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PALAEOCLIMATIC ESTIMATES OF THE TRIASSIC-MIDDLE JURASSIC
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Marine sediments of the Triassic-Middle Jurassic period are commonly observed in Turkey. However
especially coal bearing terrestrial sediments are not widespread. In this study, microfloras and foraminifera
faunas are defined from the coal, claystone samples and limestone samples which are collected from the coal
bearing terrestrial and marine sediments of Cayir, Sorgun and Koklii plateaus in the Isparta region. According to
these microflora and faunas, these coal bearing sediments are deposited during the Late Triassic (Rhaetian-Early
Jurassic)-Middle Jurassic period. Presence of the coastal marine environment can be determinated, based on the
defining spores and pollen of the Cayir, Sorgun and K&klii plateaus (Isparta). Abundance of the Corallina of the
Cheriolepidiaceae (Koklii 34%, Sorgun 60% and Cayir 80%) and existence of fern forest in the low
palacotopographic during the Rhaetian-Early Liassic period indicate the warm-subtropical and generally dry
climatic condition.

Microflora of the Early Jurassic (?Sinemurian-Bathonian) age are defined from the samples collected in
the coal bearing terrestrial sediments upper part of the Ammonitico Rosso facies in the Giimiishane and
surroundings. This microflora indicated the subtropical climatic condition.

Additionally, in this study based on the published microfloras data of the Triassic-Middle Jurassic time
(Diyarbakir, Mardin-Nusaybin, Amasra-Cide and Bayburt), palaecoclimatic changes are obtained during this time
interval. Commonly warm and humid climatic condition in the Early Triassic continues in the Middle Triassic.
However, locally dry condition is observed in the Middle Triassic. This drought is dominant in the Late Triassic.
This dry climatic condition in the Late Triassic follows the increasing of the short-term humidity beginning of
the Liassic time. From the Late Triassic to Early Jurassic period, humidity increase and this event caused the
warm and humid climatic condition in the Early Jurassic. During the Jurassic time, humidity decrease and winter
wet, seasonally dry subtropical climatic condition is evident.

Key Words: Triassic, Jurassic, Isparta, Giimiishane, Palacoclimate.
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Magara ¢okellerinin kararl izotop igerikleri ge¢mis iklim degisikliklerini yansitan dogal arsiv kayitlar
niteligindedir. Bu ¢alismada, Incesu Magarasi’ndan (Karaman-Tagkale) alinan 38 cm uzunlugunda, 15.2 cm
capinda bir dikit 6rnegine ait yitksek ¢oziiniirliiklii kararli izotop (180 ve 13C) verilerinden hareketle bolgede
etkili paleoiklim ve paleoortam kosullart belirlenmistir. 230Th yaslarina gore ornek son 45000 yillik zaman
araliginda olugmustur. Ornegin icerdigi ¢okelim donemleri giiniimiizden Gnce 2386-4527, 7868-13229, 29000-
43822 yillari arasini igermekte olup, ¢okelimde giiniimiizden once yaklagik 29000-13229, 7868-4527 yillar: arast
ve giiniimiizden once 2386 yili ile giiniimiiz arasini igeren 3 ayr1 dénemde duraksama olusmustur.

Cokelimin gergeklestigi donemler boyunca 180 ve 13C izotoplari yagis, sicaklik ve bitkisel aktivitenin
bir gostergesi olarak incelenmistir. Veriler Son Buzul Maksimumu oncesi Anadolu’daki iklimin giintimiize
oranla daha soguk ve ortamin bitki ortiisii bakimindan daha fakir oldugunu gostermektedir. Son Buzul
Maksimumu sonrast ve Holosen baginda ise, iklim giiniimiize oranla daha nemli ve ortam bitki Ortiisii
bakimindan daha zengindir. Ornegin kararli izotop kayitlari son 45000 y1l igerisinde olusan Heinrich 3, Younger
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Dryas, 8200 yil ve 4200 yil olaylar1 gibi ani iklim degisikliklerinin Orta Toroslarda da etkili oldugunu
gostermektedir.

Anahtar Kelimeler: Paleoiklim, dikit, izotop, ncesu Magarasi.
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The stable isotope contents of speleothems constitute reliable natural proxy records regarding the past
climate changes. In this study, paleoclimate and paleoenvironment conditions dominated the region have been
determined from the high resolution stable isotope data obtained from a 38 cm-long and 15,2 cm-wide columnar
stalagmite sampled in the Incesu Cave (Karaman-Taskale). Based on the 230Th dates, the sample formed during
the last 45,000 years. The depositional periods of the sample include 2,386-4,527, 7,868-13,229 and 29,000-
43,822 years before present. Hiatuses are observed in the periods between 29,000-13,229, 7,868-4,527 years
before present and between 2,386 years to recent.

The stable isotope data (180 and 13C) have been evaluated as proxies of variations in paleoclimate and
paleoenvironment conditions. Data reveal the dominance of cooler paleoclimate and weaker vegetation cover in
the period prior to the Last Glacial Maximum (LGM). More humid and temperate paleoclimate conditions along
with a more intense vegetation activity occurred during the early Holocene. Stable isotope records also indicate
the occurrence of abrupt climate changes such as Heinrich Event 3, Younger Dryas, 8,200-years and 4,200-years
events in the Middle Taurids.

Key Words: Paleoclimate, stalagmite, isotope, Incesu cave.
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Dogu Anadolu, Kafkaslar, Yakin ve Orta Dogu ile ilgili ge¢ buzul ve Holosen eski iklim ¢alismalari
igin kullanilan, ge¢miste Van Golii su seviyesinde meydana gelen degisimlerin boyutlarimin ve sebeplerinin
tanimlanmast, “anovan” projesinin amacidir. Bu amag dogrultusunda, ge¢mis g6l su seviyesindeki degisimlerin
detayh kayit arsivleri proje kapsaminda kullanlmugtir: a) géliin vadi tabanlari iginde (taragalarla birlikte olan ve
olmayan) ve yokus iistiinde gelismis irmak, gol ve fulivyo-gdlsel ¢okeller); b) lav akintilari, piroklastik akintilar
ve tefra stratigrafisi goliin ¢evresinde en son gergeklesen jeomorfolojik degisimlerle birlikte ¢alisilmistir. Her
tiirlii ¢okel fasiyes ve stratigrafi (uyumluluk ve uyumsuzluk), ¢okelme sonrasi deformasyon, ¢okelimin
Jeomorfolojik igerigi, erozyon ve korunma, fosil morfolojinin rekonstriiksiyonu kesitler boyunca alisilmistir.
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Dot yillik(2006-2009) arazi ¢aligmasi sonucunda siiregler, sebepler, gol seviyesi degisiminin goreceli
kronolojisi iizerinde bir gok veri elde edilmistir. Saha verilerinden elde edilen ve volkanik ¢okellerin oldugu
yerlerde jeokimyasal verilerin 1s1ginda goliin transgresyon ve regresyonun karakteristiklerini (6rn. Zamanlama,
bityiiklitk, asamalar..) tetikleyen olasi sebepler tartigilmigtir: 1) iklim, 2) Volkanik patlamalar ve emisyon
miktari; 3) Tektonik; 4) Nehir sebekesi degisimleri ve bununla alakali su bosalim havzasimn artmasi veya
azalmasi. Van golinden olast Dicle Nehrine havzasmna dogru ¢ikisayrica sunulmug ve tartigilmigtir.
Travertenlerin 234u/230th yaslandirilmasi, piroklastiklerin 39ar/40ar yaslandirilmasi, lav akintilarimn k/ar
yaslandiriimasi ve organik malzemenin 14¢ yaslandiriimasi ile kronoloji olugturulmustur.

LAKE VAN LEVEL CHANGES IN THE PAST: GEOLOGICAL ARCHIVES,
GEOMORPHOLOGICAL EVOLUTION AND PALAEOGEOGRAPHY
RECONSTRUCTION

Catherine Kuzucuoglul, Damase Mouralis 2’1, Ali-Fuat Dogu3 , Aurelien Christol 1'4,
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Identifying causes and magnitude of past lake van level changes, which are used as a late glacial and
holocene palaeoclimate reference for eastern anatolia, the caucasus, the near and middle east, has been the main
objective of the “anovan” project. For this purpose, the project used the detailed study of the main archives
recording past lake level variations: a) river, lake and fluvio-lacustrine deposits identified over the slopes and in
the floors of the main tributary valleys of the lake (whether or not associated with terraces); b) lava flows,
pyroclastite flows and stratigraphy of tephras, studied in relation with the latest geomorphological changes in the
area surrounding the lake. All types of deposits have been studied in open sections with specific data about
altitudes (some of which measured by dgps), facies and stratigraphy (including conformity/unconformity), post-
depositional deformation, geomorphological context of deposition vs erosion and preservation, reconstruction of
fossilized morphologies. Four years of field studies (2006-2009) have allowed the collection of a huge amount of
data, some of which being used here to discuss the processes, causes and relative chronology of lake level
changes. The possible causes triggering the characteristics (i.e. timing, magnitudes, steps...) of lake
transgressions and regressions are discussed on the basis of information delivered by field data, with the addition
of geochemical analyses in the case of volcanic deposits: 1) climate; 2) volcanic eruptions and emissions
impacts; 3) tectonics; 4) river network changes and related watershed retrievals or additions. Regarding the
occurrence of the latter events, captures and possible outlet(s) of lake van towards the tigris watershed are also
presented and discussed. A chronology has been developed using 234u/230th dating of travertines, 39ar/40ar
dating of pyroclastites, k/ar dating of lava flows, and 14c dating of organic matter.

TOROS DAGLARINDA DOKUNTUYLE ORTULU GUNCEL BUZULLAR

Onur Cahskanl, Giircan Giirgenl, Erkan Yilmaz® ve Serdar Yesilyurt 3
Ufikégretim Boliimii, Ankara Universitesi, 06590, Ankara, Tiirkiye, ocalis@education.ankara.edu.tr;
‘Cografya Boliimii, Ankara Universitesi, 06100, Ankara, Tiirkiye,

SCografya Boliimii, Cankirt Karatekin Universitesi, Cankir, Tiirkiye.

Toros Daglari, Kuvaterner’deki son buzul doneminde buzullarm yaygin olarak gelistigi alanlardandir.
Bu dag kusag lizerindeki morenler ve buzyalaklart (sirk) sozkonusu buzullasma déneminde Toros Dag Kusagi
iizerinde Alpin tip buzullagmanin gelistigini gosteren jeolojik ve jeomorfolojik kayitlaridir. Yaptlan ¢aligmalar
Orta Toroslarin en yiiksek bolimlerini olugturan (Bolkar Daglar ve Aladaglar iizerinde) kiigiik boyutlu giincel
buzullarin varhgim gostermektedir. Giincel buzullara, bu dag kiitlelerinin uygun topografya ve baki kosullarina
sahip 2900 m’den yiiksek boliimlerinde, dik duvarlarla gevrili ve esas olarak Son Buzul Dénemi’nde sekillenmis

135



64. Tirkiye Jeoloji Kurultay 25-29 Nisan 2011

buzyalaklarinin tabanlarinda rastlanilir. Sirk tipi buzullar niteligindedirler. Giincel buzullarin tamami
Holosen’deki periglasiyal siireglerlerle gelismis yamag dokiintiisii ile kaplidir. Buzullar disinda bolgede kaya
buzullari yaygin olarak izlenen giincel periglasiyal olusumlardir. Buzullar ile kaya buzullarinm yiizey morfolojisi
ilk bakista birbirine benzer ¢zellikler sergiler ve bu nedenle ayrimlari giigtiir. Kaya buzullarmimn yiizeyinde
donma-¢oziinme hareketleri ile gelismis akma yapilari belirgindir ve genelde Son Buzul Dénemi morfolojisi ve
moren ¢okelleri {izerinde uyumsuz olarak izlenirler. Giincel buzullara ise Son Buzul Dénemi morfolojisini
tanimlayan buzyalaklar disinda rastlanmaz. Buzuliistii (supraglasyal) ve buzul iliskili irili ufakh goller giincel
buzullari kaya buzullarindan ayiran en 6nemli jeomorfolojik olusumlardir. Bu gollerin bazilari mevsimsel,
bazilari ise siirekli gollerdir. Giincel buzullarin Kuvaterner’deki Son Buzul Dénemi’nden kalinti buzullar mi
veya Holosen’de gelismis yeni olusumlar mi olduklar1 konusu tartismalidir. Bu konudaki belirsizlikler ileri
asama jeomorfolojik etiit ve paleoiklim ¢alismalariyla ortaya konabilecektir. Ancak, gerileyen morenlerin kok
kisimlarinda veya eski buzyalalaklari tabanlarinda bulunmalar1 gibi smirli veriler bunlarin Son Buzul
Dénemi’nden kalinti (relikt) olusumlar olduguna yorumlanabilmektedir. Literatiir bilgisi ve gozlemlerimiz Toros
silsilesinin diger yiiksek boliimlerinde de giincel buzul olusumlarinin olabilecegine isaret eder. Bu dag
kusagindaki giincel buzullarmin aragtirilmasi Ge¢ Kuvaterner-Giiniimiiz arasinda Tiirkiye daglarindaki
paleocografik degisimlerin anlasilmasi ve paleoiklim modellemeleri konusunda yapilabilecek olan bilimsel
arastirmalara katki saglayacaktir.

Anahtar Kelimeler: Giincel buzullasma, jeomorfoloji, Iklim degisimleri, Orta Toros Daglari, Dokiintii ortiilii
buzul, Enerji-kiitle dengesi, Buzul jeomorfolojisi.

DEBRIS-COVERED GLACIERS IN TAURUS MOUNTAINS
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Taurus Mountains is one of the region which is occupied by the glaciers during the Last Glacier
Maximum. The present climatic conditions of this mountain range extending the south part of Anatolia are not
suitable for the formation of glaciers. However, in the recent researches actual glaciers were observed in some
parts of the Middle Taurus Mountains (Aladaglar and Bolkar Mountains). The climatic conditions have an
indirect effect in the presence of these glaciers. The debris cover has an critical effect on the the glaciers which is
observed in the high (>2900 m) cirques that has relevant topographical and examinational conditions and
surrounded by steep walls. In the formation of this debris layer the control of geological structure and climate is
very important. The geomorphological features and structures of these debris-covered glaciers differ from the
rock glaciers and alpine glaciers. The most specific feature of debris-covered glaciers is the supraglacial lakes
that are formed over them. If the surface slope of the glacier is suitable relatively more permanent lakes can be
formed. One of the elements which are used for distinguishing the debris covered glaciers is the supraglacial
lakes. Unless the alpine glaciers are the origin of them, the debris covered glaciers are the formations which
occur as a result of the recession of alpine glaciers. Once a glacier covered with a debris layer which has an
enough thickness, its mass balance, motion style, energy transportation, hydrological and biological
characteristics change and differentiated from the bare glacier ice. They are seemed as the transition stage from
the alpine glaciers to rock glaciers.

There are signs of these features can be found all over the Taurus Range which has similar geological
and climatological conditions. The research and the analysis of the debris covered glaciers have got immensely
significance in order to identify environmental characteristic of the mountains of Turkey and application some
recent approaches to paleoenvironmental studies and climate models.

Key Words: Paleoclimate, Taurus Mountains, Debris-covered glaciers, Energy-mass balance, Glacial
Geomorphology.
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AGAC HALKALARINDA OLCULEN DURAYLI iZOTOP ORANLARI iLE
KURESEL IKLIiM DEGISIKLIGINE NEDEN OLAN FAKTORLERIN
INCELENMESI: BATI ANADOLU’DAN ORNEK CALISMA
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Okyanus, gol ve magara ¢okelleri, buzul karotlart ve aga¢ halkalari gegmis iklim degisimlerinin
incelenmesi ve bu degisimlerin hangi etkenler tarafindan denetlendiginin ortaya konulmasinda kullanilan baglica
malzemelerdir. Bu etkenlerden troposferik (endiistriyel kaynakli) ve stratosferik (volkanizma kaynaklr)
aerosoller ve solar radyasyondaki degisimler ile bolgesel ve/veya kiiresel 1s1 ve yagis verileri modern donemlere
yonelik iklim modelleme caligmalarinin en dnemli girdilerini olusturmaktadir.

Bu ¢alismada, Bati Anadolu’nun ii¢ farkli enlemindeki ormanlarin (Bolu, Kiitahya ve Antalya) iki farkli
yiikseltisinden yaglar1 en az 200 yil olan karagam agaglarindan halka drnekleri toplanmistir. Halkalarin yillik
yaslari ile genislikleri hassas bir sekilde belirlenmis ve 5-yillik ¢oziiniirliikte karbon ve oksijen izotop oranlari
olciilmiistiir. Agag halkasi durayh izotop verileri Tiirkiye’nin degisik yorelerindeki g6l (Nar Golii) ve magara
(Sofular Magarasi) ¢okellerinden elde edilen es yash durayl izotop oranlar ile karsilastirilmis ve genellikle
anlamli korelasyonlar bulunmustur. Tiim bu materyaller iizerinde modern donemdeki iklimi denetleyen gesitli
parametrelerin izleri degerlendirilmis ve 6zellikle volkanik aerosoller ve solar radyasyonun Anadolu’daki son
200-y1llik iklim rejimini kismen etkiledigi belirlenmistir. Solar radyasyon ve Antalya bolgesine ait oksijen izotop
verileri arasindaki iliski goreceli olarak bilyiik ve anlamlidir. Aylik ortalama giineslenme siiresinin diger
bolgelere oranla Antalya’da daha uzun olusu, bu bilyiik ve anlaml korelasyonu agiklamaktadir. Son 200 yilda
gerceklesen onemli volkanik faaliyetlerin iklim iizerindeki etkilerinin arastiriimasi sonucunda, 1880-1885
yillarina ait oksijen izotop kayitlarinda tespit edilen diisiise muhtemelen 1883 yilinda gerceklesen Krakatau
volkan patlamasi neden olmustur. Ayrica, patlamayi takip eden yilda Avrupa 1s1 degerlerindeki ani diisils bu tezi
destekler niteliktedir.

Anahtar Kelimeler: Agac halkasi, durayli izotoplar, iklim.

INVESTIGATION OF FACTORS CONTRIBUTING TO GLOBAL CLIMATE
CHANGE BY STABLE ISOTOPE RATIOS MEASURED IN TREE-RINGS: WEST
ANATOLIA CASE STUDY

Duru Aral', Halim Mutlu', Unal Akkemik?, Nesibe Kose®, Ali Kaya’,

Niizhet Dalfes’, Sturt W. Manning4 and Charlotte Pearson®
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Ocean, lake and cave deposits, ice cores and tree rings are the main materials used to investigate paleo-
climate changes and to determine the parameters which control such changes. Among these parameters, changes
in tropospheric (derived from industrialization) and stratospheric (derived from volcanism) aerosols and solar
irradiance and regional and/or global temperature and precipitation data comprise the basic inputs of recent-
period climate modeling studies.

In this study, tree-ring samples were collected from 200-year old black pines in forests at two different
elevations on three different latitudes in western Anatolia (Bolu, Kiitahya and Antalya). Annual ages and widths
of tree rings were precisely determined and their oxygen and carbon isotope compositions were analyzed in5-
year resolution. Tree-ring stable isotope data were compared with those of contemporaneous lacustrine (Nar
Lake) and cave (Sofular Cave) deposits in various parts of Turkey and as a result generally significant
correlations were obtained. On these materials, various parameters which exert a strong control on the recent
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climate were traced and it was determined that particularly volcanic aerosols and solar irradiance have partly
affected the climate regime in Anatolia for the last 200 years. The relation between solar irradiance and oxygen
isotope data on the Antalya region is relatively high and significant which is attributed to the fact that monthly
average sunshine period in Antalya is longer than that in other studied regions. Investigation of the impact of
historical volcanic activities on the climate reveals that the decrease in oxygen isotope records of the 1880-1885
period is most probably due to the 1883 eruption of Krakatau which is also supported by a sharp decrease in
temperatures over Europe in the following year of explosion.

Key Words: Tree ring, stable isotopes, climate.

OREN HAVZASI’NIN ORTA MiYOSEN SURECINDEKI PALEOIKLIMSEL VE
PALEOVEJETASYONEL OZELLIKLERI

M. Sezgiil Kayseri-Ozer ve Funda Akgiin
Jeoloji miihendisligi Boliimii, Dokuz Eyliil Universitesi, 35160,
Buca-Izmir, Tiirkiye, sezgul kayseri@ogr.deu.edu.tr.

Milas-Oren bélgesinde gozlenen Orta Miyosen yash komiir igerikli tortul istif olduk¢a kalindir. Calisma
alaninda, erken Orta (Langiyen) ve ge¢ Orta (orta-geg Serravaliyen) Miyosen dénemlerine ait palinofloralar
tanimlamigtir.  Erken Orta Miyosen palinofloralart (Polypodiaceae, Pinus haploxylon, Cupressaceae,
Engelhardtia, Ulmus, Carya, Quercus, Castanea, Cyrillaceae, Osmundaceae, Taxodiaceae, Cycadaceae, Picea,
Pinus—sylvesteris tip, Poaceae, Pterocarya, Myricaceae, Salix, Simaraubaceae, Oleaceae, Schizaeaceae, Abies,
Calamus (Calamoid palmiye) Sphagnaceae, Sequoia, Juglandaceae, Umbelliferae, Fagaceae, Sapotaceae ve
Avicennia) Milas—-Kultak, Milas-Karacaaga¢ ve Milas-Hiissamlar bolgelerinden tamimlanmistir. Bu dénemde,
delta (yillik ortalama 1s1 degeri (MAT) 15,7-18,8°C, en soguk aymn 1s1 degeri (CMT) 9,6- 13,1°C, en sicak ayin
1s1 degeri (WMT) 24,7- 27,7°C, yillik ortalama yagis miktart (MAP) 1122-1520mm) ve gol (Hiisamlar: MAT
17,0-21,3°C, CMT 6,2-13,3°C, WMT 27,3-28,1°C, MAP 1146-1322mm ve Oren—Karacaagag:: MAT 17,0—
18,4°C, CMT 6,2-12,5°C, WMT 26,5-28,1°C, MAP 1146-1322mm) ortamlarina ait 1s1 degerleri hesaplanmigtir.
Erken Orta Miyosen boyunca (Langiyen) hem delta hem de g6l ortaminda nemli ve yaritropikal iklim kosullar
belirlenmistir. Geg Orta Miyosen (orta-ge¢ Serravalliyen) donemine ait palinofloralar Milas-Sek ve Ikizler
bolgelerinden tammlanmistir (Osmundaceae, Pinus, Cathaya, Taxodiaceae, Quercus, Cyrillaceae, Castaneae,
Alnus, Nymphaeaceae, Myricaceae, Oleaceae, Carya, Cupressaceae, Schizaceae, Sapotaceae, Ulmus,
Chenopodiaceae, Compositae (Tubulifloreae tip ve Ligulifloreae tip). GOl ve akarsu kenari ortamlarim yansitan
palinomorflardan sayisal iklimsel degerler elde edilmistir (ikizler: MAT 1,8-10,8°C ve 16,5-21,7°C, CMT -
10,9-1,1°C ve 5,5-15,6°C, WMT 19,6-20,3°C ve 27,3-28,1°C, MAP 887-1574mm ve Sek: MAT 9,1-10,8°C
ve 17,0-21,7°C, CMT (-2,7)-1,1°C ve 6,2-13,6°C, WMT 17-20,3°C ve 26,5-28,1°C ve MAP 1146-1322mm).
Geg Orta Miyosen boyunca (Serravaliyen) iklim kosullari yaritropikal’den tliman’a dogru degistigi gézlenmistir,

Oren bolgesinde erken Orta Miyosen’den (Langiyen) geg Orta (orta-ge¢ Serravaliyen) Miyosen’e MAT,
CMT ve WMT degerlerinde azalma gozlenmistir. Bu zaman boyunca gozlenen is1 degisimi Avrupa’da
belirlenmis olan iklimsel degisim ile kargilastirilabilir (Orta Miyosen’de Iklimsel maksimum 1s1 artis ve
serinleme dénemleri).

Anahtar Kelimeler: Paleoiklim, Paleovejetasyon, Orta Miyosen, Oren Havzasi.

PALAEOCLIMATIC AND PALAEOVEGETATIONAL FEATURES IN OREN BASIN
DURING THE MIDDLE MIOCENE

M. Sezgiil Kayseri-Ozer and Funda Akgiin
Jeoloji miihgndislig’i Boliimii, Dokuz Eyliil Universitesi, 35160,
Buca-Izmir, Tiirkiye, sezgul kayseri@ogr.deu.edu.tr

Coal bearing sedimentary sequence of the Middle Miocene in the Milas-Oren region is fairly thick. In
the study area, two palynofloras of the early Middle (Langhian) and late Middle (middle-late Serravallian)
Miocene periods are defined. Palynofloras of the early Middle (Langhian) time (Polypodiaceae, Pinus
haploxylon, Cupressaceae, Engelhardtia, Ulmus, Carya, Quercus, Castanea, Cyrillaceae, Osmundaceae,
Taxodiaceae, Cycadaceae, Picea, Pinus—sylvesteris tip, Poaceae, Pterocarya, Myricaceae, Salix, Simaraubaceae,
Oleaceae, Schizaeaceae, Abies, Calamus (Calamoid palmiye) Sphagnaceae, Sequoia, Juglandaceae,
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Umbelliferae, Fagaceae, Sapotaceae and Avicennia) are recorded in the Milas—Kultak, Milas-Karacaaga¢ and
Milas-Hiissamlar regions. In this period, temperature values of the delta environment (mean annual temperature
(MAT) 15.7-18.8°C, the mean annual coldest month (CMT) 9.6~ 13.1°C, the mean annual warmest month
(WMT) 24.7- 27.7°C, the mean annual precipitation (MAP) 1122-1520mm) and lacustrine environment
(Hisamlar: MAT 17.0-21.3°C, CMT 6.2-13.3°C, WMT 27.3-28.1°C, MAP 1146-1322mm and Oren—
Karacaagag: MAT 17.0-18.4°C, CMT 6.2-12.5°C, WMT 26.5-28.1°C, MAP 1146-1322mm) are calculated.
Both delta and lacustrine environments humid and subtropical climatic condition are observed during the early
Middle Miocene (Langhian). Defining palynofloras of the Late Middle Miocene (middle-late Serravallian) are
recorded in the Milas-Sek and Ikizler regions (Osmundaceae, Pinus, Cathaya, Taxodiaceae, Quercus,
Cyrillaceae, Castaneae, Alnus, Nymphaeaceae, Myricaceae, Oleaceae, Carya, Cupressaceae, Schizaceae,
Sapotaceae, Ulmus, Chenopodiaceae, Compositae (Tubulifloreae and Ligulifioreae types). Numerical climatic
variables are obtained from the plant associations of the lacustrine and river environments (Ikizler: MAT 1.8-
10.8°C and 16.5-21.7°C, CMT -10.9-1.1°C and 5.5-15.6°C, WMT 19.6-20.3°C ve 27.3-28.1°C, MAP 887-
1574mm and Sek: MAT 9.1-10.8°C and 17.0-21.7°C, CMT -2.7-1.1°C and 6.2-13.6°C, WMT 17-20.3°C and
26.5-28.1°C and MAP 1146-1322mm). Changing of the climatic condition during the late Middle Miocene
(Serravallian) from the subtropical to temperate is observed.

The values of the MAT, CMT and WMT are observed decreasing from early Middle (Langhian) to late
Middle (middle-late Serravallian) Miocene. This temperature changing during time interval could be correlated
with the climatic changing in Europe (Middle Miocene Climatic Optimum and cooling periods).

Key Words: Palacoclimate, Palaecovegetation, Middle Miocene, Oren Basin.

GONEN (BALIKESIR) GUNEYINDE YUZLEK VEREN MIYOSEN YASLI
LINYIT iCERIKLI TORTULLARIN PALINOLOJISi VE PALEOIKLIMI

Sariye Duygu f](;basl, Mehmet Serkan Akkiraz' ve Funda Akgiin2
! Jeoloji Miihendisligi Béliimii, Dumlupinar Universitesi, 43270, Kiitahya, Tiirkiye,
s.duyguucbas@dpu.edu.tr, jeodyg@hotmail.com,

ZJeoloji Miihendisligi Boliimii, Dokuz Eyliil Universitesi, 35160, Buca, Izmir, Tiirkiye.

Senozoyik yasl linyit igerikli ve volkanoklastik tortullar Génen giineyinde Tiitiincii, Kiipeikti, Sebepli,
Mancilik, Danisment, Bengiler koyleri ve gevresinde yiizlekler vermektedir. Miyosen oncesi temel kayalar,
[zmir-Ankara ve Sakarya zonlarina ait kayalardan olugmaktadir. Senozoyik yash tortullar, temel kayalari
uyumsuzlukla tistlemektedir ve alltan tiste Hallaglar Volkanikleri, Soma Formasyonu, ilyasbas1 Formasyonu ve
Bayrami¢ Formasyonlarindan olusmaktadir. Pleyistosen-Holosen yash aliivyal tortullar tiim birimleri
uyumsuzlukla drtmektedir.

Calismanin konusunu olusturan Miyosen yash Soma Formasyonu, altta kaln linyit daman ile
baslamakta, iiste dogru ince kirmntili tortullar ve piroklastiklere gegmektedir. Ayrica Soma Formasyonu'nun st
boliimlerinde jipsli, kiikiirtlii linyit damarlari ve ince kirintili tortullar ile volkanik diizeyler de yer almaktadr.

