^+
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Table 2: Representative analyses of biotite and ilmenite in the migmatitic 

gneiss

Sam ple 694-A (Bt) 737 (Ilm)

Si02 35.02 0.15
Ti02 2.38 54.47
A1203 19.63 0.01
Fe203* 2.78 0.00
FeO 17.05 43.97
MgO 8.50 0.01
MnO 0.09 2.76
CaO 0.26 0.00
N a20 0.48 -

K20 8.48 -

Total 94.65 100.79

Formula based on 22 oxygens for biotite and 6 oxygens for ilmenite

Si 5.36 0.01
Ti 0.27 2.04
Al 3.54 0.00
Fe3+ 0.36 0.00
Fe2+ 2.18 1.83
Mg 1.94 0.00
M n 0.01 0.12
Ca 0.04 0.00
N a 0.14 -

K 1.65 -

* : Fe 2+/  (Fe2+ + Fe^+) is assumed 0.86 (Kretz , 1990)
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Table 3a: Representative analyses of m uscovite and garnet in the late

fractionate from migmatitic granite

Sample (696) M uscovite Garnet

Si02 45.20 Si02 36.16
T i02 0.06 T i02 0.00
A1203 36.83 A1203 20.79
Fe203A 0.19 Fe203* 2.13
MgO 0.10 FeO 35.57
M nO 0.00 MgO 0.51
CaO 0.07 MnO 6.68
N a20 0.46 CaO 0.22
K20 9.92 Cr203 0.02
Total 92.83 NiO 0.01

Total 102.09

Formula based on 22 oxygens for muscovite and 24 oxygens for garnet

5.87 
0.00 
3.98 
0.26 
4.83 
0.12 
0.92 
0.04 
0.00 
0.00

* : Fe+3 is calculated according to Drop, 1987 
A : Fet is assumed as Fe^+

Si 6.11 Si
Ti 0.01 Ti
Al 5.87 Al
pe3+ 0.02 pe3+

Mg 0.02 pe2+

M n 0.00 Mg
Ca 0.01 M n
N a 0.12 Ca
K 1.71 Cr

N i
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Table 3b: Representative analyses of feldspars in the late fractionate from

migmatitic granite

Sample (696) PI (1) PI (2) Or

Si02 65.72 67.42 65.03
T i02 0.06 0.02 0.00
A1203 21.08 20.05 18.83
FeO* 0.09 0.01 0.05
MgO 0.13 0.00 0.00
M nO 0.05 0.00 0.00
CaO 1.43 0.73 0.05
N a20 10.95 11.14 1.41
K20 0.11 0.17 14.70
Total 99.61 99.54 100.08

Formula based on 32 oxygens

Si 11.60 11.85 11.93
Ti 0.01 0.00 0.00
Al 4.39 4.15 4.07
pe2+ 0.01 0.00 0.01
Mg 0.03 0.00 0.00
M n 0.01 0.00 0.00
Ca 0.27 0.14 0.01
N a 3.75 3.79 0.50
K 0.02 0.04 3.44

Mol % An 6.66 3.45 0.00

* : Fet is assumed as Fe^+



2 5

III.1.1.2 Semipelites and psammites

These are generally fine grained w ith a m edium  to good foliation 

depending on the Relative proportions of mica and sillimanite to quartz 

and feldspars. Q uartz segregations vary from 0.1 to 1cm in length. In the 

hand specimen, fibrolite appears as white, curved patches, up to 0.2 mm in 

length. These gneisses are in terbedded  w ith quartzite , m arble and 

amphibolite and cut by aplite and migmatitic granite.

The main constituents in these rocks are quartz (10-65%), plagioclase, 

(0-25%), K-feldspar (5-35), biotite (0-65%), muscovite (0-25%), sericite (0- 

80%), sillimanite (0-30%), chlorite and sometimes garnet (up to 5 %) in a 

lepidoblastic texture. These metasediments are occasionally cut by chlorite 

veins. The rocks have suffered sericitisa tion , ch lo ritisa tion  and 

tourm alinisation.

They contain quartz, 0.1 to 10 mm; sericite; light brown to reddish 

biotite, 0.05 to 0.44 mm, altered to chlorite, calcite, epidote and leucoxene; 

plagioclase varying in anorthite content from 2% to 23%, and 0.07 to 0.3 

mm w hich is norm ally  zoned and albite tw inned, w ith m yrm ekite; 

orthoclase, 0.5 to 2.8 mm with perthitic texture; microcline which inverted 

from orthoclase (only in 287),1.1 to 1.4 mm; and muscovite form ed as a 

secondary m ineral from sericite is 0.4-0.5 mm. Fibrolite sillim anite is 

replaced by sericite and sometimes by small andalusite prisms. Garnet with 

a composition of Alm(68.35)*, Sps(22.74), Prp(6.79), Adr(2.12) is 0.1 to 0.5 

mm, almost homogeneous, and is broken down to produce biotite.

* : The abbrevations for rock forming minerals are made according to Kretz

(1983)
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The chemical compositions of garnet and biotite are not eligible for using as 

a geothermometer w ith Ferry and Spear (1978) 's equation owing to having 

high Mn in the garnet and high A1VI in the biotite. Tourmaline shows 

strong pleochroism  varying from greenish yellow to yellow. Accessory 

apatite, zircon, sphene, rutile, picotite associated with magnetite, ilmenite 

and cassiterite in one sample (565) only are also present.

R etrograde m etam orphism  results in albite, sericite and chlorite 

forming from feldspars, sillimanite, biotite and garnet. Tourmalinisation is 

a comm on phenom enon in the rock show ing these alterations and 

andalusite grow th and is probably derived either from boron in the 

metasediments or from boron metasomatism caused by igneous activity.

Chemical analyses of garnet, feldspar and biotite are given in Tables 4 

and 5.
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Table 4: Representative analyses of garnet.

Sample (587) Core R im

Si02 36.26 36.59
T i02 0.14 0.04
A1203 20.55 21.14
Fe203 1.82 0.58
FeO* 30.64 31.31
MgO 1.66 1.53
MnO 9.74 9.55
CaO 0.72 1.20
Total 101.53 101.94

Formula based on 24 oxygens

Si 5.86 5.87
Ti 0.02 0.00
A1 3.92 4.00
pe3+ 0.22 0.07
Fe2+ 4.12 4.20
Mg 0.40 0.37
M n 1.33 1.30
Ca 0.12 0.21

* : Fe3+ is calculated according to Drop (1987).
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Table 5: Representative analyses of feldspar and biotite. 

Sample 287P1 (core) 287P1 (rim) Bt(587)

Si02 62.32 67.44 32.93
T i02 0.00 0.09 3.67
A1203 24.23 19.67 20.34
Fe203* - - 3.31
FeO 0.00 0.00 20.33
M nO 0.05 0.00 0.41
MgO 0.19 0.05 4.12
CaO 4.85 0.33 0.03
N a20 8.75 10.76 0.25
K20 0.18 0.15 8.55
Total 100.57 98.49 93.94

Formula based on 32 oxygens for feldspar and 22 oxygens for biotite

Si 10.98 11.93 5.19
Ti 0.00 0.01 0.44
A1 5.03 4.10 3.77
pe3+ - - 0.44
pe2+ 0.00 0.00 2.68
M n 0.01 0.00 0.05
Mg 0.05 0.01 0.97
Ca 0.91 0.06 0.00
N a 2.99 3.69 0.07
K 0.04 0.03 1.72

An% 23.20 1.66

* : Fe2+/(Fe^+ +Fe^+) is assumed 0.86(Kretz,1990).
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IE. 1.1.3 Pelitic inclusions in the paragneissic granite

In the paragneissic granite, these are irregular elliptical clots, typically 

12-15 cm in diam eter (range 7 to 24 cm.) slightly schistose and m ark of 

biotite, sillimanite, plagioclase, orthoclase, cordierite and garnet in order of 

abundance and w ith accessory magnetite, zircon, apatite and cassiterite. 

The texture ranges from  nem atoblastic to lepidoblastic w ith pressure 

shadows.

Biotite, 1.05 and  0.04 mm, has strong pleochroism  from light to 

redd ish  b row n w ith  pleochroic haloes enclosing zircon, comm only 

associated with ilmenite and some chlorite replacement along its cleavage. 

Sillimanite, varying from prismatic to fibrolitic, generally replaced biotite. 

Albite-periclinic tw inning is characteristic for plagioclase, 0.9 to 0.25 mm, 

ranging in anorthite content from 28% to 40%, sometime with myrmekitic 

texture. C ordierite form ed by the breakdow n of garnet and is itself 

considerably pinitised being 0.7 to 1.2 mm. K-feldspar, 1.25 to 0.5 mm, 

sometimes perthitic is also present and both feldspars have undergone 

sericitisation. The earliest recognisable mineral in the rock is garnet, Aim 

(72), Prp (21.55), A dr (4.64), Sps (1.69), Grs (0.06), Uv (0.06), varying from 

euhedral to anhedral depending on its replacement by cordierite, biotite, 

plagioclase, orthoclase and sillimanite which totally destroy inner inclusion 

trails of the garnet though some of quartz inclusions are preserved in it. 

Chemical zoning in the garnet is shown by enrichment of core in Mg and of 

rim in Fe and Mn (Fig. 6) owing to the hom ogenization and retrograde 

zoning w hich is characteristic of high grade m etam orphism  (Tracy et 

al.,1976; Woodsworth,1977; Yardley,1977a; Tracy,1982). Accessory magnetite, 

rounded zircon, apatite and very rare rounded cassiterite, in one sample 

(709) only are also present.
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Table 6 show s m odal m ineralogical com position of the pelitic 

inclusion. The chemical analyses of garnet, cordierite, mica and feldspars 

are given in Tables 7, 8 and 9.

5.0

4.5

4.0

Mg

Ca0.5 M n
0.0

0 300100 200
Edge--------------------------C ore----------------------- Edge

Garnet

Figure 6 : Chemical zoning in garnet belong to the pelitic inclusion(340)



Table 6 : Modal mineralogical composition of the pelitic inclusion

Sam ple 712 (500points)* 340 (600 points)

Biotite 32.2±4 24.5±3.5
Sillim anite 11.0±2.8 34.0±3.9
Plagioclase 24.0±3.8 22±3.2
Cordierite 4.4±1.5 5.0±2.2
Orthoclase 5.2±2 5.0±2.2
Quartz 8.4±2.5 2.5±1.2
Garnet 3.0±2 2.5±1.2
Chlorite 3.4±2.2 3.0±1.2
Iron ore 8.4±2.5 1.5±1.0
Total 100.0 100.0

* : The ranges of m ineral volumes in the samples are given with a 95 % 
confidence(Van der plas and Tobi,1965)
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Table 7: Representative analyses of garnet and cordierite in the pelitic 
inclusion

Sample (340) Grt (core) Grt (rim) Crd

Si02 37.36 36.64 47.53
Ti02 0.01 0.01 0.00
A1203 21.48 20.68 32.69
Fe203* 0.59 0.99 0.00
FeO 33.43 33.42 11.84
MgO 5.39 2.64 6.19
MnO 0.78 1.34 0.27
CaO 1.66 3.94 0.05
Cr203 0.05 0.03 -

N a20 - - 0.21
K20 - - 0.03
Total 100.75 99.69 98.81

Formula based on 24 oxygens for garnet and 18 oxygens for cordierite

Si 5.88 5.92 4.96
Ti 0.00 0.00 0.00
A1 3.99 3.94 4.02
Fe+3 0.07 0.12 0.00
Fe+2 4.39 4.51 1.03
Mg 1.27 0.64 0.96
M n 0.10 0.18 0.02
Ca 0.28 0.68 0.01
Cr 0.01 0.00 -

N a - - 0.04
K - - 0.00

* : Fe+3 in garnet is calculated according to Drop (1987) and it is assumed as 
zero in cordierite.



Table 8: Representative analyses of micas in the pelitic inclusion

Sam ple Bt (340) Bt (708) Ms (710)

Si02 33.84 33.87 46.74
Ti02 1.57 3.20 1.05
A1203 20.97 19.42 33.37
Fe203* 3.19 3.48 1.59
FeO 19.60 21.36 0.00
MgO 6.36 5.45 1.39
MnO 0.05 0.07 0.00
CaO 0.00 0.03 0.05
N a20 0.13 0.46 0.71
K20 9.46 9.02 9.72
Total 95.17 96.36 94.62

Formula based on 22 oxygens

Si 5.24 5.21 6.25
Ti 0.18 0.37 0.11
A1 3.83 3.52 5.26
Fe+3 0.41 0.4 0.00
Fe+2 2.54 2.75 0.18
Mg 1.47 1.25 0.28
M n 0.01 0.01 0.00
Ca 0.00 0.00 0.01
N a 0.04 0.14 0.18
K 1.87 1.77 1.66

* : Fe+3 is calculated according to Drop, 1987 for biotite, and Fet is assumed 
as Fe^"1" in muscovite.
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Table 9 : Representative analyses of feldspars in the pelitic inclusion

Sam ple Pl-2(710) Pl-3(710) Or (340)

Si02 60.25 56.84 63.81
Ti02 0.02 0.00 0.19
A1203 24.37 26.70 18.69
FeO* 0.16 0.26 0.12
MgO 0.00 0.04 0.04
MnO 0.01 0.00 0.00
CaO 6.10 8.55 0.00
N a20 8.45 6.96 1.65
K20 0.20 0.03 14.17
Total 99.56 99.38 98.67

Formula based on 32 oxygens

Si 10.79 10.25 11.87
Ti 0.00 0.00 0.03
A1 5.15 5.68 4.10
Fe 0.02 0.04 0.02
Mg 0.00 0.01 0.01
M n 0.00 0.00 0.00
Ca 1.17 1.65 0.00
N a 2.93 2.44 0.60
K 0.05 0.08 3.36

Mol % An 28.19 40.34 0.00

* : Fe is assumed as FeO



To determ ine the PT conditions of last equilibrium  for the pelitic 

inclusions, the garnet-biotite geotherm om eter and the compositions of 

phases in the garnet-b io tite -sillim an ite-p lag ioclase-cord ierite -quartz  

assemblage for geobarometry are used. In geothermometry calculations, the 

composition of garnet in contact with biotite is taken as these minerals are 

in equilibrium each other although they m ight show retrogressive effect. 

The biotite-garnet pairs taken are for biotite low in Ti and for garnet low in 

Ca, and Mg as recommended by Ferry and Spear (1978). The tem perature 

for biotite (Table 8, bt 340) and garnet (Table 7) in equilibrium in the pelitic 

inclusion at 4 kb. is 681.8±50 °C  as determ ined by using Ferry and 

Spear's(1978) experimental calibration. For the geobarometry calculation, a 

com puter program (Pow ell and  H o llan d ,1988), using  H olland  and 

Powell(1990)'s updated  therm odynam ic dataset w ith uncertainties and 

correlations is used. The pressure calculated for possible reactions at 600°C 

and 575°C with 95% confidence are given in Table 10.
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Table 10 : The geobarometer calculations on the pelitic inclusion using the 

m ethod of Powell and Holland (1988) and the dataset of Holland and 

Powell(1990)

a.Suggested T=575°C for H 20  =1

reactions P(T) sd dP /dT In K

1. ann+crd=alm+east+3qtz 2.8 0.8 0.0073 -0.302

2.alm+6phl+12sil=ann+5east+4crd 3.5 1.32 0.0087 2.156

3.3alm+3east+9qtz=2phl+ann+3fcrd 3.7 0.81 0.0078 -2.738

av sd sig

3.96 0.30 1.10

b.Suggested T=600°C for H 20= l

reactions P(T) sd dP /dT InK

1. 2phl+4sil=2east+crd+qtz 4.0 1.98 0.0092 0.618

2. ann+crd=alm+east+3qtz 3.3 0.82 0.0076 -0.148

3. 3alm+3east+9qtz=2phl+ann+3fcrd 4.1 0.83 0.0082 -3.201

av sd sig

4.17 0.29 1.06



III. 1.1.4 Marble

This is poor to well bedded depending on the recrystallisation and 

varies in thickness from 3 cm to 1 metre. Calcite m arble is a dom inant 

rock type in the unit although dolomite bearing calcite marble is sometimes 

exposed. Semipelitic a n d /o r  siliceous layers containing biotite, muscovite, 

plagioclase, quartz, and sometimes opaque iron ore are also developed. The 

transition from m arble to quartzite is often seen in varying stages. The 

mineralogy m ainly consists of carbonate minerals (95%), predom inantly 

calcite and very rare dolomite, showing twinning, 0.25 to 0.025 mm., minor 

muscovite; dark and light brown biotite, generally altered to chlorite; 

plagioclase; quartz and iron ore in a granoblastic texture.

III.1.1.5 Ca-silicate gneiss/schist

This is m ade of trem olite-actino lite  (10-20%) show ing w eak 

pleochroism in tones of pale green,2.9 to 0.02 mm.; quartz (0-75%) and 

diopside (0-25%) being 1.3 to 0.12 mm with granoblastic or nematoblastic 

texture depending on the relative proportions of quartz to tremolite and 

diopside. Accessory clinozoisite(0.2 to 0.05 mm.) associated with tremolite- 

actinolite, garnet, rutile, zircon , apatite and opaque iron ore are also 

present

III. 1.1.6 Metabasic vein in marble

In one place only, within the marble situated w ithin the Seksenusagi 

Formation is a -10 cm thick basic vein. It is folded altogether with the host 

rock. Feldspar and ferromagnesian minerals, pyroxene a n d / or amphibole 

in the rock are considerably altered to sericite and chlorite. Porphyritic
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texture with a weak flow foliation is still preserved. It is often cut cross by 

chlorite, calcite and opaque iron veins and is a metabasic dyke.

III.l. 2 Gobektepe Formation

This mainly consists of marble intercalated with quartzite, semipelitic 

and psam mitic gneiss, rare amphibolite and trem olite bearing schist or 

gneiss. At the bottom of the formation pelitic and semipelitic gneisses are 

often exposed. Marble becomes the major lithological rock unit towards the 

top of the formation and occasionally contains metachert.

III. 1.2.1 Semipelitic and psammitic gneiss

These are often at the bottom of the formation with the alternation of 

am phibolite, trem olite bearing gneiss, quartzite, and m arble becom ing 

dom inant towards the top of the unit. The main rock forming minerals are 

quartz (35%), biotite (30%) and feldspars (35%) with granoblastic texture.

The mineralogy consists of quartz, 0.67 to 0.01 mm; biotite, 0.28 to 0.02 

mm, showing strong pleochroism  from reddish brow n to light brow n, 

generally replaced by chlorite along the cleavage; feldspars, 0.03 to 0.35 mm. 

is generally altered sericite, muscovite. Plagioclase occasionally shows 

polysynthetic tw inning which indicates An40 . Accessory zircon, apatite, 

rutile and opaque iron ore are also present.
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III. 1.2.2 Amphibolite

This is poor to well foliated with or w ithout crenulation cleavage and 

medium to coarse grained. It is often cross cut by quartz, calcite and epidote 

veins. It is mainly magnesio-hornblende, plagioclase, biotite, diopside and 

quartz in a nematoblastic texture. The modal composition of amphibolite 

is given in Table 11.

Bluish green to light green hornblende, 0.02 to 3.4 mm., is the 

dom inant rock forming mineral. It is occasionally converted to biotite, 

show ing strong pleochroism  from dark to light brow n and altered to 

chlorite. The plagioclase is 0.05 to 0.7 mm and replaced by sericite. Albite 

twinning is characteristic and the anorthite content ranges from 94 to 48. 

Quartz, diopside, accessory sphene and apatite are also present. Chemical 

analyses of plagioclases, pyroxene and amphiboles are given in Table 12.

To determine the origin of the An-rich (92 %) and An-poor (48 %) 

plagioclase, the feldspar was investigated by means of Scanning Electron 

Microscope (SEM). A back scattered image shows (Photo 2) that the 

andesine does not show transition to the anorthite. The image also shows 

that the andesine is situated both at the centre and the edge of the anorthite 

either as relict or later replacing feldspar. The andesine at the centre of the 

plagioclase is not related to cracks nor is the m arginal andesine clearly 

related to the edges of the anorthite. It is therefore not certain which of the 

two compositions is earliest which is latest. If the andesine is earliest then 

Ca-enrichment has occuted possibly related to the breakdown of diopside 

(23 % CaO) to hornblende (12 % CaO). If the andesine is the latest then Na 

movement into the anorthite has occurred.
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Table 11: Modal composition of the amphibolite

M inerals*

H ornblende 
Plagioclase 
Sphene 
Quartz 
Biotite

* The range of m ineral volumes in the sam ple are given w ith a 95% 

confidence(Van der plas and Tobi, 1965)

III. 1.2.3 Tremolite bearing schist or gneiss

This is situated near marble and quartzite. Crenulation cleavage 

form ed by crystallisation of actinolitic hornblende is generally well 

developed in addition  to the m ain foliation. Trem olite is a m ain 

constituent accompanied by minor am ount of m agnesio-hornblende and 

ilmenite in the rock.

684 (1000 points)

54.1±3.2
43.0±3.2
1.710.5
0.610.5
0.610.5

Representative analyses of the amphiboles are given in Table 13.
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50.0 pm

Photo 2: Back scattered image of the amphibolite(689) (H: hornblende,

A: anorthite, D: andesine, Q: opaque.



Table 12 : Chemical compositions of the amphibolite plagioclases, pyroxene

and amphibole.

Sample(685) PI 1 PI 2 Cpx Hbl*

Si02 44.21 46.01 51.15 46.08
Ti02 0.04 0.03 0.12 0.99
A1203 35.68 34.94 0.42 7.94
Fe203A 0.00 0.00 0.00 20.30
FeO" 0.12 0.17 15.22 0.00
M nO 0.00 0.00 0.37 0.20
MgO 0.11 0.24 9.24 9.34
CaO 19.11 18.17 23.35 12.01
N a20 0.62 1.36 0.13 1.13
K20 0.01 0.06 0.01 0.88
Total 99.90 100.98 100.01 98.86

Form ula calculated based on 32 oxygens for plagioclase 6 oxygens for
pyroxene.

Si 8.18 8.40 1.97 6.91
Ti 0.00 0.00 0.00 0.00
A1 7.78 7.52 0.02 1.40
pe3+ 0.00 0.00 0.04 2.55
pe2+ 0.02 0.03 0.45 0.00
M n 0.00 0.00 0.01 0.03
Mg 0.03 0.06 0.53 2.09
Ca 3.79 3.56 0.96 1.93
N a 0.22 0.48 0.01 0.33
K 0.00 0.01 0.00 0.17

A n 94.36 87.74

* : Magnesio-hornblende(Leake, 1978).
:Fe3+ is calculated according to Drop(1987) 

": Fet is assumed as Fe^+ in plagioclase



Table 12 : continues

Sample (689) Pl(l) Pl(2) Cpx Hbl*

Si02 56.72 44.88 53.22 40.01
Ti02 0.02 0.04 0.07 0.45
A1203 27.97 34.47 0.83 14.26
Fe203 0.00 0.00 0.70 14.13
FeO 0.17 0.14 7.27 0.00
MnO 0.00 0.00 0.24 0.26
MgO 0.00 0.09 13.11 10.72
CaO 9.98 18.78 24.32 12.24
N a20 5.79 0.83 0.56 2.89
K20 0.04 0.03 0.00 0.46
Total 100.69 99.26 100.32 95.42

Formula based on 32 oxygens for plagioclase, 6 for pyroxene and 23 for 
amphiboles.

Si 10.10 8.34 1.98 6.12
Ti 0.00 0.00 0.00 0.05
A1 5.87 7.55 0.04 2.57
Fe3+ 0.00 0.00 0.02 1.81
Fe2+ 0.02 0.02 0.23 0.00
M n 0.00 0.00 0.01 0.03
Mg 0.00 0.02 0.73 2.44
Ca 1.90 3.74 0.97 2.01
N a 2.00 0.30 0.04 0.85
K 0.01 0.01 0.00 0.09
A n 48.59 92.34

* : Magnesio-hastingsite (Leake, 1978)



Table 13: Representative analyses of amphiboles

Sample(548) Tr(l) Tr(2) Act Hrb1

Si02 56.61 57.52 56.52 53.36
Ti02 0.00 0.05 0.03 0.36
A1203 0.45 0.40 1.23 4.25
FeO 3.43 3.34 4.56 Fe203*4.82
MnO 0.16 0.09 0.18 1.19
MgO 22.84 22.93 23.00 21.36
CaO 11.42 11.76 10.35 11.76
N a20 0.17 0.19 0.32 0.96
K20 0.09 0.04 0.03 0.00
Cr203 0.22 0.08 0.21 0.10
Total 95.38 96.4 96.43 98.16

Formula calculated on the basis of 23 oxygens

Si 7.94 7.96 7.86 7.45
Ti 0.00 0.00 0.00 0.04
A1 0.07 0.07 0.20 0.70
Fe2+ 0.40 0.39 0.53 Fe3+ 0.56
M n 0.02 0.01 0.02 0.02
Mg 4.78 4.73 4.77 4.45
Ca 1.72 1.74 1.54 1.76
N a 0.05 0.05 0.09 0.26
K 0.02 0.01 0.01 0.00
Cr 0.02 0.01 0.02 0.01

1 : Actinolitic Hornblende (Leake, 1978)
* : Fe3+ is calculated according to Drop,1987.



Table 13: Cont.

Sample (527) Hbl1 Tr Hbl2

Si02 53.36 54.63 47.73
Ti02 0.36 0.06 0.58
A1203 4.25 1.77 6.96
Fe203* 0.00 2.92 6.29
FeO 4.82 2.55 8.04
M nO 0.19 0.08 0.65
MgO 21.36 20.79 13.18
CaO 11.76 11.72 11.08
N a20 0.96 0.53 0.58
K20 0.00 0.02 0.23
Cr203 0.10 0.42 0.14
Total 97.16 95.49 95.45

Formula calculated on the basis of 23 oxygens

Si 7.45 7.73 7.07
Ti 0.04 0.01 0.06
A1 0.70 0.29 1.22
Fe3+ 0.00- 0.31 0.69
Fe2+ 0.56 0.30 0.98
M n 0.02 0.01 0.08
Mg 4.45 4.38 2.91
Ca 1.76 1.78 1.76
N a 0.26 0.15 0.17
K 0.00 0.00 0.04
Cr 0.01 0.05 0.02

1 : Actinolitic hornblende , 2 : Magnesio-hornblende(Leake, 1978)
* : Fe^+ is calculated according to Drop,1987.
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m.1.2.4 Marble

This is poor to w ell bedded  d epend ing  on the ex ten t of 

recrystallisation. Bedding thickness varies from 5 cm to around  1 m. 

Various siliceous, pelitic layers and local lenses or thin (~5 cm thickness) 

bands of calc-silicates occur. Calcite (95%) is the main rock forming mineral 

in the marble and accompanies diopside(35%), orthoclase (10%), quartz 

(10%) scapolite (5%) and plagioclase (5%) in the im pure marble.

In addition to the calcite, 0.8 to 0.15 mm, the semipelitic and siliceous 

varieties contain diopside, 0.5 to 0.08 mm, disp laying  polysynthetic 

twinning and partly altered to chlorite. Cloudy orthoclase, 0.8 to 0.3 mm 

and quartz are present. Plagioclase often shows albite twinning. Scapolite, 

accessory sphene, zircon and opaque iron ore also present in granoblastic 

texture.

Quartzite occurs within the marble and semipelites as lenses, laminae 

or beds. M etachert is seen especially tow ards the top of the Gobektepe 

Formation. The quartzite is layered, 2 mm to 24 cm w ith quartz as the 

main constituent with minor amounts of chlorite, calcite, sericite, opaque 

iron ore, apatite and plagioclase in a granoblastic texture. Some semipelite 

layers also occur.



III.2 CONTACT MET AMORPHIC ROCKS

These are best developed in the calce&us xenoliths within the igneous 

rocks. The m ain m inerals are hedenbergite-diopside, 0.2 to 1.1 mm, 

showing m ultiple twinning; wollastonite, 0.5 to 2.0 mm; albite tw inned 

plagioclase(A n72), 0.05 to 0.12 mm, has albite twinning; orthoclase, 0.15 to 

0.55 mm; corundum , 0.03 to 0.1 mm; garnet and hercynite in the hornfelsic 

texture.

The semipelitic rocks next to the granitoids also suffered from contact 

m etamorphism. The main constituents in these rocks are light brown to 

reddish biotite, 0.3-0.8 mm; cordierite which is considerably altered to 

sericite, biotite, chlorite and opaque iron ore and is 0.27 to 2.4 mm; andesine 

(-43 % An) with albite twinning, 0.7-0.9 mm and orthoclase, 0.6-0.9mm.

The chemical composition of pyroxenes, feldspars .corundum, spinel , 

biotites and tourmaline are given in Tables 14 and 15.

III.2.1 Paragneissic granite

This is a m assive, fine to m edium  grained rock including pelitic 

inclusions and, calcareous xenoliths, all in truded  by granite. Major 

constituents are quartz(35%), cordierite(25%), biotite(15%), plagioclase(10%) 

and orthoclase(10%) in granoblastic texture.