Bu calismada, adi1 gegen yorelerde toplam 9 stratigrafik kesit ol¢iilmiistiir. Kesit hatlar1 boyunca 192
palinolojik drnek derlenmistir. Burada, Unsa ve Bengiler kesiti olarak isimlendirilen 2 kesitin palinolojik
sonuglar1 verilmektedir. Elde edilen palinolojik veriler, Bati Anadolu’daki linyit igerikli Miyosen yash
tortullardan elde edilen palinolojik sonuglarla karsilastirilmistir.

incelenen iki keside ait palinolojik topluluklar, egemen olarak konifer ormani ve irmak kenari
ortamlarina ait formlardan olusmaktadir. Karisik orman toplulugu ve genis yaprakli orman toplulugu diisiik
yiizdelidir. Sucul, bataklik ve otsul bitkiler ¢ok diisiik yiizdelerle temsil edilmektedir.

Konifer ormani baskin olarak Pinaceae ve Cupressaceae’den olugsmaktadir. Diisiik yiizdelerle temsil
edilen Pinus, Pinus haploxylon tip, Cedrus, Cathaya ve Podocarpus konifer ormanina eslik etmektedir. Irmak
kenari vejetasyonu, egemen olarak Alnus ve Platanus/Salix’ ten olusmaktadir. Bu ortamda Zelkova, Carya,
Pterocarya, Liquidambar ve Ulmus formlari da bulunmaktadir. Karisik orman toplulugu herdem yesil Quercus,
Quercus spp. ve Fagus formlar ile ayirtedilmektedir. Carpinus, Cycas, Acer, Corylus, Oleaceae, Betula, Tilia,
Phillyrea, Ilex ve Juglandaceae formlart da bu ortamda gozlenmektedir. Genis yaprakli orman toplulugu baskin
olarak Engelhardia, Cyrillaceae-Clethraceae ve Castanea’dan meydana gelmektedir. Disiik ytizdelerle Rhus ve
Sequoia formlari da bulunmaktadir. Bataklik ortamu bitkileri Taxodiaceae, Nyssa ve Myrica formlartyla temsil
edilmektedir.

Her iki kesitten elde edilen palinolojik topluluklar birbirine benzemesine karsin, bazi temel farklar
bulunmaktadir. Bengiler kesitinde, karisik orman toplulugu elemanlar1 olan herdem yesil Quercus, Quercus spp.,
Fagus ve Carpinus, genig yaprakli orman toplulugu elemanlari olan Castanea, Engelhardia ve Cyrillaceae-
Clethraceae daha vyiiksek yiizdelerle temsil edilmektedir. Ayrica, bataklik ormaminin bir elemani olan
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Taxodiaceae de yiiksek oranlarda gozlenmektedir. Osmunda ve Polypodiaceae gibi egreltiler ¢ok siklikla
bulunmaktadir. Irmak kenari elemam A/nus ise Unsa kesitinde bol oranda bulunmaktadir. Her iki kesitteki
farkliliklar paleovejetasyondaki degisimle ilgili olmalidir.

Palinolojik topluluga dayali saysal iklimsel sonuglar, yillik ortalama sicakhigm 16,5-18,4 °C, kis
sicakligmin 5,5-12,5 °C ve yaz sicakligmm 27,3-27,9 °C arasinda oldugunu gostermektedir. Yillik yagis miktar:
yogun yagis altinda 1122 ve 1355 mm arasinda degismektedir.

Anahtar Kelimeler: Palinoloji, Paleoiklim, Miyosen, Bati Anadolu, Génen.

PALYNOLOGY AND PALAEOCLIMATE OF LIGNITE-BEARING MIOCENE
SEDIMENTS OUTCROPPING SOUTH OF THE GONEN (BALIKESIR)

Sariye Duygu Ucbas', Mehmet Serkan Akkiraz' and Funda Akgiin®
'Department of Geological Engineering, Dumlupinar University, 43270, Kiitahya, Turkey
s.duyguuchas@dpu.edu.tr; jeodyg@hotmail.com,

’Department of Geological Engineering, Dokuz Eyliil University, 35160, Buca, Izmir, Turkey

Cenozoic lignite-bearing and volcanoclastic sediments crop out in villages of Tiitiincti, Kiipgikts,
Sebepli, Mancilik, Danisment, Bengiler, south of Gonen. Pre-Miocene basement rocks are made up of the rocks
belonging to Izmir-Ankara and Sakarya zones. Cenozoic sediments unconformably overlie the basement rocks,
and constitute from bottom to top as the Hallaglar Volcanics, Soma Formation, ilyasbasi Formation and
Bayrami¢ Formation. Pleistocene-Holocene alluvial deposits unconformably overlie the whole units.

The Miocene aged Soma Formation, which is the main subject of this study, start with thick lignite
seams at base, and continues upward with fine-grained sediments and pyroclastics. Also, lignite seams with
gypsum and sulphur, fine-grained sediments and volcanic levels also occur in the upper parts of the Soma
Formation.

In this study, above mentioned villages totally 9 stratigraphical sections were measured. 192
palynological samples were collected along the sections. The palynological results of two sections named here as
the Unsa and Bengiler sections have been given. Palynological assemblages from two sections have been
compared with the palynological results of the lignite-bearing sediments in western Anatolia.

Palynological assemblage is mainly made up of the elements belonging to coniferous forest and riparian
environment. Mixed mesophytic and broad-leaved forests are in low percentages. Water plants, swamp and
herbaceous plants are represented by minor percentages.

Coniferous forest predominantly includes Pinaceae and Cupressaceae. Pinus, Pinus haploxylon type,
Cedrus, Cathaya and Podocarpus represented by low persentages accompany to the coniferous forest. Riparian
vegetation is mainly made up of Alnus and Platanus/Salix. In this belt, Zelkova, Carya, Pterocarya, Liquidambar
and Ulmus also occur. Mixed mesophytic forest is determined by evergreen Quercus, Quercus spp. and Fagus.
Also Carpinus, Cycas, Acer, Corylus, Oleaceae, Betula, Tilia, Phillyrea, Ilex and Juglandaceae have been
observed within this environment. Broad-leaved forest consists mainly of Engelhardia, Cyrillaceae-Clethraceae
and Castanea. Also Rhus and Sequoia represented by low percentages take place in this environment. Swamp
forest plants are chiefly represented by Taxodiaceae Nyssa and Myrica.

Although palynological assemblages obtained from these two sections are similar to each other, there
are some discrepancies between them. In the Bengiler section, evergreen Quercus, Quercus spp., Fagus and
Carpinus related to mixed mesophytic forest and Castanea, Engelhardia, Cyrillaceae-Clethraceae relevant to
broad-leaved forest are represented by high percentages. Additionally, swamp forest element Taxodiaceae have
been observed in high percentages. Ferns such as Osmunda and Polypodiaceae occur in high frequency. Riparian
vegetation element 4/nus take place abundantly in the Unsa section. These discrepancies between the sections
should be related to palaeovegetational changes.

Quantitative palaeoclimate results on the basis of palynological assemblage ranges from 16,5 to 18,4 °C
for the mean annual temperature, 5,5 to 12,5 °C for the temperature of the coldest month, 27,3 to 27,9 °C for the
temperature of the warmest month. Mean annual precipitation changes between 1122 and1355 mm under high
rainfall.

Anahtar Kelimeler: Palynology, Palaeoclimate, Miocene, Western Anatolia, Génen.
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BUYUK MENDERES GRABENI’NIN GUNEY KESIMINDEKI
MIiYOSEN TORTULLARININ VEJETASYONU VE IKLiMI,
SAHINALI-2 KAROTU, GB TURKIYE

M. Serkan Akkiraz
Dumlupinar Universitesi, Jeoloji Miihendsiligi Béliimii, Merkez Yerleskesi, 43270, Kiitahya, Tiirkiye,
serkanakkiraz@dpu.edu.tr; sakkiraz73@gmail.com.

Sahinali komiir havzasi (37° 46’ 12"K, 27° 55' 48"D), Ege bolgesindeki Bilytik Menderes Grabeni’nin
giineydogu (giineybati Tiirkiye) boliimiinde bulunur. Genellikle gélsel fasiyesi temsil eden tortullar kisithi olarak
kaba taneli kirmntihilar1 igeren, ¢amurtasi—marn baskin bir istiften olugmaktadir. Bu ¢alismada mikroflora ve
yayinlanmis megaflora kayitlarinin sonuglari géz 6niinde bulundurulmustur. Yaklasik 105 m kalinligi olan
kesitten derlenen 130 6rnek analiz edilmistir. Ancak sayisal degerlendirmeler 55 verimli rnege dayandirilmstir.
Edilen veriler paleoiklim ve palaeovejetasyondaki degisimlerle karsilastirilmistir. Temel bitki ortiisti tipleri,
herdem yesil Quercus baskin karigik orman toplulugu ve ayrilmamig Pinaceae, Pinus sp. ve Cupressaceae’den
olusan kozalakli ormamidir. Bu kusakta, irmak kenari bitki ortiisii yiiksek oranda Alnus ve daha diisiik
miktarlarda yaprak doken Salix, Ulmus, Pterocarya, Carya, Platanus, Zelkova ve Liquidambar’ dan
olusmaktadir. Polen diyagramindaki otsul bitkilerin bilesenleri onemsiz miktarlardadir ve Poaceae, Brassicaceae,
Chenopodiaceae, Ephedra, Asteraceae ve Caryophyllaceae’ den olugmaktadir. Bir arada bulunma yaklagimi
yontemi kullanilarak yillik ortalama sicakhgm 14°C ve yillik yagis miktarinin 1000 mm {izerinde oldugu tahmin
edilmistir. Diger iklimsel parametrelerle birlikte (En sicak ve en soguk aylarmn 1silari, en nemli, en kurak ve en
sicak aylarin yagis miktarlari) veriler, yil boyunca, degisimi az homojen bir iklimi belirtir. Paleoiklim verilerini
elde etmek i¢cin yaymlanmis megaflora kayitlar1 da bir arada bulunma yaklasimi yontemine uygulanmistir ve
goreceli olarak yiiksek miktarda yillik yagish sabit sicak-tliman kusagi belirtmektedir. Bir arada bulunma
yaklasimindan elde edilen sonuglar, hem sporomorflardan hem de yaprak verilerinden elde edilen paleoiklimsel
parametrelerle bir biitiin olarak uyumluluk sunmaktadir. Yontemin kendi iginde tutarli oldugunu belirtir.
Giintimiiz iklim degeleri, Bilyiik Menderes Graben’i ¢evresinin benzer iklimsel kosullara sahip oldugunu, ancak
Miyosen’de daha fazla yagis aldigim gostermektedir. Bu galisma giineydogu Akdeniz alanimin Miyosen bitki
ortiisii ve iklimsel evrimine yeni bir katk: saglamaktadir.

Anahtar Kelimeler: Biiyiik Menderes Grabeni, Giineydogu Akdeniz, Palinoloji, Paleoortam, Paleoiklim.

VEGETATION AND CLIMATE IN THE MIOCENE SEDIMENTS OF
SOUTHERN SIDE OF THE BUYUK MENDERES GRABEN,
SAHINALIi-2 CORE, SW TURKEY

M. Serkan AkKiraz
Dumlupinar University, Department of Geological Engineering, Main Campus, 43270, Kiitahya, Turkey,
serkanakkiraz@dpu.edu.tr; sakkiraz73@gmail.com

The Sahinali coalfield (37° 46’ 12"'N, 27° 55’ 48"E) is situated at the southeastern side of the Biiyiik
Menderes Graben in Aegean State, southwestern of Turkey. The sediments mainly representing a lacustrine
facies consist of a mudstone-marl dominated succession, including limited coarse-grained clastics. In this study
results of both microfloral and published mega-floral records were considered. 130 samples taken from a profile
which is about 105 m thick were analyzed, but quantitative estimations are based on 55 productive samples. The
data obtained are compared with the changes in palacovegetation and palaeoclimate. The palynological analysis
carried out provides data about composition and structure of the fossil vegetation. The main vegetation types
were mixed mesophytic forest dominated by evergreen Quercus and coniferous forest consisting mainly of
indeterminate Pinaceae, Pinus sp. and Cupressaceae. In these belts riparian vegetation includes high proportion
of Alnus, and lesser amounts of deciduous Salix, Ulmus, Pterocarya, Carya, Platanus, Zelkova and Liquidambar.
Herbaceous components in the pollen spectra are in negligible amounts, and consist of Poaceae, Brassicaceae,
Chenopodiaceae, Ephedra, Asteraceae and Caryophyllaceae. Mean annual temperatures using the Coexistence
Approach are estimated to have been over 14°C and annual precipitation exceeds 1000 mm. In combination with
other climate parameters (temperature of warmest and coldest months, precipitation of the wettest, driest and
warmest months), the data indicate very homogenous climate with low annual variation. The published
megafloral records have also been applied to the Coexistence Approach method to obtain the palaeoclimate that
suggest a relatively stable warm-temperate with high annual rainfall. Results from the Coexistence Approach
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suggest as a whole in agreement with the palaeoclimate parameters obtained using both sporomorph and leaf
datasets implying internal consistency in the method. Modern climate records indicate that surroundings of the
Biiyiik Menderes Graben have similar climate values which seem to be received more rainfall in the Miocene.
This study provides a new contribution on the Miocene vegetation and climate evolution in southeastern
Mediterranean area.

Key Words: Bilyik Menderes Graben, Southeastern Mediterranean, Palynology, Palacoenvironment,
Palaeoclimate.

TURKIYE’DE EOSEN’DEN MiYOSEN’E PALEOIKLIM
VE MANGROV ORMANLARI

M. Sezgiil Kayseri-Ozer
Jeoloji miihendisligi Boliimii, Dokuz Eyliil Universitesi, 35160, Buca-Izmir, Tiirkiye,
sezgul kayseri@ogr.deu.edu.tr

Son yillarda, Eosen’den Miyosen’e palaeoiklimsel degisimler iizerine Tirkiye ve Avrupa’da bircok
galisma yapilmistir. Denizel istiflerden elde edilen oksijen ve karbon izotoplar: analizlerine gére, Erken Eosen,
Oligosen ve Orta Miyosen donemlerinde belirgin 1st artiglari belirlenmistir. Tklimdeki bu belirgin degisimlerin
bitki Ortiisiinii degistirdigi gozlenmistir. Ozellikle, Amerika ve Avrupa’da deniz kenarinda ve nemli ve sicak
iklim kosullarinda yayilim gosteren mangrov ve mangrov gerisi bitki topluluguna ait taksalar bu dénemde genis
yayihm gostermistir. Tirkiye’de de bu sicak iklim dénemleri boyunca (Orta-?Geg Eosen, Oligosen ve Orta
Miyosen) mangrov ve manrov gerisi ormanina ait taksalar tanimlanmustir (Akkiraz ve dig., 2006, 2008, 2009,
2010; islamoglu ve dig., 2008; Kayseri ve Akgiin, 2010; Kayseri, 2010).

Tiirkiye’de, Orta-?Ge¢ Eosen’de paleoiklim nemli tropikaldir. Yozgat-Sorgun, Corum-Amasya ve
Burdur bélgelerinde tanimlanan bu déneme ait, yillik ortalama 1s1 degeri (MAT) 16,5-25°C, en soguk aym 1s1
degeri (CMT) 9,6-13,1°C ve 22,2-24,8°C, en sicak ayin 1s1 degeri (WMT) 27,3-27,9°C ve yillik ortalama yagis
miktar1 (MAP) 1003-1520mm olarak hesaplanmustir. En fazla gesitlik gosteren mangrov ormam Orta Eosen
déneminde belirlenmistir ve mangrov ormani Nypa, Avicennia, Pelliciera, D. iszkaxzenigyoergyi ve mangrov
gerisi oramani (acisu kosullar1) Ephedraceae, Mauritia, Araceae, Arecaceae, Restionaceae ve Acrostichum
aureum ile temsil edilmektedir.

Oligosen’de palacoiklim nemli yaritropikaldir. Milas-Oren, Denizli, Burdur, Usak ve Trakya
bolgelerine ait palinofloralardan MAT degeri 17,2-20,8°C, CMT degeri 7,7-13,3°C, WMT degeri 26,5-27,9°C
ve MAP 1217-1520mm olarak elde edilmistir. Oligosen déneminde mangrov ormanina ait bitki toplulugunun
cesitliligi Eosen donemine gore azalmistir ve Oligosen donemine ait bu orman Ephedraceae, Arecaceae,
Acrostichum aureum, Avicennia ve Pelliciera ile karakterize edilmektedir.

Bir mangrov varligi Milas-Oren Orta Miyosen’in den Avicennia cinsi ile belirlenmistir. Nemli
varitropikal iklim ile temsil edilen bu déneme ait MAT degeri 15,7-18,8°C, CMT degeri 9,6-13,1°C, WMT
degeri 24,7-27,7°C ve MAP 1122-1520mm olarak hesaplanmustir.

Anahtar Kelimeler: Paleoiklim, mangrov, Eosen, Oligosen, Miyosen, Tiirkiye.

PALEOCLIMATE AND MANGROVE FORESTS IN TURKEY
FROM EOCENE TO MIOCENE

M. Sezgiil Kayseri-Ozer
Jeoloji miihendisligi Boliimii, Dokuz Eyliil Universitesi, 35160, Buca-Izmir, Tiirkiye,
sezgul kayseri@ogr.deu.edu.tr

A lot of studies of the palaeoclimatic changes have been done in the Turkey and Europe recently.
According to the oxygen and carbon isotope analyses of the marine sequences, distinctly increasing of
temperature are defined for the Early Eocene, Oligocene and Middle Miocene periods. This markedly
palacoclimatic changes are effected on the vegetation. Especially, taxa of the mangrove and back-mangrove
forests in Europe and America widespread in the coastal environment and under the humid and hot climatic
conditions. In Turkey, taxa of the mangrove and back-mangrove forests are defined during these climatic
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optimum periods (Middle-?Late Eocene, Oligocene and Middle Miocene). (Akkiraz et al., 2006, 2008, 2009,
2010; Islamoglu et al., 2008; Kayseri and Akgiin, 2010; Kayseri, 2010).

In Turkey, the palaeoclimate is humid tropical during the Middle-?Late Eocene. Mean annual
temperature (MAT) 16.5-25°C, the mean annual coldest month (CMT) 9.6-13.1°C, the mean annual warmest
month (WMT) 22.2-24.8°C and the mean annual precipitation (MAP) 1003-1520mm of the Yozgat-Sorgun,
Corum-Amasya and Burdur regions are calculated. The mangrove forest is various in the Middle Eocene period
and mangrove and back mangrove (brackish conditions) forests are represented by the Nypa, Avicennia,
Pelliciera, D. iszkaxzentgyoergyi, Ephedraceae, Mauritia, Araceae, Arecaceae, Restionaceae and Acrostichum
aureum.

The palaeoclimate is humid subtropical in the Oligocene. The MAT values 17.2-20.8°C, the CMT
values 7.7-13.3°C, the WMT values 26.5-27.9°C and the MAP values 1217-1520mm are obtained from the
palynoflora of Milas-Oren, Denizli, Burdur, Usak and Trakya regions. The variety of vegetation in the mangrove
forest decreases from Eocene to Oligocene. This forest of the Oligocene time is characterized by the
Ephedraceae, Arecaceae, Acrostichum aureum, Bombaxidites, Avicennia and Pelliciera.

Presence of the mangrove in the Middle Miocene from the Milas-Oren is determinated with Avicennia.
This period is characterized by humid subtropical climatic condition and the MAT values15.7-18.8°C, CMT
values 9.6-13.1°C, WMT values 24.7-27.7°C and MAP 1122-1520mm of the Middle Miocene time are
calculated.

Key Words: Palaeoclimate, mangrove, Eocen, Oligocene, Miocene, Turkey.

_ BATI ANADOLU’DA (MUGLA-ESKIHISAR) ERKEN-ORTA MIYOSEN
DONEMINE AiIT PALEOIKLIMSEL VE PALEOVEJETASYONEL BULGULAR

Nurdan Yavuz-Isik', Pmar Tokmakkaya2 ve Torsten Utescher’

" Ondokuz Mayis Universitesi, Insaat Miihendisligi Béliimii, 55139 Kurupelit-Samsun,
nurdany@omu.edu.tr
? Orta Dogu Teknik Universitesi, AR-GE Egitim ve Olgme Merkezi, 06531 Ankara,
3 Steinmann-Institut, D - Nufallee 8, 53115 Bonn.

Giineybat1 Anadolunun biiyiik ve iyi-galigilmig linyit havzalarindan biri olan Mugla havzas, igerisinde
pek gok isletilmekte olan kémiir sahas1 bulunan Milas ve Yatagan ast-havzalarindan olusur (Querol et al., 1999).
Eskihisar, Yatagan ast-havzasmin 6nemli agik linyit isletme sahalarindan biridir. Bu ¢alismada, Eskihisar agik
linyit isletmesi sahasindan alinan drnekler paleoiklim ve paleovejetasyonu ortaya koymak i¢in palinolojik olarak
incelenmistir. Incelenen 6rnekler, memeli fosillerine dayanarak Erken-Orta Miyosen (MN 4-6) olarak
yaslandiriimstir. Ozellikle karasal alanlarda, kil mineralleri paleoiklim kosullarinin belirlenmesinde kullanilan
gostergeler olabildiklerinden, drneklerin kil minerali ierikleri de belirlenmistir.

Eskihisar palinoflorasi baskin olarak Polypodiaceae (Leavigatosporites haardti), Osmundaceae, Alnus,
Cedrus, Pinus, yaprak doken Quercus ve Pterocarya igermektedir. Carpinus, Carya, Castanea-Castanopsis,
Fagus, Salix, Ulmus, Zelkova ve Hedera daha disik ytzdeler ile temsil edilmektedir. Otsul bitkiler ¢ok az
miktarda Amaranthaceae/Chenopodiaceae, Asteraceae/Asteroideae, Apiaceae ve Caryophyllaceae ile temsil
edilmektedir. Eskihisar palinoflorasi Osmundaceae, Myrica, Cyrillaceae ve Alnus igeren bir komiir olusum
batakligmin varligimni gostermektedir. Bu batakhiga eslik eden akarsu kenart bitki toplulugu (Alnus ve Salix) ve
Pterocarya, Carpinus, Carya, Quercus, Ulmus ve Zelkova igeren bir karigik orman toplulugu bulunmaktadir.
Eskihisar palinoflorast nemli-1liman iklim kosullarinin varligini yansitmaktadir.

Nicel paleoiklim parametreleri elde etmek i¢in, palinolojik veriler Birarada Olma Yaklasimi (CoA)
yontemi (Mosbrugger and Utescher, 1997) ile de incelenmistir. Elde edilen sonuglara gore Erken-Orta Miyosen
doneminde Eskihisar’da ortalama yillik yagis (MAP) 997 ve 1097 mm arasinda ve ortalama yillik sicaklik
(MAT) 14.6 ve 16.6 9C arasindadir. Palinolojik veriler istif boyunca bir soguma egilimini ve buna eslik eden en
nemli ayin yagis degerlerinde bir azalmay: gostermektedir.

ncelen ornekler icerisindeki kil mineralleri kaolinit ve illit’dir. Istif boyunca kil minerallerinin
iceriginde, miktarinda ve kristallenme derecelerinde sistematik bir degisim gozlenmemigstir. Bu, kil
minerallerinin olusumunda iklimsel degisikliklerden ziyade ¢evre kosullarmin (asidik kémiir-olusum ortami,
yogun yitkanma) etkin oldugunu gostermektedir.

Anahtar Kelimeler: Palinoloji, paleoiklim, paleovejetasyon, Erken-Orta Miyosen, Mugla, Bati Anadolu.
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PALAEOCLIMATIC AND PALAEOVEGETATIONAL DATA FROM THE EARLY-
MIDDLE MIOCENE OF WESTERN ANATOLIA (MUGLA-ESKIHISAR)

Nurdan Yavuz-Isik', Pinar Tokmakkaya® and Torsten Utescher’
! Ondokuz Mayis University, Civil Engineering Department, 55139 Kurupelit-Samsun
? Middle East Technical University, Central Laboratory, R&D Training and Measure Center, 06531 Ankara
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The Mugla basin is one of the biggest and well-documented lignite basins in Southwesten Anatolia and
contains several productive coal fields in two sub-basins, namely Milas and Yatagan (Querol et al., 1999).
Eskihisar is an important open pit lignite field of the Yatagan sub-basin. In this study samples collected from
Eskihisar lignite mine are palynologically investigated to reconstruct the palaeovegetation and palaeoclimatic
conditions. Based on the mammal data, samples are dated as Early-Middle Miocene (MN 4-6). Clay mineralogy
of the samples are also presented since they can be useful indicators of palaeoclimatic conditions when the
sedimentary basins are marked by continental episodes.

The Eskihisar palynoflora is characterized by the dominance of Polypodiaceae (Leavigatosporites
haardti), Osmundaceae, Alnus, Cedrus, Pinus, deciduous Quercus and Pterocarya. Carpinus, Carya, Castanea-
Castanopsis, Fagus, Salix, Ulmus, Zelkova and Hedera are represented by lower percentages. Herbs are
represented by minor amounts of Amaranthaceae/Chenopodiaceae, Asteraceae/Asteroideae, Apiaceae and
Caryophyllaceae. The Eskihisar palynoflora reflects a coal forming swamp with Osmundaceae, Myrica,
Cyrillaceae and A/nus associated with riparian vegetation (A/nus and Salix) and a mixed forest with Pterocarya,
Carpinus, Carya, Quercus, Ulmus and Zelkova. The Eskihisar palynoflora, being rich in mesothermic elements,
reflects a warm-temperate climate.

The palynological data are also analysed by the Coexistence Approach (CoA) method (Mosbrugger and
Utescher, 1997) to get quantitative palaeoclimate parameters. The mean annual precipitation (MAP) is between
997 and 1097 mm and the mean annual temperature (MAT) is between 14.6 and 16.6 °C in the Early-Middle
Miocene in Eskihisar. The pollen record reveals a cooling trend along the section combined with decreasing
precipitation rates of the wettest month.

The kaolinite and illite are the clay minerals in the studied samples. The composition, amount and
crystallinity of the clay minerals do not show a systematic change through the section. This shows that formation
of clay minerals were controlled by palacoenvironmental conditions (acidic coal-forming environment and
abundant leaching) rather than climatic changes.

Key Words: Palynology, palaeoclimate, palacovegetation, Early-Middle Miocene, Mugla, Western Anatolia.
Reference
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144



64. Turkiye Jeoloji Kurultay: 25-29 Nisan 2011

MAGMATIZMA VE MAGMATIK SURECLER/
MAGMATISM & MAGMATIC PROCESSES

Oturum Yiiriitiiciileri / Conveners:
Abidin Temel, Ercan Aldanmaz

145



64. Turkiye Jeoloji Kurultay: 25-29 Nisan 2011

TAVSANLI ZONU (GUNYUZU, SiVRiIHISAR, KAYMAZ) GRANITOYIDLERININ
MINERALOJIK VE JEOKIMYASAL OZELLIKLERI

Mehmet Demirbilek ve Halim Mutlu
Jeoloji Mithendisligi Boliimii, Eskisehir Osmangazi Universitesi, 26480
Meselik, Eskisehir, Tiirkive, demirbilek@ogu.edu.tr

Anatolid-Torid Blogunun kuzey ucunda yer alan Tavsanhi zonu, kuzeyde [zmir-Ankara kenedi ve
giineyde Afyon zonu kayaglar tarafindan sinirlanan farklt yapt ve dokuda granitoyidik kiitleler igermektedir
(Kadincik granodiyoriti/kuvars monzodiyoriti, Karacadren granodiyoriti, Dinek granodiyoriti/Kuvars monzoniti,
Tekoren granodiyoriti, Sivrihisar monzoniti ve Kaymaz graniti). Glinytizii ve Sivrihisar intriizif kiitleleri aplitik,
andezitik, pegmatitik ve diyabazik olmak iizere cesitli bilesime sahip dayklar tarafindan kesilmektedir. Bununla
birlikte, yine Giinyiizii ve Sivrihisar bolgelerinde ana kaya ile keskin dokanakl, elips sekilli ve boyutlar birkag
santimetreden birka¢ metreye kadar degisen ince taneli mafik magmatik anklavlar tespit edilmistir. Anklavlarin
bilesimi kuvars monzodiyorit, monzodiyorit ve diyorit olarak saptanmistir.

Giinylizii, Sivrihisar ve Kaymaz intriizif kiitlelerinin kondrite gdre normalize edilmis iz element
dagilimlarinda benzer desenler goze ¢arpmaktadir. Bityiik iyon yarigcaph litofil elementlerde (LILE, 6rnegin Rb,
K, Sr) zenginlesme gézlenirken, kaliciligr yiiksek elementlerde (HFSE, 6rnegin Nb, Ti, Hf) ise fakirlesme soz
konusudur. Ba, Nb, P ve Ti elementlerinin tiiketilmesi yitim zonu ile iligkili magmalarin varligina isaret
etmektedir. Nadir toprak element dagilim desenlerinde hafif nadir toprak elementleri (LREE) agir nadir toprak
elementlerine (HREE) gore zenginlesme gostermektedir.

Tiim kaya¢ jeokimyasal analiz sonuglarma gore, Giinyilizii ve Sivrihisar intrizif kitleleri
metaliiminyumlu kalk-alkalen karakterli I-Tipi, Kaymaz intriizif kiitlesi ise metaliiminyumlu alkalen karakterli I-
Tipi kayaclarindan olugmaktadir. Sivrihisar ve Glinyiizit mafik magmatik anklavlari metaliiminyumlu kalk-
alkalen karakterlidirler. Tektonik yerlesim diyagramlarinda (Rb-(Y+Nb) ve Ta-Yb) Tavsanlt zonu intrizif
kiitlelerinin ¢arpigsma sonrasi granitoyidler i¢in karakteristik olan ii¢lii sinirin Volkanik Yay Granitleri (VAG)
alaninda  yer aldign  goriilmektedir.  Magmalarm  kokenini  gosteren  AlLO3/(FeO+MgO+TiO,)-
ALOs+FeO+MgO+Ti0,;, (Na,0+K,0)/(FeO+MgO+Ti0,)-Na,0+K,0+FeO+MgO+TiO, diyagrammna gore,
Kaymaz granitoyidi metagrovaklardan, Sivrihisar ve Glinyiizii granitoyidleri ise amfibolitlerden tiiremistir.

Anahtar Kelimeler: Tavsanh Zonu granitoyidleri, iz element, anklav, jeokimya.

MINERALOGICAL AND GEOCHEMICAL CHARACTERISTICS OF THE
TAVSANLI ZONE (GUNYUZU, SIVRIHISAR, KAYMAZ) GRANITOIDS

Mehmet Demirbilek and Halim Mutlu
Jeoloji Miihendisligi Boliimii, Eskisehir Osmangazi Universitesi, 26480
Meselik, Eskisehir, Tiirkiye, demirbilek@ogu.edu.tr

The Tavsanli Zone on northern part of the Anatolide-Tauride Block hosts several granitoidic masses of
different structure and texture (Kadmncik granodiorite/quartz monzodiorite, Karacadren granodiorite, Dinek
granodiorite/Kuvars monzonite, Tekoren granodiorite, Sivrihisar monzonite and Kaymaz granite) which are
bordered by the izmir-Ankara suture at north and Afyon zone to the south. The Giinylizii and Sivrihisar
intrusives are cut by dykes in aplitic, andesitic, pegmatitic and diabasic compositions. In Giinylizii and Sivrihisar
regions, ellipsoidal-shaped, fine grained, mafic magmatic enclaves of a few cm to one meter in size with sharp
contacts along the host rock were also determined. The composition of enclaves changes from quartz
monzodiorite, monzodiorite to diorite.

Chondrite-normalized trace element distributions of Giinyiizii, Sivrihisar and Kaymaz intrusive show
similar patterns. Large ion lithophile elements (LILE, e.g. Rb, K, Sr) are enriched whilst high field strength
elements (HFSE, e.g. Nb, Ti, Hf) are represented by depletion trends. Depletion of Ba, Nb, P and Ti elements is
the evidence of subduction-related magmas. In rare earth element patterns, light rare earth elements (LREE) are
found to be more enriched than heavy rare earth elements (HREE).

According to results of whole rock geochemical analysis, Giinyiizii and Sivrihisar intrusives yield
strong metaluminous melt composition and I-type calc-alkaline affinity while the Kaymaz granite is represented
by metaluminous melt composition and I-type alkaline affinity. Guinylizii and Sivrihisar mafic magmatic
enclaves are of metaluminous character and calc-alkaline composition. In tectonic setting diagrams (Rb-(Y-+Nb)
and Ta-Yb) Tavsanli zone intrusives plot into the Volcanic Arc Granites (VAG) indicating development of post-
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collisional ~magmatic activity. According to ALO3/(FeO+MgO+Ti0,)-ALO5+FeO+MgO+TiO, and
(Na,O+K,0)/(FeO+MgO+Ti0,)-Na,O+K,0+FeO+MgO+TiO, diagrams Kaymaz granite is derived from
metagraywackes whilst Giinyiizii and Sivrihisar intrusive are originated from amphibolites.

Key Words: Tavsanli Zone granitoids, trace element, enclave, geochemistry.

KB ANADOLU CAN YORESINDEKi CAMYAYLA PLUTONUNUN
JEOLOJIK VE PETROLOJIK INCELENMESI

Seray Ozgiir', Yiicel Yilmaz® ve Sinan Ongen’
'Jeoloji Miihedisligi Béliimii, Nigde Universitesi, 51245, Nigde, Tiirkiye,
ssoylemezoglu@nigde.edu.tr,
?Jeoloji Miihedisligi Boliimii, Kadir Has Universitesi, 34083, Cibali, Istanbul, Tiirkiye,
3 Jeoloji Miihedisligi Boliimii, Istanbul Universitesi, 34322, Avcilar, Istanbul, Tiirkiye,

KB Anadolu’da Eosen-Miyosen déneminde yaygin magmatik etkinlikler gelismistir. Bu etkinlik
siiresince, kitasal kabukta s13 derinliklere ulasan granitik stok ve pliitonlar ve bunlarin tizerlerinde ve ¢evresinde
felsik - andezitik bir volkanizma gelismistir. Can ydresinde yiizeyleyen Camyayla pliitonu da bu topluluklardan
biridir. Camyayla pliitonu, bitisigindeki Dededag volkanik toplulugu ile es zamanli olusmustur ve yas: 28 my
olarak tespit edilmistir. Bu siireg i¢inde gelisen tiriinler arasinda hem birbirini kesen hem de biri digerine gecen
iligkiler tammmaktadir. Ortaya konulan o6zellikleri pliton ve cevresindeki volkanik kayaglarin (Dededag
formasyonu) birlikte bir kaldera kompleksi niteliginde olustugunu ggstermektedir. Camyayla pliitonu granit,
granodiyorit, kuvars diyorit bilesimlidir. Pliitonun gevresinde aktinolit hornfels ve kuvars-alkali feldspat hornfels
fasiyesin de kontak metamorfizma zonu geligmistir. Pliitonik kayaglar kalkalkalen nitelikte olup, ana ve iz
elementlerin degerlendirilmesi sonucunda Camyayla pliitonunun yitim zonu bileseni igerdikleri belirlenmisgtir.
Bu yitim halen siiregelmekte olan Dogu Akdeniz okyanus litosferinin dalma batmasmin bir onciilii olarak
ditstintilebilir.

Bu bildiride pluton ve gevre kayaglarimin jeolojik iliskileri ve petrolojik nitelikleri tanitilacak ve eldeki
verilerin 1s1¢mda olusumlari konusuna bir yaklasim yapilacaktir.

Anahtar Kelimeler: Kuzeybati Anadolu, Camyayla Pliitonu, Kaldera, Petroloji.

GEOLOGICAL AND PETROLOGICAL STUDY OF THE CAMYAYLA
PLUTON OF THE CAN REGION, NW ANATOLIA

Seray (")zgiirl, Yiicel Yilmaz’ ve Sinan (")ngen3
!Geological Engineering Department, Nigde University, 51245, Nigde, Turkey,
ssoylemezoglu@nigde.edu.tr,
? Geological Engineering Department, Kadir Has University, 34083, Cibali, Istanbul, Turkey,
? Geological Engineering Department, Istanbul University, 34322, Avcilar, Istanbul, Turkey.

An extensive magmatic activity developed in NW Anatolia during the Eocene-Miocene period. During
this activity some granitic plutons formed and reached shallow levels in the continental crust, and above which
were developed felsic-andesitic volcanic associations.The Camyayla pluton of the Can region is one of the
representatives of this activity. The pluton is temporarily and spatially closely associated with the Dededag
volcanic suit, and is dated to be 28 my old. Their close genetical relations are revealed by the lateral transitions
of some members as well as intricately developed cross cutting relationships. With all the field relationships the
pluton and its volcanic associates collectively represent a caldera collapse environment. The pluton is mainly
granodioritic and dioritic composition, and when emplaced into the regionally metamorphic country rocks were
generated a thin metamorhic aureole reaching to the Actinolite hornfels facies along the immediate contact. The
major and trace elements of this plutonic-volcanic association display calcalkaline characteristics and affinity to
subduction zone magmatic associations. Such subduction related nature may be regarded as the earlier product of
the ongoing subduction along the Hellenic trench of the Eastern Meditterranean oceanic lithosphere.

In this presentation the geological and petrological data derived from these rocks will be outlined and
then an attempt will be made to their possible mechanism of generation.

Key Words: Northwest Anatolia, Camyayla Pluton, Caldera, Petrology.
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HAKKARI-YUKSEKOVA KROMITITLERINDEKI PLATIN GRUBU
MINERALLERININ (PGM) HIDROSEPARATOR (HS) -EPD
(ELEKTRIK AKIMLI OGUTUCU) TEKNIGI iLE JEOKIMYASAL-
MINERALOJIK INCELEMESI

Hatlce Kozlu', Vladimir Rudashevsky ve Nikolay Rudashevsky
'Mineraloji —Petrograf Arastirmalar: Koordinatorliigii 06520, Ankara, Tiirkiye,

haticekozlu@mta.gov.tr,
’CNT Labs, I Roentgena Str.197101, St. Petersburg, Rusya.

Yiiksekova kromititleri Tirkiyenin glineydogusunda, Hakkari’de yiizeyleyen iist Kretase yash
ofiyolitlerin dunit birimleri i¢erisinde bulunmaktadirlar. Yiiksekova’da sinirli sayidaki bir kag adet lokasyonda
varolan Al’ce zengin (ortalama Al,O5 27 % ag.) kromitit 6rnekleri (ortalama Cr,Os; % 38 ag.) igindeki platin
grubu  mineraller hidroseparatér  (HS)-EPD  (Elektrik Akimh  Ogiitiicii)  teknigi  kullammu  ile
serbestlestirilmiglerdir. Agir mineral konsantrasyonlar: elde edilen bu tanelerin parlak kesitlerinin mikroprob
incelemelerine goére Yiiksekova kromititleri icindeki belirlenmis olan kiymetli mineral parajenezi baslica 1-
laurit (Ru,0s,Ir)S; + (Cu,Ru) alasimlari, 2- (Cu,Ru) alagimlari (Cu,Ru,Ni), 3- (Pd,Pt) alasimlar1 (nabit Pd), ve
sobolevskit Pd(Bi,Te) minerallerinden olusmaktadir. Altin mineralleri nabit altin (Au,Ag) ve (Au,Cu,Ni,Zn)
alasimlarindan olusmaktadir. Platin minerallerinin tane biiyiikliigii 8 - 26 m arasindadir. Altin tanelerinin tane
biiytikliigii 20 - 64 m arasindadir.

Hakkari-Yiiksekova kromititlerinde ¢ok sayida baz metal siilfit mineralleri ve nabit metal ve alasimlar
da saptanmis olup bunlar; baskin olarak avaruit daha az heslevodit, pentlandit, pirotin, pirit, kalkosin, dijenit,
nabit bakir, Cu-Ni alagimlari, ilmenit, ¢ok nadir olarak titanit, galenit, ve selenidlerdir [(klaushalit, PbSe);
penrosit (Ni, Cu, Co) Se, ve krutayit (Cu, Ni, Co) Se,]. Baz metal siilfit minerallerinin kromititlerin
serpantinlesme siirecinde olustuklart diistiniilmektedir. HS konsantrelerinden isimlendirilmemis yeni bir mineral
olarak Cu-Ru (Cu,Ru,Ni) alagimlar tesbit edilmig olup bu minerallerin diger Cu’lu benzerleri olan hekzaferrum
(Fe,Ru,Os,Ir) ve garutit (Ni,Ir) alasimlaridir.

Cu, Bi, Se, Au, Ag, Ti yaninda Pd ve Pt‘nin kendisinin belirlenmis aksesuar mineral parajenezi
kompozisyonlari ile birliktelikleri podiform tip kromititler i¢in karakteristik bir 6zellik olmayip ilgili kayaglar
icerisine bazik kompozisyondaki sivi fazlar tarafindan taginmus olabilecekleri diistiniilmektedir.

Anahtar Kelimeler: Hakkari, Yiksekova, Kromitit, PGM, Jeokimya.

GEOCHEMICAL-MINERALOGICAL INVESTIGATION OF PLATINUM
GROUP MINERALS (PGM) IN THE CHROMITITES FROM HAKKARI-
YUKSEKOVA IN SE TURKEY BY USING HYDROSEPARATOR(HS) -EPD
(ELECTRICAL PULSE DISSAGREGATOR) TECHNIQUES

Hatlce Kozlu', Vladimir Rudashevsky” and Nikolay Rudashevsky®
'Department of Mineralogy —Petrography Research 06520, Ankara, Turkey,
haticekozlu@mta.gov.tr,
*CNT Labs, 1 Roentgena Str.197101, St. Petersburg, Russia.

Yiiksekova chromitites are hosted by dunite lithology of the late Creataceous aged ophiolites, which
exposure in Hakkari in the southeastern of Turkey. PGMs are liberated by using hydroseparator (HS) ~EPD
(Electrical Pulse Dissegrator) techniques from the high-Al (average Al,O; 27 % wt.) chromitite patterns (average
Cr,03 % 38 wt.) in which exist in the a few of the location in Yiiksekova region within a limited number.

The precious metal paragenesis are mainly encountered as 1) laurite (Ru,Os,Ir)S; + (Cu,Ru) alloy, 2)
(Cu,Ru) alloy (Cu,Ru,Ni), 3) (Pd,Pt) alloy (native Pd), and sobolevskite Pd(Bi,Te) as a result of microprobe
investigations of these heavy mineral HS concentrate in the polished sections. Gold minerals are native gold
(Au,Ag) and (Au,Cu,Ni,Zn) alloys. Grain size of platinum group minerals are from 8 m to 26 m. Grain size of
gold minerals are from 20 m to 64 m.

Numerous base metal sulphides as well as native metals and alloys are determined in the Hakkari-
Yiiksekova chromitite samples and these are documented dominantly awaruite, less common heazlewoodite,
pentlandite, pyrrhotite, pyrite, chalcosine, digenite, native copper, Cu-Ni alloy and ilmenite, very rare titanite,
galena, and selenides [clausthalite PbSe, penroisite (Ni,Cu,Co)Se, and krutaite (Cu,Ni,Co)Se,]. It has been
suggested to occurre all these base metal grains during serpentinisation of the chromitites. The unnamed new Cu-

148



64. Tirkiye Jeoloji Kurultayi 25-29 Nisan 2011

Ru alloy (Cu,Ru,Ni) which was recovered in the HS concentrates, is obviously Cu-analogue of the hexaferrum
(Fe,Ru,0s,Ir) and garutiite (Ni,Ir).

The association of minor elements such as Cu, Bi, Se, Au, Ag, Ti as well as Pd and Pt itself determined
in the composition of accessory minerals is not characteristic for a podiform chromitites. These metals has been
suggested to brought into chromitites by fluid phase associated with rocks, which in basic composition.

Key Words: Hakkari, Yiiksekova, Cromitite, PGM, Geochemistry.

BATI PONTIDLERDE ADAKITIK MAGMATIZMA: UST KRETASE YASLI
CAVUSBASI GRANODIYORITI, iSTANBUL ZONU, KB TURKIYE

Sabah Yilmaz Sahin', Namik Aysal’ ve Yildirim Giingor’
Tistanbul Universitesi, Miihendislik Fakiiltesi, Jeofizik Miih. Boliimii, 34320-Aveilar-Istanbul,
sabahys@jistanbul.edu.tr,
2 [stanbul Universitesi, Miihendislik Fakiiltesi, Jeoloji Miih. Boliimii, 34320-Aveilar-Istanbul.

Adakitik kayaglar orta¢ ve asidik bilesimli magmatik yiizey ve derinlik kayaclarindan olusur. Adakitler,
> % 56 Si0, , > % 15 ALO;, < % 3 MgO ve yiiksek Sr/Y ve La/Yb, gibi bazi jeokimyasal ozellikleri ile diger
magmatik kayaglardan ayrilirlar. Pontid kusag1 boyunca adakitik 6zelliklere sahip bazi kayaglarin varhgi, giincel
cahismalarda saptanmustir. Bati Pontidlerde, Istanbul Zonu igerisinde adakitik 6zelliklere sahip Cavusbasi
granodiyoriti ilk kez bu calismada tanimlanmustir. Cavusbasi granodiyoriti, Istanbul Zonu'nun (KB Tiirkiye)
batisinda yer alir ve Ordovisyen yashi sedimanter kayacglar icerisine sokulum yapar. Sokulum, baslica,
granodiyorit, seyrek olarak da tonalit ve kuvars diyorit bilesimindedir. Granitik kayaclar genellikle tanesel
dokuludur ve antirapakivi, bicagimsi biyotit, ignemsi apatit ve plajiyoklazlarda siingerimsi hiicreli
¢oziinme/erime dokular gibi bazi 6zel magma karisim (magma mixing) dokulart da gosterirler. Ana koyu renkli
mineraller hornblend ve biyotittir. Birime ait iki 6rnegin zirkon minerallerinde yapilan SHRIMP U-Pb
yaslandirmasinda ortalama 67.75+0.56 My. yas1 elde edilmis olup, pliitonun Ust Kretase déneminde sokulum
yaptigini gostermektedir.

Cavusbasi granodiyoriti jeokimyasal olarak, yiiksek Sr/Y ve La/Yb oranlar ile diisiik Y, HREE ve Eu
anomalisinin olmamasi ile adakitik kayaglara benzemektedir. Pliiton % 63.4 >SiO, igeren, I-tipi, metaliiminolu,
orta — K’lu - kalk-alkalin 6zelliklere sahiptir. Bu adakitik kayaclar yiiksek MgO (% 0.77-2.56 agirhk), Mg#
(45.3-59.3), LIL (Rb, K, Ba, Sr, vb.) element oranlarmi igerir. {lksel eNd ve ¥S1/**Sr oranlar sirasiyla 3.2 - 3.7
ve 0.7035 - 0.7036° dir. Neo-tetis okyanusunun kuzey kolunun kapanmasiyla ilgili izmir-Ankara-Erzincan ve
Intra-Pondit siitiirlar1 boyunca var olan dalma-batma olaymin varhgi temel alindiginda, adakitik magmalarin
dalan okyanusal dilimin amfibol-eklojit fasiyesi kosullari altinda kismi erimesi ile olusmus olabilecegi ileri
stirtilebilir.

Anahtar Kelimeler: Istanbul Zonu, adakit, SHRIMP yaslandirma, Sr-Nd izotoplari, yayla ilgili, ergiyen dilim,
Neo-Tetis Okyanusu.

ADAKITIC MAGMATISM IN THE WESTERN PONTIDES: UPPER CRETACEOUS
CAVUSBASI GRANODIORITE, ISTANBUL ZONE, NW TURKEY

Sabah Yilmaz Sahinl, Namk Aysal2 and Yildirim Giingiir2
stanbul University, Engineering Faculty, Department of Geophysical Enginering,
TR 34320-Avcilar, Istanbul, sabahys@jistanbul.edu.tr,

?[stanbul University, Engineering Faculty, Department of Geological Engineering,

TR 34320-Avcilar, Istanbul.

Adakitic rocks are acidic and intermediate magmatic rocks. They are distinguished from the other
magmatic rocks with their > 56 % SiO,, > 15 % ALO;, <3 % MgO and high St/Y and La/Yb values. The
existence of adakitic rocks in the Eastern Pontide Belt has been determined by current studies. The adakitic
Cavusbas: granodiorite in the Western Pontides, on the other hand, is described in this work. The Cavusbasi
granodiorite is exposed in the western part of the Istanbul Zone (NW Turkey), intruding Ordovician sedimentary
rocks. The intrusion is made up mainly of granodiorite, and subordinately tonalite and quartz diorite, and shows
granular texture with some special magma mixing textures such as antirapakivi, blade-shaped biotite, acicular
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apatite, spongy cellular dissolution/melting plagioclase textures. Main mafic minerals are hornblende and biotite.
U-Pb in-situ dating of zircons from two samples via SHRIMP yielded weighted age values of 67.75+0.56 Ma,
suggesting emplacement during Upper Cretaceous.

Geochemically the Cavusbasi granodiorite resembles adakites with its high Sr/Y and La/Yb ratios
coupled with low Y, and HREE contents and the absence of Eu anomaly. It is I-type, metaluminous, middle- K
calk-alkaline pluton with 63.4 (wt %) >Si0O,. This adakitic pluton includes high values of MgO (0.77-2.56 wt
%), Mg# (45.3-59.3), LIL (e.g. Rb, K, Ba, Sr) elements. Initial eNd and *’Sr/**Sr values are 3.2 - 3.7 and 0.7035
- 0.7036, respectively. Based on the presence of on-going subduction along the Izmir-Ankara and Intra-Pontide
Neo-Tethyan oceanic domains and depleted Sr-Nd isotopic signatures, we suggest that the adakitic magmas may
be derived from the partial melting of oceanic slab under amphibole-eclogite facies conditions.

Key Words: Istanbul Zone, adakite, SHRIMP dating, Sr-Nd isotops, arc-related, slab melting, Neo-Tethyan
Ocean.

BOZUYUK CIVARI (KB TURKIYE) ADAKIT BENZERI INTRUZIF
KAYALARININ PETROLOJISI VE TEKTONIK KONUMLARI

S. Can Geng' ve Kagan Kayaci®
! Istanbul Teknik Universitesi Jeoloji Miihendisligi Béliimii, 34469 Maslak-Istanbul, Tiirkiye,
scangenc@itu.edu.tr,
? Termal Seramik San. Ltd., 11600 Sogiit-Bilecik, Tiirkiye.

KB Anadolu’da Bozilyiik kuzeyinde Sakarya zonunun Triyas yash metamorfik kayalar1 igine kiigiik
stok ve dayklar halinde yerlesmis olan Alt Kretase (125+4.2 My) yash felsik intriiziif kayalar (Karakdy graniti)
ilk kez tarafimizdan kesfedilmistir. Bu intriizif kayalar l6ko granit, granodiyorit, tonalitler ve bunlarin porfiritik
esdegerlerinden olusur. Karakoy graniti peraliiminyumlu olup diisiik potasyumlu 6zelliktedir. Yiiksek
miktarlarda SiO, (~ 72 %), ALOs (> 15 %), %), Na,O (~6 %) ile diisiik miktarlarda MgO (0.32 - 0.43 %), KO,
Yb ve Y (2.8 — 3.3 ppm) icermektedir. Bu intriizif kayalar yitim ile iligkili magmalar gibi negative Nb-Ta
anomalisi gosterirler. Onlarin aksine 6nemli negative Eu anomalisi sergilemezler [(Ew/Eu*)y = 0.82 - 1.08].
Yiiksek Sr/Y (110 — 210) ve digiik K,O/Na,O (~0.15) oranlar1 bakimindan adakit ve Arkeen TTG’lerine
benzerler. Bu calismadan elde edilen petrolojik bulgular 1g18inda, Alt Kretase déneminde NeoTetis Okyanusu
icinde kuzeye dogru aktif bir yitimin oldugunu ve adakit benzeri intriizif kayalarimizin yitmekte olan okyanus
kabugunun en {ist bazaltik katmanimnin ergimesinden tiiremis oldugu sonucuna ulagsmaktayiz.

Anahtar Kelimeler: Adakit, Granit, Alt Kretase, Boziiylik, Petroloji, Dilim Ergimesi.

ADAKITE-LIKE INTRUSIVE ROCKS FROM THE BOZUYUK AREA, NW
TURKEY: ITS PETROLOGY AND TECTONIC SETTING

S. Can Geng' and Kagan Kayaci®
'Istanbul Technical University, Dept. of Geological Engineering, 34469
Maslak-Istanbul, Turkey, scangenc@itu.edu.tr,
*Termal Seramik San. Ltd., 11600 Sogiit-Bilecik, Turkey.

We have discovered a felsic intrusive unit (the Karakdy granite; 125+4.2 M.A.), which was emplaced
into the Triassic metamorphic rocks of the Sakarya Zone as small stocks and dikes in the north of the Boziiyiik
Town of NW Turkey. The Karakéy granitic rocks are composed of equigranular leuco granites, granodiorites,
tonalites and their hypayssal equivalents. They are represented by peraluminous and low-K rocks, displaying
high SiO; (~ 72 %), ALO; (> 15 %), Na,O (~6 %), Sr (380-634 ppm), and low K,0, MgO (0.32 - 0.43 %), Yb
and Y (2.8-3.3 ppm). They exhibit negative Nb-Ta anomalies similar to the subduction related magmas. By
contrast, lack of significant negative Eu anomaly [(Ew/Eu*)y = 0.82 - 1.08] and presence of high Sr/Y (110 —
210) and low K,0/Na,O (~0.15) ratios are similar to the adakite-like magmas and/or Archaean TTG’s. In the
light of the petrologic data obtained from this study, we conclude that there was an active north-dipping
subduction zone within the northern Neo-Tethys Ocean during the Early Cretaceous, and adakite-like intrusive
rocks derived possibly from the melting of basaltic topmost layer of the subducted slab.

Key Words: Adakite, Granite, Lower Cretaceous, Bozilyiik, Petrology, Slab-melting.
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AGVANIS MASIFi’NDE ADAKITIK MAGMATIZMA VE DOGU
PONTIDLERDE EOSEN MAGMATIZMASININ GELiSiMi

Giiltekin Topuzl, Aral Okay‘, Rainer Altherrz, Winfried Schwarzz, Wolfgang

Siebel’, Thomas Zack®, Muharrem Satir’ ve Ciineyt Sen®
Vistanbul Teknik Universitesi, Avrasya Yerbilimleri Enstitiisii, Ayazaga 80626, Istanbul, Turkiye,
? Heidelberg Universitesi, Yerbilimleri Enstitiisii, Im Neuenheimer Feld 234-236, 69120 Heidelberg, Almanya,
? Tiibingen Universitesi, Yerbimleri Enstitiisii, Wilhelmstr. 56, 72074 Tiibingen, Almanya,
4 Maninz Universitesi, Yerbilimleri Enstitiisii, Johann-Joachim-Becher Weg 21, 55099 Mainz, Almanya,
S Karadeniz Teknik Universitesi, Jeoloji Miihendisligi Boliimii, 61080 Trabzon, Tiirkiye.

Eosen yash magmatik kayalar Tiirkiye, Kafkaslar ve KB Iran’da ¢ok genis alanlar1 kaplamaktadir. Bu
magmatizmanin zamansal ve mekansal gelisimi pek bilinmemekktedir. Bu bildiride, Agvanis Masifi’'nde (Dogu
Pontidler) Permo-Triyas yash diisiik dereceli metamorfik kayaglari kesen Erken Eosen yash bir dizi sokulum
kayasina iliskin saha jeolojik, jeokimyasal ve jeokronolojik veriler sunup, bu verileri bolgesel tektonik ¢ercevede
tartigsmaktay1z.

Agvanis Masifindeki sokulum kayalari baslica kuvars diyorit, Iokogranodiyorit ve goreceli olarak daha
ge¢ donemde gelismis dasit porfirler tarafindan temsil edilmektedir. Bunlar yersel olarak iyi derecede gelismis
yapraklanma sunmaktadir. Radyometrik yas tayinleri (Ar-Ar biyotit ve hornblend & U-Pb zirkon) bilesimsel ve
dokusal olarak farkli olan sokulumlarin Erken Eosen’de (~51 My) yerlesmis olduklarimna isaret etmektedir. Buna
kargilik, dokanak baskalagim halesindeki mineral topluluklari ve magmatik dokular kuvars diyoritlerin ve dasit
porfirlerin sirastyla 14-16 km ise <7 km’lik derinliklere yerlestiklerine isaret etmektedir. Kuvars diyorit,
16kogranodiyorit ve dasit porfirler genel itibariyla yiiksek Al,Os, Sr, Ba, LREE ve diisiik Y, Sc ve HREE
icerikleri gdstermekte ve bu jeokimyasal niteliklerle adakitik kayaglara benzemektedir. Ayrica, biitiin kaya
tiirleri birbirlerine oldukga benzer ilksel [ng (1.0 - -1.1) and ¥7Sr/%Sr (0.70421 to 0.70494) degerlerine
sahiptirler. Bu kayaglarin jeokimyasal nitelikleri benzer bir kaynaktan farkli derecelerde boliimsel ergime ve
kesirlenme ile olusma ile uyum i¢indedir.

Bu ve literaturdeki verilerin degerlendirilmesi, adakitik imzanin [zmir-Ankara-Erzincan Kenedinin hem
kuzey hemde giineyinde Paleosen-Erken Eosen magmatic kayalarinda yaygin oldugunu, ancak Orta Eosen’de
kayboldugunu gostermektedir. Bolgesel jeolojik smirlamalar ise, Pontidlerle Anatolid-Torid bloku arasinda
kitasal carpismanin Paleosen’de gergeklesmis olduguna ve Orta Eosen’de ise sikistirmali rejimden genislemeli
rejime gegildigine ima etmektedir. Bu gerekgelerden otiirii, Kuzey Tiirkiye’deki Erken Eosen yash adakitik
magmatizma Izmir-Ankara-Erzincan keneti boyunca olan ¢arpigma sonrasi kalinlagmis bir kabuk varlig ile ve
Orta Eosen magmatizmasinin ise kalinlagmus dag kusaginin genislemeli olarak ¢okmesiyle iligkili olmalidir.