It consists of quartz, 0.1 to 0.55 mm; cordierite being 0.3 to 4.2 mm and 

replaced by muscovite, biotite and sillimanite. The plagioclase, 0.25 to 1.6 

mm, with albite twinning and myrmekitic texture has a reversely zoned 

structure with marginal andesine, and central oligoclase. The light brown 

to reddish biotite is replaced by sillimanite and muscovite and has zircon
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inclusions. Orthoclase, 0.4 to 1.9 mm, containing biotite, quartz  and 

sillimanite as inclusions, is altered to sericite-muscovite. A little garnet is 

also present. Representative analyses of feldspars, garnet, biotite and 

cordierite are given in Tables 16 and 17. The calcareous xenolith contains 

diopside, anorthite which are given in Table 17, and sphene.

The compositions of garnet and biotite in the paragneissic granite 

(Table 17) are suitable to calculate their last equilibrated tem perature so that 

by using Ferry and Spear(1978)'s calibration 533±50°C tem perature is 

determ ined at 4 kb. The two feldspars geotherm om eter(Haselton et al., 

1983) also gives almost same result, 526°C, for the same pressure(data in 

Table 16, Or and PI 3).

A variety with pinitised cordierite located at 92437 lat. and 85729 long, 

contains quartz(40%), 0.1 to 0.4 mm, show ing undulose  extinction; 

plagioclase with albite twinning(30%), 0.3 to 2 mm; cordierite(15%), 0.3 to 1 

mm, was replaced by pinite; orthoclase(10%), 0.2 to 0.55 mm; brown biotite 

(5%), 0.1 to 0.4 mm, including zircon with pleochroic halo ; m inor garnet 

that was replaced by cordierite; sillim anite and opaque iron ore in a 

granoblastic texture. The analyses of garnet, plagioclase and biotite are 

presented in Table 18.

As the com position of the biotite is not suitable for Ferry and 

Spear(1978)'s garnet-biotite geothermom eter due to its high A1VI content, 

Perchuk and Lavrent'eva (1983)'s calibration with Aranovich et al.'s(1988) 

correction for Ca-Mg and Fe-Mg isom orphism  in garnet and alum inium  

content in biotite gave 506±14°C as the tem perature of equilibrium  for 

garnet and biotite at the same pressure, 4 kb.



Table 14: The chem ical com positions of the contact m etam orphic  

clinopyroxene, feldspars, corundum and spinel.

Sam ple Di(259) Pl(259) Or(259) Crn(691) Hc(691) H d(*

Si02 50.87 48.83 63.57 0.11 0.04 48.22
Ti02 0.09 0.00 0.08 0.06 0.09 0.01
A1203 0.71 31.97 18.52 100.17 56.59 0.11
Fe203* 1.72 0.00 0.00 0.43 3.43 0.64
FeO 12.73 0.06 0.08 0.00 41.17 23.79
M nO 0.67 0.00 0.00 0.01 0.25 3.05
MgO 8.85 0.11 0.08 0.11 1.30 0.82
CaO 23.71 14.55 0.31 0.00 0.01 22.11
N a20 0.34 2.96 0.67 - - 0.37
K20 0.04 0.10 15.36 - - -

Cr203 0.00 - - 0.10 0.29 -

Total 99.73 98.58 98.67 100.99 103.17 99.13

Formula based on 6 oxygens for pyroxene and corundum , 32 for feldspars 
and spinel.

Si 1.97 9.03 11.89 0.00 0.01 1.99
Ti 0.00 0.00 0.01 0.00 0.02 0.00
A1 0.03 6.97 4.08 3.98 15.12 0.00
Fe3+ 0.05 0.00 0.00 0.01 0.58 0.02
Fe2+ 0.41 0.01 0.01 - 7.73 0.82
M n 0.02 0.00 0.00 0.05 0.11
Mg 0.51 0.03 0.02 0.01 0.44 0.05
Ca 0.98 2.88 0.06 0.00 0.00 0.98
N a 0.02 1.06 0.24 - - 0.03
K 0.00 0.02 3.66 - -

Cr 0.00 _ _ 0.05 0.05 -

A n 72.73
* : Fe203 is calculated according to Drop(1987) for spinel and pyroxene; 

assumed as 'O' in plagioclase, and for corundum FeQt is assumed as Fe203.
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Table 15: Representative analyses of the semipelitic hornfels feldspar,

biotite and tourmaline.

Sample PI (294) Or(294) Or(564) Bt(564) Bt(294) Tur(29

Si 0 2 57.05 64.92 64.74 34.15 34.37 33.5
Ti02 0.03 0.10 0.04 3.95 2.50 0.85
A1203 26.91 18.35 18.13 20.35 21.93 33.96
Fe203* 0.00 0.00 0.00 2.86 2.69 0.00
FeO 0.04 0.07 0.02 17.55 16.56 7.44
M nO 0.00 0.00 0.00 0.17 0.14 0.02
MgO 0.04 0.00 0.05 7.36 6.95 5.52
CaO 8.93 0.05 0.00 0.07 0.00 1.49
N a20 6.42 1.57 0.53 0.22 0.34 1.73
K20 0.27 14.77 15.84 9.69 9.96 0.12
Total 99.69 99.83 99.35 96.37 95.44 84.63

Formula based on 32 oxygens for feldspars 22 oxygens for biotite 24.5 
oxygens for tourmaline

Si 10.26 11.98 12.00 5.18 5.23 7.07
Ti 0.00 0.01 0.00 0.45 0.28 0.14
A1 5.70 3.98 3.96 3.63 3.93 4.22
pe3+ 0.00 0.00 0.00 0.36 0.34 0.00
Fe2+ 0.06 0.01 0.00 2.23 2.11 1.31
M n 0.00 0.00 0.00 0.02 0.02 0.00
Mg 0.01 0.00 0.00 1.66 1.57 1.74
Ca 1.72 0.02 0.00 0.01 0.00 0.34
N a 2.24 0.55 0.19 0.07 0.10 0.71
K 0.06 3.46 3.75 1.87 1.93 0.03

An% 42.78 0.00

* : Fe2+/(F e2+ + Fe^+) is assumed 0.86 (Kretz, 1990) for biotite, and Fet is 
assumed as Fe2+in plagioclase and tourmaline
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Table 16: Analyses of the feldspars from paragneissic granite.

Sample (705) Or PI l(core) P12(rim) PI 3

Si02 64.62 60.99 58.04 58.88
Ti02 0.17 0.00 0.05 0.00
A1203 18.60 24.39 26.18 26.22
FeO* 0.12 0.00 0.06 0.00
MnO 0.00 0.00 0.00 0.06
MgO 0.03 0.08 0.14 0.00
CaO 0.10 5.55 7.32 7.75
N a20 1.52 8.29 7.30 7.24
K20 14.07 0.24 0.23 0.24
Total 99.23 99.54 99.32 100.39

Formula based on 32 oxygens

Si 11.93 10.85 10.44 10.47
Ti 0.02 0.00 0.01 0.00
A1 4.05 5.11 5.55 5.50
Fe 0.02 0.00 0.01 0.00
M n 0.00 0.00 0.00 0.01
Mg 0.01 0.02 0.04 0.00
Ca 0.02 1.06 1.41 1.48
N a 0.54 2.86 2.54 2.50
K 3.31 0.05 0.05 0.05

A n 0.49 26.66 35.20 36.67

* : Fet is assumed as Fe2+



Table 17: Chemical compositions of garnet, biotite, and cordierite from the 

paragneissic granite; and diopside and plagioclase from the calcaftus 

xenolith.

Sample (705) Grt Bt Crd Di PI

Si02 36.92 34.52 48.39 52.36 43.88
Ti02 0.04 1.87 0.01 0.16 0.04
A1203 21.00 20.50 33.28 0.66 36.02
Fe203* 0.55 2.92 0.00 0.35 0.00
FeO 33.42 17.93 10.58 8.93 0.04
MnO 5.28 0.10 0.47 0.14 0.00
MgO 2.31 7.58 7.03 12.53 0.09
CaO 1.57 0.00 0.02 24.15 19.47
N a20 0.00 0.24 0.19 0.18 0.35
K20 0.00 9.29 0.02 - 0.02
Cr203 0.08 0.00 0.00 - -

Total 101.17 95.107 99.99 99.46 99.91

Formula based on 24 oxygens for garnet 22 for biotite, 18 for cordierite, 6 for 
pyroxene and 32 for plagioclase.

Si 5.93 5.54 4.96 1.97 8.11
Ti 0.00 0.23 0.00 0.00 0.00
A1 3.98 3.88 4.02 0.03 7.85
pe3+ 0.07 0.39 0.00 0.01 0.00
Fe2+ 4.49 2.41 0.91 0.28 0.01
M n 0.72 0.01 0.04 0.00 0.00
Mg 0.55 1.81 1.07 0.70 0.03
Ca 0.27 0.00 0.00 0.98 3.86
N a 0.00 0.07 0.04 0.01 0.13
K 0.00 1.90 0.00 0.00 0.00
Cr 0.01 0.00 0.00
A n 96.74
*: Fe3+ is calculated according to Drop (1987) for garnet, Fe2+/(F
is assumed as 0.86 for biotite(Kretz,1990) and in cordierite and plagioclase, 
Fet is assumed as Fe2+.



Table 18 : Analyses of plagioclase, garnet and biotite from the pinitised 

variety of the paragneissic granite.

Sample (437) PI Bt Grt(core) Grt(rii

Si02 58.76 35.81 36.50 37.69
Ti02 0.00 3.61 0.04 0.04
A1203 25.18 19.88 20.65 21.34
Fe203* 0.00 2.98 1.40 0.00
FeO 0.02 18.35 35.16 36.45
MnO 0.00 0.19 4.10 4.72
MgO 0.13 7.81 1.86 2.01
CaO 7.06 0.00 1.14 1.43
N a20 7.36 0.17 - -
K20 - 0.31 9.54 -
Total 98.82 98.34 100.85 103.68

Formula based on 32 oxygens for feldspars and 22 for bioi

Si 10.58 5.31 5.92 5.91
Ti 0.00 0.40 0.00 0.00
A1 5.35 3.47 3.94 3.94
pe3+ 0.00 2.27 0.17 0.00
Fe2+ 0.00 0.37 4.75 4.78
M n 0.00 0.02 0.56 0.62
Mg 0.03 1.72 0.45 0.47
Ca 1.36 0.00 0.20 0.24
N a 2.57 0.05 - -
K 0.07 1.81 - -
A n 34
* : Fe^"1" is determ ined according to Drop(1987) in garnet, Fe^+ /F e t is 

assumed as 0.86 for biotite (Kretz, 1990), and in plagioclase, Fet is assumed 
as Fe^+
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III.3 POST METAMORPHIC INTRUSIONS 

in.3.1 Ekecekdagi gabbro

It is m edium  to coarse grained and cut by granitic intrusions of the 

Ortakoy Pluton or by granophyre. Hornblende gabbro is main rock type of 

this formation containing very rare banded gabbro. The dyke sheets are 

sometimes seen as in the dam of Bozkir, where the igneous sequence starts 

with pegmatitic hornblende gabbro which has been intruded by granophyre. 

It continues w ith hornblende microgabbro, then hornblende gabbro and 

granophyre. The dyke sheets end w ith hornblende m icrogabbro or 

pyroxene-free hornblende diorite. The m ain rock forming m inerals are 

hornblende, plagioclase, diopside and sometimes biotite in a poikilitic 

texture.

Hornblende is a dom inant mineral, pleochroic from yellowish green 

to bluish and is occasionally altered to calcite and chlorite. Occasionally a 

diopside relict is seen in the centre of m agnesio-hornblende or actinolitic 

hornblende w hich replace the pyroxene. The poikilitic tex ture is 

dom inated by the existence of the large hornblendes which include 

plagioclase, biotite and very rare quartz. The plagioclase ranges in anorthite 

content from 75 up to 93 and often shows albite and carlsbad albite 

combined twinning. It is altered to calcite and epidote. Both plagioclase 

and hornblende display the results of tension and polygonisation with 

m ortar texture . Minor biotite, hercynite, ilmenite, zircon and apatite are 

also present. Modal compositions of the Ekecekdagi gabbro and chemical 

analyses of amphiboles, plagioclases, diopside, and ilmenite are given in 

Tables 19, 20, 21 and 22.
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Table 19 : Modal compositions of the Ekecekdagi gabbro.

Sample 57-F(1000 points) 556(1200 points) 308(1200 points)

Hornblende* 49.2±2.8 48.9±3 46.013.0
Clinopyroxene 33.4±3.1 15.712.2 10.811.9
Plagioclase 17.4±2.2 34.412.8 42.613.0
Opaque iron ore 0.00 0.810.12 0.410.06

* : The range of mineral volumes are given with a 95% confidence(Van der 
plas and Tobi, 1965)

In the granophyre, plagioclase generally shows albite tw inning and 

slight normal zoning is detected from the core of feldspar in which it is 44 

% An at the core and 37 % An at the rim. Q uartz occurs either in the 

feldspar sometimes with granophyric texture, or as large phenocrysts. Light 

green to dark green amphibole, tschermakite (Table 22), and biotite showing 

strong pleochroism from yellow to brown sporadically occur w ith opaque 

iron ore and apatite in a granophyric texture with myrmekite .

The am phibole-plagioclase geotherm om eter (Blundy and H olland, 

1990) was used to determine the crystallization tem perature of the Ekecek­

dagi gabbro. Two different samples were chosen; one from the dyke sheet 

(424) and the one from the normal gabbro (377). The dyke sheet yields a 

lower crystallization tem perature, 763± 75 °C, than the norm al gabbros, 

8 4 6 °C ±  75. C rystallization p ressure  is assum ed as 5 kb for the 

geotherm om eter calculations.



Table 20: The chemical compositions of the Ekecekdagi gabbro amphiboles

Sam ple 5562 3071 375(core)2 375(rim)2 4242

Si02 44.89 48.87 48.43 43.78 46.34
T i02 0.15 0.64 0.47 2.12 0.22
A1203 12.84 5.68 6.56 9.76 10.13
Fe203* 1.79 8.00 0.00 1.15 7.73
FeO 7.21 5.52 16.22 15.59 0.00
MnO 0.20 0.20 0.28 0.21 0.09
MgO 15.72 14.71 12.27 11.44 16.80
CaO 11.30 11.23 11.22 10.69 12.50
N a20 1.67 0.96 0.80 1.26 1.48
K20 0.16 0.07 0.10 0.22 0.21
Cr203 0.00 0.12 0.10 0.09 0.13
Total 96.32 96.00 96.45 96.31 95.63

Formula calculated on the basis of 23 oxygens

Si 6.52 7.14 7.21 6.60 6.76
Ti 0.02 0.07 0.05 0.24 0.02
A1 2.20 0.98 1.15 1.73 1.74
Fe3+ 0.19 0.86 0.00 0.13 0.94
Fe2+ 0.85 0.66 2.02 1.96 0.00
M n 0.02 0.02 0.03 0.03 0.01
Mg 3.40 3.20 2.72 2.56 3.65
Ca 1.76 1.76 1.79 1.73 1.95
N a 0.47 0.27 0.23 0.37 0.42
K 0.03 0.01 0.02 0.04 0.04
Cr 0.00 0.01 0.01 0.01 0.02

1 2: Actinolitic hornblende, : Magnesio-hornblende ( Leake, 1978)
* : Fe3+ is calculated according to Drop, 1987.
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Table 20 continues

Sam ple
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2151 1251 4244

Si02 50.30 43.19 50.06 50.46 51.92
Ti02 0.10 1.90 0.24 0.19 0.12
A1203 3.70 10.41 5.05 4.28 3.29
Fe203* 0.00 12.41 0.61 6.03 3.68
FeO 14.19 0.00 13.94 7.52 7.53
MnO 0.31 0.25 0.36 0.26 0.26
MgO 14.39 14.22 14.64 4.81 16.30
CaO 11.96 11.43 10.87 12.33 11.98
N a20 0.40 1.94 0.75 0.64 0.40
K20 0.02 0.56 0.09 0.07 0.04
Cr203 0.05 0.00 0.01 0.06 0.02
Total 95.43 96.38 96.78 96.65 95.54

Formula calculated on the basis of 23 oxygens

Si 7.45 6.44 7.35 7.33 7.55
Ti 0.01 0.21 0.03 0.02 0.01
A1 0.65 1.83 0.87 0.73 0.56
Fe3+ 0.00 1.55 0.07 0.65 0.40
Fe2+ 1.76 0.00 1.78 0.90 0.91
M n 0.04 0.03 0.04 0.03 0.03
Mg 3.18 3.16 3.20 3.25 3.53
Ca 1.90 1.83 1.71 1.92 1.87
N a 0.11 0.56 0.21 0.18 0.11
K 0.00 0.11 0.02 0.01 0.01
Cr 0.18 0.00 0.00 0.01 0.00

3 : Magnesio-hastingsitic-hornblende, 4 : Actinolite (Leake , 1978)
* : Fe3+ is calculated according to Drop, 1987.



Table 21 : Representative analyses of the Ekecekdagi gabbro plagioclases .

Sample 215 424 3 77

Si02 44.12 46.12 48.57
Ti02 0.00 0.05 0.03
A1203 35.32 33.87 31.57
FeO* 0.08 0.24 0.51
MnO 0.07 0.04 0.09
MgO 0.26 0.16 0.20
CaO 18.70 16.92 15.55
N a20 0.78 1.85 2.65
K20 0.00 0.05 0.12
Total 99.41 99.30 99.30

Formula calculated on the basis of 32 oxygens

Si 8.21 8.54 8.97
Ti 0.00 0.01 0.00
A1 7.74 7.39 6.87
Fe2+ 0.01 0.04 0.08
M n 0.01 0.01 0.01
Mg 0.07 0.04 0.05
Ca 3.72 3.35 3.08
N a 0.28 0.66 0.95
K 0.00 0.01 0.03

A n 92.96 83.24 75.94

* : FeO* is assumed as Fe2+



Table 22: Analyses of the gabbro pyroxene and ilmenite, and granophyre 

hornblende in the Ekecekdagi gabbro .

Sam ple

1 1 1 1 1 1 1 1 I 
N

)

! 5
5 

i i 
c;

 
I l l l l l t

424(di) 307(ilm) 423(hl

Si02 51.01 52.99 0.18 40.00
Ti02 0.23 0.08 52.57 0.67
A1203 1.49 0.46 0.04 11.64
Fe203* 1.74 0.00 0.00 15.75
FeO 9.07 7.18 43.36 8.65
MnO 0.39 0.26 4.33 0.57
MgO 12.90 14.31 0.25 6.32
CaO 21.76 23.53 0.12 9.70
N a20 0.20 0.19 0.00 1.68
K20 0.01 0.00 0.00 0.22
Cr203 0.16 0.00 0.16 0.02
Total 99.08 99.00 101.01 95.22

Formula calculated on the basis of 6 oxygens for pyroxene and ilmenite.

Si 1.94 1.98 0.01 6.22
Ti 0.01 0.00 1.97 0.08
A1 0.07 0.00 0.00 2.13
Fe3+ 0.05 0.00 0.00 1.77
Fe2+ 0.29 0.23 1.81 1.08
M n 0.01 0.01 0.18 0.07
Mg 0.73 0.78 0.02 1.46
Ca 0.89 0.94 0.01 1.62
N a 0.01 0.01 0.00 0.50
K 0.00 0.00 0.00 0.04
Cr 0.01 0.00 0.00 0.00

*: Fe3+ is calculated according to Drop, 1987.
A : Tschermakite (Leake, 1978)
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III.3.2 Hornblende diorite

This is m ainly m ade of hornblende diorite, quartz-diorite and rare 

hornb lende gabbro  cut by d io rite-porphyry , pyroxene-hornblendite , 

microdiorite and granitoid intrusions. The main m inerals are plagioclase, 

hornblende, quartz and sometimes biotite in a hypidiom orphic granular or 

poikilitic texture. Modal compositions of hornblende diorite are given in 

Table 23. Late quartz, feldspars and epidote fill miarolitic cavities. Between 

marble and the hornblende diorite, narrow  metasomatic zones developed, 

either as haematite bands (few cm thick), or Ca-silicate mineral associations, 

garnet, trem olite and diopside. The hornblende diorite is much smaller 

and m ore dark  coloured than the Ekecekdagi gabbro and has m ore 

geochemical and petrographic variation and occupies lower topographic 

levels. Some intrusions have plagioclase with high anorthite content; 

Ansi, (Table 24, sample 600), whereas others are lower e.g. sample 585 (Table 

24),An3o* Granitoids are usually near the hornblende diorite.

Table 23: Modal compositions of the hornblende diorite.

M inerals* 48(1200 points) 388(1000 points) 371(1200 points)

Plagioclase 54.8±3.2 32.1±3.0 49.7±3.0
H ornblende 20.4±2.3 67.3±3.0 15.4±2.2
Quartz 9.8±1.2 0.3 12.5±2.0
Ortoclase 0.0 0.0 0.0
Microcline 2.3 0.0 0.0
Biotite 12.0±2.0 0.0 22.3±2.5
Sphene 0.0 0.3 0.0

* : The range of mineral volumes are given with a 95% confidence(Van der 
plas and Tobi, 1965)
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The hornblende, 0.02 to 5.25 mm, has strong pleochroism from light to 

dark green, sometimes bluish green and is occasionally tw inned and zoned 

w ith  an edenitic- or actinolitic-hornblende core and a m agnesio- 

hastingsitic- or magnesio-hornblende-rich rim(Table 25). As it includes the 

plagioclase and biotite crystals, a poikilitic texture is present. The light to 

reddish brown biotite, 0.5 to 2.66 mm, replaces hornblende and commonly 

altered to chlorite. Alteration of the hornblende produces chlorite, calcite 

and epidote. The plagioclase is abundantly albite tw inned , norm ally well 

zoned, and contains the hornblende as inclusions. Saussuritisation of the 

plagioclase results chlorite, calcite, and epidote. Sphene occurs in the 

biotite. Cataclasis is sometimes dom inant with breaking and twinning of 

hornblende; inversion of orthoclase to microcline; kinking of biotite, and 

exhibiting undulose extinction in quartz. Minor zircon and apatite are also 

present.

The chemical compositions of plagioclase and hornblende rims enable 

the crystallisation tem perature to be calculated using the Blundy and 

H olland’s (1990) amphibole-plagioclase geothermometer. Almost the same 

two tem peratures,839 and 849±75 °C  , were determined from two different 

samples, 605 and 388, at 5 kb assumed pressure.

The chemical compositions of plagioclases and amphiboles are given 

in Tables 24 and 25.
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III.3.3 Hornblendite

This is coarse grained (approximately 1cm) and shows transition to the 

hornblende diorite. The main minerals are hornblende, chiefly edenitic- 

hornblende and some m agnesian hornblende, that are partly  altered to 

chlorite which is associated with the m uscovite and hercynite forming 

patches in the host m ineral. Minor anorthite (A n9i), haem atite  and 

ilmenite are present with a granular or poikilitic texture.

The chemical compositions of am phiboles and spinel are given in 

Table 26.



Table 24: Analyses of plagioclases in the hornblende diorite.

Sam ple 388(rim) 388(core) 585(1) 585(2)

Si02 55.56 44.92 60.29 56.43
T i02 0.30 0.00 0.04 0.00
A1203 27.66 33.95 24.37 27.02
FeO* 0.23 0.31 0.41 0.44
MnO 0.02 0.01 0.02 0.00
MgO 0.07 0.17 0.05 0.09
CaO 9.83 17.90 6.13 9.44
N a20 6.00 1.52 7.00 5.89
K20 0.26 0.15 1.40 0.55
Total 99.66 98.93 99.71 99.86

Formula based on 32 oxygens

Si 10.04 8.39 10.81 10.18
Ti 0.00 0.00 0.01 0.00
A1 5.89 7.48 5.15 5.75
Fe2+ 0.04 0.05 0.06 0.07
M n 0.00 0.00 0.00 0.00
Mg 0.02 0.05 0.01 0.02
Ca 1.90 3.58 1.18 1.83
N a 2.10 0.55 2.43 2.06
K 0.06 0.03 0.32 0.13

A n 46.79 86.06 30.02 45.52

* : FeO* is assumed as Fe^+
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Table 24 continues

Sam ple 315 605 600

Si02 53.53 61.95 46.89
Ti02 0.04 0.00 0.03
A1203 26.91 23.39 32.55
FeO* 1.83 0.19 0.77
MnO 0.03 0.00 0.01
MgO 0.14 0.05 0.27
CaO 11.11 5.21 16.57
N a20 5.42 7.88 2.10
K20 0.43 0.60 0.03
Total 99.44 99.28 99.22

Formula based on 32 oxygens

Si 9.84 7.94 8.71
Ti 0.01 0.00 0.00
A1 5.83 3.53 7.13
Fe2+ 0.28 0.02 0.12
M n 0.01 0.00 0.00
Mg 0.04 0.01 0.07
Ca 2.19 0.72 3.30
N a 1.93 1.96 0.76
K 0.10 0.10 0.01

A n 51.90 25.90 81.08

* : FeO* is assumed as FeO



Table 25: Chemical analyses of the hornblende diorite amphiboles

Sample No 605(core)l 605(rim)2 6003 3154

Si02 44.21 43.43 50.06 48.23
T i02 1.91 1.92 0.18 0.37
Fe203* 12.75 11.84 8.11 14.82
FeO 0.00 0.00 7.62 0.00
M nO 0.24 0.13 0.42 0.21
MgO 14.34 14.99 13.49 12.61
CaO 11.26 11.25 11.85 11.78
N a20 1.64 1.99 0.67 0.84
K20 0.53 0.55 0.23 0.48
Total 96.44 96.12 96.50 96.25

Formula based on 23 formula for amphiboles

Si 6.58 6.47 7.31 7.49
Ti 0.21 0.22 0.02 0.04
A1 1.68 1.74 0.67 1.25
pe3+ 1.59 1.47 0.89 1.92
Fe2+ 0.00 0.00 0.93 0.00
M n 0.03 0.02 0.05 0.02
Mg 3.18 3.33 2.99 2.92
Ca 1.79 1.79 1.89 1.96
N a 0.47 0.57 0.19 0.25
K 0.10 0.10 0.04 0.09

1 : Edenitic-hornblende 2 : Magnesio-hastingsitic-hornblende
3 : Actinolitic-hornblende 4 : Tremolitic-hornblende (Leake,1978)
* : Fe3+ is calculated according to Drop, 1987.
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Table 25 continues

Sam ple 315^ 388(coreP 388(rim)6

Si02 52.13 50.30 43.75
Ti02 0.09 0.15 0.90
A1203 3.09 3.58 9.71
Fe203* 3.69 6.78 3.81
FeO 8.71 6.51 0.41
MnO 0.26 0.31 0.40
MgO 15.30 14.10 11.56
CaO 12.33 12.02 11.02
N a20 0.45 0.84 1.57
K20 0.15 0.36 0.82
Total 96.2 95.48 94.32

Formula based on 23 oxygens for amphiboles

Si 7.58 7.42 6.56
Ti 0.01 0.02 0.10
A1 0.53 0.63 1.71
pe3+ 0.40 0.74 1.51
pe2+ 1.05 0.79 0.05
M n 0.03 0.04 0.05
Mg 3.32 3.10 2.58
Ca 1.92 1.90 1.77
N a 0.13 0.24 0.46
K 0.03 0.07 0.15

5 : Actinolite 6 ; Magnesio-hornblende 
* : Fe3+ is calculated according to Drop, 1987.
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Table 26 : Analyses of calcic amphiboles and spinel in hornblendite 

Minerals Hbl^ Hbl2 Act Spl

Si02 43.62 44.06 53.51 0.12
Ti02 1.45 0.53 0.20 -

A1203 12.57 11.77 3.16 58.15
Fe203* 2.20 1.80 0.00 3.27
FeO 8.08 8.27 11.94 25.98
MnO 0.24 0.07 0.43 0.26
MgO 15.24 15.35 16.36 10.38
CaO 11.00 11.05 11.74 0.02
N a20 1.61 1.44 0.57 -

K20 0.28 0.52 0.02 -

Total 96.29 94.86 97.93 98.18

Formula based on 23 oxygens for amphiboles and 32 for spinel.

Si 6.38 6.51 7.65 0.03
Ti 0.16 0.06 0.02 -

A1 2.17 2.05 0.53 15.18
pe3+ 0.24 0.20 0.00 0.54
Fe2+ 0.98 1.02 1.43 4.77
M n 0.03 0.01 0.05 0.05
Mg 3.32 3.38 3.49 3.43
Ca 1.72 1.75 1.80 0.00
N a 0.46 0.42 0.16 -

K 0.05 0.10 0.01 -

1 : Edenitic hornblende , 2 : Magnesian hornblende(Leake, 1978).
* : Fe3+ is calculated according to Drop(1987).
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III.3. 4 Biotite-hornblende granitoid

This is intruded into the Ekecekdagi gabbro and the hornblende diorite 

and cut by its aplite and granophyre. It is the commonest igneous rock in 

the area of study and ranges from granite to tonalite, and sometimes to 

quartz-monzonite. The main minerals are quartz, plagioclase, orthoclase, 

biotite, and hornblende in a hypidiom orphic granular, sym plectite or 

m ortar texture.