Anahtar Kelimeler: Adakit, ¢arpigma-sonrasi, genislemeli ¢okme, Agvanis (Golova), Dogu Pontidler, KD
Tiirkiye

ADAKITE-LIKE MAGMATISM IN THE AGVANIS MASSIF AND
IMPLICATIONS FOR THE EVOLUTION OF THE EOCENE
MAGMATISM IN THE EASTERN PONTIDES

Giiltekin Topuzl, Aral Okayl, Rainer Altherrz, Winfried Schwarzz, Wolfgang

Siebel’, Thomas Zack®, Muharrem Satir’ and Ciineyt Sen®
! [stanbul Teknik Universitesi, Avrasya Yerbilimleri Enstitiisii, Ayazaga 80626, Istanbul, Turkiye,
2 Heidelberg Universitesi, Yerbilimleri Enstitiisii, Im Neuenheimer Feld 234-236, 69120 Heidelberg, Almanya,
3 Tiibingen Universitesi, Yerbimleri Enstitiisii, Wilhelmstr. 56, 72074 Tiibingen, Almanya,
* Maninz Universitesi, Yerbilimleri Enstitiisii, Johann-Joachim-Becher Weg 21, 55099 Mainz, Almanya,
S Karadeniz Teknik Universitesi, Jeoloji Miihendisligi Béliimii, 61080 Trabzon, Tiirkiye.

The Eocene igneous rocks cover extensive areas in Turkey, Caucasus and northwest Iran. The temporal
and spatial evolution and origin of this Eocene magmatism are poorly understood. Here, we present
geochronological and geochemical data on a suite of Early Eocene intrusions from northeast Turkey and discuss
their origin within a regional tectonic framework.

The intrusive rocks in the Agvanis Massif are represented by quartz diorite, leucogranodiorite and
relatively late dacite porphyries, and locally display well-developed subsolidus foliations, indicating on-going
penetrative deformation during and shortly after emplacement. Radiometric dating (Ar-Ar biotite and
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hornblende, and U-Pb on zircon) indicate that the texturally and compositionally distinct intrusive rocks were
emplaced during the Early Eocene (~51 Ma). In addition, different emplacement depths were inferred based on
the contact metamorphic mineral assemblages and igneous textures (quartz diorite ~14-16 km vs dacitic
porphyries <7 km). The intrusive rocks display high abundances of Al,Os, Sr, Ba, LREEs and low abundances
of Y, Sc and HREEs, resembling the high-silica adakites. All rock types display similar Sr-Nd isotopic
characteristics with initial [y and *¥’St/*°Sr values ranging from 1.0 to -1.1 and from 0.70421 to 0.70494,
respectively. These three coeval rock groups (quartz-diorite, leucogranodiorite and dacite porphyries) were
generated from a similar source by variable degrees of partial melting and fractionation.

These data together with those from the literature clearly reveal that the adakitic signature is common in
Paleocene to Early Eocene igneous rocks in northern Turkey on both sides of the izmir-Ankara-Erzincan suture,
but disappears towards the Middle Eocene. Regional geological constraints indicate that the continental collision
between the Pontides and the Anatolide-Tauride block occurred in the Paleocene and that the Middle Eocene
represents a period of major extension. On the basis of these arguments, we suggest that the Paleocene-Early
Eocene adakitic magmatism in northern Turkey resulted from the presence of a thickened continental crust
following the continental collision along the Neo-Tethyan Izmir-Ankara-Erzincan suture whereas the
voluminous Middle Eocene magmatism was related to extensional collapse of a thickened orogen.

Key Words: Adakite, post-collisional, extensional collapse, Agvanis (Golova), Eastern Pontides, NE Turkey.

PINARBASI GRANITININ MINERAL KiMYASI: GEDiZ HAVZASI
(KUTAHYA-BATI ANADOLU)

Bans Semizl, Yahya (")zplnar1 ve Zeki Billor?
'Pamukkale Universitesi, Jeoloji Miihendisligi Boliimii, Kinikly, TR 20070
Denizli, Tiirkive, bsemiz@pau.edu.tr,
Auburn University, Department of Geology and Geography, Auburn, Alabama 36849-5305, ABD.

Caligma alani, Menderes masifinin kuzey smir1 boyunca kuzeybati-giineydogu uzantili olarak gozlenen
geg¢ Senozoyik garpigma sonrasi granitik plutonlar (Alagam, Koyunoba, Egrigoz, Pinarbasi ve Baklan) arasinda
yer almaktadir. Piarbasi graniti baslica plajiyoklaz, kuvars, amfibol, K-feldispat, biyotit fenokristalleri ile apatit,
zirkon, sfen, magnetit ve muskovit gibi aksesuar minerallerinden olusan granit ve granodiyorit bilesimli
kayaglardan meydana gelmektedir. Bu kayaglarin Jeokimyasal analizleri sonucunda kalkalkalen, yiiksek potasik,
I tipi ve garpisma sonrasi karakterli granitler olduklari belirlenmistir.

Pnarbag: granitini olusturan amfibol, biyotit, plajiyoklaz ve oksit minerallerinin elektron mikroprop ile
kimyasal bilesimleri belirlenmistir. En ¢nemli mafik minerallerden olan amfibollerin sodik bilesimli olup
magnezyumlu hornblend karakteri gosterdikleri belirlenmistir. Mikalar Mg’ca zengin biotitler olup yiiksek
Fe’'/(Fe*"+Fe’") oranlarina sahiptir. Abdel-Rahman (1994) ayrim diyagraminda, biyotitlerin kalkalkalin orojenik
kayaglardaki biyotit bilesiminde oldugu gézlenmektedir. Amfibol ve biyotit minerallerinin magmatik kokenli
olduklari belirlenmistir. Plajiyoklazlar baslica oligoklaz ve andezin (Absgges4) bilesimdedir. K-Feldispat
(ortoklaz) 6rneklerinin ise Or7333.80.71, Aby 152579 araliginda bir bilesimi olup yogun bir sekilde pertitlesme
gosterdikleri tespit edilmistir.

Mineral kimyasi ¢aligmalarinda elde edilen veriler kullanilarak granitlerde amfibol-feldispat, iki
feldispat ve biyotit jeotermometreleri hesaplamalari gergeklestirilmistir. Orneklerin olusum sicakliklari, amfibol-
feldispat jeotermometresine gore yaklasik olarak 609-734 °C, iki feldispat jeotermometresine gére 635-726 °C ve
biyotit jeotermometresine gore ise 710-755 °C oldugu tespit edilmistir. Al-hornlend jeobarometre
hesaplamalarinda yaklasik 0.8-2.8 kbar arasinda degisen basing degerleri tespit edilmistir. Biyotit bilesimleri
tarafindan hesaplanan oksijen fugasite degerleri ise Fe,03-Fe;04 (MH) tampon (buffer) alaminda yer aldig
gozlenmistir. Tiim verilerin degerlendirilmesi sonucunda, Pmarbagi granitinin ortalama kristallenme sicakligt
(673.3°C), basinc1 (1.7 kbar), oksijen fugasitesi (-14.3) ve basinca bagli olarak yerlesim derinligi ise (5.4 km)
olarak hesaplanmstir.

Anahtar Kelimeler: Pmarbasi Graniti, Mineral Kimyasi, jeotermometre, Bat1 Anadolu.
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MINERAL CHEMISTRY OF THE PINARBASI GRANITE: GEDIZ BASIN
(KUTAHYA-WESTERN ANATOLIA)

Baris Semiz', Yahya (")zpmar1 and Zeki Billor?
"Pamukkale Universitesi, Jeoloji Miihendisligi Boliimii, Kinikli, TR-20070
Denizli, Tiirkiye bsemiz@pau.edu.tr
‘Auburn University, Department of Geology and Geography, Auburn, Alabama 36849-5305, USA.

The study area takes place in NW-SE trending magmatic belt along the northern border of the
Menderes Massif and between Late Cenozoic post-collisional granitic plutons (e.g. Alacam, Koyunoba, Egrigoz,
Pinarbast and Baklan). Pinarbagi granite is composed of granite and granodiorite rocks, which consist of mainly
plagioclase, quartz, hornblende, K-feldispar, biotite and apatite, zircon, sphene, magnetite and muscovite as
accessory minerals. The geochemical data indicate that granites have calc-alkaline, high-K, I-type and post-
collisional character.

The chemical compositions of amphibole, biotite, plagioclase and oxide minerals in the Pimarbas:
granite have been determined by electron microprobe analysis. Amphibole, one of the most mafic minerals, is
sodic composition and magnesiohornblende character. Micas are Mg — rich biotite and have high
Fe*'/(Fe’*+Fe®) ratio. On the discrimination diagram of Abdel-Rahman 1994, the biotites clearly plot in the
calc-alkaline orogenic field. Amphibole and biotite minerals are magmatic origin. Plagioclase is mainly
oligoclase and andesine (Absg¢.66.4) composition. K-feldspar samples (orthoclase) with a chemical range Or; ;3.
89.71, Ab]z.]g_25.79 Wldely show pﬁrthltlc texture.

Using the data from mineral chemistry studies, amphibole-feldspar, two-feldspar and biotite
geothermometer calculations were performed for Pmarbasi granite. Formation temperatures of the granite were
calculated by amphibole-feldspar, two feldspar and biotite geothermometers which were 609-734 °C, 635-726 °C
and 710-755 °C, respectively. A pressure was determined between 0.8-2.8 kbar based on Al hornblende
geobarometer calculations. Oxygen fugacity values calculated by biotite composition have been observed within
the Fe,0;-Fe;0, (MH) buffer field. As a result of evaluation of the data, crystallization temperature (673.3°C),
pressure (1.7 kbar), oxygen fugacity (-14.3) depth related pressure (5.4 km) of the Pinarbagsi granite have been
calculated.

Key Words: Pinarbasi1 Granite, Mineral chemistry, geothermometer, Western Anatolia.

DOGU ANADOLU YUKSEK PLATOSU’NUN MAGMATIK VE JEODINAMIK
EVRIMi KONUSUNDAKI YENIi BULGULAR
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’Rus Bilimler Akademisi, Maden Yataklari, Mineraloji ve Jeokimya Enstitiisii, Staromonetny
per., 35, Moskova 119017, Rusya,
3Van Yiiziincii Yil Universitesi, Mithendislik ve Mimarlik Fakiiltesi,
Jeoloji Miihendisligi Boliimii, Zeve Kampiisii, Van.

Dogu Anadolu yiiksek platosu, aktif olarak halen deforme olmaya devam eden bir kitasal ¢arpisma
kusaginin diinyada en iyi calisilabilecegi alanlardan biri olup, Orta Miyosen’den neredeyse giiniimiize kadar
uzanan zaman araliginda gelismis carpigma ile iligkili bir volkanizma igermektedir. Dogu Anadolu Carpisma
Kusaginda magma olusumu ve jeodinamik evrimi i¢in 6nerilmis olan hipotezler arasinda dalan bir okyanusal
litosferin dikleserek kopmasi (Keskin, 2003, 2007; Sengér vd., 2003, 2008) eldeki verilere en uygun model
olarak kabul edilmektedir.

Keskin (2003), 2003’e kadar yayinlanmis jeokronolojik ve jeokimyasal verileri kullanarak bolgedeki
volkanizmanin kuzeyde baslayip zaman iginde giineye go¢ ettigini, kuzeydeki lavlarin belirgin bir yitim bileseni
icerdiklerini, bu bilesenin giineye dogru azaldigini ve bdylece levha-i¢i lavlara gecildigini ileri slirmistiir.
Keskin (2003) bu degisimin, kitasal ¢arpisma sonrasinda biiyiik bir yigisim prizmasi altinda giderek diklesen
kuzeye egimli bir okyanusal litosferin (slab) etkilerine bagli oldugunu savunmustur. Bu olay zaman i¢inde
giineye dogru giderek genisleyen bir manto kamasinin ortaya ¢ikmasina ve ardindan slab’in kopup ayrilmasina
neden olmustur. Bir zamanlar slab’in altinda (Arap kitasi) bulunan sicak astenosfer, olusan slab-penceresinden
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kuzeye dogru hareket ederek manto kamasina ait yitim bilesenli astenosfer ile karigmustir. Bolgedeki farkh
kimyasal karakterdeki lavlarin varligi, zaman i¢inde farkli kaynak alanlari arasindaki bu karisim ve magma odasi
islemlerinin ortak etkilerine bagli olmalhdir.

Onceki ¢alismalarda volkanik provensin giiney kesimleri yeterince ayrintili ¢alisiimadigi igin, 2007
yilindan beri bdlgenin giineyinden baglayarak bir dizi proje kapsaminda volkano-stratigrafiyi dikkatlice
coziimleyerek ¢ok sayida radyometrik yas ve jeokimya analizi gergeklestirdik. Yeni bulgularimiz volkanizmanin
~15 My once giineyde Van Golii’'niin kuzeyindeki alanlarda, ¢arpigma zonuna yaklagik paralel bir kusak
boyunca tipik yitim bilegeni igeren kalk-alkali lavlarin piiskiirmesiyle basladigim (Lebedev vd., 2010) ortaya
koymaktadir. Volkanizmanimn jeokimyasal karakteri zaman ve mekéan (Kuzeyden Giineye) i¢inde kalk-alkaliden
alkaliye dogru degismektedir. Yeni bulgularimiz daha énce 6nermis oldugumuz slab-diklesmesi ve kirilmasi
modeli ile ¢elismemektedir ancak slab diklesmesinin dnceden diistindiigiimiizden ¢ok daha hizli gergeklesmis
olmasi gerektigini ortaya koymaktadir.

Anahtar Kelimeler: Dogu Anadolu, ¢arpigma volkanizmasi, dalan okyanusal litosferin diklesmesi ve kopmasi.
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The Eastern Anatolia High Plateau is one of the best places in the world to study an actively-deforming
continental collision zone with a long-lasting active volcanism from the end of Middle Miocene to almost recent
times. Among the hypotheses proposed for magma genesis and geodynamics of the Eastern Anatolian Collision
Zone, the “slab-steepening & breakoff model” (Keskin, 2003, 2007; Sengor et al., 2003, 2008) has been regarded
as the most viable one.

On the basis of available geochronological data compiled from the literature before 2003, Keskin (2003)
argued that the volcanism had tended to initiate earlier in the north and then migrated to the south, while lavas in
the north contained a distinct subduction signature which decreased to the south turning into within-plate
signature. This was linked to the gradual steepening of a north-dipping slab beneath a large accretionary complex
after a major continental collision. This event resulted in the opening out an asthenospheric mantle wedge
gradually widening to the south in time followed by a major slab breakoff event that created a “slab window”
through which the hotter asthenosphere once located beneath the slab (i.e. Arabia) flowed to the north and mixed
with the wedge asthenosphere containing a subduction component.
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We have been conducting a series of projects in the whole region since 2007, carefully constructing the
volcano-stratigraphy and conducting many radiometric datings and geochemical analyses because the southern
part of the volcanic province has not been studied in detail. Our new findings revealed that the volcanism
initiated in the south of E Anatolian collision zone around the N of Lake Van at around 15 Ma (Lebedev et al.,
2010) with the eruption of calc-alkaline lavas with a distinct subduction signature along a volcanic belt which is
sub parallel to the collision zone. The geochemical character of the volcanism changed from calc-alkaline to
alkaline both in time and space (from N to S). Our new findings do not contradict with the slab-steepening &
breakout model but imply that steepening of the slab was a much faster event than we previously anticipated.

Key Words: Eastern Anatolia, collision volcanism, slab steepening and breakoft.
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ASIRI TUKETILMIS YiTIM ZONU DUNITLERININ (ORHANELI, BURSA,
KB TURKIYE) ERGIYIK-KAYAC ETKILESiMi SURECLERI ILE OLUSUMU
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Alpin-tip orojenik ofiyolitik masif olan Orhaneli ofiyolitik kompleksi Sakarya Zonu’nun batt kesiminde
yer almaktadir. Cogunlukla diinit ve ¢ok az oranlarda harzburjitten olusan birim, genisligi santimetreden onlarca
santimetreye kadar degisen klinopiroksenit damar/dayklar: tarafindan kesilmistir. Bu ¢alisma kapsaminda, diinit
ve klinopiroksenitler, olusumlarindan sorumlu petrojenetik olaylarm ve olustuklar: tektonik ortamin belirlenmesi
amaciyla tiim-kayag ana, iz ve siderofil element (HSE) i¢erikleri yant sira mineral bilesimleri agisindan da analiz
edilmiglerdir.

Diinitlerin oldukea tiiketilmis modal bilesimleri ve tiim-kayag¢ ana ve iz element igerikleri, cogunlukla
spinelin durayhlik alani igerisinde kalan, oldukga yiiksek dereceli kismi ergime (35-40%) kalintis1 olduklarma
isaret etmektedir. Bazi diinit drneklerinin beklenmedik oranda yiiksek Ir-grup HSE (Os, Ir, Ru) igerikleri ve
yitksek c¢ekim alanli elementler (HFSE) ile hafif nadir toprak elementler (HNTE) bakimindan zenginlesmeleri
daha sonra sisteme dahil olan ergiyiklerle etkilesimlerinden kaynaklanmaktadir. Bu ergiyiklerin olas bilesimleri
dunitlerin spinel ve klinopiroksen kimyasindan ¢ikarilabilmektedir. Bu kapsamda diinitlerde baslica iki tiir spinel
tanimlanabilmektedir. 1) Kismi ergime kalintisi olarak olusan ilksel spineller. Bunlar diisiik Cr# yanu sira diisiik
TiO, ve Cr,0; icerikleri ile karakteristik olup spinel ayirim diyagramlarinda SSZ peridotit alanma
diismektedirler. 2) Peridotit-ergiyik etkilesimi sirasinda ergiyikten ayrilarak olusan spineller. Bunlar yukarida
deginilen element igerikleri ve Cr# bakimindan ilksel spinellerden oldukca farklidirlar. Bularin Cr# ve TiO,
icerikleri, boninit ve ada yay toleyitleri gibi yitimin baslangi¢ sathalarinda olusan ergiyiklerin spinel degerlerine
cok benzemektedir. Benzer bir sonug clinopiroksenitlerdeki spinellerin bilesimlerinden de ¢ikarilabilmektedir.
Hesaplanan denge sicakliklar1 ve oksijen fugasiteleri (fO,; Ballhaus ve dig., 1991) sirasiyla 703-763 °C ve 0.17-
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1.67 (_llog FMQ) dir. Yiiksek fO,, 6rneklerin sulu akiskanlar ile metasomatizmasi ilgili olup, diinitlerin yiiksek
fO, kosullarinda yogun bir peridotit ve ergiyik etkilesim {irlinii olduklarinm gostermektedir.

Peridotit 6rneklerinin diisitk denge sicakliklar, yiiksek fO, ve oldukca tiiketilmis karakterleri yam sira
oldukca zenginlesmis HNTE dagihimlari, sulu ergiyiklerin harzburgitlerin bulundugu bir ortama enjeksiyonu
seklinde bir olusumu 6ngormektedir. Su, peridotitin katilasma sicakligimidiisiiriilmesi igin gerekli oldugundan,
yitim zonu iizerindeki manto kamast sulu ergiyiklerin gelebilecegi en uygun tektonik ortam durumundadir. flksel
Orhaneli peridotitlerinin bu sekildeki bir ergiyikle etkilesimi, oldukea tiiketilmis {iriinler olan diinit 6rneklerinde
gozlenen HNTE zenginlesmelerini kolaylikla agiklayabilmektedir.

Anahtar Kelimeler: Yitim peridotitleri, dunit, mineral kimyasi, jeokimya, ergiyik-peridotit etkilesimi, Orhaneli
ofiyoliti, KB Tiirkiye.
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The mantle section of the Orhaneli ophiolitic complex is an Alpine-type orogenic peridotite massif that
crop out in the western region of the Sakarya Zone of Turkey. It is dominated by dunite and subordinate
harzburgite cut by veins/dykes of the clinopyroxenite ranging from centimetre to tens of centimetre in width.
Within the context of this study, whole-rock major, trace and highly siderophile element (HSE) concentrations as
well as mineral compositions of the dunites and clinopyroxenites were measured in order to determine the
petrogenetic processes account for their final whole-rock and mineralogical compositions and tectonic
environment in which they formed.

Highly depleted modal and bulk-rock major and trace element compositions indicate that dunites are
residues after very high degrees (35-40%) of partial melting mostly in the spinel stability field. Unexpectedly
high Ir-group HSE (Os, Ir, Ru) concentrations of some of dunits and relative enrichments in HFSE and LREE
are due to interaction with later percolating melts. The likely compositions of these melts can be deduced from
the spinel and clinopyroxene compositions of dunites. Basically two types of spinel can be identified in dunites.
1) Primary spinels that formed as residue of partial melting are characterized by low TiO, and Cr,04
concentrations and low Cr#, and plot in the field of SSZ peridotite in the discrimination diagrams. 2) Secondary
spinels that precipitated from percolating melts during the peridotite-melt interaction are differed significantly
from those of the primary spinels in terms of above stated element contents and Cr#. They display Cr# and TiO,
contents very close to those of melts formed during the early stages of subduction such as boninites and island
arc tholeiites. A similar conclusion on the composition of percolating melt can also be drawn from the
compositions of spinels from the clinopyroxenites. Calculated equilibrium temperatures and oxygen fugacities
(Ballhaus et al., 1991) are 703-763 °C, and 0.17-1.67 (" log FMQ), respectively. The high fO, seems to be
associated with aqueous-fluid related metasomatism in peridotite samples indicating that dunites are the product
of intense interaction between peridotite and melt under high oxygen fugacity condition.

Low equilibration temperature, high fO, calculated values and highly depleted character of the
peridotite samples, as well as LREE-enriched chondrite-normalized REE patterns, suggest the occurrence by
injection of hydrous melt into the host harzburgite. The presence of water would have been necessary to lower
the solidus of the peridotite and melting of orthopyroxene, therefore, the mantle wedge above the subduction
zone is the most likely tectonic setting where hydrous melt can be formed and percolate. Reaction of the
Orhaneli peridotites with such a melt could easily explain the observed LREE enrichment in the peridotite
samples.
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VITOSHA PLUTONU PLAJIYOKLAZ ZONLANMASINDA TESPIT EDILEN
MAGMA ETKILESiMi, BATI SREDNAGORA, BULGARISTAN
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'Bulgar Bilimler Akademisi, Mineraloji ve Kristalografi Enstitiisii, piroeva@abv.bg
’Bulgar Bilimler Akademisi, Fizikokimya Enstitiisii.

Vitosha pliitonu Srednagora yapisal bolgesinin bati kesiminde yiizlek verir. Alinan gabro ve anorthosit,
monzonit, siyenit ve granosiyenitik bilesimdeki ge¢ damarlara ait 5rnekler %45 ila %79 arasinda degisen orandan
SiO, igerirler. Temel mineralojik ve kimyasal ozellikleri gdz Oniine alinarak Vitosha pliitonu kayaglari
metaliimine ve I-tipi granitoid kategorisine sokulmustur. Aliiminyum doygunluk indeksi [ASI=molekiiler
Al,O3/(Cao+K,0+Na,0)] SiO; ile beraber 0,62°den 1,05’e artmaktadir.

Kaya¢ olusturucu ana mineral fazlari plajiyoklaz, K-feldspat, amfibol ve klinoproksendir. Yaygm
akseuar mineraller ise epidot, turmalin, klorit, aktinolit, adularya ve kil mineralleridir.

Plajiyoklazlar pliitonun tiim kayag tiplerinde varlik gosterirler ve idiyomorfik, polilamel ikiz kristaller
olustururlar. Normal, salmmli ve ters olmak iizere li¢ degisik zonlanma tipi ayirtlanmistir. Bunlar asimilasyon,
magma karigimi ve fraksiyonlagma siiregleri ile agiklanabilirler. Magma fraksiyonlasmasinin artmasi ile anortit
bilesimi azalmaktadir. Plejioglas feldspatlar gabroda babrador, monzonitde oligoklas — andezin ve siyenitte
andezin — albit olmak iizere degisik bilesimdedirler.

Plajiyoklazlar i¢in kondrit — normalize REE diyagramlan yiiksek LREE/HREE oranlari gosterirler. Bu
iliskiler plejioglas i¢inde iz elementlerin fraksiyonlagmasi ve magma kokenlerindeki gercek konsantrasyonlarina
bagl birincil bolluklarmi ayirtetmeye yardimer olur. Kalsiyumca en fakir plejioglas en yiiksek REE bollugunu
gosterir ki bu da ergiyikde fraksiyonlagma ile uyumsuz zenginlesme ile tutarlidir. Tiim analizlerde belirgin
sekilde pozitif Eu anomalileri gzlenmistir. Bunlar gabroda Ew/Eu* = 2,41 — 6,63; monzogabroda Eu/Eu* = 1,84
—4,93; monzonitde Eu/Eu* = 1,92 — 5,43; siyenitde EwEu* = 1,43 — 7,37"dir.

Tahmini kristalizasyon sicakliklari Blundy ve Holland (1990) jeotermometresine dayandirilarak 834° ve
579°C arasinda degismektedir. Vitosha pliitonunun bu detayli plejioglas zonlanma incelemesinden yola gikarak,
fraksiyonel kristalizasyon yoluyla olustugu ortaya konmustur.

Anahtar Kelimeler: Plajiyoklaz, Vitosha pliitonu, gabro, monzonit, siyenit, Srednogorie bolgesi.

MAGMA INTERACTION RECORDED IN PLAGIOCLASE ZONING IN VITOSHA
PLUTON, WESTERN SREDNOGORIE, BULGARIA
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The Vitosha pluton crops out in the western part of the Srednogorie structural zone. The samples span a
range of Si0O, from about 45 to 79 wt% namely gabbros and anorthosites, monzonites, syenites and late veins of
granosyenitic composition. The rocks from the Vitosha pluton are assigned to the metaluminous and I-type
granitoid categories because of their essential mineralogical and chemical properties. The aluminum saturation
index [ASI = molecular Al,0,/(CaO+K,0+Na,0)] increases with SiO, from about 0.62 to 1.05.

The major rock-forming mineral phases are plagioclase, K-feldspar, amphibole and clinopyroxene.
Common accessory minerals include apatite, titanite, magnetite, ilmenite and zircon. Secondary minerals are
epidote, tourmaline, chlorite, actinolite, adularia and clay minerals.

Plagioclases are occurs in all rock varieties of the pluton. They form idiomorphic, polylamellae twined
crystals. Different zonation types have been recognized: normal, oscillatory and reverse. They could be explained
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by assimilation, magma mixing and fractionation processes. The anorthite composition decreases with increasing
fractionation of the magmas. Plagioclase feldspars have different composition: in gabbro — babrador — bytownite;
in monzonite — oligoclase — andesine; in syenite — andesine — albite.

Chondrite-normalized REE diagram for plagioclase show higher LREE/HREE ratio is inherent to
plagioclase. These relationships help to distinguish the effects of fractionation of trace elements in plagioclase
and their primary abundances due to intrinsic concentrations in their magma sources. The most Ca-poor
plagioclase shows the highest REE abundance. Na-rich plagioclase tends to show higher REE abundance,
consistent with enrichment of incompatible elements in the melt by fractionation. All analyses have significant
positive Eu anomalies. In gabbro EwEu* = 2.41 — 6.63, in monzogabbro Euw/Eu* = 1.84 — 4.93, in monzonite
Eu/Eu* = 1.92 — 5.43, in syenite EwW/Eu* = 1.43 - 7.37.

Estimated temperatures of crystallization are between 834° and 579°C, based on the Blundy and Holland (1990)
geothermometer.

The Vitosha pluton formed by fractional crystallization as revealed by this detailed investigation of
plagioclase zonation.

Key Words: Plagioclase, Vitosha pluton, gabbro, monzonite, syenite, Srednogorie area.

NiIGDE VOLKANIK KOMPLEKSINDEKI (ORTA ANADOLU) GEC TERSIYER
VOLKANITLERININ PETROJENEZi: PETROGRAFIK, JEOKIMYASAL VE
SR-ND-PB iZOTOPIiK DELILLER
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Bu ¢alismada Nigde Volkanik Kompleksi (NVK)'ndeki Ge¢ Tersiyer vash volkanik kayaglarin ana
magma kaynagini ve gelisim siirecini belirlemek i¢in petrografik, jeokimyasal ve Sr-Nd-Pb izotop veriler rapor
edilmigtir.

Jeolojik ve volkanostratigrafik ¢alismalara gore, NVK iginde dort farkli volkanik takim belirlenmistir.
Bunlar: (i) piroklastik akma ve yayilma cokelleri ile piroksen-andezit, bazaltikandezit ve bazaltlardan olusan
Tepekoy volkanik takimi; (ii) piroklastik akma ¢okelleri ile piroksen-andezit ve bazaltikandezitlerden olusan
Cwmarli volkanik takimi; (iii) piroklastik akma ¢okelleri, cam ve kristalce-zengin tiifler ile piroksen-andezit,
bazaltikandezit ve olivin-bazaltlardan olusan Melendiz volkanik takimi; (iv) amfibolce-zengin andezit ve
piroklastik akma ¢tkelleri ile piroksence-zengin andezit, bazaltikandezit ve olivince-zengin bazaltlardan olusan
Kegiboyduran volkanik takimidir.

Farkli volkanik takimlarin andezitik kayaglari genellikle benzer dokusal ve petrografik 6zelliklere
sahiptirler. Andezitler 6zellikle glomeroporfiritik, porfiritik, reaksiyon ve seri dokusu sunarlar ve yiiksek
fenokristal icerigine sahip (>%30) iki ¢esit mineral birlikteligi gosterirler. Tepekdy ve Cinarli andezitik kayaglari
yaygin olarak plajiyoklas ve piroksen ile birlikte daha az oranda biyotit igerirken, Melendiz ve Keg¢iboyduran
ornekleri plajiyoklas, piroksen, amfibol ile birlikte daha az miktarda biyotit, Fe-Ti oksit ve kemirilmis kuvars
ksenokristalleri icermektedir. Bu andezitlerdeki minerallerin ¢ogu dengeli dokusal ozellikler yaninda, magma
karigimin igsaret eden dengesizlik dokulart da gosterirler. Diger taraftan, Tepekdy, Melendiz ve Keciboyduran
bazaltik kayaclarinin fenokristal icerigi andezitlerin fenokristal igeriginden daha diisiiktiir (<%20). Bu bazaltik
kayaclar genellikle mikrolitik ve trakitik dokular gosterirler ve olivin, plajiyoklas, klinopiroksen ve Fe-Ti oksit
gibi minerallerce baskindirlar.

NVK ig¢indeki volkanik kayaglar bashca kalk-alkalen andezit-bazaltikandezit-trakiandezit ve orta
derecede alkalen bazalt-trakibazalt ile karakterize edilirler. Bu andezitik ve bazaltik kayaclar arasinda kiiciik
farkliliklar gozlenmesine ragmen, yiiksek LILE ve diisiik HFSE icerikleriyle ve belirgin negatif Nb, Ta, P ve Ti
anomalileriyle tipik bir jeokimyasal 6zellik gosterirler. Bu 6zellikler muhtemelen incelenen volkanitlerin ortak
bir magma kaynagindan geldiklerine isaret eder. NVK i¢indeki volkanitlerin mafik 6rneklerinin orta-diisiik Mg-
numarasina, diisiik Cr ve Ni igeriklerine sahip olmasi, bunlarm mantodan tiireyen ergiyiklerden itibaren 6nemli
oranda fraksiyonel kristallenmeye maruz kaldiklarim gosterir. Ana oksit ve iz element degisimleri baskin mafik,
felsik ve oksit fazlarin farklilasmasiyla agiklanabilir.

Incelenen volkanik kayaglarin *’St/*Sr (0.7036-0.7054), '“Nd/"*Nd (0.5126-0.5129) ve Pb izotop
oranlarinin (*“*Pb/***Pb: 18.75-18.92, *"Pb/*"*Pb: 15.62-15.71, *Pb/***Pb: 38.66-39.09) dar bir aralikta degisim
gostermesi, volkanik kaya¢ takimlari i¢in homojen ortak bir kaynagi isaret eder. Tiim jeokimyasal veriler
jeolojik ve petrografik verilerle birlikte degerlendirildiginde, Ge¢ Tersiyer yasli Nigde volkanitlerinin
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kaynaginin hibrid bir kaynak oldugu sdylenebilir (yani zenginlesen yart kitasal bir litosferik manto kaynag: ile
alt kabuktan tiireyen magmalarin karismasiyla meydana gelen melez bir magma kaynagi). Sonug olarak,
etkilesim proseslerinin baskin oldugu carpisma sonrast jeodinamik bir ortamda olusan bu volkanitlerin ana
magmasinin daha sonra biiyiik oranda farkhilagmatkabuksal kirlenme olaylarina maruz kaldig1 anlagiimistir.

Anahtar Kelimeler: Orta Anadolu, Nigde, volkanik kayag, jeokimya, Sr-Nd-Pb izotoplar1.

PETROGENESIS OF LATE TERTIARY VOLCANITES IN THE NiGDE VOLCANIC
COMPLEX (CENTRAL ANATOLIA): PETROGRAPHICAL, GEOCHEMICAL AND
SR-ND-PB ISOTOPIC EVIDENCES

Faruk Aydin', Mustafa Sonmez', R. Kadir Dirik* and Wolfgang Siebel’
'Nigde Universitesi, Jeoloji Miihendisligi Boliimii, 51200 Nigde, Tiirkiye, faydin@nigde.edu.tr,
*Hacettepe Universitesi, Jeoloji Miihendisligi Boliimii, 06800, Beytepe, Ankara, Tiirkiye,

’ Department of Geosciences, University of Tiibingen, 72074 Tiibingen, Almanya.

In order to investigate the petrogenesis and evolution process, the petrographical, geochemical and
isotopical data for Late Tertiary volcanic rocks from Nigde Volcanic Complex (NVC) in the south of Central
Anatolia have been reported.

Based on the geological and volcanostratigraphical studies, four distinct volcanic units are found in the
NVC. (i) the Tepekdy volcanic unit composed of pyroclastic flow and surge deposits followed by dominantly
pyroxene-andesite and lesser basaltic andesite to basaltic lavas; (ii) the Cmarli volcanic unit composed of
pyroclastic flow deposits followed by pyroxene-andesite and minor basaltic andesitic lavas; (iii) the Melendiz
volcanic unit composed of pyroclastic flow deposits, vitreous and crystal-rich tuffs followed by dominantly
pyroxene-andesite and lesser basaltic andesite to olivine-basaltic lavas; (iv) the Keciboyduran volcanic unit
composed of amphibole-rich andesite and pyroclastic flow deposits followed by pyroxene-rich andesite, basaltic
andesite, olivine-rich basaltic/trachybasaltic lavas, and minor rhyolitic lavas and pyroclastic fall deposits.

Andesitic members of the different volcanic units have generally similar textural and petrographical
characteristics. The andesites show particularly glomeroporphyric, porphyritic, reaction and seriate texture, and
have two distinctive mineral assemblages with high phenocryst contents (>30%). Tepekoy and Cmarli andesitic
rocks contain dominantly plagioclase and pyroxene with lesser biotite whereas Melendiz and Kegiboyduran
samples show phenocrysts of plagioclase, pyroxene, amphibole, and lesser biotite, Fe-Ti oxides and resorbed
crystals of quartz. Most phases in these andesites have disequilibrium textures coexisting with crystals in
equilibrium, indicating magma mixing/mingling process. On the other hand, the phenocryst content of the
Tepekoy, Melendiz and Keciboyduran basaltic rocks is lower than that of the andesitic rocks (< 20%). The
basaltic rocks exhibit generally microlitic and trachytic textures and have mineral assemblages dominated by
olivine, plagioclase, clinopyroxene, and Fe-Ti-oxides.

The volcanic rocks in NVC are mainly characterized by calc-alkaline andesite-basaltic andesite-
trachyandesite and mildly alkaline basalt-trachybasalt. Although small differences between these andesitic and
basaltic rocks are observed, they also show a geochemistry characterized by high LILE and low HFSE
concentrations with negative Nb, Ta, P and Ti anomalies, which are likely to represent a common magma source.
Mafic samples of the NVC have moderate to low Mg-number, and low Cr and Ni contents, indicating that they
have undergone significant fractional crystallization from mantle-derived melts. The variations of major oxides
and trace elements can be explained by fractionation of common mafic, felsic and oxide phases.

The initial ¥St/**Sr (ranging from 0.7036-0.7054), “*Nd/'**Nd (0.5126-0.5129) and Pb isotopic ratios
(°Pb/2"*Pb: 18.75-18.92, "Pb/***Pb: 15.62-15.71, ***Pb/***Pb: 38.66-39.09) of the studied andesitic and basaltic
rocks vary a narrow and similar range, indicating a common homogeneous source for the distinct volcanic units.
All the geochemical data, in conjunction with the geological and petrographical evidences, suggest that the Late
Tertiary Nigde volcanites were probably derived from a hybrid source (i.e. a basic magma derived from an
enriched subcontinental lithospheric mantle interacted with a lower crustal melt that originated from the
dehydration melting of the mafic lower crust at deep crustal levels). Consequently, the interaction process played
an important role in the genesis of the studied volcanics, which subsequently underwent a fractional
crystallization£crustal assimilation processes in a post-collisional geodynamic setting.

Key Words: Central Anatolia, Nigde, volkanic rock, geochemistry, Sr-Nd-Pb isotopes.
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CAMARDI BOLGESINDEKI VOLKANIK KAYACLARIN JEOKIMYASAL,
SR-ND-PB iZOTOPIK OZELLIKLERI VE KOKENI, NIGDE, ORTA ANADOLU

Faruk Aydlnl, Mustafa Sﬁnmezl, Abdurrahman Lermi' ve Orhan Karsl?
'Nigde Universitesi, Jeoloji Miihendisligi Boliimii, 51245 Nigde, Tiirkiye, faydin@nigde.edu.tr,
*Giimiishane Universitesi, Jeoloji Miihendisligi Boliimii, 29000, Baglarbasi, Giimiishane, Tiirkiye.

Bu ¢aliymada Camard: bolgesindeki volkanik kayaclarin ana magma kaynagin ve gelisim siirecini
belirlemek i¢in jeokimyasal ve Sr-Nd-Pb izotop veriler rapor edilmistir. Kayag kimyas: siniflama diyagramlarina
gore, volkanik kayaclar bazalt-bazaltikandezit serisi (Grup A), trakiandezit serisi (Grup B) ve trakit-trakidasit
serisi (Grup C) olmak tizere baslica ii¢ farkli kayag¢ serisine ayrilabilirler. Sedimanter kirintili ve karbonath
kayaclarla ara katkili olan Grup A serisi volkanitleri inceleme alaninda genis alanlari kaplayan masif lav
akintilarindan, yastik lavlardan ve bunlarin piroklastitlerden meydana gelir. Buna kargin, Grup B serisi kayaclar
arazide ¢ogunlukla sil ve dayklar seklinde lokal alanlarda gozlenir. Diger taraftan Grup C serisine ait volkanik
kayaglar ise genel olarak kiigiik 6l¢ekli lav domlart ve dayklar ile karakterize edilir ve Grup A serisine ait
kayaglar1 keserler.

Camard: volkanitleri genellikle hipokristalen veya mikrolitik bir hamur igeren porfiritik, trakitik veya
amigdaloidal bir dokuya sahiptir ve fenokristal olarak plajiyoklastsanidin+ojittolivint amfiboltbiyotit
icermektedirler. Bu volkanik kayaglar hem orta/yiiksek-K kalk-alkalen ve sosonitik gecisli bir 6zellik sunarken
(Grup A ve B o6rnekleri) hem de potasik (Grup C kayaglari) bir karakter gosterirler. Bu volkanitlerin mafik
Ornekleri orta-diigiik Mg-numarasina (0.58-0.30), Cr (< 340 ppm) ve Ni (< 100 ppm) igeriklerine sahiptir. Bu
ozellikler incelenen volkanitlerin mantodan-tiireyen ergiyiklerden itibaren énemli oranda farklilasmaya maruz
kaldiklarini isaret etmektedir. Ana oksit ve iz element degisimleri, klinopiroksenzolivintamfibol+Fe-Ti oksit
gibi yaygin mafik mineral ve oksit fazlarinin farklilasmada 6nemli rol oynadigimni gosterir.

flksel mantoya gore normallestirilmis iz element degisim grafikleri, tim kaya¢ gruplarmin LILE’ce
zenginlestigini, bununla birlikte Nb, Ta, P ve Ti elementlerce de tiiketildigini gdstermistir. Ayrica bu gruplara ait
kayaclar orta derecede LREE/HREE oranlarina ve orta-yiiksek Th/Yb oranlarina sahiptirler. Tiim bu veriler
yaklagan plaka kenarlariyla iligkili volkanitlerin tipik 6zellikleridir ve incelenen volkanitlerin ana magmasimin,
muhtemelen daha 6nceleri yitim bilesenleriyle bilesimi degistirilmis olan zenginlesmis bir manto kaynagidan
tiredigini gosterir. Kondrite gore normallestirilmis NTE degisim grafikleri, tiim kayac serileri i¢in benzer bir
manto kaynag isaret eden diisiik-orta zenginlesme derecesini gdsteren konkav bir sekle sahiptir.

Incelenen volkanik kayaglarin yiksek ¥’St/**Sr (0.707-0.709) ve diisik "*Nd/"**Nd (0.5123-0.5125)
oranlar1 yari kitasal bir litosferik manto kaynagi ile uyumludur. Pb izotop oranlart ***Pb/*Pb: 18.77-18.98,
27pb/ % Ph: 15.65-15.67, 2**Pb/**Pb: 38.77-39.13 dar bir aralikta degisim gosterir. Yiiksek Pb ve Sr izotop
oranlari belirgin bir bigimde EMII-tip protoliti (manto kdokenini) igaret etmektedir. 55-60 milyon yila gére
hesaplanan ilksel epsilon Nd degerleri -2.7 ila -5.9 arasinda degisir; bu degerler incelenen volkanitlerin kaynak
bolgesinin zenginlesmis dogasini gosterir. Tiiketilmis mantoya gore hesaplanan Nd model yaslari ise 0.81 ila
1.06 milyar yil arasinda degisir ki, bu muhtemelen manto kaynak bolgesinin yasma karsilik gelir.

Bu izotopik veriler ile jeolojik ve jeokimyasal veriler birlikte degerlendirildiginde, Camardi
volkanitlerinin kaynagimin, muhtemelen énceki bir yitim prosesiyle bilesimi degisen, zenginlesen yari kitasal bir
litosferik manto kaynagi oldugu (muhtemelen EMII-tip zenginlesmis mantoya benzer) ve Ge¢ Kretase-Erken
Tersiyer donemindeki ¢arpisma sonrasi agilmali bir jeodinamik ortamda bu volkanitlerin ana magmasinin biiyiik
oranda farklilagma+kabuksal kirlenme proseslerine maruz kaldig: anlagilmistir.

Anahtar Kelimeler: Orta Anadolu, Camardi-Nigde, volkanik kayag, jeokimya, kalk-alkali, alkali.

GEOCHEMICAL AND SR-ND-PB ISOTOPIC CONSTRAINTS ON THE ORIGIN OF
VOLCANICS FROM THE CAMARDI REGION, NIGDE, CENTRAL ANATOLIA

Faruk Aydml, Mustafa Siinmezl, Abdurrahman Lermi' and Orhan Karslh?
'Nigde Universitesi, Jeoloji Miihendisligi Boliimii, 51245 Nigde, Tiirkive, faydin@nigde. edu.tr,
Giimiighane Universitesi, Jeoloji Mithendisligi Boliimii, 29000, Baglarbagi, Giimiishane, Tiirkiye.

This study presents geochemical and Sr-Nd-Pb isotopic data for volcanic rocks of the Camardi region in
order to investigate their parental magma source and evolution process. Based on the chemical rock
classification diagrams, the volcanic rocks can be mainly divided into three different rock series comprising of
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basalt-basalticandesite (Group A), trachyandesite (Group B), and trachyte—trachydacite (Group C) series. The
Group A series alternating with sedimentary clastic rocks and carbonates consists of massive lava flows, pillow
lavas, and their pyroclastics whereas the Group B series is locally observed as sills and dykes in the field. On the
other hand, the Group C series is generally characterized by lava domes and dykes, and this series cuts the rocks
of the Group A series.

The Camardi volcanites have generally porphyritic, amygdaloidal, and trachytic textures with a
hypocrystalline or microlitic groundmass and contain plagioclasetsanidine+augite+olivine+ amphiboletbiotite.
They show a transitional character between moderate/high-K calc-alkaline to shoshonites (the samples of Groups
A and B) and alkaline potassic rocks (the Group C rocks). Mafic samples of the volcanites have moderate to low
Mg-number (0.58-0.30), and low Cr (< 340 ppm), and Ni (< 100 ppm) contents, indicating that they have
undergone significant fractional crystallization from mantle-derived melts. The variations of major oxides and
trace elements can be explained by fractionation of common mafic mineral phases such as augite, olivine and
amphiboletbiotite, and Fe-Ti oxides.

Primitive mantle-normalized trace element patterns show that all rock groups are enriched in LILE but
depleted in Nb, Ta, P and Ti. Besides, the rocks have moderate LREE/HREE ratios and moderate to high Th/Yb
ratios, all of which are typical characteristics of active margin magmas (or subduction-related magmas) and
indicate that parental magma(s) probably derived from an enriched lithospheric mantle, which was previously
modified by subduction components. The chondrite-normalized REE patterns are concave shapes with low to
medium enrichment, indicating similar mantle source for all the rock series.

The high initial *’St/**Sr (ranging from 0.707-0.709) and low "“Nd/"**Nd (0.5123-0.5125) isotopic
ratios of the studied volcanic rocks are consistent with a subcontinental lithospheric source. Pb isotopic ratios
vary a narrow range with **Pb/"*Pb: 18.77-18.98, "’Pb/***Pb: 15.65-15.67, **Pb/***Pb: 38.77-39.13. The high
Pb and Sr isotopic ratios indicate the presence of an EMII-like protolith (mantle source region). Initial epsilon
Nd values (calculated at 55-60Ma) range from -2.7 to -5.9, clearly indicating the enriched nature of the source of
the studied volcanites. Nd model ages (calculated for depleted mantle) range from 0.81 to 1.06Ga, probably
representing of the age of the mantle source from which the volcanic rocks were derived.

Geological and geochemical data, combined with isotopic data, suggest that the Camardi volcanites
were probably derived from an enriched subcontinental lithospheric mantle source (EMII-type enriched mantle
source) modified by an earlier subduction event, and then parent magma of the volcanics were largely
experienced fractional crystallizationtcrustal contamination processes in a post-collisional extension-related
geodynamic setting during the Late Cretaceous-Early Tertiary period.

Key Words: Central Anatolia, Camardi-Nigde, volkanic rock, geochemistry, calc-alkaline, alkaline.

SINOP VE CEVRESINDEKiI VOLKANIK KAYACLARIN PETROGRAFISI VE
JEOKIMYASI: iILK BULGULAR

E. Aydin Cakir' ve Ciineyt Sen’
! Giimiishane Universitesi, Jeoloji Miihendisligi Béliimii, TR-29000 Giimiishane, Tiirkiye,
emre@gumushane.edu.tr , aydincakir6 1(@gmail.com
’Karadeniz Teknik Universitesi, Jeoloji Miihendisligi Béliimii, TR-61080, Trabzon, Tiirkiye.

Orta Pontid Orojenik Kusaginda yer alan Sinop ve ¢evresi volkanizmanin en yaygin oldugu bolgelerden
biridir. Sinop ve gevresindeki volkanitler, Dogu Pontid Alkalen Volkanik Provensi olarak adlandirilan Trabzon
ve ¢evresindeki volkanitlerle benzer 6zellikler gosterir.

Volkanitleri baglica bazalt, andezit ve bunlarla iligkili piroklastik kayaglar (volkanik bres, vitrik ve
kristal tiif) olusturmaktadir. Bazaltik ve andezitik bilegimli bu volkanik kayaglarda bagslica piroksen, horblend,
biyotit, olivin, plajiyoklas, opak mineral ve feldispatoid (I6sit) mineralleri yer alir. [kincil mineral olarak klorit,
kalsit ve zeolit bulunmaktadir. Bu volkanik kayaglar genellikle mikrolitik-porfirik, porfirik, hyalo-mikrolitik
porfirik, yer yer de glomeroporfirik ve poyikilitik doku gostermektedir. Bunun yani sira, plajiyoklas
fenokristallerinde halkali zonlanma, elek dokusu, kemirilme; hornblenlerde opaklasma ve bozunma ve
klinopiroksenlerde de kemirilme yapilari gibi dokular gozlenir.

Sinop volkanitleri, toleyitik ve kalk-alkali karakterli olup, orta-yiiksek K igerigine sahiptirler.
Volkanitler, ilksel manto ve kondrite gore normalize edilmis iz element degigim diyagramlarinda, biiylik iyon
yarigapli litofil elementler (LILE) ve hafif nadir toprak elementler (LREE) bakimindan zenginlesmis, yiiksek
alan enerjili elementlerce (HFSE) tiiketilmislerdir. Negatif Nb, Ta, Zr, Hf ve Ti anomalileri yitim iligkili yay
magmasi Ozelligi gdstermektedir. Kondrite normalize edilmis nadir toprak element dagilimlari, disiik-orta
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derecede zenginlesmeyle konkav sekilli olup (Lan/Lun= 4.6-15.99), volkanitleri olusturan kayaglarin benzer
kaynaktan itibaren olustuklarini diiglindiirmektedir.

Anahtar Kelimeler: Pontid Orojenik Kusak, kalk-alkalen, Sinop volkanitleri, petrografi, jeokimya.

THE PRELIMINARY EVALUATION ON THE PETROGRAPHICAL AND
GEOCHEMICAL OF VOLCANIC ROCKS IN THE SINOP AREA

E. Aydin Cakar' and Ciineyt Sen’
! Giimiighane University, Department of Geological Engineering, TR-29000 Giimiishane, Turkey,
emre@gumushane.edu.tr, aydincakir6l@gmail.com,
’Karadeniz Technical University, Department of Geological Engineering, TR-61080 Trabzon, Turkey.

Sinop and surrounding area situated in the Middle Pontide Orogenic Belt are one of the regions which
have widespread volcanic rocks. Sinop and the surrounding volcanic rocks show similar characteristics Trabzon
and surrounding volkanics which known as the Eastern Pontian Alkaline Volcanic Province.

The rocks are consist mainly of basalt, andesite and associated pyroclastics (volcanic breccia, vitric and
crystal tuff). Volcanic rocks have basaltic and andesitic composition and mainly made up of clinopyroxene,
hornblende, biotite, olivine, plagioclase, opaque mineral and feldispathoid (leucite ). Chlorite, calcite and zeolite
are found as secondary minerals. These volcanic rocks show generally microlitic-porphyritic, porphyric, hyalo-
microlitic porphyric, rarely glomeraporphyric and poiklitic textures. In addition, they show textures such as
oscillatory zoning, sieve textured and resorbed plagioclase phenocrysts, breakdown and opaqued hornblendes,
dissolution in clinopyroxene.

The volcanic rocks are generally tholeiitic to calc-alkaline transitional in character, and have medium to
high K contents. They are enriched in large ion lithophile elements (LILE), light rare earth elements (LREE),
depleted in high field strength elements (HFSE) with respect to primitive mantle and chondrite. Negative Nb, Ta,
Zr, Hf and Ti anomalies are typical of these subduction-related arc magmas. The chondrite- normalized REE
patterns (La.,/Lu,,=4.6-15.99) show low to medium enrichment, indicating similar sources for the rock suite.

Key Words: Pontide Orogenic Belt, calc-alkaline, Sinop volcanites, petrography, geochemistry.

PLIiYOSEN YASLI ETRUSK STRATO-VOLKANININ MAGMATIK EVRIMINDE
KABUKSAL KIRLENME-AYIRIMLASMA (AFC) VE MAGMA KARISIMI
ISLEMLERININ ONEMI, VAN GOLU KUZEYDOGUSU

Vural Oyanl, Mehmet Keskinz, Viadimir Lebedev3,
Andrey Chugaev’ ve Evgenii Sharkov’

"Van Yiiziincii Yil Universitesi, Jeoloji Miihendisligi Boliimii, Zeve Kampiisii, Van, Tiirkiye,
vuraloyan@yyu.edu.tr,
*[stanbul Universitesi, Jeoloji Miihendisligi Boliimii, 34320 Avcilar, Istanbul, Tiirkiye,
? Russian Academy of Sciences, Institute of the Ore Deposits Geology, Petrology,
Mineralogy and Geochemistry, Staromonetny per., 35, Moscow 119017, Rusya.

Van Goli'niin kuzeydogusunda yer alan Pliyosen yash Etriisk stratovolkani, at nal sekilli kalderasi,
3100 m yiiksekligi ve ~170 km” taban alam ile Dogu Anadolu’da carpismayla iliskili dnemli volkanik cikis
merkezlerinden biridir. Yeni K-Ar jeokronolojik yas verilerimiz, Pliyosen’de Etriisk volkamimi ortaya ¢ikaran
puskiirmeler 6ncesinde plato olusturan yaygimn bir alkali bazaltik / hawaiitik volkanizmanin bélgede genis
alanlarda hiikiim stirmiis oldugunu gostermektedir. 4.9 - 4.5 My arasindaki dénemde gergeklesmis olan bu
volkanizma, Van Goli sahilinden Tendiirek volkani tabanina kadar genis bir alan kaplamistir ve baslica
olivint+plajioklas+klinopiroksen-frik lavlarin piiskiirtmesine sahne olmustur. Piiskiirmelerin 4.3 My once
lokalize olmasi sonucunda Etriisk’iin volkanik gévdesi bu plato iizerinde belirmeye baslamis ve etkinligi 3.6 My
Oncesine kadar devam etmistir. Etrlisk volkanmin ilk tirtinleri trakitik ve latitik lavlar, kaya ¢1g1 birimleri ve bu
birimleri radyal olarak kesen bir dayk sistemidir. Etriisk volkaninda ~4 My 6nce bir kaldera ¢okmesi
gergeklesmistir. Kaldera olusumunu izleyen evrede ise volkanin yamaglarindan trakidasitik ve riyolitik lavlar
plisktirmiistiir. Etriisk volkani lavlan porfirik dokuludurlar ve baslica plajioklas, klinopiroksen, amfibol, biyotit,
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K-feldspat ve nadiren de olivin fenokirstalleri igerirler. Trakitik lavlar alkalen karakterlidirler. Latitik,
trakidasitik ve riyolitik lavlar ise alkali-kalkalkali arasinda gegis karakteristikleri sunarlar.

Plajiyoklaz fenokristallerinde cam kapanimlari ve elek dokusu, biyotit fenokristallerinde bicagimsi yapi
gibi petrografik bulgular, magma karisimi igleminin Onemine isaret eder. fleri derecede uyumlu ve uyumsuz
element ciftlerinin birbirine karsi iz diigiildiigii degisim diyagramlari tizerinde drnek noktalarinin bir kismimin
primitif bazik ug {iye ile evrimlesmis lavlar arasinda dogrusal trendler izlemesi, Etriisk altindaki magma odasinda
evrimlesmis magmanin periyodik olarak primitif magma ile tazelenmis (replenished) olduguna isaret etmektedir.
Magma karisimi/tazelemesi isleminin gecerli olup olmadigint ortaya koymak amaciyla en primitif bazik lavlar
ile Etriisk’e ait evrimlesmis lavlarin major element konsantrasyonlari kullanilarak magma karigimi siireci least
square metodu ile test edilmistir. Modelleme sonuglar1 Etriisk’e ait orta¢ latitik lavlarin, bazaltik ve asidik ug
iye magmalarin karigimi sonucunda olusabilecegine isaret etmektedir. ¥’ degerinin 0.4 ile 0.6 arasinda
degismesi, bu prosesin istatistiksel agidan gegerliligini dogrulamaktadir. Jeokimyasal ve izotopik veriler, Etrlisk
volkanina ait lavlarm tiiredigi magma odasinda asimilasyon ile birlikte fraksiyonel kristallenme (AFC) siirecinin
onemli oldugunu gosterir. Ozellikle 7Sr/%Sr, — MgO arasindaki negatif ve ¥'St/*°Sr; — SiO, arasindaki pozitif
korelasyon AFC isleminin gostergesidir. De Paolo (1981) ve Aitcheson ve Forrest’in (1994) esitliklerini
kullamilarak yaptigimiz AFC modellemelerinin sonuglari, Etriisk volkanmin en evrimlesmis lavlarinda kitasal
materyalin 6nemli miktarda asimile edildigini ve latitik - trakidasitik lavlarin olusumunda magma tazelenmesi ve
AFC siireclerinin etkili oldugunu gostermistir. Bohrson ve Speranin (2001) esitlikleri ile gergeklestirdigimiz
EC-AFC modellemesi sonuglar1 ise, magma olusumunda yine dnemli oranda kabuksal katki vermis ve ayrica
asimile edilmis kitasal materyalin en uygun baslangi¢ sicakliginm 400°C oldugunu gostermistir. Asimilasyonun
yan kayagctaki baslangi¢ sicakligini veren bu bulgu, Etriisk volkaninin altinda AFC siire¢lerinin hikkiim stirmiig
oldugu magma odasmin olasi derinliginin 10-12 km arasinda olabilecegini gostermektedir (termal gradyan 32°C
olarak hesaplanmistir). Bu bulgular, Pliyosen’de Etriisk volkanminm altinda olasilikla 10-12 km derinde yer almis
olan magma odasinda AFC, periyodik magma-karisimi ve/veya magma tazelenme siireglerinin 6nemli olduguna
isaret eder.

Anahtar Kelimeler: Dogu Anadolu, Etriisk volkani, AFC, Magma karisimi/tazelenmesi.

Deginilen Belgeler

Aitcheson, S.J., and Forrest, A.-H., 1994. Quantification of crustal contamination in open magmatic systems.
Journal of Petrology 35, 461-488.

Bohrson, W.A., and Spera, F.J., 2001. Energy-constrained open-system magmatic processes II: application of
energy-constrained assimilation—fractional crystallization (EC-AFC) model to magmatic systems. Journal of
Petrology 42, 1019-1041.

De Paolo, D.J., 1981. Trace element and isotopic effects of combined wall-rock assimilation and fractional
crystallization. Earth and Planetary Science Letters 53, 189-202.