The plagioclase, 0.16 mm to 2.3 cm but occasionally 5.5 cm in length, is 

albite and albite-pericline tw inned w ith slight norm al zoning. It has 

m yrmekitic texture, contains biotite as inclusions and is altered to the 

sericite and epidote owing to the saussuritisation. The orthoclase, 0.5 mm 

to 5cm, is carlsbad tw inned and perthitic. The biotite has strong 

pleochroism from light to dark green, rarely the tones of brown, is 0.12 to 2 

mm, and contains zircon and allanite as inclusions. It is altered to chlorite 

along its cleavages. The hornblende, 0.03 to 1.0 mm, is commonly replaced 

by biotite and shows strong pleochroism light to dark green sometimes 

bluish green. Anhedral quartz is 0.1 to 4 mm. Cataclastic movements were 

w idespread  w ith tension gashes, undulose  extinction in feldspars, 

form ation of microcline from orthoclase, w rapping of biotite around 

feldspars and polygonisation of quartz. The modal composition of the 

granitiod and the chemical compositions of the feldspars, biotite and 

hornblende are given in Tables 27 and 28.
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Table 27 : The modal composition of the biotite-hornblende granitoid.

Sample no 559 367

Quartz* 36.3±2.9
Plagioclase 30.4±2.8
Orthoclase 21.8±2.5
Biotite 8.8+1.5
H ornblende 2.7±1

26.6±2.7
37.7±3.0
19.1±2.3
16.5±2.2

* : The range of mineral volumes are given w ith a 95% confidence(Van 

der plas and Tobi, 1965)

A typical xenolith in the b io tite-hornblende g ran ito id  contains 

plagioclase(40%), hornblende(25% ), orthoclase(10% ), quartz(10%) and 

biotite(15) in porphyritic or poikilitic texture. The plagioclase, 1.5 to 0.08 

mm, displays albite and albite-pericline tw inning and oscillatory zoning 

with a labradorite, (Anso.24 ) rich core and an oligoclase, (An2 7 .82)rim. It 

includes abundant hornblende and biotite as inclusions, and is altered to 

the sericite and epidote. The hornblende, 0.15 to 0.65 mm, is sim ply 

tw inned and exhibits strong pleochroism from yellowish to dark green. 

The brown biotite, 0.05 to 0.6 mm, formed at the edge of the hornblende by 

replacement. Both biotite and hornblende are altered to chlorite. A cloudy 

appearance is characteristic of the orthoclase, 2.5 to 3.0 mm. The quartz is 

0.2 to 0.8 mm. Accessory zircon and apatite are present.

The analyses of xenolith feldspars, hornblende and biotite in the 

xenolith are given in Table 29.
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III.3.5 Microgranite

This is composed of about 65 % orthoclase, 20 % quartz, 10 % 

plagioclase and  5 % biotite, a llanite, and  opaque iron ore in a 

hypidiom orphic granular texture.

The orthoclase, 0.4 to 1.3 mm, often shows carlsbad tw inning and 

perthitic texture. Albite twinning is seen in the plagioclase which is 0.25 to 

1.25 mm. Norm al zoning with an oligoclase rich core, An22, and albitic 

rim, An5 is present. Both feldspars are altered to clay minerals. Myrmekitic 

texture is developed between the two feldspars. Minor biotite, 0.1 to 1.1 

mm, shows strong pleochroism from light to dark brown and is associated 

with opaque iron ore. Allanite is also present.

The chemical compositions of m icrogranite orthoclase, plagioclase, 

biotite and allanite are given in Table 30.
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Table 28: The chemical compositions of the granitoid feldspars, biotites and 

hornblende.

Sample no 291 (pi) 573(bt) 439(bt) 439(pl) 439(or) 573(pl) 573(hbl)1

Si02 57.77 34.64 34.44 62.26 64.47 58.99 42.24
T i02 0.06 3.44 3.74 0.00 0.03 0.04 1.10
A1203 26.39 19.32 17.12 23.26 18.33 25.14 7.36
Fe203* 0.00 4.17 4.87 0.00 0.00 0.00 18.45A
FeO 0.09 16.67 19.50 0.04 0.00 0.27 2.69
M nO 0.05 0.21 0.31 0.00 0.08 0.02 1.37
MgO 0.20 6.90 6.15 0.12 0.03 0.00 9.37
CaO 8.06 0.00 0.02 4.95 0.07 6.96 10.50
N a20 6.86 0.56 0.07 8.87 1.45 7.36 1.56
K20 0.14 9.15 9.38 0.36 14.47 0.57 0.83
Total 99.62 95.06 95.60 99.86 98.93 99.35 95.50

Formula based on 32 oxygens for feldspars and 22 for biotite.

Si 10.37 5.32 5.38 11.04 11.95 10.62 6.49
Ti 0.01 0.39 0.44 0.00 0.00 0.00 0.13
A1 5.58 3.50 3.15 4.86 4.01 5.33 1.33
pe3 + 0.00 0.54 0.64 0.00 0.00 0.00 2.04
Fe2+ 0.01 2.14 2.55 0.01 0.00 0.04 0.33
M n 0.01 0.03 0.04 0.00 0.01 0.00 0.18
Mg 0.05 1.58 1.43 0.03 0.01 0.00 2.14
Ca 1.55 0.00 0.00 0.94 0.01 1.34 1.73
N a 2.39 0.17 0.02 3.05 0.52 2.56 0.46
K 0.03 1.79 1.87 0.08 3.42 0.13 0.16

A n 39.04 23.09 33.25

* : Fe2+/(F e2+ + Fe^+) is assumed 0.80 for biotite, and FeO* is assum ed as 
Fe2+ for feldspars.

A: Fe203 is calculated according to Drop, 1987.
1 : Magnesio-hornblende



Table 29: The chemical composition of the xenolith feldspars, hornblende

and biotite.

Sample(558) PI (core) Pl(rim) Or Hrb Bt

Si02 55.69 61.34 65.53 46.47 35.81
Ti02 0.02 0.00 0.00 0.55 3.63
A1203 28.07 23.86 18.44 4.84 13.88
Fe203* 0.00 0.00 0.00 9.52a 5.00
FeO 0.08 0.09 0.10 12.41 19.96
MnO 0.02 0.00 0.00 0.77 0.42
MgO 0.10 0.09 0.05 9.05 8.50
CaO 10.63 5.82 0.01 11.05 0.02
N a20 5.71 8.00 2.01 0.90 0.08
K20 0.18 0.51 13.93 0.40 9.24
Total 100.50 99.71 100.07 95.96 96.53

Formula based on 32 oxygens for feldspars, 23 for biotite and 22 for biotite

Si 9.98 10.93 11.99 7.11 5.53
Ti 0.00 0.00 0.00 0.06 0.42
A1 5.93 5.01 3.98 0.87 2.53
Fe3+ 0.00 0.00 0.00 1.07 0.64
Fe2+ 0.01 0.01 0.01 1.55 2.54
M n 0.00 0.00 0.00 0.10 0.05
Mg 0.02 0.02 0.01 2.06 1.96
Ca 2.04 1.11 0.00 1.81 0.00
N a 1.98 2.76 0.71 0.27 0.02
K 0.04 1.12 3.25 0.08 1.82

A n 50.24 27.82

* : Fe2+ /(F e 2+ + Fe^+) is assumed 0.80 for biotite, and FeO* is assum ed as 
FeO in feldspars.
A : Fe3+ is calculated according to Drop(1987).
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Table 30: The analyses of the microgranite feldspars, biotite and allanite.

Sample(744) PI (core) Pl(rim) Bt Or Ep

Si02 61.89 67.42 36.76 65.78 27.75
Ti02 0.01 0.06 4.66 0.00 0.45
A1203 23.10 20.53 13.23 17.92 11.02
Fe203* 0.00 0.00 4.64 0.00 0.00
FeO 0.29 0.08 18.58 0.07 14.94
MnO 0.01 0.00 0.91 0.04 0.23
MgO 0.14 0.20 8.91 0.01 0.67
CaO 4.67 1.19 0.01 0.00 9.61
N a20 8.69 10.97 0.21 0.59 0.33
K20 0.35 0.25 9.53 15.94 -

Total 99.15 100.70 97.44 100.35 65.00

Formula based on 32 oxygens for feldspars, 22 for biotite and 12 for epidote.

Si 11.06 11.73 5.63 12.07 3.33
Ti 0.00 0.01 0.54 0.00 0.04
A1 4.87 4.21 2.39 3.87 1.56
pe3+ 0.00 0.00 0.59 0.00 0.00
Fe2+ 0.04 0.01 2.38 0.01 1.50
M n 0.00 0.00 0.12 0.01 0.02
Mg 0.03 0.05 2.03 0.00 0.12
Ca 0.89 0.22 0.00 0.00 1.24
N a 3.01 3.70 0.06 0.21 0.08
K 0.08 0.06 1.86 3.73 -

An 22.36 5.52

* : FeO* is assumed as FeO in feldspars and epidote, Fe2+/F e t is assumed 
0.80 for biotite.
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III.3.6 Quartz-alkali syenite

This is mainly a quartz-alkali syenite with m inor alkali syenite and 

alkali granite . The main minerals are albite, orthoclase and plagioclase in 

hypidiom orphic or allotriom orphic granular texture depending on the 

relative proportions of plagioclase or else there is mortar texture. Modal 

compositions are given in Table 31.

Table 31: Modal compositions of the quartz-alkali syenite(634) and alkali 

syenite(637)

M inerals 634 (800 points) 637(1200 points)

Albite 35.5±3.2 60.6±3
Orthoclase 46.8±3.3 34.2±2.9
Quartz 15.2±2.5 2.2
Chlorite 0.0 2.8
A llanite 0.1 0.2
Sericite 0.8 0.0
Opaque iron ore 1.3 0.0

* : The range of mineral volumes are given with a 95% confidence (Van 

der plas and Tobi, 1965)

The albite, 0.5 to 3.42 mm, often exhibits albite and carlsbad-albite 

twinning, and is altered to the sericite. The carlsbad twinning is seen in the 

orthoclase, 0.2 to 1.33 mm, which often shows perthitic texture. It is altered 

to clay m ineral and the sericite. Minor allanite, opaque iron ore and 

chlorite are also present. Cataclastic m ovem ent caused breakdow n and 

recrystallisation of both feldspars so mortar texture forms.



III.3.7 Vein rocks

111.3.7.1 Aplites

These are formed in the granitoid or at the contact of metam orphic 

and diorite and can be seen up to -250 m. in length and 50 cm in thickness 

(e.g. at lat. 80837 and long. 89387 on the geological map of Ortakoy area). 

They are com posed of quartz , (25%), show ing undu lose  extinction; 

plagioclase(5%) w ith albite tw inning; orthoclase (65%) tha t often has 

perthitic texture; and minor muscovite in anhedral, aplitic, texture.

111.3.7.2 Pegmatites

This is formed in the granitoid (e.g. at 83630 la.95200 lo.), or at the 

contact of m etam orphic and hornblende diorite, and contains spectacular 

quartz, up to 20 cm in length, orthoclase, tourmaline and sometimes white 

mica.

111.3.7.3 Tonalite porphyry

This is mainly made of plagioclase(65%), 0.1 to 2.9 mm., shows albite 

twinning and is altered to sericite; quartz(35%), 0.1 to 2.0, displays undulose 

extinction; brown biotite (5%),0.05 to 0.65 mm; and green hornblende, 0.45 

to 0.9 mm, replaced by biotite with holocrystalline porphyritic texture. The 

ferrom agnesian minerals are altered to the chlorite. M inor sphene and 

allanite are also present.



III.3.7.4 Quartz

It is possibly formed at the hydrothermal stage as a milky quartz(e.g. at 

84.00 lat. and 94750 long.) in accordance w ith the joint system  of the 

granitoid.

111.3.7.5 Microdiorite

This is m ainly m ade of hornblende (60%), 0.2 to 1.0 mm, showing 

strong pleochroism from light green to dark green; plagioclase w ith albite 

tw inning (35%), 0.1 to 0.2 mm; and m inor quartz (0.3 to 0.5 mm) and 

diopside (0.2 to 0.5 mm) in hypidiomorphic granular texture.

111.3.7.6 Granophyre

This consists of quartz, plagioclase(A nl5 ), orthoclase, and m inor 

biotite and allanite in granophyric texture.

III.4 NEOGENE FORMATION

111.4.1 Pecenek Formation

111.4.1.1 Tuff

This is made of 30% phenoclasts and 70% groundmass in a porphyritic 

texture. Plagioclase, 0.25 to 1.4 mm, is a major phenoc last w ith oscillatory 

zoning which indicates andesine rich core and rim rich in oligoclase. 

Strong pleochroism from yellowish to reddish brown is a characteristic of 

the biotite which is 0.1 to 0.45 mm. Volcanic glass is dom inant in the 

groundmass, therefore, it is a vitric tuff.
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Chemical compositions of plagioclases and biotite are presented in 

Table 32.

m.4.1.1.1 Gravel in the tuff.

This is eroded, transported and deposited volcanic rock m ade of 45% 

phenocrysts and 55% groundmass. Hornblende phenocrysts form 30% and 

are pleochroic from yellowish to greenish brow n and 15% of the rock is 

plagioclase phenocrysts showing albite twinning. The matrix contains 20% 

hornblende, 20% plagioclase and 15% volcanic glass in a porphyritic texture. 

This rock is largely volcanic gravel and has been deposited the above tuff as 

a sediment, almost a gravel (9 cm in diameter).

The analyses of gravel amphibole and plagioclase are given in Table

32.

m.4.1.2 Limestone

Part of the limestone is form ed by lam inated stromatolitic coatings 

consisting of alternating layers of micrite and outw ard growing calcite 

crystals. Overlying this are micritic sediments containing carbonate and 

siliceous lithoclasts of igneous and metamorphic rocks and grains of quartz, 

orthoclase showing perthitic texture, plagioclase with albite tw inning and 

zoned; muscovite and pyroxene. Scattered bioclasts include fragments of 

gastropod shells. Coated pisolitic grains are present. Tapering and 

circumgranular cracks are filled with sparry calcite.
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The strom atolitic layering is interpreted as representing travertine 

deposit with calcite precipitated from lake waters. The poorly sorted 

sediments with coated grains are believed to represent a paleosols formed as 

the lake dried o u t
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Table 32: The chemical com positions of plagioclase, biotite from the

tuff,(31); and gravel,(700) plagioclase and amphibole.

Sample Pl,core(31) Pl,rim(31) Bt(31) Hbl(700)l P1(70C

Si02 56.13 61.67 37.21 48.61 44.93
T i02 0.07 0.04 4.92 0.35 0.02
A1203 27.49 24.19 13.56 4.54 34.22
Fe203* 0.00 0.00 2.97 7.53 0.00
FeO 0.35 0.14 11.89 7.43 0.29
MnO 0.01 0.02 0.23 0.28 0.02
MgO 0.16 0.00 15.03 14.03 0.20
CaO 9.62 5.80 0.04 11.04 18.50
N a20 6.09 7.82 0.94 0.82 0.97
K20 0.27 0.79 8.63 0.05 0.00
Cr203 - - - 0.43 -

Total 100.19 100.47 95.42 95.11 99.15

Formula based on 32 oxygens for plagioclase, 22 for biotite and 23 for 
amphibole.

Si 10.09 10.91 5.55 7.24 8.36
Ti 0.01 0.01 0.55 0.04 0.00
A1 5.82 5.04 2.38 0.81 7.51
pe3+ 0.00 0.00 0.37 0.83 0.00
Fe2+ 0.05 0.02 1.48 0.91 0.04
M n 0.00 0.00 0.02 0.03 0.00
Mg 0.04 0.00 3.34 3.10 0.05
Ca 1.85 1.10 0.01 1.76 3.69
N a 2.12 2.68 0.27 0.24 0.35
K 0.06 0.17 1.64 0.01 0.00
Cr203 - - - 0.05 -

An 45.90 27.85 91.34
*. pe3+ is calculated according to Drop(1987) for amphiboles; assumed as 0 

for plagioclase; for biotite, it is assumed as 20% of FeO t.
1 : Magnesio-hornblende (Leake, 1978)
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IV GEOCHEMISTRY

IV.l ANALYTICAL METHODS

The major and trace element analyses were perform ed by a Philips 

PW1450 sequential X-ray fluorescence spectrom eter w ith an on line 

Superbrain m icrocom puter for data processing at the D epartm ent of 

Geology & A pplied Geology, Glasgow University. To determ ine major 

elements, fused glass discs were prepared from powdered rock according to 

the method of Harvey et al. (1973) and using factors to correct for remaining 

absorbtion-enhancem ent effects.

The FeO contents of the samples were determ ined by the m ethod of 

titration with potassium -dichrom ate as the X-ray spectrom eter gives total 

iron. Fe203 is calculated by subtracting FeO m ultiplied by 1.1114, from the 

total iron as Fe203.

The am ounts of H 2 0  and C 02  were determ ined by a m ethod of 

combustion, adsorbtion and gravim etry (Riley, 1958). In some samples, 

volatile contents were determined by measuring loss on ignition.

Pressed pellets were prepared from powdered rocks to determine trace 

element according to Leake et al. (1969).

Rare Earth Element analyses were perform ed at Scottish Reactor 

Centre, East Kilbride using ICPMS.
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IV.2 METASEDIMENTS

IV.2.1 Major and trace elements

The m ain aims in analysing the sedim ents are to determ ine their 

geochemical characteristics, to find out their geotectonic setting, and to 

characterize the provenance from which the sediments were derived.

The results exhibit that the compositional variation of the Ortakoy 

metasediments are quite scattered (Fig. 7 ). The rocks can be considered as a 

m ixture of some end-m em bers which are clay w ith c < 5, mg 0.2-0.6, 

limestone with c about 100, mg 0.9, dolomite with c about 50, mg 1 and the 

quartzite with c > 5 , mg 0.4-0.8. Ca-silicates can be regarded as a mixture of 

clay and carbonate. The occurrence of dolomitic marble is highly restricted 

and shows no transition to calcitic marble or to the other sediments, which 

suggests that dolomitic marble was not involved to the continuous series of 

m ixture and the conditions of the dolomite formed was probably different 

than the rest of the Ortakoy sediments.

As there are no agreed chemical lim its in the literature between 

semipelite, psammite and quartzite the boundaries taken were 65 and 80 as 

the lowest Si02 w t % content for psammite and quartzite, with less than 65 

% Si02 being semipelite (Tables 33 and 34).

Niggli al-alk was used as an indicator of sheet mineral influence in the 

original sediments because albite and K-feldspar each has al-alk=0 and the 

lack of a positive correlation of al-alk w ith Ca values (Fig. 8) shows that 

plagioclase is not a major influence on al-alk values. By using al-alk, the 

clay m ineral and detritial mica influence on the com position of the 

semipelites can be obtained (Senior and Leake, 1978). Therefore, Fig. 9
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suggests that K, Fetot (as Fe203), Ti, Rb, Zr, and possibly Ba, Ni and Zn were 

added in sheet minerals, mica and clay minerals. It is not clear if the sheet 

silicates was the only factor to control the composition of the sediments, but 

the clay material was probably dom inant factor as clay-rich lithology e.g. 

semipelite contains more trace element than the clay-poor rock group.

Ti shows positive correlation with al-alk so it m ight be useful in alkali 

m etasom atised m etasedim ents where al-alk will be changed bu t not Ti 

(Senior and Leake, 1978). The elements suggested to be largely added to 

sediments in clay minerals are plotted against T i02 (Fig. 10) which generally 

displays better correlation than the plotting against al-alk presum ably 

because of rem oval of the influence of variable am ounts of feldspar. 

Likewise, A1203 shows a positive correlation w ith T i02, how ever no 

correlation exists between al-alk and Al which suggests that Al was largely 

added in feldspar. As the feldspar in different quantities in the original 

sediments might have hindered any possible positive correlation between 

Al and al-alk, A1203 might have been added to the sheet silicates too.

By extrapolating the various plots involving al-alk and T i02 (Fig.s 9 

and 10) tow ards their extreme limits, it w ould be possible to determ ine 

very approximately the composition of the clay mineral end mem ber which 

is about 20% A1203, 7% Fe203t, 4.5% K20, 0.4% MgO, 0.8% Ti02, 0.1% 

MnO and by difference 67% Si02, al-alk 44, mg 0.2, Cr 451, Ni 138, Zn 175, 

888 Ba, Rb 192, Ce 104, La 45, Y 37, Ga 25, Zr 304, Sr 2509. This composition 

accords best with some variety of illite including substantial am ount of Si 

and Fe.

To find out whether the same clay mineral end member added to the 

sediments in varying proportions or each sedimentary group has its own
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characteristic end member, average elemental values of each rock type in 

this study and in the literature (only shale, psam m ite and quartzite; 

W edephol, 1969) were plotted against al-alk (Fig. 11). The linear trends of 

these average values indicates that a som ewhat similar clay mineral end 

m ember was added to m etasedim ents, while the degree of scatter shows 

that considerable variation also occurs especially in the quartzites and with 

respect to Ba and Zn. The figure also shows that the simple picture of trace 

elements controlled by al-alk can be applicable to the general sediments. 

The more clay material the more trace element content.

1.0

0.8

0.2

100 ■

+ +

□ sem ipelite 

♦ psammite 

h  quartz ite 

+ C a-silicate 
■ marble

-10 0 10 20 30
Niggli al-alk

40 50

Figure 7: Plots of Niggli mg and c against al-alk.
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Table 33 : Major and trace element analyses of the semipelite and psammite 

a) Semipelite

Sample No 505 522 506 541 502 529 508 Mean cm

Si02 60.47 61.41 61.99 62.11 63.16 63.90 64.34 62.48 1.28
Ti02 0.68 0.79 0.75 0.71 0.74 0.81 0.56 0.72 0.08
AI203 19.36 17.64 18.32 16.98 19.47 17.86 16.55 18.02 1.03
Fe203 3.23 3.28 4.15 4.44 3.69 5.90 3.62 4.04 0.86
FeO 3.02 2.76 1.27 2.04 1.67 0.50 1.34 1.80 0.82
MnO 0.02 0.04 0.02 0.06 0.07 0.06 0.02 0.04 0.02
MgO 1.85 1.46 1.87 2.48 1.28 1.82 1.67 1.77 0.35
CaO 0.37 0.48 0.45 0.50 0.36 0.32 0.60 0.44 0.09
Na20 0.76 1.80 1.09 0.64 0.22 1.72 1.51 1.11 0.55
K20 4.32 3.35 4.71 3.33 3.78 4.01 3.52 3.86 0.48
P205 0.11 0.02 0.10 0.09 0.05 0.07 0.11 0.08 0.03
C02 1.59 1.90 1.43 1.71 1.06 1.33 1.55 1.51 0.25
H20 4.20 4.66 3.85 4.81 4.25 2.20 4.03 4.00 0.80

Total 99.98 99.59 100.00 99.90 99.80 100.50 99.42

Zr 194 228 203 234 207 238 175 211 21
Y 20 15 16 25 22 17 20 19 3
Sr 57 114 37 60 49 75 54 64 23
U 4 3 3 3 6 5 4 4 1
Rb 182 141 184 156 165 192 150 167 18
Th 24 10 20 18 22 14 20 18 5
Pb 16 15 18 22 26 21 13 19 4
Ga 23 20 22 20 23 22 20 21 1
Zn 93 78 108 79 91 78 73 86 11
Cu 29 29 21 30 13 37 12 24 9
Ni 63 89 61 138 55 28 76 73 32
Co 12 19 14 14 15 12 11 14 2
Cr 268 293 217 405 149 212 393 277 88
Ce 65 48 54 63 57 57 49 56 6
Ba 570 428 611 565 542 483 503 529 57
La 32 23 26 25 28 27 24 26 3.0

Mean : Arithmetical mean 
On : Standard deviation

Coordinates of the semipelites

505 
522
506 
508

83425-86140
86150-91512
83425-86140
83375-86100

541
502
529

85350-90800
83425-86140
86010-93325
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b) psammite

Sample No 504 272 278 516 517 686 525 514

Si02 65.09 65.50 67.17 69.44 70.17 70.67 72.31 74.2-
Ti02 0.62 0.54 0.61 0.35 0.29 0.68 0.79 0.48
AI203 15.66 15.87 14.40 15.26 12.66 13.58 14.90 12.81
Fe203 2.96 2.72 2.72 1.35 0.66 1.51 2.69 1.50
FeO 1.33 2.56 2.17 1.16 1.25 3.38 0.98 1.58
MnO 0.05 0.07 0.07 0.04 0.05 0.10 0.09 0.04
MgO 1.41 2.27 1.85 1.23 1.26 1.96 0.42 1.50
CaO 2.31 0.64 0.58 1.75 4.18 0.21 0.45 0.26
Na20 1.50 1.11 1.08 5.19 3.46 0.49 1.10 1.23
K20 3.96 3.28 3.26 1.82 1.87 2.71 2.07 3.16
P205 0.07 0.11 0.03 0.10 0.11 0.04 0.06 0.04
C02 2.11 1.73 3.49 0.46 1.82 1.67 1.57 0.70
H20 2.93 3.05 2.59 2.05 2.20 1.85 2.58 2.45

Total 100.00 99.45 100.02 100.20 99.98 98.85 100.01 99.9:

Zr 226 167 209 218 304 224 268 154
Y 19 20 19 30 28 21 24 14
Sr 127 64 72 291 404 81 78 51
U 5 6 4 2 1 0 4 2
Rb 172 154 144 47 78 117 81 121
Th 20 16 19 18 25 10 18 12
Pb 25 18 21 15 15 8 22 21
Ga 21 19 19 18 14 14 19 14
Zn 76 85 97 48 32 74 54 50
Cu 17 25 15 1 5 3 9 16
Ni 38 92 66 7 5 34 45 36
Co 13 11 14 2 3 12 9 5
Cr 94 255 313 58 113 163 128 389
Ce 58 74 73 67 73 55 71 40
Ba 502 730 695 230 269 480 369 458
La 30 18 24 31 30 24 35 21
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Table 33 b: cont.

Sample No 511 676 534 512 539 Mean

Si02 75.38 76.34 77.75 77.98 79.27 72.41 4.64
Ti02 0.47 0.09 0.25 0.42 0.25 0.45 0.19
AI203 13.53 14.02 9.39 9.98 10.79 13.29 2.03
Fe203 2.19 0.30 1.91 1.48 1.50 1.81 0.79
FeO 0.63 0.27 3.25 0.31 0.74 1.51 1.00
MnO 0.01 0.0 0.04 0.03 0.06 0.05 0.03
MgO 0.73 0.62 1.05 0.37 1.0 1.20 0.57
CaO 0.49 0.19 1.45 0.59 0.23 1.02 1.11
Na20 1.26 3.47 1.98 1.75 1.35 1.92 1.27
K20 2.95 2.24 1.16 1.83 1.76 2.47 0.78
P205 0.02 0.08 0.01 0.01 0.02 0.05 0.03
C02 0.27 0.14 0.31 1.06 0.27 1.20 0.94
H20 2.10 2.18 1.50 3.98 2.50 2.46 0.60

Total 100.03 99.94 100.05 99.79 99.74

Zr 147 85 179 199 132 193 56
Y 16 12 16 17 16 19 5
Sr 98 114 55 105 49 122 101
U 0 0 6 0 2 2 2
Rb 132 123 163 64 80 113 38
Th 17 1 20 15 10 15 6
Pb 15 19 14 10 12 17 5
Ga 13 9 25 11 11 16 4
Zn 61 9 76 33 37 56 24
Cu 24 0 28 19 3 13 9
Ni 63 4 36 41 11 37 25
Co 10 8 13 7 2 8 4
Cr 297 231 157 451 190 218 114
Ce 41 13 54 50 104 59 21
Ba 435 344 781 224 263 445 183
La 23 1 24 28 19 24 8

Mean : Arithmetical mean 
On : Standard deviation

Coordinates of the psammites

504 83425-86140 514 83375-86100
272 85275-87750 511 83425-86140
278 85275-87750 676 84675-87587
516 83375-86100 534 85125-93225
517 83425-86140 512 83375-86100
686 86625-87735 539 85275-87750
525 86150-91512
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Table 34 : Analyses of the quartzites, carbonates and Ca-silicates. 

a) Quartzites(540,14, 527) and Carbonates

Marble(Dolom.) Marb(Calcite)
Sample No 540 14 527 Mean 598 747

Si02 80.37 82.01 87.58 83.32 3.08 0.11 2.22

Ti02 0.26 0.07 0.30 0.21 0.10 0.03 0.05
AI203 9.70 4.20 4.36 6.09 2.60 1.2 0.07
Fe203 1.47 0.25 1.19 0.97 0.52 0.69 0.0
FeO 0.5 0.16 0.80 0.49 0.26 0.19 0.14
MnO 0.04 0.07 0.09 0.07 0.02 0.03 0.02
MgO 1.09 0.92 1.01 1.01 0.07 21.57 0.68
CaO 1.50 5.50 0.57 2.52 2.14 32.82 54.19
Na20 2.04 0.0 0.40 0.81 0.88 0.27 0.65
K20 1.20 0.25 0.07 0.51 0.49 0.18 0.05
P205 0.01 0.01 0.01 0.01 0.0 0.01 0.03
C02 0.32 3.81 0.76 1.63 1.55 L.O.I. 43.00 41.90
H20 1.60 2.50 2.85 2.32 0.53

Total

Zr

100.10

136

99.75

44

99.99

138 106 44

100.10

47

100.26

5
Y 14 10 13 12 2 8 10
Sr 142 26 66 78 48 154 179
U 0 0 1 0 0 0 0
Rb 57 15 2 25 24 6 1
Th 9 5 10 8 2 8 7
Pb 12 5 4 7 4 3 5
Ga 10 6 5 7 2 1 0
Zn 36 10 19 22 11 0 1
Cu 8 0 3 4 3 0 8
Ni 4 7 33 15 13 2 5
Co 2 1 2 2 1 0 0
Cr 15 46 141 67 54 0 0
Ce 38 10 17 22 12 0 0
Ba 223 131 150 168 40 18 2
La 18 5 1 8 7 7 6

Mean : Arithmetical mean 
On : Standard deviation

Coordinates of the quartzites and carbonates

540
14
527

85275-87750
85562-93325
83375-86100

598
747

85650-93375
87825-88137
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b) Ca-silicates

Sample No 549 515 738 800 Mean cm

Si02 41.67 43.50 47.29 47.33 44.94 2.45
Ti02 0.51 0.57 0.55 0.63 0.56 0.04
AI203 12.00 15.63 14.28 14.76 14.17 1.34
Fe203 1.47 2.63 1.07 3.49 2.16 0.96
FeO 3.57 3.87 3.66 0.43 2.88 1.42
MnO 0.13 0.15 0.11 0.02 0.1 0.05
MgO 2.32 3.93 3.58 1.67 2.87 0.92
CaO 24.89 23.79 22.27 16.70 21.91 3.15
Na20 1.62 0.90 1.53 1.94 1.49 0.40
K20 2.56 1.24 1.43 3.26 2.12 0.83
P205 0.11 0.11 0.10 0.13 0.11 0.01
C02 0.0 0.0 0.0 7.19
H20 0.0 0.0 0.0 2.46
L.O.I. 9.10 3.23 4.14

Total 99.95 99.55 100.01 100.01

Zr 118 113 119 128 119 5
y 22 28 37 17 26 7
Sr 555 711 939 2509 1178 780
U 0 2 0 5 2 2
Rb 89 52 49 145 84 39
Th 11 15 14 22 15 4
Pb 12 11 18 13 13 3
Ga 14 24 20 21 20 4
Zn 54 130 175 73 108 48
Cu 31 25 7 30 23 10
Ni 20 58 40 35 38 14
Co 9 20 10 10 12 5
Cr 78 142 129 119 117 24
Ce 29 66 62 58 54 15
Ba 272 440 656 888 564 231
La 26 35 45 28 33 7

Mean : Arithmetical mean 
CJn : Standard deviation

Coordinates of the Ca-silicates

549 85212-88800
515 83375-86100
738 85600-87850
800 85050-90725
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Figure 8 : The relation of CaO with Niggli al-alk.

The quartzites depart, both in the Ortakoy average and the quartzite 

average, the m ost from the general trend and this indicates different 

conditions of deposition from the other sedim ents perhaps m ore rapid 

deposition which did not allow adequate time for absorption of various 

elements from sea waters and equilibrium was not reached in the way that 

the remaining lithologies achieved (Senior and Leake, 1978). To keep the 

general trend of quartzite in Zr al-alk plotting (Fig. 11 ) is in consistency 

with the lack of detritial zircon in the unit. The plotting Zr and T i02 (Fig. 

10 ) confirms this case with the Zr values following the general trend, 

indicating that Zr was largely associated with the clay minerals.

CaO correlates w ith Sr in the semipelite and psam m ite while Ca- 

silicates shows a negative correlation between these elements (Fig.s 12 and 

13). As pointed out before, there is a negative correlation of c and al-alk in 

the Ortakoy sediments, indicating that Ca and Sr were not originally added 

to the sheet silicates but probably with carbonate a n d /o r  feldspar. In Ca- 

silicates, there is a positive correlation of K and Sr (Fig. 14), indicating that
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these two elem ents were probably added in K -feldspar a n d /o r  the 

am phibole.

The calcitic marble has low F e203 /M n0  ratio, 23 and is similar to the 

average ratio (29 and 20.2) of Dalradian marble which was suggested to form 

in shallow water(Senior and Leake, 1978; Wilson and Leake, 1972). The 

close association of the marble with the quartzite is in a good agreement
- 3

with this suggestion. Low Mn contents (<300) and S r/C a ratios (<10 ) 

indicates that the carbonates were not altered during the diagenesis or 

m etamorphism according to the the criteria of Veizer et al.,1989 .
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Figure 9 : Plotting K20, Fe203t, Ti02, Ba, Y, Rb, Zr, Ni and Zn against Niggli 
al-alk.
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Figure 11: Plots of al-alk against various elements* for average Ortakoy 
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marble.
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* : The averages of elements taken for this diagram  belong to the largest 
statistical population (data from Wedephol, 1969).
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Figure 12: CaO-Sr relation in semipelite, psammite and quartzite.
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Figure 14: The relation of K 20 and Sr in Ca-silicates and marbles.
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Excluding dolomite, Ni shows a positive correlation with Cr and with 

MgO+Fetot (Fig.s 15 and 16). Cr in psam mites has a different slope of 

correlation w ith  MgO+Fetot (Fig. 17) w hich again suggests that the 

conditions controlling the absorbtion of Cr in sandstones significantly differ 

from these involved in semipelites.

A1203 shows a positive correlation with Ga (Fig. 18) due to having 

similar ionic radii and charges.

In general K shows a positive correlation with Rb in Fig. 19. Only one 

sample of psammite has high Rb content which an analytical error is likely. 

Ba also correlates well with K20 (Fig. 20 )ir\vhich suggests that both Rb and 

Ba were substantially added to the sedim ents in illite, in mica, and K- 

feldspar.

The averages ratios of K /Rb in the semipelite, psammite and quartzite 

are alm ost same(231, 233 and 242), and com parable w ith a standard  

continental crustal value (230, Shaw, 1968). In Ortakoy Ca-silicate and 

marble, K /Rb ratio are quite high, 260 and 400. The sample 800 differs 

from the others Ca-silicates with comparatively high Fe203/M n, and low 

K /R b values. Likewise, this sample contains high K, Na, Ti and low Ca, 

Mg, and FeO similar to the semipelite, psammite and quartzite. Therefore, 

it was largely formed by processes of detritial sedimentation. The rest of Ca- 

silicates sam ples m ight have been dom inantly  form ed by chemical 

precipitation as they have high Ca, low K content if the carbonate was 

assumed to formed by chemical precipitation.

Y has positive correlation with Ti02(Fig. 10), P205 and Zr (Fig. 21), 

except Ca-silicates but poorer correlation exists with al-alk which indicates
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that Y was probably added in apatite, zircon and only partly in clay minerals 

and mica.

Niggli mg in metasediments increases from semipelite to psam mite to 

carbonate, while al-alk decreases simultaneously (Fig. 22).

N a20  has a negative correlation with al-alk( Fig. 23) which indicates 

the presence of detritial sodic plagioclase in metasediments. Low-moderate 

Na values, 1.11 in the semipelite and 1.92 in the psammite, indicating that 

Ortakoy gneisses were probably derived relatively m ature sediments (Floyd 

et al., 1989).
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Figure 15: Plot of Ni and Cr
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Figure 16: Plot of Ni with M g0+Fe203t
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Figure 23 : Plotting N a20- al-alk in metasediments.

Nesbitt and Young (1982) proposed a "chemical index of alteration" 

(CIA) using molecular proportions where

CIA= [A1203 /  (A1203+Ca0A+Na20+K20)] x 100 and where CaOA 

represents CaO in the silicates only. The intensity of weathering in the 

source areas can be can be compared by using CIA. A weighted average CIA 

in semipelite and psammite are 72 and 63 in the range of 75-82 and 57-80, 

respectively (Fig. 24). These values are much higher than the CIA for fresh 

feldspar (50) and granite, 45-55. Therefore, the bulk detritus from which the 

Ortakoy sediments were derived had suffered relatively m oderate chemical 

weathering before deposition.
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IV.2.2 Tectonic setting

Bhatia(1983) show ed that the chemical com position and tectonic 

se tting  of sandstones was related  w ith a p rogressive decrease in 

Fe203+M g0, T i02, A 1203/S i02  and an increase in K 2 0 /N a 2 0  and 

A 1203/(C a0+N a20) in sandstones from oceanic island arc to continental 

island arc to active continental m argins to passive m argins. The ratio 

A 1203/Si02 gives an indication of the quartz enrichm ent in sandstones. 

The ratio K 2 0 /N a 2 0  is a m easure of the K-feldspar and mica versus 

plagioclase content in the rock and the A 1203/(Ca0+N a20) param eter is a 

ratio of the most immobile to the most mobile elements. Ti, Fe and Mg are 

also relatively immobile. Bhatia(1983) developed some discrim ination 

diagram  based on these informations. The attem pt of application of the 

O rtakoy sedim ents to these classification was conducted and no clear 

discrimination was achieved e.g. Fig. 25, because of variable enrichments on 

these param eters. Fig. 25 confirms that sheet silicates in the original 

sedim ents was probably dom inant factor on controlling of the chemical 

com position of the sediments. The more clay rich m aterial the higher 

elem ents.

□ sem ipelite 
♦ psammite
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Bhatia(1983) d e v e lo p e d  som e geochem ica l m u lti-e le m e n t 

discrim ination functions and used plots of them to identify the tectonic 

settings of sandstones. In this discrimination, continental arc setting that 

com prises sedim entary  basins form ed either on a well developed 

continental crust or on thin continental margin, and the oceanic island arc 

represent convergent plate margins. The active continental m argin setting 

includes continental m argins of A ndean type and strike slip types. 

Sediments are substantially derived from granite-gneisses and siliceous 

volcanics of the uplifted basement. The passive m argin tectonic setting 

comprises rifted continental margins of the Atlantic type developed along 

the edges of continents. Ortakoy metasediments are plotted similarly and 

match best with an a active continental m argins (Fig. 26), with a few 

samples are found in or near to the field of continental island arcs.

Bhatia and Crook(1986) discriminated tectonic setting of greywackes, 

sandstones of wide m ineralogical range, by using some graph of trace 

elements such as La, Ce, Th, Zr and Co, which are immobile due to their 

relatively low mobility during sedimentary process and their low residence 

times in sea water (Holland, 1978). In Fig. 27, 52% of Ortakoy semipelites, 

psam m ites and quartzites (as total sam ple num ber) fell on the active 

continental margin while 26% of that fell on Continental island arc and 

13% of that on passive margin.

As a result, the Ortakoy semipelite, psam m ite and quartzite were 

probably largely deposited in an Andean type thick continental margins, 

thick continental crust made of rocks of older fold belts, and m inor in 

continental island arcs where continental fragm ents detached from the 

mainland.
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IV.2.3 Chemical discrimination of provenance

Trace elements include the REE, Zr, Ti, Y, Hf, and U can be considered 

useful in determining the source of sediments as they have interm ediate 

ionic potential and low ocean residence times (Holland, 1978; Henderson, 

1982). They are readily incorporated into sediments and also give some 

indication about the source composition (Taylor and McLennan, 1985). In 

Fig. 28, O rtakoy sem ipelite, psam m ite and quartz ite  fell an igneous 

differentiated trend with a ratio of 230 with magmatic trend. This figure 

suggests that Ortakoy semipelite, psam m ite and quartzite were derived 

from a series of igneous rocks ranging from mainly acidic to interm ediate 

composition. The Fig. 29 supports acidic source for Ortakoy sediments, 

however some semipelites contain high Ni-Cr values (Fig. 30), suggesting 

some mafic-ultramafic contribution to the Ortakoy pelites. The N i/C o  ratio
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varies between 0.5 and 9.8 in the semipelite and psammite, 2 and 16 in the 

quartzite, probably due to variable degrees of chemical weathering in the 

mafic-ultramafic source rocks that would tend to selectively enrich in Ni 

and Co, weathering products. Average Th in Ortakoy sem ipelite and 

psam m ite grouped together (16.9) is similar or higher than the values in 

Narryer gneisses (11 to 15, Maas and McCulloch, 1991) that were suggested 

to derive dom inantly from K-rich granitic sources , W estern Australia. 

Similarly, this high Th value is consistent with a potassic granite source for 

Ortakoy semipelite, psammite, and probably quartzite due to its rich Th 

content (8.0). Thorium /U ranium  ratios in the semipelite, psam m ite and 

quartzite change from 2.66 to 25, probably because of poor XRF sensitivity at 

low abundances, possible U mobilisation during the m etam orphism  and 

recent weathering.

In Fig. 31, the samples of Ortakoy semipelite, psam mite and quartzite 

are found on quartzose, in term ediate  and  felsic source. Probably 

weathering was effective on the composition of the Ortakoy sediments, CIA 

is above 60 indicating relatively m oderate chemical w eathering  and 

variable U /T h ratios, and caused the scarcity on this diagram but also minor 

contributions from dom inantly interm ediate and basic-ultrabasic rocks to 

the Ortakoy sediments are likely.
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IV.2.4 REE Analyses

Three representative samples of psammite were analysed to determine 

their REE content. The samples would not go completely into the solution, 

despite  being treated  by acid several tim es. The relicts contained 

tourmaline as determined by means of XRD. In Fig. 32, the REE pattern of 

psammite and tourmaline are given altogether.

Ortakoy psammite are characterised by LREE enrichm ent(La/Lu= 36- 

49), fractionated HREE ( Gd/Yb= 6.6 to 8.6) and slight negative Eu anomaly.

If the the tourmaline had been dissolved with the rest of the samples into 

the solution it would be likely to have a less fractionated HREE pattern with 

distinct negative Eu anomaly. The presence of Eu-depletion m ay be 

interpreted as reflecting shallow, intracrustal differentiation resulting in Eu 

depletion in the upper crust, associated w ith the production of granitic
6 Srocks(McLennan, 1989). These intracrustal process can include both partial 

m elting where plagioclase is a residual phase or fractional crystallisation 

w here plagioclase is a fractionating phase (Hanson, 1980, 1989). On the 

basis of petrographic, geochemical, and isotopic data, several major source 

components for sediments deposited at active continental m argins were 

suggested ( McLennan et al.,1990 ). One source is old upper crust which is 

m ade up either old igneous /m etam orph ic  terrains or old, recycled 

sedimentary rocks. Such sources are likely to have flat HREE pattern which 

is probably characteristic for average, or typical upper continental upper 

crust. A second major source is a young component derived from island 

arc or continental arc material. At shallow depth (e.g. w ithin the field of 

plagioclase stability), igneous rocks which has not undergone significant 

crystal fractionation will show less fractionated REE patterns w ith no Eu- 

anomalies. A third possible source is fractionated felsic volcanics and



plutonic rocks which m ight be incorporated into sedim ents during  

explosive volcanism or , more likely, when the arc is m atured and dissected 

to expose plutonic root zones. They are likely to exhibit different REE 

patterns but in general will have negative Eu-anom aly as plagioclase 

rem oved during their igneous history (McLennan et al., 1990). The REE 

pattern  of Ortakoy psam m ite which has depleted HREE w ith slight Eu- 

anomaly probably represents the source rocks of fractionated felsic volcanics 

and plutonics. Such HREE depletion is probably the signature of either 

garnet fractionation sometime in the igneous history of the provenance or 

a reflection of the mantle source REE pattern (McLennan, 1989). In Archean 

greenstone belts, sim ilar patterns w ithout Eu-anom alies occurs and 

interpreted as showing the sediments being derived from Na-rich granitic 

and felsic volcanic rocks ( Fig. 33).

Finally, the Ortakoy psam mites were probably derived from acidic 

plutonic and volcanic rocks which might have been fractionated since the 

psammites pattern have negative Eu-anomaly.
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IV.2.5 Conclusions

It has been shown that K, Fe+3, Ti, Rb, Zr and possibly Ba, Ni and Zn 

were probably added in sheet silicates. This is supported by plotting against 

T i02  which shows better correlation than that against al-alk due to 

rem oving the influence of any alkali variation and variation in feldspar 

abundance.

Ca and Sr were added in carbonate a n d /o r  feldspar and, Y added 

m ainly in apatite and zircon in the original sedim ents that contains 

detritial sodic plagioclase. Al were also largely added in feldspar and 

possibly in clay materials.

The linear correlation of the average values of those elements against 

average al-alk shows that a similar clay m ineral end member, illite with 

substantial Si and Fe, was added to all O rtakoy sedim ents in various 

proportions. The sheet silicates were probably the dom inant factor 

controlling the composition of the sediments and this may be applicable to 

the general sediments.

The quartzite has lower average values in Fe, Ti, K, Zr, Rb, Zn, Ba and 

Ni than the rest of the sedim ents because of probably being deposited 

rapidly, which did not allow enough time for absorbtion of various 

elements from sea-water.

The carbonates wei&not altered after the deposition since they have low 

Mn and Sr/C a ratios. Both physical and chemical precipitation were 

effectual at the forming of Ca-silicates.
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Finally, the m etasedim ents were largely derived from non mafic 

source, particularly acidic igneous and volcanic rocks (probably fractionated) 

with possible m inor basic-ultrabasic contributions and deposited in an 

Andean type continental m argin environm ent. Some of the sedim ents 

m ight have been deposited in an continental island arc. The source of the 

sediments probably suffered from m oderate chemical weathering as their 

CIA are about 68 (average of semipelite and psammite)

100 686
504
272
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0.1

La Ce P r  Nd P m  S m  Eu Gd T b  Dy Ho E r  T m  Yb Lu

Figure 32: Chondrite norm alised (Boynton, 1984) Rare Earth Element

analyses of the Ortakoy psammite. REE analyses of tourmaline (TI and T2) 

are also given to take account for tourm aline om ission from the the 

psammite. TI : Data from Jollif et al.,1987; King et al., 1988 (within TI area), 

T2: Jollif et al., 1987.
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IV.3 AMPHIBOLITE

IV.3.1 Major and Trace Elements

Table 35 lists the results of major and trace chemical analyses of the

Ortakoy amphibolites. These plot in and around the igneous trend of
t@Shaw(1968) while in Leake (1964)'s amphiboli discrimination diagram, they 

are situated where the fields of pelite-limestone mixtures and igneous rocks 

overlap (Fig.s 34 and 35). The amphibolites usually have diopside and 

hypersthene in their norms and are mainly andesitic but with some basaltic 

compositions (Fig.s 36 and 37). Fig. 38 shows their subalkaline character in a 

plot of total alkali versus silica. The amphibolites mainly fall in the calc- 

alkaline field in Fig. 39 which is a plot of Si02 versus FeO (total)/MgO.

The good correlation betw een Zr and Y and lack of a positive 

correlation between P205 and Y (Fig. 40) suggest that Y was largely held in 

zircon rather than apatite. Al and Ni do not show any clear correlation 

with Ga and Cr in Fig.s 41 and 42 due to insufficient samples albeit these 

elem ents have similiar chemical features such as ionic radii and ionic 

charge.

Major and trace elements of the am phibolites were plotted against 

Niggli mg (Fig.s 43 and 44 ) to find if fractional crystallisation was involved 

in the petrogenesis of the amphibolites. Niggli mg has variable possible 

negative correlations with P205, Cu, Sr, Ba, Ni and Cr, and positive 

correlation with MnO,Zn, Pb. Therefore, it is unlikely that the amphibolites 

were formed by fractional-crystallisation However the num ber of samples 

makes this tentative.
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Pearce and Cann (1973) show  that im m obile elem ents m ust be 

considered im portant in establishing the tectonic setting of the basic rocks 

as these elements are least affected by alteration and m etam orphism . 

Accordingly, Fig. 45 which is a binary plot of Zr and Z r/Y , shows that the 

geotectonic setting of the Ortakoy am phibolites is that of w ithin plate 

basalts

IV.3.2 REE Analyses

Two samples of the Ortakoy am phibolites were analysed and their 

chondrite normalized REE patterns are shown in Fig. 46. They are marked 

by LREE enrichment (La/Lu : 6.5 - 11.84) with slightly fractionated HREE 

(G d/Lu : 1.9 - 2.3) which is typical for continental basalt. This LREE element 

enrichm ent also indicates a garnet-bearing source rock. They show a 

negative Eu anomaly, which is indicative of plagioclase removal.

IV.3.3 Conclusions

The Ortakoy amphibolites represent andesitic or basaltic rocks which 

have subalkaline and calc-alkaline character and are derived from a garnet- 

bearing source. They also have within plate geochemical features consistent 

with a continental derivation.
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Table 35 : Major and minor chemical analyses of the Ortakoy amphibolites

Sample No 684 689 690 685 Mean cm
Si02 50.32 55.41 59.84 57.62 55.80 3.53
Ti02 0.6 0.6 0.78 0.78 0.69 0.09
AI203 17.98 17.01 11.78 16.77 15.88 2.41
Fe203 1.64 1.17 1.30 1.12 1.31 0.20
FeO 8.16 5.36 5.80 4.72 6.01 1.30
MnO 0.12 0.12 0.13 0.1 0.11 0.01
MgO 5.05 3.11 4.73 2.70 3.89 1.00
CaO 10.3 12.14 11.84 12.67 11.74 0.88
Na20 1.91 1.49 1.31 1.83 1.63 0.24
K20 0.93 0.4 0.43 0.05 0.45 0.31
P205 0.09 0.07 0.02 0.12 0.07 0.04
C02 0.35 0.72 0.37 0.1 0.38 0.22
H20 2.50 2.45 1.68 1.19 2.21 0.38

Total 99.95 100.05 100.01 99.77

Zr 92 162 124 170 137 31
Y 20 28 28 33 27 5
Sr 276 867 234 732 527 277
U 0 0 0 1 0 0
Fib 39 6 9 20 18 13
Th 5 15 7 12 10 4
Pb 15 7 15 5 10 5
Ga 16 24 16 24 20 4
Zn 97 80 109 83 92 12
Cu 5 5 1 8 5 3
Ni 20 76 7 67 42 30
Co 41 27 11 19 24 11
Cr 100 257 106 169 158 63
Ce 22 70 37 63 48 19
Ba 182 514 57 351 276 173
La 11 30 18 31 22 8

Mineralogical composition and coordinates of the samples

684 hbl+pl+bt 87512-87887
689 hbl+ pl+ di+ sp 85650-88550
690 hbl+ qtz+ pl+ di 85655-88560
685 pi + hbl+ qtz+ sp 85825-87875

Mean : Arithmetical mean 
On : Standard deviation
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IV.4 PARAGNEISSIC GRANITE 

IV.4.1 Major and trace elements

The chemical compositions of a paragneissic granite produced by the 

heating and partial m elting of semipelitic material by the intrusion of the 

Ortakoy diorite and, or the Ekecekdagi gabbro, is given in Table 36 together 

w ith  analyses of inclusions of pelitic m aterial which resisted m elting 

because of their higher melting tem perature due to their alum inous-rich 

and silica-poor nature. The abundant sillimanite, biotite and cordierite 

shows these inclusions to be clearly pelitic in origin and the existence of 

sillimanite+biotite+cordierite in the peralum inous anatectic granite shows 

that this is formed from a paragneiss.

The pelitic inclusions record a tem perature based on the garnet- 

biotite exchange thermometer of Ferry and Spear's (1978) of 681± 50°C but 

probably exceeded this tem perature and a pressure of 4.17± 0.29 kb 

determ ined from  the com positions of garnet, biotite, sillim anite and 

cordierite using H olland and Powell's (1990) updated  therm odynam ic 

dataset. The inclusion compositions are typical of an originally clay-rich 

sedim ent w ith high contents of elements typically associated w ith clay 

m inerals nam ely A1203, T i02 , FeO, MnO, M g 0 ,N a2 0 , K 20 and 

impoverished in Si02.

The paragneissic granite form ed from  sem ipelite because of its 

gradational nature w ith metasediment.
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IV.4.2 Conclusions

The paragneissic granite was formed from semipelite by the heating 

and partial m elting induced by Ortakoy diorite and, or the Ekecekdagi 

gabbro at tem perature of at least 681±59°C and 4.17±0.29 pressure. The 

anatectic, peralum inous granite contains inclusions of pelitic m aterial 

which have higher K 20 and Rb contents than the semipelite and granite. 

These inclusions resisted m elting due to their alum inium -rich and silica- 

poor compositions.
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Table 36: Major and minor chemical analyses of the inclusions and
paragneissic granite and semipelite.

(inclusions) (705) (Average)
Sample No 340 711 708 Mean <7n Paragneissic granite Semipelite On

Si02 49.17 51.62 50.91 50.57 1.03 69.79 62.48 1.38
Ti02 1.11 0.92 0.98 1.0 0.08 0.6 0.72 0.08
AI203 25.32 22.79 23.59 23.9 1.06 14.57 18.02 1.11
Fe203 4.9 3.0 3.21 3.7 0.85 0.93 4.04 0.93
FeO 5.46 5.91 5.68 5.68 0.18 3.6 1.73 1.01
MnO 0.19 0.25 0.24 0.23 0.03 0.09 0.04 0.02
MgO 3.05 2.51 2.62 2.73 0.23 1.76 1.77 0.38
CaO 1.05 1.23 1.22 1.17 0.1 1.26 0.44 0.09
Na20 1.59 2.81 2.91 2.44 0.60 2.5 1.11 0.60
K20 4.95 5.62 5.24 5.27 0.27 3.48 3.86 0.52
P205 0.1 0.08 0.07 0.08 0.01 0.12 0.08 0.03
C02 0.27 0.28 0.28 0.28 0.00 0.0
H20 2.95 2.90 2.85 2.90 0.04 1.28

Total 100.11 99.92 99.8 99.98

Zr 188 153 171 171 14 175 211 23
Y 25 41 30 32 7 27 19 4
Sr 179 246 235 220 29 150 63 25
U 6 0 1 2 3 0.0 4 1
Rb 180 192 175 182 7 118 167 19
Th 26 14 16 18 5 9 18 5
Pb 31 40 40 37 4 25 18 5
Ga 34 28 32 31 2 17 21 1
Zn 137 127 123 129 6 72 85 12
Cu 28 39 32 33 4 23 24 9
Ni 40 45 50 45 4 33 72 34
Co 26 19 21 22 3 12 13 3
Cr 183 154 205 181 21 85 276 95
Ce 109 74 55 79 22 33 56 6
Ba 1238 1837 1873 1649 291 572 528 62
La 58 41 45 48 7 19 26 3

Mineralogical compositions of the sam ples

3 4 0  sil+bi+pl+crd+or+chl+qtz+gt
71 1 crd+sil+bi+gt
7 0 8  bi+sil+crd+gar+m us+chl

7 0 5  qtz+crd+bi+pl+or+gt(paragneissic granite).

Coordinations of the paragneissic granite and pelitic inclusions: 93000-86600

Mean: Arithmetical mean 
an: Standard deviation
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IV.5 POST METAMORPHIC INTRUSIONS 

IV.5.1 Ekecekdagi gabbro 

IV.5.1.1 Major and trace elements

The results of chemical analyses of Ekecekdagi gabbro, "EG", and 

granophyres are presented in Tables 37 and 38. They are subalkaline and 

tholeiitic in composition (Figs. 47 and 48a-b) and have high CaO (-12-18%) 

low alkalis (Na20 0.44-1.8 , K 20 0-0.22 %) when compared with average low 

K olivine-tholeiite  w hich is equivalent of EG in W ilkinson's(1986) 

classification. Harker diagrams of EG, in which various degree of positive 

correlation w ith N a20 , Zr, Y, Cr, Zn and negative correlation with FeO, 

Fe203 against Si02 exist are shown in Fig. 49. The rest of major oxides and 

trace elements display no clear trend. Some gabbro samples contain quite 

high Ba (> 300 ppm) which an analytical error is likely.

Niggli mg has positive correlation with CaO, Cr and Ni and negative 

correlation with Ti02, A1203, FeO, MnO, Ga and Zn (Fig. 50). In general 

trend of the diagram, a gap occurs between sample 345, ultrabasic rock and 

the rest of the samples. It is probably due to insufficient sampling or scarce 

occurence of this kind rock in the formation.

Y correlates well with Zr and P205 (Fig. 51) due to substantially being 

concentrated in zircon and apatite.

Several veins of successive ho rnb lende  gabbro , ho rnb lende  

m icrogabbro and granophyre, as m entioned in the petrography chapter 

were determ ined from the Bozkir Dam cutting. Major oxides and trace 

elements p lotted (Fig. 52) against the know n intrusion order gives the 

chemical variation during  the in trusion sequence. There is a clear 

alternation of acid and basic magma pulses and the third basic intrusion,
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hornblende gabbro has the lowest A1203, N a20 , Ga, Sr and the highest 

MgO, Ni, Cr and Cu indicating that the basic magma initially became more 

basic w ith time such as occurs w ith progressive partial m elting of the 

m antle but later became less basic. In the granophyres, the second pulse 

possesses higher Si02, CaO, FeO, Cr and Cu and lower Fe203, K20, Ga, Pb, 

Rb, Ba, Zn, Ce than the first one.