IMPORTANCE OF ASSIMILATION COMBINED WITH FRACTIONAL
CRYSTALLIZATION (AFC) AND MAGMA MIXING PROCESSES IN THE
MAGMATIC EVOLUTION OF THE PLIOCENE ETRUSK VOLCANO,
NORTHEAST OF LAKE VAN, E TURKEY

Vural Oyan', Mehmet Keskin®, Vladimir Lebedev’,

Andrey Chugaev3 and Evgenii Sharkov’
"Van Yuzuncu Yil University, Department of Geological Engineering, Van, Turkey(vuraloyan@yyu.edu.tr)
? [stanbul University, Department of Geological Engineering, Avcilar, Istanbul, Turkey,
? Russian Academy of Sciences, Institute of the Ore Deposits Geology, Petrology, Mineralogy and
Geochemistry, Staromonetny per., 35, Moscow Russia.

Pliocene Etriisk stratovolcano, located in the northeast of Lake Van, is one of the most important
collision-related volcanic centers in Eastern Anatolia with an elevation of 3100 m, a base area of ~170 km® and a
horseshoe-shaped caldera. Our new K/Ar age determinations indicate that alkaline basaltic and hawaiitic lavas
were erupted before the eruptions that formed the Etriisk volcano during the Pliocene, forming a widespread
plateau extending from the northern shore of Lake Van to the base of the Tendurek volcano. This plateau-
forming basic volcanism occurred in a period between 4.9 and 4.5 Ma and generated olivine + plagioclase +
clinopyroxene-phyric lavas. After the localization of eruptions around 4.3 Ma, the Etriisk volcanic system started
to be emerged on this plateau and where volcanic activity continued up to 3.6 Ma. Initial products of the Etriisk
volcano are the trachytic, latitic lava flows, debris avalanche deposits and a set of radial dykes cutting these
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units. A major caldera collapse event was occurred ~4 Ma at the Etriisk volcano. After the caldera collapse,
rhyolitic and trachydacitic lavas erupted from flanks of the volcano. Lavas of the Etriisk volcano are porphyritic
in texture and composed of plagioclase, clinopyroxene, amphibole, biotite, K-feldspar, and rarely olivine
phenocrysts. Trachitic lavas are alkaline in character whereas latitic and thrachydacites/rhyolites lavas are
transitional between subalkaline and alkaline. Presence of glass inclusions and sieve texture in plagioclase
minerals and knife-like structures in biotite suggest magma mixing processes.

On normal-normal variation diagrams on which highly incompatible and compatible element pairs are
plotted against each other, some of the data points align along the straight trends between primitive basic end
member composition and evolved samples. This observation suggests that evolved magmas in the magma
chamber beneath the Etriisk volcano were possibly periodically replenished with primitive magma. To test the
viability of the mixing/replenishment process, we conducte a least square mass balance calculation using the
major element concentrations of most primitive basaltic sample and a number of evolved samples from Mt.
Etriisk. Results of our mixing models revealed that latitic lavas of Mt. Etriisk might have been formed as a result
of mixing between prlmmve basaltic and evolved acidic lavas. We argue that this interpretation is statistically
important because r’ values vary between 0.4 and 0.6. Geochemical and isotopic data imply that assimilation
with combined fractional crystallization (AFC) might have been an important process in the magma chamber
beneath Mt. Etrusk. Especially negative and positive correlations between (*'St/**Sr); and MgO and (*'St/*Sr);
and SiO, respectively indicate AFC processes. Results of our AFC models conducted on the basis of the
equations of De Paolo (1981) and Aitcheson and Forrest (1994) show that the most evolved lavas of the Etriisk
volcano might have assimilated remarkable amount of crustal material. On the other hand, latitic and
trachydacitic lavas were influenced by both replenishment and AFC processes. Results of our EC-AFC models
(equations by Bohrson and Spera, 2001) also support the importance of AFC process in magma genesis and
further indicate that the initial temperature of crustal material might have been ~400°C. All these findings
collectively indicate that the AFC and magma mixing and/or periodic replenishment processes were operational
during evaluation of the Etriisk magmas and the magma chamber was possibly located around 10-12 km depth
beneath the Etriisk volcano (Thermal gradient was calculated to be 32 °C).

Key Words: East Anatolia, Etriisk volcano, AFC, Magma mixing/replenishment.
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ORTA ANADOLU VOLKANIK BOLGESI’NDE MAAR VOLKANIZMASI,
TURKIYE
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Neojen-Kuvaterner yash Orta Anadolu Volkanik Bélgesi (OAVB) yaklagik 800 civarinda monojenetik
volkan barindirmaktadir. Bu kiigiik hacimli volkanlar baslica Karapmnar, Karacadag-Hasandag, Keciboyduran-
Melendiz, Golliidag-Acigol ve Erciyes bolgelerinde yogunlagmiglardir. Skorya konileri ve iliskili lav akintilart
kii¢iik hacimli volkanlarm ¢ogunlugunu olugtururken maar volkanlari ve domlar sayica azinhktadir.

OAVB’de 1970’lerin basindan bu yana ondan fazla sayida maar volkam tanimlanmistir. Ancak bu
volkanlarin olusum ve eriipsiyon sekli ile ilgili detayli bilgi genellikle sinirhdir. Bu ¢alisma, Orta Anadolu’daki
bu genis monojenetik alana ait bazi saha gozlemlerini aktarmay1 amaglamaktadir. Bu calismada OAVB maar
volkanizmast ile ilgili devam eden bir aragtirmanin 6ncel sonuglar sunulmaktadir.

Karapinar bolgesi’nde yer alan maarlar Mekegolii, Acigol, Mekeobruk, ve Yilanobrugu maarlaridir ve
mafik bilesimlidirler. Acigdl bir gole sahip biiyiik bir maarken, Mekegélii iginde skorya konisi gelismis olan
kompleks bir maardir. Onceki ¢aligmalara gére her iki maarin piroklastik istifleri golsel bir ortamda depolanmig
olarak kabul edilmektedir. Ote yandan bu istiflerin tesadiifi (accidental) litik¢e zengin olma 6zellikleri subaerial
piroklastik yogunluk akmalari tarafindan depolandigini gostermektedir. Yigin akintist (debris flow) ¢okelleri ile
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arakatkili olarak gozlenen ilksel freatomagmatik tefra eriipsiyon sirasinda duraksamalara, ve dolayisiyla
Mekegolii Maar’nin “polijenetik” 6zelligine isaret etmektedir. Mekeobruk ve Yilanobrugu maarlart ise dik
krater duvarlarma ve ince bir tefra cergevesine sahip olan kiigiik patlama kraterleridir. Bu gozlemler bu kiigiik
maarlarin tek bir patlamal eriipsiyon ve krater taban1 ¢okme evresi gegirdigini gostermektedir.

Karapinar bolgesi maarlart dik ve durayh krater duvarlari olusmasina imkan veren lav akmtilarini
keserek olusmuslardir. Erciyes Volkanik Kompleksi’nde mafik bilesimli Cora Maar1 ve Golliidag-Acigol
bélgesinde yer alan Narkoy Maari ayni sekilde dik krater duvarlarina sahip derin maar volkanlaridir. Ayrica Orta
Anadolu Volkanik Bolgesi’nde yumusak bir kayag¢ katmam boyunca eriipsiyon gosteren maarlar da
bulunmaktadir. Karacadag-Hasandag bolgesinde mafik bilesimli Kutdren Maar1 ve Golliidag-Acigol
bdlgesindeki silisik bilesimli Acigél Maari bu sekilde gelismis yayvan ve s13 maarlardir.

Son yillarda maar volkanizmasi konusunda yapilan ¢alismalarin sayisi hizla artmaktadir. Bu ¢aligmalar
volkanik risk analiziyle ilgili olanlardan kimberlit diyatremleri ile iliskili olanlara kadar genis bir spektrum
sunmaktadir. OAVB’de maar olusturan eriipsiyonlarin morfolojik cesitliligi ve degisik magma bilesimleri,
monojenetik volkanizma i¢in kiiresel bir model gelistirme konusunda katki saglayabilir. Bu nedenle OAVB’deki
maar volkanlarimin detayli olarak ¢alisiimast 6nemlidir.

Anahtar Kelimeler: Kuvaterner, OAVB, Kiiciik hacimli volkanlar, Maar, Eriipsiyon ortami, Morfolojik
cesitlilik.

MAAR VOLCANISM IN THE CENTRAL ANATOLIAN VOLCANIC
PROVINCE, TURKIYE
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Neogene-Quaternary Central Anatolian Volcanic Province (CAVP) hosts around 800 monogenetic
volcanoes. These small-volume volcanoes are mainly clustered around Karapmnar, Karacadag-Hasandag,
Keciboyduran-Melendiz, Golliidag-Acigdl, and Erciyes regions. Scoria cones and related lava flows constitute
the majority of these volcanoes, while maar volcanoes and domes are subordinate in number.

More than ten maar volcanoes have been described within the CAVP since the early 1970s. However,
there is generally a lack of detailed information on their formation and eruption style. This study aims to report
some field observations from this extensive monogenetic field in central Anatolia. We present preliminary
results of an ongoing research on CAVP maar volcanism.

Maars in Karapinar region are Mekegdlii, Acigol, Mekeobruk, and Yilanobrugu, and they are mafic in
composition. Acigél is a large, water-filled maar, while Mekegoli is a complex maar with a scoria cone. Basal
pyroclastic sequences of these maars were previously inferred to be deposited in a lacustrine environment.
Accidental lithic-rich nature of the deposits, on the other hand, indicates deposition by subaerial pyroclastic
density currents. Primary phreatomagmatic tephra intercalated with debris flow deposits indicate time breaks
during the eruptions and the “polygenetic” nature of the Mekegolii maar. Mekeobruk and Yilanobrugu are small
maars comprising steep-walled, low aspect ratio explosion pits with thin tephra rims. These observations suggest
a single explosive eruption and crater floor subsidence for these maars.

The Karapinar maars cut through solidified lava that provided steep and stable crater walls. Mafic Cora
Maar in Erciyes Volcanic Complex and Narkdy Maar in the Gollidag-Acigol cluster are also such steep-sided,
deep maars. There are also examples of maars erupting through a soft substrate. Mafic Kutdren Maar in the
Karacadag-Hasandag cluster and silicic Acigol Maar in the Golliidag-Acigol cluster are such broad and shallow
maars.

The number of studies on maar volcanism has been growing rapidly in the past years. These studies
include a wide spectrum from those related to assessment of volcanic risk to those related to kimberlite
diatremes. The morphological diversity and variety of magma compositions involved in maar-forming eruptions
in CAVP may help developing a global model for monogenetic volcanism. Therefore it is crucial to study the
maar volcanoes in CAVP in detail.

Key Words: Quaternary, CAVP, Small-volume volcanoes, Maar, Eruptive environment, Morphological
diversity.

165



64. Turkiye Jeoloji Kurultayi 25-29 Nisan 2011

BATI ANADOLU ERKEN-ORTA MiYOSEN MAFIK VOLKANIZMASININ
MANTO KAYNAGI OZELLIKLERI VE ERGIME MODELLERI

E. Yalcin Ersoy ve Cahit Helvac
Jeoloji Miihendisligi Béliimii, Dokuz Eylil Universitesi, 35160,
Buca-Izmir, Tiirkiye, yalcin.ersoy@deu.edu.tr

Bati Anadolu’da erken-orta Miyosen yasli garpisma sonrasi volkanizma, kalk-alkali, yiiksek-
potasyumlu (yiiksek-K) kalk-alkali, sosonitik ve ultrapotasik (UK) iiriinlerden olusan potasyumca zengin
volkanik kayalar ile simgelenir. Bati Anadolu’da diisiik SiO, ve yiiksek MgO bilesimli mafik volkanik kayalar,
[zmir-Balikesir transfer zonuna bagli olarak gelisen dogrultu atiml faylarin etkin oldugu bati kesimlerde yiiksek-
K volkanik kayalardan (YKVK); Menderes Masifi’nin orojenik ¢okiis sirasinda siyriima faylart boyunca
yiizeyledigi dogu kesimlerde ise sosonitik ve ultrapotasik volkanik kayalardan (SVK ve UPVK) olusur. Tiim bu
kaya gruplari benzer Sr-Nd izotop igeriklerine sahip olmasima karsin SVK ve UPVK’lar, YKVK grubuna gére
uyumsuz elementler bakimindan daha fazla zenginlesmistir. [lksel bilesimli (primitive) lavlarin (Si0,<55 wt%,
Mg#>65 ve MgO>6) jeokimyasal karsilastirmasi, ¢arpisma sonrasi bolgelerdeki potasik magmatik aktivitenin
kokeni hakkinda énemli ipuglar: verir.

Her ii¢ kaya grubunun da jeokimyasal 6zellikleri bunlarin ilkel manto (primitive mantle) benzeri iz
element icerigine sahip bir manto kaynagindan tiirediklerini; Sr-Nd izotop karisim modelleri ise bu manto
kaynaginin dalma-batma olaylar1 sirasinda % 7-15 sediman bileseni (hem sediman akigskani hem de sediman
erglyigi) kapsadigina isaret eder. Bu modifiye manto kaynaginin diisiik dereceli ergimesi ile YKVK larin iz
element bilesimini elde edilebilir. Ancak, $VK ve UPVK’larin iz element bilesimlerini agiklayabilmek i¢in ek
bir iz element zenginlesme islevi gerekir. Sayisal modellemeler bu zenginlesmenin, YKVK larin kaynagindan
daha kalin metasomatik bir manto litosferi i¢inde gelisebilecek olan “gok evreli ergime ve ergiyik siiziilme ve
etkilesimi” islevleri ile gelisebilecegini gosterir. Bu petrojenetik model, Bati Anadolu’da litosfer kalnligmun,
dogrultu atimli faylanmalarin oldugu bati kesimlerden bolgesel yiikselme ve ¢okiisiin meydana geldigi dogu
kesimlere dogru artist ile uyumludur. Boylece, tiim kaya gruplari igin manto kaynagmmn ilk zenginlesme
evresinin glineye gd¢ eden Ege yitim zonu (ve/veya daha eski yitim olaylar1) ile meydana geldigi, ikinci
zenginlesmenin (SVK ve UPVK igin) litosferik genisleme sirasinda manto litosferi iginde gelistigi
yorumlanmustir.

Anahtar Kelimeler: Bati Anadolu, Neojen volkanizmast, sosonitik volkanizma, ultrapotasik volkanizma, yitim
zonu zenginlesmesi.

MANTLE SOURCE CHARACTERISTICS AND MELTING MODELS FOR THE
EARLY-MIDDLE MIOCENE MAFIC VOLCANISM IN WESTERN ANATOLIA

E. Yal¢in Ersoy and Cahit Helvaci
Jeoloji Miihendisligi Boliimii, Dokuz Eyliil Universitesi, 35160,
Buca-Izmir, Tiirkiye, yalcin.ersoy@deu.edu.tr

In Western Anatolia, early-middle Miocene post-collisional volcanism is represented by K-rich volcanic
rocks; including calc-alkaline, high-K calc-alkaline, shoshonitic and ultrapotassic products. Low-SiO, and
relatively high-MgO mafic volcanic rocks in the region are represented by high-K volcanic rocks (HKVR) in the
west, where strike-slip tectonics related to the Izmir-Balikesir Transfer Zone dominates, while shoshonitic and
ultrapotassic volcanic rocks (SHVR and UKVR) occur in the eastern part of the region, where Menderes Massif
were exhumed along detachment faults during orogenic collapse. All three rock groups have nearly identical Sr-
Nd isotope ratios, but the SHVR and UKVR are more enriched in incompatible trace elements relative to the
HKVR. Comparison of the geochemical characteristics of the most primitive lavas (Si0,<55 wt%, Mg#>65 and
MgO>6 wt%) provides an important tool in discussing the origin and evolution of the K-rich magmatic activity
in this post-orogenic setting.

Geochemical features of the three rock groups require they were all derived from a primitive mantle-
like source that, on the basis of Sr-Nd isotope mixing models, was supplemented by addition of 7-15% sediment
components during subduction events, including both sediment-fluid and sediment-melt. Low-degree partial
melting of this modified mantle source can account for the incompatible trace element budgets of the HKVR, but
an additional trace element enrichment process is required to explain the compositions of the SHVR and UKVR.
Numerical modeling suggests that this enrichment developed by multi-stage melting and melt percolation
processes in a thicker metasomatized mantle lithosphere than that which produced the HKVR. This petrogenetic
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model accords with tectonic observations of lithospheric thickening from west to east in the area (where strike-
slip deformation occurred to the west and regional uplift and collapse occurred to the east). Hence, the first
enrichment stage of the mantle source (HKVR plus SHVR and UKVR) is interpreted to be the result of
subduction-related processes during southward retreat of the Aegean subduction system (and/or older
subductions), with the second-stage of enrichment (SHVR and UKVR) developing in the mantle lithosphere
during lithospheric extension.

Key Words: Western Anatolia, Neogene volcanism, Shoshonitic volcanism, Ultrapotassic volcanism,
Subduction enrichment.

ELAZIG D VE GP’SUNDA YI"JZEYLE)(EN BAZIK VOLKANiI§ VE
SUBVQLKANIK KAYACLARIN (YUKSEKOVA KARMASIGI)
PETROLOJILERINE DAIR ON BULGULAR, GD ANADOLU, TURKIYE
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Elazig ili Keban Baraj golii giineyi ile Hazar goli B-KD’su arasinda yer alan bazik volkanik ve
subvolkanik kayaglar, Yiiksekova Karmasigi'na ait yastik yapilt ve masif volkanitler ile bu volkanitleri besleyen
dayklardan olusur. Yiiksekova Karmagii bu alanda Geg Maastrihtiyen-Orta Eosen yash olarak kabul edilen
Hazar Grubu sedimanlari ve Geg Jura-Alt Kretase yash olarak kabul edilen Guleman Ofiyolitleri tizerinde
tektonik dokanakli olarak yer almaktadir.

Biitiin volkanik ve subvolkanik kayaglarin modal mineralojileri benzerlik arz etmektedir. Baglica
plajiyoklas, daha az oranda piroksen, yer yer de psodomorf kristaller halinde olivin mikrolit ve fenokristalleri ile
Fe-Ti oksit (manyetit, ilmenit ve hematit) gibi birincil mineraller yaninda kayaglarda ikincil kalsit, klorit, kuvars,
demir oksit damar ve gozenek dolgulari mevcuttur. Kayaglar, variolitik, intergraniiler, intersertal, subofitik,
kiimiilofirik, hyalomikrolitik, mikrolitik porfirik, amigdaloidal dokular gostermektedirler. Kayaglarda
karbonatlagma, kloritlesme, opaklagma ve epidotlagsma baslica alterasyon iiriinleri olarak bulunmaktadir.

Kayaglar, hareketsiz iz elementlere dayali petrokimyasal siniflamalara gore bazalt ve alkali bazalt
olmak iizere iki tiir kompozisyona sahiptirler ve genel olarak toleyitik (grup 2 ve 3) ve alkalen (grup 1) karakter
sergilemektedirler. Kayaglarin Mg numaralar 84 ila 32 arasinda degismektedir. Tiim kayag petrokimyasal
degisim diyagramlarinda hareketsiz ve indeks element olarak Zr; TiO,, £Fe,0;, Ca0O, P,0s, Y, Nb, Hf ve Ta ile
pozitif korelasyon, CaO, MgO ve Sc ile ise negatif korelasyon gostermektedir. Bu iliskiler volkanitlerin
gelisiminde etkin olan fenokristal fazlarin fraksiyonel kristallesmesiyle agiklanabilir.

Kayaglarin N-tipi Okyanus Ortasi Sirti Bazaltina (MORB) normalize edilmis iz element dagilimlar
genel olarak, 3 grup patern gostermektedir. 1.Grup: LIL elementler (Sr, K, Rb, Ba ve Th) HFS elementlere (Ta,
Nb, Hf, Zr, Y, Ti) gore; LREE ler HREE lere gore zenginlesme gosterirken (Lay/Lu: 7.10-3.42, Lan/Smy;: 3.41-
1.95), Bu gruptaki tiim 6rnekler Nb bakimindan MORB a oranla zenginlesme gostermektedirler. 2.Grup: LILE
bakimindan zenginlesen ve fakirlesen iki farkl 6riimcek grubunun HFSE leri, MORB ¢izgisinin biraz altinda
ancak biitiin 6rnekler belirgin negatif Nb anomalisi gostermektedir. Kayaglarmn kondrite normalize nadir toprak
element dagilimlari ise yaklagik yataydir (Lan/Lux: 1.46-0.54, Lay/Smy: 1.19-0.54). 3.Grup: LILE bakimindan
zenginlesen ve fakirlesen iki farkli 6riimcek grubunun HFSE leri, MORB ¢izgisinin iizerindedir. Kayaglarn,
kondrite normalize nadir toprak element dagilimlar ise, ya yaklagik yataydir (Layn/Luy: 1.20-0.85, Lan/Smy:
0.91-0.73) yada hafif yukari konkavdir (Lay/Luy: 3.38-1.85, Layn/Smy: 2.14-1.42).

Genel olarak ornek gruplarmm (1.grup haricindeki) hareketsiz iz elementlere dayali ikili ve tglii
magma-tektonik ayirtman diyagramlari, bu orneklerin biyiik ¢ogunlugunun bir yay i¢i yada yay gerisi ortamla
iliskili gerilmeli tektonik rejimde olugabileceklerine isaret etmektedir. Diger taraftan grup 1 kayaglarmin ise
yitimin daha olgun safhalarinda gelisen bir magma kaynag ile iliskili olabilecegi diistiniilmektedir. Kayagclarin
tim kayag petrokimyasal karakteristikleri gz Oniine alindiginda temelde Normal MORB ile zenginlesmis
MORB kaynag arasinda gecis gosteren heterojen bir magma kaynagi diigtintilmektedir.

Anahtar Kelimeler: Oriimcek diyagram, Hareketsiz element, Elaz1g, Yiiksekova Karmasig.
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PRELIMINARY RESULTS ABOUT PETROLOGIES OF THE BASIC VOLCANIC
AND SUBVOLCANIC ROCKS (YUKSEKOVA COMPLEX) IN THE EAST AND
SOUTHEAST OF ELAZIG, SE ANATOLIA, TURKEY
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The basic volcanic and subvolcanic rocks located between south of Keban Dam Lake and northeast-
west of Hazar Lake in Elazig city consist of pillow lava, massive volcanic rocks and dykes feeding these
volcanites. Yuksekova Complex placed in this area overlap tectonically the Hazar Group sediments assumed as
Late Maastrihtien-Middle Eosen age and the Guleman Ophiolites assumed Late Jurassic-Lower Cretaceous age.

Modal mineralogies of the all volcanic and subvolcanic rocks show similarity. Primarily modal
mineralogy of the volcanites are represented by mainly plagioclase, lesser pyroxene, rarely olivine crystals, as
well as calcite, chlorite, quartz, Fe-Ti oxide (magnetite, ilmenite and hematite) fillings and veinings. The rocks
show variolitic, intergranular, intersertal, subophitic, kumulophyric, hyalomicrolitic, microlitic porphyric and
amigdaloidal textures. Carbonatization, chloritization, epidotization are found as main alteration products in
these rocks.

The rocks have two types of composition as basalt and alkali basalt according to petrochemical
classifications based on immobile trace elements. Generally, they exhibit tholeiitic (groups 2 and 3) and alkalen
(group 1) characters. Magnesium numbers of the rocks change between 84 and 32. In the whole-rock
petrochemical variation diagrams; Zr as an immobile and index element indicates positive correlation with TiO,,
2Fe;0s, P,0s, Y, Nb, Hf and Ta whereas it shows negative correlation with CaO, MgO and Sc. These
relationships may be explained by fractional crystallization process of the observed phenocrystal phases in the
evolution of the volcanites.

N type MORB normalized trace element scatterings of the rocks illustrates mainly three group patterns:
Group 1: LILE elements (Sr, K, Rb, Ba, Th) and LREEs show enrichment relative to HF SEs (Ta, Nb, Hf, Zr and
Th) and HREESs, respectively (Layn/Luy: 7.10-3.42, Lay/Smy: 3.41-1.95). All the samples show enrichment with
respect to Nb relative to MORB. Group 2: HFSEs of two different groups of the spiders enriched and depleted
with respect to LILE are just below the MORB line. However, all the samples show clearly negative Nb
anomalies. The chondrite normalized patterns of the rocks are approximately horizontal (Lan/Luy: 1.46-0.54,
Lan/Smy: 1.19-0.54). Group 3: HFSEs of two different groups of the spiders enriched and depleted with respect
to LILE are over the MORB line. The chondrite normalized patterns of the rocks are either approximately
horizontal or slightly over the concave (Lay/Luy: 3.38-1 .85, Lan/Smy: 2.14-1.42).

Generally, binary and triangular magma-tectonic discrimination diagrams based on immobile trace
element of the sample groups (except of Group 1) indicate that most of them might be formed at an extentional
arc setting, possibly a back arc or inner arc extentional environment. On the other hand, the rocks in Group 1 are
considered to be related to the magma source developed during the mature phase of the subduction zone.
Considering petrochemical characteristics of the rocks, basically it is considered to be that there is a
heterogeneous magma source implying a transition between N-MORB and E-MORB.

Key Words: Spider diagram, Immobile element, Elazig, Yuksekova Complex.

KARAKAYA KARMASIGI BIRIMLERININ (KB VE ORTA-KD ANADOLU)
TEKTONIK KONUMUNA META-MAGMATIK KAYACLARIN MINERALOJi-
PETROGRAFISI VE JEOKIMYASI iLE BiR YAKLASIM

Sema Tetiker' ve Hiiseyin Yal¢in®
IJeoloji Miihendisligi Boliimii, Batman Universitesi, 72060,
Batman, Tiirkiye, sema.tetiker @batman.edu.tr,
? Jeoloji Miihendisligi Boliimii, Cumhuriyet Universitesi, 58140, Sivas, T iirkiye

Sakarya Kompozit Birligi (Gonctioglu vd., 1997) igerisinde yer alan Paleotetis ile iliskili Permo-Triyas
yash Karakaya Karmasig, Alt ve Ust Karakaya olmak iizere iki boliime ayrilmaktadir (Okay ve Gonciioglu,
2004). Bu ¢alismada KB (Biga Yarimadasi) ve Orta-KD (Tokat yoresi) Anadolu’da yiizeyleyen Karakaya
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Karmasgigr birimlerindeki (meta)-magmatik kayaglarin mineralojik-petrografik (ince-kesit ve XRD) ile
jeokimyasal (ana ve iz elementler) ozellikleri incelenerek, kokeni ve tektonomagmatik konumlarinin
aydmlatilmas1 amaglanmastir.

Alt (Niliifer Birimi ve Turhal Metamorfitleri) ve Ust (Cal Birimi ve Devecidag Karisig1) Karakaya
birimlerine ait metamagmatik kayaclar (metatiif, spilitik metabazalt, andezitik metabazalt, metadiyabaz,
metagabro) magmatik (vitrofirik porfirik, vitrofirik-mikrolitik porfirik, hipokristalin porfirik, holokristalin
tanesel, hipokristalin-mikrolitik porfirik, intersertal, glomeroporfirik ve amigdaloyidal) ve metamorfik
(blastoporfirik, blastosubofitik ve kataklastik) dokuya sahiptir. Kalinti magmatik fazlari plajiyoklaz,
klinopiroksen (ojit, Ti-ojit), amfibol (kersutit) ve Fe-oksit (hematit, kromit); metamorfik mineralleri ise
tremolit/aktinolit, antofillit, stilpnomelan, epidot, biyotit, klorit, serizit, natrolit ve prehnit temsil etmektedir.

Magmatiklerin yani sira, metaklastik kayaglardan elde edilen mineralojik-petrografik (dokusal iligkiler,
tipik indeks mineraller ve mineral birliktelikleri) verilerine gore (Tetiker vd., 2009a ve 2009b); Alt Karakaya
birimleri yiiksek basing-diisiik sicaklik ile temsil edilen sikismali, Ust Karakaya birimleri ise 1s1 akisinin etkili
oldugu genislemeli baseni yansitan ileri diyajenetik/¢ok diisiik dereceli metamorfik dzellikler sunmaktadir.

Jeokimyasal verilere gore; ¢ogunlukla alkali ve bazik karakterli olan bazaltik kayaglar manto kékenli
olup; Alt Karakaya birimleri E-MORB, Ust Karakaya birimleri ise OIB-benzeri bilesimler vermektedir. Bu ve
oncel galismalar (Pickett vd., 1995; Pickett ve Robertson, 1996; Gonciioglu vd., 2000; Okay, 2000; Sayit ve
Gonctioglu, 2009a ve 2009b) birlikte degerlendirildiginde; Alt Karakaya birimlerindeki magmatik kayaglarin
okyanus-ortast sirt, buna karsin Ust Karakaya birimlerindekilerin ise levha-ici jeotektonik ortamlarda gelistigi
ileri siirtilebilir.

Anahtar Kelimeler: Paleotetis, volkanikler, iz elementler, kdken, jeotektonik ortam.

AN APPROACH TO TECTONIC SETTING OF THE KARAKAYA COMPLEX
UNITS (NW AND CENTRAL-NE ANATOLIA) BY MEANS OF MINERALOGY-
PETROGRAPHY AND GEOCHEMISTRY OF METAMAGMATIC ROCKS

Sema Tetiker' and Hiiseyin Yalc¢in®
'Department of Geological Engineering, University of Batman, 72060, Batman, Turkey,
sema.tetiker @batman.edu.tr
! Department of Geological Engineering, University of Cumhuriyet, 58140, Sivas, Turkey.

The Permo-Triassic Karakaya Complex related to the Paleotethys is located within the Sakarya
Composite Terrane (Gonciioglu et al., 1997), that is subdivided into two parts as Lower and Upper Karakaya
(Okay and Gonciioglu, 2004). In this study, the origin and tectonomagmatic settings of (meta-)magmatic rocks
within the units of Karakaya Complex outcropped in the NW (Biga Peninsula) and Central-NE (Tokat area)
Anatolia have been aimed to clarify by revealing their mineralogic-petrographic (thin-section and XRD) and
geochemical (major and trace elements) properties.

Metamagmatic rocks (metatuff, metabasalt, spilitic metabasalt, andesitic metabasalt, metadiabase,
metagabbro) from the Lower Karakaya units (Niliifer unit and Turhal Metamorphites) the Upper Karakaya units
(Cal unit and Devecidag Melange) have magmatic (vitrophyric porphyric, vitrophyric-microlitic porphyric,
hypocrystalline  porphyric, holocrystalline granular, hypocrystalline-microlitic  porphyric, interstitial,
glomeroporphyric and amygdaloidal) and metamorphic (blastoporphyric, blastosubophitic and cataclastic)
textures. The relict igneous phases are plagioclase, clinopyroxene (augite, Ti-augite), amphibole (kaersutite) and
Fe-oxides (hematite, chromite), whereas tremolite/actinolite, anthophyllite, stilpnomelane, epidote, biotite,
chlorite, sericite, natrolite and prehnite represent metamorphic minerals.

According to mineralogic-petrographic data (textural relationships, typical index minerals and mineral
associations) obtained from metaclastic rocks as well as magmatics (Tetiker et al., 2009a and 2009b); Lower
Karakaya units represent a high pressure-low temperature metamorphism in a compressional basin, whereas
Upper Karakaya units reflect heat flow conditions in an extensional basin that offer the high diagenetic/very low-
grade metamorphic features.

Basaltic rocks with mostly alkaline and basic characteristics have a mantle origin and the Lower and
Upper Karakaya units give E-MORB and OIB-like compositions, respectively. When evaluated together with
this and previous studies (Pickett et al., 1995; Pickett and Robertson, 1996; Okay, 2000; Sayit and Gonciioglu,
2009a and 2009b), it could be suggested that magmatic rocks were developed in the mid-ocean ridge for the
Lower Karakaya units, whereas within-plate geotectonic environments for the Upper Karakaya units.

Key Words: Paleotethys, volcanics, trace elements, origin, geotectonic environment.
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ADAKITIK PORFIRILERIN PETROLOJISI, JEOKRONOLOJISI VE BOLGE
JEODINAMIGINDEKI YERI (KB ANADOLU, TURKIYE)

Safak Altunkaynak ve Merve Yildiz
Jeoloji Miihedisligi Boliimii, Istanbul Teknik Universitesi, 34469,
Maslak, Istanbul, Tiirkiye, merwe jeo@hotmail.com.

Adakit ve adakitik kayaglarin petrojenezinin aragtirtimast kabugun evriminin anlasilmasinda 6nemli bir
rol oynamaktadir. Bununla birlikte diinyadaki énemli bakir ve altin yataklarinin ¢ogunlugunun Adakit olusumlari
ile iligkili oldugu bilinmektedir. Bu nedenle, adakitlerin zaman ve mekandaki yayilimlarimin belirlenmesi,
petrojenezinin arastirilmast yeni maden yataklarmn saptanmasinda da biiytik 6nem tagimaktadir ve diinyada ve
iilkemizde yerbilimcilerin ilgisini ¢eken popiiler bir konu olmustur. Tirkiye’de bulunan adakitik kayaglar
lizerinde yapilan ¢calismalarin sayisi azdir. Az sayidaki bu ¢calismalar da genellikle Orta Anadolu ve Pontidlerdeki
adakitik kayaglar1 konu almaktadir (Topuz vd., 2005; Varol vd., 2007; Karsh vd., 2010; Kadioglu ve Dilek,
2010; Eyiipoglu et al., 2010). Bu ¢ahiymada TUBITAK 110Y351 No’lu projenin 6n bulgulari sunulacak ve KB
Anadolu’da Biiyiikorhan (Bursa) civarinda mostra veren adakitik porfirilerin petrolojisi, yerlesim zamani ve
bolge jeodinamigindeki yerine yaklagimda bulunmaya ¢aligilacaktir.

Inceleme alami Izmir-Ankara siitur zonu (Sengér ve Yilmaz, 1981) olarak tanimlanan tektonik birlik
i¢cinde yeralan Bursa iline bagli Biiyiikorhan ilgesi ve civarii kapsamaktadir. Bu alanda farkli magmatik evrelere
ait triinler ve adakitik porfiri kayaglari bir arada bulunmaktadir. Bu magmatik riinler Orta Eosen yash
granitoidler ve Alt Miyosen yasli volkanik kayalardir (Altunkaynak 2007). Eosen yaslt granitoidler (SZG;
Altunkaynak 2007) genellikle granodiyorit, kuvars diyorit ve siyenitlerle temsil edilirler. Tiim kaya jeokimya
analizleri ve izotop verileri bunlari olusturan kayalarin zenginlesmis litosferik manto kaynagindan tiiremis, kita
kabugundan kirlenmis melez bir bilesime sahip oldugunu ortaya koymustur. inceleme alamindaki Eosen
granitoidleri dilim kopmasina (Slab break-off) bagli magmatizmay: temsil etmektedir (Altunkaynak, 2007).

Petrografik incelemeler, inceleme alaninda saptanan adakitik kayaglarin dasit, riyodasit bilesimindeki
porfiri sokulumlar ile temsil edildigini gostermistir. Adakitik porfiriler yiiksek SiO,, ALO;, Na,O, Sr/Y ve
La/Yb, diisik Y, Yb igerikleri ve Eu anomalisi gostermemeleri ile karakteristiktir ve “normal” kalk-alkalin
ozellikler sergileyen Orhaneli plitonu ve volkanik kayalardan bu &zellikleri ile ayrilirlar. Adakitik porfirilerde
bulunan biyotitlerden elde edilen Ar/Ar radyometrik yas verileri, bunlarin 53.7-54 My yasinda oldugunu ortaya
koymustur. Bu veri, adakitik porfirilerin Eosen granitoidleri (54-48 My; Harris vd., 1994., Okay ve Satir, 2006)
ile hem mekan hem de zamanda ortakliklar sergiledigini ispatlamaktadir. Adakitik kayaglarin petrolojisi ve
jeokronolojisi bolge jeolojisi ile birlikte degerlendirildiginde bu kayaglarin Orta Eosen’de dilim kopmasi (Slab
break-off) sonucunda manto-alt kabuk ergiyiklerinin etkilesimi sonucu tiirediklerini ortaya koymaktadir.

Anahtar Kelimeler: Adakitik porfiri , KB Anadolu, Biiyiikorhan, Petroloji, Eosen, Dilim kopmasi

Deginilen Belgeler

Altunkaynak, S., 2007. Collision-driven slab breakoff magmatism in northwestern Anatolia, Turkey. Journal of
Geology, 115, 63-82

Eyuboglu, Y., Chung, S.L., Santosh, M., Dudas, F. O., Akaryali, E., 2010. Transition from shoshonitic to
adakitic magmatism in the eastern Pontides, NE Turkey: Implications for slab window melting, Gondwana
Research, inpress

Harris, N.B.W., Kelley, S., and Okay, A.L, 1994, Post-collisional magmatism and tectonics in northwest
Anatolia: Contributions to Mineralogy and Petrology, vol. 117, p. 241-252.

Kadioglu Y. K., Dilek Y., 2010 Structure and geochemistry of the adakitic Horoz granitoid, Bolkar Mountains,
south-central Turkey, and its tectonomagmatic evolution, International Geology Review, Vol. 52, No. 4-6,505-
535

Karsli, O., Dokuz, A., Uysal, 1., Aydin, F., Kandemir, R., Wijbrans, R.J., 2010. Generation of the early Cenozoic
adakitic volcanism by partial melting of mafic lower crust, Eastern Turkey: implications for crustal thickening to
delamination. Lithos 114, 109-120.

Okay, A.I ., Satir, M., 2006. Geochronology of Eocene plutonism and metamorphism in northest Turkey:
evidence for a possible magmatic arc. Geodinamica Acta 19/5, 251-266

Sengor, AM.C. ve Yilmaz, Y., 1981, Tethyan evolution of Turkey: A plate tectonic approach; Tectonophysics,
75, 181-241.

Topuz, G., Altherr, R, Schwarz, W.H., Siebel, W.,Satir, M, Dokuz, A., 2005, Post-collisional plutonism with
adakite-like signatures: the Eocene Saraycik granodiorite (Eastern Pontides, Turkey) Contrib Mineral Petrol.,
150: 441-455

Varol, E, Temel, A., Gourgaud A, Bellon H., 2007. Early Miocene adakite-like volcanism in the Balkuyumcu
region, central Anatolia, Turkey: Petrology and geochemistry. Journal of Asian Earth Sciences, 30, 613-628.

170



64. Turkiye Jeoloji Kurultayi 25-29 Nisan 2011

PETROLOGY, GEOCHRONOLOGY AND GEODYNAMICS OF ADAKITE-LIKE
PORPHYRIES (NW ANATOLIA, TURKEY)
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Department of Geology, Istanbul Technical University, 34469, Maslak, Istanbul, Turkey,
merwe_jeo@hotmail.com.

Investigation of petrogenesis of adakite and adakitic rocks plays an important role to understand crustal
evolutionary processes and determination of economic mineralizations. Many studies have shown that these
rocks have been genetically linked to the majority of known Cu-Au mineralization world- wide. Therefore, there
has been a growing interest on adakites and adakitik rocks and their spatial-temporal distribution that has great
economic importance. The studies on adakitic rocks of Turkey are exceedingly rare (Topuz et al., 2005; Varol et
al., 2007; Karsh et al., 2010; Kadioglu ve Dilek, 2010; Eyiipoglu et al., 2010). Here, we present the preliminary
results obtained from TUBITAK (No: 110Y351) project. This study focuses on the petrology, geochronology
and geodynamics of Adakite-like porphyries exposed in Biiyiikorhan (Bursa, NW Anatolia) area situated within
the [zmir-Ankara suture zone (Sengér and Yilmaz 1981).

In the study area, adakitic porphyries are spatially associated with both Eocene granitoids and volcanic
rocks of Early Miocene (Altunkaynak, 2007). Eocene Granitoids (SZG; Altunkaynak , 2007) have ages around
54-48 Ma (Harris et al., 1994; Okay and Satir, 2006), and are composed of granodiorite, quartz diorite and
syenite. Major-trace element compositions and Nd-Sr isotope systematics of these granitoids suggest an enriched
lithospheric mantle source modified by crustal contamination. The localized Eocene plutonism in NW Anatolia
was a result of slab breakoff-induced magmatism (Altunkaynak, 2007).

Petrographic investigations suggest that adakite-like rocks in the study area are represented by dacite
and rhyodacite porphyries. Adakite-like porphyries have higher SiO,, Al,O;, Na,O contents, Sr/Y and La/Yb
ratios, and lower Y, Yb contents than calc-alkaline Orhaneli pluton and volcanic rocks. They differ from other
groups with lack of Eu anamalies, geochemically. “Ar/* Ar ages of biotites from adakite-like porphyries suggest
that their age is 53.7 to 54 Ma. This data indicate that there is close relationship between adakite-like porphyries
and Middle Eocene granitoids in time and space. In the light of geological, petrological and geochronological
data, we suggest that adakite-like porphyries were produced by partial melting of mantle lithosphere and its
interaction with lower crustal melts. This was facilitated by asthenospheric upwelling and associated thermal
perturbation in response to a slab breakoff, experienced by the Tethyan oceanic lithosphere subducted beneath
the Sakarya Continent.

Key Words: Adakitic porphyries, NW Anatolia, Bitylikorhan, Petrology, Eocene Slab break-off.
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Dogu Anadolu ve Iran Yiiksek Platosunu da igeren bolge, aktif bir carpisma zonunun diinyadaki en iyi
orneklerinden biridir. Bu alan, denizden 2 km yiiksekligi ile Alp-Himalaya dag kusagindaki yiiksek platolardan
birini olusturur. Biiyiik Kafkaslar ise 5 km yiikseklige erisen bir dag kusag goriiliir. Dogu Anadolu-iran yiiksek
platosu ve Kafkaslarm dikkati ¢eken en belirgin 6zelliklerinden biri, Neojen ile Kuvaterner zaman aralifinda
piiskiirmiis volkanik tirinlerin biiylik alanlar/hacimler kaplamasi ve genis bir bilesimsel degisim sergilemeleridir.

Carpisma-kokenli volkanik aktivite, bolgenin 15 My 6nce blok seklinde yiikselmesinden hemen sonra
baglamis ve c¢ok farkli piiskiirme stilleri (Hawaii tiiriinden Pliniyen’e degisen) ve bilesimlere (kalk-alkaliden
alkaliye; bazanitlerden yiiksek silika riyolitlere kadar degisen) sahip lav ve piroklastik iiriinlerin piiskiirmesi ile
siirmiistiir. Bu aktivite, bazilar1 halen aktif olarak kabul edilen, bir kismi ise soniilmenmis biiyiik volkanik
yapilarin, catlak piiskiirmelerinin ve ¢ok genis alanlara yayilmis ignimbrit yaygilari iiretmis patlamalh
piiskiirmelerin olusmasina yol agmistir. S6z konusu volkanik istif, Tiirkiye, Rusya, Giircistan, Azerbaycan,
Ermenistan ve Iran’1 i¢ine alan neredeyse bir iilke boyutundaki bir alanda yiizeylenir. GD Anadolu’da Arap 6n
tilkesinden GD Rusya’da yer alan Kafkaslara kadar volkanik provensi igine alan alanin eni yaklasik 1000 km
kadardir. Dogu Anadolu — Kafkasya jeotraversi boyunca bir kismi halen aktif bir kismi ise birka¢ milyon yil
once aktivite gdstermis ¢ok sayida biiyiik volkanik ¢ikis merkezi bulunmaktadir. GD’dan KB’ya bunlar: Arap 6n
tilkesindeki Karacadag, ¢arpisma zonunda yer alan Nemrut, Siiphan, Girekol, Meydandag, Etriisk, Tendiirek,
Agrn ve Bingol volkanlari, Kuzeyde Erzurum-Kars Platosu; Ermenistan’da Erushet-Arsian ve Tsakhkunyats Sirt:
civarinda Aragats, Vayotsdzor, Geghan, Arailer and Syunik volkanlari; Giircistan’da Geghama ve Dzhavakheti
yaylalar, Kabargin Oth ve Kazbek; Rusya’da ise Elbrus volkani ile Mineraln’ye Vody civarindaki felsik
domlardir. Ozellikle Bityitk Kafkas kusagi, 5642 m yiiksekligi ile Avrupa kitasinin en yiiksek zirvesini olusturan
g6z kamastirict Kuvaterner Elbrus volkanmni, 15 km ¢apiyla Pliyosen Chegem kalderasini, olasilikla diinyadaki
en geng (3.8 My) granit sokulumu olan Eldzhurtu (Tiirkgesi: El Yurdu) granitodini igermesi ile harika bir alan
Ozelligi tagimaktadir.

Magma bilesiminde zaman ve mekdna bagl degisimler ve bunlarin bdlgenin jeodinamik evrimi
hakkinda sagladiklari bilgileri arastirmak amaciyla Rus Bilimler Akademisi’nden arastirmacilar ile uluslar arasi
bir proje kapsaminda (TUBITAK-RFBR proje # 108Y222) ortak bir arastirmaya basladik. Bu proje kapsaminda
GD Anadolu’dan Rusya’da Mineraln’ye Vody bdolgesine kadar uzanan yaklasik 1000 km uzunlugunda bir
jeotraversin gectigi alanlari stratigrafilerini ayrintili olarak ¢6ziimlemek suretiyle 6rnekledik. Baz kilit alanlari
ve volkanlart ise haritaladik. Modern analitik yontemler ile bolgedeki lavlardan giivenilir jeokronolojik yaslar
saptadik ve yiiksek kalitede bir jeokimya —izotop veri tabani olusturduk. Bu poster Dogu Anadolu’dan Rusya’nin
Mineraln’ye Vody bolgesine kadar uzanan bir bolgeye ait ilk bulgularimizin bir 6zetini igermektedir. S6z konusu
uluslararasi proje, ¢arpisma kékenli volkanizmay: bolgesel anlamda ele almasi nedeniyle boyutlar1 ve kapsami
acisimda en bilyiik arastirmalardan biridir.

Anahtar Kelimeler: Dogu Anadolu, Kafkas Kusag, ¢arpisma-kdkenli volkanizma, magma evrimi, jeodinamik.
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The region including the Eastern Anatolian - Iranian High Plateau and Caucasus is one of the best
examples of an active continental collision zone in the world. It comprises one of the high plateaus of the
Alpine-Himalaya mountain belt, with an average elevation of ~2 km above sea level. The Greater Caucasus
range on the other hand forms a mountain belt reaching up to 5 km in altitude. Perhaps the most striking aspect
of Eastern Anatolian - Iranian High Plateau and Caucasus is the volume and compositional variability of
collision-related volcanic products erupted during the Neogene and Quaternary time.

Collision-related volcanic activity initiated immediately after the block uplift of the region at around 15
Ma, giving rise to the eruption of subaerial lava flows and pyroclastic products that are very variable in their
composition (i.e., from calc-alkaline to alkaline, from basanites to high silica rhyolites) and eruptive style (i.e.,
from Hawaiian to Plinian). This volcanic activity gave way to the formation of large volcanic edifices, many still
visible and active or dormant, fissure eruptions and explosive eruptions that produced extensive ignimbrite
sheets. The aforementioned volcanic sequence is exposed in a number of neighboring countries including
Turkey, Russia, Georgia, Azerbaijan, Armenia and Iran. The distance from Arabian Foreland (SE Anatolia) to
Caucasus of Southern Russia is almost 1000 km. There are a number of large volcanic edifices and associated
volcanic fields across the Eastern Anatolia — Caucasus transect, which are presently active or were active within
the past million years. From SE to NE, these are Karacadag on the Arabian foreland, Nemrut, Suphan, Girekol,
Meydandag, Etrusk, Tendurek, Ararat and Bingol volcanoes overlying the collision zone, and the Erzurum-Kars
Plateau in Turkey; Aragats, Vayotsdzor, Geghan, Arailer and Syunik volcanoes, and Geghama and Dzhavakheti
highlands, volcanic areas around Tsakhkunyats Ridge and Erushet-Arsian in Armenia; Kabargin Oth and Kazbek
in Georgia; and Elbrus-Mineraln’ye Vody in Russian Federation. Especially, the Greater Caucasus range is of a
special importance with the great Elbrus volcano (5642 m) which is Quaternary in age and the highest peak in
Europe, a huge Pliocene caldera (Chegem caldera with a diameter of 15 km) and possibly the youngest (~3.8
Ma) granitoid intrusion (Eldzhurtu granitoid) in the world.

In order to better understand the spatial and temporal variations in magma genesis and its causal link
with the geodynamic evolution of the region, we have been conducting a joint research with the scientists from
Russian Academy of Science in the framework a major Turkish-Russian joint project (i.e. TUBITAK-RFBR
project # 108Y222). We have almost completed sampling programs of the volcanic province with special
emphasis on the volcano-stratigraphic relationships along a ~1000 km long geotraverse across an area from
Arabian foreland in Turkey in the SW to Caucasian Mineral Water region in Russia in the NE. We mapped key
areas and volcanoes the region and utilized modern analytical techniques to compile a consistent and high-
quality isotope and element database together with reliable radiometric dates on the rocks from the region. This
poster presents a summary of our preliminary results from Eastern Anatolia and Greater Caucasus range up to
the Mineral Waters region in Russia. This international joint research project is possibly the first detailed region-
wide investigation of the collision-related volcanic units and their compositional variations (in space and time) in
such a great scale and detail.

Key Words: Eastern Anatolia, Caucasus range, collision-related volcanism, magma evolution, geodynamics.
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ORHANELI-DURSUNBEY VOLKANIKLERININ JEOLOJISI, PETROLOJISI
VE JEOKRONOLOJISI, KB ANADOLU

Serhat Yarar, Omer Kamaci ve Safak Altunkaynak
Jeoloji Miihendisligi Boliimii, Istanbul Teknik Universitesi, 34469,
Maslak, Istanbul, Tiirkiye, serhatyararl@hotmail.com.

Inceleme alant KB Anadolu’da, Orhaneli (Bursa) ve Dursunbey (Balikesir) ilceleri arasinda yer
almaktadir. Bu alanda Alt Miyosenden itibaren yaygin bir felsik volkanizma gelismistir. Volkanizma 6nce felsik
piroklastikler ve riyolit-riyodasitik lavlarla baglamistir. Piroklastik kayalar, piroklastik yagis birimleri (kiil
yagmuru, kiil-blok yagmuru, pumis yagmuru birikimleri) ve piroklastik akma birimleri (kiil-blok akintis1 ve
ignimbirit) ile temsil edilir. Piroklastik kayalarin lavlarla iliskileri ve yoresel dagihmlari, volkanik kayalarin
KKD-GGB yonltu kirik zonlart boyunca dizilmis kiigiik ¢ikis merkezlerinden pliniyen, sub-pliniyen tiirii
puiskiirmelerle olustugunu gostermektedir.

Jeokimyasal dzellikleri ve Sr-Nd izotop igerikleri bunlarin ¢arpigma sonrasi (post-collisional) magmatik
topluluklarina benzedigine ve melez nitelikli bir magmadan tiiredigine isaret etmektedir. Riyolitlerdeki
biyotitlerden elde edilen K/Ar radyometrik yaslari bunlarin 19.4 My. yasinda (Alt Miyosen) oldugunu
gostermistir. Bazalt-bazaltik trakiandezitik lavlar bolgedeki volkanik aktivitenin en son iiriinleridir. Bu kayalarda
yapilan tiim kaya K/Ar radyometrik yaslar1 18.7-17.5 My yani Alt Miyosen yas1 vermistir.

Anahtar Kelimeler : Orhaneli-Dursunbey volkanikleri, ¢arpigma sonrasi, felsik volkanizma, K/Ar yaslar.

GEOLOGY, PETROLOGY AND GEOCHRONOLOGY OF ORHANELI-
DURSUNBEY VOLCANIC ROCKS

Serhat Yarar, Omer Kamaci and Safak Altunkaynak
Department of Geology, Istanbul Technical University, 34469,
Maslak, Istanbul, Turkey, serhatyararl@hotmail.com.

Study area is located between the towns of Orhaneli (Bursa) and Dursunbey (Balikesir). An extensive
felsic volcanism developed during the Early Miocene. This volcanism began with felsic pyroclastic rocks and
rhyolitic-rhyodasitic lavas. One of the essential components of the volcanic association is pyroclastic rocks.
These may be divided into two groups recording to their mode of occurrences; the pryoclastic fall deposits and
the pyroclastic flow deposits. The pyroclastic fall deposits are represented by pumice fall, pumice-ash, ash and
ash-block fall deposits. The pyroclastic flow deposits may also divided into two subgroups; ash-block deposit
and ignimbrites. The areal distributions and relationship of the volcanic rocks with each other indicate that the
volcanic rocks were formed from a number of small vents which set along approximately NNE-SSE trending
fault zones by the plinian/sub-plinian eruptions.

Geochemically, the volcanic association is high-K, sub-alkaline in nature. The trace element
concentrations and isotope data suggest that the volcanic association originated from hybrid magma and they
show similar characteristics to post-collisional volcanic rocks. K/Ar radiometric age data obtained from rhyolite
lavas indicates that their age varies from 19.4 to 19.0 Ma corresponding to the Early Miocene. They are followed
by transitional basalts, basaltic andesite lavas with the age of 18.7 to 17.5 Ma as the last products of volcanism in
the Orhaneli-Dursunbey volcanic field.

Key Words: Orhaneli-Dursunbey volcanics, post collisional, felsic volcanism, K/Ar ages.

CATALDAG PLUTONIK KOMPLEKSI: SIYRILMA FAYLARI VE ILISKILI
MAKASLAMA ZONLARININ GRANIT YERLESIMi UZERINDEKI ROLU

Omer Kamaa ve Safak Altunkaynak
Jeoloji Miihendisligi Boliimii, Istanbul Teknik Universitesi, 34469, Maslak, Istanbul, Tiirkiye,
kamaciom@itu.edu.tr

Bati Anadolu’da, Torid-Anatolid platformu ile Sakarya kitasinin Geg Kretase — Erken Tersiyer
arah@inda ¢arpismalarmin ardindan yaygin bir magmatik aktivite gelismistir. Bu magmatik aktivite egemen
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olarak Geg¢ Oligosen-Erken Miyosen déneminde granitik pliitonlar iiretmistir. KB Anadolu’da ylizeylenen
Cataldag Pliitonik kompleksi (CPK) de bu pliitonik topluluklardan biridir. Bu ¢alismada CPK ve gevresinde
yiiriitiilen TUBITAK tarafindan desteklenen 109Y082 no’lu projenin 6n sonuglari sunulacaktir.

CPK, amfibolit-yesilsist fasiyesinde metamorfik ve metamorfik olmayan temel kayalari igine
yerlesmistir. Elde ettigimiz Ar-Ar radyometrik yas, Sr-Nd-Pb izotop ve petrografik verilere gére Cataldag
pliitonik kompleksi, Erken Miyosen (22-20 My) yashdir ve kabukta s13 derinliklere kadar yiikselebilmis, yiiksek
kabuk bilesenine sahip kompozit intriizif bir kiitle niteligindedir. Bu yas arahig1 pliiton {izerinde daha 6nce
yapilan K/Ar yaslar (Delaloye ve Bingdl, 2000; Boztug vd., 2008) ile uyumludur.

CPK, birbiri ile benzer yasta olan sin-kinematik ve post-kinematik 6zellikteki iki ana granitik kiitle ve
kenar zonu (aplogranit ve mikrogranit) kayalarindan olusur. Saha gozlemleri, petrografik ve makro-mikro
yapisal verilere gore yapilan bu aymm jeokimyasal veriler ile de desteklenmektedir. Pliitonik kompleksin
egemen grubunu olusturan post-kinematik grup graniilerden porfirik’e degisen dokular sergileyen granit ve
granodiyorit-kuvars diyoritlerden olusur. Bunlar birbirleriyle tedrici gegislidirler. Post kinematik sokulum Bati
Anadolu’daki diger granitler gibi metaliiminyumlu, subalkalen, orta ve yiiksek potasyumlu kalkalkalen, I-tipi
granit ozelligindedir. 1z ve nadir toprak elementleri ierikleri, elementler arasi oranlar ve izotop verileri post
kinematik grubun manto ve kabuk karigimi hibrid bir magma kaynagindan tiiremis olduguna isaret etmektedir.
Sinkinematik granit sokulumlar: ise inceleme alanmin dogusunda mostra veren, levha sekilli milonitik granit,
deforme 2 mikal granit ve granitik gnayslarla temsil edilmektedir. Kontakt metamorfizma gézlenmemistir.
Petrografik incelemeler bu grubun siinek makaslama deformasyonuna isaret eden dokusal 6zellikler (ribbon
yapilari, mika baliklari, subgrain rotasyonu, tane siniri migrasyonu, muskovit ve biyotitlerin uzanimi ile belirgin
foliasyonlar vs.) sergiledigini ortaya koymustur. Bu grup, KB Anadolu’daki metaluminyumlu, I-tipi, hornblend-
biyotit iceren diger Geg Oligosen-Erken Miyosen plutonlarinin (Altunkaynak ve Yilmaz, 1998, Yilmaz vd.,
2001) aksine gii¢lii peraluminyumlu 6zellik sergileyen S-tipi granit ve granitik gnayslardan olusur.

Cataldag ve cevresi faylarla smirli bir yikselimdir. Bu yiikselimi siyrilma faylarn ile iligkili
sinkinematik 2 mikali granit, post kinematik granit kiitleleri ve igine sokulduklari metamorfik ve metamorfik
olmayan kayaglar olusturmaktadir. Ege genisleme alani ve onun bir pargasi olan Bati Anadolu’da styrilma faylari
ile iligkili granitik sokulumlarin varhg: bilinmektedir. Bunlara drnek olarak kuzeyde Eybek (Kazdad ¢ekirdek
kompleksi) ve Uludag granitoidleri (Okay ve Satir, 2000; Geng ve Altunkaynak, 2007; Altunkaynak ve Geng,
2008, Okay vd., 2008), giineyde ise Salihli ve Turgutlu granitoidleri (Menderes gekirdek kompleksi; (Bozkurt,
2004; Isik vd., 2004; Ring ve Collins, 2005; Dilek vd., 2009) verilebilir. Cataldag pliitonik kompleksine ait
sinkinematik 16kokratik granit ve granitik gnayslar Uludag ve Menderes gekirdek kompleksleri ile iligkili
granitoidler ile benzer yapisal, petrografik ve jeokimyasal ozellikler sunmaktadir. Bu benzerlik tiim jeolojik,
yapisal ve petrografik veriler ile birlikte degerlendirildiginde Cataldag ve gevresinin bir cekirdek kompleks
oldugunu diisiindiirmektedir. Cataldag kompleksinin yiizeylenmesini siyrilma faylari ve iliskili makaslama
zonlari denetlemistir. Bu olay (22-20 My) KB Anadolu’nun gerilme evrimi igerisinde Kazdag silsilesinin bir
cekirdek kompleksi olarak yiikselme evresi (24 My; Okay ve Satir, 2000) ile Uludag masifinin hizla yiikselmesi
(20-21 My; Okay vd. 2008) arasindaki kritik bir donemde geligmistir. Inceleme alanindan elde ettigimiz bu ilk
sonuglar 6niimiizdeki yaz doneminde gergeklestirecegimiz ¢alismalarla test edilmeye devam edecektir.