M antle norm alised EG pattern  is show n in Fig. 53 w ith m antle 

norm alised U pper Crust, "UC", and Lower Crust, "LC". Clearly, close 

sim ilarity is seen between the patterns of EG and LC though EG was 

depleted  relatively in K, La, Sr, Zr, Ti and  particu larly  Ce. The 

concentration of elements in UC, as expected are generally higher than that 

in EG apart from Ti what is much the same in both EG and UC.

The fractionation is evaluated graphically by using methods described 

by Cox et al.(1979). Fig. 54 suggests that the compositions of the anorthite 

and diopside were controlled by fractionation.

The fractionation was tested w ith linear least-squares mass balance 

com puter calculations (Table 39) using an XLFRAC com puter program  

(Stormer&Nicholls, 1978) w ith the bulk chemical analyses of hornblende 

gabbros which are ones of the most prim itive and evolved samples, and 

microprobe analyses of diopside and anorthite as initial phases. The sum  of 

the squares of the residuals is larger than 1 (28.38), indicating negative result. 

This is probably because of that the assumed initial composition may have 

cumulative character and hence it m ay not represent the original magma 

composition.

Most models for the formation of tholeiites assum e about 20-30 % 

melting of upper mantle peridotite (Cullers&Graf, 1984). Tholeiitic basalts 

can also be produced by a low pressure and H 20  rich volatiles while high
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pressure and C 02  rich volatiles produce alkali basalts (Yoder, 1976). 

Similarly, EG may be formed by a higher degree of melting, a lower 

pressure, or a high H 2 0 /C 0 2  ratio, and possibly coupled by fractional 

crystallisation of diopside and anorthite.

The granophyre considered to be situated almost at the top of the EG 

m ight have been form ed by continuous differentiation from Ekecekdagi 

basic magma. As Naslund(1983) showed experimentally for granophyre to 

originate by differentiation would require the magma to change through a 

series of major element compositions which is immiscible. The high P, La, 

Sr, Ce and Zr contents of granophyre do not show this since these elements 

would show enrichment in the more mafic liquid (Watson, 1976). For the 

granophyre in EG to originate by partial melting of the metasediments of 

Seksenusagi and Gobektepe formations it seems necessary for the K 20 to be 

higher than the observed average of 0.29±0.23%.

IV.5.1.2 REE analyses

Three samples of EG , one of which is ultrabasic (345) were analysed 

and results are shown in Fig. 55. Basic rocks are characterised by LREE 

enrichm ent (La/Lu ~2-6) while the ultrabasic sample, 345 shows slight 

LREE depletion (L a/L u 0.5). HREE in both group show alm ost no 

fractionation (G d /L u~ l). Samples 552 and 345 exhibit positive Eu 

anomalies, indicating accum ulation of plagioclase crystals. The m ost 

noticeable features are low Ce and high La/C e ratios in the samples. In the 

oceans, the shelf waters have normal L a/C e ratios(Humphris, 1984), but the 

La/C e are high in the open ocean because of Ce removal preferential to the 

other Lanthanides( Brookins, 1989 ). Therefore, this large L a/C e ratio in EG 

is probably due to sea-water affect on EG, which could have influenced the 

Ce.
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IV.5.1.3 Conclusions

Fractional crystallisation of diopside and anorthite can be responsible 

for main chemical variations in EG, which are depletion of CaO, MgO and 

Ni and enrichment of Si02, Ti02, A1203, FeO, MnO, N a20, Ga and Zn

It has been suggested that EG with tholeiitic character may be formed 

from a mantle peridotite by a higher degree of melting, a lower pressure, or 

a h igh  H 2 0 /C 0 2  ratio. This was possibly coupled by fractional 

crystallisation of diopside and anorthite.

The granophyre is shown to have genetic relation w ith neither EG nor 

the metasediments of Seksenusagi and Gobektepe formations.

Sea-water might have been responsible for the low Ce and high La/Ce 

ratio in the REE patterns of EG.
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Table 37: Major oxides and trace element analyses of the Ekecekdagi gabbro.

Sample No 567 418 424 420 419 425 426

Si02 48.22 50.31 48.42 48.99 50.50 46.45 49.21
Ti02 0.20 0.34 0.24 0.43 0.42 0.20 0.46
AI203 17.34 14.73 7.79 17.85 15.02 15.98 14.20
Fe203 1.4 2.19 2.67 2.13 2.16 2.19 2.14
FeO 4.60 5.84 5.25 6.62 6.44 3.97 6.71
MgO 9.17 9.56 16.27 7.76 8.70 12.01 9.98
MnO 0.13 0.12 0.18 0.17 0.17 0.13 0.15
CaO 16.73 13.23 16.82 11.91 12.25 16.35 13.05
Na20 0.83 1.57 0.30 1.79 1.82 1.00 1.44
K20 0.02 0.11 0.00 0.12 0.00 0.04 0.07
P205 0.03 0.04 0.03 0.05 0.03 0.02 0.06
H20 1.35 1.60 1.55 1.60 2.35 1.65 2.40
C02 0.10 0.22 0.37 0.48 0.17 0.21 0.17

Total 100.12 99.86 99.89 99.90 100.03 100.20 100.04

U 3 1 0 0 2 3 3
Th 0 1 0 0 1 0 2
Ce 0 0 0 0 0 0 0
La 2 0 0 0 2 0 2
Pb 0 3 0 0 10 2 2
Ba 48 121 162 42 422 27 149
Zr 23 19 22 30 23 13 29
Y 10 18 11 14 16 9 15
Sr 100 81 53 85 85 76 96
Rb 6 7 3 5 3 2 6
Ga 9 11 4 12 11 9 12
Zn 46 63 39 52 79 59 72
Cu 21 85 270 56 96 52 58
Ni 78 87 195 44 51 110 104
Co 29 39 56 34 31 40 40
Cr 269 459 610 302 369 381 505
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Table 37. cont.

Sample No 215 307 60 57 212 552 554

Si02 45.32 48.80 46.95 47.33 46.71 45.10 45.78
Ti02 0.34 0.24 0.47 0.21 0.42 0.32 0.32
AI203 16.54 18.55 16.37 10.08 17.78 18.11 17.12
Fe203 2.15 1.83 1.59 2.02 1.78 2.21 2.62
FeO 7.85 4.83 9.31 4.38 8.00 7.38 6.62
MgO 9.83 6.85 8.80 12.96 8.37 9.36 8.75
MnO 0.20 0.11 0.21 0.10 0.18 0.18 0.14
CaO 14.14 14.68 12.71 18.81 13.04 14.37 16.05
Na20 0.78 1.36 1.17 1.52 1.35 0.82 0.44
K20 0.01 0.03 0.03 0.01 0.22 0.02 0.02
P205 0.03 0.03 0.03 0.03 0.03 0.02 0.02
H20 2.50 2.58 2.21 1.98 1.97 1.91 1.18
C02 0.18 0.30 0.15 0.35 0.14 0.15 0.23

Total 99.87 100.19 100.00 99.78 99.99 99.95 99.29

U 1 1 2 3 2 0 0

Th 0 0 0 2 3 0 0
Ce 0 0 0 0 0 0 0
La 0 2 0 0 2 0 0
Pb 0 3 0 11 6 0 0
Ba 18 44 353 483 31 12 19
Zr 19 15 13 14 18 17 21
Y 8 10 12 8 12 0 9
Sr 71 103 80 61 80 68 69
Rb 3 5 2 5 14 3 4
Ga 10 11 12 6 12 11 12
Zn 47 48 70 34 66 42 42
Cu 36 20 43 225 22 76 118
Ni 35 52 57 116 46 46 59
Co 46 34 43 48 41 44 44
Cr 216 275 302 464 117 197 262
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Table 37. cont.

Sample No 556 308 345 Mean,. ffn

Si02 46.52 47.71 42.70 47.35 1.94
Ti02 0.22 1.00 0.87 0.39 0.22
AI203 17.09 15.72 17.74 15.76 2.79
Fe203 2.14 2.25 3.37 2.17 0.43
FeO 7.06 6.23 13.21 6.72 2.12
MgO 9.37 9.22 5.67 9.57 2.33
MnO 0.20 0.13 0.25 0.16 0.04
CaO 15.40 14.74 12.44 14.51 1.89
Na20 0.58 0.81 1.32 1.11 0.45
K20 0.01 0.11 0.30 0.07 0.08
P205 0.02 0.16 0.07 0.04 0.03
H20 1.25 1.55 1.80 1.85 0.43
C02 0.21 0.38 0.13 0.23 0.10

Total 100.07 100.01 99.87

U 2 0 2 1 1
Th 0 1 0 1 1
Ce 0 0 0 0 0
La 2 1 0 1 1
Pb 2 4 7 3 3
Ba 18 46 81 122 146
Zr 15 26 27 20 5
Y 8 14 21 11 5
Sr 76 99 115 82 16
Rb 8 0 6 5 3
Ga 11 10 20 11 3
Zn 60 42 105 57 17
Cu 70 85 17 79 70
Ni 55 56 12 71 41
Co 38 52 47 42 7
Cr 224 252 93 312 133

Mean : Arithmetical mean 
(Jn : Standard deviation

Mineralogiocal composition and coordinates of the samples

567 pl+hbl+di 91225-94487 57 hbl+pl+di 86725-97625
418 pl+hbl 91225-94487 212 hbl+pl+di 77637-93500
424 hbl+pl+di 91225-94487 552 hbl+pl+di+mag 77650-92425
420 hbl+pl+qtz 91225-94487 554 hbl+pl+di+mag 77750-90762
419 hbl+pl 91225-94487 556 hbl+pl+di+mag 77587-93800
425 hbl+pl+di 91225-94487 308 hbl+pl+di 95225-89325
426 hbl+pl 91225-94487 345 hbl+pl+mag 92925-87962
215 hbl+pl+di 77475-92525
307 pl+hbl+di 92700-92925
60 pl+hbl 86725-97625
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Table 38: Chemical analyses of the granophyres.

Sample No 427 428 568 Mean an

Si02 73.62 74.12 74.25 74.00 0.27
Ti02 0.24 0.20 0.24 0.23 0.02
AI203 13.35 13.35 13.06 13.25 0.14
Fe203 2.99 2.37 1.27 2.21 0.71
FeO 0.75 0.64 1.05 0.81 0.17
MgO 0.65 0.51 0.52 0.56 0.06
MnO 0.04 0.01 0.04 0.03 0.01
CaO 3.15 2.89 3.84 3.29 0.40
Na20 3.43 3.52 3.99 3.65 0.24
K20 0.38 0.47 0.03 0.29 0.19
P205 0.06 0.06 0.06 0.06 0.00
H20 1.20 1.50 1.46 1.39 0.13
C02 0.09 0.30 0.20 0.19 0.09

Total

U

99.95

0

99.94

1

100.01

1 1 0
Th 1 2 1 1 0
Ce 8 11 8 9 1
La 5 3 0 3 2
Pb 6 6 1 4 2
Ba 100 88 58 82 18
Zr 70 71 67 69 2
Y 39 25 41 35 7
Sr 107 118 104 110 6
U 0 1 1 1 0
Rb 24 15 3 14 9
Pb 6 6 1 4 2
Ga 14 14 12 13 1
Zn 38 42 13 31 13
Cu 16 5 11 11 5
Ni 3 6 4 4 1
Co 2 0 2 1 1
Cr 34 26 106 55 36

an : Standard deviation 
Mean: Arithmetical mean

Coordinates of the samples: 91225-94487
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□ Ekecekdagi gabbro
Alkaline

Subalkaline

Figure 47: Plot showing subalkaline behaviour of the Ekecekdagi gabbro 

(Fields after Irvine & Baragar, 1971)
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Figure 48-a: Plotting alkali versus silica. Fields as defined by Macdonald 

and Katsura (1964).
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F

Tholeiitic ♦ Gabbro 
+ Granophyre

A

Figure 48-b: AFM plotting of the Ekecekdagi gabbro and granophyre (fields 

after Irvine & Baragar, 1971).
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Table 39: The results of the fractional crystallization test, 

recalculated analyses (wt.percent. basis)

Comp. initial(215) final (418) Di An

Si02 46.,21 51. 03 51..12 44..41
Ti02 0.,35 0. 35 0..23 0..00
A1203 16.,87 14. 94 1,.49 35..55
Fe*203 11.,09 8. 70 11,.84 0,.09
MnO 0.,21 0. 12 0,.39 0,.07
MgO 10.,02 9. 70 12,.93 0..26
CaO 14.,42 13. 42 21,.80 18..83
Na20 0.,79 1. 59 0,.20 0,.79
K20 0.,01 0. 11 0,.01 0..00
P205 0.,03 0. 04 0,.00 0..00
H20 0.,00 0. 00 0,.00 0..00
C02 0.,00 0. 00 0,.00 0..00
S% 0.,00 0. 00 0,.00 0..00
Cr203 0.,00 0. 00 0,.00 0.,00
NiO 0.,00 0. 00 0,.00 0.,00

c o e ffic ien ts  of transformed eqns.

r e s u l t s : d if fe re n tia tin g  from # 215 to  #
bulk comp. o b s .d if f ., ca lc .'d if f . obs. -ca lc
of added or between , between , (residual:
su b tr .m a tl. magmas magmas

Si02 47. 43 4.819 0.832 3.987
Ti02 0.10 0.001 0.057 -0.056
A1203 20.23 -1.927 -1.220 -0.707
Fe*203 5.38 -2.388 0.768 -3.156
MnO 0.21 -0.089 -0.021 -0.067
MgO 5.96 -0.324 0.863 -1.186
CaO 20.16 -0.999 -1.557 0.558
Na20 0.52 0.797 0.246 0.550
K20 0.00 0.099 0.024 0.075
P205 0.00 0.010 0.009 0.001
H20 0.00 0.000 0.000 0.000
C02 0.00 0.000 0.000 0.000
S% 0.00 0.000 0.000 0.000
Cr203 0.00 0.000 0.000 0.000
NiO 0.00 0.000 0.000 0.000

to ta l 0.000

sum of the squares of the residuals = :28.3872

phase amount as amount as amount as amount
name w t.pct. of wt.p e t . of wt .p e t . of w t.pct

init.magma a l l  phases added phs. subtrd

Diopside -10.39 45.00 0 .00 45.00
A northite -12.70 55.00 0 .00 55.00

to ta ls  re l . to  i n i t i a l magma = 0 .00 23.10

418

* : Fetot as Fe203
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IV.5.2 Hornblende diorite and hornblendite 

IV.5.2.1 Major and trace elements

Chemical analyses of hornblende diorites, which just range into the 

gabbro field based on the plagioclase compositional limit of Anso are given 

in Table 40 together w ith one hornblendite. There is gradation between 

hornblende diorite and gabbro in the field w ith small, rare patches of 

hornblendite in the hornblende diorite. The hornblende diorites show 

variation, between 48.88 and 61.55%, in Si02 (Table 40) and predom inantly 

p lo t across the quartz -d io rite  /  quartz-gabbro  to m onzogabbro /  

monzodiorite fields of Debon and Le Fort (1982) (Fig. 56). The hornblende 

diorites fall in the subalkaline field while the hornblendite is found in the 

alkaline field in Fig. 57. Alkali (Na20+K20) exceeds CaO at -60% Si02(Fig. 

58) and so the suite is calcalkaline (55-61% Si02, Peacock, 1931). However, 

using both Irvine and Baragar(1971) and Miyashiro's(1974) plots, the 

samples straddle the tholeiitic and calcalkaline fields (Figs. 59 and 60).

Many diorites have substantial K contents bu t the present diorites, 

which average 1.83% K20 do not have enough K 20 to be classified as High- 

K diorites according to Gulson et al.(1972). As compared with the average 

diorite of Le Maitre(1976), Ortakoy diorites have higher FeO, MgO, CaO, K20 

lesser Si02, T i02, Fe203, N a20 , P205 and sim ilar A1203 and MnO 

contents(Table 40). This K 20-enrichm ent and N a2 0 -d ep le tio n  in 

hornblende diorites might be considered to be explained by contamination 

w ith m etasedim ents which contain relatively higher K 20 (3.86% in 

semipelite and 2.47 % in psammite) and lower N a20 (1.1% in semipelites 

and 1.92 in psammites). However, as m etasedim ents contain high Si02 

(62.48% average in semipelite and 72.41% in psammite), the hornblende 

diorite w ould be expected to have higher silica content ow ing to the
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contamination. The low silica of the hornblende diorites precludes this 

contam ination process. The Ortakoy diorites have sim ilar Si02, Ti02, 

Fe203, FeO, MnO, CaO contents to pyroxene mica diorites and hornblende 

diorites (Table 40) of Appinite suites (Wright&Bowes, 1979). As a whole, 

the chemical characteristics of the Ortakoy diorites show a tendency towards 

the pyroxene mica diorite and hornblende diorites-appinite suites rather 

than that of the average diorites of Le Maitre(1976).

Major oxide and trace elements show regular variation trends on 

Harker diagrams ( Fig. 61 ). Usually, the hornblendite plots at the low Si02, 

high MgO end of the hornblende diorite trends on the H arker diagrams, 

suggesting  fractional crystallisa tion  w ith  early  separa tion  of the 

hornblendite. This is consistent w ith Figs. 62 and 63 which show that 

Niggli mg has a positive correlation with FeO, CaO, Th, Rb, Ni, Co and 

negative correlation with Si02, A1203, Ti02, P205, N a20  and Zr.

A mantle normalised hornblende diorite pattern is shown in Fig. 64 

and compared with Taylor and McLennan's(1985) Upper and Lower Crustal 

patterns. Elements in the hornblende diorite (particularly K) show a close 

sim ilarity to these patterns with a tendency to be nearer to the U pper 

C rustal one, although they occur betw een U pper and Lower Crustal 

patterns. Clearly, Ti was relatively enriched in the hornblende diorites and 

exceeded the average of the Upper Crustal value.
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IV.5.2.2 REE analyses

Two samples of the hornblende diorites were analysed for REE and 

their chondrite  norm alized  pa ttern s are show n in Fig. 65. The 

concentration of all REE seems to be increasing with increasing Si02. LREE 

enrichm ent (La/Lu 7.5-9.1) and HREE fractionation (G d/L u  2.09-2.3) are 

characteristics in these samples with slight negative Eu anomaly, possibly 

indicating some previous plagioclase fractionation. The whole pattern  is 

typical of a basic magma of w ithin continent type w ith m oderate LREE 

enrichm ent.

Mafic rocks accompanying granitoid suites are considered as magmatic 

precursors(Didier, 1973). The amphibolites melting at crustal conditions 

m ight form andesitic magmas (Pichler&Zeil, 1972) and the injection of 

basalt magma into the lower crust can account for this melting(Burnham, 

1979; Huppert&Sparks, 1988). In this regard, the quartz-diorite m elt could be 

form ed from am phibolite by injection of a basalt m agm a at 1200° C 

(Burnham, 1979). Amphibole would be separated from basalt magma under 

h y d ro u s co n d itio n s(C aw th o rn & 0 'H ara , 1976) an d  m akes crystal 

fractionation to be plausible m echanism  form ing diorite. Sim ilarly, 

app in ites w ere suggested being form ed by d ifferen tiation  of basic 

m agm a(W right& Bowes, 1979) or by hornb lende accum ulation  from 

hydrous andesite or basalt magma (Groome&Hall, 1974). Spatial association 

of the Ortakoy diorites with hornblendite, and the similarity in chemical 

compositions of the Ortakoy and Scdtish appinite diorites suggest a similar 

petrogenetic process. The steep REE pattern of the Ortakoy diorite may 

support the hornblende fractionation as shown by Frey et al. (1978) although 

such patterns are widely accepted as indicating residual garnet during 

melting. Moreover, the fractionation of hornblende is evident in the thin
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sections of the hornblende diorites w ith an edenitic- or actinolitic- 

hornblende core and a magnesio-hastingsitic- or magnesio-hornblende-rich 

rim(see petrography chap.). Plagioclase is likely to accompany hornblende 

fractionation and the negative Eu anomalies in the REE pattern  of the 

hornblende diorites w ould require  early separation and rem oval of 

plagioclase.

The fractional crystallization was tested w ith linear m ass-balance 

calculations on XLFRAC com puter program (Storm er& Nicholls, 1978) by 

using the chemical analyses of the hornblendite and hornblende diorite, 

initial and final compositions of magma (Table 42 ). The m icroprobe 

analyses of the hornblende, anorthite, and spinel in the hornblendite were 

taken as initial phases. The sum of the squares of the residuals is however 

rather large (40), which suggests that the fractionation of these phases in 

the hornblendite to produce the Ortakoy diorites are unlikely. Hence, it is 

likely that the hornblende diorites were form ed by m elting of a garnet- 

bearing source at crustal conditions, possibly coupled w ith  fractional 

crystallisation of hornblende, anorthite and spinel.



1 5 9

IV.5.2.3 Conclusions

The hornblende diorites are subalkaline and tend to be calcalkaline to 

tholeiitic in composition.

They are relatively enriched in FeO, MgO, CaO, K 20 and depleted in 

Si02, Ti02, Fe203, N a20  and P205 with respect to the average diorite of Le 

Maitre(1976). There seems to be no relationship between the variation of 

the major oxides and the contam ination of the hornblende diorites by 

metasediments. The Ortakoy diorites tend to be appinitic having similar 

Si02, Ti02, Fe203, FeO, MnO and CaO contents to typical appinite diorite 

(Wright&Bowes, 1979).

Primitive m antle norm alised pattern  of the Ortakoy diorites shows 

similarity to that of Upper C ru s t.

The hornblende diorites were suggested to be formed by melting of a 

garnet-bearing source at crustal conditions. This was possibly coupled with 

fractional crystallisation of hornblende, anorthite and spinel, which is 

supported by zoning in hornblende and feldspar in thin section, and by the 

transition between hornblende diorite and hornblendite in the field.
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Table 40: Major and m inor chemical analyses of the hornblende diorites 

with hornblendite and average compositions of diorite of Le Maitre(1976) 

and diorite of Appinites.

Sample No 371 446 128 317 384 290 315 369

Si02 54.68 59.99 52.80 55.56 48.88 54.15 53.11 61.55
Ti02 0.85 0.64 0.59 0.58 0.56 0.78 0.45 0.44
AI203 20.57 15.56 18.22 18.42 12.71 18.30 15.35 17.37
Fe203 6.26 1.70 1.34 1.25 2.02 2.69 2.08 1.45
FeO 0.57 6.22 5.36 6.03 8.30 6.36 5.22 3.21
MgO 2.66 2.47 3.40 3.84 9.13 3.28 6.30 2.04
MnO 0.11 0.14 0.14 0.10 0.19 0.19 0.14 0.11
CaO 7.72 8.05 9.18 7.24 12.52 7.32 9.01 4.69
Na20 2.84 2.73 3.35 2.30 1.63 3.14 3.04 3.79
K20 1.36 0.44 3.25 2.17 0.68 1.63 3.05 3.15
P205 0.17 0.09 0.14 0.11 0.08 0.21 0.09 0.15
H20 2.10 1.85 1.50 2.13 2.48 1.90 1.92 1.90
C02 0.15 0.10 0.65 0.17 0.81 0.10 0.14 0.09

Total 100.04 99.98 99.92 99.90 99.99 100.05 99.90 99.94

U 2 2 3 4 3 3 3 2
Th 3 0 12 8 7 0 4 8
Ce 32 0 56 33 20 53 32 51
La 16 0 23 11 7 25 19 26
Pb 17 10 19 20 5 13 12 25
Ba 414 100 675 406 111 626 862 691
Zr 209 25 144 87 32 129 54 176
Y 16 28 30 15 17 33 15 22
Sr 300 144 274 212 214 304 379 235
Rb 52 17 94 97 22 51 93 94
Ga 22 15 18 18 11 18 13 16
Zn 89 57 80 62 90 109 60 70
Cu 26 7 10 27 2 5 22 16
Ni 24 3 15 16 55 6 33 12
Co 18 13 13 24 41 17 24 11
Cr 126 51 70 47 368 112 289 49
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Table 40: cont.

Ortakoy dio. AppiniteA Gen.Dio*.
Sample No 38 48 714 388 Mean On Mean Mean Hornbldt.

Si02 57.65 56.87 50.17 51.29 54.72 3.67 55.36 57.48 40.29
Ti02 0.55 0.61 0.78 0.69 0.63 0.12 0.92 0.95 0.33
AI203 16.18 16.87 17.33 12.94 16.65 2.18 15.75 16.67 12.86
Fe203 1.32 0.97 1.95 1.52 2.05 1.35 1.77 2.50 4.09
FeO 5.32 6.17 7.80 8.56 5.76 2.11 5.48 4.92 8.02
MgO 2.85 3.89 4.87 8.90 4.47 2.31 5.87 3.71 19.51
MnO 0.16 0.12 0.13 0.12 0.14 0.03 0.15 0.12 0.22
CaO 5.75 7.50 10.43 11.62 8.42 2.18 7.15 6.58 7.95
Na20 5.22 2.66 2.92 1.61 2.94 0.92 2.81 3.54 1.04
K20 3.27 2.02 0.40 0.59 1.83 1.10 2.25 1.76 0.31
P205 0.19 0.13 0.08 0.06 0.12 0.05 0.21 0.29 0.03
H20 1.42 1.90 2.40 1.85 1.95 0.29 1.72 1.15->H20+
C02 0.22 0.24 0.70 0.10 0.29 0.25 0.57 0.21 ->H20- 5.36

0.10->CO2 (LOI)

Total 100.10 99.95 99.96 99.85

U 1 3 0 0 2 1
Th 0 6 3 6 5 4 16
Ce 42 36 55 15 35 17 29
La 21 26 20 11 17 8 18
Pb 8 19 7 4 13 6 16
Ba 590 368 90 116 421 259 529
Zr 110 106 75 51 100 55 173
Y 18 22 19 28 22 6 -

Sr 256 229 247 266 255 56 433
Rb 72 77 1 0 56 36 64
Ga 18 18 16 13 16 3 20
Zn 74 84 53 91 77 16 75
Cu 5 14 0 1 11 9 71
Ni 8 22 4 54 21 17 71
Co 17 26 14 49 22 11 31
Cr 122 136 75 729 181 191 229

A : Averages of the pyroxene mica diorites and hornblende diorites,
Appinite suite from Loch Lomond-Loch Fyne region, W right &Bowes(1979) 
* : Averages of diorite calculated from 872 samples, Le Maitre(1976).

on  : Standard deviation 
Mean: Arithmetical mean

Mineralogical compositions and coordinates of the samples

Sample No Minerals** Coordinates Sample No and Minerals** Coordinates

371 pl+ hbl+ bt+ qtz 90800-87637 38 pl+hbl+ or 86100-86700
446 pl+ hbl+ qtz+ bt 91762-88150 48 pl+hbl+bt+qtz 88937-96137
128 pl+hbl+ or+qtz+bt 88375-87687 714 pl+hbl 91425-86800
317 pl+bt+hbl+qtz 91350-89162 388 hbl+pl 87825-82975
384 hbl+pl 87070-82725
290 pl+bt+hbl+qtz 87812-84550
315 hbl+pl+qtz 91687-90837
369 pl+hbl+qtz+bt 92250-84925 Hornblendite: hbl+act+an+spl 85250-85762

: Mineral symbols are from Kretz(1983).
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Q = S i/3 -(K + N a + 2 C a /3 )  A  300

■ Hornblende diorite

200

100 /

A *go+
mzq

mzgo. mz

100 200400 -300 -200 -100 0
P=K-(Na+Ca)

Figure 56: Nomenclature of the hornblende diorites using a Debon and Le 

Fort(1982) diagram. Its parameters are expressed as gram-atomxlO3 of each 

element in 100 g of material (see Table 41 for calculation). Crosses represent 

12 model compositions for a reference:

gr: granite, ad: adamellite, gd: granodiorite, to: tonalite, sq: quartz-syenite 

mzq: quartz monzonite, mzdq: quartz monzodiorite, dq: quartz diorite 

(quartz gabbro-quartz anorthosite), s: syenite, mz: monzonite, 

mzgo: monzogabbro, monzodiorite, go: gabbro (diorite-anorthosite)
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Table 41: Example calculation of the different parameters for the diagram of 

Debon and Le Fort(1982).

Column 1: Chemical analysis, in weight percent of metallic oxides. Fe203t, 

total iron as ferric oxide; L.I., loss on ignition. Column2: molecular weight 

of the different oxides. Column 3; factor obtained by dividing the molecular 

w eight by the num ber of metallic atoms(cations) in the oxide formula. 

Column 4: number of millications(103 gram-atoms) per 100 grams, obtained 

by dividing values from column 1 by the corresponding factor of column 3, 

and then multiplying by 103. Column 5: Parameters are calculated from the 

millicationic value.