Anahtar Kelimeler: Cataldag, Sinkinematik sokulum, I-tipi, S-Tipi, Cekirdek Kompleksleri, Styrilma faylari.

THE CATALDAG PLUTONIC COMPLEX: IMPLICATIONS FOR THE ROLE OF
DETACHMENT FAULTING AND RELATED SHEAR ZONES IN GRANITE
EMPLACEMENT

Omer Kamaci and Safak Altunkaynak
Department of Geology, Istanbul Technical University, 34469, Maslak,
Istanbul, Turkey, kamaciom@jitu.edu.tr

In western Anatolia, a widespread magmatic activity postdates the continental collision between the
Sakarya and Tauride-Anatolide continental fragments during the Late Cretaceous to Early Tertiary period. This
magmatism produced mainly granitic plutons of Late Oligocene-Early Miocene. The Cataldag plutonic complex
(CPC) in NW Anatolia is one of these plutonic associations. In this study, we present the preliminary results
obtained from TUBITAK (No:109Y082) project that has been carried out in CPC and surroundings.

CPC was emplaced into the metamorphic and nonmetamorphic basement rocks of NW Anatolia. It is
Early Miocene (22-20 Ma) in age, consistent with the previous K/Ar ages ( Delaloye and Bingol 2000; Boztug et
al., 2009), and is a composite intrusive body which was emplaced into the shallow levels in the crust and having
highly crustal component.
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CPC is formed from both synkinematic and postkinematic intrusions of similar age and border zone
(haplogranite and micro granite) rocks. Three intrusive groups display different textural, structural and also
geochemical features. Post kinematic intrusion is made up of granite and granodiorite-quartz diorite showing
gradational contact to each other. These rocks are weakly deformed porphyric and hipidiomophic granular in
texture. Geochemically, postkinematic intrusion is similar to the other plutonic associations in western Anatolia.
It is I-type, metaluminous and subalkaline in nature and has medium to high-K calc-alkaline compositions. Trace
element, REE compositions, interelement ratios and isotope data indicate collectively that the post kinematic
group of CPC has been originated from hybrid magma(s) including mantle and crustal components.
Synkinematic intrusion is represented by a sheet like bodies situated in the eastern border of the plutonic
complex, and is represented by milonitic granites, gneisses and two mica granites that are fine-grained,
leucocratic rocks consisting of quartz and feldspar with minor biotite and muscovite. Contact metamorphism is
not observed around it. It shows petrographical features (Ribbon structures, sub-grain rotations, grain boundary
migration, mica fish, high-temperature solid-state foliation and lineation defined by biotite, muscovite, etc.)
indicating ductile shear zone deformation. Strongly peraluminous nature and S-type composition of this group
indicate crustal origin for their genesis. With these features, synkinematic leucocratic group is different from all
the other Late Oligocene-Early Miocene plutons in NW Anatolia which are generally metaluminous, 1 type,
hornblende-biotite bearing granodiorites (e.g., Altunkaynak and Yilmaz, 1998, Yilmaz et al., 2001).

Cataldag is a fault bounded mountain. Syn- and post kinematic granitoids and basement rocks crop out
at the center of the mount Cataldag. These granitoids are intrusive into the gneissic and schist rocks in the
footwalls of detachment faults and shear zones. It is known that sheet-like leucocratic synkinematic granitic
intrusions similar to the CPC occur in the Aegean extensional province and western Anatolia (i.e. Eybek granite
in the Kazdag CC, Salihli and Turgutlu granites in Menderes Core Complexes and Uludag granite). These are
lineated and foliated parallel to the fabric elements in the mylonitic host rocks (Bozkurt, 2004; Isik et al., 2004;
Ring and Collins, 2005; Okay and Satir, 2000; Geng and Altunkaynak 2007; Okay et al 2008; Dilek et al., 2009).
These structural relations together with petrographic- petrological similarities indicate that Cataldag complex can
be considered as a core complex and that the granitoids in CPC are syn-extensional intrusions whose magmas
were likely derived from decompressional melting of the exhumed continental lower-middle continental crust as
seen in other core complexes.

Within the extensional evolution of the NW Turkey, the exhumation of Cataldag complex (22-20 Ma)
developed during critical time span between the exhumation of Uludag Massif (21-20 Ma) and exhumation of
the Kazdag core complex (24 Ma). Our current results must be considered to be preliminary and will require
considerable refinement as tectonic studies in this area, next summer.

Key Words: Cataldag, Synkinematic intrusion, S-Type, I-Type, Core Complexes, Detachment faults.
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MADEN ARAMACILIGINDA ULUSLARARASI STANDARTLAR VE ULKEMIZ
MADEN MEVZUATINA YANSIMALARI

Selahattin Yildirim
Hitit Madencilik, Ankara, Tiirkiye, syildirim_tr@yahoo.com

Diinyada, maden arama sonuglarmin halka rapor edilmesinde bazi standart ve siki kurallar getirme
caligmalari, ge¢miste birkag iilkede yasanan skandallar sonucunda giindeme gelmistir. Ozellikle, hisseleri
borsada islem goren madencilik sirketlerinin yaygin oldugu Avustralya’da (Poseidon, 1969) ve Kanada’da (Bre-
X, 1997) yasanan iki 6nemli skandal bunda etkili olmustur.

Poseidon skandalinda, ilgili firma, 29 Eyliil 1969 tarihinde borsaya gonderdigi yazida, “kendisine ait
ruhsat sahasinda yaptig1 bir sondajda yiiksek tenorlii (%3.5 Ni, %0.5 Cu) nikel-bakir cevheri kestigini, cevher
zonunun 1000 ft uzunlugunda ve minimum 65 ft kalinliginda oldugunu” belirtmistir. Bu bilginin borsa tarafindan
yayimlanmasi lizerine, 1 Ekim 1969 tarihinde 1.15 Dolar seviyesinde seyreden hisse senetleri hizli bir yiikselise
gecerek 11 Mart 1970°de 280 Dolar’a ulagsmistir. Daha sonra bu haberin uydurma oldugu anlasilmis, sirket
batmis ve hisse senedi alanlar biiyiik zararlara ugranustir.

Yasanan bu skandal tizerine, 1971 yilinda Avustralya hiikiimeti ¢6ziim arayisina girmis ve borsaya
mildahil olan tiim taraf temsilcilerinin i¢inde yeraldigi bir komite kurarak, 1989 yilinda maden arama
sonuglarmin rapor edilmesi standartlarini igeren bir yonetmelik yaymlamigtir. Madencilik faaliyetlerinin yogun
oldugu diger tilkeler de benzer ¢6ziim arayislarina girmis ve yasal diizenlemeler yapmuslardir:

e  Avustralya ve komsu iilkeler: JORC-Code, Joint Ore Reserves Committee,
e Kanada: NI 43-101, National Instrument 43-101, Standarts of Disclosure for Mineral Projects,
e  Amerika Birlesik Devletleri: SME-Guide, The Sme Guide for Reporting Exploration Results, Mineral

Resources, and Mineral Reserves,

e Avrupa Birligi iilkeleri: PERC, Pan-European Code for Reporting of Exploration Results, Mineral

Resources and Reserves,

e Giiney Afrika: SAMREC, The South African Code for The Reporting of Exploration Results, Mineral

Resources and Mineral Reserves.

Degisik {ilkelerdeki rapor etme diizenlemelerinden yararlanarak, tiim diinyada uygulanabilir ortak
standart ¢aligmalar1 baslatilmis ve olusturulan taslaklar {iye tilkelerin gériisiine sunulmustur. Bunlar:

e  CRIRSCO, Combined Reserves International Reporting Standarts Committee,
e UNFC, United Nations Framework Classification For Fosil Energy and Mineral Resources.

“JORC” benzeri diizenlemelerin {i¢c temel 6zelligi vardir: saydamhk, somutluk ve uzmanlik. Rapor i¢in
gerekli olan tiim bilgiler somut olmali, agik-se¢ik ve anlasilir bir sekilde sunulmali ve uzmanlar tarafindan
yapilmig ¢aligmalara dayanmalidir.

“JORC” Benzeri Diizenlemeler: a) uluslararas1 maden kaynak/rezerv tanimlarini esas alir, b) Maden
arama sonuglari, maden kaynaklari ve maden rezervlerini halka rapor etmek igin gerekli asgari standartlari
(kalite kontrol / kalite giivence sistemi) saptar, ‘en iyi uygulama kilavuzlarini’ tavsiye eder, ¢) projede izlenecek
yolu yordami saptamaz, projeye uygun yol ve yontemin se¢imi ve uygulanmasi uzmanin takdir ve
sorumlulugundadir, d) kamuya acik raporlar1 diizenler, kurum i¢i rapor etme sistemlerini diizenlemez, e)
yonetmelige uymayanlarla ilgili yaptirim uygulamaz. Raporu yayinlayan sirketleri piyasayi diizenleyen resmi
kurumlar denetler. Uzmanlar ise ilye olduklari meslek 6rgiitlerinin etik/disiplin yonetmeligine baghidir, f) JORC
ilkelere dayanan bir diizenlemedir, kat1 bir regete degildir.

“JORC” benzeri diizenlemelerin amaci, kamunun, uluslararasi standartlara uygun olarak hazirlanmis
rapora ve dolayisiyla rapor igerigindeki glivenilir bilgiye kolay ulagmasin saglamaktir.

“JORC” benzeri diizenlemelerde maden arama siireci baslica dort evreye ayrilmaktadir; 6n inceleme, 6n
arama, genel arama ve detay arama. Maden arama sonuglarmin rapor edilmesinde, maden arama siirecinin her
asamasinda elde edilen verilerin giivenilirlik diizeyi ve kalite kontrolii 6nemlidir.

“JORC” benzeri diizenlemelerde, rapor edilen ‘Mineral Kaynaklar1’ ile ‘Maden Rezervleri’ kavramlari
arasinda duragan olmayan bir iliski s6zkonusudur. Bu iliski asagidaki sekilde gosterilmektedir (Sekil 1).

178



64. Tirkiye Jeoloji Kurultayi 25-29 Nisan 2011

Arama Sonuglari Exploration Results
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Sekil 1. Maden arama sonuglar1, mineral kaynaklar1 ve maden rezervleri arasindaki genel iliski.

Maden arama sonuglari, mineral kaynaklar1 ve maden rezervlerinin rapor edilmesinde veriler baslica iki
eksendeki belirlilik, giivenilirlilik ve yapilabilirlik durumlarina gore degerlendirilmektedir. Birinci eksen,
‘jeolojik bilgi’yi esas almakta, jeolojik verilerin artan yogunlugu ve giivenilirlifine dayanmaktadir.
‘Doniistiiriicii faktorler’ olarak tanimlanan ikinci eksen ise gercekei olarak ongoriilen madencilik, metalurjik,
ekonomik, pazarlama, yasal, gevresel ve sosyal faktorlerin dontistiiriicti etkisini hesaba katmaktadir.

‘Maden Kaynagy’, yer kabugunun iginde veya iizerinde ekonomik agidan ilgi duyulan bir malzemenin,
son tahlilde ekonomik iiretim i¢in makul iimit veren nitelik ve nicelikteki zenginlesmesi veya zuhurudur. Bir
‘Maden Kaynagmn’ yeri, niceligi, tendrii, devamhiligi ve diger jeolojik ozellikleri, 6zgiil jeolojik kanitlarla
ortaya konulmus, tahmin edilmis veya yorumlanmistir. Maden Kaynaklari, artan jeolojik giivenilirlik sirasina
gore, ‘Cikarsanmig’, ‘Gosterilmis® ve ‘Olgiilmiis’ diye alt siniflara ayrilir.

‘Maden Rezervi’, ‘Olciilmiis’ veya ‘Gosterilmis’ Maden Kaynaklarinin ekonomik olarak isletilebilir-
cikarilabilir bolimiidiir. Cevher ¢ikarilmasi sirasinda olusabilecek seyrelme ve kayiplart kapsar. Gerekli
degerlendirmeler ve calismalar yapilmis, gergekei olarak ongoriilen madencilik, metalurjik, ekonomik,
pazarlama, yasal, ¢evresel ve sosyal faktorlerin donistiiriicii etkisi hesaba katilmistir. Bu degerlendirmeler
sonucu, raporlama tarihinde cevher g¢ikarmanin onaylanabilir (ekonomik) oldugu kamitlanmistir. Maden
Rezervleri, artan giivenirlige gore, ‘Muhtemel” ve ‘Goriintir’ Maden Rezervleri diye alt siiflara ayrilir.

Ulkemizde 10 haziran 2010 tarih ve 5177 sayih yasayla degistirilen 3213 sayili Maden Kanunu ile 6
Kasim 2010 tarihinde yaymnlanan Maden Kanunu Uygulama Y6netmeligi madencilik alaninda yeni diizenlemeler
getirmistir. Bu diizenlemeler, uluslararasi rapor etme standartlarini kismen icermekle birlikte, gegmis mevzuattan
kalan eksik ve yanlis bazi maddeleri de hala tagimaktadir.

Maden mevzuatinda yapilan son degisikliklerle getirilen yenilikler; proje kavrami, asamali maden
arama siireci, rezerv-kaynak tanimlari ve raporlardaki imza yetkisidir.

Sonu¢ olarak, madencilik alaminda diinyada son 30 yilda yasanan gelismelere ve yapilan yasal
diizenlemelere bakildiginda, uluslararasi kavram ve tammlar ile iilkemizde kullanilanlar Grtiismemektedir.
Kavram birligini saglamak {izere, acilen bir ‘Ulusal Komite’ kurulmali ve ulusal mevzuat uluslararasi
standartlara uyumlu hale getirilmelidir.

INTERNATIONAL STANDARTS IN MINERAL EXPLORATION AND THEIR
EFFECTS ON TURKISH NATIONAL MINING LEGISLATIONS

Selahattin Yildirim
Hitit Madencilik, Ankara, Tiirkiye, syildirim_tr@yahoo.com

As a result of scandals in the past have been noted in several countries worldwide, bringing some
standards and strict rules on Public reporting of mineral exploration results came into question.

Particularly, two major scandals have been effective in this situation; Poseidon, 1969 in Australia and
Bre-X, 1997 in Canada, where mining companies’ shares were traded in the stock market widespreadly. In
Poseidon Scandal, relevant company stated that there was a high grade (%3.5 Ni, %0.5 Cu) nickel-copper ore
intersected in a drill hole and ore zone determined as 1000 ft long and 65 ft thick in their own licensed area. By
the publication of this information on the stock market, shares rised up from 1,15 $ (01.10.1969) to 280 $
(11.03.1970). Then the story turned out to be false, and purchasers of the shares have undergone huge losses.
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In 1971, The Australian government started to seek solutions with experience on this scandal and after
forming a commitee which including representatives of all parties involved in the stock market, have published a
regulation, which is including standarts for public reporting of mineral exploration results, in 1989.
Also the other countries where mining activities are intense, started to seek similar solutions and
established legal regulations.
e  Avustralia and neighbouring countries: JORC-Code, Joint Ore Reserves Committee,
e Canada: NI 43-101, National Instrument 43-101, Standarts of Disclosure for Mineral Projects,
e United States: SME-Guide, The Sme Guide for Reporting Exploration Results, Mineral Resources, and
Mineral Reserves,
e  European Union: PERC, Pan-European Code for Reporting of Exploration Results, Mineral Resources
and Reserves,
e South Africa: SAMREC, The South African Code for The Reporting of Exploration Results, Mineral
Resources and Mineral Reserves.

With taking advantage of reporting arrangements in several countries, a work has been started on
determining common standards which can be applied all over the world and created drafts were presented in the
opinion of member countries. These were;

e  CRIRSCO, Combined Reserves International Reporting Standarts Committee,
e  UNFC, United Nations Framework Classification For Fosil Energy and Mineral Resources.

The main principles governing the operation and application of the JORC and similar regulations are
transparency, materiality and competence. All the information necessary for the report must be solid, clear, and
clearly presented and should be based on studies made by competents.

Jorc and similar regulations: a) are based on international mineral resource/reserve definitions, b)
outlines minimum required standarts for public reporting of mineral exploration results, mineral resources and
mineral reserves, advices “best application guides”, ¢) does not determine procedures to be followed in a project,
selection and implementation of appropriate methods and routes corresponding to project are under competent
persons discretion and responsibility, d) regulates public reports, not internal reporting systems, e) does not
apply sanctions against companies or corporations who dont follow regulations. Official institutions which are
regulating market controls report publishing companies. Competent Person will be dealt with under the
disciplinary procedures of the professional organisation to which the Competent Person belongs, f) JORC is a
principles-based regulation, not a strict prescription.

The aim of "JORC" and similar regulations is to make public access easily to report and thus reliable
information in the report which is prepared in compliance with international standards

Mineral exploration progress in "JORC" and similar regulations subdivided into 4 era; preliminary
investigation, pre-exploration, general exploration and detailed exploration

Level of reliability and quality control of datas which are obtained from each stage of mineral
exploration are very important on public reporting of mineral exploration results.

In the JORC and similar regulations there is a non-stable relationship between Mineral Resources and
Ore Reserves. This relationship shown as below (Figure 1)

Arama Sonuglan Exploration Results
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Figure 1. General relationship between Exploration Results, Mineral Resources and Ore Reserves

Figure 1 sets out the framework for classifying tonnage and grade estimates to reflect different levels of
geological confidence and different degrees of technical and economic evaluation. This relationship is shown by
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the broken arrow in Figure 1. Although the trend of the broken arrow includes a vertical component, it does not,
in this instance, imply a reduction in the level of geological knowledge or confidence. In such a situation these
Modifying Factors (mining, metallurgical, economic, marketing, legal, environmental, social and governmental
factors) should be fully explained.

A ‘Mineral Resource’ is a concentration or occurrence of material of intrinsic economic interest in or on
the Earth’s crust in such form, quality and quantity that there are reasonable prospects for eventual economic
extraction. The location, quantity, grade, geological characteristics and continuity of a Mineral Resource are
known, estimated or interpreted from specific geological evidence and knowledge. Mineral Resources are sub-
divided, in order of increasing geological confidence, into Inferred, Indicated and Measured categories.

An ‘Ore Reserve’ is the economically mineable part of a Measured and/or Indicated Mineral resource. It
includes diluting materials and allowances for losses, which may occur when the material is mined. Appropriate
assessments and studies have been carried out, and include consideration of and modification by realistically
assumed mining, metallurgical, economic, marketing, legal, environmental, social and governmental factors.
These assessments demonstrate at the time of reporting that extraction could reasonably be justified. Ore
reserves are sub-divided in order of increasing confidence into Probable Ore Reserves and Proved Ore Reserves

Regulations include some parts of international reporting standards, but still including some incomplete
and inaccurate substances from past legislation.

The innovations brought by recent changes in mining legislation are; Project concept, staggered
exploration process, reserve-resource definitons and signature authority.

Consequently, with considering of developments and the legal regulations applied in the field of mining
within the last 30 years, international and national concepts and definitions do not correspond each other. A
‘National Committee’ should be established as soon as possible and national legislation should be made
compatible with international standarts in order to provide the unity of the concept.

MASTRA (GUMUSHANE) Au-Ag YATAGI’NIN JEOLOJIK, MINERALOJIK VE
JEOKIMYASAL OZELLIKLERI

Neslihan Aslan ve Mirac¢c Ak¢ay
Karadeniz Teknik Universitesi, MF, Jeoloji Miih. Bsl., 61080, Trabzon, Tiirkiye,
neslihan.aslan@windowslive.com.

Mastra Au-Ag vatag, Gilimiishane’nin kus ugusu 5 km kuzey batisinda, demirkaynak koyiiniin
yakinlarindadir. Eosen yash andezitik bilesimli volkanik ve volkanoklastik kayaglarin yogun oldugu bu sahada,
cevher baslica K50-70°B dogrultulu ve 65-80° KD ya egimli bir fay zonu igine yerlesen kuvars damarlarindan
olusmaktadir. Damar sistemi dogrultu boyunca yaklasik 2,5 km uzunlukta ve birkag cm den 5m ye kadar degisen
kalinlikdadir. Bu damar zonunda baslica kloritlesme, karbonatlagma, epidotlagma, serizitlesme, silislesme ve
killesme ile temsil edilen bir hidrotermal alterasyonlar vardir. Mineralojik ve kimyasal ¢alismalar, bu alterasyon
zonunun, cevher zonuna gére en distan ice dogru a) propilitik, b) arjillik-serizitik ve ¢) silislesme seklinde
oldugunu gostermektedir. Propilitik zon kendi i¢inde en dista kloritlesme-killesme+karbonatlasma, arjillik zona
dogru gidildikge karbonatlagma-killesme=kloritlesme seklinde goriilmektedir.

Zirkonun hareketsiz element olarak davranis sergiledigi Mastra Au-Ag sahasinda, yapilan kiitle degisim
hesaplamalari ile tiim alterasyon birlikteliklerinde hidrotermal ¢ozelti-kayag etkilesimi sonunda ilksel bilesime
gore altere kayaglarda kiitle artisinin gergeklestigi belirlenmistir. Propilitik zonun en dis kesiminde bulunan
kloritlesme-killesmexkarbonatlasma zonunda 30 g/100g, arjillik zona dogru gidildikge karbonatlagma-
killesme+kloritlesme zonunda 42,01 g/100g, arjillik zonda 25,17 g/100g ve silislesme zonunda 4156.88g/100g
kiitle artist  hesaplanmistir. Bu  hesaplanan kiitle artislarinda, en yiiksek artiglar  kloritlesme-
killesme+karbonatlasma zonunda Si, Al, Fe, Mg ve K elementlerinde, karbonatlagma-killesme+kloritlesme
zonunda Fe, Mg, Ca ve K elementlerinde, arjilik zonda Si, Al ve K elementlerinde ve silislesme zonunda ise Si,
Al, Fe ve K, elementlerinde olmustur.

Altin, giimiis, pirit, sfalerit, kalkopirit, fahlerz, galen ana mineraller; dijenit, kovellin/kalkozin, azurit,
malakit, hematit ve limonit ikincil mineraller; kuvars, barit, adularya, kalsit, ankerit, seriizit, jips, serizit ve kil
mineralleri ise gang mineralleridir. Bu mineral parajenezi epitermal sistemler ile uyumludur. Bu minerallerden
ozellikle adularya, kalsit, ankerit, kuvars ve altin birlikteligi, diisik siilfiirlii epitermal yataklar i¢in karakteristik
ozellikler arasindadir. Kuvars, cevherin 6zelligi geregi en yogun bulunan gang minerali olup, damarlarin ana
mineralini olusturmaktadir.

Pirit, sfalerit, galen ve kalkopiritten elde edilen 5*'S degerleri genel olarak -1,7%o ile —6,2%o gibi dar bir
aralikta degismektedir. Bu degerler kiikiirt kaynaginin magmatik oldugunu gostermektedir. Kuvars ile dengede
olan ¢ozeltilerin 8'°0 degerleri +4,5%o ile +6,2%o arasinda, killer ile dengede olan gozeltilerin 5"%0 degerleri
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+5,8%0 ila +9,8%o arasindadir. Tiim bu degerler hidrotermal etkilesimi saglayan ¢ozeltinin baskin olarak
magmatik kokenli oldugunu ve muhtemelen ¢ikis kanallar1 boyunca temel kayagclarla etkilesimde kalarak 'O
bakimindan zenginlestigini gostermektedir.

Swvi kapamimlardan maden yatagmin genis bir sicaklik araliginda (113-390°C) olustugu anlasilmistir.
Kiikiirt izotop jeotermometresi yardimiyla, siilfiirlii mineral ¢iftlerinden ii¢ farkli sicaklik degeri elde edilmistir
(Ti: 147+15°C, Ty 287£21°C ve, Ts: 365+28°C). Kuvars ve kil minerallerinden yapilan oksijen izotop
Jeotermometresi de bu mineraller i¢in ortalama 348,5°C’lik bir olusum sicaklig1 gostermektedir.

Silis ¢okelim sartlarina bagl olarak kuvars damarlarinda ¢ok farkli tirlerde biiyiime, yeniden
kristallenme ve ornatim dokulari gelismistir. Diger doku tiirlerinin yaninda, 6zellikle bosluklu, bresik, kokard ve
tarakli dokularin varhigi kuvars damarlarmin epitermal kosullarda olustugunun gostergesidir. Kuvars, kalsit, barit
ve K-feldspat bilesimli bir mineralojiye sahip olan &rneklerde kafes dokulu kalsitler, damarciklar halinde kuvars
ve adularya ile stlfirlii minerallerin varligi dogrudan hidrotermal ¢ozeltinin kaynadiginmn gostergesidir.
Ozellikle kafes dokulu kalsitin varligi, buna adularya ve altin zenginlesmesinin eslik etmesi de epitermal olusum
kosullarini destekleyen bir diger delildir. Ciinkii bu birliktelik ve dokusal ozellik epitermal ortamlarda
hidrotermal kaynamaya, isaret etmektedir. Ayrica bu zonlarda bresik dokularin gozlenmesi de kaynamayi
desteklemektedir. Dolayisiyla, alterasyon, cevher mikroskobisi, sivi kapanim ve izotop ¢alismalar neticesinde
Mastra Au-Ag madeninin adularya—serizit tip bir epitermal sistem oldugu agiktir.

Anahtar Kelimeler: Mastra, Au-Ag, Hidrotermal alterasyon, Kuvars dokulari, Sivi kapanim, O-H-S izotoplari.

GEOLOGIC, MINEROLOGIC AND GEOCHEMICAL CHARACTERISTICS
OF Au-Ag DEPOSITS IN MASTRA (GUMUSHANE)

Neslihan Aslan and Mira¢ Akcay
Karadeniz Teknik Universitesi, MF, Jeoloji Miih. Bol., 61080, Trabzon, Tiirkiye,
neslihan.aslan@windowslive.com.

Mastra Au-Ag deposit is situated near Demirkaynak village, five km’s to the northwest of Giimiishane.
In this area, which is covered mainly by andesitic volcanics and volcaniclastic rocks of Eocene age, the ore zone
is composed of quartz veins within a fault zone striking N50-70°W and dipping 65-80°NE. The veins are about
2,5 km’s long and a few cm’s to 5 m’s wide. Hydrothermal alteration is represented mainly by chloritisation,
carbonatisation, epidotisation, sericitisation, silicification and clay alteration. These alteration minerals are found
in different combinations, and form, from the outer zones to iner zones of the deposit, a) propilitic alteration
zone, b) argillic alteration zone, and c) silicification zone. The propilitic zone varies in composition and is made
up mainly of chlorite and clay minerals, and carbonates to a lesser extent at the outer zones, and carbonates and
clay minerals, and chlorite to a lesser extent at the inner zones.

Mass change calculations applied to the Mastra deposit, during the formation of which Zr behaved as an
immobile element, indicate that hydrothermally altered rocks were subjected to mass and volume increases as a
result of hydrothermal fluid and rock interactions. The mass and volumetric changes in the outer zone of the
propilitic alteration zone, represented by chlorite-clay minerals+carbonates, are about 30 g/100g. Towards the
inner zones aproaching the argillic zone the change goes up to 42,01 g/100g. The argillic zone displays a
volumetric change (25,17 g/100g) similar to the outer propilitic zone. The highest changes are estimated in the
silicified zone, the center of the alteration halo, and is 4157 g/100g. Silica, Al, Fe, Mg and K are the elements
with the highest positive changes in the outer propilitic zone, Fe, Mg, Ca and K in the inner propilitic zone, Si,
Al and K in the argillic zone, and Si, Al, Fe and K in the silicified zone.

Native Au, Ag, pyrite, chalcopyrite, sphalerite, sulphosalts, galena, digenite and covellite/chalcosite are
the main ore minerals, and quartz, barite, adularia, calcite, serusite, gypsum, hematite, limonite, sericite, and clay
minerals are the gangue minerals. This mineral assemblage indicates epithermal conditions. Adularia, calcite,
ankerite, quartz and gold assemblage are characteristic for low-sulfide epithermal deposits. Quartz is the most
abundant of the gangue minerals and the main constituent of the veins

8*S values from pyrite, sphalerite, galena and chalcopyrite range from -1.7%o to — 6.2 %o. These values
are indicative of magmatic origin. 8'°0 values of hydrotermal fluid, which are in equilibrium with quartz, are
between +4,5-+6,2%o. Hydrotermal fluids in equilibrium with clay minerals have 8'°0 values ranging from +5,8
to +9,8%o. These values suggest that the hydrothermal fluids giving rise to such chemical changes are
dominantly of magmatic origin, and are somewhat enriched in '*O as a result of interaction with the country
rocks during their ascent.

Results of fluid inclusion heating experiments put forward a wide temperature interval of 113-390°C.
The sulphide mineral pairs considered to be in isotopic equilibrium showed three different temperature for their
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