1 2 3 4 5
Oxide % Molecular

weight
Factor Millications Parameters

Si02 74.16 60.06 60.06 Si=1235 Q=Si/3-(K+Na+2Ca/3)=178
A1203 14.89 101.94 50.97 Al=292 P=K-(Na+Ca) =-78
Fe203t 0.59 159.70 79.85 Fe3+=7
FeO - 71.85 71.85 Fe2+= -
MnO 0.10 70.93 70.93 Mn= 1
MgO 0.16 40.32 40.32 Mg= 4
CaO 0.75 56.08 56.08 Ca= 13
N a20 4.49 62.00 31.00 Na=145
K20 3.75 94.19 47.10 K =80
Ti02
L.I.
Total

0.06
0.59
99.54

79.90 79.90 Ti = 1
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♦ Hornblende diorite 
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Figure 59: AFM diagram of the hornblende diorites and the hornblendite. 

Fields after Irvine and Baragar (1971).
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Figure 60: Plot of FeO t/M gO  vs Si02. Tholeiitic-calcalkaline from
Miyashiro (1974).
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Table 42: Test of fractionation from the hornblendite to sam ple 369,
hornblende diorite.

Composition: initial final hbl An Spl

Si02 39.93 61.37 46.88 45.22 0.12
Ti02 0.33 0.44 1.49 0.07 0.00
A1203 12.75 17.32 12.93 34.63 57.53
Fe*203 12.88 5.00 11.50 0.32 31.80
MnO 0.22 0.11 0.25 0.00 0.26
MgO 19.34 2.03 15.68 0.12 10.27
CaO 7.88 4.68 11.32 18.62 0.02
Na20 1.03 3.78 1.66 0.98 0.00
K20 0.31 3.14 0.29 0.03 0.00
P205 0.03 0.15 0.00 0.00 0.00
H20 5.31 1.89 0.00 0.00 0.00
C02 0.00 0.09 0.00 0.00 0.00
S% 0.00 0.00 0.00 0.00 0.00
Cr203 0.00 0.00 0.00 0.00 0.00
NiO 0.00 0.00 0.00 0.00 0.00

bulk 'comp. o b s .d iff . c a lc .d if f . o b s.-ca lc .
of added or between between , (residuals)
subtr .matl . magmas magmas

Si02 40. 94 21.435 20.455 0.980
Ti02 1.62 0.112 -1.186 1.298
A1203 12.82 4.573 4.501 0.072
Fe*203 15.31 -7.879 -10.321 2.442
MnO 0.29 -0.108 -0.184 0.075
MgO 18.06 -17.302 -16.052 -1.250
CaO 9.00 -3.203 -4.330 1.127
Na20 1.69 2.748 2.145 0.603
K20 0.31 2.833 2.834 -0.001
P205 0.00 0.120 0.150 -0.030
H20 0.00 -3.418 1.897 -5.315
C02 0.00 0.090 0.090 0.000
S% 0.00 0.000 0.000 0.000
Cr203 0.00 0.000 0.000 0.000
NiO 0.00 0.000 0.000 0.000
to ta l 0.000

sum of the squares of the residuals  = 40.0629

phase amount as amount as amount as amount as
name w t.p e t . of w t.p e t . of w t.pct. of w t.pc t. of

init.magma a l l  phases added phases subtrd.phases

Hornblende -109.131 80.24 0.00 92.67
A northite -8.68 6.34 0.00 7.33
Spinel 18.35 13.41 100.00 0.00

to ta ls r e l .  to  i n i t i a l magma = 18.35 118.49

hrb: hornblende, an: ano rth ite , s p l : spinel
o b s .d iff : observed d ifference, wt. pet: weight percentage

* :Fet as Fe203
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IV.5.3 Granitoids and associated rocks

In this chapter, granitoids w ith enclaves, microgranites and quartz- 

alkali syenites will be examined to decipher any possible genetic link with 

each other using principally chemical analyses.

IV.5.3.1 Granitoids

IV.5.3.1.1 Major and trace elements

The granitoids have substantial variation in composition: S i02

ranges from 64.13% to 73.43% with an average of 69.11 % while N a20  and 

K20 vary between 1.84-4.19% and 2.14-4.56%, respectively (Table 43). The 

ratio of K 20 to N a20  is generally >1(1.12 mean) and changes with the 

proportion of biotite and K-feldspar to albite. CaO, in Ca-plagioclase 

(hornblende is minor) varies from 1.30% to 4.44% having an average of 

2.67. The molar-ratio of A1203 to N a20+K 20+C a0, A /CN K  is usually less 

than 1.1 but also equal to or larger than 1.0 therefore, granitoids are 

metalum inous to slightly peraluminous in composition(Fig. 66 ) according 

to the definition of Shand(1947).

The granitoids, plot in the adamellite and granodiorite field on Debon 

& Le Fort's (1982) diagram (Fig. 67) and in the biotite+hornblende or biotite 

granite field in the characteristic m inerals diagram  (Fig. 68-a). The 

lineam ent they define on the classification diagram  is characteristic for 

neither the cafemic nor alumino-cafemic group (Fig. 68-b). But the 

enclaves follow the cafemic group, which always starts w ith amphibole 

a n d /o r  pyroxene bu t often ends w ith biotite alone or tw o mica 

rocks(Debon&Le Fort, 1982). To identify the cafemic or alumino-cafemic 

subgroup a QBF triangular diagram was used ( Fig. 69-a). As the granitoids
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plot at the intersection of the light-coloured subalkaline (SALKL) and 

calkalkaline (CALK) lines (Fig.69-b), they are of either SALKL or CALK in 

characteristic. Debon and Le Fort (1988) classified igneous rocks into 

m agnesian  and  ferriferous associations using  M g/(Fe+M g) versus 

Fe+Mg+Ti diagram. The dividing line between the two associations passes 

through the granite, adamellite, granodiorite, tonalite, quartz diorite and 

gabbro reference points which are average values obtained from 670 

plutonic samples from Afganistan (Debon and Le Fort, 1988). Therefore, 

Fig. 70 shows that the Ortakoy granitoids are relatively enriched in Mg and 

can be called magnesian associations.

G ranito ids p lo t largely in the high-K field of Peccerillo and 

Taylor(1976) in a binary diagram of K20 versus Si02 (Fig. 71 ). On an AFM 

ternary diagram  (Fig. 72), they show typical calcalkaline character. In a 

Harker, diagram increase of A1203, CaO, Ti02, MgO, FeO, Fe203, P205, Zn, 

Ga and decrease of K 20, Th and Rb w ith decreasing S i02 suggest 

fractionation of plagioclase, hornblende and apatite (Fig. 73) and Fig.s 74, 75 

and 76 confirm (apart from apatite) these suggestions. Better correlation is 

seen when the granitoids and the diorites are plotted together (Fig.s 77 and 

78) on the H arker diagram  than w hen the granitoid is p lo tted  alone 

(particularly for CaO , MgO and FeO). The fractionation was tested with 

linear m ass-balance calculations using an XLFRAC com puter program  

(Stormer&Nicholls, 1978) with the chemical composition of the diorite as 

an initial m agm a and m icroprobe analyses of the hornblende and the 

plagioclase as fractionation phases, and the results are presented in Table 

48. The sum of the squares of the residuals is not smaller than 1(10.72) 

hence the fractionation of the granitoids from the diorite is unlikely.
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Granitic rocks are classified into two major groups according to their 

source by Chappell and White(1974). I-type granitoids are free of normative 

corundum  and are in theory derived by fractional crystallisation or 

rem elting of basaltic parents while S-type granito ids have norm ative 

corundum  and a m etasedim entary source and contain m odal cordierite 

and biotite with or w ithout garnet, Al-silicate polymorphs and muscovite. 

The average composition of the Ortakoy granitoid is similar to the that of I- 

type granite from the Lachlan Fold Belt, with only slight differences with 

low Fe203, Ti02, MgO, CaO, Y, Sr, U, Th, Cu, Ce, and higher MnO, Pb and 

Cr (Fig. 79). Fig. 80 also shows that the granitoid samples largely plot in the 

I-type field with only a few samples at the edge of the S-field. The 

h o rn b len d e -b ea rin g  m inera logy  and  the ex istence  of igneous 

xenoliths(enclaves) in the samples are in conformity with an I-type granite. 

Their slightly peralum inous character is not untypical since alm ost one 

half of the I-type granito ids of the Lachlan Fold Belt are w eakly 

peralum inous with a ratio generally less than l.l(Chappell& W hite, 1992). 

This slight A1 enrichm ent in I-type granites may result from  small 

analytical errors or hydrotherm al alteration w hich can lead to the 

destruction or mobilisation of feldspars and the mobilisation of Na, K, and 

Ca.

Barbarin (1990) com pared the main petrogenetic classifications of 

granitoids with each other and proposed another classification based on 

whether the granitoids were derived from the mantle, the crust a n d /o r  

w ere hybrid. G ranitoids w ith A /C N K  generally less than  1.1 and 

FeOt/(FeOt+MgO) less than 0.8 are termed "hybrid continental arc groups" 

( H c a )/ which were emplaced in a continental m argin above an active 

subduction zone. According to this classification, the granito ids are 

supposed to have an initial 87Sr/86Sr betw een 0.706 to 0.708. The
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counterparts of H c a  are the Andino type of Pitcher(1983, 1987), and 

continental arc granitoids (CAG) of Maniar and Piccoli(1989).

Granites are the most abundant plutonic rock in the crust (Clarke, 

1992) and can be produced from various sources by partial m elting process 

(e.g. Tuttle &Bowen, 1958; Helz, 1976; Wyllie, 1983; Ellis&Thompson, 1986; 

Conrad et al.,1988; Vielzeuf&Halloway, 1988 ). The am ount of m elt 

produced by this process is dependent on P-T-fluid conditions at, and the 

composition of the source region. The melt becomes mobile w ith its 

restite after reaching the critical m elt fraction of Van der Moolen and 

Paterson (1979). Granite magmas m ust originally contain restite at their 

source and m any of them  never com pletely rid  them selves of that 

com ponent (Chappell&W hite, 1992). The proportion of the m elt and 

restite varies from granites that are pure magma to those that contain 

abundant restite. Melt dom inated granites can be distinguished from 

restite-dominated ones by decreasing K /Rb with increasing Si02(W yborn et 

al., 1992). Fig. 81 shows that the Ortakoy granitoids are m elt-dom inated 

rather than restite-dominated.

Y /N b ratio is generally unchanged by crustal assimilation(Eby, 1990), 

therefore different Y /N b ratios between granites at similar stages of their 

m agmatic evolutions m ight have originated from heterogeneous source 

materials(Sewell et al., 1992). As seen in Fig. 82, the granitoids display two 

distinct trends; one with decreasing Y /N b with increasing Si02, probably as 

a result of the crystallisation of amphibole and the other with little change 

of Y /N b with respect to Si02 variation. Although, hydrotherm al alteration 

might induce Y /N b variation by leaching and removing accessory minerals 

the actual accessory mineral contents of those samples which have lower 

Y /N b do not support this suggestion. Hence, the granitoids are likely to
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have been derived from  heterogeneous sources. The classification 

peralum inous and m etalum inous param eters do not correspond to these 

differences with A /C N K  in these samples varying from 0.96 to 1.12 but 

showing no correlation with Y /N b (Fig. 83).

IV.5.3.1.2 Tectonic Setting

Using the multicationic diagram of Fig. 84, the granitoids largely fall 

into group 2, representing  calcalkaline and trondjhem itic  rocks in 

composition, and group 6 which represents syn-collision, anatectic two 

mica leucogranites. However, the Nb-Y diagram  of Pearce et al.,(1984) 

show s them  as Volcanic Arc G ranito ids (VAG) and Syn-Collision 

Granitoids, syn-COLG, (Fig.85). Clear distinction between these two groups 

is made by a Rb versus Y+Nb diagram(Fig. 86) showing that the granitoids 

posses VAG character. Fig. 87 shows that the K /Rb ratios in the Ortakoy 

granitoids are generally less than 320, similar to continental arc granitoids 

of Peru. The compositions of the Ortakoy granitoids are close to those 

occuring in norm al continental arcs rather than m ature or prim itive 

continental arcs (Fig. 88). Low FeOt/M gO ratio in the granitoids (Fig. 89) 

suggests that the acidic rocks are of unfractionated type according to 

W halen et al.(1987). In summary, the unfractionated Ortakoy granitoids 

agree with a volcanic arc setting which is of continental and norm al(not 

primitive or mature) type.

IV.5.3.1.3 REE analyses

The REE patterns of the granitoids are characterised by a light REE 

enrichment compared w ith the heavy REE. This is often interpreted as 

evidence for residual garnet during the partial melting event (Fig.91). A
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m oderate  negative Eu anom aly (Eu/Eu*: 0.53-0.75) indicates the 

fractionation of plagioclase out of the magma before the analysed material 

crystallised. This Eu anomaly could also indicate the presence of residual 

plagioclase during the granitoid m elting event or be a feature inherited 

from the source materials. Sample 367 exhibits a much more fractionated 

pattern, particularly in HREE(Gd/Lu: 6.2) than the rest of three samples in 

which G d /L u  ranges from 1.8 to 2.5. If all samples have experienced a 

similar petrological process then the difference in REE pattern m ight have 

resulted  from heterogeneous source com positions, probably  variable 

amounts of garnet. Therefore, the granitoids could have formed from a 

garnet and plagioclase-bearing source.

IV.5.3.1.4 Source of the granitoids

The occurrence of migmatites in the m etasediments provokes granite 

forming by partial melting. The slightly peralum inous character of the 

Ortakoy granitoids with minor m etasedimentary xenoliths m ight suggest a 

sedimentary source. However, the granodiorite-dom inated mineralogical 

composition and I-type characteristics in the granitoids(hornblende-bearing 

mineralogy, existence of mafic enclaves etc), suggesting an igneous source 

precludes this but it is possible that metasediments m ight have contributed 

to the granitic magma to a small extent. Barbarin (1990) classification for 

the Ortakoy granitoids, hybrid continental arc groups, support this view.

Experimental petrology shows that am phibolites and eclogites are 

suitable sources for the tonalite and granodiorite family (Helz, 1973, 1976; 

Burnham, 1979; Wyllie, 1984). Mantle peridotite is less likely to produce 

volum inous granitoid batholiths (Clarke, 1992). REE patterns of the 

granitoids carry the signature of garnet at their source. Therefore, the
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Ortakoy granitoids, originally could have been extracted from a garnet- 

bearing source (eclogite an d /o r garnet-amphibolite).

IV.5.3.2 Enclaves

IV.5.3.2.1 Major and trace elements

Although only two enclave samples were analysed (Table 44) they 

show Si02 ranging from 54.04 to 58.76 wt% while CaO changes from 4.67% 

to 7.16% and K 20 from 1.51 to 4.37%. These variations reflect m odal 

changes in K -feldspar, biotite and plagioclase. The analyses are 

metaluminous in composition with A /CN K  values between 0.84 and 0.92.

The enclaves are generally m uch more basic than their host rocks 

(Fig.s 73 and 77). The grain size in the enclaves is finer than that of the host 

granitoid, which is interpreted to be im portant in supporting a magmatic 

origin for the enclaves(Vernon, 1984). The existence of sharp contacts 

betw een the enclaves and the host rocks indicates the lack of reaction 

(diffusion) between these rocks. Such mafic rocks within interm ediate and 

acidic intrusives are m ainly considered as m agm atic precursors (e.g. 

Didier,1973; Bacon,1986; Hill et al., 1986; Zorpi et al., 1989) or else disrupted 

basic dykes. They are thought to be helpful in identifying any mixing and 

mingling process between acidic and basic m agm as (Zorpi et al., 1991; 

Holden et al., 1991; Lorenc, 1990; Castro et al., 1990; Lorenc & Saavedra, 

1989). The existence of some minerals in the enclaves, viz. poikilitic 

hornblende and particularly K-feldspar may be related to hybridization 

(Lorenc, 1990). K-feldspar which occurs in enclaves and is similar to K- 

feldspar in the host rock was possibly incorporated into the basic magma 

probably during their injection into the host rock(Hibbard, 1981).
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The abundance of hornblende and biotite in the enclaves reflects 

crystallisation under high Ph20 conditions. The ellipsoidal and somewhat 

elongated shape is dom inant in the enclave reflecting reaction during flow 

in the host magma. The host granite was probably a crystal m ush when it 

came into the contact w ith the enclave m agm a m elt, hence m egacryst 

development in the enclaves ( Eberz & Nicholls, 1988).

The enclaves contain relatively high K and Rb compared to their Si02 

content (Fig.s 71 and 73). This enrichm ent process resu lts from  

crystallisation of K-feldspar.

There are two main hypotheses for the origin of enclaves: a) enclaves 

derived from mafic rocks, synplutonic with their host rock(e.g. Eberz & 

Nicholls, 1988; Zorpi et al.,1989). b) Mafic magma precursor of the granitic 

m agm atism . For instance, H olden et al.(1987) show ed that suites of 

microdiorite enclaves in two separate granite plutons from Scotland have 

higher initial e  Nd than their im m ediately enclosing host granito id , 

indicating injection of mantle-derived magmas into the crust as precursors 

to the production of the host granitoid magma. This is in accord with the 

petrographic and field evidence.

The enclaves, together w ith the host rock, underw en t plastic 

deformation during the intrusion's emplacement, and this resulted in an 

elliptic shape oriented parallel to the granite margin in the marginal zones 

of intrusion. (Lorenc&Saavedra, 1989).

Two main hybridization mechanisms, leading to enclave-forming in 

granitoids, were suggested by Zorpi et al.(1991) a) Chemical migration from



182

felsic to mafic component (e.g. Si, Rb, K) and in the opposite direction loss 

of Ca and Sr by volatiles and diffusion induce formation of a transition 

zone between the enclave and host rock. The rate of chemical transfer 

depends on the chemical contrast and the physical sta te  of both 

components. The rate is greatest for the fully-m olten state, decreases 

progressively with the crystallisation of the enclaves. Thus, since the size 

of enclaves controls their cooling rate so the m agnitude of chemical 

exchange increases with enclave size (Barbarin&Didier, 1992) b) Mass-to- 

mass mixing is performed by disaggregation of a mafic component and its 

"partial assimilation" by granitic rocks. Mechanical transfer of crystals 

occurs due to differences in viscosities or active stirring of the two magmas 

(Barbarin&Didier, 1992). In summary, the Ortakoy granitoids with enclaves 

m ight have been involved to m ass-to-m ass m ixing and m echanical 

transfer ( inducing the formation of K-feldspar). Chemical m igration is 

unlikely owing to the existing sharp contact between the mafic component 

and its host rock.

The m odelling of genetic links between the enclaves and their host 

rock is impossible due to the fact that the enclaves are megacrystic and not 

homogeneous(Eberz & Nicholls, 1988). The physical appearance, and the 

chemical (Fig.s 77 and 78) and mineralogical compositions of the enclaves, 

are close to the that of the diorite so it is likely that the diorites are a 

possible source from which enclaves were derived.
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IV.5.3.3 Microgranite

IV.5.3.3.1 Major and Trace Elements

The m icrogranites are associated w ith  the g ran ito ids and are 

peralum inous in com position w ith K 2 0 /N a 2 0  ranging from  0.98 to 

1.71 (Table 45). On Debon & Le Fort (1982) diagram, the microgranites plot 

in the granite and perquartzose granitoids fields (Fig. 67). They are in or 

close to leucogranite on the characteristic m inerals and QBF triangular 

diagrams (Fig.s 68-a and 69-a ).

The microgranites plot on both the high- and low-K field of Peccerillo 

and Taylor(1976) in Fig.71. The transition betw een granito id  and 

microgranite is seen on an AFM diagram  with alkali enrichm ent in the 

calcalkaline field(Fig. 72). In general, they are coherent to the trends of the 

granitoids on Harker diagrams (Fig.73, 77 and 78). N a20  and K 20 of the 

microgranite plot on the border between I- and S-type granites in Fig.80. 

However, because of the lack of Al-rich minerals such as m uscovite or 

garnet and close associations with the granitoids (I-type), it is probable that 

these are fractionated I-type granites and Fig. 89 m ay support this. The 

increase in Rb/Ba in the microgranite indicates pronounced alkali feldspar 

fractionation(Fig.90). The decrease in Zr+Ce+Y is perhaps due to the 

separation of zircon and apatite as accessory minerals, depleting the magma 

in Zr and REE.

The fractionation of microgranite from the granitoid was also tested 

(Table 49) w ith same m ethod as for the granitoid (least m ass balance 

calculations) and the sum of the squares is 1.896 making such fractionation 

unlikely.
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In the Pearce et al.(1984) tectonic classification d iagram , the 

m icrogranites plot in the VAG field with the granitoids(Fig.s 85 and 86). 

The binary diagram of R b/Z r versus Nb(Fig.88) agrees with formation in a 

Norm al Continental Arc with the granitoids.

IV.5.3.4 Quartz-alkali syenite 

IV.5.3.4.1 Major and trace elements

The mineralogical composition of the analysed samples varies from 

alkali syenite(637) through quartz-alkali syenite(634) to alkali granite(658). 

The sam ples range in Si02 from 69.18% to 78.73% w hile K 2 0 /N a 2 0  

changes between 0.04 and 1.77(Table 46). A /C N K  values in the quartz- 

alkali syenite are always larger than 1, i.e. they are peralum inous. The 

terminology on a Debon & Le Fort (1982) diagram (Fig. 67) depends on the 

relative proportions of albite, quartz and orthoclase. Albite dom inated 

samples have a composition of gabbro/d iorite /anorthosite , which shows 

an im p o rta n t d ifference  betw een  m inera log ica l and  chem ical 

classifications, whereas quartz and K-feldspar dom inated samples plot as 

granodiorite and granite respectively. The quartz-alkali syenites spread 

over the leuco granite area in the QBF triangular diagram(Fig. 69-a).

The quartz-alkali syenites plot mainly in the high-K field w ith one 

sample in the low-K field (Fig.71). On an AFM ternary diagram(Fig. 72), 

they plot close to the alkaline corner. The quartz-alkali syenites follow 

different trends from the granitoids for A1203, N a20, K20, Fe203 and Rb, 

Pb and possibly Nb on Harker diagrams(Fig.s 73, 77 and 78). This precludes 

the quartz-alkali syenites from being form ed from the granito ids by 

fractionation. The quartz-alkali syenites, which have variable chemical 

compositions ranging from alkali syenite to alkali granite can be formed 

from a syenitic magma by crystal fractionation.
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With fractionation, the ratio of K /Rb decreases sharply and Y /N b 

increases slightly (Fig.s 81 and 82). In the Pearce et al.(1984) diagram of Rb- 

Y+Nb, the quartz-alkali syenites occur in the VAG field (Fig.s 85 and 86).

IV.5.3.4.2 REE Analysis

The REE pattern of the quartz-alkali syenite (Fig.92) is characterised by 

light REE enrichm ent (La/Sm : 4.63) w ith slightly fractionated HREE 

(G d/Lu: 1.91). The existence of m oderate negative Eu anomaly (Eu/Sm: 

0.42) indicate the fractionation of plagioclase.

IV.5.3.5 Conclusions

The Ortakoy granitoids are m etalum inous to slightly peralum inous, 

high-K (Peccerillo and Taylor,1976), magnesian and possibly cafemic (Debon 

& Le Fort, 1988), and calcalkaline (Irvine & Baragar, 1971) in character.

Fractionations of various phases viz. feldspars, biotite, hornblende 

and apatite largely control the chemical variations within the acidic rocks 

which are of I- and Andino type(Chappell&W hite, 1974; Pitcher, 1983), 

continental arc granitoids (Maniar&Piccoli, 1989) and hybrid continental arc 

groups (Barbarin, 1990). The fractionation test shows that the formation of 

the granitoid from the diorite via fractional crystallisation of hornblende 

and plagioclase is unlikely. It is suggested that the granitoids could have 

been formed from a garnet bearing source (eclogite a n d /o r  amphibolite) by 

partial melting. The metasediments are likely to contribute to the granitic 

magma.
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As K /Rb decreases with increasing Si02, the granitoids are melt-rich 

type (Wyborn et al., 1992) that were derived from an heterogeneous source 

inferred from the different Y /N b ratios at similar evolution stages of the 

acidic pluton.

Poikilitic hornblende and K-feldspar in the enclaves, similar to those 

occur in the host rock, are suggested to be xenocrysts derived from the 

granito id . The enclaves possibly belong to the diorite m agm a and 

crystallised away from their present host. M ass-to-mass mixing and 

m echanical transfer are possible hybridization processes altering the 

chemical compositions of the mafic component and its host.

The m icrogranite is suggested to have form ed in a continental arc 

setting associated with the granitoids.

The quartz-alkali syenites showing transition to alkali syenite and 

alkali granite may be form ed from  a syenitic m agm a by crystal 

fractionation
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Table 43: Major oxides and trace elements analyses of the granitoids

Sample No 655 573 562 559 437 669

Si02 71.83 64.13 69.90 68.79 73.43 70.98
Ti02 0.23 0.45 0.31 0.34 0.51 0.22
AI203 13.73 16.67 14.45 14.95 13.80 13.65
Fe203 0.26 1.89 0.46 0.72 0.57 0.28
FeO 1.88 2.87 1.60 2.64 2.75 2.04
MgO 0.69 1.51 1.00 1.31 1.54 1.24
MnO 0.12 0.11 0.06 0.09 0.08 0.11
CaO 2.08 4.44 1.89 3.02 1.30 2.58
Na20 3.63 3.69 4.19 2.78 1.84 3.11
K20 3.44 2.33 4.33 3.72 2.14 4.02
P205 0.06 0.18 0.10 0.09 0.08 0.06
H20 1.35 1.30 1.25 1.40 1.67 1.40
0 0 2 0.74 0.07 0.19 0.29 0.19 0.49

Total 100.04 99.64 99.73 100.14 99.90 100.18

K20/Na20 0.95 0.63 1.03 1.34 1.16 1.29
A/CNK* 1.01 1.0 0.96 1.06 1.79 0.96

U 0 2 3 2 1 0
Th 19 9 18 22 12 15
Ce 47 55 63 62 47 41
La 23 32 31 33 24 19
Pb 49 19 23 27 14 31
Ba 489 1031 630 368 469 262
Zr 128 200 190 137 206 100
Y 11 20 22 22 23 15
Sr 132 321 113 128 146 116
Rb 244 75 184 156 66 190
Ga 12 18 18 15 16 12
Zn 35 74 32 51 45 34
Cu 1 0 0 2 7 3
Ni 3 1 6 5 29 6
Co 8 5 3 4 7 11
Cr 21 35 122 19 146 38
S 22 6 0 5 2 23
Nb 12 8 15 9 9 6

K/Rb 141 311 235 238 324 211
Rb/Sr 1.8 0.2 1.6 1.2 0.4 1.6

* : molar-ratio of AI203 to Ca0+Na20+K2Q
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Table 43 cont.

Sample No 367 314 233 203 Mean <7n

Si02 67.46 66.74 70.97 66.87 69.11 2.68
Ti02 0.40 0.37 0.19 0.33 0.34 0.10
AI203 15.41 16.13 14.04 15.43 14.83 1.00
Fe203 0.60 0.91 0.35 0.57 0.66 0.45
FeO 2.97 2.70 1.90 2.79 2.41 0.47
MgO 1.67 1.44 0.77 1.41 1.26 0.32
MnO 0.06 0.04 0.07 0.06 0.08 0.03
CaO 2.77 3.41 2.06 3.2 2.67 0.85
Na20 2.75 3.09 3.43 3.52 3.20 0.62
K20 3.85 2.97 4.56 4.02 3.54 0.77
P205 0.16 0.12 0.07 0.10 0.10 0.04
H20 1.50 1.65 1.48 1.48 1.45 0.13
C02 0.19 0.12 0.11 0.20 0.26 0.19

Total 99.79 99.69 100.01 99.98

K20/Na20 1.4 0.96 1.33 1.14 1.12 0.22
A/CNK* 1.12 1.11 0.98 0.97 1.1 0.24

U 3 3 3 0 2 1
7h 5 12 20 11 14 5
Ce 34 46 39 60 49 10
La 17 21 22 34 26 6
Pb 36 30 25 21 28 9
Ba 495 434 293 369 484 209
Zr 135 131 128 132 149 34
Y 16 21 14 0 16 7
Sr 171 159 101 147 153 59
Rb 153 140 192 152 155 51
Ga 17 19 13 15 16 2
Zn 57 52 26 30 44 14
Cu 12 9 5 2 4 4
Ni 19 7 3 3 8 9
Co 10 6 5 7 7 2
Cr 114 131 82 108 82 46
S 4 4 2 4 7 8
Nb 9 3 5 3 8 4

K/Rb 252 212 238 264 242.6 49.2
Rb/Sr 0.9 0.9 1.9 1.0 1.15 0.55

* : molar-ratio of AI203 to Ca0+Na20+K20

On : Standard deviation 
Mean: Arithmetical mean

Mineralogical composition and coordinates of the granitoids analysed

655 pl+qtz+hbl+or+bt" 82200-93150 367 qtz+pl+or+bt 92105-82350
573 pl+qtz+bt+or+hbl 84550-85800 314 qtz+pl+or+bt 91400-91075
562 pl+qtz+or+bt+hbl 81437-94825 233 qtz+pl+or+bt+hbl 80412-87750
559 pl+or+bt+qtz+hbl 78520-93862 203 qtz+pl+or+bt+hbl 77275-95688
437 qtz+pl+serA+bt 92750-84650
669 qtz+or+pl+bt+hbl 77262-95812

A : sericite
" : mineral symbols are from Kretz(1983)
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Table 44: Major oxides and trace elements analyses of the enclaves

Sample No 227 96 Mean <7n

Si02 58.76 54.04 56.40 2.36
Ti02 0.46 0.60 0.53 0.07
AI203 16.76 17.42 17.09 0.33
Fe203 1.88 1.5 1.69 0.19
FeO 5.11 7.87 6.49 1.38
MgO 2.75 3.16 2.96 0.21
MnO 0.20 0.26 0.23 0.03
CaO 4.67 7.16 5.91 1.24
Na20 3.02 3.73 3.38 0.36
K20 4.37 1.51 2.94 1.43
P205 0.09 0.10 0.09 0.01
H20 1.10 2.46 1.68 0.42
C02 0.83 0.12 0.47 0.36

Total 100.13 99.57

K20/Na20 1.45 0.40 0.92 0.53
A/CNK* 0.92 0.84 0.88 0.04

U 3 3 3 0
Th 7 4 5 1
Ce 36 40 38 2
La 13 11 12 1
Pb 45 49 47 2
Ba 617 682 650 32
Zr 89 101 95 6
Y 35 33 34 1
Sr 102 348 225 123
Rb 206 158 182 24
Ga 15 16 16 0
Zn 87 91 89 2
Cu 14 15 15 0
Ni 11 14 12 1
Co 11 9 10 1
Cr 53 28 40 12
S 4 10 7 3
Nb 5 4 5 0

K/Rb 212 96 154 58.0
Rb/Sr 2.02 0.4 1.21 8.8

* : molar-ratio of AI203 to Ca0+Na20+K20

On : Standard deviation 
Mean: Arithmetical mean

Mineralogical composition and coordinates of the enclaves

227 pi" +hbl+ort+qtz+bt+ap 79000-89550
96 pl+qtz+hbl+bt 85150-91975

mineral symbols are from Kretz(1983)
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Table 45: Major oxides and trace elements analyses of the microgranites

Sample No 744 746 Mean

Si02 76.45 76.39 76.42 0.03
Ti02 0.21 0.09 0.15 0.06
AI203 13.28 12.66 12.97 0.31
Fe203 0.48 0.34 0.41 0.07
FeO 1.45 0.40 0.92 0.52
MgO 0.54 0.10 0.32 0.22
MnO 0.03 0.02 0.02 0.01
CaO 0.15 0.55 0.35 0.20
Na20 2.04 3.00 2.52 0.48
K20 2.00 5.12 3.56 1.56
P205 1.73 0.00 0.87 0.87
H20 1.15 1.20 1.17 0.02
C02 0.29 0.26 0.27 0.01

Total 99.80 100.13

K20/Na20 0.98 1.71 1.34 0.36
A/CNK* 2.29 1.10 1.69 0.59

U 0 0 0 0
Th 12 28 20 8
Ce 31 24 28 3
La 24 14 19 5
Pb 28 59 44 15
Ba 422 70 246 176
Zr 111 49 80 31
Y 17 13 15 2
Sr 98 25 62 36
Rb 180 253 217 36
Ga 12 11 12 0
Zn 31 14 23 8
Cu 3 7 5 2
Ni 4 3 4 0
Co 0 0 0 0
Cr 86 38 62 24
S 0 14 7 7
Nb 19 14 17 2

K/Rb 111 202 156.5 45.5
Rb/Sr 1.8 10.1 5.95 4.15

* : molar-ratio of AI203 to Ca0+Na20+K20

On : Standard deviation 
Mean: Arithmetical mean

Mineralogical composition and coordinates of the microgranite

744 or+qtz+pl+bt 84860-96800
746 or+qtz+pl+bt+ep 85710-97862
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Table 46: Major oxides and trace elements analyses of the quartz-alkali

syenites

Sample No 634 637 658 Mean Gn

Si02 71.18 69.18 78.73 73.03 4.11
Ti02 0.17 0.17 0.09 0.17 0.04
AI203 16.12 18.45 12.18 15.58 2.59
Fe203 1.05 0.01 0.11 0.39 0.47
FeO 0.13 0.20 0.48 0.27 0.15
MgO 0.23 0.36 0.61 0.40 0.16
MnO 0.04 0.03 0.00 0.02 0.02
CaO 0.06 0.00 0.02 0.03 0.03
Na20 7.08 10.11 2.73 6.64 3.03
K20 3.26 0.36 4.82 2.81 1.85
P205 0.03 0.01 0.02 0.02 0.01
H20 0.35 0.45 0.31 0.37 0.06
C02 0.10 0.16 0.10 0.12 0.03

Total 99.8 99.49 100.2

K20/Na20 0.46 0.04 1.77 0.76 0.74
A/CNK* 1.05 1.08 1.25 1.13 0.1

U 0 0 0 0 0
Th 31 8 28 22 102
Ce 36 39 27 34 5
La 13 18 14 15 2
Pb 9 2 12 8 4
Ba 512 31 227 257 197
Zr 92 132 87 104 20
Y 15 22 19 19 3
Sr 128 63 49 80 34
Rb 141 11 267 140 104
Ga 11 15 10 12 2
Zn 4 1 5 3 2
Cu 0 0 0 0 0
Ni 4 1 1 2 1
Co 0 6 8 5 3
Cr 60 18 91 56 30
S 26 26 25 26 0
Nb 11 20 10 14 4

K/Rb 231 327 180 246 61
Rb/Sr 1.1 0.2 5.4 2.2 2.3

* : molar-ratio of AI203 to Ca0+Na20+K20

On : Standard deviation 
Mean: Arithmetical mean

Mineralogical compositions and coordinates of the quartz-alkali syenites

634 or+ab+qtz+ep 83665-93098
637 ab+or+qtz+ep 83323-93230
658 or+qtz+ab 82285-93190
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Figure 66: Molar A1203/(Na20+K20+Ca0) versus Si02 wt%.
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□ Granitoid
♦ M icrogranite A
■ Quartz-alkali syenite ^  Q=Si/3-(K+Na+2C&/3)
o  Enclave

□ -300
perquartzose granitiodsv^

P=K-(Na+Ca)

-400 -300 -200 -100 0 100

Figure 67: Nomenclature diagram of the granitoids, microgranites, quartz- 

alkali syenites and enclaves (Debon&LeFort, 1982). The two parameters are 

in millicationsdO3 gram-atoms) for 100 g of rock or mineral(see Table 47 for 

calculation). Q parameter is proportional of the weight content of quartz, 

gr: granite, ad: adamellite, gd: granodiorite, to: tonalite, sq: quartz-syenite 

mzq: quartz monzonite, mzdq: quartz monzodiorite, dq: quartz diorite 

(quartz gabbro-quartz anorthosite), s: syenite, mz: m onzonite, mzgo: 

monzogabbro, monzodiorite, go: gabbro (diorite-anorthosite)
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Table 47: Example calculation of the different parameters for the diagram of 

Debon &Le Fort(1982). Column 1: Chemical analysis, in weight 

percent of metallic oxides. Fe203t, total iron as ferric oxide; L.I., 

loss on ignition. Column 2: molecular weight of the different 

oxides. Column 3; factor obtained by dividing the molecular 

weight by the number of metallic atoms (cations) in the oxide 

formula. Column 4: num ber of millications(103 gram-atoms) per 

100 grams, obtained by dividing values from column 1 by the 

corresponding factor of column 3, and then multiplying by 103. 

Column 5: Parameters are calculated from the millicationic 

values. In the B and Mg/(Mg+Fe) parameters, Fe represents Fe2+ 

+ Fe3+- Quartz, dark minerals and feldspars + muscovite (weight 

percentages) are obtained by dividing Q, B and F by 5.55.

1 2 3 4 5
Oxide % Molecular Factor Millications Parameters

weight

Si02 74.16 60.06 60.06 Si=1235 Q=Si/3(K+Na+2Ca/3)=178
A1203 14.89 101.94 50.97 Al=292 P=K-(Na+Ca) =-78
Fe203t 0.59 159.70 79.85 Fe3+=7 A=Al-(K+Na+2Ca) =41
FeO - 71.85 71.85 Fe2+= - B=Fe+Mg+Ti =12
M nO 0.10 70.93 70.93 Mn= 1 F=555-(Q+B) =365
MgO 0.16 40.32 40.32 Mg= 4 Na+K =225
CaO 0.75 56.08 56.08 Ca= 13 K/(Na+K) =0.36
N a20 4.49 62.00 31.00 Na=145 Mg/(Fe+Mg) =0.36
K20 3.75 94.19 47.10 K =80
Ti02 0.06 79.90 79.90 Ti = 1 Quartz % 32.1
L.I. 0.59 weight Dark minerals % 2.2
Total 99.54 % Feldspars+muscovite % 65.7
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Figure 68: a)C haracteristic m ineral and classification diagram s of

Debon&Le Fort, 1982 (Bi: Biotite, Mu: Muscovite, Hrb: Hornblende).
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b) For comparison, typical trends corresponding to aluminous (Alum), 

a lum ino-cafem ic(A lcaf) and cafem ic(Cafem ) are show n. O ther 

explanations are as in Fig.67.
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■+• Granitoid 
♦ M icrogranite 
■ Quartz-alkali syenite 

50 o Enclave
P erquartzose granitoids

Leuco granitoids

10 7 FeldsparsB=dark m inerals
M uscovite

Figure 69: a)The classification diagram  of cafemic and alumino-cafemic 

associations(Debon&Le Fort, 1982). The parameters , in weight percentages, 

are calculated from chemical analyses; see Table 47.

Thol
Salkd
Aiks - Cafemic

5 0

Alumino-cafemic
Alkos

3 0Thol
Salkl

Calk

Alkos
=— Salkd 

Aiks

50 30 10 7 Feldspars
B—dark m inerals M uscovite

Fig.69-b: Reference system of typical trends is shown for comparison (after 

Debon & Le Fort, 1982). Other explanations as in Figure 67. THOL:tholeiitic; 

CALK: calkalkaline; SALKD, SALKL: dark- and light- coloured subalkaline; 

ALKS: dark-coloured alkaline saturated; ALKOS: light-coloured alkaline 

oversaturated.
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□ Granitoid o Enclave

B= Fe +Mg+Ti

Figure 70: Mg/(Fe+Mg) against Fe+Mg+Ti diagram(after Debon&Le Fort, 

1988). The two parameters are in millications (103 gram-atoms) (see Table 

47 for calculations). Fe: total iron. Other explanations as in Fig. 67.
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Figure 71: K20 versus Si02 (boundaries from Peccerillo & Taylor,1976).
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♦ Granitoid 
o M icrogranite 
+ Quartz-alkali syenite 
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Tholeiitic

Calcalkaline

Figure 72: AFM triangular diagram (fields after Irvine & Baragar, 1971).
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Figure 74: Y versus Zr. The vectors showing fractional crystallization of 

the minerals are taken from Beckinsale, 1979. 

hbl: hornblende, bt: biotite, pi: plagioclase
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Figure 75: T i02  versus Zr. Calculated vectors from  A therton &

Sanderson,1985.
pi: plagioclase, hbl: hornblende, bt: biotite, mag: magnetite.
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Figure 76: Sr versus Rb. Vector from Bussel, 1988. 
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Table 48: Test of the granitoid(437) fractionation from the diorite(388).

recalculated analyses (wt.pcent. basis)
comp init(388) final hbl pig
Si02 50.81 73.30 52.58 45.39
Ti02 0.68 0.51 0.16 0.00
A1203 12.82 13.78 3.74 34 .31
Fe*203 10.93 3.59 14.64 0.34
MnO 0.12 0.08 0.32 0.01
MgO 8.82 1.54 14.74 0.17
CaO 11.51 1.30 12.56 18.09
Na20 1.59 1.84 0.88 1.54
K20 0.58 2.14 0.38 0.15
P205 0.06 0.08 0.00 0.00
H20 1.98 1.67 0.00 0.00
C02 0.10 0.19 0.00 0.00
S% 0.00 0.00 0.00 0.00
Cr203 0.00 0.00 0.00 0.00
NiO 0.00 0.00 0.00 0.00

bulk comp. obs.diff., calc.diff . obs.-calc.
of added or between , between (residuals)
subtr.matl. magmas magmas

Si02 50.46 22.491 21.222 1.269
Ti02 0.11 -0.174 0.370 -0.545
A1203 12.75 0.957 0 . 954 0.003
Fe*203 10.43 -7.333 -6.352 -0.980
MnO 0.23 -0.039 -0.141 0.102
MgO 10.45 -7.279 -8 .278 0. 999
CaO 14.19 -10.213 -11.981 1.768
Na20 1.07 0.242 0 .711 -0.469
K20 0.31 1.552 1.697 -0.145
P205 0.00 0.020 0.074 -0.054
H20 0.00 -0.314 1.549 -1.863
C02 0.00 0.091 0.176 -0.086
S% 0.00 0.000 0.000 0.000
Cr203 0.00 0.000 0.000 0.000
NiO 0.00 0.000 0.000 0.000
total 0.000

sum of the squares of the residuals = 10.7253

phase amount as amount as amount as amount
name wt.pct.of wt.pct,.of wt.pet.of wt.pct.

init.magma all phases added phs subtrd.
Hornblende -65.54 70.53 0.00 70.
Plagioclase-27.38 29.47 0 .00 29.

Totals rel. to initial magma = 0 .00 92 .

* : Fetot as Fe203, hbl: hornblende, pi: plagioclase 
obs.diff: observed difference, eqns: equations
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Figure 79: I- and S-type granite norm alised Ortakoy granitoid pattern. 
Norm alised values are from Lochland, Australia(Chappell&W hite, 1992). 
Note y axis is logarithmic
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Figure 80: Variation of N a20 and K20. I- and S-type boundaries of Lachlan 

Fold Belt from Chappell & White, 1984.
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Figure 81: Diagram showing melt-rich granite with decreasing K /R b and 

increasing Si02(Wyborn et al.,1992).
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Figure 82: Si02 versus Y/Nb.
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Figure 84: R1-R2 multicationic diagram (after de la Roche et al, 1980; and 

Batchelor & Bowden,1985). Petrological equivalents (after Lameyre & 

Bowden, 1982): group 1- tholeiitic; group 2- calc-alkaline and trondjhemitic; 

group 3- high-potassic calc-alkaline; group 4- sub-alkaline monzonitic; 

g roup  5- alkaline and peralkaline; g roup  6- anatectic  tw o-m ica 

leucogranites.

Rl= 4Si-ll(Na+K)-2(Fe+Ti), R2= 6Ca+2Mg+Al ( as cation)
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Figure 85: Nb-Y diagram of Pearce et al. (1984).

VAG: Volcanic arc granitoids, syn-COLG: syncollision granitoids

WPG: within plate granitoids, ORG: Ocean ridge granites
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Figure 86: Rb versus Y+Nb (lines after Pearce et al., 1984).

VAG: Volcanic arc granitoids, syn-COLG: syncollision granitoids 

WPG: within plate granitoids, ORG: Ocean ridge granitoids
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Figure 89: FeO t/M gO  against Zr+Ce+Y+Nb (after W halen, 1987). FG:

Fractionated granite, NFG: Unfractionated M-, I- and S-type granite.
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Figure 90: Rb/Ba versus Zr+Ce+Y+Nb
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Table 49: Test of fractionation of the microgranite (744) from the granitoid 
(573)

recalculated analyses (wt.pcent. basis)
comp init (573) final(744) pig hbl bt
Si02 64 . 16 76.48 59.36 44 .11 35.69
Tio2 0.45 0.21 0.04 1.15 3.54
A1203 16. 68 13.29 25.30 7 . 69 19.91
Fe*203 5.08 2.09 0.30 22 .39 23.53
MnO 0 .11 0.03 0.02 1.43 0.22
MgO 1.51 0.54 0.00 9.78 7.11
CaO 4.44 0.15 7.00 10.96 0.00
Na20 3 . 69 2 .04 7.41 1.63 0.58
K20 2 .33 2 .00 0.57 0 .87 9.43
P205 0.18 1.73 0.00 0.00 0.00
H20 1 .30 1.15 0.00 0.00 0.00
C02 0 .07 0.29 0.00 0.00 0.00
S% 0.00 0.00 0.00 0 .00 0.00
Cr203 0.00 0.00 0.00 0.00 0.00
NiO 0.00 0.00 0.00 0 .00 0.00

bulk comp). obs.diff ., calc .diff. o b s .-calc.
of added or between , between , (residuals)
subtr.matl. magmas magmas

Si02 53.40 12 .325 12 .254 0.070
Ti02 0 . 62 -0.240 -0.216 -0.024
A1203 20.18 -3.391 -3.659 0.268
Fe*203 8 .04 -2.991 -3.160 0.169
MnO 0 .41 -0.080 -0 .202 0.122
MgO 3 .17 -0.970 -1.398 0.428
CaO 7 .49 -4.292 -3.900 -0.392
Na20 5 .32 -1.651 -1.741 0.091
K20 1.36 -0.330 0 .339 -0.669
P205 0.00 1.551 0.919 0.632
H20 0 .00 -0.150 0.611 -0.761
C02 0 .00 0.220 0.154 0.066
S% 0 .00 0.000 0 .000 0.000
Cr203 0 .00 0.000 0 .000 0.000
NiO 0 .00 0.000 0 .000 0.000
total 0.000

sum of the squares of the residuals = 1.8962

phase amount as amount as amount as amount
name wt .pet. of wt.pet. of wt.pet. of wt.pet

init.magma all phases added p h s . subtrd
pig -34.70 65.36 0.00 65.36
hbl -14.13 26. 61 0.00 26. 61
bt -4 .26 8.03 0.00 8.03

totals rel. to initial magma = 0.00 53.09

* : Fetot as Fe203
hbl: hornblende, bt: biotite ort: orthoclase pig: plagioclase
obs diff: observed difference, eqns: equa tions , wt. pet: weight percentage
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ure 91: Normalised REE (Boynton, 1984) patterns of the granitoid
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Figure 92: Normalised REE (Boynton, 1984) pattern of the quartz-alkali 

syenite.
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IV.6  PECENEK FORMATION 

IV.6.1 Tuff

IV.6.1.1. Major and trace elements

The chemical composition of the O rtakoy tuffs is alm ost uniform  

being subalkaline (Fig. 93 a) and rhyolitic. As com pared w ith the 

composition of average rhyolite (Le Maitre, 1976), the tuffs show slight 

enrichment in Si02, A1203, MgO and CaO and slight depletion in Fe203, 

FeO and N a20  (Table 50).

Cainozoic volcanism in Central Anatolia started with andesitic lavas 

and ignimbirites of Lower Pliocene age and continued with rhyolite domes, 

basalt, perlite and obsidian (Ercan et al., 1987). The Ortakoy tuff of Pliocene 

age m ay represent a rhyolitic member of the volcanic succession in the 

region. The existence of basalt gravels w ith An 91 in the tuff confirms the 

existence of Cainozoic basaltic volcanism prior to the rhyolitic volcanism in 

Cental Anatolia.

IV.6 .1 .2 . Conclusions

The Ortakoy tuffs are subalkaline and rhyolitic in composition and 

preceded by basaltic volcanism. They show slight enrichm ent in Si02, 

A1203, MgO and CaO and slight depletion in Fe203, FeO and N a20  relative 

to the composition of average rhyolite (Le Maitre, 1976).
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Table 50: Chemical analyses of the tuffs and average com position of 

rhyolite(from Le Maitre, 1976)

Sample No 673 675 674 563 Mean <?n Rhvolite

Si02 74.52 74.16 72.68 72.96 73.58 0.78 72.82
7102 0.23 0.22 0.24 0.22 0.23 0.01 0.28
AI203 13.73 13.53 13.71 13.60 13.64 0.28 13.27
Fe203 1.27 1.35 0.88 1.32 1.15 0.28 1.48
FeO 0.33 0.33 0.80 0.35 0.45 0.20 1.11
MgO 0.69 0.68 0.67 0.98 0.75 0.13 0.39
MnO 0.06 0.10 0.07 0.05 0.07 0.02 0.06
CaO 1.29 1.32 1.37 1.30 1.32 0.03 1.14
Na20 2.96 2.88 2.64 2.91 2.85 0.12 3.55
K20 3.96 3.91 3.95 4.26 4.02 0.14 4.30
P205 0.05 0.05 0.04 0.06 0.05 0.01 0.07
H20 1.15 1.60 1.95 1.85 1.64 0.31
C02 0.25 0.30 0.35 0.30 0.30 0.03

Total 100.49 100.43 99.35 100.16

U 0 0 0 5 1 2
Th 31 30 30 27 29 2
Ce 51 57 57 53 54 3
La 32 32 31 29 31 1
Pb 24 23 23 21 23 1
Ba 614 644 651 609 629 18
Zr 138 125 128 132 131 5
Y 7 8 7 12 8 3
Sr 152 155 145 144 149 5
Rb 177 175 165 152 167 10
Ga 13 12 10 12 12 1
Zn 23 24 22 28 24 2
Cu 1 3 0 3 2 1
Ni 7 5 1 4 4 2
Co 9 8 9 1 7 3
Cr 6 28 6 10 12 9

Mineralogical composition and coordinates of the tuffs. 
673: plg+bt (9642-8632)
675: plg+bt (9637-8552)
674: plg+bt (9613-8532)
563: plg+bt (9625-8530)

On : Standard deviation 
Mean : Arithmetical mean
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Figure 93 a: N a20+K 20 versus Si02 (fields after Irvine & Baragar, 1971).
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IV.6.2 Limestone

The com position of the lim estone is essentially  th a t of calcite 

influenced by clasts of igneous and metamorphic rocks and grains of quartz, 

orthoclase, plagioclase, muscovite and pyroxene. Dolomite is absent and 

this is confirmed by the low MgO, 0.48 (Table 51).

Table 51: Major element analyses of the limestones

Sample 50 59 58 Mean <7n

Si02 5.98 6.05 6.42 6.15 0.19
Ti02 0.06 0.05 0.05 0.05 0.00
AI203 1.32 1.39 1.38 1.36 0.03
Fe203 0.42 0.39 0.33 0.38 0.04
FeO 0.13 0.13 0.07 0.11 0.03
MgO 0.47 0.54 0.43 0.48 0.04
MnO 0.03 0.03 0.02 0.03 0.00
CaO 49.26 49.74 50.28 49.76 0.42
Na20 0.00 0.00 0.00 0.00 0.00
K20 0.29 0.16 0.33 0.26 0.07
P205 0.03 0.02 0.03 0.03 0.00
H20 2.25 1.95 1.85 2.02 0.17
C02 39.50 40.10 38.50 39.4 0.70

Total 99.74 100.55 99.69

Coordinates of the analysed sam ples 
5 0 : 9 4 0 1 0 -8 8 8 2 0
5 9 : 9 3 8 5 0 -8 8 7 1 0
5 8 : 9 3 7 7 0 -8 8 6 6 5

Mean : Arithmetical mean 

On : Standard deviation
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V PETROGENESIS OF THE METAMORPHIC AND MAGMATIC ROCKS

The geological history of the m etasediments in the Kirsehir area was 

explained by Seymen(1984). This is applicable to the present area. The 

sedim entary sequence starts w ith m uds and lesser shore-barrier sands, 

w hich were deposited in a shore environm ent. G radually, carbonate 

precipitation became dom inant as terrestrial detritus declined. Finally, an 

open-shelf environm ent was formed in which carbonate precipitated alone. 

On the whole, the metasediments in the massif developed transgressively in 

an Atlantic type continental edge.

The marbles of the Seksenusagi Formation w ith their low diversity 

microfossil assemblage, the existence of coral and the lack of any spores 

indicate a shelf environm ent of restricted circulation away from areas of 

sedim ent derived from a vegetated terrestrial environm ent. Towards the 

top of the Gobektepe Formation marble became the sole lithology which 

suggests an open shelf environment.

Magmatism in the Ortakoy part of the region starts w ith a continental 

basaltic magm atism , represented by am phibolites in the m etasedim ents. 

During Upper Cretaceous and Paleocene time, the most intensive part of the 

m agm atism  occured, which resulted  in the in trusion  of the tholeiitic 

Ekecekdagi gabbros(?), tholeiitic to calc-alkaline diorites and calc-alkaline 

granitoids. These are correlated with a subduction zone. Isotopic studies of 

granitoids formed at active continental m argins such as the Peninsular 

Ranges Batholith of California reveal that compositional variations in these 

acidic rocks were largely inherited from the source region from which the 

acidic magma was derived by partial melting (Silver&Chappell, 1988). High 

level processes such as fractional crystallisation, and local assimilation have 

a relatively m inor influence on the com position of the acidic rocks. 

Similarly, Pankhurst et al.(1988) also showed by isotopic studies of granitoids
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in A ndean region of South Am erica and  A ntarctic Peninsula that 

contamination of granitic magmas largely occur in the source region, and 

high level contamination has minor effect on the composition of granitic 

magmas.

The emplacement of mantle derived basic magma into the lower crust 

can su p p ly  en o u g h  heat to in itia te  m eltin g  (B urnham , 1979; 

Huppert& Sparks, 1988 ). This magma can assimilate lower crustal rocks 

p rior to any significant d ifferentiation, and  can be m odelled as an 

assim ilation-fractional crystallisation process in w hich mafic m agm a 

supplies the heat for assimilation. The volume of assimilated crustal rocks 

could be much less than that of the prim ary magma. Finally, granites could 

represent anatectic melts of deep crustal rocks . This m odel may also 

involve crustal m elting and hybridization of the end m em ber liquids. 

Huppert&Sparks (1988) investigated experimentally that a 10-1500 m thick 

basaltic sill which intruded into the continental crust would require only 2- 

200 years to solidify , during which time large volumes of convective silicic 

magmas could be formed. Relatively low density melts at the floor rise and 

mix into overlying magma and thus form hybrid andesitic magmas.

Applying the model to the studied area, the Ekecekdagi gabbro would 

be representative of the basic magma which triggered the melting to produce 

the diorites and the granitoids. Because the exposed volume of the Ortakoy 

pluton is much more than that of the Ekecekdagi gabbro, it is necessary to 

assum e substantial unexposed gabbro in the crust below the acidic rocks. 

Present diorites and granitoids may represent a mixture of mantle and lower 

crustal derived magmas, coupled by fractional crystallisation w ith possible 

m inor high level contamination. The granitoids w ould therefore be much 

more contaminated w ith melted crust than the diorites. The acidic rocks 

becam e m elt dom inated  ra th e r th an  re s tite  d o m in a ted  by th is 

contamination, which was evidenced by decreasing K /R b with increasing
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Si02(W yborn et al.,1992). Y /N b variation, in general unchanged by crustal 

contamination(Eby, 1990), also implies the heterogeneity at the source of the 

granitoids.

Ortakoy magmatic rocks show a coherent trend on an AFM diagram 

(Fig.93 b) therefore fractional crystallisation may be an im portant process in 

their petrogenesis.

The Ekecekdagi gabbro was considered as an intrusive rock in the above 

explanation. However, the gabbro may belong to an uncompleted ophiolitic 

sequence as the contact of the Ekecekdagi gabbro w ith the metam orphic 

rocks has not been seen in the field and the existence of a negative Ce 

anomaly in the gabbro (but not in the granitoids and diorites), may be due to 

gabbro and sea-water interaction. In that case, after the gabbro was emplaced 

into the metam orphic rocks as an allochthonous unit the Ortakoy pluton 

intruded into the metamorphic rocks and the Ekecekdagi gabbro.

The m agm atism  in the Ortakoy area ends w ith the production of 

basaltic and rhyolitic rocks in the Pliocene.

F

Figure 93 b: AFM diagram  of Ortakoy intrusives (Fields after Irvine & 

Baragar, 1971)

Tholeiitic
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+ Ekecekdagi gabbro
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VI METAMORPHISM

VI. 1 REGIONAL METAMORPHISM

VI.1.1 Semipelites and psammites

The psammites, w ith their quartz-rich nature, are less indicative of 

m etamorphic conditions than the semipelites. W idespread retrograde and 

contact m etamorphism, destroyed the characteristic regional metamorphic 

mineral assemblages making it difficult to determ ine the P-T conditions of 

regional m etam orphism . In spite of these difficulties, the m ineral 

assem blage which is thought to be representative  of early regional 

m etam orphism  in the semipelite is:

Quartz + sillimanite (fibrolite) + biotite + plagioclase (%An23-25) + 

garnet ± ilmenite /hem atite.

The garnet is commonly replaced by biotite and quartz while the sillimanite 

is grown within, and fringes, the biotite. The biotite is quite rich in Ti02, 

up to 3.7wt % with Mg/(Mg+Fet*) values varying between 0.22 and 0.39.

The garnet occurs sporadically probably because of biotite replacement 

and low -pressure  in the massif. The bulk  com position  of the 

metasediments is probably also another factor in controlling garnet growth: 

high M gA/(Mg+Fe) ratios in the semipelite(0.64) and psam m ite (0.59) are 

not in favour of the garnet formation. Symmes and Ferry (1992) suggested 

th a t the sm all M nO contents of no rm al pe litic  schists (Xmiw 

MnA/(Fe+Mg+Mn) = 0.01-0.04) are both sufficient and necessary for stability 

of garnet. The average value of XMn in the Ortakoy semipelite (0.008) is 

smaller than the lower limit of Symmes and Ferry(1992) for garnet

* : Fet as FeO 
A : Mol proportion
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form ation, 0.01 while XMn *n the Ortakoy psammite, 0.01 is just on the 

lower limit. On the whole combined factors such as low pressure, 

unsuitable bulk rock composition and biotite destruction by biotite lead to 

low garnet contents.

The sillimanites occur as fibrolite in both semipelitic and migmatitic 

gneiss. In m etamorphic rocks of upper amphibolite and granulite facies, 

partial melting has been suggested to produce sillimanite (fibrolite) if the 

quartzofeldspathic components segregate and form leucosomes between 

melanosomes that are enriched in aluminium, via leaching of base cations 

by solutions (Vernon, 1979, 1987). In contrast, Yardley (1977 b) ascribed 

sillim anite form ation to the breakdow n of garnet to m uscovite and 

staurolite. In the migmatitic gneiss, metasomatism (base cation-leaching) 

m ay be responsible for the developm ent of the sillim anite but for the 

gneiss, the garnet b reakdow n is also invo lved  as som e garnet 

pseudomorphism by sillimanite can be observed under the microscope.

Sericite, chlorite and muscovite are later minerals which formed by 

retrograde metamorphism.

VI.1.2 Migmatites

In the migmatitic gneiss, leucosomes containing quartz, orthoclase and 

plagioclase develop between melanosomes which are m ade of biotite, 

fibrolite and ilmenite. The composition of the plagioclase is roughly same 

in the neosome(%An 23-29) and paleosome (%An 23). If the leucosomes 

were melts, they should have contained feldspars more sodic than those of 

the paleosomes (Yoder et al., 1957). Therefore, the migmatites lacking the 

plagioclase differentiation effect can not be anatectic (Yardley, 1977 b). But 

some migmatites that are known as anatectic on the basis of leucosome
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com positions, tex tu res and field  re la tions lack the p lag ioclase  

differentiation effect (A shw orth, 1976). According to M enhert and 

Busch(1982) who found alm ost the sam e plagioclase com position in 

leucosomes and m elanosom es in the initial stage of m igm atitization, 

anorthite content of plagioclase can change only if the m elt is clearly 

separated from its starting m aterial. The feldspars could also have re­

equilibrated by diffusion between the zones after crystallisation of the melt 

01sen(1983).

Partial melting could occur above the second sillimanite isograd in a 

low pressure m etam orphism  (Yardley, 1989). Incongruent m elting for 

m uscovite in the presence of a flu id  phase is rep resen ted  by the 

equilibrium :

m uscovite+quartz+plagioclase+vapour = sillimanite+melt.

Vapour-present melting reactions may occur where local vapour is 

retained or where infiltration of vapour takes place (Grant, 1985). In the 

absence of free water, the melting depends upon muscovite. Such amounts 

of water are usually not sufficient to saturate a m elt form ed by the 

breakdown of the hydrates and the water released during this process is 

dissolved in the melt w ithout form ation of a vapour phase(Burnham , 

1967). Therefore, it is likely that migmatites would be formed by a vapour 

absent reaction, called dehydration  m elting in the term inology of 

Thompson (1982). This is common in the crust (Clemens&Vielzeuf, 1987).

VI.1.3 Carbonates

In calc silicate metasediments, the assemblage of calcite + diopside + 

quartz + plagioclase ± trem olite ± orthoclase ± scapolite(m eionite) ± 

sphene±zircon±opaque appears.
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VI. 1.4 Amphibolites

The assemblage of hornblende (magnesio-hornblende and magnesio- 

hastingsite)+anorthite+diopside+quartz±sphene is characteristic in  the 

am phibolites which equilibrated finally at 761± 75 °C(at 4kb pressure), 

determ ined by the hornblende-plagioclase therm om eter of Blundy and 

Holland(1990). The plagioclase with % An 87 in the sample (685) was used, 

since plagioclase w ith An > 92 is not eligible for the calculation of the 

geo therm om eter. The estim ated  equ ilib rium  tem p era tu re  of the 

am phibolite  is high com pared w ith  the one determ ined  from  the 

sem ipelitic gneiss bu t is com patible if the errors are taken into the 

consideration. The tem perature was also determ ined for andesine and 

hornblende in Table 12 (sample 689) using the hornblende-plagioclase 

thermometer. The result of the calculation, 935± 75 °C at 4kb pressure 

shows that the andesine and hornblende in the amphibolite (sample 689) 

are probably not in equilibrium . Since there is no developm ent of 

orthopyroxene in the am phibolite, it is unlikely that the tem perature 

significantly exceeded 700 °C

The occurrence of chlorite within the biotite, formed from hornblende 

is attributed to retrograde metamorphism.

VI.1.5 Timing of Metamorphism

The regional m etam orphic rocks in the Ortakoy part of the M iddle 

A natolia M assif record the effect of a single episode of regional 

m etam orphism  producing garnet, biotite sillimanite (the sem ipelitic and 

psammitic gneiss) hornblende, diopside and anorthite (amphibolites). As
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no fabric was developed  by the D2 defo rm ation , the  regional 

metamorphism might have formed during or after D1 deformation.

As shown in petrography chapter by SEM studies, plagioclase with 

andesine composition in amphibolite may have formed by later fluids.

VI. 1.6 Conclusions

During or after D1 deformation, the regional m etam orphism  induced 

the crystallisation of the garnet, biotite, sillim anite(sem ipelite  and 

psammite), hornblende, anorthite and diopside (amphibolite).

The presence of sillimanite instead of kyanite in the semipelitic rocks 

and hornblende, anorthite and diopside in the metabasic rocks indicate that 

the O rtakoy  m etased im en ts w ere m etam orphosed  u n d e r u p p e r 

amphibolite facies conditions (second sillimanite grade). This is confirmed 

by geotherm om eter studies (Fig. 94) from the different m etam orphic 

assemblages which yield between 608-761 °C at 4 kb. pressure.

The scarcity of garnet in the sem ipelites is probably  due to a 

combination of low pressure and unsuitable composition combined with 

destruction of garnet to biotite Fibrolite largely grow by replacement of 

biotite

The metasediments partially melted via the reaction of the muscovite 

breakdown (incongruent melting) under fluid absent conditions.

The high g rade m etam orphic rocks have undergone  lim ited 

retrogression to greenschist facies assemblages resulting in the replacement
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of sillimanite and K-feldspar by muscovite, and breakdow n of garnet to 

biotite.
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Figure 94: P-T diagram  of the Ortakoy metam orphics. A12Si05 phase 

b oundary (l) and m uscovite breakdow n reaction (2) are taken from 

Holdaway (1971) and Thompson (1974).
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VI.2 LOCAL METAMORPHISM

VI.2.1 Contact m etamorphism

In general, the igneous rocks in the area, the Ekecekdagi gabbro and the 

Ortakoy pluton are undeformed. The contact metamorphic aureole of the 

Ortakoy pluton, (the contact of the Ekecekdagi gabbro w ith the Ortakoy 

m etam orph ics has no t been observed) o v e rp rin ts  the  reg ional 

m etam orphic assemblages, indicating that they were em placed after the 

regional m etam orphism  and the development of the regional foliation in 

the massif.

Some pelitic rocks next to the g ranito id  suffered from  contact 

metam orphism  and a mineral assemblage of biotite, cordierite, orthoclase 

and plagioclase crystallised. The cordierite is full of inclusions of quartz, 

biotite, muscovite and opaques which prevented microprobe analysis. The 

two feldspar geotherm om eter of H aselton et al.(1983) gives 619°C 

equilibrium tem perature at 4 kb pressure for this hornfels.

The occurrence of small andalusite rombs within sillim anite in the 

semipelitic gneiss is attributed to the contact metamorphism.

Semipelitic rocks that are surrounded by Ortakoy pluton show contact 

m etam orphic: tourm aline (schorl) in both contam inated granite  and 

xenolithic gneiss while garnet with a rim enriched in Mn appears only in 

the contaminated granite. Therefore, it is likely that the Ortakoy pluton 

contributed to the tourm alinisation which is common in the semipelite 

and psammite. Sericitisation and chloritisation, which often accompanies 

the tourmalinisation might have been formed, or have been induced by 

the contact metamorphism. The fact that the Ortakoy m etasedim ents are
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found as roof pendants within the igneous rocks may support this.

The paragneissic granite consisting of quartz, cordierite, biotite, 

plagioclase(26-35 %An), orthoclase and garnet is suggested to have formed 

from semipelite by contact metamorphism of the Ekecekdagi gabbro and, or 

the Ortakoy pluton. At 4 kb pressure, the granite was finally equilibrated at 

533±50 °C  (from the garnet-biotite geotherm om eter of Frank and Spear, 

1978) and, or at 526 °C , obtained from two feldspar geotherm om eter of 

Haselton et al.(1983).

Inclusions in the paragneissic granite contain idioblastic garnet which 

shows breakdown to the assemblage of biotite, cordierite, orthoclase and 

plagioclase(%An 28-40). The mineral assemblages are projected on an AFM 

diagram(Fig. 95). The reason why the AFM diagram  of Barker (1961) 

chosen, rather than that of Thompson(1957) is the lack of muscovite in the 

samples. The garnet-biotite geo thermometer of Ferry and Spear(1978) gives 

681±50°C equilibrium tem perature for these inclusions (at 4 kb P). Using 

Holland and Powell(1990)'s updated thermodynamic dataset, 4.17±0.29 kb. 

average pressure is obtained(see petr. chapter).

W ithin the carbonate xenoliths, some Ca-silicate mineral assemblages 

vis. garnet, d iopside, hedenbergite, trem olite, sphene, ep ido te  and 

plagioclase(bytownite and anorthite) developed under the hornblende- 

hornfels facies conditions.
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VI. 2.1.1 Conclusions

The regional m etam orphic m ineral assemblages in the m assif are 

overprinted by a contact one induced by Ortakoy magmatism. As a result of 

this, there formed pelitic hornfels consisting of biotite, cordierite, orthoclase 

and plagioclase; paragneissic granites and their pelitic inclusions, both of 

which are m ade of cordierite, biotite, plagioclase(26-40%), orthoclase and 

garnet; skarn zone in carbonate xenoliths, and andalusite in the semipelitic 

gneiss. The temperature ranges from 681 (±50) to 533 (± 50) °C at 4.17(±0.29) 

kb. in contact metamorphism.

A
■ ■" Inclusions in  paragneissic granite 
—  Paragneissic granite

Cord

Biotite
Garnet

F M

Figure 95: AFM (molar A1203, FeO and MgO) projection of the paragneissic 

granite and its inclusions.

VI.2.2 Dislocation metamorphism

Varying degrees of late shearing, mylonitisation and cataclastic effects 

record late stage dislocation metamorphism approximately E-W direction.
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VII STRUCTURE

VII. 1 FOLDS

In general, except for bedding in the marbles, bedding has been replaced 

by a D1 foliation in the m etasedim ents due to syntectonic m ovem ents 

during or before upper amphibolite facies m etamorphism when migmatites 

developed.

A round  S irayalardagi (Seksenusagi Form.) and  A kcaagil tepe 

(Gobektepe Form.), the folds of quartzite in marble have their axial planes 

roughly  parallel to the bedding  in the m arble. O bservations and 

m easurem ents around these outcrops lead to the conclusion that these 

small folds formed in relation with a refolded D2 anticline that is plunging 

eastwards. The D3 fold developed around Seksenusagi within the gneisses 

of the Seksenusagi formation is a refolded isoclinal syncline which may be 

related to the formation of the refolded anticline and this interpretation is 

m ade for the Seksenusagi formation on the cross sections of the geological 

m ap of the Ortakoy area (A ppendix-lb ). The structure of a refolded 

anticline is also well defined by marbles in gneiss around Osmanagatepe. 

No fabric development has been observed in D2 folds, that is, the common 

foliation in the gneiss m ust have been developed during D1 folding which 

has not produced any folds that have been recognised. Accordingly, 

Tolluoglu (1989) stated the foliation formed prior to the D2 deformation. 

Some crenulation cleavage oriented E-W developed by D3 folds.

Following D3 were generally open D4 folds w ith steep axial plane. 

Spaced cleavages ESE-WNW oriented formed by D4 folding.
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The area where the regional m etam orphic rocks crop out has been 

divided into six subareas (Appendix-3), and measurements of bedding and 

foliation in five of these have been plotted on an equal area diagram using a 

computer program called Sods (Farrow, 1992). D3 folds appear in 1, 5a and 

5b subareas with 60'28*, 88'8 and 85'30 fold axes ( Figs. 96 -a, -b, -c). No clear 

fold pattern is seen in the equal area diagrams of the other sub-areas due to 

superimposed folds(Figs. 96-d,-e,-f ). The axes of minor folds have also been 

plotted on an equal area diagram ( Figs. 97-a,-b,-c ). In 4a and 6 subareas, the 

axes of D3 folds plunge to the E while D3 folds in subarea 4b plunge towards 

the W. The D4 folds plunge towards SSW and E-SE in 4a and 4b subareas .

After three deformation phases, the M iddle Anatolia Massif fractured 

as a result of late stage deformation due to regional uplift of the massif. The 

joint system in the Ekecekdagi gabbro, hornblende diorite and granitoid 

developed in WSW-ENE direction (Fig.s 98, 99 and 100 )

The alignment of feldspar phenocrysts in the granitoids especially the 

granitoid m apped on the 1/5000 scale next to Sirayalardagi is plotted on a 

rose diagram(Fig. 101). Though it is not well defined in the diagram, some 

mineral alignment in an ESE direction(>30% of crystals) appears. It is also 

compatible with the D3 fold axis in the 5b subarea, closest m etamorphic 

rocks to the granitoid in which the feldspar alignment was measured.

60,28 *: 28 is plunge, 60 is the direction of the plunge
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VII.2 FAULTS

These faults develop both at the contact of the m agmatic intrusions 

and the metamorphics, and also between the different igneous units. The 

faults also develop within individual igneous rock bodies, especially in the 

granitoids. The main faults are WNW-ESE, longest fault occurs in the 

granitoid next to the Ekecekdagi gabbro. But other fault direction strike E- 

W .

VII.3 CONCLUSIONS

It has been deduced that Ortakoy part of the Middle Anatolia Massif 

underw ent four phases of deformation: D1 during the form ation of the 

metamorphic rock fabric, D2 which produced folds varying from isoclinal to 

tight while D3 folds have open limbs. D4 folds are usually open with steep 

axial plane. The massif was then uplifted inducing the development of the 

WSW-ENE dom inated joint sets in the Ekecekdagi gabbro, hornblende 

diorite and granitoid and the formation of WNW-ESE faults.
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Figure 96 a: Equal area diagram of the bedding in 1 subarea
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Figure 96 b: Equal area diagram of the bedding and foliation in 5a subarea.
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Figure 96 c: Equal area diagram of the bedding in 5b subarea.
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Figure 96 d: Equal area diagram of the bedding in 2 subarea.
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Figure 96-e: Equal area diagram of the bedding and foliation in 3 subarea.
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Figure 96-f: Equal area diagram of the bedding and foliation in 4a and 4b

subarea.
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Figure 97a: Equal area diagram of the fold axes and crenulation cleavage in

4a subarea.
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Figure 97 b: Equal area diagram of the fold axes, crenulation and spaced

cleavages in 4b subarea.
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Figure 97 c: Equal area diagram of the fold axes in 6 subarea.
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Figure 98: Rose diagram  of the joints in the Ekecekdagi gabbro (291 joints).
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Figure 99: Rose diagram  of the joints in the hornblende diorites(221 joints).
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Figure 100: Rose diagram  of the joints in the granitoids (641 joints)
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Figure 101: Rose diagram of the feldspar alignment in the granitoids (16 

measurements).



VIII GEOLOGICAL HISTORY OF THE ORTAKOY DISTRICT

The geological history of the Ortakoy district starts with weathering 

and transportation of the Ortakoy semipelites and psammites from a craton 

(Gondwanaland?) in pre-Devonian time (Lower Paleozoic). The source of 

the sedim ents possibly suffered from m oderate chemical w eathering and 

was m ade of acidic igneous and volcanic rocks (probably fractionated) with 

possible minor basic-ultrabasic contributions. During Silurian-Devonian 

time, the semipelites and psammites with minor carbonates (Seksenusagi 

Formation) were deposited in a shelf environm ent of restricted circulation 

aw ay from  areas of sedim ent derived from  a vegetated  terrestrial 

environm ent, at an A ndean type continental m argin and possibly a 

continental island arc. Later, the carbonate was deposited  alone as 

terrestrial detritial matter declined in an open shelf environm ent in Upper 

Paleozoic time, most probably in the Devonian-Carboniferous.

The amphibolites, continental basic rocks were later emplaced within 

the sed im ents betw een the D evonian to Perm ian . They w ere 

m etam orphosed together under upper amphibolite facies conditions with 

the formation of some migmatites during or after D1 deform ation which 

in d u ced  fo rm ation  of the m ain fo lia tion  d u rin g  the  Perm ian- 

Carboniferous. D2, D3 and D4 deform ations took place in the massif 

between Permian and Upper Cretaceous. Metasediments were intruded by 

vo lum inous ho rnb lende  d io rite , h o rn b len d ite , b io tite -h o rn b len d e  

granitoid (I-type), microgranite (fractionated I-type) and quartz-alkali syenite 

in a volcanic arc environm ent, du ring  the U pper Cretaceous and 

Paleoecene. The tholeiitic Ekecekdagi gabbro m ay have been intruded 

before the intrusions of the Ortakoy p lu ton  or been em placed onto



2 5 0

m etamorphic rocks as an allochthonous unit in the Upper Cretaceous.

M etasedim ents may be uplifted and eroded during or after U pper 

Cretaceous. Magmatic activity continued in the Pliocene with basaltic and 

rhyolitic flows. Meanwhile block faulting in the massif created a shallow 

lagoon where tuffaceous material, detritial material from the basem ent and 

lim estone were deposited.. During and after the lake dried  out, some 

p a l^ o ls  formed. Collovium and alluvium were developed by faulting in 

the Ekecekdagi gabbro and by alteration of the various Ethologies in streams 

in the Quaternary.
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IX SUMMARY OF THE CONCLUSIONS

1. The geological maps of the Ortakoy area at 1: 25 000 scale covering 

-380 km 2, that of Sirayalardagi at 1: 5 000 covering 2 km2 , and structural 

m ap of Ortakoy metamorphics have been completed (Appendix-Ia,b, -II, 

and -III)

2. The lithostra tig raphic  units of the O rtakoy area show  the 

Seksenusagi Formation of Silurian-Devonian age is the oldest formation 

and includes migmatitic gneiss, m igmatitic granite; biotite-, sillimanite-, 

garnet-, muscovite-, sericite-bearing semipelitic and psammitic gneiss with 

interlayers of marble, quartzite, calc-silicatic gneiss, rare tremolite-bearing 

gneiss and amphibolite. This is overlain by the Gobektepe Formation of 

U pper Palaeozoic age (Devonian-Carboniferous), which is mainly m ade of 

m arble w ith lesser quartzite, biotite-, sillim anite- and garnet-bearing 

semipelitic and psammitic gneiss, rare amphibolite and tremolite bearing 

gneiss.

The Ekecekdagi gabbro including hornblende-gabbro and very rare 

banded gabbro may have been emplaced in the m etam orphic rocks as an 

allochthonous unit or in truded  into the m etasedim ents before the 

intrusion of the Ortakoy pluton. The m etasedim ents were then intruded 

and hornfelsed by the Ortakoy pluton containing hornblende diorite, biotite 

hornblende granitoid, microgranite and quartz-alkali syenite. Igneous and 

m etam orphic rocks are overlain by the Pecenek Form ation including 

rhyolitic tuff and limestone of Pliocene age. Collovium and alluvium  are 

the last occurrence in the studied area.
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3. The first fossil to be discovered in the massif has been found. 

Heliolitinae (Heliolitidae fam.) Paeckelm annophora sp can be recognised 

w ithin the marbles of the Seksenusagi Formation, which gives an early 

Silurian to late Devonian age while the acritarchs, L e io sp h aerid ia  and 

Lophosphaeriduim  sp, give a broad Cambrian to Devonian range. The age 

of the m etam orphism  can be constrained as Carboniferous-Permian. It 

predates the rifting in Anatolia, which starts in the Permo-Trias and 

continues to the Lower Cretaceous (Sengor &Yilmaz, 1981).

4. Petrography reveals some minerals which had not previously been 

known in the area: garnet, andalusite, accessory picotite and cassiterite in 

semipelitic and psammitic gneisses; anorthite in the amphibolite; scapolite 

in the im pure marble; corundum  and hercynite in contact m etam orphic 

samples; hercynite in the gabbro, tschermakite in the granophyre; hercynite 

in the hornblendite; and minerals of the late fractionate of the migmatitic 

granite (garnet, andalusite and gahnite) and that of the paragneissic granite 

and pelitic inclusions (garnet, biotite, sillimanite, cordierite and plagioclase 

and accessory magnetite, zircon, apatite and cassiterite).

5. Geochemical characteristic of the m etasedim ents, tholeiitic gabbro 

and Ortakoy pluton were determined:

Sheet silicates were a dom inant factor in controlling the composition 

of the Ortakoy metasediments. Various elements, namely K, Fe+3, Ti, Rb, 

Zr and possibly Ba, Ni and Zn were probably added in sheet silicates to the 

original sedim ents. A sim ilar clay m ineral end m em ber, illite w ith 

substantial Si and Fe, was added to all O rtakoy sedim ents in various 

proportions
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The m etasedim ents were largely derived from non mafic sources, 

particularly acidic igneous and volcanic rocks (probably fractionated) with 

possible minor basic-ultrabasic contributions and deposited in an Andean 

type continental margin or continental island arc.

The Ortakoy granitoids are m etalum inous to slightly peralum inous, 

high-K (Peccerillo and Taylor,1976), magnesian and possibly cafemic(Debon 

le Fort, 1988), and calcalkaline (Irvine and Baragar, 1971) in character.

The chemical and mineralogical composition of the hornblendite, 

diorites, granitoids and m icrogranites of the Ortakoy p lu ton  represent 

different batclfs of the magma which possibly originated by mixing of 

m antle and low er crustal derived m agm as, coupled w ith  fractional 

crystallisation with possible minor high level contamination. The acidic 

rocks became m elt dom inated rather than restite dom inated  by this 

contam ination, which is show n by decreasing K /R b w ith increasing 

Si02(W yborn et al.,1992). Y /N b variation in the granitoids also implies 

heterogeneity at the source of the granitoids. The chemical composition of 

the granitoids were altered by hybridisation processes such as mass-to-mass 

mixing and mechanical transfer

6. During or after D1 deform ation, the m etasedim ents suffered a 

single episode of regional prograde-m etam orphism  corresponding to the 

upper amphibolite facies conditions (second sillimanite grade) resulting in 

the form ation of m igm atite w ith m uscovite breakdow n (incongruent 

m elting) under fluid absent conditions, and the crystallisa tion  of 

hornblende, anorthite, diopside and sillim anite in the m etabasic and 

semipelitic rocks. This is confirmed by geothermometer studies from the 

different metamorphic assemblages which yield between 608-761 °C at 4 kb.
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pressure. The high grade m etam orphic rocks have undergone lim ited 

retrogression to greenschist facies assemblages resulting in the replacement 

of sillimanite and K-feldspar by muscovite, and breakdow n of garnet to 

biotite

The scarcity of garnet in the sem ipelites is probably  due to a 

combination of low pressure and unsuitable composition combined with 

destruction of garnet to biotite

Hornfelsing resulted from the in trusions of O rtakoy p lu ton  and 

Ekecekdagi gabbro(?).

7. The Ortakoy part of the Middle Anatolia Massif underw ent four 

phases of deformation: D1 during the formation of the m etam orphic rock 

fabric, D2 which produced folds varying from isoclinal to tight while D3 

folds have open limbs and developed approximately in E-W directions. D4 

folds are usually open with steep axial plane and plunging roughly towards 

SE. The massif was then uplifted inducing the developm ent of the WSW- 

ENE dom inated joint sets in the Ekecekdagi gabbro, diorite and granitoid 

and the formation of WNW-ESE faults.

8. Any model of the plate tectonic history m ust take account of the 

following:

a: The Ortakoy semipelite and psammites of Silurian-Devonian age, 

including quartzite  were derived from a craton adjoining an active 

continental margin or continental island arc
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b: The Ortakoy metasediments are a transgressive sequence which is 

characterised, from bottom  to the top by decreasing of sem ipelite and 

psammite and increasing of carbonate .

c: After the metasediments were deposited, the amphibolites having a 

within plate geotectonic setting were emplaced

d: The Ortakoy granitoids of Upper Cretaceous-Paleocene age are high 

K calc-alkaline in character, indicative of an active continental margin( 

Pearce et al., 1984). The post tectonic granitoids can not be distinguished 

from the syntectonic granitoids as both plot in the volcanic arc field (Pearce 

et al.,1984) However, field data e.g. sharp contact between the granitoids 

and country rocks suggests that the granitoids belong to a shallow-seated 

pluton and are post tectonic.

siThese explanations m ay be synthesed as follow. The O rtakoy 

semipelitic and psammitic gneisses may have been derived in pre-Silurian 

time via weathering of Gondwanaland which was m ade of acidic igneous 

and volcanic rocks with possible minor basic-ultrabasic contributions and 

were deposited at an active continental margin and possibly in part in a 

continental island arc during Silurian-Devonian time. The environm ent 

becam e a passive continental m argin  w hich is characterised  by 

transgressive deposition of open shelf carbonates during the Devonian and 

C arbon iferous, and p articu la rly  em placem ent of the continen tal 

amphibolites of within plate character. The sediments were latter intruded 

by voluminous post-tectonic granitoids of active continental margin type in 

Upper Cretaceous-Paleocene. As a tensional tectonic regime was dominant 

in the Anatolia block betw een Perm ian and U pper Cretaceous times 

(Sengor &Yilmaz,1981), the metam orphism  in Ortakoy w ould be Permian-
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Carboniferous. However, the time gap between the m etam orphism  and 

the intrusion of the post-tectonic granitoids is rather large. The non­

existence of the pre-Upper Cretaceous formations in the MAM indicates 

that the massif acted as a rigid block after the metamorphism, between the 

Perm ian and Upper Cretaceous. The Ekecekdagi gabbro is of uncertain 

origin, and it is not clear whether it is allochthonous or not.
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Quartz-alkali  syen i te  (Kuvars alkali siyenit)

Quartz (Kuvars)

Granite-porphyre  (Granit porfir)

Microgranite (Mikrogranit)

Granitoid (Granitoyid)

Diorite (Diyorit)

90  j Gabbro (Gabro)

Marble (Mermer)

Gneiss  (Gnays)
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SYMBOLS (ISARETLER)

Formation boundary (Formasyon siniri)

Poss ib le  formation boundary 
(Muhtemel form asyon siniri)

Dip slip fault (Egim atimli fay)

Strike slip fault (Dogrultu atimli fay) 

Bedding (Tabakalanma)

Vertical bedding (Dikey tabakalanma) 

Anticline (Antiklinal)

Syncline (Senklinal)

Triangulation point (Nirengi noktasi)  

S t ream  (Dere)

Mineral alignment (Mineral yonelimi) 

Line of cross  section (Enine kesit cizgisi)

D3,D2 Axial plane Scale: 1 /5  0 0 0  

0  5 0  100  1 5 0  2 0 0  m

Vertical sca le -H or isonta!  scale
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Up. Paleozoic
SHu.-Devonian Up.Cretaceous?-Paleocene  Plo ^ e n e Quaternary
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P o ss ib le  Form ation Boundary  
(M uhtemel Form asyon Siniri)

Transitional Form ation Boundary  
(G ecisli F orm asyon  Siniri) Alluvium (Aluvyon)

Dip Slip Fault (Egim Atimli Fay) C o llu v iu m  (Y a m a c  M olozu)

L im eston e  (Kirectasi)

P o ss ib le  Fault (Muhtemel Fay) G r a v e l-S a n d -C la y  (Cakil-Kum-Kil)

Strike and Dip o f  Foliation 
(Foliasyon dogrultu v e  egimi)

Strike and  Dip o f  B edding  
(Tabaka dogrultu v e  egimi)

S?—Tuff (Tuf) Fakic ik

Quartz-alkali syen ite  
(Kuvars-alkali siyenit)

M icrogranite (Mikrogranit)

g  : B io tite -h o rn b len d e  granitoid  
(B iyotit-hornb lend  granitoyid)S k a r n

w Sinandi

H ornblendite (Hornblendit)Aplite (Aplit)
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E k e c e k d a g i gabro  
(E k e c e k d a g i g ab ro )Quartz (Kuvars) G o k k a y a

M icrodiorite (Mikrodiyorit)
3gjr a : Amphibolite (Amfibolit)
5 3  G o b e k te p e  Formation (G o b e k tep e  F orm asyonu)

Stream  (Dere)
ILm : P r e d o m in a n t ly  M a rb le  ( B a s l i c a  M e rm er)  
Li S e k s e n u s a g i  Formation 
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Dam (Baraj)

R oad (Yol)
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